WILEY-
BLACKWELL

American Finance Association

Equilibrium "Anomalies"

Author(s): Michael F. Ferguson and Richard L. Shockley

Source: The Journal of Finance, Vol. 58, No. 6 (Dec., 2003), pp. 2549-2580
Published by: Blackwell Publishing for the American Finance Association
Stable URL: http://www.jstor.org/stable/3648203

Accessed: 24/11/2009 09:36

Y our use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=black.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is anot-for-profit service that helps scholars, researchers, and students discover, use, and build upon awide range of
content in atrusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

Blackwel| Publishing and American Finance Association are collaborating with JSTOR to digitize, preserve
and extend access to The Journal of Finance.

http://www.jstor.org


http://www.jstor.org/stable/3648203?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=black

THE JOURNAL OF FINANCE ¢ VOL. LVIII, NO. 6 « DECEMBER 2003

Equilibrium “Anomalies”
MICHAEL F. FERGUSON and RICHARD L. SHOCKLEY *

ABSTRACT

Many empirical “anomalies” are actually consistent with the single beta capi-
tal asset pricing model if the empiricist utilizes an equity-only proxy for the
true market portfolio. Equity betas estimated against this particular ineffi-
cient proxy will be understated, with the error increasing with the firm’s lever-
age. Thus, firm-specific variables that correlate with leverage (such as book-to-
market and size) will appear to explain returns after controlling for proxy
beta simply because they capture the missing beta risk. Loadings on portfolios
formed on relative leverage and relative distress completely subsume the
powers of the Fama and French (1993) returns to small minus big market capi-
talization (SMB) portfolios and returns to high minus low book-to-market
(HML) portfolios factors in explaining cross-sectional returns.

ASSUME A WORLD WHERE THE SINGLE-BETA capital asset pricing model (CAPM) prices
all assets. Suppose further that an empiricist, wanting to learn about the risk—
return relationship in the equity market calculates equity betas against a market
portfolio proxy that ignores the economy’s debt claims. If the empiricist then es-
timates the cross-sectional relationship between return and proxy beta, what
results does theory tell us to expect?

We show that positive pricing errors, downwardly biased market risk pre-
miums, and what appear to be cross-sectional anomalies related to corporate
leverage are actual implications of the single-beta CAPM in this situation. We
demonstrate this by constructing a hypothetical economy where the single-beta
CAPM prices all assets and where firms are allowed to have simple capital struc-
tures. This framework allows us to compare the true betas of the economy’s finan-
cial assets with the proxy betas generated from any market proxy.!

* Ferguson is in the College of Business at the University of Cincinnati and Shockley is in
the Kelley School of Business at Indiana University. For their very helpful comments and sug-
gestions we thank Tom Arnold, Jonathan Berk, Michael Brennan, Bob Dittmar, Phil Dybvig,
Mark Ferguson, Steve Jones, Darius Miller, Richard Roll, Richard Stanton, Chuck Trzcinka,
two anonymous referees, Journal of Finance Editors René Stulz and Richard Green, and semi-
nar participants at the Board of Governors of the Federal Reserve, the University of Wiscon-
sin, the University of Pittsburgh, Washington University in St. Louis, Indiana University,
Texas A&M University, the University of Cincinnati, University of Alabama, Arizona State
University—West, California State University—Fullerton, and the 1999 Western Finance Asso-
ciation annual meeting.

1 More specifically, we establish the continuous-time equivalent of the single-beta CAPM so
that the nonnormality of the derivative returns is not an issue.
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As it turns out, use of an equity-only proxy leads to firm-specific beta estima-
tion errors that generally escalate with a firm’s relative degree of leverage and
distress. If observed returns are then regressed onto these erroneous proxy betas
in a one-factor cross-sectional model, the expected values of the alpha and slope
coefficients will not be equal to the CAPM pricing error and market price of risk.
Furthermore, any firm-specific variables that correlate with relative leverage
and/or relative distress (such as size, book-to-market, earnings-to-price, and
debt-to-equity) will serve as instruments for the uncaptured beta risk and will
appear to explain excess return in the cross section.

The intuition behind this result is relatively simple. Suppose that, in equili-
brium, the CAPM holds, and the market portfolio M can be divided into two sub-
portfolios: the economy’s debt claims (D), and the economy’s equity claims (E). In
this equilibrium, which we will detail in Section I, the covariance between firm s
equity claim (S;) and M is

OSiM = —MGSi,E "f‘MUSi,D,

where 05; 0, 055 and og; p are the stock’s covariances with the asset, equity, and
debt markets, respectively. It follows that the true beta of firm i’s equity claim can
be written

B = TSiM _ Eosig  Dosip
ST 62 T Mo, M o2’
where 0%, 0%, and 0% are the return variances of the asset, equity, and debt mar-

kets, respectively. If we ignore the economy’s debt claims in the construction of
our market proxy, the proxy beta of firm i’s equity will be

F; O-SL E
ﬁ Si —

o}
where the superscript E is appended to denote the proxy with respect to the equi-
ty market. We can, hence, write the proxy equity beta as a transformation of the
true equity beta:

pg =0 [ﬂSi - QBgi], (1)
where
o_Eok o_Dop
M 63’ M o2’

and Bg is the beta of the equity calculated against the economy’s debt claims only
(i.e., the assets omitted from the market proxy). .

Equation (1) shows that the error in the proxy equity beta (f s;) has two compo-
nents: a scahng error (® ~ ') that is common across all equities, and a firm-specific
error (— QB SL) that reflects the stock’s covariance with the (omitted) debt claims.
The scaling term implies that proxy betas are generally too low, but it is incon-
sequential in many applications, since all proxy betas in the cross section will be
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affected to the same degree. The firm-specific term, however, is critical for the
empiricist because it is a function of the firm’s financial leverage.

Why? Because a stock’s covariance with any portfolio is magnified by the firm’s
leverage, and Bgi measures the stock’s covariance with the omitted assets. So, in
the cross section, proxy beta errors will be related to an operating characteristic
of the firms in the sample (leverage), and metrics that correlate strongly with
leverage (such as market value of equity or any scaling of it) will act as instru-
ments for the proxy beta estimation error, and will appear to explain excess re-
turns.’

At one level, our results provide a theoretical rationale for the Fama and
French (1993) three-factor model. Fama and French (1996) show that loadings on
returns to small minus big market capitalization portfolios (SMB) and returns to
high minus low book-to-market portfolios (HML) explain a substantial number of
well-known anomalies; Fama and French (1993, 1995, 1996, and 1997) suggest that
the HML return reflects a priced risk of relative distress.

Why relative distress could be a separately priced risk is not well established,
although Fama and French (1996) offer a human capital story. If distress risk is
correlated across firms, then workers with specialized human capital in dis-
tressed firms will optimally avoid the stocks of all distressed firms—which could
lead to an additional risk premium for these firms after market clearing.

An important implication of our result is that complex models that predict an
equilibrium premium for relative distress may be unnecessary. The cross-sec-
tional associations among distress, HML, and many anomalies may arise be-
cause market betas of distressed firms are underestimated most severely, and
loadings on HML provide appropriate corrections.

But our results have a deeper importance. Rather than simply invoke the
“ritual argument” that SMB and HML are evidence of abad market proxy, our model
provides a specific road map for recovering CAPM expected returns for use in
applications of the static model (like performance measurement and estimation
of the corporate cost of capital). Our model implies that if the single-factor
CAPM holds, then factors formed on relative leverage and relative distress
should provide the best complements to the equity market index for explaining
the cross section of returns. In other words, a three-factor empirical model that
includes factors based on relative leverage and relative distress should outper-
form the Fama and French (1993) three-factor model in the cross section.

The economic importance of this argument is an empirical issue, and we pro-
vide in Section III preliminary results that are very encouraging. We construct
portfolios based on relative leverage (debt-to-equity ratio) and relative distress
(Altman’s Z) through the same method used to generate SMB and HML, and we

% Mayers (1972) examines the empirical implications of the single-beta CAPM when nonmar-
ketable assets are omitted from the market proxy and arrives at an equation very similar to
equation (1): The true beta of an equity will be a scaling of its beta with respect to the market
proxy plus a scaling of its beta with respect to the nonmarketable assets omitted from the
market proxy. The implications in Mayers are that proxy betas will be erroneous and that
the proxy beta errors will be firm specific; our contribution is to demonstrate that the firm-
specific error is a function of the firm’s leverage.
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then investigate whether sensitivities to returns on these portfolios help to ex-
plain the cross section of returns on the Fama—French 25 size- and book-to-mar-
ket-sorted portfolios.

In standard Fama—MacBeth (1973) cross-sectional regressions, our three-beta
model provides more explanatory power than the popular three factor model of
Fama and French (1993). Moreover, the parts of SMB and HML that are ortho-
gonal to our leverage and distress portfolios have virtually no explanatory power
in the cross section, while the parts of our leverage and distress portfolios that
are orthogonal to SMB and HML provide additional explanatory power when
added to a model that includes the equity market index, SMB, and HML.

The paper is organized as follows. Section I presents a simple economy in which
the single-beta CAPM prices all assets. Section II derives the main results con-
cerning beta estimation errors when the market proxy ignores the economy’s debt
claims. Section III provides the empirical investigation mentioned above. Section
IV concludes and offers implications of our model for a wide array of puzzles.

I. The Model

We generate a simple continuous-time economy in which the single-beta CAPM
prices all real assets. Firms are allowed to finance their real assets with simple
capital structures; with the proper assumptions, equity claims will be priced as
European calls on the underlying real assets.®> The model provides the explicit
mapping between the covariance structure of asset returns and the covariance
structure of equity returns, and therefore allows us to determine explicitly the
beta estimation errors that will arise via use of the inefficient equity-only proxy.

A. Equilibrium

We assume that expected returns on real assets are determined by the inter-
temporal CAPM constructed in Merton (1975):

g i, M g i,0

ri—rF:’T(rM—rF)+ t2

oM %o

(rO-rF)»

where the subscript i indicates asset i, the subscript M indicates the market port-
folio, and the subscript O indicates the portfolio that best hedges against changes
in the state variable. We further restrict the equilibrium by imposing the condi-
tion that all investors have logarithmic utility. With log utility, no investor cares
to hedge against changes in the investment opportunity set, so the equilibrium
return-generating process reduces to the continuous-time equivalent of the sin-
gle-beta CAPM:

U',M
ri—rp=—5-(ry —rp) = Bi(ru — ¥).
oM

3This analysis draws heavily on Galai and Masulis (1976).
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For a complete derivation of the equilibrium, including the structural and tech-
nical assumptions, see Ingersoll (1987, Ch. 13).

B. Financial Claims

Next, assume that firms in the economy raise capital through some combina-
tion of debt and equity claims, with debt restricted to pure discount bonds matur-
ing at T'with face value F;. No dividends are paid before T’ at time 7, all firms are
liquidated, debts are paid, and equity is a residual claimant. Asset values are log-
normally distributed at the end of any finite time period, and asset variances per
unit time are constant. There are no costs of bankruptcy or other imperfections,
and the securities are infinitely divisible and trade in a continuous market.

In this continuous-time economy, the financial assets are redundant securities
and can therefore be priced with arbitrage arguments. Specifically, equity claims
are priced using the Black and Scholes (1973) model for European calls. Note that
since the financial assets are redundant, their introduction does not alter the
equilibrium in the primary assets. Hence, the CAPM will price the financial as-
sets trivially as portfolios of the primary and risk-free assets.*

The initial equity value of firm i will be

S; = ViN(d,); — Fie """ N(dy);, (2)

where V; is the market value of firm i’s assets, rzis the risk-free rate of return, and
N(-) is the cumulative density of a standard normal random variable:

In(V;/F;) + (rF+O.5O'LZ)T (3)
oiV'T ’

where o7 is the variance in the return on firm i’s assets, and

(dl)i =

(do); = (dh); — 0iVT. (4)

The initial value of firm i’s debt claim will be

B =V, —-8§; = ViN(—dl)i + Fie_rFTN(d2)i

41t is well known that the one-period CAPM cannot be applied to assets with nonnormal
returns (such as derivatives or insurance) even in a complete market. The only static model
that generates the mean-variance result in a complete market is the quadratic utility specifi-
cation, but quadratic utility implies the possibility of negative prices (Gonzalez, Litzenberger,
and Rolfo (1977), Dybvig and Ingersoll (1982)). In the continuous-time model, however, derived
utility of wealth is always locally quadratic over any instant of time. Thus, as long as we pro-
hibit the doubling strategies outlined in Harrison and Kreps (1979), mean-variance and arbit-
rage-free models agree on the pricing of the derivatives.
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C. Variances and Covariances

The variance of the equity claim on firm i is established by

_ 38 Vi\?, Vi\?
0% = E{(rsi — 7s:)"} =E{ (8V~§) (ri —ri)2} = (N(dl)gf) o} = 1ot (5)

where the subscript S; refers to firm i’s equity claim and 5, = N(d;)(V;/S,) is defined
as the elasticity of firm i’s equity claim.? By a similar manipulation, the standard
deviation of firm i’s debt claim is established as o g; = 1 g;0;, where ng; = N( — d,}(Vi/B;).

The covariance between firm i’s debt claim and its equity claim is
0Bisi = Npilsi0r, the covariance between the equity claim of firm i and the equity
claim of firmj is og;,5= NsifsiTis the covariance between the debt claim of firm i
and the debt claim of j is o5, gj=1ngin g0, and the covariance between the debt
claim of firm i and the equity claim of firm j is 0 g;,5j =Bt 503

Note that all financial asset covariances are directly tied to real asset covar-
iances through the elasticities of the financial claims, and that the elasticities
are themselves determined by the moneyness of the financial claims. Moreover,
#s; > 1 for all firms i, and equality holds only when the firm is unlevered (¥;=0).
Holding V; fixed, ng; is increasing and convex with leverage-—a point of primary
importance in our results.

D. Portfolios

It is easy to demonstrate that a stock’s covariance with the true market portfo-
lio is identical to its covariance with the global portfolio of financial claims: 6.g;, g4
= ag;,m Since the global portfolio of financial claims can be partitioned into debt
claims and equity claims (with aggregate values D and E), we can say that

E D
OSiM = 37 OSiE + 27951 (6)

It follows that the true beta of firm i’s equity can be written as

osiv _ E osig D osip
— Y = 2 —_— =@ Q 7
ﬂSl O-%w M O_%w + M O_M ﬂSl + BSH ( )

where @, Bgi, Q, and ﬁg are as defined following equation (1), and M =D+ E.

®Since the value of an equity claim S is a function of the underlying asset value Vand the
time ¢, then by It6’s lemma:

S S, 188 6] 98, 1 9S 4,
AS = ZTAV + ALt 5 m (AV)P = ZZAV + AL+ 5 = VAL

To get the instantaneous return on the equity of firm i, divide both sides by S;, and let At— 0:

ro 2 ASi_0Si 1, 05 ViAV. 95 Vi
Si=TS T oV, S ov, 'S, vV, 9V, S;

. oy . V . .
using the definition AT = r;, which is the instantaneous return on firm i’s assets.
g

Vi
r, = N(dl)igr,
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Equation (7) provides the foundation of our analysis of proxy beta errors. When
the proxy portfolio consists only of the economy’s equity claims, the proxy beta
error for an individual equity will be driven by the last term, which is the equity’s
covariance with the economy’ debt claims (the omitted assets). Using the covariance
relationships established above, it is easy to demonstrate that ﬁgi =g ﬁlp .
In other words, the amount of beta risk not captured by the inefficient proxy is
related to the firm’s leverage. We formalize this intuition in Section II.

II. Proxy Betas and Errors
A. Proxy Betas for Individual Firms

We begin our analysis with a preliminary result (needed for our main proposi-
tion), which has some importance in its own right. In our equilibrium, the asset
beta of firm i(8;) is invariant to the firm’s leverage choice. The lemma below, how-
ever, tells us that under a very loose restriction, the proxy for the firm’s asset beta
(i.e., its asset beta calculated against the inefficient equity-only portfolio) declines
with the firm’s leverage.

LeMMA: If the proxy beta of the firmis equity is positive (that is, Bgl >0), and if

2p?9i,E -1 < N(d2)i
O'EPSi,E‘/T Z(dy);”

(MR)

then 6[3? JOF;<0. That is, the proxy beta of the firm's assets declines with the firm’s
leverage.

Proof: See the Appendix.

The right-hand side of (MR) in the lemma is the Mills Ratio for — d5.° The Mills
Ratio is always greater than zero, so a sufficient condition for (MR) will be
PsiE< V.5 2 71 (which guarantees that the left-hand side of MR is negative).’
The quantity pg; g is empirically observable, and indeed it is uncommon to find
an equity whose return correlation with the CRSP index is greater than 0.70.
But this is merely a sufficient condition, and (MR) will hold unconditionally as
long as N(ds);/Z(dy); is large enough. Since N(ds);/Z(dz); increases with do,
(MR) will hold as long as the firm is not severely distressed.®

In short, for stocks with positive proxy betas, the only time the proxy asset beta
does not decline with the firm’s leverage is when the stock’s correlation with the

®The Mills Ratio for x is defined as 5 [ e®" dy.

Tt should be noted that pg;z=p;z

8 For example, suppose that pg; z=0.80, that 6z=0.16, and that T=15. The sufficient condi-
tion will be 0.5648 <N(ds);/Z(ds);, which holds as long as dy> —1.3. If we let r=0.05 and
6;=0.50, then dy> — 1.3 as long as InV; — InF;> —1.391, which is true for F;<4.02V,. That is,
the condition will hold as long as the face value of the debt is anything less than four times
the market value of the assets.
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equity market is extremely high (greater than about 0.71), and the firm is severely
distressed.’

We are primarily interested in the estimation error of the proxy equity beta. In
Proposition 1, we examine the degree of the estimation error in ,8 s; by focusing on
the ratio of the true equity beta to its proxy (fg;/ £). If both are positive, then
this ratio rises with firm i’s leverage as long as (MR) holds. In other words, as firm
i increases its leverage, the true beta of its equity increases faster than the proxy
for its equity beta.l®

PROPOSITION 1: If the true and proxy equity betas of ﬁrm i are both positive (i.e., g;>0
and BE 5i>0), and if (MR) holds, then the ratio f;/ BE i increases with firm is leverage.

Proof:
Vi Vi
si = ZMO'SLM = Nsi Zﬁai,M = ns:p;
J J
and
. S; S; .
Bs = Z 7 0SS = Nsi > 7 0isi = nsibt,
Jj J
SO
ﬁSt _ ﬂi
ﬂSl BLE

That is, the ratio of the true beta of an equity to the proxy beta of the same equity
is equal to the ratio of the true beta of the underlying assets to the proxy beta of

those assets. So,
(ﬁSl) <:81 >
pE) _\BF)

OF; OF;

It is easier to take the derivative of the term on the right-hand side of the equation

B; ) E E

F R

bl

9Since ﬁgl =1g; Zif" and 5g; > 1, the proxy beta of the stock and its underlying real asset al-
ways take the same sign.

©The sufficient conditions under which i 1ncreas1ng leverage leads to increasing estimation
errors for other combinations of ﬁSz and fg; (e.g., B s >0 and Bs; <0) are stated as corollaries to
Proposition 1 in the Appendix.
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because a firm’s true asset beta does not change with leverage. From the lemma
8!3? /OF; <0, and f;> 0 (by assumption, the true equity beta is positive), so

(ﬂSL) 8BIE
ﬂSL _ —ﬂiﬁi—

OF; — (BF)

>0. Q.ED.

We can now make the intuition from the introductory section more precise by
recalling equation (1)

g =0 [ﬁs;’ - QB@}

If the firm’s assets are uncorrelated with the debt market (the assets omitted
from the proxy), then ng;0; p=05,p=0, so 53,. = 0, and the relationship between
the proxy and true equity beta is simply a scaling by the economywide constant
® . But when the firm’s asset (or equity) returns covary pos1t1vely with the
claims omitted from the inefficient proxy (the debt clalms) then Qﬁ si 1s not zero.
The result of Prop031t10n 1i 1s driven by the fact that QB i Increases with the firm’s
leverage.! Since B Ssi=1" Slﬁ and since 7g; is greater than one and convex with
the firm’s leverage, we can say that proxy beta errors will be most serious for firms
that are more highly levered and relatively more distressed.'?

The implication is that in the cross section, the equity beta estimation errors
will not be random. Rather, they will be systematically related to the relative
leverage and relative distress of each firm in the sample.

B. Cross-sectional Implications of the Inefficient Proxy

We next derive the cross-sectional results that should be expected when the
inefficient equity-composite portfolio is used to proxy for the market portfolio of
assets. The decomposition of the firm’s true equity beta in equation (7) implies the
equilibrium model of excess returns:

rsi—rr = [ry — rrlBs; = @ry — ”F]Bgi +Q[ry — ’"F]l}gi' 8)

1 A proof that o5ip>0= dmﬂ ~5r2> >0 is given as Proposition 3 in the Appendix.
2 We can also use equation (1) to show why the Mills Ratio condition (MR) is needed. Since

BS; - rISLﬁ and BSL r]Stﬁu
ﬂSt ﬁSi Bl
=0 | =0 —|.
B [ﬁ& —Qﬁé’i] Bi —Qﬂ?]

In Proposition 4 in the Appendix, we show that QBlD strictly increases with leverage. The true
beta of asset i is of course fixed, so as long as a change in firm s leverage does not change the
marketwide parameter ® too much, Proposition 1 holds. While ® = (E/M)(¢%/03,) usually in-
creases with any firm’s leverage, in extreme cases ® falls as the distressed firms leverage in-
creases. Hence, the Mills Ratio condition (MR) describes cases where leverage-induced
increases in Qﬂ are not offset by declines in ®.
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If equation (8) is the equilibrium model of returns, then the cross-sectional mar-
ket model regression

rsi —rr = ¢ + Viphs + s 9)
will be misspecified. Proposition 2 establishes the exact theoretical values of y§
and yyg.

ProprosiTiON 2: If equation (8) is the equilibrium model of returns, the theoretical value
of the pricing error y§ and the market risk premium y 3. in equation (9) will be

7§ = [Bs — ABS] Q0 — rr)

Vi = @+ QAl(ry — 1)

where overbars represent cross-sectional means, the i subscripts are suppressed in
cross-sectional operations (means, variances, and covariances), and A = cov(ﬁg ,

BE)/var(Bg).
Proof: Using equation (8):

* cov(iig, rs —rr) COV(BE,(D("M - ”F)Bg +Q(rm — "F)Bg)
YME = =

var(fg) var(BE)
_ .\ cov(Bg, Bg) _ cov(BB, BE)
P @ O T )
Vi = (@ + QA|(ry — 1F); (10)

~E
* __ *
Yo —"S_"F—)’MEﬂs

~

= O(ry — rr)B§ + Qrm — rr)BY — [® + QAl(ry — rr)Bs

= (ra — 7) [@E‘;’ +Ofg — O — QAfzﬁ]
= [Bg - Alrfisﬂ]Q(VM —TF). (11)

QED

Proposition 2 shows that the very common joint findings of a positive alpha and
a nonpositive market price of beta risk are consistent with a CAPM equilibrium
as long as proxy betas are measured using the equity-only proxy. The theoretical

.. . . . . oanE 7D
pricing error in equation (9) will be zero if and only if Afg = 5 in the cross sec-
tion, and the market price of risk in equation (9) will be correct if and only if
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A =0. So the only time equation (9) provides the correct pricing error and the cor-
rect market price of risk in expectatlon is when BZ, is uncorrelated with 5, in the
cross sectlon and the average B s 1s zero. A positive alpha is expected if

A< ﬂs / BS. A downwardly biased market price of risk is expected if A<0, and
both findings are to be expected from equation (9) simultaneously as long as

A is less than min [ifls) / Bg, ] 13

The expression for y§ in equation (11) can be rewritten as y5 = poQ(ry — rr),
where pg is the intercept of the regression ﬁ si =Do+ D1 B si + vsi- In other words,
the expected pricing error in equation (9) is the expected excess return on a posi-
tive-beta portfolio that is orthogonal to the equity-only proxy. This is a portfolio
that appears to have zero beta risk when, in fact, it does not. The implication,
then, is that there are portfolios that generate positive average excess returns
with what appears to be zero beta risk. These are the equilibrium “anomalies.”

Anomaly strategies obtain in the equilibrium in our economy as long as any
inefficient proxy is used. When the proxy portfolio includes only the economy’s
equity claims, the anomaly strategies can be exploited by finding variables that,

in the cross section, are correlated with the part of BD that is orthogonal to ZiE

Our model allows us to say something about where to look for these strategies.
As we show in Proposition 1, a stock’s covariance with the portfolio of omitted
debt claims (and, hence, its missing common risk) increases with the firm’s lever-
age. Furthermore, the effect is nonlinear. A stock’s elasticity increases with lever-
age at an increasing rate, so the effect should be more pronounced for more
distressed firms.

Prime candidates for anomaly status are therefore firm-specific variables that
are strongly related to leverage and distress in the cross section. Previous re-
search suggests that size (market value of equity) and book-to-market equity are
strong candidates. Fama and French (1992) argue that book-to-market equity is a
ratio of market and book leverage measures, and they find that size and book-to-
market subsume the effects of leverage (as well as the effects of the earnings-to-
price ratio and market returns).

Chan and Chen (1991) provide convincing evidence that market value of equity
(ME) is strongly related to a firm’s financial health. They document that two-
thirds of firms in the bottom ME quintile fell there from higher quintiles, and that
only 14% of the firms in the bottom ME quintile were originally listed there in the
previous 10 years. Bottom quintile firms have poorer operating results and higher
interest expense than their higher-quintile same-industry counterparts; over
half of the firms that cut dividends by 50% or more in the last year appear in the
bottom quintile.

13We estimate this using the Lehman Brothers Baa index (available monthly starting in
July 1975) as a proxy for the debt market, and the Fama—French 25 size- and book to-market
sorted portfolios. For the Fama—French 25, the average B2 s is 0.818, the average ﬁs (usmg the
Fama-French market portfolio) is 1.009, and the ordinary least squares slope of ﬁs on fig is
—0.0178 (¢= — 0.208).
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The relationship between book-to-market and financial distress has generated
considerable attention. Fama and French (1995) document that high book-to-mar-
ket firms show deteriorating profitability for 5 years before ranking, while low
book-to-market firms show improving profitability over the same period. More-
over, high book-to-market firms are less profitable than low book-to-market firms
for both the 5 years prior to ranking and the 4 years after. Similarly, Loughran
(1997) finds that the book-to-market effect is predominantly attributed to firms
with poor operating performance in the portfolio formation period, and that the
firms that populate the extreme (high) book-to-market portfolio tend to be the
firms that experience distressed delistings. Griffin and Lemmon (2002) present a
measure of financial distress that is strongly correlated with how individual
stocks load on the Fama and French (1993) HML factor. Gutierrez (2001) shows
that bond ratings decline with firm book-to-market ratios. Results in Fama and
French (1997) indicate that distressed industries load heavily on HML, and that
the changes in these loadings over time correspond to changes in industry
health.

Our model predicts that firm leverage and financial distress will capture the
convex beta estimation errors induced by the use of an equity-only market proxy.
The empirical research suggests that size and book-to-market may provide the
same service. Whether using direct estimates of firm leverage and distress pro-
vides an economically meaningful description of returns (relative to size and
book-to-market) is an empirical issue.

II1. Empirical Analysis

It is well known that the unconditional CAPM performs poorly in explaining
the cross section of average returns in every stock market studied; there appears
to be little relationship in the cross section between return and proxy beta, but
there is common variation in return associated with size and book-to-market. The
shared feature of all the analyses is use of an equity-composite proxy for the mar-
ket portfolio. Our theoretical model suggests that, at least to the extent that size
and book-to-market (or loadings on SMB and HML) are instruments for leverage,
these joint findings are consistent with a single-factor CAPM equilibrium.

Hence our empirical question is whether there is common variation in return
associated with leverage and financial distress after controlling for proxy beta
risk, and, if so, whether this accounts for a meaningful portion of the size and
book-to-market effects. The central question therefore concerns variation in re-
turn across assets, so a cross-sectional analysis is appropriate for testing the
model’s predictions.

The most direct way to examine the issues raised in our theoretical section
would be to expand the equity market index to include debt claims. Stambaugh
(1982) does exactly this, by mixing (in four different weighting schemes) the
returns on several asset classes (NYSE stocks, high-grade corporate bonds, U.S.
government bonds, Treasury bills, residential real estate, house furnishings, and
automobiles). His well-known result is that the four different market proxies lead
to identical statistical conclusions. No matter what proxy is used, a zero-beta
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excess return of zero is rejected, but positivity and linearity of the risk premium
are not. An important finding is that the zero-beta coefficient estimate is not af-
fected much by the choice of proxy.The results in Stambaugh certainly cast some
doubt on our theoretical predictions.

Finding a comprehensive index of returns to debt claims is tricky, however.
While a long time series of returns on high-grade corporate debt is readily avail-
able, return observations for low-grade bonds are difficult to come by. Moreover,
returns for bank debt (which are predominantly low-grade) are generally unob-
servable. As documented by Fama and French (1995), there appears to be sub-
stantial common variation between low-grade debt and equity returns.
Investment-grade bonds, on the other hand, show little common variation with
the equity market when term structure measures are included. Thus, adding only
investment-grade debt to the equity market index is unlikely to provide much
more information about the beta errors.

For this reason, we take a different tack. Our approach is to create portfolios
based on relative leverage and relative distress, and then examine whether sensi-
tivities to returns on these portfolios help to explain the cross section of excess
returns in the standard two-pass approach of Fama and Macbeth (1973). The test
assets will be the Fama-French 25 size- and book-to-market-sorted portfolios.!®

Empirical specification of our theoretical model requires more than a simple
single measure of leverage such as a firm’s debt-to-equity ratio. We care as much
about relative distress as about absolute leverage ratios, because in our theoreti-
cal model the amount of beta risk missed by using the wrong proxy is a function
of the elasticity of a firm’s equity (which is convex with the firm’s leverage). It is
possible that a firm’s likelihood of distress could be much higher or lower than its
relative debt-to-equity ratio might suggest.

For example, a firm with substantial cash flow and few growth opportunities
might find high debt levels attractive and could appear in the highest debt-to-
equity categories without risking bankruptcy. Conversely, a firm in the middle
leverage portfolios but with highly volatile cash flow could face substantial risk
of distress. To capture this, we construct two portfolios to mimic the part of
common return associated with relative leverage (based on the ratio of debt-
to-equity) and the part of return associated with relative distress (based on
Altman’s 2).1¢

1 According to Treacy and Carey (1998), about 50% of the corporate loans held by the 50
largest U.S. banks are below-investment grade (ratings provided by the banks themselves).

> We thank Ken French for kindly providing the monthly return data. Details concerning
the construction of the portfolios can be found in Fama and French (1993).

16 Altman (1968) develops a multiple discriminant model for predicting financial distress
through the use of balance sheet ratios. Altman’s Z is defined as follows:

wC RE EBIT ME S
where WC is net working capital, TA is total book assets, RE is retained earnings, and BD is

book debt (all from balance sheets); EBIT is earnings before interest and taxes, and S is total
sales revenue (both from income statements); and ME is market value of equity.
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We generate our leverage and distress return time series RP’F and R? the same
way that Fama and French (1993) create the SMB and HML factors. In June of
each year t, firms are assigned to one of three book debt-to-market equity
(BD/ME) portfolios based on the one-third and two-third percentile cuts deter-
mined only from the NYSE firms in the sample.

Independently and simultaneously, firms are assigned to one of two Altman’s Z
portfolios: Z < 2.675 and Z> 2.675.1" Altman recommends the cutoff level of 2.675
to minimize misclassification (total type I plus type II) errors. Firms with
Z> 2675 are predicted to be in the healthy group, while firms with Z < 2.675 are
predicted to be in the distressed group.

To be included in portfolio construction, a firm must have CRSP market equity
for December of (¢ — 1), and data available for all the relevant COMPUSTAT items
for Zin (¢ — 1). Only firms with ordinary common equity, as defined by CRSP, are
used to form the leverage and distress portfolios.

One small problem arises due to COMPUSTAT data limitations. COMPUSTAT
did not systematically record individual equity accounts (like paid-in capital or
retained earnings) until 1963. Since construction of a Z portfolio in year ¢ re-
quires COMPUSTAT data in year ¢ — 1, there are very few firms that meet our re-
quirements for inclusion in the D/E and Z portfolios in June 1963. Hence, we lose
one year of data (1963); our return series begins in June 1964.

The intersection of the two sorts above results in six debt-to-equity/Z portfolios
as of June 30 of each year. For July of ¢ through June of (¢ + 1), the return on each
portfolio is calculated as the value-weighted average return of the stocks in the
portfolio (where value is the market value of equity at the beginning of the return
month). In the end, we have six return series that cover the 438 months from July
1964 through December 2000.

In each month ¢, RP/F is calculated as the simple average return of the two Z
portfolios within D/E portfolio 3 (the highly levered firms) minus the simple aver-
age return of the two Z portfolios within D/E portfolio 1 (the least levered firms).
Similarly, R? is the simple average return of the three D/E portfolios within Z
portfolio 2 (high-Z firms) minus the simple average return of the three D/E port-
folios within Z portfolio 1 (the low-Z firms).

The two-way cutting procedure moderates the fact that D/E appears in the cal-
culation of Z. Cutting on D/E reduces the cross-sectional dispersion in this vari-
able within each D/E class; within each D/E class, the balance sheet variables
become magnified in importance in determining the Z classification.

For the 438-month period from July 1964 to December 2000, the average returns
on RP'® and RZ are 10.6 basis points per month (¢ =0.55) and 13.1 basis points per
month (¢ =1.03), respectively. For comparison purposes, the average market ex-
cess return is 494 basis points per month (¢ = 2.31), while the average returns on

7 Financial statement measures for calculation of Z in year ¢t use COMPUSTAT' fiscal year
(t—1) data. The variable BD is either total book liabilities or total book assets minus book
equity (as defined by Fama and French (1993)), in that order; WC is net working capital (cur-
rent assets minus current liabilities); 7A is total book assets; RE is book retained earnings;
EBIT is earnings before interest and taxes; and S is total sales revenue. The variable ME is
market capitalization at the end of December (¢ — 1) from CRSP.
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the Fama-French SMB and HML factors are 18.2 (t =1.16) and 38.9 (t = 2.78) basis
points per month, respectively. While the average monthly returns on the leverage
and distress portfolios are low, it turns out that the loadings and return per unit
loading on these portfolios are high.

Although it is somewhat surprising that the average return on R is positive,
this is not a new result. Fama and French (1992) provide strong evidence that
cross-sectional returns are positively related to a market-based leverage mea-
sure (log of book assets to market equity) but negatively related to book leverage
(log of book assets to book equity).!® They interpret the book-to-market result as
capturing the difference between market-imposed leverage and book leverage,
since In(BE/ME) = In(A/ME) — In(A/BE). Opler and Titman (1994) find a similar
result. Stocks of firms with high book leverage experience very poor returns. Alt-
man and Brenner (1981) demonstrate that low-Z firms perform poorly over ex-
tended periods; for a sample of December fiscal year end firms, those with
Z < 2.675 had significantly negative CARs for the 12- and 18-month periods start-
ing the following March. Altman (1968) and Beaver (1966) show that bankrupt
firms exhibit considerably negative market-adjusted rates of return right up to
exit.

Be that as it may, the loadings on RZ provide risk premiums consistent with the
size and book-to-market effects. It turns out that high book-to-market firms and
small firms load positively on R? (providing an additional premium over and
above proxy beta risk), while low book-to-market firms and large firms load nega-
tively on it (reducing the predicted return from proxy beta). The Z factor is deter-
mined predominantly by book measures of leverage, and while there is no
available explanation for this negative relationship between book leverage and
return, we believe that RZ is capturing the book leverage effect described in Alt-
man and Brenner (1981), Fama and French (1992), and Opler and Titman (1994).

Table I shows some characteristics of the six D/E-Z portfolios. Within the high-
Z class, the typical negative size effect and positive book-to-market effect can be
seen. The same cannot be said for the low-Z (distressed) class, however, as the
high-leverage (and high book-to-market) firms in that class underperform the
low-leverage (and low book-to-market) firms. While the average number of firms
in the low D/E-low Z portfolio appears to be small (162), this portfolio is actually
larger than the Fama-French large size-high book-to-market portfolio (which
over the same period averages 136 firms).

Table II documents the time-series relationships between our leverage portfo-
lios and market excess return (Panel A), SMB (Panel B), and HML (Panel C). The
time series variation in RP’F and RZ explains over 50% of the time-series varia-
tion in HML, but only 7% of the time series variation in SMB.

As we document below, the power of the Fama-French (1993) three-factor model
in the cross section is provided predominantly by HML. It is quite possible that
HML is a priced factor (or an instrument for a state variable) and that our RP/®
and RZ series are nothing more than good proxies for it. Of course, it is also

8 Fama and French (1992, Table III). This result is robust to the inclusion of size and E/P
variables.
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Table1
Characteristics of Portfolios that Generate Leverage and Distress
Factors

In June of each year ¢, all stocks are assigned to one of three debt-to-equity (D/E) portfolios
using breakpoints determined only by NYSE firms in the sample. We define D/E as COMPU-
STAT book value of debt for fiscal year ending in ¢ — 1 divided by market equity in December of
year t — 1. Independently, all stocks are assigned to one of two distress portfolios: those with
Altman’s Z above 2.675 and those below. We compute Z=1.2WC/TA + 14RE|TA + 3.3EBIT/TA
+ 0.6 ME/BD +1.0S/TA, where WC'is net working capital, TA is total book assets, RE is retained
earnings, EBIT is earnings before interest and taxes, ME is market value of equity, BD is book
value of total liabilities, and S is sales revenue. We collect WC, TA, RE, EBIT, BD, and S from
COMPUSTAT at fiscal yearend ¢ — 1; ME is from CRSP at the close of December in ¢ — 1. Six D/
E — Zportfolios are then constructed from the intersections of the three D/E and two Z, and the
monthly returns on each of these six portfolios are the value-weighted monthly returns of the
firms. Size is the natural log of market capitalization (in thousands) at the end of June of year ¢;
BE/ME is COMPUSTAT book equity at fiscal yearend ¢ — 1 divided by market capitalization at
the end of December of ¢ — 1.

Average Monthly Return (%) Average Number of Firms
Altman’s Z Altman’s Z
D/E Low High D/E Low High
Low 1.23 1.01 Low 162 1,366
2 1.00 1.28 2 382 497
High 1.06 1.37 High 508 208
Average Value-Weighted D/E Averaged Value-Weighted Z
Altman’s Z Altman’s Z
D/E Low High D/E Low High
Low 0.46 0.25 Low 219 8.83
2 1.00 0.84 2 1.87 347
High 243 2.21 High 141 340
Average Size Average Value-Weighted BE/ME
Altman’s Z Altmans Z
D/E Low High D/E Low High
Low 10.30 11.37 Low 0.65 0.37
2 11.36 10.97 2 0.86 0.79
High 10.64 10.05 High 115 1.21

conceivable that what is captured by HML in the cross section could be the effect
predicted in our theoretical model.

It is interesting to note that RZ is negatively related to HML but positively
related to SMB (after controlling for RP /E). That is, in months when distressed
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Table IT
Results from Multivariate Regressions of Market Factor, SMB Factor,
and HML Factor on the Leverage and Distress Factors,
July 1964-December 2000 (438 Months)

The time series of portfolio returns for the leverage and distress factors, R”’F and RZ, are con-
structed each month by calculating the simple average return on the two high-D/E portfolios
minus the simple average return on the two low-D/E portfolios (for R”'F) and the simple average
return on the three high-Z portfolios minus the simple average return on the three low-Z portfo-
lios (for R?). The D/E and Z portfolios are formed as in Table L The series RM%7 is the value-
weighted return on all stocks in the Fama-French 25 portfolios for month ¢, RPM is the return
on the Fama-French small minus big portfolio in month ¢, RF* is the return on the Fama-
French high-minus-low (book-to-market) portfolio in month ¢, and RF, is the risk-free rate of
return in month ¢.

Coefficient Estimate t-statistic p(%)
Panel A: Estimates for the Time Series Model RMX7 — RF,=ay+ o D/ERP /E y o0,RZ + ¢,

% 043 2.16 3.2
op/E —0.32 - 5.23 0.0
oz 0.73 7.86 0.0

Adjusted R*=12%

Panel B: Estimates for the Time Series Model RSMB =y, + « D 2RPE + o, RZ + ¢,

oo 0.14 0.92 36.1
AD/E —-0.01 -0.05 95.7
oz 0.34 4.76 0.0

Adjusted RZ=17%

Panel C: Estimates for the Time Series Model RFML = 4 + o D/ER,D 'E 4 azR? + ¢,

% 0.42 4.34 0.0
oz -0.77 —16.87 0.0

Adjusted R? =52%

(low-Z) firms outperform healthy ones, one would predict that high book-to-mar-
ket firms would outperform low book-to-market companies, but at the same time
that large firms would outperform small ones. Note that SMB and HML exhibit a
strong negative correlation (p = —0.29) over this 438-month time period, how-
ever.”® Finally, RZ is unrelated to the part of SMB that is orthogonal to HML.%°
As we have noted, we use the familiar two-pass methodology of Fama and Mac-
Beth (1973). The first pass consists of 25 multivariate time-series regressions (one
for each of the Fama-French 25 portfolios). The slope coefficient estimates from
the first pass are then used as the explanatory variables in a series of 438 cross-

¥ The slope coefficient from a univariate regression of SMB on HML is — 0.33 with a stan-
dard error of 0.05.

20When the part of SMB orthogonal to HML is regressed on R”’F and R%, the estimated
coefficient on RP'F is 0.20 with a standard error of 0.04, while the estimated coefficient on RZ
is 0.08 with a standard error of 0.07.
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sectional regressions (the second pass) that take the average excess return of
size/book-to-market portfolioi (i=1, ..., 25)in month ¢ (¢t=1,...,438) as the
independent variable. The time-series averages of the estimated monthly inter-
cept and slope coefficients become the intercept and slope estimates for the over-
all cross-sectional model, and the standard errors of the overall coefficient
estimates are calculated from the time-series standard deviation of the monthly
estimates.

Cochrane (2001) shows that the resulting ¢-statistics are corrected for cross-
sectional correlation in the error terms but not for time-series correlation in
the residuals, since the dependent variables in the second pass are not fixed but
rather are generated in the first pass regression. Shanken (1992) provides a cor-
rection for the standard errors, which involves a multiplicative term (which is
generally very small) and an additive term (which can be large, depending on
the factor variance). We present the traditional Fama-MacBeth ¢-statistics and
p-values, along with the Shanken corrected ¢-statistics and p-values.?!

Table III presents the standard single-factor model and the Fama-French three-
factor model for purposes of comparison with our model, which is in Table IV.
Panel A of Table III shows the familiar failure of the single-beta model. For the
438 months from July 1964 through December 2000, the estimated return per unit
beta risk is a negative 55 basis points per month. Panel B of Table III demon-
strates the dramatic improvement in explanatory power that is gained by adding
the SMB and HML factors to the analysis. The estimated return per unit of SMB
risk is not significantly different from zero, although the cross-sectional varia-
tion in B;SMB from the first pass is large (nearly 1.7 units). The variation in BfIML
in the first pass is also large (1.32 units).

Panel A of Table IV presents our primary empirical analysis of the model sug-
gested by the theoretical analysis in Section II. In the Fama-MacBeth regression

. D/E .
RP;; — RF, = yo + vyuxrPP™" + Yp/EB; /E 4 v2BZ + iy,

loadings on the D/E and Z portfolios are strongly related to average excess return
in the cross section. The estimated return per unit 2/F risk is 165 basis points per
month, which is over three standard errors away from zero. Furthermore, the
cross-sectional dispersion in estimated ,B E from the first pass is large—about
0.84 beta units—giving a spread in predicted return from sensitivities to this
portfolio of 139 basis points per month. The estimated return per unit g% risk is
similarly large (102 basis points per month) and statlstlcally significant (cor-
rected ¢t = 2.33).With the cross-sectional spread in estimated ﬁ 0f 0.99, sensitivity
to the Z (distress) portfolio provides a spread in predicted returns of about 102
basis points per month.

In Figure 1, we construct fitted-versus-actual average monthly excess returns
(the time-series average of the 438 monthly return observations) for the three
cross-sectional models. Panel A illustrates the poor performance of the single-
factor model, while Panel B documents the improvement realized by adding the

Z1See Cochrane (2001) for a derivation of the Shanken (1992) correction.
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Table ITI
Fama-MacBeth Regression Estimates (7/1964-12/2000) for the Tradi-
tional Single-Factor CAPM and Fama-French Three-Factor Model

The series RP;, is the return on the Fama—French size/book-to-market portfolio i ¢ =1, . . ., 25)
in month ¢, for the 438-month period July 1964 to December 2000; RF, is the risk-free return in
month £ RMET is the value-weighted return on all stocks in the Fama—French 25 for month
RSMB is the return on the Fama—French small minus big portfolio in month ¢; and R is the
return on the Fama—French high minus low (book-to-market) portfolio in month ¢ In Panel A,
ﬂMKT is the estimated slope coefficient from a first-pass time series regression of (RP;; — RF;) on
a constant and (RMX7 — RF). In Panel B, ﬂMKT BSMB and ﬂHML are the estimated slope coefhi-
cients from a first-pass time series regresswn of (RP;, — RF}) on aconstant, (RMKT _ RF), RSME
and R™L The p-values are given in percent (two-sided). Corrected ¢ and corrected p- values
adjust the standard errors using the Shanken (1992) procedure.

Y0 YMKT VsSMB YHML

Panel A: Results for Traditional Sin A;le Factor CAPM,
RP;; — RF, =7, +)’MKTB

Coefficient 1.29 -0.55
t-value 3.08 - 117
p-value 0.22 24.35 R*=15%
Corrected ¢ 3.08 —1.06
Corrected p 0.22 2878

Panel B: Results for Fama—French Three Factor Model
RP,, — RF, = 3o+ yyxr B™ 7 + ysmmB™® + yppan B + &3,

Coefficient 1.10 - 057 013 043
t-value 3.09 —-1.37 0.82 2.97
p-value 0.21 17.28 41.30 0.31 R2=67%
Corrected ¢ 3.09 —1.22 0.58 212
Corrected p 0.21 2248 55.93 342

SMB and HML factors. The additional improvement achieved by using sensitiv-
ity to the leverage and distress portfolios is exhibited by the tightness of the
plotted points to the characteristic line in Panel C.

Next, we remove the effects of R?'F and RZ from the RS2 and RPML factors.
The portion of the SMB factor orthogonal to the leverage and distress portfolio
returns, RPMBL is the estimated intercept plus the monthly residual from the
time-series regression

RtSMB =0 + OClR?/E + OtthZ + &,

and the portion of the HML factor orthogonal to the leverage and distress port-
folio returns, RFMLL s the estimated intercept plus the monthly residual from
the time-series regression

RIML — o, + alRtD/E + aweRZ +¢;.
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TableIV
Fama-MacBeth Regression Estimates (7/1964-12/2000) for Competing
Three-Factor Models Incorporating Marginal Explanatory Power of Size,
Book-to-Market, Leverage, and Distress Factors

The time series of returns for the factor portfohos, RMEKT , RF,, RD/E RZ RSMB and RFML are
computed as described in Table II. In Panel A, /3 ﬁlp /E] ,and /3 are the estlmated slope coeffi-
cients from the first-pass time serles regression of (RP;, — RF,) ona constant, (RMXT _ RF,), RP/E
and RZ. In Panel B, BMKT BD/ E /3 ﬁSMBl and ﬂHMLi are the estimated slope coefficients from
the first-pass time series regressmn of (RP;;— RF,) on a constant, (RMKT _ RF)), RP'E, RZ,
RSMBL and RHML L The series Rt SMBL is the sum of the intercept plus the month ¢ residual from
the regression RSM®Z = oy + o, RP/E + 0yRZ + ¢,, and RHML L is the sum of the 1ntercept plus the
month ¢ residual from the regression RFML = o)+ 0;RP'F + 43R + ¢, In Panel C, B BD/ El,
ﬂZl /}SMB and BHML are the estimated slope coefficients from the first-pass time series regres-
sion of (RP” RF,) on a constant, (R¥XT _ RF), RP/EL RZL RSMB and RFML The series
RPEL is the sum of the intercept plus the month ¢ res1dual from the regression RP'®
= oo+ 0 RPMB L o RIML | ¢, and RZ* is the sum of the intercept plus the month ¢ residual from
the regression RZ =0+ 0, RSMP + auRIML ¢, The p-values are given in percent (two-sided).
Corrected t and corrected p values adjust the standard errors using the Shanken (1992) proce-
dure.

Panel A: Results for Market, Leverage and DlstreEss Three Factor Model,
RP,, — RF, =y + yuweB™" + 1p/uB’" + 2B + €1

Yo YMKT YDIE Yz
Coefficient 1.16 - 0.67 1.65 1.02
t-value 348 —-172 3.27 244
p-value 0.05 862 012 1.52 R*=81%
Correctedt 348 —1.51 3.05 2.33
Correctedp 0.05 1315 0.24 2.01

Panel B: Results for Market, Leverage, and Distress Three-Factor Model with
Marginal Contribution of S1ze and Book to- Market Factors, .

RP,, — RF, =y, + yyxrPM*" + VD/Eﬁ 4 92BZ + vsmmL BEMBE + yppp BEMEL 1 e,y

Yo YMKT YDIE Yz YsMBL  YHML.1
Coefficient 0.74 —-0.27 2.18 1.53 —-0.35 0.17
t-value 1.97 -0.63 3.11 3.35 —1.65 0.92
p-value 4.92 53.20 0.20 0.09 10.01 36.03 R?=81%
Correctedt 197 —0.56 3.00 3.23 —1.34 0.82
Correctedp 4.92 57.63 0.29 013 18.12 55.33

Panel C: Results for Fama—French Three-Factor Model
with Marglnal Contrlbutlon of Leverage and Dlstress Factors, .

RP,, — RF, =y + ypxrB?™ 7 + VD/EJ_B DI 1 2 BP 4 v5mBBME + v BIME e
Yo YMKT YDIEL YzL YsmB YHML
Coefficient 0.74 -0.27 1.84 1.54 0.16 0.37
t-value 1.97 —0.63 2.64 3.38 1.04 2.63
p-value 4.92 53.20 0.86 0.08 30.07 0.88 R*=81%
Correctedt  1.97 —0.56 2.57 3.26 0.73 1.88

Correctedp 4.92 5763 1.04 012 46.28 6.13
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Panel B of Table IV presents the results of an expanded cross-sectional model
that includes the market factor, the two leverage portfolios, and the orthogona-
lized SMB and HML factors. Adding the orthogonalized SMB and HML factors
provides little extra benefit. After removing the variation common with the lever-
age and distress portfolios, the estimated return per unit HML risk is less than
one standard error above zero. Furthermore, the return per unit of SMB risk is
now negative (but statistically insignificant at the 10% level). In other words,
after removing the common effects of relative leverage and distress, there is a
statistically insignificant large-firm premium.

One possibility here is that we have simply stumbled across two portfolios
(leverage and distress) that are multifactor efficient in the sense of Fama (1996).
If SMB and HML are also multifactor efficient, as suggested by Fama and French
(1996), we should expect that the portions of RP'F and RZ orthogonal to SMB and
HML would provide no additional power when introduced into the Fama-French
three-factor model.

Panel C of Table IV indicates that this is not the case. In Panel C of Table TV, R”/F+
is the estimated intercept plus the monthly residual from the regression

RtD/E = og + o RSMB 4 oczRfIML + &,
and RZ* is the estimated intercept plus the monthly residual from the regression

RtZ = og + oclR;SMB + fsz,HML + &.

The estimated returns per unit of RP’®+ and R?* risk are 184 basis points per
month (which is over 2.5 standard errors above zero) and 154 basis points per
month (over 3.2 standard errors above zero), respectively. In the first-pass regres-
sions, the estimated f2/£+ range from — 0.15 to 0.21 and the estimated % range
from — 0.25 to 0.34. In other words, the spread in predicted returns due to sensi-
tivity to the parts of our leverage/distress portfolios that are orthogonal to SMB
and HML are 66 basis points per month for the leverage portfolio and 91 basis
points per month for the distress portfolio.

Time-series tests paint a different picture. Table V presents the intercepts and
associated t-statistics as well as adjusted R®s from the first-pass estimations of
the models in Table III and Panels A and B of Table IV. Included in Table Vare F-
statistics derived in Gibbons, Ross, and Shanken (1989), which test the null hy-
pothesis that the 25 intercepts are jointly zero.

The results in Table V show that even though our leverage measures help ex-
plain average return in the cross section, they do not help matters much in the
time series. Adding RP’® and RZ to the single-factor model does not change the
magnitude or the significance of the intercepts much. This is not entirely surpris-
ing. In the time series model, all factor risk premiums are estimated directly by
the factor’s time-series mean return, and all zero-beta excess returns are pre-
dicted to be zero. The very low average returns on our leverage and distress port-
folios (about 10 and 13 basis points per month, respectively) will therefore lead to
large pricing errors.
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Figurel. Plots of fitted versus actual returns for 25 Fama-French portfolios July
1964 — December 2000 (438 months). The three panels present plots of fitted-versus-ac-
tual average monthly returns for the cross-sectional models in Table III and Panel A of
Table IV. In Panel A, fMET is the estimated slope coefficient from a time-series regression
of (RP;; — RF,) on a constant and (RM%” — RF,). In Panel B, M%7, g5MB and ML are the
estimated slo}?e coeflicients from a regression of (RP;, — RF,) on a constant, (RMET _ RF),
R3MB and RFML where R5MB is the return on the Fama-French small minus big portfolio
in month ¢, and R¥ML ig the return on the Fama—French high minus low (book-to-market)
portfolio in month ¢. In Panel C, gMX7, gP/E an%éz are the estimated slo))e coefficients from
a regression of TgRP,;t — RF,) on a constant, (RMET — RF), RPE and R{. In all three speci-
fications, RMX7 is the value-weighted return on all stocks in the Fama—French 25 for
month ¢, and RP;, is the return on the Fama-French size/book-to-market portfolio i (i=1,
..., 25)in month t. In June of each year ¢, firms are assigned to one of three D/E portfolios
based on NYSE breakpoints and (independently) one of two Z portfolios (Z<2.675 and
Z>2.675). The time series of leverage and distress portfolio returns RP’F and RtZ are con-
structed each month by calculating the simple average return on the two high-DE/E portfo-
lios minus the simple average return on the two low-D/E portfolios (for RP'®) and the
simple average return on the three high-Z portfolios minus the simple average return on

the three low-Z portfolios (for R?).
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The high return on our low-Z, low-leverage portfolio (see Table I) is both proble-
matic and symptomatic. It is out of line with the predictions of our model, and it
substantially affects the time-series average returns of both the leverage and the
distress portfolios.

SMB and HML, on the other hand, are very important in time series estima-
tions. One possibility is that relative distress is indeed a priced factor, and that
SMB and HML pick it up better than do our leverage and distress portfolios.

Another possibility is that SMB and HML are capturing the effects of other
state variables unrelated to relative leverage and distress. Brennan, Wang, and
Xia (2002), for example, develop an intertemporal CAPM with mean-reverting
state variables, and show that the prices of the portfolios used to form SMB and
HML incorporate information about the changing investment opportunity set,
so the loadings on SMB and HML could measure sensitivities to the state vari-
ables.

A third possibility, derived in Berk, Green, and Naik (1999), is that a firm’s
book-to-market ratio conveys information about its changing risk (relative to its
asset base), and that its size encapsulates the importance of its growth options
relative to its assets in place. Or, as in Jagannathan and Wang (1996), size and
book-to-market could summarize the risk of time-varying betas.

IV. Concluding Remarks

Our primary contribution is to provide a theoretical framework for explana-
tory variables that are helpful in explaining the cross section of returns. Betas
calculated against equity-only proxies will be understated, and since the missing
beta risk will be systematically related to relative leverage and relative distress,
factor portfolios formed on variables statistically related to relative leverage and
relative distress should improve on the explanatory power of the single-factor
model in cross-sectional studies of average return. We thus provide a theoretical
rationale for the famous Fama and French (1993) three-factor model.

But more important, our theory provides the foundation for a better empirical
model. To cite one example, we estimate a three-factor model that incorporates
the market return along with the returns on portfolios formed on relative lever-
age and relative distress. We find that, in the cross section, this model outper-
forms the Fama and French (1993) three-factor model in explaining the returns
on the 25 size- and book-to-market-sorted portfolios.

Our work provides a consistent potential explanation for a wide array of puz-
zles. First, in a CAPM world, the cross-sectional dispersion of proxy betas will
not reflect the cross-sectional dispersion of true equity betas as long as proxy
betas are calculated against a market proxy that neglects the economy’s debt
claims. Since the understatement of a firm’s proxy equity beta is directly related
to its leverage, while its true equity beta also increases with leverage, we should
expect too little cross-sectional dispersion in proxy betas. This is one of the most
common findings in studies of average return.



The Journal of Finance

2572

(%000=49) S6'3=4 SYH
08'6L IL88 LL¥8 €006 06G6 7 89T— 8ST— SH0— $90— ¢be ST LT0O— TT0— %00— S00— @30 g7

8008 9788 C6L8 CE88 8EE6  F 190 LOT  OVO— 00— SIZ  p G00— 800  €00— SL0— LI0 7
cz06 6968 LG68 8006 6VF6 £ G¥0 G0 €60— L0 €0T— £ 00 00  L00— 00  800- ¢
L9%6 79E6 ¢9E6 T9%6 12%6 & <Cr0— €eT ST 81— L0%— & 100~ 00 800 00— LI0— &
YRY6 JTG6 1096 996 ¢2€6 wS 79T 08% 800  Tv0  €rh— WS TI0  LI0 000 €00  gr0— wg
vy g g ol H ¥ £ g ol H v : z o

A PoIsnipY oy o

9+ g gnd + ansd gned + (A — 1ynd) pynd + 0= (4Y — "'dy) (g 1PUed ‘III F8L) [PPON 103084-99Y[, [OUDI{—BWE] WOL]

(%000=4d) 65 =4 SYH
G896 1269 LL9L %098 3898 ST 8L1T 191 $L0 600— 900— S7 920 6T0 800 00— 100— 97

2.9 6V9L <STT8 Tg98 OEP8  F 18C  6LE  ¥GG  8¥0— 10—  F ZF0 PO £60  F00- 00—
8989 ¢veL 008L 0028 O068L & 998  PEE  PET 99T 69T~ & IS0 660 280 610  ¥g0— &
8089 geTL PGPL P9SL 9ZEL & 682  S€E€  ¥9T  8L0 99T~ & <S¥O RO G0 S0  I§0— &
086¢ 1679 18%9 09 0019 wS 86T 062  LET  LLO  g0G— WS $G0 650  ¥0  LI0  090— S
W v ¢ 7 O] H y g z o] H b g ¢ o1

A PoIsnlpy s o

1B+ (I — pynd) pynd + = (44 — "'dd) (V 1oued ‘TII 91q8L) VD 10308]-9[3UIS [UOHIPEA], WOL]

‘019z Apyurtof axe 04
perewnIse 8y 18y SIS8Y0dAY [[NU 9y} $3597 YOTYM (686T) USHUBYS PUR ‘SSOY ‘SUOQIY) UT PIALISP O11STIR)S+ 93 S1J SY O O1Is1IeIs oy, *2 + 40+
giad ™+ %= T uoIssaI3ol 9] WOLJ [enprsal 2 Yyuow oY) snyd 1dedts)ut oY Jo wns Y3 ST ., Ay pue s + Jay%o + giqd P+ 00 =l uotssaidai
8} WOy [enpisax 7 yyuowr ay) snid 1dedIsIUT oYy Jo WIns oYY ST . . fa SSLI8S SY]," Jyf PUE ., 13 09 [eUOSOY3IO S1030e] TINH PUE GINS YOUSI-ewrey
ay} jo suotyiod 8y oIe ] PUB Lo 4T 7 YIUOW 10J g7 YOUSL[-BUIRY SY) UT SHO09S [[B UO UINJSI PaySTom-anTea oYy ST . fa S9LIaS S [, 7 YIuouw
Ul WInjed 991J-ySLI 8y} STy pue 000z 12quads( 03 $961 A[np porred Yuow-gey 8y3 10§ ‘7 Y3UOW UL (Gg ¢~ * * ‘T =1) 2 01[0J310d 193 I8W-03-}00(/9ZIS
YOUSI J—euwgy] 9Y) U0 WIN3alayg ST gy seliss ay ], (7Y 103) so1[0J110d Z-MO[ 99} S} UO UIN}a1 dFeIaAk S[dUITs Y3 SNUTW SOI[0J1I0d Z-YSTY 991Y3 oY)
U0 uInjox o3erone o[duwls Y} pue (g, 7y 10) sot[ofarod i /(7-s0] Om) Y3 UO UIn)ax s3eroa. s[dwts oY) snurw sorojyiod F/(F-ySTy 0m) oY) U0 WINPSI
agetase o[dwls oY) SUTJB[NO[ED AQ YIUOUW (0Bd PIJONIISUOD dI8 fa PUE ., 1 SUINJAI O1[0J310d 2FBIDAS] JO SALIOS WY OY, (GL9'G <Z PUE GL9'G>7)
sot[ojaaod 7 omj Jo suo (A[3uspusdepur) pue sjutodyeaiq FSAN UO pase(q sor[ojriod 5 /(] 991y} JO 8UO 0] pauSISSe a8 SWAY ‘7 183K 2Bd JO sunp uy

AI PU® ] SO[qB[, Ul SUOISSaI30Y (SOLIdG W) SSEJ-1SIL] WIOIJ SOIISIIRIS- pue ‘s 3 ‘sydediajuy
ARIqEL



2573

Equilibrium “Anomalies”

(%000=4) 362 =4 SYD

IL6L 9688 1998 8106 €€¥6 JT 091— 00T— €€0 1o LSC g7 LT0O— LOO— €00 00— <10 7
9€'¢8  0T68 1988 LO6G8 S¥'E6 7 080— 0T 70 90T— 09% 7 €00— 910 €00 600— 020 4
0¥06 6206 OT06 6€06 G9V6 & <10 er1 9T0— 10T 990 — & 100 800 00— 600 S00— &
9Lv6 0LE6 ¥LE6 0976 0666 g 8¥V0— LS1 ¥e1 LIT—  991— g €00— 010 (U0 800— €T0— g
6’96 6196 VLG6 PVIV6 8E'E6 WS VL0 (444 §¢0— 620 €v— ws <00 s1To 50— 200 Wwo— wg
H 14 € 4 o] H i € 14 o] H ¥ € 4 o]
4 passnlpy Oy o4
2+ ol rannd + ransd ransd + 24 Nu + il gqd + (A8 = 1ynll) gy + 4= (44 — "d¥)
(d 1euBd ‘Al 919BL) 13BN -03-300g
pue az1g JO Jemod Arojeue[dxy [eutdie]y Surjeiodioou] [SPOJA 10308 -9, SSOIISI(] ‘©8BISAIT “JO5[IBIA] WOI]
(%000=4d) 50v =4 SYD
¥e'L9 66LL OT08 1998 9916 FT 28T 8LT LLO ¢T0— 210 FT €20 LT0 L00 00— T100— 87
99LL LL98 6898 8E88 0968 v L0¢ e¢Y 6€C 0L0— 980— ¥ 860 8€°0 020 900— ¥00— 4
VLL  €T%8 6¥V¥8 1I¥%8 V008 & 98¢ a6¢ 96'T €91 Y91 — & Lvo 9€'0 610 910 60— &
99'L  006L 0L8L ETLL LTWL & 66 €9°¢ 39¢ €20 LT — g 070 0¥’ eg0 €00 160 — 4
LG9 €0L9 2EL9  L9T9  LLT9 WS L6 98'C g1 L90 90c— WS 090 gvo 120 ¥ro 0g0— ws
H 14 € 4 o] H 14 € 4 o1 H i € 4 o]
4 paisnipy Oy o4
s+ NMNQ.TM 108 + (AT = pyndl) gyt + 4 = (ad = "'d)

(V 1eued ‘Al 2198L

)

[SPOJAl 0308]-991 ], SSOJ)ST(] ‘08 IoA0rT DX IR WOL]



2574 The Journal of Finance

Second, nonzero pricing errors should be expected, simply because some of the
economy’s common risk can be measured only through each equity’s covariance
with the assets not included in the market proxy.

Third, average return should be related to relative leverage and relative dis-
tress in addition to proxy beta, as long as the empirical proxy for the market in-
dex excludes the economy’s debt claims. Complex stories that predict an
equilibrium premium for relative distress are unnecessary.

Fourth, variables that correlate strongly with leverage (such as size, book-to-
market, and earnings-to-price) should not be considered anomalies, but rather
should be expected regularities in a CAPM world, as long as the market proxy
does not incorporate the economy’s debt claims. In other words, we should expect
to see size effects and book-to-market effects in any data set. Indeed, one of the
most notable developments in the literature is the pervasive finding of these ef-
fects in virtually every market studied; see Chan, Hamao, and Lakonishok (1991),
Fama and French (1998), and Rouwenhorst (1999).

A fifth prediction of our model is that as firms change their capital structures,
proxy betas calculated against the equity market index will not completely re-
flect the leverage-induced change in the risk of the equity. In a study of firms that
undertake highly leveraged recapitalizations, Kaplan and Stein (1990) find that
average equity betas rise from 1.01 before the recap to only about 1.40 afterward,
even though average debt rates rise from 25% of total capitalization to over 80%.

Similarly, firms that have experienced severe deterioration in the market value
of their equities will be highly levered, and their equity betas will understate
their true systematic risk. If portfolios are formed on these long-run losers, and
returns are compared to those on similarly formed portfolios of long-run win-
ners, superior ex post performance should be expected in the loser portfolio after
controlling for proxy beta risk (simply because the proxy betas of the long-run
losers will be severely understated)—which is the exact result found in DeBondt
and Thaler (1985).

A final prediction of the model is that abnormal drift should be detected after
controlling for proxy beta risk in studies of long-run returns if the event sample
firms have different leverage profiles from the control sample firms. Eckbo, Masu-
lis, and Norli (2000) show that the long-run negative drift following seasoned
equity offerings can be explained by leverage differences between the SEO sam-
ple (with very low leverage) and the control sample. Eckbo and Norli (2002) find
the exact same result in post-IPO returns.

Appendix
Proof of Lemma

We must find the sign of Bﬁf: /OF;.This becomes easier if we break the proxy beta
of the assets into parts:

- o 1 S; 1 1
Bl === gZEjai,Sj = E—G%Zsjﬂs,ﬂw = EE%;Z ViN(d1);0i,
J J J

“F =
OF
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because Sjng; = V;N(d,); by the definition of the elasticity of an equity claim. So

Do OE
1D V~N(d1).o,~~> / 8Fi] - V~N(d1)-oi~[ —£ 4+ 42 ]
OpE _ ( j J Yy | j J Yy aF EaF

OF (Eay)

2
Eog

opE

Evaluating the individual pieces:
[‘9 (Z VN (dl)joij> / BFi} = ViN'(d1),07
J

—Z(dv);
F i0; \/T
and where Z(e) is the unit normal density, and

0 _0S,
8Fi - 8FL = —€ N(dZ)l

where

N/(dl)i = <0

To evaluate 60’% /OF;, we start by noting that

S; S
Z Z E I; sj,Sk = 2 Z zk: SjSknsiNskojk
J
= 2 3 S ViViN(d)N(d)yoja
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So

OFE
E2(2ViN'(dh),5 ViN(d)oi; | — T ViVaN(d), (doka,k(zE )
do% J P OF;

OF; (&)

) > ViN(d1);0i;
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) 22" ViVieN(d1);N(d1),05x
j kR

5 Vo (—2Ee”""N(dy),)
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Therefore,
opr 1
ﬁ‘_. :E—Z [ViN/<d1)iO'lz]
Z ViN(d ) i0ij
B Ea% Eq%

{E (‘;‘ZViNl(dl)iai,E + l

E02E2e"TN(d2)i)
+0129(— TN (dy);)]

—_V,N'(d
EaE ( 1)
1 o ,
EGE ‘;If [2ViN'(d1);015 + 0%e " TN (dy);)
1 -
E ol ViN'(d1);0? — —5 BF2ViN'(d1);0i 5
Eoy

—zﬁfa%e**TMdz)i-

(Notice here that if ﬁ s; = 0, the 31gn of the derlvatlve 1s strictly negative because
the first term is negative and ﬁ s =0=79 slﬁ =0=> ,B = 0) Continuing:

opf 1 ([ —Z(dv); WE (d);\ e o 7
OF;  Edc% [Vt<F'0i\/—)tZ przvi (Fa,f> 7 = B ope N<d2)’}’

because V;Z(d,); = Fie ’TZ(dz) we can write this as

NS DS e ]
o[- ) i2(2%0) 0, - o Vi)

Caact

e
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Eoy,

GLE dz) O, E
> ( T)GiyE—-&gG%N(dz)i]

(e Ts25) -]

e Tg? Z(dz)) 2 (Z(dz)-) OEPi E ]
sl AN D 420 i) _ TEPLE ().
Ed}, [ (O'i\/T PiE VT gi (d2);

e—rTO.i

So the sign of 8,BE /OF; is determined by the sign of the quantity inside the bracket,
which depends on the sign of the proxy beta. By assumption the proxy beta B 5 >0.

—rT

[‘Z(d2)i + 2P,2,EZ(d2)i - f’Eﬂi,EN(dZ)i\/ﬂ-
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Bg >0= [A'}f:>0 = 0;,£>0= p; >0, so in this case, Bﬁf/aFi <0if and only if
Z(d2);1202 5 — 1]<N(da),08p; VT
or

20}p — 1 <N(d2)i
opp VT Z(da);

Finally, we note that

_0iE _ Nsi0iE _ 9SLE _
PiE = = —— = — = PSiE:
0,0 1gi0i0OE OSiOE

That is, an equity’s correlation with the proxy portfolio is equal to the underlying
asset correlation with the proxy. This makes the condition

2052 —1 _ N(dy),
oepggVT — Z(d2);

QE.D.
Corollaries to Proposition 1

The proofs are straightforward from the proofs of the lemma and Proposition 1,
and hence are not provided here.

CoRrOLLARY 1: If the equity’s proxy beta is positive, but its true beta is negative (that is,
B <0 but BE ;> 0), then the ratio Bg;/ pe,

e increases with the firm’s leverage if p; > v/0.5 and the firm is severely distressed,
o decreases with the firm’s leverage if either

A. p;g<V0.50r
B. p; g>+/0.5 but the firm is not severely distressed.

CoRroLLARY 2: If the equity’s proxy and true betas are both negative (that is, fs;<0
and BE; <0), then the ratio fg;/ B~;

e increases with the firm’s leverage if either

A pig<-—v05o0r

B. —V0.5<p; 5 <0 but the firm is not severely distressed;

e decreases with the firmis leverage if —v/0.5<p; g <0 and the firm is severely dis-
tressed.

CoRrOLLARY 3: If the equity’s proxy beta is negatwe but its true beta is positive, (that is,
BE <0 and Bg; > 0), then the ratio ﬁSt/BSz
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e increases with the firms leverage if —/0.5<p; g <0 and the firm is severely dis-
tressed,
e decreases with the firms leverage if either

A. pi,E< — VO.5 or
B. —v0.5<p; ;<0 but the firm is not severely distressed.

PROPOSITION 3: If 6.5 p >0, then [0(QBS.)]/0F; > 0.

Proof:

2 ) N n
QBD- _ DO’D 0Si,.D D Ej—o" )
Si,D 2 E - D i,Bj

So

dQp2) 1 Vi, d(—dy), N v; \ Ons;
—aF:i——;g Nsi Maiz(_dl)i dF; + ZMN(_dl)j“w EE’

where Z(e) is the unit normal probability density. We know that
02,>0,15>0, V;/M>0,0?>0, Z(e) >0, and dng;/OF; >0.% Further,

—InV;+InF; — (rr +0.50%)T

—dq). = ,
( 1)z O'i\/T
SO
8(—ds); 1
L= >0.
8F‘i Fioiﬁ

22 For a proof that Ongs;/OF; >0, see Galai and Masulis (1976).
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Finally,
N N
V; D B; V
> N(=d)joij=) = 5 7 N(=di)oi;
];M 1 ;M D B, 1
D& B;
3 2D
=
D X B D D 1
—;Mzﬁ]al,B] :Mai‘D =M W—SUSL',D
j=1 4
and thus takes the signof gg; p. Q.E.D.

PROPOSITION 4: 3(QBP)/0F; > 0.

Proof: Using the same derivation as in Proposition 3,

1 &LV

D — —
Qﬂ ‘7%4 ;M dl O'z,]

So
OBpP) 1 Vi d(—dy),
oF ~ o7 MO A7
Q.ED.
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