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This study examines the empirical relationship belwesh the return and the total jmarkel value of
MNYSE common stocks, 1 is found that amaller l'nrnu have had higher risk' adjusted returns; on
average, than larger firms. This ‘size effect” has bten in existence for at least i'nil;r years and is

+ evidence that/the copital assst pricing model is misspecified. The size effect is not lineay in the
markel valye; the main effect occurs for very small firms while there is lintle difference in refurn
hetween a\-eragc sized uh.d]hrgc firms. 1L is not khown whether size per ar is ::Fns:bh: for|the

effect or whether size is jusl a proxy for one or more true unknown factors correlated with size,
VR Y I

L

1. Introduction ; S

The single-period ¢apital asset pricing ‘'model (hendeforth CAPM) plns-
tulates u simple lincar relalionship between the expected return and 1hc
market risk of a scturity. While the results of direct tests have b:cn
inconclusive, recent dvidence suggests the existence of additional factors
which are relevant fm' assel pricing. l"_.ilmnh:rgcr and’ Ramaswamy [I??Q!
show a significant pn\':uv: relationship ‘between dividend yield and return of
common stocks for the 1936-1977 p:rlud Basu (1977) finds that pncc—
earnings ratios and risk adjusted returns are related. He chooses to interpret
his findings as cvldcuﬂe of market ineMeieney but as Ball {1978) points out,

markel efficiency tests are often joint tests of the cfMlicient market hypothesis
and a particular equilibrium relationship. Thus, some of the anomalies l]'ml
have been attributed 1o a lack ol market efliciency might well be the r:m]l "of
a misspecification of the pricing model. |

This study contributes another piece to the emerging puzzle. It examines
the relationship between the total market valte of the common stock al‘ a
firm and its return. The results show that, in the -1936-1975 period, the
common stock of small firms had, on average, higher risk-adjusted returns

*This study is based on pant of my d‘i“:l‘[:liﬂi!i n:uﬂ was éompleted while | was at ‘the
Umiversity of Chicago. 1 am’ grateful 1o my commiuttes, Myron Scholes (chairman), John Gould,
Roger Ihbotson, Jonathan [agersoll, and especially Eugene Fama and and Merton Miller, for

their advice and comments || wish to acknowledge the valuable comments of Hill Schv.-eninn
carlier drafts of this paper. | . |
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: than|the common stock of large firms. This restlt will‘henceforth be referred - ‘I :
¢ © to.as the ‘size effect’. Since the results of the 'study afe not based on a' [+

cular theoretical, equilibrium mud:l it is not possible to determine
lusively whcthcr markr:l wluc per se matters or wh:th:r it is ::ml}r a.

sented ‘in this study are discussed in secfi nnlz Since there is a éonsider-
Jmnunl of cnni’uﬂton about lhclr r:!nlwl: meril, more lhan onc techmquc

resu Is Lﬁnstllut: su_t!{m 5 : ; i

' \llmhodnluglﬁ ; : _ :
H |
- The empirical tests are based on a. generalized assel Fl‘lEll'I-g, model which i
allows the expected return of a common stock to be a funclmn of risk fi and :
an ddditional factor ¢, the market value of the equity.! A :|mplc linear - _
rdlatjonship of the form _ ; - |

EtR)=3q+78+ 7.0 (¢ — rj’;;.].-'.‘.r’m]- | 'II” l

is assumed, where

F.'!{R,-ﬁ = expected return on security i, :
| # v4 | =expected return on a zero-beta pnrlfu]m . ' |
! | =expected market risk premium,

s |=market value of security i, ' X :

th,, |=average market value, and _
. | =constant measuring the contribution of ¢; to the expected return nfa |
securnly. # ’

¥

II' ihen: % no r:lmtmnxhnp between ¢, and the expected return, ie., =0, (1)
redudes to the Black (1972) version of the CAPM.
: 5!:'[[.‘1'.' expectations are not observable, the parameters in (1) must be |
| cr.iimrh.d from historical data. Several methods are available for  this
" purpése. They all involve the use of pooled.cross-sectional and time series
ILLreT.-ln:w to estimate yq. 7y, and y,. They differ primarily in (a) the
assumption concerning the residual variance of the stock returns (homosced-
astic r:r heteroscedastic in the eross-sectional), and (b) the treatment of the

"I whe empirical tests, ¢ and @ are defined as the market proportion of secerity i and
-n-rmpf: market proportion, respectively, The two specilicanions are, of course, equivalent.
° 1

; ¢ |
Li
[
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“can be performed by runmi

crmrs—m-runablm prﬂblvm introduced by|the use of estimated btlas in {l]

» !

R.W, Banz, Return mﬂﬂm size, l |
|
|

All methods use a-constrained optimization procedure, described in. Fama

(1976, ch. 9), to g:ncrac minimum

feturns’ y,, i=0,...,2
weights, since from (1)

i E(R,)=vi=7o Wyt 7 2wyl
. ]

J

+ 9

1

where' the w; are the por
examination of (2) shows
purll'nﬁn (},w)=1) with
second ‘and third tgrms ol
the mean return nn ioserg

[(ve d) ff'-,p,‘]. R

variance (m.v.) portfolios with mean
is imposes certain constraints on the portfolio

| L |
¥ s
|

(2)

folio - pmpnrhmln of each asset j, j=1,...N. An
thnt 4o 15 the mean return of a standard m,v.
zero beta and ¢, =Y wieh, =, [to make the
the right-hand 1:{1:, of {2) vanish]. Similarly, ¥, "is
investment m.v. portlolie witlt beta of one and

i, =0, and §, is the mean riturn on a ma. zero-investment, zero-beta portfolio

with ¢, =4,. As shown by

Ru=%o+71M

|
on a period-by-period basis,
homoscedastic or heterosce
arguments the final estimat
the Testimates.

+ '.l"'rllf'ulj’ﬂ

Fama (1976, ch. ) this constrained optimization
W il Cross-secl 'th.-ﬂ regression of the form

'Hl ' (b."] -'-J

U'i.ll'lg :sum.ucd betas ff, and allowing for either:
dastic error terms. Invoking the usual stationarity!
bs of the g.-imm:t.\ are calculated us the averages nf

i=1,...N, 3

One basic approach inva
on the basis of market v

Ives grouping individual securities into purlfnllm

‘11uc and ‘security beta, reestimating the relevant

and finally performing ecither an ordinary least squares (OLS) regression

parameters (beta, residual Ermnrt] ol the ’pnrll'ohos in a subsequent period,

(Fama and. MacBeth (19

3)] which assumes homoscedastic errors, or 'a

-—.-—u- -a-u-l

i cross-section and use the

generalized lehist squares EGiL‘i‘l regression [Black and Scholes (1974)] which
allows for heteroscedastic errors, on the |portfolios in each time period.?
Grouping reduces the errofs-in-variables problem, but is not very eficient
beciuse it does not m.lkc|u=.c of all information. The errots-in-variables
prohlem should not be a I'.ninr as long as the portfolios ccnt.nn a reasonable
number of securities.” '

Litzenberger .md Rama -W.l!'l‘i:." II‘JT'-]}A have suggested an- alternative
method which avoids: grouping. They allow for heteroscedastic errors in the
ertimates ol'l'th'r: standard errors of the security

*Rlack und Scholes {1974) do

not take a.ccnuni_ of heteroscedasticity, even though Ih'.‘ir
method was designed 1o do so.

| A
" *Black, Jensen anid Scholes (1972{p. 116) | . ; Zi

[
-

=
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. betas as estimates of the mcasur+ncnt crrﬁ:s As Theil {19?1 p. 610) ]‘lns ' '.',,__.J,_.
fa% | . pointq} out, this' method 'leads fo ‘unbiased maximum likelihood estithators Uhads et 1
2% ) for the gammas as long a% the error in the standard ‘error of 'Ex:t? is small ' ; - f

and | the standard assumptions of the simple errors-in-variables' model are
met Thus, it is very important that the diagonal model 'is the correct
specification of the return=gr:ntr1tmg process, since the residual variance
assumes a critical position in this procedure. The LJtzcnbcrgcr-Ramaswamy
mctitud is superior from a theoretical' viewpoint; however, |::11:hm1n‘:«|r}r work e
has shown that it leads to serious prnhljmﬁ whcn :lrsplmd 1o lhl: mudcl of

this Limh' and is not pursued any further.d |
.I Il‘l\ll‘.ld ol cﬁl::'rmllng equaltion (H wlih data for all securiti s, it lis also

. possible to. construct arbitrage portfolios ¢ontaining stocks of wjr}r large and

very|: -\n'm]'l firms, by combining long positions in small firms with short

'pu‘ss ions in large firms. A simple {ime series regression is run to determine -

the difference 'in ml.-adjmlcd rLI rns between small am:i large firms, This
ypp oach, long familiar in 1he ellicient murkets and option pricing literature,
has | the advantage that no assumptiofs about the exact functional re- |-
latiqnships between market value and txp-ﬂ:l:d return need to'be made, ﬂm:l e
it will therefore be used in this studly. - ¥ TRl 1 !

|
- |
The sample includes all common 'i'lﬂt..kl quoted on the | NYSE for at least l gl
t'\:llwn,.ln between 1926 und 1975, Monthly price and r:turn data and the !

number of shares outstanding af the end of each month dre available i in the
monthly returns rt]I: of the Center for Research in Sfa:ﬁ:ur:lyI Prices (CRSP) of |
the Unmr-ﬂw of! Chicago. Three different! market indices are used; thisisin 7~ ‘

3. Data

response 1o Roll's (1977) critique of empitical tests of the CAPM Two of the 2

three are pure common stock indices — the CRSP :qual!y and wvalue- ]

we ihltd indices. “The third is TI'IDJJL comprehensive: a value- weighted com- . | ‘ :

bindtion of ‘the CRSP value-weighted index and return data on corporate i

and uw:rnmcm bonds from Ibbotson dnd Singuefield (1977) (henceforth - !
‘matket index’)." The weights of the components of this index are derived
from information on the total market value of corporate and government

- bonds, in vatious issues of the Survey of Current Business (updated annually) - - -
and| from the market value of common stocks in the CRSP monthly index

. - ;
I'lh:. The stock indices, made up of riskier assets, have b-::-th higher returns: T
I the diagonal model [or marketl mv:ulrjb is an Ithmpt*[c specification of the return s
gcndmlmg process, the estimate of the standdard error of betais likely 13 have an upward bias, G
sincg (he residual variance estimate is 1oo large, The errof in the residual variance estimate. £ i
* appears 1o he related 1o the sevond lactor. Therefore, The 'rciullmg gamma estintates are biased.| |
; *No pretense is made that this index is complete; thus, the use of quotation marks. Tt § |gno‘m } 1
| real estate, foreign dssets, etc.; it should be considéred a first step toward b comprehensive mdcx 4
fhh::-unn and Fall (1979). : | A s
P - 18 | B A,
; | 3 | 1
| | i i
| = e s
Lo . ; | ;
| ! AR . L= wont sl g b R e ‘-mm
] 1
| | ' B ' i
i | I o "
| e |
! e ! - | | L
| | . £
' ‘ ; s i P
| | i J g
| , | s
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]'nnd higher risk than the bond indices and the ‘market. index’.® A time series °
lof commercial paper returns is used as the risk-free rate.” While not actually
‘constant through time, its variation is very small when compared to, that of

the jother series, and it is not signiﬁ::ant!'y correlated with any of the three
- indices used as market proxies| | ! ; :

4. Empirical results : bt |

4.1." Results for methods based on(grouped iiffﬂ'ﬂ .

|; The portfolio selection procedure used in this study is identical to the one
desdribed at: length in Black and| Scholes (1974), The securities are assigned
1bjone of twenty-five portfolios containing similar numbers of securities, first
th one of five on the basis of |the marl‘gci value of the stock, then the
securities in each of those five arg in turn|assigned to one of five portfolios
on the basis of their beta. Five ygars of data are used for the estimation of
the steurity beta; the next five ye;llrf.‘ data are used [or the recstimation ol the |

pbrifolio betas. $tock price and number of shares outstanding at the end of § -

the five year periods are used for |the caleulation of the market proportions.
The portlolios are updated euerylycﬂr. The cross-sectional regression (3) is
then 'performed in each month an
the gammas could be [am.L have been in the past) interpreted™as the final
estimators. However, having used ¢stimated parameters, it is not %crtuin that
th'q; serics have the theoretical properties, in particular, the hypothesized beta. .
Black and Scholes (1974, p. 17) suggest that the time series of the gammas be
regressed once more on the exgess return of the market index! This
correction involves running the time series regression (for 73}

I . 5 . 4 b

! 'j',,—Rn=:::+ﬂ:[Rm,— |rr]+':i-- Py 4y
It has been shows earlier that l_hJ, theoretical fi, is zero. (4) removes the
effects of a non-zero ff, on the ret u‘[:n estimate %, and 4, is used as the final

estimator for 7, = Ry, Similar correptions are performed for y, and y,. The
| 3

* [
f |

: | . .
#Mean monthly returns and standurd devigtions Tor the 1926-1975 period are:
| | -

| o Mean return Standard deviation
i L, - . s L e
!| diarket index |+ || s DOE
[ RSP value-weighted index . || D005 0.05HE ;
A | / CRSP equally-weighted index || 00120 0.0830 -
. 'L Government bond index 0,027 00157
- j ’ Corporate bond index |I 0003z 0.0142

N km grateful 1o Myron Schales for making this series available. The mean manthly return
for the 19261975 period is 00026 and the stapdard deviation is D021
g ¥
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i [ 8 ! R H.m:.rﬂmrm'aud_ﬂrm slze T LY
o , ' | | o, 1 '
‘ EoL ) MR (e 1 RS
: f d:mmmns of the B, i=0,....2, m [4} I'rum thmr thcorcfmﬂl values dlso allgw
' b us [to check whclhc’r' the grouping, pmccdurc is ar’ effective means to
|

_ l ' cln‘fnn.ﬂc the errors-in-beta pmblern ! ]
| o -

The results are esséntially identical for both OLS aﬂl GLS and I'ﬂr ) B
three indices. Thus; only one set of results, those for the ‘market. index” with™ j
- GLS, is| presented in table 1. For each of the gammas, hree numbers a ' B |
I‘Flevant for the test : B -

rep-:'rrtcd the mean of that time series of returns whv:h is
are different from | ’ l b

of the hypothesis of inferest (i.e., whether or not 7, and 7
‘ the| risk-lree rate and the risk premium, r:sp:ctwe[y}lth: associnted r-
stafistic, and finally, the estimated beta of the time series of the gamma from = - ‘
{4).| Note that the means are corrected for jthe, deviation I'n‘c-m the lhf.'ﬂretlc.ﬂ '
beth as discussed above, J
| ' The table shows a significantly negative ¢stimate for 3, fnr the overall time |
" perfod, Thus, shares of firms with large market values |have had smaller .~
retyrns, Of average, than similar small flrms The CAFM -appears to be -
miskpecified. The table also shows that y, is différent from the r|5k+fre= rate. ]
As Lnth rlITId (1976, ch. 9),and Roll (1977) have pointed out, if a'test does ’
not| use the “true market .portfolio, the Sharpc-Llntn:rI model might | be :
wmngl} rejected. The estimates for v, arc| of the same magnitude las those
reported by Fama and MacBeth (1973) and others. The choice of a market
index and the econometric 'method does not alfect the results. Thus, at least. .
mt’r]m the context of this study, the C‘llml;'l.‘ of & proxy for the market -~ | - .
portfolio’does not seem to aflect the results and a]lnw:nk f::n' heteroscedastic
distiirbances does not lead to significantly more efficient estimators.
Before looking at the results in more detail, some cnmm#ntﬁ on economet- WA
ric problems are in order. The results in Ljhl: | are based on'the ‘market
!I'Ith:l which is likely to be superior to pure stock indices fmm a theoretical
'HL'ﬂ'pmnl sinee it includes more assets [Rol[ (1977)]. This wpcnortty has its
pnu: The actual betas of the time series of the gammas are reported in table I
1 in} the columns labeled, i, Recall that the theoretical values of 8, and i il
are gero and’one, n:spcctwe!y The s!nndm"d zero-beta portfolio with return
| cbntains high beta stocks in short pﬂ'illlﬂl'l'i and low héta stocks in long
. positions, while the oppositg is the case for the zero-ifivestment pordolio with
| retufn ¥ The actual betas are all \Ignlrl;.d tly different frém the theoretical =
_ values. This suggests a regression’ cffect, Le., the past beétas DL high beta
- securities ‘are overestimated and the betas of 16w beta- securities are under-
estitmated.® Past beta is not completely uncorrelated with the error ‘of the i
curtent beta and the instrumental variable approach 1o thni error-in-variables -
'pmr»tem is not entirely successful.® o PN SR g

*Ihere is no such effect for {1, because that portfolio has both zero beta and zero invesiment : ;
el huldmg:. of both high und low beta securities afe, on average, zero, P

This result is first documented in Brenner (1976) who examines the ariginal Fama-McBeth
:lﬂ?‘lr |||11:' series of 74, i
[« &% X ; ;
L o,
| &
| ;
! ‘
| [ o %
1 I “f H )
.o | -..,
" . 5]
b | PR
i . ! : i
b | Wi i
[ i 'l
|- | | I ] : R
| | Ll b
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L e = _ ) e )
— e S Tablel . = e = :
’ = o I-‘or1|'v:|h.;1 estimators for - ‘e 0y @nd 75 based on the rn.jriu.-l: index” with peneralized least s-quarcs estimation. = -
& N R : i R '_-.Tll-;-lln'ﬂn' -‘-I .._'3’J i‘:‘m] : -\- ke I
s - e ot — - ' =
Period fo— Ry AR T = IR.. —Ryr n iRy —Ryu A f1 — i) i f
19361975 000450 276 45 AL — EA 0,75 — 000052 —292 ot - @ = 1
1936-1958 000377 . 166 043 —0.00060 180 080  —00043  -212 001 ES B i)
1956-1975  0.00531 22 . .46 — (k0] 38 -0E2 0.73 —0 M]él - 209 0.m o +
1936-1945  0OOIZT 030 063  —000098 T .071 T 01— =X -0 ] _ = 3an-
) 1946-1955 __000630—— 38— 03 —0.00021 —0.26 0.75 —ﬂﬂﬂl‘lﬁ —065 . 006 -
e —— T 1956-1965 - 0.00454 202 .34 = (OO0 —0.36 0.596 =0.00039 127 -0 = ;
NPT 1966-1975 U'hﬂﬁ'}ﬁ 1.43 497 - 1}1}3"3"‘ © =0ED b CI.M' — 00000 —1.55 m HE
AL = = e —— —— == - - 3 :‘. [

S — Ry=mean d]ﬂ:r:m‘ﬂ belwen return on zera hnr:l.L perifoho and nsk-free rat-;- T et I'F-' —R,’}:-meaﬂ difference betweén actual . R
risk premium (5, ) and risk premium stipulated by Sharpe-Lintner model (Ry, — Rg). F1= size premium, f,=actual estimated market risk ' ]
of 7, (theoretical values: B, =0, 8, =1, §;=0); all fiy, §, are nugnnfwm.t ul‘lcn.m from ihe thearstical values, if - j=t-statistic,

- - — - A - r‘ D ST 0
3 " = 5
& i
l.- s =
1 B =
a
. rj’ ; B
S e A I i = b2
i Lo
# ." = -
Lo - LI 3 =, 0 SR e oy Y : e e e e
SR e e (R s O R e e AN R s sl

- - { g T — & o w _r_'
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he deviations from the, theoretical betas|are largest Tor the ‘market index’,

smaller; for the CRSP value-weighted 'index, and ismallgst for the CRSP i
equally-weighted index. This is die to two factors: first,.even if the true

| coariance structure is stationary, betas with respect ‘ta a value-weighted AHLE | IE
_index change whenever the weights change, since the wcigiuad average of the o Hiw
: belas is constrained 1o be equal to one. Second, the betas and their ‘standard 17

erfors with respect to the ‘market index" arn much Iﬁrg:r!lhan for the stock

'tmE-iccs {a typical stock beta is !:retwcén two|and-threé), which leads to larger
debiations - a kind of ‘leverage’ effect. Thus, the results in-table 1 show |
that the final correction for the deviation of fl, and fi, from their theotetical .
values is of crucial importance for maket proxies with changing weights.

:E‘Ei&‘.af

“stimated  portfoliobetas ‘and parl_l'o]iij market ;prdiportions are (ne- ! J ]
: galively) correlated. It is therefore possible _lllmt the errors in beta induce an
X erfor in the coeflicient of the market pn‘:p:}rti.nn.'ﬁccurd'ng to Levi (1973), | 4'..;
- the probability limit of 7 in the standard errors-in-the-varfables model is : ‘!-;

of e i I
' — , 7 9
| plim ${ =5,/ + (a] -a3)/D)<7,.| . Li

5 ' N - . !

! d re

with - - A | " e

~ i L e

| e T d 2y, .1 2 - | F,“'

| D=yt ) e -0y >0, i | &€

where ai, a3 are the variances of the true fdctors § and ¢| respectively, of is

the variance of the error in beta and a,5'is
the buas i 7, 15 unambiguously towards zerd
limit of §5 =7, is [Levi (1973)]

! T ophm (Fy -7, f=tlol a3 1 VD

We find that the bias in 7, depends on the

he covariance of fi and ¢. Thus,
» for positive 7,. The probability
=

: : |

covariance between ff and ¢ and

i, m,=0, and if =0 then plim (7,

this was aserious problem in this study, th

the sign of ;.. Il &, 7 has the same sign as t]he covariance between [J and @,

—iv2) <0, e, plims, <y, If the
grouping procedure is not successful in remdving the error in beta, then it is
likely thit the reported 5, overstates the true magnin

b of the size effect. If
e results fovythe different market

intlices should reflect the problem. In particular, using the equally-weighted
stpek index should then lead to the smallest' size effect since, as was pointed
out earlier, the error in beta problem is apparently less sctlinus for that kind
o index. In fact, we find that there is little di

flerence between the estimates.!™

'"For the overall time period, 5 with the tqua]]}-wcllghin{ CRSP indeL is — 000044, with the
villue weighted CRSP imdex - 000044 as well as opposed 1o the =000052 for the ‘market
inlex’ reported in table 1. The estimated betas of 7, anll §, which reflect|the degree of the error
in| heta problems are 007 and 091, respectively, Tor th equally-weighted L‘Jt.."‘t!" index and 0,13

| V

'.IT! 08T for the value-weighted CRSP index,

\"

e e s

e S RS 0. 0 B

— -
"

[ ] A I
v b A v =g | e M R S e el o P S M S R
* f _ ] i : |li
1) ¥ | .
| | | H [ ; i
[ . 1 | | R Ly S :. T 1 1
; | . : | troae e -
: . . P S
- . bl b iy 1
e ' e e
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X Thus, it. does not alp'pcar. that the size :ﬂblc't is just' a proxy for the |

unobservable true beta even tﬂou;h the market proportion and the beta of
seclifities are negatively correlated. : ) bitaea .
- The correlatioh coefficient Between the mean market values of the twenty-
éfive portfolios dnd, their betas is significantly negative, which might have
| introduced ‘a multicollinearity problem. One of its possible consequences is
i coeflicients ‘that jare very sensitive to addition or deletion of data. This effect '
' ~ does not appear| to occur in this case: the results do not change si'gn'iﬁc::'mtly !
when five portfolios are dropped from the sample.| Revising the grouping
procedure +— ranking on the basis of beta first, then ranking on the basis of
market proportion — also does not lead to substantially different results, 4
il - _:-
4.2. A closer look at the results '

An udditinnalli factor relevant for aséel pricing — the mntkt:t value of the
equity of a firm L has been found. The results are based oh a linear model, th
Linearity was nT'é'sumcd only for convenience and there is no theoretical -
reason (since there is no model) why the relationship should be linear. 11 it is [
nonlinear, the pllrticu]ur form of the ‘relationship might give us o starting |

& point for the discussion of possible causes of the size effect in the next |
section.’An analysis of the residuals of the twenty-five portfolios is the easiest {
way to look at!the linearity - question. For each month 7, the estimated
residual return

| :
!?ir=R;l'r_}:I'IJ_-.l'.lllﬁlr_.iﬁ!r[hlr'ir_'f}ml':l.'f‘r}mr:]t i= 1""’25' i :-5]

is calculated for lall portfolios. The mean residuals over the forty-five |year

sample period uré; plotted as a function of the mean market proportion il fig.
* 1. Since the distribution of the markel proportions is| very skewed, a

logarithmic scale is used. The solid line connects the mean residual returns of

cach size group. The numbers identify the individual portfolios within each

group according to beta, '1" being the one with the largest beta; *S* being the
.one with the smallest beta. ' :

The figure shows clearly that, the linear model is misspecified.!! | The'
residuals ar;*nﬂlllrandomly distributed around zero. The residuals of the’
portfolios containmg the smallest firms are all positive; the remaining ones
are-close to zero. As a consequence, it is impossible to use , as a simple size
premium in the cross-section. The plet also shows, however, that " the
misspecification’ is | not responsible for the significance of 7, since the linear
model underestimates the true size effect present for very small firms. To
illustrate this point, the five portfolios containing the smaller firms are

i ""The nonlinearity cannot be climinated by defining ¢, as the log of the market proportion,

H ks .

P E i i
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! ! Fig. 1 suggests that thé main effect rs for very small firms. Further Al (e =%
| “suppdrt for this conclusion can be obtained from’ a simple test. 'We can ;. - ~° || |
. 3 ¢ gress the returns of the twenty-five portfolios in each result on beta alone . b ey
[ #nd examine the residuals. The regression hs misspecified and the residuals e | 2
| _ ~ tontaih information about the gize cllf:ct.- IFig2 shows the plot of those - : 't g
I :l:sidu'nls.in'thc same format as fg. IL;Thc{smallcst firms have, on average, : Eitig g,
i ! | | " i 1 = I3 - H 3 I
! ety large unexplained mean returns. T ere “is no significant  difference § ¥
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ﬂnc mparlanl l:mplﬂCdI questmn still remains: How 1mpﬂrtam is the size | : ; ; L st
| - effect from a practical point of view? Fig. 12 suggests that the difference in | '

returns between the smallest firms and the remaining ones is, on average, ‘

H
Y
~A T

about 0.4 percent pér month. A more dramatic result can be obtained when
the securities are chosen solely on the basis of their market value. : . S
¥ " As an illustration, consider putting equal dollar, amounts into portfolios LR .
' ; contalmgg the smallest, Iargﬁst and median-sized firms af the beginning of a/ :
year. These portfolios dre /to be equally weighted and contain, say, ten,
twenty or fifty securities. *I‘h{:jﬂI are to be held for five years and are
rebalanced every month. They are levered or unlevered to have the same

beta. We are then interested j n the differences in their returns,

! | ' . { :

! Ru=R =Ry [Ry=R,~R, Ry=R,~R, (6) i
] . | " ’ i

| i E LY [ co !
e o - 1 i . B ]
|. .I : | I : ‘ A 5 ;I i 1
4 i | | Lo

. § ! ¥t ] o - 2
I | - !] k " ; " :p |

] it .!_ " § [ ,rf | ! }‘ E 1
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' Pnrtl‘nlm estimatofs for y; for all 25 portfolios and for

| ; 20 porifolios (perffolios containing smallest firms de-

| : leted) based ‘on CRSP equally weighted index with! . -

i g:n:ra]lrnd least-squares csl:mntlnn '

!_ | | "111: pr:mmm 7r with ) | !

: § — e

| Perind .~ +* 25 portfolios 20 portfolios ‘

. |13 19TS 000044 ~ 000043

J S : ~242) (254 =

| 1 1936- 1955 000037 . T —0.0004] i

| =T BRI E T e

! 19561975 —0000S6 4. —0.00050 : ;

Col{=19n =190 i | k]
i 11
19361945 - L0ES e DOD0ES | . i
; — 281 C=24K) - | o By A 2
19461955 oo | - 0.00003 L ' 4 et
, i0.12) R L AR | | - I% e
' 1956 1965 ~0.00023) ~0.00017 o Pg L il
N |: [~ 0k B 1 5. a ol [
1L - 1966 1475« —000L. | - O00MS . : :'}ET ! [ b
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" . . ¢ parentheses. . ! | | %E? |l i
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' | ; | g
where (R,. R, and R, are the retuins on the pnrtt’nlms containing -the | : :E_, (oals
fmallest, ‘median-sized and largest firms aj portfolio formation time (and R,, | 1! IZed] i
=Ryt Ry,). The procedure involves {a) the caleulation of lhc three differ- |: E L7 4
Erces i raw rclurm in each month and (b) running time scncs regressions of !| . ?5 _
the differences on the excess returns of the market proxy. The ‘mlercep‘t terms ‘I 5
f these regressions are then interpreted as the R, i=1, J,3 Thus, the B ' Ll

liferences cah Be interpreted as ‘arbitrage’ ﬂ:lurns since, cg. Ry, is the || ) I b P o
return obtained from holding the smallest firms long and the largest firms g | £
short, representing zero net investment in a zero-beta purll’olm 12 Sjmplc . ';! ]
||:q1ml]:, weighted portfolios are used rather than ‘more soph:sucatcd mi- ! N
"nimum varance, portfolios to demonstrate that the size-eflect is not due to | | g r
some quirk in the covariance maltrix, _ ! /
Table 3 shows that the results of the earlier f:stt: are [ully cun!"rm:d g 55 | it | al

i i b ald

1hc difference in returns between very small I'rrn\; and median-size firms, is ' ; R
ypically considerably larger than R,, t!:u: difference in returns between | 1 '6:
median-sized and very large firms. Thel average: EKCess return from holding | : e J
yery small I'n‘mﬁ long and very large firms short is, on au:ragt 1.52 p:rcem : e ki % m';
"TMo ex post Imnph-, bias_ is introduced, since mm;lh.h- rebalancing inclu les stocks deltslcd | [ , o ' "f":f.;‘ll.'
turing the five years, Thus, the portfolio size is generally ur:curau: only for |the first mnn:h o || . ) Lol 4
rach p:rlud " . : [ ek ‘ ! I h
I' ' | k i ' . n >| i
| . | b Ly SR ;Lg
& ' Co e A
5 4 | l ! i
A
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a d " i, x i & ‘ : J ’ i
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ne 10 n=20 =50 n=10 n=20 n=50. n=10 n=2 = A= b :
) Qverall period : toa _— P ; - ;
1931-1975 0.0152 00148 00101 0.0130 00124 0.0089 0.0021 00024 . 00012 — '} =
(299) (3.53) (3.07) (2.90) (3.56) (3.64) (106)  T(1.41) (0.85) 1 3
Fire-vear subperiods - L ; }
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Basu believed 10 have identified a market inefficiency but his
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r month or 19.8 pcrccnt on an| annluahzect baSLs ThlS strategy, whli:h
juggests -very large “profit opportudmm‘ leaves the investor with a p-:u:-r'!y

SLdunI risk with respect 1o a vnlue—we:ghled index| than a pnrt'l'u]m ol very
rgL firms with the sime number &f seculntl:s [Banz (1978, ch. 3}] Since the
fty largest firms make up more than 25 Perccnl of the total ma kft value of
YSE stocks, it is not surprising that a'larger part of the varfation of the
return of a portfolio of those large firms can be explaired by its relation with
the value-weighted market index. Table 3 also shows that the strategy would
ol have been  successful in every five' year subperiod. Nevertheless, the
agnitude of the size effect during the -past forty-five years is such that it is
I'mnrc than just academic interest. .. b

- diversified portfolio. A portfolio of small firms has! typically much larger
1.

5. Conclysions
| 1

'Tlu: evidence preqenlcd in this -:tud].f suggestf. that the CAPM is mis-
\pr:d:ll‘:d On average, small NYSE: firm§ have had significantly larger risk

adjusted returns than large NYSE i Trmﬁ_r.wer a forty year period. This size

effect is not linear “in the market proportion (or the log of the market
proportion) but is most pronounced for the smallest firms in the sample. The.

effect is also not very stable through time. An analysis of the ten year
spbperiods show substantial differences 1n||h¢ magnitude of the coeflicient of
the size factor (1able 1), !

There is no theoretical foundation for such an effect. We dn not even
know whether the fuctor is size itsell or whelher sive w Jmt a prmy for one
or more true but unknown [aclors mrrulaled with size. It is possible,
hpwever. to offer some conjectures and even discuss some factors for which
\]ILFE 15 =.115[1-m:lu! to proay. Recent work by Reinganum (1980) has eliminated,

M E-cflect, *as reported by Basu (1977), disappears’ for both NYSE,
and AMEX .x.tm:ks when he controls for size but that there is a significant

ﬂllc: obvious candidate: the ptrice- cmmnj; {P/EY ratio.'? He finds that” the -
7

_size effect even when he controls for the P/E-ratio, i.e., the P/E-ratio effect is

-:||‘:rm:, for the sm: effect and not vice w::rw Stattman (1980), who found a
nificant negative relationship between tl'u.. ratio of book value and market
vidue of equity and its return, also reports that this relationship is just a

pl‘nxy for the size effect. Naturally, a large number of possible factors remain

tg) be tested.'® But the Reinganum results point out a.potential problem with
some of the existing negative evidence af the efficient . market pmhcsis.

‘E-eflect is

¥

""The ﬂvfragr carrelution coeflicient between F/E-ratio and market value is only 016 for'

rdividual stocks for thirry-eight quarters ending in (1978, But for the portfolios formed on the

basis of P/E-ratio, it rises to 0.82. Recall that Basu {1977) used ten portfalios in his study,

MEg. debt-equity ratios, skewness of I|'H! return distribution [Kruus and Litzenberger
1976y,
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just a prm*ﬂ‘ur the 1slzt: effect; Gwcn its, longevity, it is’ not hkelj.-' that it is " 1 _ |
due to a market inefficiency but it rather evidence of a- pricing mudcl Pl 2. iom L
.!' misspecification. To the extent that ;sts of market efficiency use data of | | - Lo
e firms of different sizes and are based oh the CAFM then‘ rcsuifs rmght be at : PRI Sl
least contaminated by the size effect. L , i i o
One possible explanation invelving the size of the firm dlrectly is based on
a model by Klein and Bawa (1977). TH::,I' find that il insulficient information-
is available about a subsct of secutitics, inveéstors will not hold these
securities because of estimation risk, 'Le,.'uncerthinty about the true para-
i E “meters of the return distribution. I} investors, differ in the amount of Lo
i information available, they will limit their diversification to different subsets ;
: of all securities in the market.!* It is l1kel:,r that . the amount of information 1
; generated is related to the size of the firm. Therefore, many investors would
! not desire to hold the common stock |of very small firms. 1 have shown
elsewhere [Banz (1978, ch. 2)] that securities sought by only a subset of the
investors have higher risk-adjusted returns than' those considered by all
investors. Thus, lack ‘of information about small firms leads to limited
g diversification and therefore to higher reurns for the ‘undesirable’ stocks of
. . small firms.'® While this informal mndu[ is cnmlstenl with the empirical
results, it is, nevertheless, just conjecture, |
To summarize, the size effect exists but it is not at all clear why it exists,
Until we find an answer, it should be Jnitrprcttd with caution. It might -be
templing to use the size eflect, e.g., as the basis for a theory of mergers — :
large firms are abl:.. to pay a premium for the stock of small firms sipce they vl L e
will be able to discount the same cash|llows at a smaller discount rate. ,
Naturally, this might turn out to be' mmp]ctc nonsense ‘il size were to be -
shown to be just a proxy. Y |
The preceding discussion suggests that the results o!’ this study leave many
questions unanswered. Further research'should consider the relationship
between size and other factors such as the Hividend yield effect, and the tests i |
should be expanded to include DTClsmcké{ as well,

K lein and Bawa (1977, p. 102). ' : :
'S A similar resubt can be obtained with the introdbction of fixed holding costs. whlch lead to
limited digersification as well. See Brennan (1975), Bane (1978, ch. 2) and Mayshar (1979).

| D LI -
|

t
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The Capital Asset Pricing
Model: Some Empirical
Tests™

FiSCHER BLACK.t MICHAEL C. JENSEN.1
AND

MyRON SCHOLESS

I. Imtroduction and Summary

Considerable attention has recently been given to general
equilibrium models of the pricing of capital assets. Of these,
perhaps the best known is the mean-variance formulation
originally developed by Sharpe [1964] and Treynor [1961],
and extended and clarified by Lintner [1963a, bl, Mossin
[1966], Fama [1968a, b], and Long [1972]. In addition Treynor
[1965], Sharpe [1966], and Jensen [1968, 1969] have devel-
oped portolio evaluation models which are either based on
this asset pricing model or bear a close relation to it. In the
development of the asset pricing model it is assumed that
(1) all investors are single period risk-averse utility of termi-
nal wealth maximizers and can choose among portfolios solely
on the basis of mean and variance, (2) there are no taxes or

*"We wish to thank Eugene Fama, John Long, David Mavers, Merton
Miller, and Walter Oi for benefits obtained in conversations on these issues
and D. Besenfelder, J. Shaeffer, and B. Wade for programming assistance.
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National Bank of Detroit, and the Security Trust Company. The caleulations
were carried out at the University of Rochester Computing Center, which is
in part supported by National Science Foundation grant G]-828,
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S0 Studies in the Theory of Capital Markets

transactions costs, {3) all investors have homogeneous views
regarding the parameters of the joint probability distribution
of all security returns, and (4) all investors ean borrow and
lend at a given riskless rate of interest. The main result of the
model is a statement of the relation between the expected risk
premiums on individual assets and their “systematic risk.”
The relationship is

E(R) = E(R\)B; (1

where the tildes denote random variables and
- E{P:} o Pl-] T E{D::‘

II:II' =]
on the jth asset
D, = dividends paid on the jth security at time ¢
rr; = the riskless rate of interest |
E(Ry) = expected excess returns on a “market portfolio”
consisting of an investment in every asset out-
standing in proportion to its value

_ Cov [ij RH}
? o E{EH}

Relation 1 says that the expected excess return on any asset
is directly proportional to its 8. If we define o;as

a;= E(R))—E(R\)B;

then (1) implies that the « on every asset is zero.

If empirically true, the relation given by (1) has wide-
ranging implications for problems in capital budgeting, cost
benefit analysis, portfolio selection, and for other economie
problems requiring knowledge of the relation between risk
and return. Evidence presented by Jensen [1968, 1969] on
the relationship between the expected return and systematic
risk of a large sample of mutual funds suggests that (1) might
provide an adequate description ef the relation between risk
and return for securities. On the other hand, evidence pre-
sented by Douglas [1969], Lintner [1965], and most recently
Miller and Scholes [1972] seems to indicate the model does
not provide a complete description of the structure of security
returns. In particular, the work done by Miller and Scholes
suggests that the a’s on individual assets depend in a syste-
matic way on their §'s: that high-beta assets tend to have
negative a's, and that low-beta stocks tend to have positive a’s.

— e = expected excess returns

E(R))

= the “systematic” risk of the jth asset.
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Our main purpose is to present some additional tests of this
asset pricing model which avoid some of the problems of
Ez—ar_her studies and which, we believe, provide additional
insights into the nature of the structure of security returns
ﬁ!! previous direct tests of the model have been conducted
using cross-sectional methods; primarily regression of &, the
mean excess return over a time interval for a set nf‘secn;'ities

on estimates of the systematic risk, 3, of each of th iti
. Ny ese
The equation ; S

Ry=yy+y 8+ ;

was estimated, and contrary to the theory, ¥, seemed to be
significantly different from zero and v significantly different
F-mm H-E"’ the slope predicted by the model., We shall show
in Section III that, because of the structure of the process
which appears to be generating the data, these cross-sectional
tests_uf significance can be misleading and therefore do not
provide direct tests of the validity of (1). In Section II we
provide a more powerful time series test of the validity of
the model, which is free of the difficulties associated with
the cross-sectional tests. These results indicate that the
usual ﬂ:-lrm of the asset pricing model as given by (1) does
not provide an accurate description of the structure of securitz;r
returns, The tests indicate that the expected excess returns
on high-beta assets are lower than (1) suggests and that the
expected excess returns on low-beta assets are higher than
(1} suggests. In other words, that high-beta stocks have
negative a's and low-beta stocks have positive o's.

The data indicate that the expected return on a security can
be represented by a two-factor model such as

E(#;) = E(Fz)(1 - B;) + E(Fy)B; (2)

where the r's indicate total returns and E(7) is the ex
return on a second factor, which we shaxI:li call mepﬁﬁt:tg
factor,” since its coefficient is a function of the asset’s 3. After
we had observed this phenomenon, Black [1970] was able to
show thfat relaxing the assumption of the existence of riskless
orrowing and lending opportunities provides an asset
pricing model which implies that, in equilibrium, the ex-
Deetfzd return on an asset will be given by (2). H]’ﬁs results
mish an explicit definition of the beta factor, 7, as the
Teturn on a portfolio that has a zero covariance with the return

e on the market portfolio 7. Although this model is entirely
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consistent with our empirical results (and provides a con-
venient interpretation of them), there are perhaps other
plausible hypotheses consistent with the data (we shall briefly
discuss several in Section V). We hasten to add that we have
not attempted here to supply any direct tests of these
alternative hypotheses.

The evidence presented in Section 11 indicates the expected
excess return on an asset is not strictly proportional to its S,
and we believe that this evidence, coupled with that given in
Section IV, is sufficiently strong to warrant rejection of the
traditional form of the model given by (1). We then show in
Section 111 how the eross-section gl tests are subject to measure-
ment error bias, provide a solution to this problem through
grouping procedures, and show how cross-sectional methods
are relevant to testing the expanded two-factor form of the
model. Here we find that the evidence indicates the existance
of a linear relation between risk and return and is therefore
consistent with a form of the two-factor model which specifies
the realized returns on each assetto be a linear function of the
returns on the two factors 7z and Fy,

Fy = Pl =B+ Py @

The fact that the &’s of high-beta securities are negative and
that the s of low-beta securities are positive implies that the
mean of the beta factor is greater than r. The traditional form
of the capital asset pricing model as expressed by (1), could
hold exactly, even if asset returns were generated by (2'),
if the mean of the beta factor were equal to the risk-free rate.
We show in Section IV that the mean of the beta factor has had
a positive trend over the period 1931-65 and was on the order
of 1.0 to 1.3% per month in the two sample intervals we
examined in the period 1948-65. This seems to have been
significantly different from the average risk-free rate and
indeed is roughly the same size as the average market return
of 1.3 and 1.2% per month over the two sample intervals in
this period. This evidence seems to be sufficiently strong
enough to warrant rejection of the traditional form of the
model given by (1). In addition, the standard deviation of the
beta factor over these two sample intervals was 2.0 and 2.2%
per month, as compared with the standard deviation of the
market factor of 3.6 and 3.8% per month, Thus the beta factor
seems to be an important determinant of security returns,
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11. Time Series Tests of the Model

A_. Speciﬁ-:zaﬁun of the Model. Although the model of (1)
?vl:nch we wish to test is stated in terms of expected returns
it is possible to use realized returns to test the theory. Let us
repr_e:tel?t the returns on any security by the “market model”
originally proposed by Markowitz [1959] and '
Shampe [1963] and Fama [1968a] sp.emeneen by

R;= E(R;)+ g,Ri+ & (3)
where Hy =_R_U—E|:ﬁ_,,} = the “unexpected” excess market

return, and R and &; are normally distributed rand i
» E i E nao -
ables that satisfy: > B

E(Ry) =0 (4a)
E(e) =0 (4b)
E(2Ry) =0 (4c)

The specifications of the market model, extensively tested
by Fama et al. [1969] and Blume [1968], are well satisfied by
the data for a large number of securities on the New York Stock
Exchange. The only assumption violated to any extent is the
normality assumption' —the estimated residuals seem to con-
form to the infinite variance members of the stable class of
distributions rather than the normal. There are those who
would v._explain these discrepancies from normality by certain
nonstationarities in the distributions (cf. Press [1967]), which
still yield finite variances. However, Wise [1963] hasj shown
that the least-squares estimate of 8; in (3) is unbiased (al-
tl}ﬂugh not efficient) even if the variance does not exist, and
sum_rlatmns by Blattberg and Sargent [1968] and Fama and
Babiak [1968] also indicate that the least-squares procedures
are not totally inappropriate in the presence of infinite vari-
ance stable distributions. For simplicity, therefore, we shall
ignore the nonnormality issues and continue to assume
normally distributed random variables where relevant.?
I-!owe_ver, because of these problems caution should be exer-
cised 111Imaking literal interpretations of any significance tests

Substituting from (1) for E(R;) in (3) we obtain .

R;= RuB;+é (5)

:rvher::h Ry is the ex post excess return on the market portfolio
s Eti-: e holding period of interest. If assets are priced in the
arket such that (1) holds over each short time interval (say a
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month), then we can test the traditional form of the model by
adding an intercept a; to (5) and subscripting each of the
variables by t to obtain

Ry= a;+ BRu+ 2y (6)

which, given the assumptions of the market model, is a regres-
sion equation. If the asset pricing and the market models given
by (1), (3), and (4) are valid, then the intercept a; in (6) will be
zero. Thus a direct test of the model can be obtained by esti-
mating (6) for a security over some time period and testing to
see if @; is significantly different from zero.®

B. An Aggregation Problem. The test just proposed is simple
but inefficient, since it makes use of information on only a
single security whereas data is available on a large number
of securities. We would like to design a test that allows us to
aggregate the data on a large number of securities in an
efficient manner, If the estimates of the a/'s were independent
with normally distributed residuals, we could proceed along
the lines outlined by Jensen [1968] and compare the frequency
distributions of the “t” values for the intercepts with the
theoretical distribution. However, the fact that the e, are not
cross-sectionally independent, (that is, E(é,&,) # 0 for i = j,
cf. King [1966]); makes this procedure much more difficult.

One procedure for solving this problem which makes ap-
propriate allowance for the effects of the nonindependence
of the residuals on the standard error of estimate of the average
coefficient, &, is to run the tests on grouped data. That is, we
form portfolios (or groups) of the individual securities and
estimate (6) defining Ry, to be the average return on all securi-
ties in the Kth portfolio for time t. Given this definition of Ry,
Ay will be the average risk of the securities in the portfolio and
dy will be the average intercept. Moreover, since the residual
variance from this regression will incorporate the effects of
any cross-sectional interdependencies in the é;, among the
securities in each portfolio, the standard error of the inter-
cept &y will appropriately incorporate the nonindependence
of &.

11;r addition, we wish to group our securities such that we
obtain the maximum possible dispersion of the risk coeffi-
cients, 8. If we were to construct our portfolios by using the
ranked values of the 8, we would introduce a selection bias
into the procedure. This would occur because those securities

110138-OPC-POD-60-20
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entering the first or high-beta portfolio would tend to have
positive measurement errors in their 8, and this would intro-
duccE positive bias in By, the estimated portfolio risk co-
efﬁcml-nt. This positive bias in 8, will, of course, introduce a
negative bias in our estimate of the intercept, &, ,ﬂ::r that port-
folio. On the other hand, the opposite waujld :}ccur for the
lowest beta portfolio; its Bx would be negatively biased. and
the_refore our estimate of the intercept for this low-risk 1 ort-
folio would be positively biased. Thus even if the traditf:mal
rnudcll were true, this selection bias would tend to cause the
]mv—ns}: portfolios to exhibit positive intercepts and high-risk
portfolios to exhibit negative intercepts. To avoid this bias

we need to use an instrumental variable that is hi ghly cor-
related with f;, but that can be observed independently of g

The instrumental variable we have chosen is simply an in-
dependent estimate of the B ofthe security obtained from past
data. Thus when we estimate the group risk parameter on
sample data not used in the ranking procedures, the measure-
ment errors in these estimates will be indep?endent of the

errors in the coefficients used in the rankin
; : : and we th
obtain unbiased estimates of 8, and . = RreloTe

C. The Data. The data used in the tests t i
were ts_dcen from the University of Chicago %E:tjreig?tlﬂ:}
search in Security Prices Monthly Price Relative File, which
contains monthly price, dividend, and adjusted pri::e and
dividend information for all securities listed on the New Yaork
Stock Exchange in the period January, 1926-March, 1966
The monthly returns on the market portfolio Ry, were rjeﬁnedr
as thre returns that would have been earned on a portfolio
Eﬁn?&s{’mg of an equs_tl investment in every security listed on
we Y EE at the beginning of each month. The risk-free rate

as defined as the 30-day rate on U.S. Treasury Bills for the
period 1948-66. For the period 1926-47 the dealer commer-

cial paper rate® was used b i
[ ed because Treasury Bill '
notavailable, ’ PR RS

i % Thefiruupr‘ng}"mcedure
; 1he ranking procedure. Ideally we would like to assi
I L] = rega s
e individual securities to the various groups on the bas?;gr:?f
une ;anked B; (the true coefficients), but of course these are
o ?]1 serval_:JIe. In ardditir:m we cannot assign them on the basis
e B, since this would introduce the selection bias prob-
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lems discussed previously. Therefore, we must use a ranking
procedure that is independent of the measurement errors in
the B;. One way to do this is to use part of the data—in our case
five years of previous monthly data—to obtain estimates
B, of the risk measures for each security. The ranked values
of the 34 are used to assign membership to the groups. We
then use data from a subsequent time period to estimate the
group risk coefficients 2;, which then contain measurement
errors for the individual securities, which are independent of
the errors in 3, and hence independent of the original rank-
ing and independent among the securities in each group.
2. The stationarity assumptions. The group assignment pro-
cedure just described will be satisfactory as long as the
coefficients B, are stationary through time. Evidence presented
by Blume [1968] indicates this assumption is not totally in-
appropriate, but we have used a someitvhat more complicated
procedure for grouping the firms which allows for any non-
stationarity in the coefficients through time,
_ We began by estimating the coefficient 3;, (call this estimate
Biw) in (6) for the five-year period January, 1926-December,
1930 for all securities listed on the NYSE at the beginning of
January 1931 for which at least 24 monthly returns were avail-
able. These securities were then ranked from high to low on
the basis of the estimates 3, and were assigned to ten port-
folios®—the 109 with the largest B, to the first portfolio, and
so on. The return in each of the next 12 months for each of the
ten portfolios was caleulated. Then the entire process was
repeated for all securities listed as of January, 1932 (for which
at least 24 months of previous monthly returns were available)
using the immediately preceding five vears of data (if avail-
able) to estimate new coefficients to be used for ranking and
assignment to the ten portfolios. The monthly portfolio re-
turns were again calculated for the next vear. This process
was then repeated for January, 1933, January, 1934, and so on,
through January, 1965, 3
In this way we cbtained 35 vears of monthly returns on ten
portfolios from the 1,952 securities in the data file. Since at
each stage we used all listed securities for which at least 24
months of data were available in the immediately preceding
five-year period, the total number of securities used in the
analysis varied through time ranging from 582 to 1,094, and
thus the number of securities contained in each portfolio
changed from year to yvear.” The total number of securities
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from which the portfolios w
h th ere formed at the beginnij
f}::ch _\ﬂear 1s given in Table 1. Each of the pcrtfoliggnrr::];ygbng
ought of as a mutual fund portfolio, which has an identity

of i i
timf own, even though the stocks it contains change over
) TaBLE ]
l'otal Number of Securities Entering
All Portfolios, by Year

. Numiler of Numb

Year  Securities Year Secu rf;(ff
1931 382 1949
18932 673 1950 ggg
1933 658 1951 943
1934 683 1852 Q66
1935 676 1953 994
1936 674 1954 1000
1937 Bifi6 1955 1006
1938 G690 1956 994
1939 715 1957 944
1940 T43 1958 1000
1941 T4l 1959 995
1942 57 1960 1021
1943 T2 1961 1014
1944 Ti8 1962 1024
1945 773 1963 1056
1946 791 1964 108]
1947 Bl12 1965 1094
19458 542

1 E. The Empirical Results
i I;‘;e lfm;‘ r.cihpcrind. Given the 35 years of monthly returns
. €ach of the ten portfolios calculated as i
viously, we then caleulat Pt ! 8
g 2 ed the least-squares esti
o ; : s stimates of the
IFK in;ete:slgh- arlad B in (6) for each of the ten portfolios
i }‘ﬁ{’ ) using all 35 years of monthly data (420 gbserva.
o tE' results are summarized in Table 2. Portfolio num-
mntn‘ams Ithe highest-risk securities and portfolio number
Ccreﬂ'ici;:::w the ]DWESE-I}Sk securities. The estimated risk
g Tli range ﬁ-qm 1.561 for portfolio 1 to 0.499 for port-
g o "‘I‘ahli ::zrjtlcsltwte;ceé:ts, the dy, are given in the second
an e Student “#" val iv i
ik : ues are given direc
e Eemnf::—i; The correlation between the portfolio rethtrE
Bt et ret:jrns, r(Ry, Ry), and the autocorrelation of
s, r{&, &_,), are also given in Table 2. The auto-
e small and the correlation be-

Yéen i
the portfolio and market returns are, as expected, quite
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high. The standard deviation of the residuals o(g,), the
a}re]:age monthly excess return Ry, and the standard devi:aticm
;a:'tf?} 1?;.?“% excess return, o, are also given for each of the

ND[’FI! ﬁrstl that the intercepts & are consistently negative for
the high-risk portfolios (8 = 1) and consistently positive
f?r the low-risk portfolios (3 < 1). Thus the high-risk securi-
ties earned less on average over this 35-year period than the
amount predicted by the traditional form of the asset pricing
model. At the same time, the low-risk securities earned more
than the amount predicted by the model.

The significance tests given by the “t” values in Table 2 are
snmeu.:h’z:.t inconclusive, since only 3 of the 10 coefficients
havg “t" values greater than 1.85 and, as we pointed out
earlier, we should use some caution in interpreting these ¢
values since the normality assumptions ean be questioned

We shall see, however, that due to the existence of some non-
stationarity in the relations and to the lack of more complete
aggregation, these results vastly understate the significance
of the departures from the traditional model.

2. The subperiods. In order to test the stationarity of the
empirical relations, we divided the 35-year interval into four
equal subperiods each containing 105 months. Table 3 pre-
sents a summary of the regression statistics of (6) calculated
using the data for each of these periods for each of the ten

portfolios. Note that the data for 8 in Table 3 indicate that

except for portfolios 1 and 10, the risk coefficients B wen;
fairly stationary.

I‘*{ﬂte, however, in the sections for & and (i) that the eriti-
cal intercepts dy, were most definitely nonstationary through-
out this period. The positive s for the high-risk portfolios in
the first subperiod (January, 1931-September, 1939) indicate
that these securities earned more than the amount predicted
]_J}’ ’fhe model, and the negative a's for the low-risk portfolios
indicate they earned less than what the model predicted. In
the three succeeding subperiods (October, 1939-June, lEi48-
July, 1948-March, 1957, and April, 1957-December. 1965)
segrfgét?mbwas reversed an::l the departures from the model
o 0 become progressively larger; so much larger that

Ol the ten coefficients in the last subperiod seem signifi-

e fail six cgefﬁcients are those with 8's most
T0m unity —a point we shall return to. Thus it seems

E: Ll::)h:cel}' that these changes were the result of chance; they
5 Drﬂhﬂbl}’ reﬂe,:t Ch&“gﬂs in thﬂ Q'ﬁ-,s}_
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= L xx Fﬂ:a Tow= oo @mMoaa - f in th . :
W DS deam sdeu Sa22 33985 :E tests of the model by Mmeasurement errors in the estimation
1T B = of the security risk measures * Let 8 represent the true (and
— i = . » - =
ng2z o 53 e = §S§ §E = E g 2 § 3 unobservable) systematic risk nf EI"m Jand 8, = B+ & be the
2ZEE S2B7 SEES B3 S8 &3gs| = measured value of the systematic risk of firm j where we as.
g e o 777 €90 odds od iE sume that &, the measurement error, is normally distributed
a 9582 ImaE = :.:; and for all j satisfies
=B ol o X ERxmn = o = o x| =2
§E§§ éﬁ%% g%%ﬁ SESE %;%g i E(g)=0 (7a)
ol B B A N g Soss - B
= T E {7 j
=§-§ —Sew —flow e =timew  —elow ?;E:é . Efi_iéf}:{ﬂ.j{é} i=j (Te)
) 5 . TEE
< E = FE 2 . The traditi
£ . il i = 1T
S ! = = = -

; onal form of the ass
sUmptions of th

et pricing model and the as-

e market model imply that the mean excess
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return on a security

T
.~y (8)
=57
observed over T periods can be written as |
R;=E(R)|Ry)+ &= Ryf;+é&; (9)

where Ry=XL, BulT, 8= XL, e/T. Now an obvious test of
the traditional form of the asset pricing model is to fit

B, = yo-t viBy+ 2} (10)

to a cross section of firms (where 3, is the estifnatcd rislilrc ::;e;{rfri!
cient for each firm and &’ = Ei—ylé{} and test to see if,
plied by the theory

vo=0 and ¥, =Ry

There are two major difficulties with this prgce_dureé 3113
first involves bias due to the measurement errors in 3 an e
second involves the apparent intzlljdeguacchif {Bdwaﬂs FaEF;rcasset

i ta. & -
tion of the process generating the da
pricing rnmijei given by (2') implies t]mI:;m fl:ld " tarrelrar:ils;r;
i is, i iti to the theoretical v
oefficients—that is, in addition | ,
gbove they involve a variable that is random through j:il_ime. If
the two-factor model is the true model, ?]m 11ds;11:alfszgn1a zsitfzz
i i i e a from '
tests on ¥ and vy, are ITIISlt?Eldl'ﬂg, since
CE;?}SE sezgon callmot provide any ewde:nce on the sjcam:aroc}
deviation of 7; and hence results ina serm}l:s underzsélﬂ_qﬁi Elt}r
i y ing this secon
the sampling error of ¥, and ;. Igll-mrmg .
for the rEomgent, we shall first consider l;hle fneasmdement e%?r
problems and the cross-sectional E1111:!1rlca]r evidence. The
random coefficients issue and appropriate S.lgnlﬁfan::’.‘,e tests
in the context of the two-factor model are discussed in more
il in Section IV. . )
dejns'lslll]onng as the B; contain the measureniﬁ:t er{}qrst?, ::l;;
i ¥, in (10) will be subject to
least-squares estimates %, and ¥, in { . ubject
well—kﬁcwn errors in variables bias and will ‘Pe mr_onsmt?in:f,
(cf. Johnston [1963, Chap. V1]). That is, assuming _that Z; an ::,
arr:: independent and are independent of the @; in the cros
sectional sample,
X (11)

plim¥, = mﬁ'—ﬁ,}
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where 5% 8)) is the cross-sectional sample variance of the true
risk parameters 8. Even for large samples, then, as long as the
variance of the errors in the risk measure o*(&) is positive, the
estimated coefficient §, will be biased toward zero and Jq will
therefore be biased away from zero. Hence tests of the signi-
ficance of the differences ¥o—0and 4, — Ry, will be misleading.

C. The Grouping Solution to the Measurement Error
Problem. We show in the Appendix that by appropriate
grouping of the data to be used in estimating (10) one can
substantially reduce the bias introduced through the exist-
ence of measurement errors in the B In essence the pro-
cedure amounts to systematically ordering the firms into
groups (in fact by the same procedure that formed the ten
portfolios used in the time series tests in Section II) and then
calculating the risk measures B for each portfolio using the
time series of portfolio returns. This procedure can greatly
reduce the sampling error in the estimated risk measures:
indeed, for large samples and independent errors, the samp-
ling error is virtually eliminated. We then estimate the cross-
sectional parameters of (10) using the portfolio mean returns
over the relevant holding period and the risk coefficients
obtained from estimation of (6) from the time series of port-
folio returns. If appropriate grouping procedures are em-
ployed, this procedure will vield consistent estimates of the
parameters y, and ¥, and thus will yield virtually unbiased
estimates for samples in which the number of securities enter-
ing each group is large. Thus, by applying the cross-sectional
test to our ten portfolios rather than to the underlying indi-

vidual securities, we can virtually eliminate the measurement
error problem.*

D. The Cross-sectional Empirical Results. Given the 35
vears of monthly returns on each of the ten portfoligs cal-
culated as explained in Section I, we then estimated 8y and
RBe (K=1,2,...,10) for each portfolio, using all 35 years of
monthly data. These estimates (see Table 2) were then used
In estimating the cross-sectional relation given by (10) for
various holding periods,

Figure 1 is a plot of &, versus By for the 35-year holding
period January, 1931-December, 1965. The symbol X de.
thly excess return and risk of each of

€ ten portfolios. The symbol (@ denotes the average excess
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return and risk of the market portfolio (which by the defini-
1931 -- 1865 tion of B is equal to unity). The line represents the least-
T squares estimate of the relation between Ry and .. The
«11 T ) | e wE 0 1 M " 5
- 0.00359 intercept .ﬂ"d slope” (with their respective standard
I”TEP":E;; = 0.DO0SS errors given in parentheses) in the upper portion of the figure
104 SIU. Ehf. ’ i | are the coefficients y, and y, of (10).
' SLOPE - u.umgg | The traditional form of the asset pricing model implies that
STO.ERR. = 0.000 the intercept v, in (10) should be equal to zero and the slope
¥ should be equal to Ry, the mean excess return on the
market portfolio. Over this 35-vear period, the average
: monthly excess return on the market portfolio Ry, was 0.0142,
08+ and the theoretical values of the intercept and slope in Figure
lare
§ vo=10 and v = 0.0142
i The """ values

1) = ¥o__ 0.00359
7 %) 0.00055

= 6.52

vi—#% _00142-0.0108 _
s(¥) 0.00052

seem to indicate the observed relation is significantly dif-
ferent from the theoretical one. However, as we shall see,
because (9) is a misspecification of the process generating the
data, these tests wvastly overstate the si gnificance of the
results,

We also divided the 35-year interval into four equal sub-
periods, and Figures 2 through 5 present the plots of the
Ry versus the g, for each of these intervals. In order to obtain
better estimates of the risk coefficients for each of the sub-
periods, we used the coefficients previously estimated over
the entire 35-year period.® The graphs indicate that the
relation between return and risk is linear but that the slope
is related in a nonstationary way to the theoretical slope for
each period. Note that the traditional model implies that the

eoretical relationship (not drawn) always passes through the
two points given by the origin (0, 0) and the average market
excess returns represented by (Jin each figure. In the first sub-
Period (see Fig. 2) the empirical slope is steeper than the

eoretical slope and then becomes successively flatter in
= each of the following three periods. In the last subperiod
(see Fig. 5) the slope ¥, even has the “wrong” sign.

t) = 6.53

AVERAGE EXCESS MONTHLY RETURNS

_'f.u 0.5 1.0 1.5 2.0

SYSTEMATIC RISK

TS stematic risk for the
URE | Average excess monthly returns versus sys : :
gé?:c];: period IQEGI—EE for each of ten portfolios (denoted by ) and the
market portiolio (denoted by ().
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TABLE 4
Summary of Cross-sectional Regression Coefficients and Their
t Values
Time Period
Total Period Subperiods
1/31-12/65  1/31-9/39 10/39-6/48 T7/48-3/537 4/57-12/65
Fu 0.00359 —0.00801 0.00439 0.00777 0.01020
¥ 0.0108 0.0304 0.0107 0.0033 =0.0012
1= Ry 0.0142 0.0220 00149 0.0112 0.0085
H{¥al 6.52 —=4.45 3.20 740 18.89
tiyi—H) 6.53 —=4.91 3.23 7.88 19.61

The coeflicients ¥4, %1, ¥, and the “t" values of %, and v, — ¥,
are summarized in Table 4 for the entire period and for each
of the four subperiods. The smallest “t"" value given there is
3.20, and all seem to be “significantly” different from their
theoretical values. However, as we have alreadv maintained,
these “t” wvalues are somewhat misleading because the
estimated coefficients fluctuate far more in the subperiods
than the estimated sampling errors indicate. This evidence
suggests that the model given by (9) is misspecified. We shall
now attempt to deal with this specification problem and to
furnish an alternative formulation of the model.

IV. A Two-Factor Model

A. Form of the Model. As mentioned in the introduction,
Black [1970] has shown under assumptions identical to that
of the asset pricing model that, if riskless borrowing oppor-
tunities do not exist, the expected return on any asset j will
be given by

E(F;) = E(Fz)(1 = B;) + E(74)B; (12)

where 7; represents the return on a “zero beta” portfolio—a
portfolio whose covariance with the returns on the market
portfolio 7y is zero.™

Close examination of the empirical evidence from both the
cross-sectional and the time series tests indicates that the
results are consistent with a model that expresses the return
on a security as a linear function of the market factor r,, (with
a coeflicient of 3;) and a second factor ry, (with a coefficient of
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1-pB,). The function is
Tw=Tfza(l—B)+ P+ oy, (13}

n of

99

?;I:;EEE Ee:i:d T,_the average value of 75, will determine the
S e t.: arzege?nagnd B for diiii‘?]renlz securities or portfoliog
R 1 generated by the process given b )
;?VEL :lfbu. ?ﬁeshhmate thle single variable time serifs r«=:gr:a-};s{i}::ar;‘|I
v (B}, then the Intercept & in that regression wil| be
: d=(F=m)1—B) =Ry(1-3,) (14)
where fp=23L, /T is the mea
; 2i=1 T2/ n return on the het
g;gr éth&rm&ll, ﬂ:‘p is mebmean risk-free rate over th?a :i}:?;_:égr
_ . ¢ dilterence between the two. Thus if . i
tive, high-beta securities will el U s
: s€ tend to have n ive @'
inw—l:_eta securities will tend to have positiﬁga;::se ;tfs}._lan_d
negal ive, hlgll-bete_n securities will tend to have pus.itive oy
an[ r::;;ll?te‘ta sectyr:ties will tend to have negative a’s o
n ition, if we estimate the cross i :
. -sectional re i
given by (10), the expanded two-factor model impIiesgéf:tszﬁg

true values of the parameters R
i and
zero and Ry but instead wil] be ;;ven h;:l will not be equal to

Yo = Rz and Y= R‘" - RZ

Hence if R, is positive, Yo will be positive and v, will be less

than R, If R, i " - :
Efeate;rthan R;#‘s negative, y, will be negative and ¥, will be

‘ us we can interpret Table 3 and Fj

1 I gures 2 th
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fal]nwiqg Spreriﬂ?ir; : successively larger in each of the
cag,izgpmmg '[1,2?’ we see that the traditional form of the
i i asset pricing model, as expressed in (1), is consist

€ present two-factor model if ' rent

E{f;)=0
@ _ B (15
wde {té?‘estic;‘ns of statistical efficiency aside) any test fo:
Shai E?anr i: Izmrtfolli"?-l is zer? is equivalent to a test for
e z/ 15 zero. The results in Table 3 sy
2) is not statmnlary through time. For example, Efefsmfr Thaé
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t Values
Time Period
Total Period Subperiods
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Fu 0.00359 —0.00801 0.00439 0.00777 0.01020
¥ 0.0108 0.0304 0.0107 0.0033 =0.0012
1= Ry 0.0142 0.0220 00149 0.0112 0.0085
H{¥al 6.52 —=4.45 3.20 740 18.89
tiyi—H) 6.53 —=4.91 3.23 7.88 19.61

The coeflicients ¥4, %1, ¥, and the “t" values of %, and v, — ¥,
are summarized in Table 4 for the entire period and for each
of the four subperiods. The smallest “t"" value given there is
3.20, and all seem to be “significantly” different from their
theoretical values. However, as we have alreadv maintained,
these “t” wvalues are somewhat misleading because the
estimated coefficients fluctuate far more in the subperiods
than the estimated sampling errors indicate. This evidence
suggests that the model given by (9) is misspecified. We shall
now attempt to deal with this specification problem and to
furnish an alternative formulation of the model.

IV. A Two-Factor Model

A. Form of the Model. As mentioned in the introduction,
Black [1970] has shown under assumptions identical to that
of the asset pricing model that, if riskless borrowing oppor-
tunities do not exist, the expected return on any asset j will
be given by

E(F;) = E(Fz)(1 = B;) + E(74)B; (12)

where 7; represents the return on a “zero beta” portfolio—a
portfolio whose covariance with the returns on the market
portfolio 7y is zero.™

Close examination of the empirical evidence from both the
cross-sectional and the time series tests indicates that the
results are consistent with a model that expresses the return
on a security as a linear function of the market factor r,, (with
a coeflicient of 3;) and a second factor ry, (with a coefficient of
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1-pB,). The function is
Tw=Tfza(l—B)+ P+ oy, (13}
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the two subperiods (each of which contains 105 observations)
and thus unlikely that the true values of E(R;) were the same
in the two subperiods, and we shall derive formal tests of this
proposition below. _

The existence of a factor R; with a weight proportional to
1 — 3, in most securities is also suggested by the unreasonably
high “t"" values' obtained in the cross-sectional regressions,
as given in Table 4. Since y, and v, involve Rz, which is a
random variable from cross section to cross section, and since
no single cross-sectional run can provide any information
whatsoever on the variability of R;, this element is totally
ignored in the usual caleulation of the standard errors of v,
and 7,. It is not surprising, therefore, that each individual
cross-sectional result seems so highly significant but so totally
different from any other cross-sectional relationship. Of
course the presence of infinite-variance stable distributions
will also contribute to this type of phenomenon.

In addition, in an attempt to determine whether the linearity
observed in Figures 1 through 5 was in some way due to the
averaging involved in the long periods presented there, we
replicated those plots for our ten portfolios for 17 separate
two-year periods from 1932 to 1965, These results, which also
exhibit a remarkable linearity, are presented in Figures Ba
and 6b. Since the evidence seems to indicate that the all-risky
asset model describes the data better than the traditional
model, and since the definition of our “riskless” interest rate
was somewhat arbitrary in any case, these plots were derived
from calculations on the raw return data with no reference
whatsoever to the “risk-free” rate defined earlier (including
the recalculation of the ten portfolios and the estimation of
the f;}. Figures 7 through 11 contain a replication of Figures 1
through 5 calculated on the same basis. These results indi-
cate that the basic findings summarized previously cannot be
be attributed to misspecification of the riskless rate.

In summary, then, the empirical results suggest that the
returns on different securities can be written as a linear func-
tion of two factors as given in (13), that the expected excess
return on the beta factor R; has in general been positive, and
that the expected return on the beta factor has been higher in
more recent subperiods than in earlier subperiods.

B. Explicit Estimation of the Beta Factor and a Crucial
Test of the Model. Since the traditional form of the asset
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pricing model is consistent with the existence of the beta
factor as long as the excess returns on the beta factor have a
zero mean," our purpose here is to provide a procedure for
explicit estimation of the time series of the factor. Given such
a time series, we can then make explicit estimates of the
significance of its mean excess return rather than depending
mainly on an examination of the & for high- and low-beta

securities. Solving (13) for #4 plus the error term, we have an
estimate #y, of 7z

returns Yersus
h period April,

mn2
oS
o011

i
=

a
.0
STSTERATIC RISH
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2.5
Ler, 1965,

Average monthly

1
Pau = m [Fy=BiTan] = Fa+ iy (16)

where i, = @;/(1 — ;). We subseript #z; by j to denote that
this is an estimate of 7z obtained from the jth asset or port-
folio. Now, since we can obtain as many separate estimates of

fz, as we have securities or portfolios, we can formulate a
combined estimate
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which is a linear combination of the 7z, to provide a much
more efficient estimate of 7;. The problem is to find that

linear combination of the F;; which minimizes the error
variance in the estimate of 7. That is, we want to

ﬂ‘}{n E{r;!_ Fz;_F = I'I'Lil'l E(E lillj;‘xj;_ !-'zr}z
i i i

subject to £h; = 1, since we want an unbiased estimate. From
i
the Lagrangian we obtain the first-order conditions

eturns versus

ho¥(@)-Ar=0 j=12,...,N (18)
where A is the Lagrangian multiplier and N is the total number

of securities or nonoverlapping portfolios. These conditions
imply that

E-.‘ziﬁfl for alliandj (19)
hi i)

which implies that the optimal weights h; are proportional to
lo*(iz)). That is,
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the definition of @, we know that o*(1i;) = o*( i) /(1 — Bi)*, so
, KO=BF @)
: (1))

Equation (21) makes sense, for we are thern]I weigh:;ﬂ%ﬂt::ﬁ
estimates in proportion to (1-8,F arde;EE?H{lggﬂcﬁrectly,”
2(z:). However, since we cannot 0bs r .
E.r.‘::eﬂ;&'t’gurced for lack of explicit estimates, 'Enu assume thatth
o?(ik;) are all ;dentical and to use as our welg ts
d

j]j - K tl 22 B;F- {22]

1% (1= B2, ,
w%rﬁ;iomui_lj’ig}l afg (22) thus pmvide_ an _unlinasefz}l al.r:é
E:*ﬂximat-cly} efficient procedure for_estpnatmgb?, ut:] ﬁ; o
fﬁsvaﬂab]e information. However, there is a Dtmthin;ccurity
involved in actually applying this pracedurebi:s S i
data. The coefficient B; is of course unqul:tsir\:a e'ocedure ca
ral if we use our estimates B, in the weighting pr v o
3 i1l introduce bias into our estimate of r"%,. To unde: g
?1::'5 ];::gsll that ,Ej= B+ €, substitute this into (13) u?t ihz
n«E:lz:ESEElI}" additions and subtractions, and solve for

estimate -
Fu— Bt Tull— B+ &, — &l
TR -
Substituting this into (17), using (22), rearranging terms, and
taking the probability limit, we have
_ C[SHB) + (1 —BF1+ (& (23)

pl. im I"_gf -

Nom [SHB)+ (1 —BF1+o*(&)

i rari ;and B is
2(@) is the cross-sectional variance of l:h:e B; an

El;e:r?esarfjs :;-llév?;ver, the average standarj:l dﬁ.-watul:m g%ﬁﬁ
measurement error g for our pnrtfu?los 1s£ 31650 1}. it
(implying an average variance on the ni erdo_ - > {}{]T, i
since S%(gB) for our ]t;in pu{tfuh:ﬁ;ﬁ ?g.;éje ii.n B = 1.007,

; ; o i .
bl%lgowl:ilg?: ‘;:tg lulsi’ ;pgl_m;ie foregoing pruce:dures to the excesi

turn data’ to obtain an estimate nf_ﬂz, = Fau— TFis th; ;xcef;.r
l‘ﬁt m on the beta factor. Substituting Ry for 7 an[ _-.”t ;
}srur-,,-, in (16), the R, were estimated for each of our te
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portfolios. These were then averaged to obtain the estimate

5 - -ﬁ.lr — Jé iR
Ri=3 hBzi =K' (1-8, EJ ]
for each month t. The average of the R for the entire period

and for each of the four subperiods are given in Table 5, along
with their t values. Table 5 also presents the serial correlation

TABLES
Estimated Mean Values and Serial Correlation of the Excess Returns
on the Beta Factor over the Entire Periods and the Four Subperiods®

Period i a{R2) 1Az riR%, RE,-) 1r)
1/31-12/65 0.00338 0.0426 1.62 0.113 233
1/31-9/39 —0.00849 0.0641 —1.33 0.194 1.49

10/39-6/48 0.00420  0.0455 0.946 0.208 2,19
TI48-3/57 0.00782 0.0199 4.03 -0.181 -=1.B7
4/57-12/65 0.009597 0.0228 4.49 0.414 4.60

*The values of t{R7) were calculated under the assumption of normal
distributions.

coefficients r{R§, Rf,-,)."* Note that the mean value R? of the
beta factor over the whole period has a “t” value of only 1.64.
However, as hypothesized earlier, it was negative in the first
subperiod and positive and successively larger in each of the
following subperiods. Moreover, in the last two subperiods
its “t”" values were 4.03 and 4.49, respectively. These results
seem to us to be strong evidence favoring rejection of the
traditional form of the asset pricing model which says that

z should be insignificantly different from zero.

In order to be sure that the significance levels reported in
Table 5 are not spurious and due only to the misapplication
of normal distribution theory to a situation in which the vari-
ables may actually be distributed according to the infinite
variance members of the stable class of distributions, We
h"}"”ﬂ performed the significance tests using the stable dis-
tribution theory outlined by Fama and Roll [1968]. Table
§npresents the standardized variates (i.e., the “t” values) for

z El‘”each of the sample periods given in Table 5 along with
the “t” values at the 5% level of significance (two-tail) under




110

Mormalized Variate
LE:zf:ss Return on the Beta Factor Under th

Studies in the Theory of Capital Markets

TaBLEG ‘tlr u-_} ]] f the
@ oe = R% o 7o o
liee £ Ralon JI[H“c:jJ’nss{zlfrl'thti;n of Infinite

Variance Symmetric Stable Distributions
il
Period 1.5 1.6 L7 1.8 1.9 i -:-',.u-n
1/31-12/65 1.33 .71 2.14 2.61 3.11 2.53
1/31-0/39 ~1L11 -l44 -171 -2.00 —zl%g —T?g
10/39-6/48 os2 100 118 138 138 L7
7/48-3/57 260 316 3.75° 437 T
4/57-12/63 305 370 440° 3511° 5. :
t Value at the 5% i -
l:::l Zl’ significance 449 380 348, 3 16

(two-tail}t

Note: = characteristic expanent, Rz, a) = dispersion parameter of the

distribution.
{Cf. Fama and Rall [1968].

i i rac-
alternative assumptions reg:ardmg_me value of cﬁ, ;ll:uﬁiasc‘l;a e
teristic exponent of the d1str1‘t§u$cm. T]l;eb :51:]1; distribu:don'
i ils of the probabih H
higher are the extreme tal e proba .
| distribution and « )
a = 2 corresponds to the norma g {r0a0]
istributi idence presented by Fama
Cauchy distribution. Eviden : S
indi i bably in the range 1.7 to L.
seems to indicate that a is pro Ao i
t attempted to obtain expli
common stocks. We have no Soitebi
i d rently known estimati
estimates of a for our data, since cur _
procedures are quite imprecise and require extremely large

samples (up to 2,000 observations). Therefore we have simply

presented the “t” values calculated according to the proce-

for six values of
sted by Fama and Roll [19581
fﬂe?nsguigr%?n L5 t:::; 2.0. The coefficients in Tal:-lg 6 thlat a]re
sigrﬁﬁcant at the 5% level are noted with an asten;‘k. Clear 3,;;
if @ is greater than 1.7, the results %urbi{ir? the impressio
i the normal tests given in Table o. 1
ga;:*loegal-{]{i:: the estimates in Tables 5 an;imﬁ wEr&l ubé;ﬁmfeds
; fore, althoug e
from the excess return data; therefc iy S
interest for testing the traditional torm o el,
?'Izzynflc:?];; give the appropriate le»%el of 'rﬁhe memar W::]l:li oé: ;ti
timates 7¢ and 7y obtained from the total réturi £
E:deiiml?iguresxﬁ through 11 appear in Table 7, dalonfg wtf;
o(72) and olfy) and the estimated values of ¥e an -:Ei h:ar ©
crn;s—sectiﬂnal regressions [given by (10)] for each of the va
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TABLE 7
Mean and Standard Deviation of Returns on the Zero Beta and Market Portfolios and the

Cross-sectional Regression Coeflicients [from (10)] for Various Sample Periods
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jous sample periods portrayed in Figures 6 through 1L
(Recall that the two-factor model implies o= Tz and v, =
Fy—T7z) One additional item of interest in judging the im-
portance of the beta factor in the determination of security
returns is its standard deviation relative to that of the market
returns. As Table 7 reveals, of #2) is roughly 50% as large as
o{Fy). Comparison of 7z and 7y in Table 7 for the four 105-
month subperiods indicates that the mean returns on the beta
factor were approximately equal to the average market re-
turns in the last two periods covering the interval July, 1948-
December, 1965. Apparently, then, the relative magnitudes
of 7fand Fy indicate that the beta factor is economically as

well as statistically significant.

V. Conclusion

The traditional form of the capital asset pricing model
states that the expected excess returnona security is equal to
its level of systematic risk, 8, times the expected excess return
on the market portfolio. That is, in capital market equilibrium,
prices of assets adjust such that

E':R:} = 118 (24)

where v, = E(Ry), the expected excess return on the market

portfolio.

An alternative hypothesis of the pricing of capital assets
arises from the relaxation of one of the assumptions of the
tranditional form of the capital asset pricing model. Relaxa-
tion of the assumption that riskless borrowing and lending
opportunities are available leads to the formulation of the two-
factor model. In equilibrium, the expected returns E(f;) on an
asset will be given by

E(f) = E(72) + [E(Fy) — E(T2)1B; (25)
where E(7,) is the expected return on a portfolio that has a
zero covariance (and thus Bz = 0) with the return on the market
portfolio 7. In the context of this model, the return on 30-day
Treasury Bills (which we have used as a proxy for a“riskless”

rate} simply represents the return on a particular asset in the
system. Thus, subtracting r¢ from both sides of (25), we can

rewrite (25) in terms of “excess’ returns as
E(R) = yo+ 7B (26)
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th;[;h;} g%}d::;cgral _{‘:'fﬁm. of the asset pricing model implies
e sy }?1 _h‘ Ii;‘t_.;;l and the two-factor model implies
L };f-‘fﬁ j“i md is not necessarily zero and that
refa.xing“sumde zf. IEE dition, s:&veral other models arise from
e el &H ;.- assumptions of the traditional asset
models involve Icl' I'mply i et ol e HRy). These
pore mvaive exp__lr:lt consideration of the problems of
existencegufﬁfﬁ'm existence of nonmarketable assets, and th
i gl belreéltlal taxes on capital gains and di:.ridende
o e ‘te;t e riefly outlm!a‘them. Our main emphasis h;!
o Pt i:yth;eé;ﬁfi];um:al form of the asset pr.icin;
d:f;:;tt;esitih of thesr_: other alten?agvn;?iingg;?s? it
s NEWEYEJTEE:'DH‘]?I model, we used all securities listed
e Lew York lgr. Exchange at any time in the interval
o estimatn : 66. The problem we faced was to obtain
.l st lf: o th:a mean of the beta factor and its vari-
e pussr]:rle to test the alternative hypotheses
ot ol security at ra_nd_nrn and estimating its beta
bl ke n§§ f?nd ascertaining whether its mean return
tional form of tl?lre ;a;irtg?;:;::n t!ﬁ?t predicied Soliinch
W?l'_l-.léd l:-ie a vﬁgr}r inefficient test 13?":1];;2%1::0{{&]' Renmenn e
fnliusgii r; fﬂllc;e:cy, x;e grouped the securities into ten port-
il ol Howevegy that the portfolios had a large spread in
raailall st we knew thfit grouping the securities on
s o eir estimated B’s would not give unbiased
o :.: pciétfohﬂ LBela, " since the 8's used to select
G o _mt: dmntam measurement error. Such a pro
Srirhagn Lr.! roduce a selection bias into the tests T_
iuiories is d_las we used an instrumental variable 'tho
i gmuEiEr:mf 5 Eshmated beta, to select a security’s ,pm-s
pesA T tEn m:::rtfe IT"EH year. Using these procedures, we
pikpictpingh] P [&:} ios :;vhnsefstimated B’s were unbiased
e §1ﬁﬂrt ?Im Beta.” We found that much of the
. eiin;;nl :t}éo theﬁl s estimated for individual securi-
Beof o Lo éli_e by using the portfolio groupings. The
e 21 :r::is constructed in this manner ranged fr.
2 and the estimates of the portfolio 8's for ?hné

- subperiods exhibited considerable stationarity.

e tilTIE Sel. I i 10
5

1t the ma ;

: SECuril;li(:st ﬁ::firrﬂ_:bhq excess returns indicated that high-
b securities hod Sldgr'u‘ficantly negative intercepts and low-

: ad significantly positive intercepts, contrary
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to the predictions of the traditional form of the model. There
was also considerable evidence that this effect became
stronger through time, being strongest in the 1947-65 period.
The cross-sectional plots of the mean excess returns on the
portfolios against the estimated 8's indicated that the relation
between mean excess return and 8 was linear. However, the
intercept and slope of the cross-sectional relation varied in
different subperiods and were not consistent with the tradi-
tional form of the capital asset pricing model. In the two
prewar 105-month subperiods examined, the slope was
steeper in the first period than that predicted by the tradi-
tional form of the model, and it was flatter in the second period.
In each of the two 105-month postwar periods it was con-
siderably flatter than predicted. From the evidence of both
the time series and cross-sectional runs, we were led to reject
the hypothesis that vy, in (26) was equal to zero; we therefore
concluded that the traditional form of the asset pricing model
is not consistent with the data,

We also attempted to make explicit estimates of the time
series of returns on the beta factor in order to obtain a more
efficient estimate of its mean and variance and thereby enable
ourselves to directly test whether or not the mean excess re-
turn on the beta factor was zero. We derived a minimum-vari-
ance, unbiased linear estimator of the returns on the 8 factor
using our portfolio return data. We showed that, given the
independence of the residuals the optimum estimator re-
quires knowledge of the unobservable residual variances of
each of the portfolios but that this problem could be avoided
if they were equal. Under this assumption of equal residual
variances, we estimated the time series of returns on the beta
factor. However, if these assumptions (i.e., the independence
of the residuals and equality of their variances) are not valid —
and there is reason tuqbeiieve they are not—more complicated
procedures are necessary to obtain minimum-variance esti-
mates. Such estimators, which use the complete covariance

structure of the portfolio returns are available (although not
derived here). However, we feel that a straightforward appli-
cation of these procedures to the return data would result in
the introduction of serious ex post bias in the estimates. Thus
we have left a complete investigation of these problems, as
well as more detailed tests of the two-factor model, to a future
paper. In order to fully utilize the properties of the two-factor
model in a number of applied problems (such as portfolio
evaluation, see Jensen [1971] and various issues in valuation
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does not affect the structure of security returns and hence
cannot explain the results reported here.

There are undoubtedly other economic hypotheses thatare
consistent with the findings of the existence of a second factor
and consistent also with capital market equilibrium. Each
hypothesis must be tested directly to determine whether it
can account for the presence of the g factor. The Black-
Scholes investigation of dividend effects is an example of
such a test.

Appendix: The Grouping Selution to the Measurement Error
Problem

Consider Brst the estimate 8; of the risk parameter in more
detail. We will want to test (10) over some holding period, but
we must first obtain the estimates of the risk parameter g,
from the time series equation given by (6). For simplicity, we
shall assume that the é; are independently distributed and
have constant variance for all j and t. The least-squares esti-
mate of 8;in (6), By, is thus unbiased but subject toa sampling
error ; as in (7), and the variance of the sampling error of the
estimate 3; is

var (B8 = o%{&) = = (A1)

since o*(2;) was assumed equal for all j, and where
T
&= 2 (Ru— Ryl {A.2)

r=1

is the sample sum of squared deviations of the independent
variable over the T observations used in the time series esti-
mating equation. Henece using (11) we see that

¥1
1+ a*(&)[dhS5% 3;)

Let us assume that we can order the firms on the basis of B

plim ¥ = (A.3)

or on the basis of some instrumental variable highly correlated

with 3; but independent of . Given the N ordered firms, we
group them into M equal-size contiguous subgroups, repre-

sented by K=1,2,...,M and calculate the average return j
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for each group for each month according to ’
H l i
He = 7 Rii K=1],:
LZ it L2, M (A.4)
N
L= 3 (assumed tobe integer) (A.5)

WhE‘TE R-ﬁ]‘r i ﬂ'le ret

u
We then estimate th m for month ¢ for s

e systematic risk of thecu”tyi in group K,

least squares to e group by applying
Ry, = ay+ BiR,, + &y {K =L2....M
where f=I,2,,__$T {A.6)
_ 1 L
en=73 &
and Lg K. (A7)
e a(2)
o) = ——
(Ekr) T (A.8)

Equation {A.8) holds. «
dependently distribn_rts.ﬂj-n:i5 1r:se

» by assumption, the Eyy are in-
squares estimate of g8, in (

ith equal variance. The least-

is A.B) is Bx = By + & and its variance
var (Bx18y) = a%(2,) = Z)
Now if we estimate th e A9
E ate the ¢ross- = .
our M S sectional .
period i atlons on Ry = 3L, RyT and e 0 SR ng
» we have Bk for some holding
where By =yo+ v+ Er . (A.10)
22 = ET: Be_ . .
N L (A.11)
Now the large sample estimate of y, in (A.10)
plim ¥ = ITI = bl
Y 7 Ry et
plim §%(g,) ; plim + o%(g)
B ° Dlim o*(2)/L. < i, (a.12)

0 as long as L —» = 35 ¥ — =, and this is
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true as long as we hold the number of groups constant, Thus
these grouping procedures will result in unbiased estimates
of the parameters of (10) for large samples. Note that 5%(5x),
the cross-sectional sample variance of the true group risk
coefficients, is constant with increasing L so long as securities
are assigned to groups on the basis of the ranked ;. Note also,
however, that if we randomly assigned securities to the M
groups we would have plim 5% 8;) = plim 5%G;)/L and (A.12)
would thus be identical to (A.3). Therefore, random grouping
would be of no help in eliminating the bias. As can be seen, the
grouping procedures we have already described in the time
series tests accomplish these results, While we expect these
procedures to substantially reduce the bias'® they cannot
completely eliminate it in our case because the & and there-
fore the & are not independent across firms. However, as dis-
cussed in Section III, we expect the remaining bias to be

trivially small.

Notes
| 1. MNote that (4c) can be valid even though Ry is a weighted average of the
B; and therefore Ry containg ¢, This may be clarified as follows: taking
the weighted sum of (3) using the weights, X, of each security in the mar-
ket portfolio we know by the definition of Ry that £, X.R, = R, X; X8, =
1, and £,X;e;=0. Thus by the last equality we know X,e;=—X%..,X ¢,
and by substitution E{e,Xe,) = Elej— ,.; Xie))] = X,o%(e), and this implies
condition {4c) since E{eR,) = X,0%e,) + E[¢; T, Xie.] = 0.
2. We could develop the model and tests under the assumption of infinite
| varignce stable distributions, but this would unnecessarily complicate
some of the analysis. We shall take explicit account of these distributional
| problems in some of the crucial tests of significance in Section IV,
3. Recall that the Ry and Ry, are defined as excess returns. The model can
be formulated with rr, omitted from (6) and therefore assumed constant
{then a;= re{l1 —8;)) or included as a variable (as we have done), which
strictly requires them to be known for all 1. But experiments with est-
mates obtained with the inclusion df rp, as a variable in (6) yield results
virtually identical to those obtained with the assumption of constant rr
[and henee the exclusion of ry, as a variable in (6)], so we shall ignore this
problem here. See also Roll [1969] and Miller and Scholes [1972] for a
thorough discussion of the bias introduced through misspecification of
the riskless rate. Miller and Scholes conclude as we do that these prob-
lems are not serious. .

4. Unbiased measurement errors in §; cause severe difficulties with the
cross-sectional tests of the model, and it is important to note that the time
series form of the tests given by (6) are free of this source of bias. Un-
biased measurement errors in @, which is estimated simultaneously with
e in the time series formulation, cause errors in the estimate of a; but

no systematic bias. Measurement errors in Ry may cause difficulties in

e -110138-OPC-POD-60-39

The Capital Asset Pricing Model
11

ib?-.th m&pr?s:-sectfnnnl an ’

nfe:::ml;:isze ]-'HE.' For an analvsis of th i i

Sl e rrors in Ry, see Black and ens 7 e e

72).and Roll (159} Jensen [1970), Miller and

'I.Va;hinp;mn,a,(%mrd of Covernors of the Feder

6. The choice of the numher of
see bg]uu.-, we wanted enough portip];
servations across the risk ipectri: 0
relation between ey and ﬁ‘;. -

7. Note that i
i n order for the rick
o g8 orda =k parameters of the groy ' i
Lt cjur procedures require that ﬁrgms ID.S l'gm e dreonas
A ically across the entire risk spectrum Sl

8. See also \ij
Miller and Scha)
es [1972], wh i
tceine er Al » Who provide a carefy] i i
sl i?.mc:r?;pl?r?ﬁnmry to but much diﬂ‘er:;:lta]f::;:ii:f"g
ohasd hew) ¢ hese problems v i
weir implications for the inte rpretation of pre] E;ozl;u:;;ﬂliﬁu?al e
Trical work.
eaijur.ement error problem is virtyg))
ecause the errgrs i By m:

- Since the correl ti F
the standard errors of estimate ofiﬁgmgﬁi Aty o bhpeyst

and nine of them are les
than 0.012. The av

mate [ £ =. The ave
e m';l"'; ::te :;: .l‘-‘::. coefficients given in Tab)e ;a!%:gﬂlf: ii;i:ﬁr.:ges“'
1€ cross-sectional variag £ b ot Tiod wag

ence, assuming $%(3,) ¥ ice of the 8. S8 wag

) = B, Squaring 0, s as 0.1144,
. ﬁlﬂll_,lsmj using (1 IL". we see

£ suspected

nts B are all less thap 0ozz
at our estimateof y, wil] he greater than 99

larger spread of the 2
e B and sj
reduce the hias t-d::sms:;nhi? trJ}'::

n C thel’ﬂ' is an infini
) te nu 'Ib
i t, ii .I number Uf Sl.'ll:.‘h ZEro ,ﬂ Ppar [fl::'“ﬂﬁ.. 'Df ﬂ.” SLII;‘]"I

3 ) return on th i ini
€ are indebted tg John Long for the pmnef ;Ft?-n ;:;:]anmr] ;nmum wErbes.

[F? i
3y unreasonably high becayse the coefficients chan

to FE‘Ilﬂd b"" Ao T i
v nt
nis -ﬂl'lg]rlg up to ﬂ]m 14 SEven HII]ES

3.
Although the traditional form o

Tie f:ru::m period
eir estimated

ith the exjgt-
i zero mean, clearly jt would

ariable
\ this will he e i i i Ly
qual to (1= i
& general procedures fop esﬂmﬁ:'}nt:g_g‘?]i:
r



e

120 Studies in the Theory of Capital Markets The Capital Asset Pricing Model
il 121
the situation of nonidentical o®{i;;) and cov (i, &) = 0 for j # i. But we . and RoLL, R & )
leave an investigation of the properties of these estimates and some butions,"” Juur!aa]!c::.??}ﬁ: f:::m‘_f Pml’-'t‘ﬂ_lesr of Symmetric Stable Distri-
additional tests of the two-factor model for a future paper, If the assump- tember, 1968), 81735, o0 Statistical Association, LX111 (Sep-
tion of identical ¢*( &) made here is inappropriate, we still obtain an JENSEN, MICHAEL C. “The P o
unbiased estimate of the R, However, the estimated variance of f,, 1945-64." Jowrnal ﬂ_J"Fr'urn:r 2{1‘;;!1:1“_: of Mutual Funds in the Period
which is of some interest, will be greater than the true variance. - “Risk, the Pricing uf{:apjtl_;;| Ass (May, 1968), 389-416.
15. The serial correlation for the entire period appears significant. Indeed, Portfolios,” fournal of Buciuisi *)';-"E‘i‘ﬁ. anq the Evaluation of Investment
the serial correlation in the last period, 0.414, seems very large and even » "Optimal Utilization of Market F‘a‘l"“]- 1569), 167-247,
highly significant, with a { value of 4.6. However, the coeficients in the Investment Performance™ {i\-‘urk? . ?’EC‘ﬂ.sts rﬂ.l‘ld The Evaluation of
earlier periods seem to border on significance but show an inordinately _ Rochester School of Management th e i }":l' 7109, University of
large amount of variability, thus indieating substantial nonstationarity. KixNg, BExjaMIN F. “Market and Indu !"?Dh‘-*mber, gl
16. As mentioned earlier, the choice of the number of groups is somewhat Journal af Business, XNXIX (Ja ¥ ['BigFﬂuturs in Stock Price Behavior,"
arbitrary and, for any given sample size, involves a tradeoff between the LINTXER, JouN. “The 'i"aluat;t:n o?ur?'nk 66, Part I1), 134-g0.
bias and the degree of sampling error in the estimates of the parameters Investments in Stock Portfolics 1“.;]' é.s“?ts and the Selection of Risky
in (10). In an unpublished study of the properties of the grouping pro- nomics and Statistics, XLV]] rFel;::J -d%tai Budgets,” Reciew of Eco.
cedures by simulation technigues, Jensen and Mendu Rao have found - "Security Prices, Risk and M g ﬁm_:l' 13-37.
that, when o®(€) = 5% 3,), the use of ten groups with a total sample size of Journal of Finanee, XX (December ;Il;:ﬁm?t Gains from Diversification,"
N =400, vields estimates of the coefficient v, in (10} which, on the average, Loxg, Jous B, |R "Cﬂﬂsumptlnn—;:;.v.- % Sb), S87-618.
are biased downward by less than 0.9% of their true value and have a in the Securities Market,” this vol ‘-ﬁh;'f-‘rl_l__ﬁ Decisions and Equilibrium
standard error of estimate about 50% higher than that obtained with un- MARKOWITZ, Hamrmy AL P,ﬁrtfnl:in E‘:i:]??'- 'E[.-‘ .
grouped data. The ungrouped sample estimates were, of course, 50% of Investments, Cowles Foundation \;:ng?uagl:‘-apim\g:}unltﬁ[[}i}'\!rsi‘:_{cafion of
* N, New York: John

i _Wi]ey & Sons, 1959),
MAYERS, Davip, “Nonmarketable Assets and Capital Markey Equilibrium

¥ e s

their true values on the average [as implied by (11) for these assumed

variances],
“IL:,;r;‘deGUnce d:;{lnt}'." this colume, 1971,
: » MERTON H., and SCHOLES, MyRox, ™ i
_— k. an ES. MYROX. “Rates of B i
)c Risk: A Re-examination of Some Recent Findl’ngs,l?' th;;tf';?;r:fil‘;;?n ©
: ,

Mossiv, Jax, “Equilibe i
: . "Equilibrium in a Capit cet,”
Fnt:ccgw (October, 1966), 768.53, | “sset Market,
55, 3. JAMES. A Compound E".'.t.'nts Mode
HﬂLif%un‘neu, XL (July, 1967), 31735, ¢! for
» NICHARD. “Bias in Fitting the Shar i
e pe Maodel ¢ i =
Joum::r! of Financial and Cuantitatice Anal sr': l‘f: (e et
S e usis, IV [ September, 1969),
HARPE, WILLIAM F, “A Simplif i
mféf Sf'i;inre t]anuary,];ngléaj,?}‘j?;jodﬂ for Portfolio Analysis,” Manage-
T - Lapital Asset Prices: A Theory of i
3 | Ass : v of Market Equil .
"—-—-—m?‘sﬁtgl??f ’ ,l’_t-'“"!""-" af Finance, XIX iSf.'nlcml?eurl j]l‘:irﬁi:}m-i-a'i-—IgndL: o
. Aversio g 2y Pitiane T
T 1965},4!5—2; in the Stock Market, Journal af Finance, XX [Septem-
T "Mutual Fund Perf; e, f
REI:J:muary, 066). “g-gglonnanc e, Journal af Business, XXXIX, Part P
thmi, J_.M::I: L. "Toward a Theory of Market v
H_:ngubhsheimam:mrip!. 19611,
© Tow to Rate Management of [ny 3 o
e X s L gt e orerd v
\ AM. “The Fitting of Straight Lines if Both Vari
I A straight Lines if Both v g j
“’152? ?étl‘-lc:. .'.‘E.Mh af}t:‘qfl’:errm”m.’Smri.srfc‘s, 11 |:194D?]_E|.EB|-31]-E’§.J&F Sublect
N. inear Estimators for Linear Hegressiul': S}'stem; Having

nfinite Variances™ )
L ‘ paper presented at 1
matical Economics Seminar, October, 1;5\‘3];3 el -Rnkird Hntheh

BLACK, FISCHER. “'Capital Market Equilibrium With No Riskless Borrowing SR

ar Lending” (forthcoming in the Journal of Business).

. and JENSEN, MICHAEL C. “Incomplete Measurement of Market

BReturns and Its Implications for Tests of the Asset Pricing Model”

{unpublished manuscript, November, 1970).

, and SCHOLEs, Mvyrox. “Dividend Yields and Common Stock
Returns: A New Methodology” (Cambridge: Sloan School of Manage-
ment, Massachusetts Institute of Technology, Working Paper #488-70,
September, 1970).

BLATTBERG, ROBERT, and SARGENT, THoOMAS. "Regression with Paretian
Disturbances: Some Sampling Results,” Econometrics, V. 39 (May, 1971)
S01=10.

BLUME, MARSHALL. “The Assessment of Fortfolio Performance™ (Ph.D.
dissertation, University of Chicago, 1968).

DoucLas, GEORGE W, “Risk in the Equity Markets: An Empirical Appraisal
of Market Efficiency,” Yale Economic Essays, IX (Spring, 1969), 3-45.
Faua, EvGexe. F. “Risk, Return, and Equilibrium: Some Clarifying Com-

ments,” Journal of Finance (March, 1968), 2840,
. “Risk, Retum, and Equilibrium,” fewrnal of Political Economy,
LXXIX (January-February, 1871).

, and Banlak, HarvEy. “Dividend Policy: An Empirical Analysis,”

Journal of the American Statistical Association, LXIII {December,

, FISHER, LAWRENCE: JENSEN. MICHAEL C.; and RooL, RICHARD. ]

1968), 1132-61. ;

"The Adjustment of Stock Prices to New Information,” International

Economic Review, X (February, 1963), 1-26,

Security Prices,” Journal

alue of Risky Assets”

110138-OPC-POD-60-40




THE JOURNAL OF FINANCE ¢ VOL XLVII, NO 2 « JUNE 1992

The Cross-Section of Expected Stock
Returns

EUGENE F. FAMA and KENNETH R. FRENCH"

ABSTRACT

Two easily measured variables, size and book-to-market equity, combine to capture
the cross-sectional variation in average stock returns associated with market 3,
size, leverage, book-to-market equity, and earnings-price ratios. Moreover, when the
tests allow for variation in 3 that is unrelated to size, the relation between market
8 and average return is flat, even when 8 is the only explanatory variable.

THE ASSET-PRICING MODEL OF Sharpe (1964), Lintner (1965), and Black (1972)
has long shaped the way academics and practitioners think about average
returns and risk. The central prediction of the model is that the market
portfolioc of invested wealth is mean-variance efficient in the sense of
Markowitz (1959). The efficiency of the market portfolio implies that (a)
expected returns on securities are a positive linear function of their market
Bs (the slope in the regression of a security’s return on the market’s return),
and (b) market Bs suffice to describe the cross-section of expected returns.

There are several empirical contradictions of the Sharpe-Lintner-Black
(SLB) model. The most prominent is the size effect of Banz (1981). He finds
that market equity, ME (a stock’s price times shares outstanding), adds to
the explanation of the cross-section of average returns provided by market
Bs. Average returns on small (low ME) stocks are too high given their 8
estimates, and average returns on large stocks are too low.

Another contradiction of the SLB model is the positive relation between
leverage and average return documented by Bhandari (1988). It is plausible
that leverage is associated with risk and expected return, but in the SLB
model, leverage risk should be captured by market 3. Bhandari finds, how-
ever, that leverage helps explain the cross-section of average stock returns in
tests that include size (ME) as well as 8.

Stattman (1980) and Rosenberg, Reid, and Lanstein (1985) find that aver-
age returns on U.S. stocks are positively related to the ratio of a firm’s book
value of common equity, BE, to its market value, ME. Chan, Hamao, and
Lakonishok (1991) find that book-to-market equity, BE /ME, also has a strong
role in explaining the cross-section of average returns on Japanese stocks.

*Graduate School of Business, University of Chicago, 1101 East 58th Street, Chicago, IL
60637. We acknowledge the helpful comments of David Booth, Nai-fu Chen, George Constan-
tinides, Wayne Ferson, Edward George, Campbell Harvey, Josef Lakonishok, Rex Sinquefield,
René Stulz, Mark Zmijeweski, and an anonymous referee. This research is supported by the
National Science Foundation (Fama) and the Center for Research in Security Prices (French).
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Finally, Basu (1983) shows that earnings-price ratios (E /P) help explain
the cross-section of average returns on U.S. stocks in tests that also include
size and market 8. Ball (1978) argues that E/P is a catch-all proxy for
unnamed factors in expected returns; E/P is likely to be higher (prices are
lower relative to earnings) for stocks with higher risks and expected returns,
whatever the unnamed sources of risk.

Ball’s proxy argument for E /P might also apply to size (ME), leverage, and
book-to-market equity. All these variables can be regarded as different ways
to scale stock prices, to extract the information in prices about risk and
expected returns (Keim (1988)). Moreover, since E/P, ME, leverage, and
BE/ME are all scaled versions of price, it is reasonable to expect that some of
them are redundant ‘or describing average returns. Our goal is to evaluate
the joint roles of market 3, size, E/P, leverage, and book-to-market equity in
the cross-section of average returns on NYSE, AMEX, and NASDAQ stocks.

Black, Jensen, and Scholes (1972) and Fama and MacBeth (1973) find that,
as predicted by the SLB model, there is a positive simple relation between
average stock returns and B during the pre-1969 period. Like Reinganum
(1981) and Lakonishok and Shapiro (1986), we find that the relation between
B and average return disappears during the more recent 1963-1990 period,
even when {8 is used alone to explain average returns. The appendix shows
that the simple relation between 8 and average return is also weak in the
50-year 1941-1990 period. In short, our tests do not support the most basic
prediction of the SLB model, that average stock returns are positively related
to market SBs.

Unlike the simple relation between 8 and average return, the univariate
relations between average return and size, leverage, E /P, and book-to-market
equity are strong. In multivariate tests, the negative relation between size
and average return is robust to the inclusion of other variables. The positive
relation between book-to-market equity and average return also persists in
competition with other variables. Moreover, although the size effect has
attracted more attention, book-to-market equity has a consistently stronger
role in average returns. Our bottom-line results are: (a) 8 does not seem to
help explain the cross-section of average stock returns, and (b) the combina-
tion of size and book-to-market equity seems to absorb the roles of leverage
and E/P in average stock returns, at least during our 1963-1990 sample
period.

If assets are priced rationally, our results suggest that stock risks are
multidimensional. One dimension of risk is proxied by size, ME. Another
dimension of risk is proxied by BE/ME, the ratio of the book value of
common equity to its market value.

It is possible that the risk captured by BE/ME is the relative distress
factor of Chan and Chen (1991). They postulate that the earning prospects of
firms are associated with a risk factor in returns. Firms that the market
judges to have poor prospects, signaled here by low stock prices and high
ratios of book-to-market equity, have higher expected stock returns (they are
penalized with higher costs of capital) than firms with strong prospects. It is
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also possible, however, that BE/ME just captures the unraveling (regression
toward the mean) of irrational market whims about the prospects of firms.

Whatever the underlying economic causes, our main result is straightfor-
ward. Two easily measured variables, size (ME) and book-to-market equity
(BE/ME), provide a simple and powerful characterization of the cross-section
of average stock returns for the 1963-1990 period.

In the next section we discuss the data and our approach to estimating §.
Section II examines the relations between average return and 3 and between
average return and size. Section III examines the roles of E/P, leverage, and
book-to-market equity in average returns. In sections IV and V, we summa-
rize, interpret, and discuss applications of the results.

I. Preliminaries

A. Data

We use all nonfinancial firms in the intersection of (a) the NYSE, AMEX,
and NASDAQ return files from the Center for Research in Security Prices
(CRSP) and (b) the merged COMPUSTAT annual industrial files of income-
statement and balance-sheet data, also maintained by CRSP. We exclude
financial firms because the high leverage that is normal for these firms
probably does not have the same meaning as for nonfinancial firms, where
high leverage more likely indicates distress. The CRSP returns cover NYSE
and AMEX stocks until 1973 when NASDAQ returns also come on line. The
COMPUSTAT data are for 1962-1989. The 1962 start date reflects the fact
that book value of common equity (COMPUSTAT item 60), is not generally
available prior to 1962. More important, COMPUSTAT data for earlier years
have a serious selection bias; the pre-1962 data are tilted toward big histori-
cally successful firms.

To ensure that the accounting variables are known before the returns they
are used to explain, we match the accounting data for all fiscal yearends in
calendar year ¢ — 1 (1962-1989) with the returns for July of year ¢ to June of
t + 1. The 6-month (minimum) gap between fiscal yearend and the return
tests is conservative. Earlier work (e.g., Basu (1983)) often assumes that
accounting data are available within three months of fiscal yearends. Firms
are indeed required to file their 10-K reports with the SEC within 90 days of
their fiscal yearends, but on average 19.8% do not comply. In addition, more
than 40% of the December fiscal yearend firms that do comply with the
90-day rule file on March 31, and their reports are not made public until
April. (See Alford, Jones, and Zmijewski (1992).)

We use a firm’s market equity at the end of December of year ¢ — 1 to
compute its book-to-market, leverage, and earnings-price ratios for ¢t — 1, and
we use its market equity for June of year ¢ to measure its size. Thus, to be
included in the return tests for July of year ¢, a firm must have a CRSP stock
price for December of year ¢ — 1 and June of year ¢. It must also have
monthly returns for at least 24 of the 60 months preceding July of year ¢ (for
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“pre-ranking” B estimates, discussed below). And the firm must have
COMPUSTAT data on total book assets (A), book equity (BE), and earn-
ings (E), for its fiscal year ending in (any month of) calendar year ¢ — 1.
Our use of December market equity in the E/P, BE/ME, and leverage
ratios is objectionable for firms that do not have December fiscal yearends
because the accounting variable in the numerator of a ratio is not aligned
with the market value in the denominator. Using ME at fiscal yearends is
also problematic; then part of the cross-sectional variation of a ratio for a
given year is due to market-wide variation in the ratio during the year. For
example, if there is a general fall in stock prices during the year, ratios
measured early in the year will tend to be lower than ratios measured later.
We can report, however, that the use of fiscal-yearend MEs, rather than
December MEs, in the accounting ratios has little impact on our return tests.
Finally, the tests mix firms with different fiscal yearends. Since we match
accounting data for all fiscal yearends in calendar year ¢ — 1 with returns for
July of £ to June of £+ 1, the gap between the accounting data and the
matching returns varies across firms. We have done the tests using the
smaller sample of firms with December fiscal yearends with similar results.

B. Estimating Market 3s

Our asset-pricing tests use the cross-sectional regression approach of Fama
and MacBeth (1973). Each month the cross-section of returns on stocks is
regressed on variables hypothesized to explain expected returns. The time-
series means of the monthly regression slopes then provide standard tests of
whether different explanatory variables are on average priced.

Since size, E/P, leverage, and BE/ME are measured precisely for individ-
ual stocks, there is no reason to smear the information in these variables by
using portfolios in the Fama-MacBeth (FM) regressions. Most previous tests
use portfolios because estimates of market Bs are more precise for portfolios.
Our approach is to estimate s for portfolios and then assign a portfolio’s 8 to
each stock in the portfolio. This allows us to use individual stocks in the FM
asset-pricing tests.

B.1. B Estimation: Details

In June of each year, all NYSE stocks on CRSP are sorted by size (ME)
to determine the NYSE decile breakpoints for ME. NYSE, AMEX, and
NASDAQ stocks that have the required CRSP-COMPUSTAT data are then
allocated to 10 size portfolios based on the NYSE breakpoints. (If we used
stocks from all three exchanges to determine the ME breakpoints, most
portfolios would include only small stocks after 1973, when NASDAQ stocks
are added to the sample.)

We form portfolios on size because of the evidence of Chan and Chen (1988)
and others that size produces a wide spread of average returns and @s. Chan
and Chen use only size portfolios. The problem this creates is that size and
the Bs of size portfolios are highly correlated (—0.988 in their data), so
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asset-pricing tests lack power to separate size from f effects in average
returns.

To allow for variation in 3 that is unrelated to size, we subdivide each size
decile into 10 portfolios on the basis of pre-ranking s for individual stocks.
The pre-ranking @s are estimated on 24 to 60 monthly returns (as available)
in the 5 years before July of year ¢. We set the 3 breakpoints for each size
decile using only NYSE stocks that satisfy our COMPUSTAT-CRSP data
requirements for year ¢ — 1. Using NYSE stocks ensures that the 3 break-
points are not dominated after 1973 by the many small stocks on NASDAQ.
Setting B breakpoints with stocks that satisfy our COMPUSTAT-CRSP data
requirements guarantees that there are firms in each of the 100 size-8
portfolios.

After assigning firms to the size-8 portfolios in June, we calculate the
equal-weighted monthly returns on the portfolios for the next 12 months,
from July to June. In the end, we have post-ranking monthly returns for July
1963 to December 1990 on 100 portfolios formed on size and pre-ranking Ss.
We then estimate 8s using the full sample (330 months) of post-ranking
returns on each of the 100 portfolios, with the CRSP value-weighted portfolio
of NYSE, AMEX, and (after 1972) NASDAQ stocks used as the proxy for the
market. We have also estimated Bs using the value-weighted or the equal-
weighted portfolio of NYSE stocks as the proxy for the market. These 8s
produce inferences on the role of 8 in average returns like those reported
below.

We estimate § as the sum of the slopes in the regression of the return on a
portfolio on the current and prior month’s market return. (An additional lead
and lag of the market have little effect on these sum @s.) The sum Ss are
meant to adjust for nonsynchronous trading (Dimson (1979)). Fowler and
Rorke (1983) show that sum @s are biased when the market return is
autocorrelated. The 1st- and 2nd-order autocorrelations of the monthly mar-
ket returns for July 1963 to December 1990 are 0.06 and —0.05, both about 1
standard error from 0. If the Fowler-Rorke corrections are used, they lead to
trivial changes in the 8s. We stick with the simpler sum Bs. Appendix Table
Al shows that using sum (s produces large increases in the 8s of the smallest
ME portfolios and small declines in the 8s of the largest ME portfolios.

Chan and Chen (1988) show that full-period 8 estimates for portfolios can
work well in tests of the SLB model, even if the true s of the portfolios vary
through time, if the variation in the 8s is proportional,

By =8, = kt(BJ - 6)’ (1)

where B,. is the true g for portfolio j at time ¢, 8 , is the mean of 38 ¢ across t,
and B is the mean of the B, The Appendix argues that (1) is a good
approximation for the variation through time in the true g8s of portfolios ()
formed on size and 8. For diehard 8 fans, sure to be skeptical of our results
on the weak role of 8 in average stock returns, we can also report that the
results stand up to robustness checks that use 5-year preranking s, or
5-year post-ranking s, instead of the full-period post-ranking Ss.
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We allocate the full-period post-ranking 8 of a size-8 portfolio to each stock
in the portfolio. These are the Ss that will be used in the Fama-MacBeth
cross-sectional regressions for individual stocks. We judge that the precision
of the full-period post-ranking portfolio 8s, relative to the imprecise 3 esti-
mates that would be obtained for individual stocks, more than makes up for
the fact that true 8s are not the same for all stocks in a portfolio. And note
that assigning full-period portfolio 8s to stocks does not mean that a stock’s 3
is constant. A stock can move across portfolios with year-to-year changes in
the stock’s size (ME) and in the estimates of its 8 for the preceding 5 years.

B.2. 3 Estimates

Table I shows that forming portfolios on size and pre-ranking @s, rather
than on size alone, magnifies the range of full-period post-ranking Bs. Sorted
on size alone, the post-ranking fBs range from 1.44 for the smallest ME
portfolio to 0.92 for the largest. This spread of 8s across the 10 size deciles is
smaller than the spread of post-ranking 8s produced by the 3 sort of any size
decile. For example, the post-ranking s for the 10 portfolios in the smallest
size decile range from 1.05 to 1.79. Across all 100 size-3 portfolios, the
post-ranking fs range from 0.53 to 1.79, a spread 2.4 times the spread, 0.52,
obtained with size portfolios alone.

Two other facts about the (s are important. First, in each size decile the
post-ranking Bs closely reproduce the ordering of the pre-ranking g8s. We
take this to be evidence that the pre-ranking 8 sort captures the ordering of
true post-ranking fs. (The appendix gives more evidence on this important
issue.) Second, the @ sort is not a refined size sort. In any size decile, the
average values of In(ME) are similar across the -sorted portfolios. Thus the
pre-ranking f sort achieves its goal. It produces strong variation in post-
ranking s that is unrelated to size. This is important in allowing our tests
to distinguish between § and size effects in average returns.

II. B and Size

The Sharpe-Lintner-Black (SLB) model plays an important role in the way
academics and practitioners think about risk and the relation between risk
and expected return. We show next that when common stock portfolios are
formed on size alone, there seems to be evidence for the model’s central
prediction: average return is positively related to 8. The 8s of size portfolios
are, however, almost perfectly correlated with size, so tests on size portfolios
are unable to disentangle 3 and size effects in average returns. Allowing for
variation in 8 that is unrelated to size breaks the logjam, but at the expense
of 8. Thus, when we subdivide size portfolios on the basis of pre-ranking Ss,
we find a strong relation between average return and size, but no relation
between average return and §.
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A. Informal Tests

Table II shows post-ranking average returns for July 1963 to December
1990 for portfolios formed from one-dimensional sorts of stocks on size or 3.
The portfolios are formed at the end of June each year and their equal-
weighted returns are calculated for the next 12 months. We use returns for
July to June to match the returns in later tests that use the accounting data.
When we sort on just size or 5-year pre-ranking Bs, we form 12 portfolios.
The middle 8 cover deciles of size or 8. The 4 extreme portfolios (1A, 1B, 104,
and 10B) split the bottom and top deciles in half.

Table II shows that when portfolios are formed on size alone, we observe
the familiar strong negative relation between size and average return (Banz
(1981)), and a strong positive relation between average return and 3. Aver-
age returns fall from 1.64% per month for the smallest ME portfolio to 0.90%
for the largest. Post-ranking (s also decline across the 12 size portfolios, from
1.44 for portfolio 1A to 0.90 for portfolio 10B. Thus, a simple size sort seems
to support the SLB prediction of a positive relation between 8 and average
return. But the evidence is muddied by the tight relation between size and
the Bs of size portfolios.

The portfolios formed on the basis of the ranked market Bs of stocks in
Table II produce a wider range of 8s (from 0.81 for portfolio 1A to 1.73 for
10B) than the portfolios formed on size. Unlike the size portfolios, the
B-sorted portfolios do not support the SLB model. There is little spread in
average returns across the (8 portfolios, and there is no obvious relation
between 8 and average returns. For example, although the two extreme
portfolios, 1A and 10B, have much different (s, they have nearly identical
average returns (1.20% and 1.18% per month). These results for 1963-1990
confirm Reinganum’s (1981) evidence that for 8-sorted portfolios, there is no
relation between average return and $ during the 1964-1979 period.

The 100 portfolios formed on size and then pre-ranking 3 in Table I clarify
the contradictory evidence on the relation between 3 and average return
produced by portfolios formed on size or 8 alone. Specifically, the two-pass
sort gives a clearer picture of the separate roles of size and 8 in average
returns. Contrary to the central prediction of the SLLB model, the second-pass
@ sort produces little variation in average returns. Although the post-ranking
Bs in Table I increase strongly in each size decile, average returns are flat or
show a slight tendency to decline. In contrast, within the columns of the
average return and (§ matrices of Table I, average returns and Bs decrease
with increasing size.

The two-pass sort on size and § in Table I says that variation in 3 that is
tied to size is positively related to average return, but variation in 8
unrelated to size is not compensated in the average returns of 1963-1990.
The proper inference seems to be that there is a relation between size and
average return, but controlling for size, there is no relation between 8 and
average return. The regressions that follow confirm this conclusion, and they
produce another that is stronger. The regressions show that when one allows
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for variation in B that is unrelated to size, the relation between B and
average return is flat, even when 8 is the only explanatory variable.

B. Fama-MacBeth Regressions

Table III shows time-series averages of the slopes from the month-by-month
Fama-MacBeth (FM) regressions of the cross-section of stock returns on size,
B, and the other variables (leverage, E/P, and book-to-market equity) used to
explain average returns. The average slopes provide standard FM tests for
determining which explanatory variables on average have non-zero expected
premiums during the July 1963 to December 1990 period.

Like the average returns in Tables I and II, the regressions in Table III say
that size, In(ME), helps explain the cross-section of average stock returns.
The average slope from the monthly regressions of returns on size alone is
—0.15%, with a ¢-statistic of —2.58. This reliable negative relation persists
no matter which other explanatory variables are in the regressions; the
average slopes on In(ME) are always close to or more than 2 standard errors
from 0. The size effect (smaller stocks have higher average returns) is thus
robust in the 1963-1990 returns on NYSE, AMEX, and NASDAQ stocks.

In contrast to the consistent explanatory power of size, the FM regressions
show that market 8 does not help explain average stock returns for
1963-1990. In a shot straight at the heart of the SLB model, the average
slope from the regressions of returns on § alone in Table III is 0.15% per
month and only 0.46 standard errors from 0. In the regressions of returns on
size and B, size has explanatory power (an average slope —3.41 standard
errors from 0), but the average slope for 3 is negative and only 1.21 standard
errors from 0. Lakonishok and Shapiro (1986) get similar results for NYSE
stocks for 1962-1981. We can also report that 8 shows no power to explain
average returns (the average slopes are typically less than 1 standard error
from 0) in FM regressions that use various combinations of 8 with size,
book-to-market equity, leverage, and E/P.

C. Can 8 Be Saved?

What explains the poor results for 83? One possibility is that other explana-
tory variables are correlated with true Bs, and this obscures the relation
between average returns and measured (s. But this line of attack cannot
explain why 8 has no power when used alone to explain average returns.
Moreover, leverage, book-to-market equity, and E/P do not seem to be good
proxies for 8. The averages of the monthly cross-sectional correlations be-
tween B and the values of these variables for individual stocks are all within
0.15 of 0.

Another hypothesis is that, as predicted by the SLB model, there is a
positive relation between (8 and average return, but the relation is obscured
by noise in the @8 estimates. However, our full-period post-ranking §s do not
seem to be imprecise. Most of the standard errors of the 8s (not shown) are

110138-OPC-POD-60-52

Copyright © 2001 All Rights Reserved



The Cross-Section of Expected Stock Returns 439

Table III

Average Slopes (#-Statistics) from Month-by-Month Regressions of
Stock Returns on 3, Size, Book-to-Market Equity, Leverage, and E/P:
July 1963 to December 1990

Stocks are assigned the post-ranking 8 of the size-3 portfolio they are in at the end of June of
year t (Table I). BE is the book value of common equity plus balance-sheet deferred taxes, A is
total book assets, and E is earnings (income before extraordinary items, plus income-statement
deferred taxes, minus preferred dividends) BE, A, and E are for each firm’s latest fiscal year
ending in calendar year ¢ — 1. The accounting ratios are measured using market equity ME in
December of year ¢t — 1. Firm size In(ME) is measured in June of year ¢. In the regressions, these
values of the explanatory variables for individual stocks are matched with CRSP returns for the
months from July of year ¢ to June of year ¢ + 1. The gap between the accounting data and the
returns ensures that the accounting data are available prior to the returns. If earnings are
positive, E(+)/P is the ratio of total earnings to market equity and E/P dummy is 0. If earnings
are negative, E(+)/P is 0 and E/P dummy is 1.

The average slope is the time-series average of the monthly regression slopes for July 1963 to
December 1990, and the t-statistic is the average slope divided by its time-series standard error.

On average, there are 2267 stocks in the monthly regressions. To avoid giving extreme
observations heavy weight in the regressions, the smallest and largest 0.5% of the observations
on E(+)/P, BE/ME, A/ME, and A/BE are set equal to the next largest or smallest values of the
ratios (the 0.005 and 0.995 fractiles). This has no effect on inferences.

E/P
8 InME)  In(BE/ME) In(A/ME) In(A/BE) Dummy  E(+)/P
0.15
(0.46)
~0.15
(-2 58)
~0.37 -0.17
(-121)  (-3.41)
0.50
6.71)
0.50 -0.57
(5 69) (~5.34)
0.57 4.72
(2.28) 4.57)
~0.11 0.35
(-1.99) (4.44)
011 0.35 -050
(-2 06) 4.32) (—4.56)
~0.16 0.06 2.99
(-3.06) (0 38) (3.04)
-0.13 0.33 -0.14 0.87
(—2.47) (4.46) (—0.90) (1.23)
~0.13 0.32 ~0.46 -0.08 1.15
(—2.47) (4.28) (—4.45) (—0.56) (1.57)
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0.05 or less, only 1 is greater than 0.1, and the standard errors are small
relative to the range of the 8s (0.53 to 1.79).

The B-sorted portfolios in Tables I and II also provide strong evidence
against the S-measurement-error story. When portfolios are formed on pre-
ranking (s alone (Table II), the post-ranking Bs for the portfolios almost
perfectly reproduce the ordering of the pre-ranking fBs. Only the 8 for
portfolio 1B is out of line, and only by 0.02. Similarly, when portfolios are
formed on size and then pre-ranking @8s (Table I), the post-ranking 8s in each
size decile closely reproduce the ordering of the pre-ranking 8s.

The correspondence between the ordering of the pre-ranking and post-
ranking Bs for the $-sorted portfolios in Tables I and II is evidence that the
post-ranking @s are informative about the ordering of the true Bs. The
problem for the SLB model is that there is no similar ordering in the average
returns on the 8-sorted portfolios. Whether one looks at portfolios sorted on 3
alone (Table II) or on size and then § (Table I), average returns are flat
(Table II) or decline slightly (Table I) as the post-ranking Bs increase.

Our evidence on the robustness of the size effect and the absence of a
relation between 3 and average return is so contrary to the SLB model that it
behooves us to examine whether the results are special to 1963-1990. The
appendix shows that NYSE returns for 1941-1990 behave like the NYSE,
AMEX, and NASDAQ returns for 1963-1990; there is a reliable size effect
over the full 50-year period, but little relation between § and average return.
Interestingly, there is a reliable simple relation between § and average
return during the 1941-1965 period. These 25 years are a major part of the
samples in the early studies of the SLB model of Black, Jensen, and Scholes
(1972) and Fama and MacBeth (1973). Even for the 1941-1965 period,
however, the relation between B8 and average return disappears when we
control for size.

III. Book-to-Market Equity, E/P, and Leverage

Tables I to III say that there is a strong relation between the average
returns on stocks and size, but there is no reliable relation between average
returns and B. In this section we show that there is also a strong cross-
sectional relation between average returns and book-to-market equity. If
anything, this book-to-market effect is more powerful than the size effect. We
also find that the combination of size and book-to-market equity absorbs the
apparent roles of leverage and E/P in average stock returns.

A. Average Returns

Table IV shows average returns for July 1963 to December 1990 for
portfolios formed on ranked values of book-to-market equity (BE/ME) or
earnings-price ratio (E/P). The BE/ME and E/P portfolios in Table IV are
formed in the same general way (one-dimensional yearly sorts) as the size
and § portfolios in Table II. (See the tables for details.)
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The relation between average return and E /P has a familiar U-shape (e.g.,
Jaffe, Keim, and Westerfield (1989) for U.S. data, and Chan, Hamao, and
Lakonishok (1991) for Japan). Average returns decline from 1.46% per
month for the negative E/P portfolio to 0.93% for the firms in portfolio 1B
that have low but positive E/P. Average returns then increase monotoni-
cally, reaching 1.72% per month for the highest E /P portfolio.

The more striking evidence in Table IV is the strong positive relation
between average return and book-to-market equity. Average returns rise
from 0.30% for the lowest BE/ME portfolio to 1.83% for the highest, a
difference of 1.53% per month. This spread is twice as large as the difference
of 0.74% between the average monthly returns on the smallest and largest
size portfolios in Table II. Note also that the strong relation between book-to-
market equity and average return is unlikely to be a § effect in disguise;
Table IV shows that post-ranking market (s vary little across portfolios
formed on ranked values of BE/ME.

On average, only about 50 (out of 2317) firms per year have negative book
equity, BE. The negative BE firms are mostly concentrated in the last 14
years of the sample, 1976-1989, and we do not include them in the tests. We
can report, however, that average returns for negative BE firms are high,
like the average returns of high BE/ME firms. Negative BE (which results
from persistently negative earnings) and high BE/ME (which typically means
that stock prices have fallen) are both signals of poor earning prospects. The
similar average returns of negative and high BE/ME firms are thus consist-
ent with the hypothesis that book-to-market equity captures cross-sectional
variation in average returns that is related to relative distress.

B. Fama-MacBeth Regressions
B.1. BE/ME

The FM regressions in Table III confirm the importance of book-to-market
equity in explaining the cross-section of average stock returns. The average
slope from the monthly regressions of returns on In(BE/ME) alone is 0.50%,
with a t-statistic of 5.71. This book-to-market relation is stronger than the
size effect, which produces a t-statistic of —2.58 in the regressions of returns
on In(ME) alone. But book-to-market equity does not replace size in explain-
ing average returns. When both In(ME) and In(BE/ME) are included in the
regressions, the average size slope is still —1.99 standard errors from 0; the
book-to-market slope is an impressive 4.44 standard errors from 0.

B.2. Leverage

The FM regressions that explain returns with leverage variables provide
interesting insight into the relation between book-to-market equity and
average return. We use two leverage variables, the ratio of book assets to
market equity, A/ME, and the ratio of book assets to book equity, A/BE. We
interpret A/ME as a measure of market leverage, while A/BE is a measure
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of book leverage. The regressions use the natural logs of the leverage ratios,
In(A/ME) and In(A/BE), because preliminary tests indicated that logs are a
good functional form for capturing leverage effects in average returns. Using
logs also leads to a simple interpretation of the relation between the roles of
leverage and book-to-market equity in average returns.

The FM regressions of returns on the leverage variables (Table III) pose a
bit of a puzzle. The two leverage variables are related to average returns, but
with opposite signs. As in Bhandari (1988), higher market leverage is
associated with higher average returns; the average slopes for In(A/ME) are
always positive and more than 4 standard errors from 0. But higher book
leverage is associated with lower average returns; the average slopes for
In(A/BE) are always negative and more than 4 standard errors from 0.

The puzzle of the opposite slopes on In(A/ME) and In(A/BE) has a simple
solution. The average slopes for the two leverage variables are opposite in
sign but close in absolute value, e.g., 0.50 and —0.57. Thus it is the
difference between market and book leverage that helps explain average
returns. But the difference between market and book leverage is book-to-
market equity, In(BE/ME) = In(A/ME) — In(A/BE). Table III shows that the
average book-to-market slopes in the FM regressions are indeed close in
absolute value to the slopes for the two leverage variables.

The close links between the leverage and book-to-market results suggest
that there are two equivalent ways to interpret the book-to-market effect in
average returns. A high ratio of book equity to market equity (a low stock
price relative to book value) says that the market judges the prospects of a
firm to be poor relative to firms with low BE/ME. Thus BE/ME may capture
the relative-distress effect postulated by Chan and Chen (1991). A high
book-to-market ratio also says that a firm’s market leverage is high relative
to its book leverage; the firm has a large amount of market-imposed leverage
because the market judges that its prospects are poor and discounts its stock
price relative to book value. In short, our tests suggest that the relative-
distress effect, captured by BE /ME, can also be interpreted as an involuntary
leverage effect, which is captured by the difference between A/ME and
A/BE.

B.3. E/P

Ball (1978) posits that the earnings-price ratio is a catch-all for omitted
risk factors in expected returns. If current earnings proxy for expected future
earnings, high-risk stocks with high expected returns will have low prices
relative to their earnings. Thus, E/P should be related to expected returns,
whatever the omitted sources of risk. This argument only makes sense,
however, for firms with positive earnings. When current earnings are nega-
tive, they are not a proxy for the earnings forecasts embedded in the stock
price, and E/P is not a proxy for expected returns. Thus, the slope for E/P in
the FM regressions is based on positive values; we use a dummy variable for
E/P when earnings are negative.
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The U-shaped relation between average return and E/P observed in Table
IV is also apparent when the E/P variables are used alone in the FM
regressions in Table III. The average slope on the E/P dummy variable
(0.57% per month, 2.28 standard errors from 0) confirms that firms with
negative earnings have higher average returns. The average slope for stocks
with positive E/P (4.72% per month, 4.57 standard errors from 0) shows that
average returns increase with E /P when it is positive.

Adding size to the regressions kills the explanatory power of the E /P
dummy. Thus the high average returns of negative E/P stocks are better
captured by their size, which Table IV says is on average small. Adding both
size and book-to-market equity to the E/P regressions kills the E/P dummy
and lowers the average slope on E/P from 4.72 to 0.87 (¢ = 1.23). In contrast,
the average slopes for In(ME) and In(BE/ME) in the regressions that include
E/P are similar to those in the regressions that explain average returns with
only size and book-to-market equity. The results suggest that most of the
relation between (positive) E/P and average return is due to the positive
correlation between E/P and In(BE/ME), illustrated in Table IV; firms with
high E/P tend to have high book-to-market equity ratios.

IV. A Parsimonious Model for Average Returns
The results to here are easily summarized:

(1) When we allow for variation in f that is unrelated to size, there is no
reliable relation between 8 and average return.

(2) The opposite roles of market leverage and book leverage in average
returns are captured well by book-to-market equity.

(3) The relation between E/P and average return seems to be absorbed by
the combination of size and book-to-market equity.

In a nutshell, market 8 seems to have no role in explaining the average
returns on NYSE, AMEX, and NASDAQ stocks for 1963-1990, while size
and book-to-market equity capture the cross-sectional variation in average
stock returns that is related to leverage and E/P.

A. Average Returns, Size and Book-to-Market Equity

The average return matrix in Table V gives a simple picture of the
two-dimensional variation in average returns that results when the 10 size
deciles are each subdivided into 10 portfolios based on ranked values of
BE/ME for individual stocks. Within a size decile (across a row of the
average return matrix), returns typically increase strongly with BE /ME: on
average, the returns on the lowest and highest BE/ME portfolios in a size
decile differ by 0.99% (1.63% — 0.64%) per month. Similarly, looking down
the columns of the average return matrix shows that there is a neg-
ative relation between average return and size: on average, the spread of
returns across the size portfolios in a BE/ME group is 0.58% per month. The
average return matrix gives life to the conclusion from the regressions that,
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Table V

Average Monthly Returns on Portfolios Formed on Size and
Book-to-Market Equity; Stocks Sorted by ME (Down) and then
BE/ME (Across): July 1963 to December 1990
In June of each year t, the NYSE, AMEX, and NASDAQ stocks that meet the CRSP-
COMPUSTAT data requirements are allocated to 10 size portfolios using the NYSE size (ME)
breakpoints. The NYSE, AMEX, and NASDAQ stocks in each size decile are then sorted
into 10 BE/ME portfolios using the book-to-market ratios for year ¢ - 1. BE /ME is the book
value of common equity plus balance-sheet deferred taxes for fiscal year ¢ — 1, over market
equity for December of year ¢ — 1. The equal-weighted monthly portfolio returns are then

calculated for July of year ¢ to June of year ¢ + 1.

Average monthly return is the time-series average of the monthly equal-weighted portfolio
returns (in percent).

The All column shows average returns for equal-weighted size decile portfolios. The All row
shows average returns for equal-weighted portfolios of the stocks in each BE/ME group.

Book-to-Market Portfolios

All Low 2 3 4 5 6 7 8 9 High
All 1.23 064 098 106 117 124 126 139 140 150 163
Small-ME 1.47 070 114 120 143 156 151 170 171 1.82 192
ME-2 1.22 043 105 09 1.19 133 119 158 128 143 1.79
ME-3 1.22 056 088 123 095 136 130 130 140 154 160
ME-4 1.19 039 072 106 136 113 121 134 159 151 147
ME-5 1.24 088 065 1.08 1.47 113 143 144 126 152 149
ME-6 1.15 070 098 1.14 123 094 127 119 119 124 150
ME-7 1.07 095 100 099 083 099 113 099 116 110 147
ME-8 1.08 066 1.13 091 095 099 101 115 105 129 155
ME-9 0.95 044 089 092 100 1.05 093 0.82 111 104 1.22

LargeME  0.89 093 08 084 071 079 083 081 09 097 118

controlling for size, book-to-market equity captures strong variation in aver-
age returns, and controlling for book-to-market equity leaves a size effect in
average returns.

B. The Interaction between Size and Book-to-Market Equity

The average of the monthly correlations between the cross-sections of
In(ME) and In(BE/ME) for individual stocks is — 0.26. The negative correla-
tion is also apparent in the average values of In(ME) and In(BE/ME) for the
portfolios sorted on ME or BE/ME in Tables II and IV. Thus, firms with low
market equity are more likely to have poor prospects, resulting in low stock
prices and high book-to-market equity. Conversely, large stocks are more
likely to be firms with stronger prospects, higher stock prices, lower book-to-
market equity, and lower average stock returns.

The correlation between size and book-to-market equity affects the regres-
sions in Table III. Including In(BE/ME) moves the average slope on In(ME)
from —0.15 (¢ = —2.58) in the univariate regressions to —0.11 (¢ = —1.99)
in the bivariate regressions. Similarly, including In(ME) in the regressions
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lowers the average slope on In(BE/ME) from 0.50 to 0.35 (still a healthy 4.44
standard errors from 0). Thus, part of the size effect in the simple regressions
is due to the fact that small ME stocks are more likely to have high
book-to-market ratios, and part of the simple book-to-market effect is due to
the fact that high BE/ME stocks tend to be small (they have low ME).

We should not, however, exaggerate the links between size and book-to-
market equity. The correlation (—0.26) between In(ME) and In(BE/ME) is
not extreme, and the average slopes in the bivariate regressions in Table IIT
show that In(ME) and In(BE/ME) are both needed to explain the cross-section
of average returns. Finally, the 10 x 10 average return matrix in Table V
provides concrete evidence that, (a) controlling for size, book-to-market equity
captures substantial variation in the cross-section of average returns, and (b)
within BE/ME groups average returns are related to size.

C. Subperiod Averages of the FM Slopes

The message from the average FM slopes for 1963-1990 (Table III) is that
size on average has a negative premium in the cross-section of stock returns,
book-to-market equity has a positive premium, and the average premium for
market 8 is essentially 0. Table VI shows the average FM slopes for two
roughly equal subperiods (July 1963-December 1976 and January 1977-
December 1990) from two regressions: (a) the cross-section of stock returns on
size, In(ME), and book-to-market equity, In(BE/ME), and (b) returns on 8,
In(ME), and In(BE/ME). For perspective, average returns on the value-
weighted and equal-weighted (VW and EW) portfolios of NYSE stocks are
also shown.

In FM regressions, the intercept is the return on a standard portfolio (the
weights on stocks sum to 1) in which the weighted averages of the explana-
tory variables are 0 (Fama (1976), chapter 9). In our tests, the intercept is
weighted toward small stocks (ME is in millions of dollars so In(ME) = 0
implies ME = $1 million) and toward stocks with relatively high book-to-
market ratios (Table IV says that In(BE/ME) is negative for the typical firm,
so In(BE/ME) = 0 is toward the high end of the sample ratios). Thus it is not
surprising that the average intercepts are always large relative to their
standard errors and relative to the returns on the NYSE VW and EW
portfolios.

Like the overall period, the subperiods do not offer much hope that the
average premium for § is economically important. The average FM slope for
B is only slightly positive for 1963-1976 (0.10% per month, ¢ = 0.25), and it
is negative for 1977-1990 (—0.44% per month, ¢ = —1.17). There is a hint
that the size effect is weaker in the 1977-1990 period, but inferences about
the average size slopes for the subperiods lack power.

Unlike the size effect, the relation between book-to-market equity and
average return is so strong that it shows up reliably in both the 1963-1976
and the 1977-1990 subperiods. The average slopes for In(BE/ME) are all
more than 2.95 standard errors from 0, and the average slopes for the
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Table VI

Subperiod Average Monthly Returns on the NYSE
Equal-Weighted and Value-Weighted Portfolios and Subperiod
Means of the Intercepts and Slopes from the Monthly FM
Cross-Sectional Regressions of Returns on (a) Size In(ME)) and
Book-to-Market Equity (In(BE /ME)), and (b) 8, In(ME), and
In(BE /ME)

Mean is the time-series mean of a monthly return, Std is its time-series standard deviation, and

t(Mn) is Mean divided by its time-series standard error.

7/63-12/90 (330 Mos.)  7/63-12/76 (162 Mos.)  1/77-12/90 (168 Mos.)
Variable Mean Std t(Mn) Mean Std t(Mn) Mean Std t(Mn)

NYSE Value-Weighted (VW) and Equal-Weighted (EW) Portfolio Returns

vw 0.81 447 3.27 0.56 4.26 1.67 1.04 4.66 2.89
EW 097 549 3.19 0.77 5.70 1.72 1.15 5.28 2.82

R, = a+ by,In(ME,) + by, In(BE/ME,,) + ¢,,

a 1.77 8.51 3.77 1.86 10.10 2.33 1.69 6.67 3.27
by -0.11 102 -199 -0.16 125 -162 -007 073 -1.16
bs 0.35 145 4.43 0.36 1.53 2.96 0.35 1.37 3.30
R,,=a+b,8, + by, In(ME,,) + by, In(BE/ME )} + ¢,
a 2.07 5.75 6.55 1.73 6.22 3.54 240 5.25 5.92
b, -0.17 512 -0.62 0.10 5.33 025 -044 491 -117
b, -0.12 089 -252 -0.15 1.03 -191 -009 074 -1.64
by 0.33 1.24 4.80 0.34 1.36 3.17 0.31 110 3.67

subperiods (0.36 and 0.35) are close to the average slope (0.35) for the overall
period. The subperiod results thus support the conclusion that, among the
variables considered here, book-to-market equity is consistently the most
powerful for explaining the cross-section of average stock returns.

Finally, Roll (1983) and Keim (1983) show that the size effect is stronger in
January. We have examined the monthly slopes from the FM regressions in
Table VI for evidence of a January seasonal in the relation between book-to-
market equity and average return. The average January slopes for In(BE/ME)
are about twice those for February to December. Unlike the size effect,
however, the strong relation between book-to-market equity and average
return is not special to January. The average monthly February-to-December
slopes for In(BE/ME) are about 4 standard errors from 0, and they are close
to (within 0.05 of) the average slopes for the whole year. Thus, there is a
January seasonal in the book-to-market equity effect, but the positive rela-
tion between BE/ME and average return is strong throughout the year.

D. 8 and the Market Factor: Caveats

Some caveats about the negative evidence on the role of 8 in average
returns are in order. The average premiums for 8, size, and book-to-market
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equity depend on the definitions of the variables used in the regressions. For
example, suppose we replace book-to-market equity (In(BE /ME)) with book
equity (In(BE)). As long as size (In(ME)) is also in the regression, this change
will not affect the intercept, the fitted values or the R2. But the change, in
variables increases the average slope (and the z-statistic) on In(ME). In other
words, it increases the risk premium associated with size. Other redefinitions
of the 8, size, and book-to-market variables will produce different regression
slopes and perhaps different inferences about average premiums, including
possible resuscitation of a role for 3. And, of course, at the moment, we have
no theoretical basis for choosing among different versions of the variables.

Moreover, the tests here are restricted to stocks. It is possible that includ-
ing other assets will change the inferences about the average premiums for 3,
size, and book-to-market equity. For example, the large average intercepts
for the FM regressions in Table VI suggest that the regressions will not do a
good job on Treasury bills, which have low average returns and are likely to
have small loadings on the underlying market, size, and book-to-market
factors in returns. Extending the tests to bills and other bonds may well
change our inferences about average risk premiums, including the revival of
a role for market 8.

We emphasize, however, that different approaches to the tests are not
likely to revive the Sharpe-Lintner-Black model. Resuscitation of the SLB
model requires that a better proxy for the market portfolio (a) overturns our
evidence that the simple relation between 8 and average stock returns is flat
and (b) leaves 3 as the only variable relevant for explaining average returns.
Such results seem unlikely, given Stambaugh’s (1982) evidence that tests of
the SLB model do not seem to be sensitive to the choice of a market proxy.
Thus, if there is a role for 38 in average returns, it is likely to be found in a
multi-factor model that transforms the flat simple relation between average
return and g into a positively sloped conditional relation.

V. Conclusions and Implications

The Sharpe-Lintner-Black model has long shaped the way academics and
practitioners think about average return and risk. Black, Jensen, and
Scholes (1972) and Fama and MacBeth (1973) find that, as predicted by the
model, there is a positive simple relation between average return and market
B during the early years (1926-1968) of the CRSP NYSE returns file. Like
Reinganum (1981) and Lakonishok and Shapiro (1986), we find that this
simple relation between 8 and average return disappears during the more
recent 1963-1990 period. The appendix that follows shows that the relation
between B and average return is also weak in the last half century
(1941-1990) of returns on NYSE stocks. In short, our tests do not support the
central prediction of the SLB model, that average stock returns are positively
related to market 3.

Banz (1981) documents a strong negative relation between average return
and firm size. Bhandari (1988) finds that average return is positively related
to leverage, and Basu (1983) finds a positive relation between average return
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and E/P. Stattman (1980) and Rosenberg, Reid, and Lanstein (1985) docu-
ment a positive relation between average return and book-to-market equity
for U.S. stocks, and Chan, Hamao, and Lakonishok (1992) find that BE/ME
is also a powerful variable for explaining average returns on Japanese
stocks.

Variables like size, E/P, leverage, and book-to-market equity are all scaled
versions of a firm’s stock price. They can be regarded as different ways of
extracting information from stock prices about the cross-section of expected
stock returns (Ball (1978), Keim (1988)). Since all these variables are scaled
versions of price, it is reasonable to expect that some of them are redundant
for explaining average returns. Our main result is that for the 1963-1990
period, size and book-to-market equity capture the cross-sectional variation in
average stock returns associated with size, E/P, book-to-market equity, and
leverage.

A. Rational Asset-Pricing Stories

Are our results consistent with asset-pricing theory? Since the FM inter-
cept is constrained to be the same for all stocks, FM regressions always
impose a linear factor structure on returns and expected returns that is
consistent with the multifactor asset-pricing models of Merton (1973) and
Ross (1976). Thus our tests impose a rational asset-pricing framework on the
relation between average return and size and book-to-market equity.

Even if our results are consistent with asset-pricing theory, they are not
economically satisfying. What is the economic explanation for the roles of
size and book-to-market equity in average returns? We suggest several paths
of inquiry.

(a) The intercepts and slopes in the monthly FM regressions of returns on
In(ME) and In(BE/ME) are returns on portfolios that mimic the under-
lying common risk factors in returns proxied by size and book-to-market
equity (Fama (1976), chapter 9). Examining the relations between the
returns on these portfolios and economic variables that measure varia-
tion in business conditions might help expose the nature of the eco-
nomic risks captured by size and book-to-market equity.

(b) Chan, Chen, and Hsieh (1985) argue that the relation between size and
average return proxies for a more fundamental relation between ex-
pected returns and economic risk factors. Their most powerful factor in
explaining the size effect is the difference between the monthly returns
on low- and high-grade corporate bonds, which in principle captures a
kind of default risk in returns that is priced. It would be interesting to
test whether loadings on this or other economic factors, such as those of
Chen, Roll, and Ross (1986), can explain the roles of size and book-to-
market equity in our tests.

(¢) In a similar vein, Chan and Chen (1991) argue that the relation
between size and average return is a relative-prospects effect. The
earning prospects of distressed firms are more sensitive to economic
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conditions. This results in a distress factor in returns that is priced in
expected returns. Chan and Chen construct two mimicking portfolios
for the distress factor, based on dividend changes and leverage. It
would be interesting to check whether loadings on their distress factors
absorb the size and book-to-market equity effects in average returns
that are documented here.

(d) In fact, if stock prices are rational, BE /ME, the ratio of the book value
of a stock to the market’s assessment of its value, should be a direct
indicator of the relative prospects of firms. For example, we expect that
high BE/ME firms have low earnings on assets relative to low BE /ME
firms. Our work (in progress) suggests that there is indeed a clean
separation between high and low BE/ME firms on various measures of
economic fundamentals. Low BE/ME firms are persistently strong
performers, while the economic performance of high BE /ME firms is
persistently weak.

B. Irrational Asset-Pricing Stories

The discussion above assumes that the asset-pricing effects captured by
size and book-to-market equity are rational. For BE /ME, our most powerful
expected-return variable, there is an obvious alternative. The cross-section of
book-to-market ratios might result from market overreaction to the relative
prospects of firms. If overreaction tends to be corrected, BE /ME will predict
the cross-section of stock returns.

Simple tests do not confirm that the size and book-to-market effects in
average returns are due to market overreaction, at least of the type posited
by DeBondt and Thaler (1985). One overreaction measure used by DeBondt
and Thaler is a stock’s most recent 3-year return. Their overreaction story
predicts that 3-year losers have strong post-ranking returns relative to 3-year
winners. In FM regressions (not shown) for individual stocks, the 3-year
lagged return shows no power even when used alone to explain average
returns. The univariate average slope for the lagged return is negative, — 6
basis points per month, but less than 0.5 standard errors from 0.

C. Applications

Our main result is that two easily measured variables, size and book-to-
market equity, seem to describe the cross-section of average stock returns.
Prescriptions for using this evidence depend on (a) whether it will persist,
and (b) whether it results from rational or irrational asset-pricing.

It is possible that, by chance, size and book-to-market equity happen to
describe the cross-section of average returns in our sample, but they were and
are unrelated to expected returns. We put little weight on this possibility,
especially for book-to-market equity. First, although BE/ME has long been
touted as a measure of the return prospects of stocks, there is no evidence
that its explanatory power deteriorates through time. The 1963-1990 rela-
tion between BE/ME and average return is strong, and remarkably similar
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for the 1963-1976 and 1977-1990 subperiods. Second, our preliminary work
on economic fundamentals suggests that high-BE/ME firms tend to be persis-
tently poor earners relative to low-BE/ME firms. Similarly, small firms have
a long period of poor earnings during the 1980s not shared with big firms.
The systematic patterns in fundamentals give us some hope that size and
book-to-market equity proxy for risk factors in returns, related to relative
earning prospects, that are rationally priced in expected returns.

If our results are more than chance, they have practical implications for
portfolio formation and performance evaluation by investors whose primary
concern is long-term average returns. If asset-pricing is rational, size and
BE/ME must proxy for risk. Our results then imply that the performance of
managed portfolios (e.g., pension funds and mutual funds) can be evaluated
by comparing their average returns with the average returns of benchmark
portfolios with similar size and BE/ME characteristics. Likewise, the ex-
pected returns for different portfolio strategies can be estimated from the
historical average returns of portfolios with matching size and BE/ME
properties.

If asset-pricing is irrational and size and BE/ME do not proxy for risk, our
results might still be used to evaluate portfolio performance and measure the
expected returns from alternative investment strategies. If stock prices are
irrational, however, the likely persistence of the results is more suspect.

Appendix
Size Versus §: 1941-1990

Our results on the absence of a relation between 3 and average stock
returns for 1963-1990 are so contrary to the tests of the Sharpe-Lintner-Black
model by Black, Jensen, and Scholes (1972), Fama and MacBeth (1973), and
(more recently) Chan and Chen (1988), that further tests are appropriate. We
examine the roles of size and 8 in the average returns on NYSE stocks for
the half-century 1941-1990, the longest available period that avoids the high
volatility of returns in the Great Depression. We do not include the account-
ing variables in the tests because of the strong selection bias (toward success-
ful firms) in the COMPUSTAT data prior to 1962.

We first replicate the results of Chan and Chen (1988). Like them, we find
that when portfolios are formed on size alone, there are strong relations
between average return and either size or 3; average return increases with 8
and decreases with size. For size portfolios, however, size (In(ME)) and 3 are
almost perfectly correlated (—0.98), so it is difficult to distinguish between
the roles of size and $ in average returns.

One way to generate strong variation in 8 that is unrelated to size is to
form portfolios on size and then on B. As in Tables I to III, we find that the
resulting independent variation in 8 just about washes out the positive
simple relation between average return and B observed when portfolios are
formed on size alone. The results for NYSE stocks for 1941-1990 are thus
much like those for NYSE, AMEX, and NASDAQ stocks for 1963-1990.
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This appendix also has methodological goals. For example, the FM regres-
sions in Table III use returns on individual stocks as the dependent variable.
Since we allocate portfolio 8s to individual stocks but use firm-specific values
of other variables like size, 8 may be at a disadvantage in the regressions for
individual stocks. This appendix shows, however, that regressions for portfo-
lios, which put 8 and size on equal footing, produce results comparable to
those for individual stocks.

A. Size Portfolios

Table AI shows average monthly returns and market Bs for 12 portfolios of
NYSE stocks formed on the basis of size (ME) at the end of each year from
1940 to 1989. For these size portfolios, there is a strong positive relation
between average return and 8. Average returns fall from 1.96% per month
for the smallest ME portfolio (1A) to 0.93% for the largest (10B) and 3 falls
from 1.60 to 0.95. (Note also that, as claimed earlier, estimating 8 as the
sum of the slopes in the regression of a portfolio’s return on the current and
prior month’s NYSE value-weighted return produces much larger Bs for the
smallest ME portfolios and slightly smaller Bs for the largest ME portfolios.)

The FM regressions in Table AI confirm the positive simple relation
between average return and 8 for size portfolios. In the regressions of the
size-portfolio returns on @ alone, the average premium for a unit of 8 is
1.45% per month. In the regressions of individual stock returns on B (where
stocks are assigned the 8 of their size portfolio), the premium for a unit of g
is 1.39%. Both estimates are about 3 standard errors from 0. Moreover, the
Bs of size portfolios do not leave a residual size effect; the average residuals
from the simple regressions of returns on g in Table Al show no relation to
size. These positive SLB results for 1941-1990 are like those obtained by
Chan and Chen (1988) in tests on size portfolios for 1954-1983.

There is, however, evidence in Table Al that all is not well with the 8s of
the size portfolios. They do a fine job on the relation between size and
average return, but they do a lousy job on their main task, the relation
between 8 and average return. When the residuals from the regressions of
returns on ( are grouped using the pre-ranking @s of individual stocks, the
average residuals are strongly positive for low-8 stocks (0.51% per month for
group 1A) and negative for high-8 stocks (—1.05% for 10B). Thus the market
lines estimated with size-portfolio Bs exaggerate the tradeoff of average
return for 3; they underestimate average returns on low-8 stocks and overes-
timate average returns on high-g stocks. This pattern in the B-sorted average
residuals for individual stocks suggests that (a) there is variation in 8 across
stocks that is lost in the size portfolios, and (b) this variation in B is not
rewarded as well as the variation in B that is related to size.

B. Two-Pass Size- Portfolios

Like Table I, Table AIl shows that subdividing size deciles using the
(pre-ranking) Bs of individual stocks results in strong variation in 8 that is
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independent of size. The § sort of a size decile always produces portfolios with
similar average In(ME) but muct. different (post-ranking) 8s. Table AII also
shows, however, that investors are not compensated for the variation in §
that is independent of size. Despite the wide range of 8s in each size decile,
average returns show no tendency to increase with 8. AIl

The FM regressions in Table AIII formalize the roles of size and 8 in NYSE
average returns for 1941-1990. The regressions of returns on 3 alone show
that using the @8s of the portfolios formed on size and B, rather than size
alone, causes the average slope on § to fall from about 1.4% per month (Table
Al) to about 0.23% (about 1 standard error from 0). Thus, allowing for
variation in 8 that is unrelated to size flattens the relation between average
return and B, to the point where it is indistinguishable from no relation at
all.

The flatter market lines in Table AIIl succeed, however, in erasing the
negative relation between § and average residuals observed in the regres-
sions of returns on 3 alone in Table Al. Thus, forming portfolios on size and
(Table AIIT) produces a better description of the simple relation between
average return and 8 than forming portfolios on size alone (Table Al). This
improved description of the relation between average return and B is evi-
dence that the 8 estimates for the two-pass size-3 portfolios capture variation
in true Bs that is missed when portfolios are formed on size alone.

Unfortunately, the flatter market lines in Table AIIl have a cost, the
emergence of a residual size effect. Grouped on the basis of ME for individual
stocks, the average residuals from the univariate regressions of returns on
the Bs of the 100 size-8 portfolios are strongly positive for small stocks and
negative for large stocks (0.60% per month for the smallest ME group, 1A,
and —0.27% for the largest, 10B). Thus, when we allow for variation in 8
that is independent of size, the resulting Bs leave a large size effect in
average returns. This residual size effect is much like that observed by Banz
(1981) with the 8s of portfolios formed on size and 8.

The correlation between size and 8 is —0.98 for portfolios formed on size
alone. The independent variation in 3 obtained with the second-pass sort on
B lowers the correlation to —0.50. The lower correlation means that bivariate
regressions of returns on 8 and In(ME) are more likely to distinguish true
size effects from true J effects in average returns.

The bivariate regressions (Table AIII) that use the 8s of the size-8 portfo-
lios are more bad news for 3. The average slopes for In(ME) are close to the
values in the univariate size regressions, and almost 4 standard errors from
0, but the average slopes for 8 are negative and less than 1 standard error
from 0. The message from the bivariate regressions is that there is a strong
relation between size and average return. But like the regressions in Table
AIII that explain average returns with § alone, the bivariate regressions say
that there is no reliable relation between 3 and average returns when the
tests use 8s that are not close substitutes for size. These uncomfortable SLB
results for NYSE stocks for 1941-1990 are much like those for NYSE,
AMEX, and NASDAQ stocks for 1963-1990 in Table I11.
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C. Subperiod Diagnostics

Our results for 1941-1990 seem to contradict the evidence in Black,
Jensen, and Scholes (BJS) (1972) and Fama and MacBeth (FM) (1973) that
there is a reliable positive relation between average return and 8. The 8s in
BJS and FM are from portfolios formed on 3 alone, and the market proxy is
the NYSE equal-weighted portfolio. We use the 8s of portfolios formed on size
and 3, and our market is the value-weighted NYSE portfolio. We can report,
however, that our inference that there isn’t much relation between B and
average return is unchanged when (a) the market proxy is the NYSE EW
portfolio, (b) portfolios are formed on just (pre-ranking) Bs, or (c) the order of
forming the size-8 portfolios is changed from size then 8 to 8 then size.

A more important difference between our results and the earlier studies is
the sample periods. The tests in BJS and FM end in the 1960s. Table AIV
shows that when we split the 50-year 1941-1990 period in half, the univari-
ate FM regressions of returns on 8 produce an average slope for 1941-1965
(0.50% per month, ¢ = 1.82) more like that of the earlier studies. In contrast,
the average slope on § for 1966-1990 is close to 0 (—-0.02, t = 0.06).

But Table AIV also shows that drawing a distinction between the results
for 1941-1965 and 1966-1990 is misleading. The stronger tradeoff of average
return for 8 in the simple regressions for 1941-1965 is due to the first 10
years, 1941-1950. This is the only period in Table AIV that produces an
average premium for 8 (1.26% per month) that is both positive and more than
2 standard errors from 0. Conversely, the weak relation between 8 and
average return for 1966-1990 is largely due to 1981-1990. The strong
negative average slope in the univariate regressions of returns on B for
1981-1990 (-1.01, ¢t = —2.10) offsets a positive slope for 1971-1980 (0.82,
t=1.27).

The subperiod variation in the average slopes from the FM regressions of
returns on § alone seems moot, however, given the evidence in Table AIV
that adding size always kills any positive tradeoff of average return for §8 in
the subperiods. Adding size to the regressions for 1941-1965 causes the
average slope for 8 to drop from 0.50 (¢ = 1.82) to 0.07 (¢t = 0.28). In contrast,
the average slope on size in the bivariate regressions (-0.16, t = -2.97) is
close to its value (—0.17, t = —2.88) in the regressions of returns on In(ME)
alone. Similar comments hold for 1941-1950. In short, any evidence of a

positive average premium for 8 in the subperiods seems to be a size effect in
disguise.

D. Can the SLB Model Be Saved?

Before concluding that 8 has no explanatory power, it is appropriate to
consider other explanations for our results. One possibility is that the varia-
tion in (8 produced by the 8 sorts of size deciles in Jjust sampling error. If so, it
is not surprising that the variation in 8 within a size decile is unrelated to
average return, or that size dominates @ in bivariate tests. The standard
errors of the (s suggest, however, that this explanation cannot save the SLB
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model. The standard errors for portfolios formed on size and 8 are only
slightly larger (0.02 to 0.11) than those for portfolios formed on size alone
(0.01 to 0.10, Table AI). And the range of the post-ranking 8s within a size
decile is always large relative to the standard errors of the Ss.

Another possibility is that the proportionality condition (1) for the varia-
tion through time in true Ss, that justifies the use of full-period post-ranking
Bs in the FM tests, does not work well for portfolios formed on size and 8. If
this is a problem, post-ranking Bs for the size-8 portfolios should not be
highly correlated across subperiods. The correlation between the half-period
(1941-1965 and 1966-1990) 8s of the size-8 portfolios is 0.91, which we take
to be good evidence that the full-period 8 estimates for these portfolios are
informative about true s. We can also report that using 5-year s (pre- or
post-ranking) in the FM regressions does not change our negative conclusions
about the role of 8 in average returns, as long as portfolios are formed on
as well as size, or on 8 alone.

Any attempt to salvage the simple positive relation between $ and average
return predicted by the SLB model runs into three damaging facts, clear in
Table AIL (a) Forming portfolios on size and pre-ranking 8s produces a wide
range of post-ranking 8s in every size decile. (b) The post-ranking s closely
reproduce (in deciles 2 to 10 they exactly reproduce) the ordering of the
pre-ranking (s used to form the $-sorted portfolios. It seems safe to conclude
that the increasing pattern of the post-ranking fBs in every size decile
captures the ordering of the true Bs. (c) Contrary to the SLB model, the 8
sorts do not produce a similar ordering of average returns. Within the rows
(size deciles) of the average return matrix in Table AIl, the high-G portfolios
have average returns that are close to or less than the low-8 portfolios.

But the most damaging evidence against the SLB model comes from the
univariate regressions of returns on 3 in Table AIIL. They say that when the
tests allow for variation in 8 that is unrelated to size, the relation between
and average return for 1941-1990 is weak, perhaps nonexistent, even when
f is the only explanatory variable. We are forced to conclude that the SLB
model does not describe the last 50 years of average stock returns.
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The Capital Asset Pricing Model:
Theory and Evidence

Eugene F. Fama and Kenneth R. French

he capital asset pricing model (CAPM) of William Sharpe (1964) and John

Lintner (1965) marks the birth of asset pricing theory (resulting in a

Nobel Prize for Sharpe in 1990). Four decades later, the CAPM is still
widely used in applications, such as estimating the cost of capital for firms and
evaluating the performance of managed portfolios. It is the centerpiece of MBA
investment courses. Indeed, it is often the only asset pricing model taught in these
courses.'

The attraction of the CAPM is that it offers powerful and intuitively pleasing
predictions about how to measure risk and the relation between expected return
and risk. Unfortunately, the empirical record of the model is poor—poor enough
to invalidate the way it is used in applications. The CAPM’s empirical problems may
reflect theoretical failings, the result of many simplifying assumptions. But they may
also be caused by difficulties in implementing valid tests of the model. For example,
the CAPM says that the risk of a stock should be measured relative to a compre-
hensive “market portfolio” that in principle can include not just traded financial
assets, but also consumer durables, real estate and human capital. Even if we take
a narrow view of the model and limit its purview to traded financial assets, is it

! Although every asset pricing model is a capital asset pricing model, the finance profession reserves the
acronym CAPM for the specific model of Sharpe (1964), Lintner (1965) and Black (1972) discussed
here. Thus, throughout the paper we refer to the Sharpe-Lintner-Black model as the CAPM.

m Eugene F. Fama is Robert R. McCormick Distinguished Service Professor of Finance,
Graduate School of Business, University of Chicago, Chicago, Illinois. Kenneth R. French is
Carl E. and Catherine M. Heidt Professor of Finance, Tuck School of Business, Dartmouth
College, Hanover, New Hampshire. Their e-mail addresses are (eugme. Jfama@gsb.uchicago.
eduy and {kfrench@dartmouth.eduy, respectively.
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legitimate to limit further the market portfolio to U.S. common stocks (a typical
choice), or should the market be expanded to include bonds, and other financial
assets, perhaps around the world? In the end, we argue that whether the model’s
problems reflect weaknesses in the theory or in its empirical implementation, the
failure of the CAPM in empirical tests implies that most applications of the model
are invalid.

We begin by outlining the logic of the CAPM, focusing on its predictions about
risk and expected return. We then review the history of empirical work and what it
says about shortcomings of the CAPM that pose challenges to be explained by
alternative models.

The Logic of the CAPM

The CAPM builds on the model of portfolio choice developed by Harry
Markowitz (1959). In Markowitz’s model, an investor selects a portfolio at time
¢t — 1 that produces a stochastic return at ¢. The model assumes investors are risk
averse and, when choosing among portfolios, they care only about the mean and
variance of their one-period investment return. As a result, investors choose “mean-
variance-efficient” portfolios, in the sense that the portfolios 1) minimize the
variance of portfolio return, given expected return, and 2) maximize expected
return, given variance. Thus, the Markowitz approach is often called a “mean-
variance model.”

The portfolio model provides an algebraic condition on asset weights in mean-
variance-efficient portfolios. The CAPM turns this algebraic statement into a testable
prediction about the relation between risk and expected return by identifying a
portfolio that must be efficient if asset prices are to clear the market of all assets.

Sharpe (1964) and Lintner (1965) add two key assumptions to the Markowitz
model to identify a portfolio that must be mean-variance-efficient. The first assump-
tion is complete agreement: given market clearing asset prices at ¢ — 1, investors agree
on the joint distribution of asset returns from ¢ — 1 to ¢ And this distribution is the
true one—that is, it is the distribution from which the returns we use to test the
model are drawn. The second assumption is that there is borrowing and lending at a
risk-free rate, which is the same for all investors and does not depend on the amount
borrowed or lent.

Figure 1 describes portfolio opportunities and tells the CAPM story. The
horizontal axis shows portfolio risk, measured by the standard deviation of portfolio
return; the vertical axis shows expected return. The curve abc, which is called the
minimum variance frontier, traces combinations of expected return and risk for
portfolios of risky assets that minimize return variance at different levels of ex-
pected return. (These portfolios do not include risk-free borrowing and lending.)
The tradeoff between risk and expected return for minimum variance portfolios is
apparent. For example, an investor who wants a high expected return, perhaps at
point a, must accept high volatility. At point 7, the investor can have an interme-

110138-OPC-POD-60-82



Eugene F. Fama and Kenneth R. French 27

Figure 1
Investment Opportunities
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diate expected return with lower volatility. If there is no risk-free borrowing or
lending, only portfolios above b along abc are mean-variance-efficient, since these
portfolios also maximize expected return, given their return variances.

Adding risk-free borrowing and lending turns the efficient set into a straight
line. Consider a portfolio that invests the proportion x of portfolio funds in a
risk-free security and 1 — x in some portfolio g. If all funds are invested in the
risk-free security—that is, they are loaned at the risk-free rate of interest—the result
is the point R, in Figure 1, a portfolio with zero variance and a risk-free rate of
return. Combinations of risk-free lending and positive investment in g plot on the
straight line between R, and g. Points to the right of g on the line represent
borrowing at the risk-free rate, with the proceeds from the borrowing used to
increase investment in portfolio g. In short, portfolios that combine risk-free
lending or borrowing with some risky portfolio g plot along a straight line from R,
through g in Figure 1.

2 Formally, the return, expected return and standard deviation of return on portfolios of the risk-free
asset fand a risky portfolio g vary with x, the proportion of portfolio funds invested in f, as

R,= xR+ (1 — ©)R,,
E(R,)) = xR+ (1 — x)E(R,),

g(R,) =(1-x0(R,), x=1.0,

which together imply that the portfolios plot along the line from R, through g in Figure 1.
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To obtain the mean-variance-efficient portfolios available with risk-free bor-
rowing and lending, one swings a line from R, in Figure 1 up and to the left as far
as possible, to the tangency portfolio 7. We can then see that all efficient portfolios
are combinations of the risk-free asset (either risk-free borrowing or lending) and
a single risky tangency portfolio, 7. This key result is Tobin’s (1958) “separation
theorem.”

The punch line of the CAPM is now straightforward. With complete agreement
about distributions of returns, all investors see the same opportunity set (Figure 1),
and they combine the same risky tangency portfolio T with risk-free lending or
borrowing. Since all investors hold the same portfolio 7 of risky assets, it must be
the value-weight market portfolio of risky assets. Specifically, each risky asset’s
weight in the tangency portfolio, which we now call M (for the “market”), must be
the total market value of all outstanding units of the asset divided by the total
market value of all risky assets. In addition, the risk-free rate must be set (along with
the prices of risky assets) to clear the market for risk-free borrowing and lending.

In short, the CAPM assumptions imply that the market portfolio M must be on
the minimum variance frontier if the asset market is to clear. This means that the
algebraic relation that holds for any minimum variance portfolio must hold for the
market portfolio. Specifically, if there are N risky assets,

(Minimum Variance Condition for M) ER;) = E(R,)
+ [E(Ry) — E(Ru) 1By i=1, ..., N.

In this equation, E(R;) is the expected return on asset ¢, and 3;,;, the market beta
of asset i, is the covariance of its return with the market return divided by the
variance of the market return,

cov(R;, Ry)

(Market Beta) ;= SR,

The first term on the right-hand side of the minimum variance condition,
E(R,y), is the expected return on assets that have market betas equal to zero,
which means their returns are uncorrelated with the market return. The second
term is a risk premium—the market beta of asset i, 3;,,, times the premium per
unit of beta, which is the expected market return, E(R,;), minus E(R,,,).

Since the market beta of asset i is also the slope in the regression of its return
on the market return, a common (and correct) interpretation of beta is that it
measures the sensitivity of the asset’s return to variation in the market return. But
there is another interpretation of beta more in line with the spirit of the portfolio
model that underlies the CAPM. The risk of the market portfolio, as measured by
the variance of its return (the denominator of 8,,), is a weighted average of the
covariance risks of the assets in M (the numerators of f3,,, for different assets).
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Thus, B, is the covariance risk of asset ¢ in M measured relative to the average
covariance risk of assets, which is just the variance of the market return.” In
economic terms, ;,, is proportional to the risk each dollar invested in asset i
contributes to the market portfolio.

The last step in the development of the Sharpe-Lintner model is to use the
assumption of risk-free borrowing and lending to nail down E(R,,,), the expected
return on zero-beta assets. A risky asset’s return is uncorrelated with the market
return—its beta is zero—when the average of the asset’s covariances with the
returns on other assets just offsets the variance of the asset’s return. Such a risky
asset is riskless in the market portfolio in the sense that it contributes nothing to the
variance of the market return.

When there is risk-free borrowing and lending, the expected return on assets
that are uncorrelated with the market return, E(R,,,), must equal the risk-free rate,
R, The relation between expected return and beta then becomes the familiar
Sharpe-Lintner CAPM equation,

(Sharpe-Lintner CAPM)  E(R;) = R, + [E{(Ry) — R)1Bi, i=1,..., N.

In words, the expected return on any asset ¢ is the risk-free interest rate, Rf, plus a
risk premium, which is the asset’s market beta, 3,,; times the premium per unit of
beta risk, E(Ry) — Rp

Unrestricted risk-free borrowing and lending is an unrealistic assumption.
Fischer Black (1972) develops a version of the CAPM without risk-free borrowing or
lending. He shows that the CAPM’s key result—that the market portfolio is mean-
variance-efficient—can be obtained by instead allowing unrestricted short sales of
risky assets. In brief, back in Figure 1, if there is no risk-free asset, investors select
portfolios from along the mean-variance-efficient frontier from a to b. Market
clearing prices imply that when one weights the efficient portfolios chosen by
investors by their (positive) shares of aggregate invested wealth, the resulting
portfolio is the market portfolio. The market portfolio is thus a portfolio of the
efficient portfolios chosen by investors. With unrestricted short selling of risky
assets, portfolios made up of efficient portfolios are themselves efficient. Thus, the
market portfolio is efficient, which means that the minimum variance condition for
M given above holds, and it is the expected return-risk relation of the Black CAPM.

The relations between expected return and market beta of the Black and
Sharpe-Lintner versions of the CAPM differ only in terms of what each says about
E(R,y), the expected return on assets uncorrelated with the market. The Black
version says only that E(R,,;) must be less than the expected market return, so the

% Formally, if x,,, is the weight of asset i in the market portfolio, then the variance of the portfolio’s
return is

N N
UZ(RM) = Cou(Ry, Ry) = Cov z xR, Ry | = E xCov(R;, Ry).
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premium for beta is positive. In contrast, in the Sharpe-Lintner version of the
model, E(R,,;) must be the risk-free interest rate, Rf, and the premium per unit of
beta risk is E(Ry) — R

The assumption that short selling is unrestricted is as unrealistic as unre-
stricted risk-free borrowing and lending. If there is no risk-free asset and short sales
of risky assets are not allowed, mean-variance investors still choose efficient
portfolios—points above b on the abc¢ curve in Figure 1. But when there is no short
selling of risky assets and no risk-free asset, the algebra of portfolio efficiency says
that portfolios made up of efficient portfolios are not typically efficient. This means
that the market portfolio, which is a portfolio of the efficient portfolios chosen by
investors, is not typically efficient. And the CAPM relation between expected return
and market beta is lost. This does not rule out predictions about expected return
and betas with respect to other efficient portfolios—if theory can specify portfolios
that must be efficient if the market is to clear. But so far this has proven impossible.

In short, the familiar CAPM equation relating expected asset returns to their
market betas is just an application to the market portfolio of the relation between
expected return and portfolio beta that holds in any mean-variance-efficient port-
folio. The efficiency of the market portfolio is based on many unrealistic assump-
tions, including complete agreement and either unrestricted risk-free borrowing
and lending or unrestricted short selling of risky assets. But all interesting models
involve unrealistic simplifications, which is why they must be tested against data.

Early Empirical Tests

Tests of the CAPM are based on three implications of the relation between
expected return and market beta implied by the model. First, expected returns on
all assets are linearly related to their betas, and no other variable has marginal
explanatory power. Second, the beta premium is positive, meaning that the ex-
pected return on the market portfolio exceeds the expected return on assets whose
returns are uncorrelated with the market return. Third, in the Sharpe-Lintner
version of the model, assets uncorrelated with the market have expected returns
equal to the risk-free interest rate, and the beta premium is the expected market
return minus the risk-free rate. Most tests of these predictions use either cross-
section or time-series regressions. Both approaches date to early tests of the model.

Tests on Risk Premiums

The early cross-section regression tests focus on the Sharpe-Lintner model’s
predictions about the intercept and slope in the relation between expected return
and market beta. The approach is to regress a cross-section of average asset returns
on estimates of asset betas. The model predicts that the intercept in these regres-
sions is the risk-free interest rate, Rf, and the coefficient on beta is the expected
return on the market in excess of the risk-free rate, E(R,) — R,

Two problems in these tests quickly became apparent. First, estimates of beta
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for individual assets are imprecise, creating a measurement error problem when
they are used to explain average returns. Second, the regression residuals have
common sources of variation, such as industry effects in average returns. Positive
correlation in the residuals produces downward bias in the usual ordinary least
squares estimates of the standard errors of the cross-section regression slopes.

To improve the precision of estimated betas, researchers such as Blume
(1970), Friend and Blume (1970) and Black, Jensen and Scholes (1972) work with
portfolios, rather than individual securities. Since expected returns and market
betas combine in the same way in portfolios, if the CAPM explains security returns
it also explains portfolio returns.* Estimates of beta for diversified portfolios are
more precise than estimates for individual securities. Thus, using portfolios in
cross-section regressions of average returns on betas reduces the critical errors in
variables problem. Grouping, however, shrinks the range of betas and reduces
statistical power. To mitigate this problem, researchers sort securities on beta when
forming portfolios; the first portfolio contains securities with the lowest betas, and
so on, up to the last portfolio with the highest beta assets. This sorting procedure
is now standard in empirical tests.

Fama and MacBeth (1973) propose a method for addressing the inference
problem caused by correlation of the residuals in cross-section regressions. Instead
of estimating a single cross-section regression of average monthly returns on betas,
they estimate month-by-month cross-section regressions of monthly returns on
betas. The times-series means of the monthly slopes and intercepts, along with the
standard errors of the means, are then used to test whether the average premium
for beta is positive and whether the average return on assets uncorrelated with the
market is equal to the average risk-free interest rate. In this approach, the standard
errors of the average intercept and slope are determined by the month-to-month
variation in the regression coefficients, which fully captures the effects of residual
correlation on variation in the regression coefficients, but sidesteps the problem of
actually estimating the correlations. The residual correlations are, in effect, cap-
tured via repeated sampling of the regression coefficients. This approach also
becomes standard in the literature.

Jensen (1968) was the first to note that the Sharpe-Lintner version of the

* Formally, if Xy, i = 1, ..., N, are the weights for assets in some portfolio p, the expected return and
market beta for the portfolio are related to the expected returns and betas of assets as
N N
E(Rp) = Z xipE(R;)’ and B//M = z xi/)B/uw
i=1 i=1
Thus, the CAPM relation between expected return and beta,

E(R) = E(Rf) + [E(Ry) — E<Rj)]BiM,

holds when asset i is a portfolio, as well as when ¢ is an individual security.
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relation between expected return and market beta also implies a time-series re-
gression test. The Sharpe-Lintner CAPM says that the expected value of an asset’s
excess return (the asset’s return minus the risk-free interest rate, R;, — Ry) is
completely explained by its expected CAPM risk premium (its beta times the
expected value of Ry, — Ry). This implies that “Jensen’s alpha,” the intercept term
in the time-series regression,

(Time-Series Regression) R, — R, = a; + B;y(Ry, — R)) + &,

is zero for each asset.

The early tests firmly reject the Sharpe-Lintner version of the CAPM. There is
a positive relation between beta and average return, but it is too “flat.” Recall that,
in cross-section regressions, the Sharpe-Lintner model predicts that the intercept is
the risk-free rate and the coefficient on beta is the expected market return in excess
of the riskfree rate, E(Ry) — R, The regressions consistently find that the
intercept is greater than the average risk-free rate (typically proxied as the return
on a one-month Treasury bill), and the coefficient on beta is less than the average
excess market return (proxied as the average return on a portfolio of U.S. common
stocks minus the Treasury bill rate). This is true in the early tests, such as Douglas
(1968), Black, Jensen and Scholes (1972), Miller and Scholes (1972), Blume and
Friend (1973) and Fama and MacBeth (1973), as well as in more recent cross-
section regression tests, like Fama and French (1992).

The evidence that the relation between beta and average return is too flat is
confirmed in time-series tests, such as Friend and Blume (1970), Black, Jensen and
Scholes (1972) and Stambaugh (1982). The intercepts in time-series regressions of
excess asset returns on the excess market return are positive for assets with low betas
and negative for assets with high betas.

Figure 2 provides an updated example of the evidence. In December of each
year, we estimate a preranking beta for every NYSE (1928-2003), AMEX (1963—
2003) and NASDAQ (1972-2003) stock in the CRSP (Center for Research in
Security Prices of the University of Chicago) database, using two to five years (as
available) of prior monthly returns.” We then form ten value-weight portfolios
based on these preranking betas and compute their returns for the next twelve
months. We repeat this process for each year from 1928 to 2003. The result is
912 monthly returns on ten beta-sorted portfolios. Figure 2 plots each portfolio’s
average return against its postranking beta, estimated by regressing its monthly
returns for 1928-2003 on the return on the CRSP value-weight portfolio of U.S.
common stocks.

The Sharpe-Lintner CAPM predicts that the portfolios plot along a straight

5 To be included in the sample for year ¢, a security must have market equity data (price times shares
outstanding) for December of # — 1, and CRSP must classify it as ordinary common equity. Thus, we
exclude securities such as American Depository Receipts (ADRs) and Real Estate Investment Trusts
(REITs).
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Figure 2
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on Prior Beta, 1928-2003
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line, with an intercept equal to the risk-free rate, Rf, and a slope equal to the
expected excess return on the market, E(R,;) — R, We use the average one-month
Treasury bill rate and the average excess CRSP market return for 1928-2003 to
estimate the predicted line in Figure 2. Confirming earlier evidence, the relation
between beta and average return for the ten portfolios is much flatter than the
Sharpe-Lintner CAPM predicts. The returns on the low beta portfolios are too high,
and the returns on the high beta portfolios are too low. For example, the predicted
return on the portfolio with the lowest beta is 8.3 percent per year; the actual return
is 11.1 percent. The predicted return on the portfolio with the highest beta is
16.8 percent per year; the actual is 13.7 percent.

Although the observed premium per unit of beta is lower than the Sharpe-
Lintner model predicts, the relation between average return and beta in Figure 2
is roughly linear. This is consistent with the Black version of the CAPM, which
predicts only that the beta premium is positive. Even this less restrictive model,
however, eventually succumbs to the data.

Testing Whether Market Betas Explain Expected Returns

The Sharpe-Lintner and Black versions of the CAPM share the prediction that
the market portfolio is mean-variance-efficient. This implies that differences in
expected return across securities and portfolios are entirely explained by differ-
ences in market beta; other variables should add nothing to the explanation of
expected return. This prediction plays a prominent role in tests of the CAPM. In
the early work, the weapon of choice is cross-section regressions.

In the framework of Fama and MacBeth (1973), one simply adds predeter-
mined explanatory variables to the month-by-month cross-section regressions of
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returns on beta. If all differences in expected return are explained by beta, the
average slopes on the additional variables should not be reliably different from
zero. Clearly, the trick in the cross-section regression approach is to choose specific
additional variables likely to expose any problems of the CAPM prediction that,
because the market portfolio is efficient, market betas suffice to explain expected
asset returns.

For example, in Fama and MacBeth (1973) the additional variables are
squared market betas (to test the prediction that the relation between expected
return and beta is linear) and residual variances from regressions of returns on the
market return (to test the prediction that market beta is the only measure of risk
needed to explain expected returns). These variables do not add to the explanation
of average returns provided by beta. Thus, the results of Fama and MacBeth (1973)
are consistent with the hypothesis that their market proxy—an equal-weight port-
folio of NYSE stocks—is on the minimum variance frontier.

The hypothesis that market betas completely explain expected returns can also
be tested using time-series regressions. In the time-series regression described
above (the excess return on asset ¢ regressed on the excess market return), the
intercept is the difference between the asset’s average excess return and the excess
return predicted by the Sharpe-Lintner model, that is, beta times the average excess
market return. If the model holds, there is no way to group assets into portfolios
whose intercepts are reliably different from zero. For example, the intercepts for a
portfolio of stocks with high ratios of earnings to price and a portfolio of stocks with
low earning-price ratios should both be zero. Thus, to test the hypothesis that
market betas suffice to explain expected returns, one estimates the time-series
regression for a set of assets (or portfolios) and then jointly tests the vector of
regression intercepts against zero. The trick in this approach is to choose the
lefthand-side assets (or portfolios) in a way likely to expose any shortcoming of the
CAPM prediction that market betas suffice to explain expected asset returns.

In early applications, researchers use a variety of tests to determine whether
the intercepts in a set of time-series regressions are all zero. The tests have the same
asymptotic properties, but there is controversy about which has the best small
sample properties. Gibbons, Ross and Shanken (1989) settle the debate by provid-
ing an [-test on the intercepts that has exact small-sample properties. They also
show that the test has a simple economic interpretation. In effect, the test con-
structs a candidate for the tangency portfolio 7 in Figure 1 by optimally combining
the market proxy and the left-hand-side assets of the time-series regressions. The
estimator then tests whether the efficient set provided by the combination of this
tangency portfolio and the risk-free asset is reliably superior to the one obtained by
combining the risk-free asset with the market proxy alone. In other words, the
Gibbons, Ross and Shanken statistic tests whether the market proxy is the tangency
portfolio in the set of portfolios that can be constructed by combining the market
portfolio with the specific assets used as dependent variables in the time-series
regressions.

Enlightened by this insight of Gibbons, Ross and Shanken (1989), one can see
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a similar interpretation of the cross-section regression test of whether market betas
suffice to explain expected returns. In this case, the test is whether the additional
explanatory variables in a cross-section regression identify patterns in the returns
on the left-hand-side assets that are not explained by the assets’ market betas. This
amounts to testing whether the market proxy is on the minimum variance frontier
that can be constructed using the market proxy and the left-hand-side assets
included in the tests.

An important lesson from this discussion is that time-series and cross-section
regressions do not, strictly speaking, test the CAPM. What is literally tested is
whether a specific proxy for the market portfolio (typically a portfolio of U.S.
common stocks) is efficient in the set of portfolios that can be constructed from it
and the left-hand-side assets used in the test. One might conclude from this that the
CAPM has never been tested, and prospects for testing it are not good because
1) the set of left-hand-side assets does not include all marketable assets, and 2) data
for the true market portfolio of all assets are likely beyond reach (Roll, 1977; more
on this later). But this criticism can be leveled at tests of any economic model when
the tests are less than exhaustive or when they use proxies for the variables called
for by the model.

The bottom line from the early cross-section regression tests of the CAPM,
such as Fama and MacBeth (1973), and the early time-series regression tests, like
Gibbons (1982) and Stambaugh (1982), is that standard market proxies seem to be
on the minimum variance frontier. That is, the central predictions of the Black
version of the CAPM, that market betas suffice to explain expected returns and that
the risk premium for beta is positive, seem to hold. But the more specific prediction
of the Sharpe-Lintner CAPM that the premium per unit of beta is the expected
market return minus the risk-free interest rate is consistently rejected.

The success of the Black version of the CAPM in early tests produced a
consensus that the model is a good description of expected returns. These early
results, coupled with the model’s simplicity and intuitive appeal, pushed the CAPM
to the forefront of finance.

Recent Tests

Starting in the late 1970s, empirical work appears that challenges even the
Black version of the CAPM. Specifically, evidence mounts that much of the varia-
tion in expected return is unrelated to market beta.

The first blow is Basu’s (1977) evidence that when common stocks are sorted
on earnings-price ratios, future returns on high E/P stocks are higher than pre-
dicted by the CAPM. Banz (1981) documents a size effect: when stocks are sorted
on market capitalization (price times shares outstanding), average returns on small
stocks are higher than predicted by the CAPM. Bhandari (1988) finds that high
debt-equity ratios (book value of debt over the market value of equity, a measure of
leverage) are associated with returns that are too high relative to their market betas.
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Finally, Statman (1980) and Rosenberg, Reid and Lanstein (1985) document that
stocks with high book-to-market equity ratios (B/M, the ratio of the book value of
a common stock to its market value) have high average returns that are not
captured by their betas.

There is a theme in the contradictions of the CAPM summarized above. Ratios
involving stock prices have information about expected returns missed by market
betas. On reflection, this is not surprising. A stock’s price depends not only on the
expected cash flows it will provide, but also on the expected returns that discount
expected cash flows back to the present. Thus, in principle, the cross-section of
prices has information about the cross-section of expected returns. (A high ex-
pected return implies a high discount rate and a low price.) The cross-section of
stock prices is, however, arbitrarily affected by differences in scale (or units). But
with a judicious choice of scaling variable X, the ratio X/ P can reveal differences
in the cross-section of expected stock returns. Such ratios are thus prime candidates
to expose shortcomings of asset pricing models—in the case of the CAPM, short-
comings of the prediction that market betas suffice to explain expected returns
(Ball, 1978). The contradictions of the CAPM summarized above suggest that
earnings-price, debt-equity and book-to-market ratios indeed play this role.

Fama and French (1992) update and synthesize the evidence on the empirical
failures of the CAPM. Using the cross-section regression approach, they confirm
that size, earnings-price, debt-equity and book-to-market ratios add to the explana-
tion of expected stock returns provided by market beta. Fama and French (1996)
reach the same conclusion using the time-series regression approach applied to
portfolios of stocks sorted on price ratios. They also find that different price ratios
have much the same information about expected returns. This is not surprising
given that price is the common driving force in the price ratios, and the numerators
are just scaling variables used to extract the information in price about expected
returns.

Fama and French (1992) also confirm the evidence (Reinganum, 1981; Stam-
baugh, 1982; Lakonishok and Shapiro, 1986) that the relation between average
return and beta for common stocks is even flatter after the sample periods used in
the early empirical work on the CAPM. The estimate of the beta premium is,
however, clouded by statistical uncertainty (a large standard error). Kothari, Shan-
ken and Sloan (1995) try to resuscitate the Sharpe-Lintner CAPM by arguing that
the weak relation between average return and beta is just a chance result. But the
strong evidence that other variables capture variation in expected return missed by
beta makes this argument irrelevant. If betas do not suffice to explain expected
returns, the market portfolio is not efficient, and the CAPM is dead in its tracks.
Evidence on the size of the market premium can neither save the model nor further
doom it.

The synthesis of the evidence on the empirical problems of the CAPM pro-
vided by Fama and French (1992) serves as a catalyst, marking the point when it is
generally acknowledged that the CAPM has potentially fatal problems. Research
then turns to explanations.
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One possibility is that the CAPM’s problems are spurious, the result of data
dredging—publication-hungry researchers scouring the data and unearthing con-
tradictions that occur in specific samples as a result of chance. A standard response
to this concern is to test for similar findings in other samples. Chan, Hamao and
Lakonishok (1991) find a strong relation between book-to-market equity (B/M)
and average return for Japanese stocks. Capaul, Rowley and Sharpe (1993) observe
a similar B/M effect in four European stock markets and in Japan. Fama and
French (1998) find that the price ratios that produce problems for the CAPM in
U.S. data show up in the same way in the stock returns of twelve non-U.S. major
markets, and they are present in emerging market returns. This evidence suggests
that the contradictions of the CAPM associated with price ratios are not sample
specific.

Explanations: Irrational Pricing or Risk

Among those who conclude that the empirical failures of the CAPM are fatal,
two stories emerge. On one side are the behavioralists. Their view is based on
evidence that stocks with high ratios of book value to market price are typically
firms that have fallen on bad times, while low B/M is associated with growth firms
(Lakonishok, Shleifer and Vishny, 1994; Fama and French, 1995). The behavior-
alists argue that sorting firms on book-to-market ratios exposes investor overreac-
tion to good and bad times. Investors overextrapolate past performance, resulting
in stock prices that are too high for growth (low B/M) firms and too low for
distressed (high B/M, so-called value) firms. When the overreaction is eventually
corrected, the result is high returns for value stocks and low returns for growth
stocks. Proponents of this view include DeBondt and Thaler (1987), Lakonishok,
Shleifer and Vishny (1994) and Haugen (1995).

The second story for explaining the empirical contradictions of the CAPM is
that they point to the need for a more complicated asset pricing model. The CAPM
is based on many unrealistic assumptions. For example, the assumption that
investors care only about the mean and variance of one-period portfolio returns is
extreme. It is reasonable that investors also care about how their portfolio return
covaries with labor income and future investment opportunities, so a portfolio’s
return variance misses important dimensions of risk. If so, market beta is not a
complete description of an asset’s risk, and we should not be surprised to find that
differences in expected return are not completely explained by differences in beta.
In this view, the search should turn to asset pricing models that do a better job
explaining average returns.

Merton’s (1973) intertemporal capital asset pricing model (ICAPM) is a
natural extension of the CAPM. The ICAPM begins with a different assumption
about investor objectives. In the CAPM, investors care only about the wealth their
portfolio produces at the end of the current period. In the ICAPM, investors are
concerned not only with their end-of-period payoff, but also with the opportunities
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they will have to consume or invest the payoff. Thus, when choosing a portfolio at
time ¢ — 1, ICAPM investors consider how their wealth at ¢ might vary with future
state variables, including labor income, the prices of consumption goods and the
nature of portfolio opportunities at ¢, and expectations about the labor income,
consumption and investment opportunities to be available after ¢.

Like CAPM investors, ICAPM investors prefer high expected return and low
return variance. But ICAPM investors are also concerned with the covariances of
portfolio returns with state variables. As a result, optimal portfolios are “multifactor
efficient,” which means they have the largest possible expected returns, given their
return variances and the covariances of their returns with the relevant state
variables.

Fama (1996) shows that the ICAPM generalizes the logic of the CAPM. That is,
if there is risk-free borrowing and lending or if short sales of risky assets are allowed,
market clearing prices imply that the market portfolio is multifactor efficient.
Moreover, multifactor efficiency implies a relation between expected return and
beta risks, but it requires additional betas, along with a market beta, to explain
expected returns.

An ideal implementation of the ICAPM would specify the state variables that
affect expected returns. Fama and French (1993) take a more indirect approach,
perhaps more in the spirit of Ross’s (1976) arbitrage pricing theory. They argue
that though size and book-to-market equity are not themselves state variables, the
higher average returns on small stocks and high book-to-market stocks reflect
unidentified state variables that produce undiversifiable risks (covariances) in
returns that are not captured by the market return and are priced separately from
market betas. In support of this claim, they show that the returns on the stocks of
small firms covary more with one another than with returns on the stocks of large
firms, and returns on high book-to-market (value) stocks covary more with one
another than with returns on low book-to-market (growth) stocks. Fama and
French (1995) show that there are similar size and book-to-market patterns in the
covariation of fundamentals like earnings and sales.

Based on this evidence, Fama and French (1993, 1996) propose a three-factor
model for expected returns,

(Three-Factor Model) E(R;) — R, = By[E(Ry,) — R;]
+ B E(SMB)) + By l(HML,).

In this equation, SMB, (small minus big) is the difference between the returns on
diversified portfolios of small and big stocks, HML, (high minus low) is the
difference between the returns on diversified portfolios of high and low B/M
stocks, and the betas are slopes in the multiple regression of R;, — R, on Ry, — Ry,
SMB, and HML,.

For perspective, the average value of the market premium R, — R, for
1927-2003 is 8.3 percent per year, which is 3.5 standard errors from zero. The
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average values of SMB,, and HML, are 3.6 percent and 5.0 percent per year, and
they are 2.1 and 3.1 standard errors from zero. All three premiums are volatile, with
annual standard deviations of 21.0 percent (Ry;, — R), 14.6 percent (SMB,) and
14.2 percent (HML,) per year. Although the average values of the premiums are
large, high volatility implies substantial uncertainty about the true expected
premiums.

One implication of the expected return equation of the three-factor model is
that the intercept «; in the time-series regression,

R — th = a; + B Ry — th) + BiSMB, + By, HML, + &,

is zero for all assets ¢. Using this criterion, Fama and French (1993, 1996) find that
the model captures much of the variation in average return for portfolios formed
on size, book-to-market equity and other price ratios that cause problems for the
CAPM. Fama and French (1998) show that an international version of the model
performs better than an international CAPM in describing average returns on
portfolios formed on scaled price variables for stocks in 13 major markets.

The three-factor model is now widely used in empirical research that requires
a model of expected returns. Estimates of ; from the time-series regression above
are used to calibrate how rapidly stock prices respond to new information (for
example, Loughran and Ritter, 1995; Mitchell and Stafford, 2000). They are also
used to measure the special information of portfolio managers, for example, in
Carhart’s (1997) study of mutual fund performance. Among practitioners like
Ibbotson Associates, the model is offered as an alternative to the CAPM for
estimating the cost of equity capital.

From a theoretical perspective, the main shortcoming of the three-factor
model is its empirical motivation. The small-minus-big (SMB) and high-minus-low
(HML) explanatory returns are not motivated by predictions about state variables
of concern to investors. Instead they are brute force constructs meant to capture
the patterns uncovered by previous work on how average stock returns vary with size
and the book-to-market equity ratio.

But this concern is not fatal. The ICAPM does not require that the additional
portfolios used along with the market portfolio to explain expected returns
“mimic” the relevant state variables. In both the ICAPM and the arbitrage pricing
theory, it suffices that the additional portfolios are well diversified (in the termi-
nology of Fama, 1996, they are multifactor minimum variance) and that they are
sufficiently different from the market portfolio to capture covariation in returns
and variation in expected returns missed by the market portfolio. Thus, adding
diversified portfolios that capture covariation in returns and variation in average
returns left unexplained by the market is in the spirit of both the ICAPM and the
Ross’s arbitrage pricing theory.

The behavioralists are not impressed by the evidence for a risk-based expla-
nation of the failures of the CAPM. They typically concede that the three-factor
model captures covariation in returns missed by the market return and that it picks
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up much of the size and value effects in average returns left unexplained by the
CAPM. But their view is that the average return premium associated with the
model’s book-to-market factor—which does the heavy lifting in the improvements
to the CAPM—is itself the result of investor overreaction that happens to be
correlated across firms in a way that just looks like a risk story. In short, in the
behavioral view, the market tries to set CAPM prices, and violations of the CAPM
are due to mispricing.

The conflict between the behavioral irrational pricing story and the rational
risk story for the empirical failures of the CAPM leaves us at a timeworn impasse.
Fama (1970) emphasizes that the hypothesis that prices properly reflect available
information must be tested in the context of a model of expected returns, like the
CAPM. Intuitively, to test whether prices are rational, one must take a stand on what
the market is trying to do in setting prices—that is, what is risk and what is the
relation between expected return and risk? When tests reject the CAPM, one
cannot say whether the problem is its assumption that prices are rational (the
behavioral view) or violations of other assumptions that are also necessary to
produce the CAPM (our position).

Fortunately, for some applications, the way one uses the three-factor model
does not depend on one’s view about whether its average return premiums are the
rational result of underlying state variable risks, the result of irrational investor
behavior or sample specific results of chance. For example, when measuring the
response of stock prices to new information or when evaluating the performance of
managed portfolios, one wants to account for known patterns in returns and
average returns for the period examined, whatever their source. Similarly, when
estimating the cost of equity capital, one might be unconcerned with whether
expected return premiums are rational or irrational since they are in either case
part of the opportunity cost of equity capital (Stein, 1996). But the cost of capital
is forward looking, so if the premiums are sample specific they are irrelevant.

The three-factor model is hardly a panacea. Its most serious problem is the
momentum effect of Jegadeesh and Titman (1993). Stocks that do well relative to
the market over the last three to twelve months tend to continue to do well for the
next few months, and stocks that do poorly continue to do poorly. This momentum
effect is distinct from the value effect captured by book-to-market equity and other
price ratios. Moreover, the momentum effect is left unexplained by the three-factor
model, as well as by the CAPM. Following Carhart (1997), one response is to add
a momentum factor (the difference between the returns on diversified portfolios of
short-term winners and losers) to the threefactor model. This step is again legiti-
mate in applications where the goal is to abstract from known patterns in average
returns to uncover information-specific or manager-specific effects. But since the
momentum effect is short-lived, it is largely irrelevant for estimates of the cost of
equity capital.

Another strand of research points to problems in both the three-factor model
and the CAPM. Frankel and Lee (1998), Dechow, Hutton and Sloan (1999),
Piotroski (2000) and others show that in portfolios formed on price ratios like
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book-to-market equity, stocks with higher expected cash flows have higher average
returns that are not captured by the three-factor model or the CAPM. The authors
interpret their results as evidence that stock prices are irrational, in the sense that
they do not reflect available information about expected profitability.

In truth, however, one can’t tell whether the problem is bad pricing or a bad
asset pricing model. A stock’s price can always be expressed as the present value of
expected future cash flows discounted at the expected return on the stock (Camp-
bell and Shiller, 1989; Vuolteenaho, 2002). It follows that if two stocks have the
same price, the one with higher expected cash flows must have a higher expected
return. This holds true whether pricing is rational or irrational. Thus, when one
observes a positive relation between expected cash flows and expected returns that
is left unexplained by the CAPM or the three-factor model, one can’t tell whether
it is the result of irrational pricing or a misspecified asset pricing model.

The Market Proxy Problem

Roll (1977) argues that the CAPM has never been tested and probably never
will be. The problem is that the market portfolio at the heart of the model is
theoretically and empirically elusive. It is not theoretically clear which assets (for
example, human capital) can legitimately be excluded from the market portfolio,
and data availability substantially limits the assets that are included. As a result, tests
of the CAPM are forced to use proxies for the market portfolio, in effect testing
whether the proxies are on the minimum variance frontier. Roll argues that
because the tests use proxies, not the true market portfolio, we learn nothing about
the CAPM.

We are more pragmatic. The relation between expected return and market
beta of the CAPM is just the minimum variance condition that holds in any efficient
portfolio, applied to the market portfolio. Thus, if we can find a market proxy that
is on the minimum variance frontier, it can be used to describe differences in
expected returns, and we would be happy to use it for this purpose. The strong
rejections of the CAPM described above, however, say that researchers have not
uncovered a reasonable market proxy that is close to the minimum variance
frontier. If researchers are constrained to reasonable proxies, we doubt they
ever will.

Our pessimism is fueled by several empirical results. Stambaugh (1982) tests
the CAPM using a range of market portfolios that include, in addition to U.S.
common stocks, corporate and government bonds, preferred stocks, real estate and
other consumer durables. He finds that tests of the CAPM are not sensitive to
expanding the market proxy beyond common stocks, basically because the volatility
of expanded market returns is dominated by the volatility of stock returns.

One need not be convinced by Stambaugh’s (1982) results since his market
proxies are limited to U.S. assets. If international capital markets are open and asset
prices conform to an international version of the CAPM, the market portfolio
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should include international assets. Fama and French (1998) find, however, that
betas for a global stock market portfolio cannot explain the high average returns
observed around the world on stocks with high book-to-market or high earnings-
price ratios.

A major problem for the CAPM is that portfolios formed by sorting stocks on
price ratios produce a wide range of average returns, but the average returns are
not positively related to market betas (Lakonishok, Shleifer and Vishny, 1994; Fama
and French, 1996, 1998). The problem is illustrated in Figure 3, which shows
average returns and betas (calculated with respect to the CRSP value-weight port-
folio of NYSE, AMEX and NASDAQ) stocks) for July 1963 to December 2003 for ten
portfolios of U.S. stocks formed annually on sorted values of the book-to-market
equity ratio (B/M).°

Average returns on the B/M portfolios increase almost monotonically, from
10.1 percent per year for the lowest B/M group (portfolio 1) to an impressive
16.7 percent for the highest (portfolio 10). But the positive relation between beta
and average return predicted by the CAPM is notably absent. For example, the
portfolio with the lowest book-to-market ratio has the highest beta but the lowest
average return. The estimated beta for the portfolio with the highest book-to-
market ratio and the highest average return is only 0.98. With an average annual-
ized value of the riskfree interest rate, R, of 5.8 percent and an average annualized
market premium, Ry, — R, of 11.3 percent, the Sharpe-Lintner CAPM predicts an
average return of 11.8 percent for the lowest B/M portfolio and 11.2 percent for
the highest, far from the observed values, 10.1 and 16.7 percent. For the Sharpe-
Lintner model to “work” on these portfolios, their market betas must change
dramatically, from 1.09 to 0.78 for the lowest B/M portfolio and from 0.98 to 1.98
for the highest. We judge it unlikely that alternative proxies for the market
portfolio will produce betas and a market premium that can explain the average
returns on these portfolios.

It is always possible that researchers will redeem the CAPM by finding a
reasonable proxy for the market portfolio that is on the minimum variance frontier.
We emphasize, however, that this possibility cannot be used to justify the way the
CAPM is currently applied. The problem is that applications typically use the same

6Stock return data are from CRSP, and book equity data are from Compustat and the Moody’s
Industrials, Transportation, Utilities and Financials manuals. Stocks are allocated to ten portfolios at the
end of June of each year ¢ (1963 to 2003) using the ratio of book equity for the fiscal year ending in
calendar year ¢ — 1, divided by market equity at the end of December of ¢ — 1. Book equity is the book
value of stockholders’ equity, plus balance sheet deferred taxes and investment tax credit (if available),
minus the book value of preferred stock. Depending on availability, we use the redemption, liquidation
or par value (in that order) to estimate the book value of preferred stock. Stockholders’ equity is the
value reported by Moody’s or Compustat, if it is available. If not, we measure stockholders’ equity as the
book value of common equity plus the par value of preferred stock or the book value of assets minus
total liabilities (in that order). The portfolios for year ¢ include NYSE (1963-2003), AMEX (1963-2003)
and NASDAQ (1972-2003) stocks with positive book equity in ¢ — 1 and market equity (from CRSP) for
December of £ — 1 and June of ¢. The portfolios exclude securities CRSP does not classify as ordinary
common equity. The breakpoints for year ¢ use only securities that are on the NYSE in June of year ¢.
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Figure 3
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on B/M, 1963-2003
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market proxies, like the value-weight portfolio of U.S. stocks, that lead to rejections
of the model in empirical tests. The contradictions of the CAPM observed when
such proxies are used in tests of the model show up as bad estimates of expected
returns in applications; for example, estimates of the cost of equity capital that are
too low (relative to historical average returns) for small stocks and for stocks with
high book-to-market equity ratios. In short, if a market proxy does not work in tests
of the CAPM, it does not work in applications.

Conclusions

The version of the CAPM developed by Sharpe (1964) and Lintner (1965) has
never been an empirical success. In the early empirical work, the Black (1972)
version of the model, which can accommodate a flatter tradeoff of average return
for market beta, has some success. But in the late 1970s, research begins to uncover
variables like size, various price ratios and momentum that add to the explanation
of average returns provided by beta. The problems are serious enough to invalidate
most applications of the CAPM.

For example, finance textbooks often recommend using the Sharpe-Lintner
CAPM risk-return relation to estimate the cost of equity capital. The prescription is
to estimate a stock’s market beta and combine it with the risk-free interest rate and
the average market risk premium to produce an estimate of the cost of equity. The
typical market portfolio in these exercises includes just U.S. common stocks. But
empirical work, old and new, tells us that the relation between beta and average
return is flatter than predicted by the Sharpe-Lintner version of the CAPM. As a
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result, CAPM estimates of the cost of equity for high beta stocks are too high
(relative to historical average returns) and estimates for low beta stocks are too low
(Friend and Blume, 1970). Similarly, if the high average returns on value stocks
(with high book-to-market ratios) imply high expected returns, CAPM cost of
equity estimates for such stocks are too low.”

The CAPM is also often used to measure the performance of mutual funds and
other managed portfolios. The approach, dating to Jensen (1968), is to estimate
the CAPM time-series regression for a portfolio and use the intercept (Jensen’s
alpha) to measure abnormal performance. The problem is that, because of the
empirical failings of the CAPM, even passively managed stock portfolios produce
abnormal returns if their investment strategies involve tilts toward CAPM problems
(Elton, Gruber, Das and Hlavka, 1993). For example, funds that concentrate on low
beta stocks, small stocks or value stocks will tend to produce positive abnormal
returns relative to the predictions of the Sharpe-Lintner CAPM, even when the
fund managers have no special talent for picking winners.

The CAPM, like Markowitz’s (1952, 1959) portfolio model on which it is built,
is nevertheless a theoretical tour de force. We continue to teach the CAPM as an
introduction to the fundamental concepts of portfolio theory and asset pricing, to
be built on by more complicated models like Merton’s (1973) ICAPM. But we also
warn students that despite its seductive simplicity, the CAPM’s empirical problems
probably invalidate its use in applications.

m We gratefully acknowledge the comments of John Cochrane, George Constantinides, Richard
Leftwich, Andrei Shleifer, René Stulz and Timothy Taylor.

" The problems are compounded by the large standard errors of estimates of the market premium and
of betas for individual stocks, which probably suffice to make CAPM estimates of the cost of equity rather
meaningless, even if the CAPM holds (Fama and French, 1997; Pastor and Stambaugh, 1999). For
example, using the U.S. Treasury bill rate as the risk-free interest rate and the CRSP value-weight
portfolio of publicly traded U.S. common stocks, the average value of the equity premium R,;, — R, for
1927-2003 is 8.3 percent per year, with a standard error of 2.4 percent. The two standard error range
thus runs from 3.5 percent to 13.1 percent, which is sufficient to make most projects appear either
profitable or unprofitable. This problem is, however, hardly special to the CAPM. For example, expected
returns in all versions of Merton’s (1973) ICAPM include a market beta and the expected market
premium. Also, as noted earlier the expected values of the size and book-to-market premiums in the
Fama-French three-factor model are also estimated with substantial error.
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Risk, Return, and Equilibrium:
Empirical Tests

Eugene F. Fama and James D. MacBeth

University of Chicago

This paper tests the relationship between average return and risk for
New York Stock Exchange common stocks. The theoretical basis of
the tests is the “two-parameter” portfolio model and models of market
equilibrium derived from the two-parameter portfolio model. We can-
not reject the hypothesis of these models that the pricing of common
stocks reflects the attempts of risk-averse investors to hold portfolios
that are “efficient” in terms of expected value and dispersion of return.
Moreover, the observed “fair game” properties of the coefficients and
residuals of the risk-return regressions are consistent with an “efficient
capital market”—that is, a market where prices of securities fully
reflect available information.

I. Theoretical Background

In the two-parameter portfolio model of Tobin (1958), Markowitz (1959),
and Fama (1965b), the capital market is assumed to be perfect in the
sense that investors are price takers and there are neither transactions
costs nor information costs. Distributions of one-period percentage returns
on all assets and portfolios are assumed to be normal or to conform to
some other two-parameter member of the symmetric stable class. Investors
are assumed to be risk averse and to behave as if they choose among
portfolios on the basis of maximum expected utility. A perfect capital
market, investor risk aversion, and two-parameter return distributions
imply the important “efficient set theorem”: The optimal portfolio for
any investor must be efficient in the sense that no other portfolio with the
same or higher expected return has lower dispersion of return.!

Received August 24, 1971. Final version received for publication September 2, 1972.

Research supported by a grant from the National Science Foundation. The com-
ments of Professors F. Black, L. Fisher, N. Gonedes, M. Jensen, M. Miller, R. Officer,
H. Roberts, R. Roll, and M. Scholes are gratefully acknowledged. A special note of
thanks is due to Black, Jensen, and Officer.

1 Although the choice of dispersion parameter is arbitrary, the standard deviation
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In the portfolio model the investor looks at individual assets only in
terms of their contributions to the expected value and dispersion, or risk,
of his portfolio return. With normal return distributions the risk of port-
folio p is measured by the standard deviation, a(ﬁp), of its return, ﬁ,,ﬁ
and the risk of an asset for an investor who holds p is the contribution of
the asset to G(R',,). If x,, is the proportion of portfolio funds invested in
asset 4, 6;; = cov(ﬁi, ﬁj) is the covariance between the returns on assets $
and j, and N is the number of assets, then

N
N N o~
% Xjp0ij cov(R;, R,)
oty = Y| L |, ek
i=1 — i=1 P
O'(Rp)

Thus, the contribution of asset ¢ to 6(§p)—that is, the risk of asset ¢ in
the portfolio p—is proportional to

N

Z 250,/6(R,) = cov(R,, R,) /0(R,).

=1

Note that since the weights x;, vary from portfolio to portfolio, the risk
of an asset is different for different portfolios.

For an individual investor the relationship between the risk of an asset
and its expected return is implied by the fact that the investor’s optimal
portfolio is efficient. Thus, if he chooses the portfolio 7, the fact that m
is efficient means that the weights xim, ¢ = 1,2, ..., N, maximize expected
portfolio return

N

B = ) 5m BB,

i=1

subject to the constraints

is common when return distributions are assumed to be normal, whereas an inter-
fractile range is usually suggested when returns are generated from some other
symmetric stable distribution.

It is well known that the mean-standard deviation version of the two-parameter
portfolio model can be derived from the assumption that investors have quadratic
utility functions. But the problems with this approach are also well known. In any
case, the empirical evidence of Fama (1965a), Blume (1970), Roll (1970), K. Miller
(1971), and Officer (1971) provides support for the “distribution” approach to the
model. For a discussion of the issues and a detailed treatment of the two-parameter
model, see Fama and Miller (1972, chaps. 6-8).

We also concentrate on the special case of the two-parameter model obtained with
the assumption of normally distributed returns. As shown in Fama (1971) or Fama
and Miller (1972, chap. 7), the important testable implications of the general sym-
metric stable model are the same as those of the normal model.

2 Tildes (~) are used to denote random variables. And the one-period percentage
return is most often referred to just as the return.
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N
o(ﬁ,,) — o(R,) and Z Xm = 1.
i=1

Lagrangian methods can then be used to show that the weights x;, must
be chosen in such a way that for any asset i in m

N
E(R) — E(Rn) = Sn le,ma,-,- Rt (1)
ST SE e

where S, is the rate of change of E(ﬁp) with respect to a change in
c(ﬁp) at the point on the efficient set corresponding to portfolio 7. If
there are nonnegativity constraints on the weights (that is, if short selling
is prohibited), then (1) only holds for assets ¢ such that xum > O.

Although equation (1) is just a condition on the weights x;m that is re-
quired for portfolio efficiency, it can be interpreted as the relationship be-
tween the risk of asset i in portfolio 7 and the expected return on the asset.
The equation says that the difference between the expected return on the
asset and the expected return on the portfolio is proportional to the differ-
ence between the risk of the asset and the risk of the portfolio. The pro-
portionality factor is Sn, the slope of the efficient set at the point corres-
ponding to the portfolio 7. And the risk of the asset is its contribution to
total portfolio risk, G(ﬁm).

II. Testable Implications

Suppose now that we posit a market of risk-averse investors who make
portfolio decisions period by period according to the two-parameter model 2
We are concerned with determining what this implies for observable
properties of security and portfolio returns. We consider two categories of
implications. First, there are conditions on expected returns that are im-
plied by the fact that in a two-parameter world investors hold efficient
portfolios. Second, there are conditions on the behavior of returns through
time that are implied by the assumption of the two-parameter model that
the capital market is perfect or frictionless in the sense that there are
neither transactions costs nor information costs.

A. Expected Returns

The implications of the two-parameter model for expected returns derive
from the efficiency condition or expected return-risk relationship of equa-
tion (1). First, it is convenient to rewrite (1) as

3 A multiperiod version of the two-parameter model is in Fama (1970a) or Fama
and Miller (1972, chap. 8).

110138-OPC-POD-60-105

Copyright © 2001. All Rights Reserved.



610 JOURNAL OF POLITICAL ECONOMY
E(R) = [E(Rn) — S o(Bp)] + Su o(R.0)B,, (2)

where
N

8, — cov(ﬁi,ﬁm) _ ;xjm% . cov(ﬁi,ﬁm)/o(fém) 3)
T e®) T @Ry oy

The parameter f; can be interpreted as the risk of asset 7 in the portfolio
m, measured relative to 6(R,,), the total risk of m. The intercept in (2),

E(R,) =E(R,) — Sno(R,), (4)

is the expected return on a security whose return is uncorrelated with
R,—that is, a zero-B security. Since § = O implies that a security con-
tributes nothing to ¢(R,,), it is appropriate to say that it is riskless in this
portfolio. It is well to note from (3), however, that since i 65 = %im
02(ﬁi) is just one of the N terms in B;, B; = O does not imply that security
i has zero variance of return.

From (4), it follows that

_ E(R,) — E(R))

Sn = s(R.,) ’ )
so that (2) can be rewritten
E(R) = E(Ro) + [E(R,) — E(R,)1B. (6)

In words, the expected return on security i is E(ﬁo), the expected return
on a security that is riskless in the portfolio m, plus a risk premium that
is B; times the difference between E(R,,) and E (ﬁo).

Equation (6) has three testable implications: (C1) The relationship
between the expected return on a security and its risk in any efficient port-
folio m is linear. (C2) f; is a complete measure of the risk of security # in
the efficient portfolio 7; no other measure of the risk of i appears in (6).
(C3) In a market of risk-averse investors, higher risk should be associated
with higher expected return; that is, E(R,) — E(R,) > 0.

The importance of condition C3 is obvious. The importance of C1 and
C2 should become clear as the discussion proceeds. At this point suffice it
to say that if C1 and C2 do not hold, market returns do not reflect the
attempts of investors to hold efficient portfolios: Some assets are syste-
matically underpriced or overpriced relative to what is implied by the
expected return-risk or efficiency equation (6).

B. Market Equilibrium and the Eficiency of the Market Portfolio

To test conditions C1-C3 we must identify some efficient portfolio m.
This in turn requires specification of the characteristic of market equi-
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librium when investors make portfolio decisions according to the two-
parameter model.

Assume again that the capital market is perfect. In addition, suppose
that from the information available without cost all investors derive the
same and correct assessment of the distribution of the future value of any
asset or portfolio—an assumption usually called “homogeneous expecta-
tions.” Finally, assume that short selling of all assets is allowed. Then
Black (1972) has shown that in a market equilibrium, the so-called
market portfolio, defined by the weights

total market value of all units of asset 4

L =
total market value of all assets

is always efficient.

Since it contains all assets in positive amounts, the market portfolio is
a convenient reference point for testing the expected return-risk conditions
C1-C3 of the two-parameter model. And the homogeneous-expectations
assumption implies a correspondence between ex ante assessments of
return distributions and distributions of ex post returns that is also re-
quired for meaningful tests of these three hypotheses.

C. A Stockastic Model for Returns

Equation (6) is in terms of expected returns. But its implications must be
tested with data on period-by-period security and portfolio returns. We
wish to choose a model of period-by-period returns that allows us to use
observed average returns to test the expected-return conditions C1-C3,
but one that is nevertheless as general as possible. We suggest the follow-
ing stochastic generalization of (6):

ﬁit = "\‘(Jot + 71:6;’ + 72:[31'2 + ’73t5i + ?']ib (7

The subscript ¢ refers to period £, so that ﬁu is the one-period percent-
age return on security i from ¢ — 1 to ¢. Equation (7) allows %o and ¥
to vary stochastically from period to period. The hypothesis of condition
C3 if, that the f/:zipected value of the risk premium ¥3;, which is the slope
[E(Ro) — E(Ro)] in (6), is positive—that is, E(F1) = E(Rm) —
E(Ro:) > 0.

The variable B2 is included in (7) to test linearity. The hypothesis of
condition C1 is E(¥.;) = 0, although #¥s, is also allowed to vary stochasti-
cally from period to period. Similar statements apply to the term involving
s; in (7), which is meant to be some measure of the risk of security ¢ that
is not deterministically related to f;. The hypothesis of condition C2 is
E(¥s:) = 0, but ¥3; can vary stochastically through time.

The disturbance #;; is assumed to have zero mean and to be independent
of all other variables in (7). If all portfolio return distributions are to be
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normal (or symmetric stable), then the variables Wi, Yo, ¥1¢, ¥2¢ and Vs
must have a multivariate normal (or symmetric stable) distribution.

D. Capital Market Efficiency: The Behavior of Returns through Time

C1-C3 are conditions on expected returns and risk that are implied by
the two-parameter model. But the model, and especially the underlying
assumption of a perfect market, implies a capital market that is efficient in
the sense that prices at every point in time fully reflect available informa-
tion. This use of the word efficient is, of course, not to be confused with
portiolio efficiency. The terminology, if a bit unfortunate, is at least
standard.

Market efficiency in combination with condition C1 requires that scrutiny
of the time series of the stochastic nonlinearity coefficient ¥, does not
lead to nonzero estimates of expected future values of ¥, Formally, Vo
must be a fair game. In practical terms, although nonlinearities are ob-
served ex post, because ¥y is a fair game, it is always appropriate for the
investor to act ex ante under the presumption that the two-parameter
model, as summarized by (6), is valid. That is, in his portfolio decisions
he always assumes that there is a linear relationship between the risk of
a security and its expected return. Likewise, market efficiency in the two-
parameter model requires that the non-f§ risk coefficient ¥;; and the time
series of return disturbances 7;; are fair games. And the fair-game hypo-
thesis also applies to the time series of ¥;; — [E(ﬁmt) — E(ﬁm)], the
difference between the risk premium for period ¢ and its expected value.

In the terminology of Fama (1970b), these are “weak-form” proposi-
tions about capital market efficiency for a market where expected returns
are generated by the two-parameter model. The propositions are weak since
they are only concerned with whether prices fully reflect any information
in the time series of past returns. “Strong-form” tests would be concerned
with the speed-of-adjustment of prices to all available information.

E. Market Equilibrium with Riskless Borrowing and Lending

We have as yet presented no hypothesis about ¥o; in (7). In the general
two-parameter model, given E(¥s:) — E(¥s) = E(%;) = 0, then, from
(6), E(¥o) is just E(ﬁm), the expected return on any zero-f§ security.
And market efficiency requires that ¥, — E(ﬁm) be a fair game.

But if we add to the model as presented thus far the assumption that
there is unrestricted riskless borrowing and lending at the known rate Rj;,
then one has the market setting of the original two-parameter “capital asset
pricing model” of Sharpe (1964) and Lintner (1965). In this world, since
Br =0, E(¥5:) = Ry:. And market efficiency requires that ¥,; — Ry be
a fair game,.
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It is well to emphasize that to refute the proposition that E(¥o:) = Ry
is only to refute a specific two-parameter model of market equilibrium.
Our view is that tests of conditions C1-C3 are more fundamental. We
regard C1-C3 as the general expected return implications of the two-
parameter model in the sense that they are the implications of the fact
that in the two-parameter portfolio model investors hold efficient portiolios,
and they are consistent with any two-parameter model of market equi-
librium in which the market portfolio is efficient.

F. The Hypotheses

To summarize, given the stochastic generalization of (2) and (6) that is
provided by (7), the testable implications of the two-parameter model
for expected returns are:

C1 (linearity)—E(¥2:) = O.

C2 (no systematic effects of non-§ risk)—E(¥s;) = O.

C3 (positive expected return-risk tradeoff)—E(¥y) = E(ﬁmt) —
E(’Rloc) > 0.

Sharpe-Lintner (S-L) Hypothesis—E(¥ot) = Rys.

Finally, capital market efficiency in a two-parameter world requires

ME (market efficiency)—the stochastic coefficients Ya;, Far, Y1e —
[E(R,..) — E(Rot)1, Yo — E(R,;), and the disturbances 7y are fair
games.*

III. Previous Work®

The earliest tests of the two-parameter model were done by Douglas
(1969), whose results seem to refute condition C2. In annual and quarterly
return data, there seem to be measures of risk, in addition to 3, that con-
tribute systematically to observed average returns. These results, if valid,
are inconsistent with the hypothesis that investors attempt to hold efficient
portfolios. Assuming that the market portfolio is efficient, premiums are
paid for risks that do not contribute to the risk of an efficient portfolio.

Miller and Scholes (1972) take issue both with Douglas’s statistical
techniques and with his use of annual and quarterly data. Using different
methods and simulations, they show that Douglas’s negative results could
be expected even if condition C2 holds. Condition C2 is tested below with
extensive monthly data, and this avoids almost all of the problems dis-
cussed by Miller and Scholes.

11f ¥,, and ¥,, are fair games, then E(¥,,) — E(¥g,) = 0. Thus, C1 and C2 are
implied by ME. Keeping the expected return conditions separate, however, better
emphasizes the economic basis of the various hypotheses.

5 A comprehensive survey of empirical and theoretical work on the two-parameter
model is in Jensen (1972).
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Much of the available empirical work on the two-parameter model is
concerned with testing the S-L hypothesis that E(%y;) = Ry;. The tests of
Friend and Blume (1970) and those of Black, Jensen, and Scholes (1972)
indicate that, at least in the period since 1940, on average ¥y, is system-
atically greater than Ry, The results below support this conclusion.

In the empirical literature to date, the importance of the linearity condi-
tion C1 has been largely overlooked. Assuming that the market portfolio
m is efficient, if E(¥) in (7) is positive, the prices of high- securities
are on average too low—their expected returns are too high—relative to
those of low-f8 securities, while the reverse holds if E(¥s) is negative. In
short, if the process of price formation in the capital market reflects the
attempts of investors to hold efficient portfolios, then the linear relation-
ship of (6) between expected return and risk must hold.

Finally, the previous empirical work on the two-parameter model has
not been concerned with tests of market efficiency.

IV. Methodology

The data for this study are monthly percentage returns (including divi-
dends and capital gains, with the appropriate adjustments for capital
changes such as splits and stock dividends) for all common stocks traded
on the New York Stock Exchange during the period January 1926 through
June 1968. The data are from the Center for Research in Security Prices
of the University of Chicago.

A. General Approack

Testing the two-parameter model immediately presents an unavoidable
“‘errors-in-the-variables” problem: The efficiency condition or expected
return-risk equation (6) is in terms of true values of the relative risk
measure f3;, but in empirical tests estimates, [i-, must be used. In this paper
C/O}’(ﬁiy ﬁJm)

82(Rn)
where c/o}/(ﬁi, R,) and 62(R,,) are estimates of cov(R;, R,,) and o2(R,)
obtained from monthly returns, and where the proxy chosen for R, is
“Fisher’s Arithmetic Index,” an equally weighted average of the returns
on all stocks listed on the New York Stock Exchange in month ¢. The
properties of this index are analyzed in Fisher (1966).

Blume (1970) shows that for any portfolio p, defined by the weights
xq;p,i:]., 2,. . .,N,

B:

Il

g OB R) N GVR Ry ZN: .
TURRD Tat T eER) Tt

i=1
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If the errors in the @i are substantially less than perfectly positively cor-
related, the 6’5 of portfolios can be much more precise estimates of true
B’s than the f’s for individual securities.

To reduce the loss of information in the risk-return tests caused by
using portfolAios rather than individual securities, a wide range of values
of portfolio {3,’s is obtained by forming portfolios on the basis of ranked
values of B\i for individual securities. But such a procedure, naively exe-
cuted could result in a serious regression phenomenon. In a cross section
of ﬁi, high observed &- tend to be above the corresponding true f; and low
observed fi\l tend to be below the true f§;. Forming portfolios on the basis
of ranked B\i thus causes bunching of positive and negative sampling errors
within portfolios. The result is that a large portfolio B,, would tend to over-
state the true f3,, while a low 3,, would tend to be an underestimate.

The regression phenomenon can be avoided to a large extent by forming
portfolios from ranked & computed from data for one time period but then
using a subsequent period to obtain the ﬁ,, for these portfolios that are
used to test the two-parameter model. With fresh data, within a portfolio
errors in the individual security ﬁi are to a large extent random across
securities, so that in a portfolio B\,, the effects of the regression phenomenon
are, it is hoped, minimized.®

B. Details

The specifics of the approach are as follows. Let N be the total number of
securities to be allocated to portfolios and let int(N/20) be the largest
integer equal to or less than N/20. Using the first 4 years (1926-29) of
monthly return data, 20 portfolios are formed on the basis of ranked ,Bi
for individual securities. The middle 18 portfolios each has int(N/20)
securities. If IV is even, the first and last portfolios each has int(N/20) +
3 [N — 20int(N/20)] securities. The last (highest /B) portfolio gets an
additional security if N is odd.

The following 5 years (1930-34) of data are then used to recompute
the ﬁ,-, and these are averaged across securities within portfolios to obtain
20 initial portfolio ﬁpt for the risk-return tests. The subscript ¢ is added to
indicate that each month ¢ of the following four years (1935-38) these
6,” are recomputed as simple averages of individual security /Bu thus ad-
justing the portfolio fi\m month by month to allow for delisting of securi-
ties. The component 3; for securities are themselves updated yearly—that

6 The errors-in-the-variables problem and the technique of using portfolios to
solve it were first pointed out by Blume (1970). The portfolio approach is also used
by Friend and Blume (1970) and Black, Jensen, and Scholes (1972). The regression
phenomenon that arises in risk-return tests was first recognized by Blume (1970)
and then by Black, Jensen, and Scholes (1972), who offer a solution to the problem
that is similar in spirit to ours.
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is, they are recomputed from monthly returns for 1930 through 1935,
1936, or 1937,
As a measure of the non-f risk of security i we use s(%;), the standard
deviation of the least-squares residuals ?;; from the so-called market model
ﬁit:ai‘i_ﬁiﬁmt‘*’at- (8)
The standard deviation s(&;) is a measure of non-f risk in the following
sense. One view of risk, antithetic to that of portfolio theory, says that
the risk of a security is measured by the total dispersion of its return
distribution. Given a market dominated by risk averters, this model would
predict that a security’s expected return is related to its total return dis-
persion rather than just to the contribution of the security to the dispersion
in the return on an efficient portfolio.” If B; = cov (ﬁi, ﬁm) /oz(ﬁm), then
in (8) cov( ¢, ﬁm) =0, and
0*(Ri) = Bi2o*(Rm) + 0*(%) + 2i cov(Ro, &). (9)
Thus, from (9), one can say that s(%;) is an estimate of that part of the
dispersion of the distribution of the return on security ¢ that is not directly
related to ;.

The month-by-month returns on the 20 portfolios, with equal weighting
of individual securities each month, are also computed for the 4-year
period 1935-38. For each month ¢ of this period, the following cross-
sectional regression—the empirical analog of equation (7)—is run:

Rpt = ?Ot + ?lt Bp,t—l + &2)2 B2p,t—1 + ?3t§l),t—1(?i) + ?hﬁ) (10)
p=1,2,...,20.

The independent variable /B,,,tﬁl is the average of the ﬁi for securities in
portfolio p discussed above; @2”_1 is the average of the squared values
of these 6z (and is thus somewhat mislabeled):; and 5, 1(%) is likewise
the average of s(%;) for securities in portfolio p. The s(%;) are computed
from data for the same period as the component /(34 of 'B,,Jt_l, and like these
B,—, they are updated annually.

The regression equation (10) is (7) averaged across the securities in a
portfolio, with estimates ’B,,,t_l, 2,1, and §,¢1(%;) used as explanatory
variables, and with least-squares estimates of the stochastic coefficients
Dot, Y11, Y21, and Yg;. The results from (10)—the time series of month-by-
month values of the regression coefficients {o¢, ¥1z, 2¢, and s for the
4-year period 1935-38—are the inputs for our tests of the two-parameter
model for this period. To get results for other periods, the steps described

7For those accustomed to the portfolio viewpoint, this alternative model may
seem 50 naive that it should be classified as a straw man. But it is the model of risk
and return implied by the “liquidity preference” and “market segmentation” theories
of the term structure of interest rates and by the Keynesian “normal backwardation”
theory of commodity futures markets. For a discussion of the issues with respect to
these markets, see Roll (1970) and K. Miller (1971).
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above are repeated. That is, 7 years of data are used to form portfolios;
the next 5 years are used to compute initial values of the independent
variables in (10); and then the risk-return regressions of (10) are fit
month by month for the following 4-year period.

The nine different portfolio formation periods (all except the first 7
years in length), initial 5-year estimation periods, and testing periods (all
but the last 4 years in length) are shown in table 1. The choice of 4-year
testing periods is a balance of computation costs against the desire to
reform portfolios frequently. The choice of 7-year portfolio formation
periods and 5-8-year periods for estimating the independent variables
3”_1 and 5, (%) in the risk-return regressions reflects a desire to bal-
ance the statistical power obtained with a large sample from a stationary
process against potential problems caused by any nonconstancy of the f;.
The choices here are in line with the results of Gonedes (1973). His
results also led us to require that to be included in a portfolio a security
available in the first month of a testing period must also have data for all
5 years of the preceding estimation period and for at least 4 years of the
portfolio formation period. The total number of securities available in the
first month of each testing period and the number of securities meeting
the data requirement are shown in table 1.

C. Some Observations on the Approach

Table 2 shows the values of the 20 portfolios 3”_1 and their standard
errors s(ﬁ,,,t_l) for four of the nine 5-year estimation periods. Also shown
are: 7(R,, R,)? the coefficient of determination between R, and Rp;
s(Ryp), the sample standard deviation of R,; and s(%,), the standard devia-
tion of the portfolio residuals from the market model of (8), not to be
confused with 5,,..1(%;), the average for individual securities, which is also
shown. The ﬁp,t_l and 3,,;_1(%) are the independent variables in the risk
return regressions of (10) for the first month of the 4-year testing periods
following the four estimation periods shown.

Under the assumptions that for a given security the disturbances % in
(8) are serially independent, independent of R, and identically distrib-
uted through time, the standard error of ﬁi is

(%)
Vro(R,)'

where # is the number of months used to compute 31 Likewise,

(B =

~ _ 0(&)
o(Bp.t—1) __—_—\/ﬁo(ﬁm)

Thus, the fact that in table 2, s(%,) is generally on the order of one-third
to one-seventh 5, 1(8;) implies that s(ﬁp,,_l) is one-third to one-seventh
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TABLE 1
PortroLio ForMATION, ESTIMATION, AND TESTING PERIODS

PERIODS
1 2 3 4 5
Portfolio formation period ... 1926-29 1927-33  1931-37 193541  1939-4§
Initial estimation period ...... 1930-34 1934-38 1938-42 194246 1946-50
Testing period .............. 1935-38 1939-42 1943-46 1947-50 1951-54
No. of securities available .... 710 779 804 908 1,011
No. of securities meeting
data requirement .......... 435 576 607 704 751

s(Bi). Estimates of B for portiolios are indeed more precise than those for
individual securities.

Nevertheless, it is interesting to note that if the disturbances ¢j; in (8)
were independent from security to security, the relative increase in the
precision of the B obtained by using portfolios rather than individual
securities would be about the same for all portfolios. We argue in the
Appendix, however, that the results from (10) imply that the €, in (8) are
interdependent, and the interdependence is strongest among high-$ secu-
rities and among low-f§ securities. This is evident in table 2: The ratios
5(%)/5p.+—1(%) are always highest at the extremes of the /(3,,,,_1 range and
lowest for 'B,,,,_l close to 1.0. But it is important to emphasize that since
these ratios are generally less than .33, interdependence among the %; of
different securities does not destroy the value of using portfolios to reduce
the dispersion of the errors in estimated f’s.

Finally, all the tests of the two-parameter model are predictive in the
sense that the explanatory variables ﬁp,t_l and 5p;_1(%) in (10) are com-
puted from data for a period prior to the month of the returns, the R,;, on
which the regression is run. Although we are interested in testing the two-
parameter model as a positive theory—that is, examining the extent to
which it is helpful in describing actual return data—the model was initially
developed by Markowitz (1959) as a normative theory—that is, as a model
to help people make better decisions. As a normative theory the model only
has content if there is some relationship between future returns and esti-
mates of risk that can be made on the basis of current information.

Now that the predictive nature of the tests has been emphasized, to
simplify the notation, the explanatory variables in (10) are henceforth
referred to as 3@ ﬁpz, and 5,(%;).

V. Results

The major tests of the implications of the two-parameter model are in
table 3. Results are presented for 10 periods: the overall period 1935—
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TABLE 1 (Continued)

PERIODS
6 7 8 9
Portfolio formation period ... 1943-49 1947-53 1951-57 1955-61
Initial estimation period ...... 1950-54 1954-58 1958-62 196266
Testing period .............. 1955-58 1959-62 1963-66 1967-68
No. of securities available .... 1,053 1,065 1,162 1,261
No. of securities meeting
data requirement .......... 802 856 858 845

6/68; three long subperiods, 1935-45, 1946-55, and 1956-6/68; and six
subperiods which, except for the first and last, cover 5 years each. This
choice of subperiods reflects the desire to keep separate the pre— and post—
World War II periods. Results are presented for four different versions of
the risk-return regression equation (10): Panel D is based on (10) itself,
but in panels A-C, one or more of the variables in (10) is suppressed.
For each period and model, the table shows: ¥;, the average of the month-
by-month regression coefficient estimates, ¥:; s(9;), the standard devia-
tion of the monthly estimates; and 7> and s(#?), the mean and standard
deviation of the month-by-month coefficients of determination, 7,2, which
are adjusted for degrees of freedom. The table also shows the first-order
serial correlations of the various monthly 9; computed either about the
sample mean of ¥ [in which case the serial correlations are labeled
par(§:)] or about an assumed mean of zero [in which case they are labeled
po(¥;)]. Finally, ¢-statistics for testing the hypothesis that §; = 0 are pre-
sented. These ¢-statistics are

1§ = —
T s
where # is the number of months in the period, which is also the number
of estimates % used to compute 9; and 5(9;).

In interpreting these f-statistics one should keep in mind the evidence
of Fama (1965¢) and Blume (1970) which suggests that distributions of
common stock returns are “thick-tailed” relative to the normal distribu-
tion and probably conform better to nonnormal symmetric stable distribu-
tions than to the normal. From Fama and Babiak (1968), this evidence
means that when one interprets large ¢-statistics under the assumption that
the underlying variables are normal, the probability or significance levels
obtained are likely to be overestimates. But it is important to note that,
with the exception of condition C3 (positive expected return-risk tradeoff),
upward-biased probability levels lead to biases toward rejection of the
hypotheses of the two-parameter model. Thus, if these hypotheses cannot
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TABLE 2

SAMPLE STATISTICS FOR FOUR SELECTED ESTIMATION PERIODS

Statistic 1 2 3 4 5 6 7 8 9 10
Portfolios for Estimation Period 1934-38
Bpoq cooveeennn 322 508 651 .674 695 .792 921 942 970 1.005
S(Bp,t— 1) ........ 027 027 025 023 028 .026 .032 029 .034 .027
r(Rp, Rm) ....... 709 861 921 936 912 .941 932 946 933 .958
S(Rp) ............ 040 058 072 074 077 087 .101 .103 .106 .109
s(@p) ............. 022 022 020 019 023 .021 026 .024 .028 .022
Ep,t— 1 (Q) ........ 085 075 083 .078 .090 .095 .109 .106 .111 097
s(?p)/fp,t_l(ﬁ-‘) .. 259 293 241 244 256 221 238 226 252 227
Portfolios for Estimation Period 1942-46
Bopsoy covoenennn 467 537 593 628 707 721 770 792 805 .894
§ (Bp ‘e 1) ........ 045 041 044 037 027 032 .035 .035 .028 .040
r(Rp, Rm)2 ....... 645 745 .753 829 919 898 889 .898 934 .896
s (Rp) ............ 035 037 041 041 .044 046 049 050 .050 .057
s(ﬁ‘p) ............. .021 .019 .020 017 013 015 016 .016 .013 .018
Ep,t— 1 (?1) ........ 055 055 063 .058 .058 .063 .064 064 062 .069
s(@p)/fp,t_l(@i) .. 382 345 317 293 224 238 250 .250 .210 261
Portfolios for Estimation Period 1950-54
ﬁpAt—l ........... 418 590 694 751 777 784 929 950 .996 1.014
s (31”_ 1) ........ 042 047 045 037 .038 035 .050 .038 .035 .029
r(Rp, Rm)2 ....... 629 723 798 872 878 895 .856 913 933 .954
S(Rp) ............ 019 025 028 .029 .030 .030 .036 .036 .037 038
S(ﬁp) ............. 012 013 013 010 .010 010 .014 011 010 .008
5018 ... 040 044 046 048 051 051 052 033 054 057
S(@p)/fp,twl(ei) .. 300 295 283 208 .196 .196 .269 .208 .185 .140
Portfolios for Estimation Period 1958—62
Bogq coeeeennnn 626 635 719 801 817 .860 920 950 975 .995
s (BD, P 1) ........ 043 048 039 046 .047 033 037 .038 .032 .037
r(Rp, Rm)2 ....... 783 745 851 835 838 .920 913 915 939 925
s (Rp) ............ .030 031 033 037 038 .038 .041 042 043 044
s(é‘p) ............. 014 016 013 015 015 011 012 012 011 012
Ep‘t_ 1(‘e‘,‘) ........ 049 052 056 .059 064 061 070 069 .068 .064
S(@p)/‘?p,t—l(ei) .. 286 .308 232 254 234 .180 .171 174 162 .188

be rejected when ¢-statistics are interpreted under the assumption of nor-
mality, the hypotheses are on even firmer ground when one takes
account the thick tails of empirical return distributions.

Further justification for using #-statistics to test hypotheses on monthly
common stock returns is in the work of Officer (1971). Under the assump-
tion that distributions of monthly returns are symmetric stable, he esti-
mates that in the post-World War II period the characteristic exponent
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TABLE 2 (Continued)

621

Statistic 11 12 13 14 15 16 17 18 19 20
Portfolios for Estimation Period 1934-38
6p.t—1 .......... 1.046 1.122 1.181 1.192 1.196 1295 1.335 1.396 1.445 1458
s (,BIM— 1) ....... 028 031 .035 .028 .029 032 032 .053 .039 .053
r(RP, Rm)2 ...... 959 956 .951 969 .966 966 967 922 958 927
S(Rp) ........... 113 122 128  .128 129 .140 144 154 156 .160
S(é‘p) ............ 023 026 029 023 024 026 .026 .043 032 .043
Spio1(®) o 094 124 120 122 132 125 129 138 145 170
s(’ép) /s-p,t——l(ei) 245 210 242 188 182 208 202 272 221 283
Portfolios for Estimation Period 1942-46
3‘”_1 .......... 949 952 1010 1.038 1.254 1312 1316 1473 1.631 1.661
$ (Bp-t~ 1) ....... 031 036 .040 .030 034 039 041 084 .083 .077
r(Rp, Rm)2 ...... 942 923 917 954 958 951 .945 839 .867 .887
S(Rp) ........... 059 .060 063 .064 077 081 .081 .097 .105 .106
S(’ép) ............ 014 016 .018 014 .016 018 .019 039 .038 .036
50108 ... 073 074 085 077 096 083 08 134 .117 .122
S(Qp)/fp,t—l(/éi) 192 216 212 182 167 217 221 291 325 295
Portfolios for Estimation Period 1950-54
Bp.tfl .......... 1.117 1.123 1.131 1.134 1.186 1.235 1.295 1.324 1.478 1.527
SBpp) —oeee-s 039 027 044 033 037 049 045 046 058 086
7’(Rp, Rm)2 ...... 934 968 919 952 944 915 933 934 917 841
N (Rp) ........... 042 041 043 042 044 047 049 050 .056 .060
s(é‘p) ............ 011 007 012 009 010 .014 013 013 016 .024
Ep‘ t_1 (?i) ....... 066 057 066 060 .064 064 065 .068 .076 088
S(?p)-/gp,t~1(€i) 167 123 182 150 156 219 200 192 210 273
Portfolios for Estimation Period 1958-62
6’”71 .......... 1.013 1.019 1037 1048 1069 1.081 1.092 1.098 1.269 1.388
s( 81;‘ e 1) ....... 038 031 036 .033 036 038 .045 045 048 065
r(Rp, Rm)Q ...... 922 948 934 945 936 .931 907 910 922 886
s(Rp) ........... 045 045 046 046 047 048 049 049 056 063
S(’e‘p) ............ 013 010 012 011 012 013 .015 .015 .016 021
§p<t— 1 (’e‘i) ....... 069 066 067 062 070 072 Q076 068 .070 .078
S(ep)/s—p,t—l(ei) 188 152 179 177 171 180 197 220 228 .269

for these distributions is about 1.8 (as compared with a value of 2.0 for a
normal distribution). From Fama and Roll (1968), for values of the char-
acteristic exponent so close to 2.0 stable nonnormal distributions differ
noticeably from the normal only in their extreme tails—that is, beyond
the .05 and .95 fractiles. Thus, as long as one is not concerned with pre-
cise estimates of probability levels (always a somewhat meaningless activ-
ity), interpreting ¢-statistics in the usual way does not lead to serious errors.

110138-OPC-POD-60-117

Copyright © 2001. All Rights Reserved.



6" ¥& 10— o 16" €5’ 44 o 10—  90° 149 ¥90°  8€T" 990" 0000 ¥£00° LL00" 6200° T 89/9-1961
1€ ST° ¥8°C o S — 91— 8¢'¢ o 9z 3% s¢ Tt 670" .00 0f0°  8010° 0700—  S100'— 8710’ T 09-9561
62" 87" 07— B iLr—  sS't or o 10—  $i'— IT— Tt S¢0T §80°  0€0° 8000 T 2z10°— 1820’ #000° Tt ss-1s6l
[4 3 4 S 4 e o v1— I 81— . 00 0 148 €0 yoU°  L£O'  ST00™— ' 1§00°—  Z§10° 8000 — 7' 0§-9v61
TN T 4454 ST'L £0° 82'C . ¥0'—  61'—  $0-— €07 T1IT° 08O 9%10° 8010° +000° 8%10° SY~1v61
PN 72NN 49 61— A e o §€—  9¢— ¢ §L0° 091" 690"  Z100° . LT100—  T1$10° £100° T 0b-Seel
0" 0f L6 B 67 w 98’1 o £0° L0’ Ly £60° 911" 50" €¥00° £100° 0+00° 6900° ©89/9-9561
e 9¢" 8¢ — . £8'7— IS¢ LO— o 00° 00" 0 ¥€0°  §60°  9£0° 7100 T L800'—  L1ZO° 7000 — T §S-9h61
og e 9¢1 ' 19 §9° 6¢°1 T w— 1e— or— ¥L00 6£1T° 190" €L00° 0%00° 6£00° ¥400° S e 11
[N A A A o 60— 6L°1 6°1 e r— 1r— ¢ 9s0"  8IL"  Z50°  9£00° e 8000—  SO10° 6+00° Tt 89/9-5¢61
g leueg
e e 08— . 18°Z £0° o o 60° 24 : 8¥0°  $€0° 6200 : £¥10° 1000° 89/9-1961
ezt 68 o LET— 89°¢S e . 8T° Le B ve0" 070" 8710 o 6500—  8¥10° T 09-9s561
6 ¥I© 95V B . £’ 90°S o 80° 0z §€0° 6107 ITIO ) +200° £210° T §S-1561
£€7 68 011 ) o 8y’ L't o o ¥0° 0oz ) L¥0"  T1¢0°  ++00° T 6700 0500° © 05961
TA S S 4 A . X €§°Z Lt e . ST €T 690" $€0°  ¥500° o o 6720° 9$00° T Sh-1v61
SRR AR : 6L 4% ’ 60— L0 . 911" ¥90°  £200° . 6010 ¥200° L 1 13
67" 87" 6f'l LT s¥'e o e st LT Pp0° 080" +€00° o 2900 0900° TT89/9-9561
4 S R . . oL e o o Lo I . Iv0° 920" 8.00° . £200° £800° . §5-9%61
677 677 % . w61 98’ T £0'— 01 860" 50" LEOO" e : €910 6£00° ' SP—S€61
og 677 §§°C : 1§t yoe ' : 40 ST o 990"  8¢0"  §+00 o S800° 1900 Tt 89/9-§561
Y Pueg
s A="1CP1 Cor 1 1 CHY Y I 0% (s Clys (s Cos fa=% % % K3 °4 aonrag

JILSILVIG

M+ (I + g+ P+ =y

NOISSTIOTY IHI 04 SITASTY AAVININANG

£ UT14dV.L

T10138-OPC-POD-60-118

Copyright © 2001. All Rights Reserved.



677 S& 09— 071 61" 8¢” 10— Ssr— 10 00° 0z £88° 990" v¥IT  €£L0°  9+¥00'—  LS60O £100° 8800° L100°— 7 89/9-1961
o¢r 8¢ 1f1 68° 6y — Ly— £9°1 0" 10— 61 91— 9871 £0°  8L0° 6¥0° €800 6L60° 0700'—  L¥00'— €010 Tt 099861
og 67 €T €5 — vS'e— €577 8’ g7— 10— €I'— II'— 189" €07  S80 L£0" 1100 £pP0—  ZITO—  LLZO° £200° Tt 88-1861
A A A 10 v — L — €0'1T 8T r— 10— €0 01— 06§ Z¥0' 901" L¥0"  +000° €160 —  0¥00'—  T+10° 1100° Tt 0§-9%61
e £ or IT'l ST 149 149 81— Z¢’— I¢— 8z— I8I'l 7L0° 601" Z60°  Z10O LOLT +100° €L00° S100° Ut Sy-TIv6l
og 9T 90 £0° 60— 8L L0° r—  9r— €U'— 91— 978 §80° ILTT  ZIT" 8000 §700° 6200— 9510 6000° Oy—SE61
[TA A ] 111 00'— be 6§° so'— 10° £0° 49 190°T €S0°  zZI° S90°  SO00° 9960° 0000—  $£00° 1£00° Tt 89/9-9561
e 9 OT L9— 9I'z—  6f°C i 0z— 10°— 00— OI'— 619" 80" 960" 7v0' 8000 8L£0"—  9.L00'—  60Z0° L100° TTTT o S5-9661
1€ ¥ 1T ¥6’ yr— b6 £ SI'— v’ €£— 0r— €00'T 640" 9¥I" €OI" 0100 L180° 6000'—  8I10° 1100° I 4 311
1€ ¥ OU 1 98— §8°1 s§” or— II'— 60'— 60— 626" 0907 €£I1° SL0° 8000 9150° 9zZ00—  ¢110° 0z00° Tt 89/9-S¢61
@ Pueg

Lz €8 86—  ¥9° B e €w—  61'— o 00 or 0sg" T §§0°  Iv0'  v¥00—  0.50° 4408 $100'— " 89/9-1961
oe 9T 9TC 8t T or'1— 89'¢ 1T . S1° ST PorT S¥0°  LE0 LO10° 8ZL0° 1800°—  LZ10° Tttt 099561
67 LT UE 1€°1T— ) ¥Z'l S0’y e 81— 90’ L T £v0" 620" 8€I0° S8I1— 6900° 0s10° Tt 851861

[ A A ) ¢ 1w i— ' §6° 981 00— 90 148 0§ 7 990"  $£0° 79007 0760'— 1800° 6900 Ut 08-9%61 O)

0 1w IT—  9¥'1 LY 80— 10— 67— LO° 160°1 ’ 7500 1907 6000°—  £S07° §800° 9000— 777 SY-TV6l ~—

og ST 9t 61— ’ L6’ Le s — 9r— £0— ¥ T S0T" 780"  SE00° 0L10"— o 6110 9£00° T OPSE6T ~—

1

[YARN ¢} 1 6L 96’ 8T°1L £0° o 80 4% +86° 7500 0v0T 9100 £€90° 1400 700 Tt 89/9-9561 O

e ve o 9bE 68 1— ¥l 8L'¢ 00— ) 408 80° 609" - 9s0°  ¢£0°  0010° 501 — ' SL0OO" o110’ Tt SS-9v6T O

1€ e yU §0'1 o 11 9w 80— : 9r'— 00— T1Z6° o £80° £40°  SI00° 180 ’ 010 L100° R ) 4 3% ) D_

1er e 6571 9%’ T 0z'e 01°¢ Y0 — e = 0 898" §90° 750" T+00° 8610° T 2L00" $$00° *t o 89/9-S¢61 O

:y puef)

)

s s Cg—=%1 Cpr  Chr (91 o1 CRY O CRTICT =% Cs Cs Co)s Coys a—% % g £ °% comig

OILSIIVIS O

1

(panunuo)) € AT4dVL

11013&

Copyright © 2001. All Rights Reserved.



624 JOURNAL OF POLITICAL ECONOMY

Inferences based on approximate normality are on even safer ground if
one assumes, again in line with the results of Officer (1971}, that although
they are well approximated by stable nonnormal distributions with o = 1.8,
distributions of monthly returns in fact have finite variances and converge—
but very slowly—toward the normal as one takes sums or averages of indi-
vidual returns. Then the distributions of the means of month-by-month
regression coefficients from the risk-return model are likely to be close to
normal since each mean is based on coefficients for many months.

A. Tests of the Major Hypotheses of the Two-Parameter Model

Consider first condition C2 of the two-parameter model, which says that
no measure of risk, in addition to f}, systematically affects expected
returns. This hypothesis is not rejected by the results in panels C and D
of table 3. The values of #(¥3) are small, and the signs of the £({3) are
randomly positive and negative.

Likewise, the results in panels B and D of table 3 do not reject condi-
tion Cl1 of the two-parameter model, which says that the relationship be-
tween expected return and f is linear. In panel B, the value of £(¥.) for
the overall period 1935-6/68 is only —.29. In the 5-year subperiods,
£(92) for 1951-55 is approximately —2.7, but for subperiods that do not
cover 195155, the values of £(¥.) are much closer to zero.

-So far, then, the two-parameter model seems to be standing up well to
the data. All is for naught, however, if the critical condition C3 is rejected.
That is, we are not happy with the model unless there is on average a
positive tradeoff between risk and return. This seems to be the case. For
the overall period 1935-6/68, t(§1) is large for all models. Except for the
period 195660, the values of #(9,) are also systematically positive in the
subperiods, but not so systematically large.

The small ¢-statistics for subperiods reflect the substantial month-to-
month variability of the parameters of the risk-return regressions. For
example, in the one-variable regressions summarized in panel! A, for the
period 1935-40, 9; = .0109. In other words, for this period the average
incremental return per unit of § was almost 1.1 percent per month, so that
on average, bearing risk had substantial rewards. Nevertheless, because of
the variability of ¢;;—in this period s(4;) is 11.6 percent per month (!)-—
t(§1) is only .79. It takes the statistical power of the large sample for the
overall period before values of §1 that are large in practical terms also
yield large ¢-values.

But at least with the sample of the overall period #( "\—?1) achieves values
supportive of the conclusion that on average there is a statistically observ-
able positive relationship between return and risk. This is not the case with
respect to t(§2) and t(§3). Even, or indeed especially, for the overall
period, these #-statistics are close to zero.
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The behavior through time of Y1, Far, and 9y is also consistent with
hypothesis ME that the capital market is efficient. The serial correlations
par(F1), po(§2), and po(¥3), are always low in terms of explanatory power
and generally low in terms of statistical significance. The proportion of
the variance of ¥, explained by first-order serial correlation is estimated
by p(9;)2 which in all cases is small. As for statistical significance, under
the hypothesis that the true serial correlation is zero, the standard devia-
tion of the sample coefficient can be approximated by 6() =1 /\/n. For
the overall period, 6(p) is approximately .05, while for the 10- and 5-year
subperiods o(p) is approximately .09 and .13, respectively. Thus, the
values of pyr(§1), po(¥2), and po(¥:) in table 3 are generally statistically
close to zero. The exceptions involve primarily periods that include the
1935-40 subperiod, and the results for these periods are not independent.?

To conserve space, the serial correlations of the portfolio residuals, Nyt
are not shown. In these serial correlations, negative values predominate.
But like the serial correlations of the 9’s, those of the f)’s are close to zero.
Higher-order serial correlations of the s and %)’s have been computed, and
these also are never systematically large.

In short, one cannot reject the hypothesis that the pricing of securities
is in line with the implications of the two-parameter model for expected
returns. And given a two-parameter pricing model, the behavior of returns
through time is consistent with an efficient capital market.

B. The Behavior of the Market

Some perspective on the behavior of the market during different periods
and on the interpretation of the coefficients ¥y, and 91¢ in the risk-return
regressions can be obtained from table 4. For the various periods of table 3,
table 4 shows the sample means (and with some exceptions), the standard

8 The serial correlations of 92 and 93 about means that are assumed to be zero
provide a test of the fair game property of an efficient market, given that expected
returns are generated by the two-parameter model—that is, given E(%.,) :E(’{/':”)
— 0. Likewise, p,(y; — R;) provides a test of market efficiency with respect to the
behavior of QM through time, given the validity of the Sharpe-Lintner hypothesis
(about which we have as yet said nothing). But, at least for ¥.; and 9., computing
the serial correlations about sample means produces essentially the same results.

To test the market efficiency hypothesis on %, — [E(ﬁmf) — E(ﬁm)], the sample
mean of the ’3\/” is used to estimate E(Em,) - E(RV”,), thus implicitly assuming that
the expected risk premium is constant. That this is a reasonable approximation [in
the sense that the pJ,(‘?]) are small], probably reflects the fact that variation in
E(ﬁm,) — E(ﬁm) is trivial relative to the month-by-month variation in 9.

Finally, it is well to note that in terms of the implications of the serial correlations
for making good portfolio decisions—and thus for judging whether market efficiency
is a workable representation of reality—the fact that the "serial correlations are low
in terms of explanatory power is more important than whether or not they are low
in terms of statistical significance.
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TABLE 4
THE BEHAVIOR OF THE MARKET

SratisTic*
. _ _ _ R,—R, »

PErIOD R, R,—R, oA Ty R, s(R,)  s(R,) s(R,) s(R,)
1935-6/68 ..... .0143 .0130 .0085 .0061 .0013 2136 .1388 061 066
193545 ....... .0197 .0195 .0163 .0039 .0002 L2207 1844 .089 .098
1946~55 ....... .0112 .0103 .0027 .0087 .0009 2378 .0614 043 .041
1956-6/68 ..... 0121 .0095 .0062 .0060 .0026 2387 1560 .040 .044
193540 ....... 0132 .0132 .0109 .0024 .0001 1221 .1009 .108 116
194145 ....... .0274 .0272 .0229 .0056 .0002 4715 .3963 .058 .069
1946-50 ....... .0077 .0070 .0029 .0050 .0007 1351 0564 052 .047
1951-55 ....... 0148 .0136 .0024 0123 .0012 4174 .0735 .033 035
1956-60 ....... .0090 0070 —.0059 .0148 .0020 2080 —.1755 034 .034
1961-6/68 ..... .0141 0111 .0143 .0001 .0030 2567 3294 .043 .048

* Since J(R ) is so small relative to s(R,), s(R,, — R ), which is not shown, is essentially the same

as s(R,). The standard deviations of (R, —Rr)/x(Rm) and Q/S(R ), also not shown, can be
obtamed directly from s(R, — R ) x('yl) and s(R_.). Finally, the ¢-statistics for (R, —R,)/:(R )
and ‘? /s(R_,) are identical w1th those for R, —R, "and A,

deviations, ¢-statistics for sample means, and first-order serial correlations
for the month-by-month values of the following variables and coefficients:
the market return R,,; the riskless rate of interest Ry, taken to be the
vield on I-month Treasury bills; R — Ryi; (Rmi — Rp)/s(Rm); Dot
and ¥y, repeated from panel A of table 3; and D1:/5(Ry). The t-statistics
on sample means are computed in the same way as those in table 3.

If the two- -parameter model is valid, then in equation (7), E(¥y) =
E(R(,t), where E(Ry,) is the expected return on any zero-f§ securlty or
portfoho Likewise, the expected risk premium per unit of § is E(Rmt) —
E(Rot) = E(Y1:). In fact, for the one-variable regressions of panel A,
table 3, that is,

Ryt = Dot + H1e Bo + Nory (11)

we have, period by period,
?u - Rmt — /‘\?Ot- (12)

This condition is obtained by averaging (11) over p and making use of
the least-squares constraint

E ?lpt p— O.”

Moreover, the least-squares estimate 9o can always be interpreted as the
return for month ¢ on a zero- 6 portfolio, where the weights given to each

9 There is some degree of approximation in (12). The averages over p of R pt and

p are R, , and 1.0, respectively, only if every security in the market is in some port-
folio. With our methodology (see table 1) this is never true. But the degree of
approximation turns out to be small: The average of the R, is always close to R,
and the average B is always close to 1.0.
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TABLE 4 (Continued)

STATISTIC*

shy SR R KRR tB) tAY  pu(Rp) py(Ru—Rp) 03B 0y By ou(Rp)

038 .0012 471 4.28 2.57 3.24 —.01 —.01 .02 14 .98
.052  .0001  2.56 2.54 1.92 .86 —.07 —.07 —.03 .10 .88
026  .0004 2.84 2.60 70 371 .09 .09 .07 .10 .94
.030  .0009 3.72 2.92 1.73  2.45 .14 .14 15 .25 .92
064 .0001 1,04 1.04 .79 .32 —.13 —.13 —.09 .07 12
034 .0001  3.68 3.65 2.55  1.27 .14 .14 15 21 .83
.031  .0003 1.15 1.05 48 1.27 .09 .09 04 .18 97
.019  .0004 3.51 3.22 .53 5.06 —.02 —.01 .08 —.07 .89
020 .0007 2.07 1.60 —1.37  5.68 12 13 18 13 .80
034 .0008 3.08 2.44 2.81 .03 .13 .13 .09 .21 93

of the 20 portfolios to form this zero—ﬁ portfolio are the least-squares
weights that are applied to the R, in computing %o;.1°

In the Sharpe-Lintner two-parameter model of market equilibrium
E(¥o) = E(Ry) = Ry and E(Yu) = E(Rut) — E(Roy) = E(Ront) —
R;;. In the period 1935-40 and in the most recent period 1961-6/68, Y12 is
close to R,, — R; and the ¢-statistics for the two averages are similar. In
other periods, and especially in the period 1951-60, ¥; is substantially less
than R,, — R,. This is a consequence of the fact that for these periods Yo
is noticeably greater than R;. In economic terms, the tradeoff of average
return for risk between common stocks and short-term bonds has been
more consistently large through time than the tradeoff of average return
for risk among common stocks. Testing whether the differences between
R,.— R, and 9, are statistically large, however, is equivalent to testing
the S-L hypothesis E(¥y:) = Ry, which we prefer to take up after exam-
ining further the stochastic process generating monthly returns.

Finally, although the differences between values of R, — R, for different
periods or between values of ¥, are never statistically large, there is a hint
in table 4 that average-risk premiums declined from the pre— to the post-
World War II periods. These are average risk premiums per unit of B,
however, which are not of prime interest to the investor. In making his
portfolio decision, the investor is more concerned with the tradeoff of
expected portfolio return for dispersion of return—that is, the slope of
the efficient set of portfolios. In the Sharpe-Lintner model this slope is

10 That Qoz is the return on a zero-ﬁ portfolio can be shown to follow from the
unbiasedness of the least-squares coefficients in the cross-sectional risk-return regres-
sions. If one makes the Gauss-Markov assumptions that the underlying disturbances
"Pipt of (11) have zero means, are uncorrelated across p, and have the same variance
for all p, then it follows almost directly from the Gauss-Markov Theorem that the
least-squares estimate ?Ot is also the return for month ¢ on the minimum variance
zero-ﬁ portfolio that can be constructed from the 20 portfolio ﬁp.
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always [E(]Aémt) — R,t]/o(ﬁmt), and in the more general model of Black
(1972), it is [E(I’ém,,) — E(ﬁot)]/c(ﬁ,,,t) at the point on the efficient set
corresponding to the market portfolio 7. In table 4, especially for the three
long subperiods, dividing R,, — R; and %;, by s(R,.) seems to yield esti-
mated risk premiums that are more constant through time. This results
from the fact that any declines in 9, or R,, —R, are matched by a quite
noticeable downward shift in s(R,,) from the early to the later periods
(cf. Blume [1970] or Officer [1971]).

C. Errors and True Variation in the Coefficients 9;

Each cross-sectional regression coefficient ¥;; in (10) has two components:
the true ¥;; and the estimation error, $;; = 9;; — ¥+ A natural question
is: To what extent is the variation in ¥;; through time due to variation in
¥i+ and to what extent is it due to &;? In addition to providing important
information about the precision of the coefficient estimates used to test the
two-parameter model, the answer to this question can be used to test
hypotheses about the stochastic process generating returns. For example,
although we cannot reject the hypothesis that E(¥.;) = 0, does including
the term involving 3,,2 in (10) help in explaining the month-by-month
behavior of returns? That is, can we reject the hypothesis that for all ¢,
¥2: = 07 Likewise, can we reject the hypothesis that month-by-month
Vst = 0? And is the variation through time in 9¢; due entirely to @ and
to variation in Rj?

The answers to these questions are in table 5. For the models and time
periods of table 3, table 5 shows for each 9;: s2(¥,), the sample variance
of the month-by-month 9;; s2(&;), the average of the month-by-month
values of s*(g;:), where s($;;) is the standard error of 9;; from the cross-
sectional risk-return regression of (10) for month ¢; s*(¥;) =s*(%;) —
5s2($;) ; and the F-statistic F = s2(9;)/s2(&;), which is relevant for testing
the hypothesis, s2(9;) = s2($;). The numerator of F has # — 1 df, where
n is the number of months in the sample period; and the denominator has
n(20 — K) df, where K is the number of coefficients ¥, in the model .

11 The standard error of th, s($]—t), is proportional to the standard error of the
risk-return residuals, % _,, for month ¢, which has 20 — K df. And # values of 52($jt)
are averaged to get 52(¢j), so that the latter has (20 — K) df. Note that if the
underlying return disturbances ’ﬁm of (10) are independent across p and have identical
normal distributions for all p, then 9” is the sample mean of a normal distribution
and s2($jt) is proportional to the sax"nple variance of the same normal distribution.
If the process is also assumed to be stationary through time, it then follows that
52(’9ﬂ) and 32($jt) are independent, as required by the F-test. Finally, in the F-
statistics of table 5, the values of # are 60 or larger, so that, since K is from 2 to 4,
n(20 — K) 22 960. From Mood and Graybill (1963), some upper percentage points
of the F-distribution are:
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One clear-cut result in table 5 is that there is a substantial decline in
the reliability of the coefficients Do and {1,—that is, a substantial increase
in s*(3,) and s2(&;)—when f?»pg and/or 5,(%;) are included in the risk-
return regressions. The variable @,,2 is obviously collinear with ﬁ,,, and, as
can be seen from table 2, 5,(2;) likewise increases with 6,,. From panels B
and C of table 5, the collinearity with [/3,, is stronger for 6,,2 than for
5p(8).

In spite of the loss in precision that arises from multicollinearity, how-
ever, the F-statistics for 9. (the coefficient of Bpg) and 93 [the coefficient
of 5,(¢;)] are generally large for the models of panels B and C of table 5,
and for the model of panel D which includes both variables. From the F-
statistics in panel D, it seems that, except for the period 1935-45, the
variation through time of ¥.; is statistically more noticeable than that of
¥y, but there are periods (1941-45, 1956-60) when the values of F for
both ¥.; and ¥, are large.

The F-statistics for §y, = Y1, + 1+ also indicate that ¥+ has substan-
tial variation through time. This is not surprising, however, since Dyr is
always directly related to R,,,. For example, from equation (12), for the
one-variable model of panel A, §1, = R.; — Gur.

Finally, the F-statistics for 9o = Y -+ &ur are also in general large.
And the month-by-month variation in Yo cannot be accounted for by
variation in R;;. The variance of R, is so small relative to s*(%0¢), $*(¥or),
and s*(&) that doing the F-tests in terms of 9, — Ry produces results
almost identical with those for Jox.

Rejection of the hypothesis that ¥, — Ry = 0 does not imply rejection
of the S-L hypothesis—to be tested next—that E(¥i) = Ry. Likewise,
to find that month-by-month ¥.; = 0 and ¥4 54 0 does not imply rejection
of hypotheses C1 and C2 of the two-parameter model. These hypotheses,
which we are unable to reject on the basis of the results in table 3, say
that E(¥+) = 0 and E(¥;:) = 0.

What we have found in table 5 is that there are variables in addition
to /Bp that systematically affect period-by-period returns. Some of these
omitted variables are apparently related to sz and 5,(%). But the latter
are almost surely proxies, since there is no economic rationale for their
presence in our stochastic risk-return model.

n FA!ND F.!):’l F.!)T:') F.S)‘.) F.S)!ﬁ
60 (120) «.oununnnn.. 1.35 147 1.58 173 1.83
60 (90) «eeiiniinann 1.29 1.39 1.48 1.60 1.69
120 (120) «....ovevonn. 1.26 135 143 1.53 1.61
120 (0) veveaiiinnnn 1.19 1.25 1.31 1.38 143
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TABLE 3

COMPONENTS OF THE VARIANCES OF THE th

A~

PERIOD s2(%) $2(R,) 52(gp,) F s2(F) s2(R,) s2(¢p,) F
Panel A:
1935-6/68 .00105 .00142 .00037 3.84 .00401 00436 .00035 12.46
163545 . .... .00182 .00273 .00091 3.00 .00863 .00930 .00087 10.92
1946-55 ..... .00057 .00066 .00009 7.33 .00163 .00171 .00008 21.38
1956-6/68 .00077 .00090 .00013 6.92 .00181 .00193 .00012 16.08
193540 ..... .00265 .00404 .00139 291 01212 01347 .00135 9.98
1941-45 . .... .00086 .00118 .00032 3.69 00452 .00481 .00029 16.59
1946-50 ..... .00086 .00094 .00008 11.75 .00216 .00224 .00008 28.00
1951-85 ..... .00027 .00036 .00009 4.00 .00113 .00121 .00008 15.12
1956-60 ..... .00032 .00041 .00009 4.56 .00104 .00112 .00008 21.50
1961-6/68 .00100 00114 .00014 8.14 .00217 .00231 .00014 16.50
Panel B:
1935-6/68 .00092 .00267 .00175 1.52 00564 .01403 .00839 1.67
193545 ..... .00057 .00377 .00320 1.18 .00372 .01941 .01569 1.24
1946-55 ..... .00053 .00112 .00059 1.90 .00651 .00897 00245 3.66
1956-6/68 .00155 .00294 .00139 2.12 00667 .01338 .00671 1.99
193540 ..... .00018 .00476 .00458 1.04 00374 .02555 .02181 1.17
1941-45 ... .. .00101 .00254 .00153 1.66 .00389 01225 .00836 1.46
1946-50 ..... .00084 .00136 .00052 2.62 .00862 .01071 .00209 5.12
1951-55 ..... .00024 .00090 .00066 1.36 .00447 .00729 .00282 2.58
195660 ..... 00037 .00087 .00050 1.74 .00289 .00517 .00228 2.27
1961-6/68 ... .00232 .00431 .00199 2.16 00928 .01894 .00966 1.96
Panel C:
1935-6/68 .00192 00266 .00075 3.55 .00285 .00428 .00142 3.01
193545 . .... .00394 .00533 .00139 3.83 .00433 00717 .00283 2.52
1946-55 ..... .00083 .00101 .00013 5.61 .00261 .00310 .00050 6.20
1956-6/68 .00100 .00164 .00063 2.60 .00178 .00270 .00092 2.93
193540 ..... .00473 .00669 .00196 3.41 00732 01094 .00362 3.02
1941-45 ..... .00307 00377 .00070 5.38 .00085 .00274 .00189 1.45
1946-50 ..... .00103 00117 .00014 8.36 .00386 .00439 .00053 8.28
1951-55 ..... .00061 .00083 .00022 3.77 00140 .00188 .00047 4.00
195660 ..... .00079 .00134 .00055 2.44 .00106 .00204 .00098 2.08
1961-6/68 ... .00109 .00177 .00068 2.60 00212 .00300 .00088 3.41
Panel D:
1935-6/68 00150 .00566  .00406 1.39 00608  .01521  .00913 1.66
193545 ..... .00233 .01065 .00832 1.28 .00402 02118 01716 1.23
1946-55 ..... .00013 .00176 .00163 1.08 00647 .00916 .00269 3.41
1956-6/68 .00194 .00420 .00226 1.86 .00763 .01485 .00722 2.06
193540 ..... .00157 01263 .01106 1.14 .00457 .02910 .02453 1.19
194145 . .... .00340 .00843 .00503 1.68 .00365 .01196 .00832 1.44
1946-50 ..... .00023 .00220 .00197 1.12 .00858 .01119 .00261 4.29
195155 ..... .00006 .00136 .00130 1.05 00442 00719 .00277 2.60
1956-60 ..... .00092 .00239 .00147 1.62 00328 .00602 .00274 2.20
1961-6/68 .00260 .00539 .00279 1.93 .01060 .02081 01021 2.04

D. Tests of the S-L Hypothesis

In the Sharpe-Lintner two-parameter model of market equilibrium one
has, in addition to conditions C1-C3, the hypothesis that E(¥,) = R;..
The work of Friend and Blume (1970) and Black, Jensen, and Scholes
(1972) suggests that the S-L hypothesis is not upheld by the data. At
least in the post-World War II period, estimates of E(%,;) seem to be

significantly greater than R,

Each of the four models of table 3 can be used to test the S-L hypothe-
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TABLE 5 (Continued)
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PERIOD s2(7) s2(%,) 523y F BICANIECA) 2(3,) F
Panel A:
1935-6/68
1935-45
1946-55 ..
1956-6/68
193540 .....
194145 .....
1946-50 .....
1951-55 .....
1956-60 .....
1961-6/68
Panel B:
1935-6/68 .00121 .00318 .00197 1.61
193545 ..... .00171 .00548 00377 1.45
1946-55 ..... .00063 .00112 .00049 2.29
1956-6/68 ... .00122 .00278 .00156 1.78
193540 ..... .00041 .00566 .00524 1.08
194145 ... .00327 .00527 .00201 2.62
1946-50 ..... .00066 .00103 .00037 2.78
1951-55 ..... .00058 .00120 .00062 1.94
1956-60 ..... .00033 .00083 .00050 1.66
1961-6/68 ... .00182 .00410 .00227 1.81
Panel C:
1935-6/68 341 753 412 1.83
193545 ..... .535 .847 313 2.71
1946-55 ..... 165 370 206 1.80
1956-6/68 ... 304 968 .664 1.46
193540 ..... e 270 553 .282 1.96
194145 ..... . .840 1.189 .349 3.41
1946-50 ..... 118 254 136 1.87
1951-55 ..... 217 493 276 1.79
1956-60 ..... 622 1.355 .734 1.85
1961-6/68 ... 105 J722 617 1.17
Panel D:
1935-6/68 .00061 .00362 00301 1.21 276 864 .588 1.47
193545 ..... s .00624 00644 .97 392 1.001 613 1.63
1946-55 ..... .00061 .00148 00087 1.70 028 383 .355 1.08
1956-6/68 ... .00134 00304 00169 1.80 374 1.125 751 1.50
193540 L. .00723 Q00886 .82 .120 682 .562 1.21
194145 .00162 .00515 00353 1.46 .720 1.395 675 2.07
1946-50 .00083 .00180 00096 1.87 .023 .348 325 1.07
1951-55 .00039 .00116 00077 1.51 .038 424 .386 1.10
1956-60 ..... .00037 .00103 00066 1.56 712 1.654 941 1.76
1961-6/68 ... .00202 .00440 00238 1.85 163 787 624 1.26

sis.12 The most efficient tests, however, are provided by the one-variable

12 The least-squares intercepts 9, in the four cross-sectional risk-return regressions
can always be interpreted as returns for month £ on zero-B portfolios (n. 10). For the
three-variable model of panel D, table 3, the unbiasedness of the least-squares co-
efficients can be shown to imply that in computing "?/m, negative and positive weights
are assigned to the 20 portfolios in such a way that the resulting portfolio has not
only zero-B but also zero averages of the 20 p2 and of the 20 Ep(’éi). Analogous
statements apply to the two-variable models of panels B and C.

Black, Jensen, and Scholes test the S-L hypothesis with a time series of monthly
returns on a “minimum variance zero-B portfolio” which they derive directly. It turns
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model of panel A, since the values of s(%,) for this model [which are
nearly identical with the values of s(, — R;)] are substantially smaller
than those for other models. Except for the most recent period 1961-6/68,
the values of §y — R; in panel A are all positive and generally greater than
0.4 percent per month. The value of (9, — R;) for the overall period
1935-6/68 is 2.55, and the #-statistics for the subperiods 1946-55, 1951~
55, and 1956-60 are likewise large. Thus, the results in panel A, table 3,
support the negative conclusions of Friend and Blume (1970) and Black,
Jensen, and Scholes (1972) with respect to the S-L hypothesis.

The S-L hypothesis seems to do somewhat better in the two-variable
quadratic model of panel B, table 3 and especially in the three-variable
model of panel D. The values of #(§, — R;) are substantially closer to
zero for these models than for the model of panel A. This is due to values
of §, — R; that are closer to zero, but it also reflects the fact that s(%0)
is substantially higher for the models of panels B and D than for the
model of panel A.

But the effects of 6,,2 and 5,(¢;) on tests of the S-L hypothesis are in
fact not at all so clear-cut. Consider the model

~

Rit = ¥or 4 ¥1eBs + Fae (1 — B2+ Yausi + Hire (13)

Equations (7) and (13) are equivalent representations of the stochastic
process generating returns, with ¥, =¥, — 2¥» and For = ¥t + Far.
Moreover, if the steps used to obtain the regression equation (10) from
the stochastic model (7) are applied to (13), we get the regression equa-
tion,

Roe =%oe + ¥y + 92(1 — Bp)2 + VaiSp (&) + Npe, (14)

where, just as ﬁ,,‘“’ in (10) is the average of 63 for securities 7 in portfolio
p, (1 — Bp)z is the average of (1 — fi\i)? The values of the estimates
92¢ and 93¢ are identical in (10) and (14); in addition, §1, = 91, — 292
and Yo: = ¥’o; + V2. But although the regression equations (10) and
(14) are statistically indistinguishable, tests of the hypothesis E(%q) =

out, however, that this portfolio is constructed under what amounts to the assumptions
of the Gauss-Markov Theorem on the underlying disturbances of the one-variable
risk-return regression (11). With these assumptions the least-squares estimate ?m,
obtained from the cross-sectional risk-return regression of (11) for month ¢, is pre-
cisely the return for month ¢ on the minimum variance zero-ﬁ portfolio that can be
constructed from the 20 portfolio ﬁp. Thus, the tests of the S-L hypothesis in panel A
of table 3 are conceptually the same as those of Black, Jensen, and Scholes.

If one makes the assumptions of the Gauss-Markov Theorem on the underlying
disturbances of the models of panels B-D of table 3, the regression intercepts for these
models can likewise be interpreted as returns on minimum-variance zero- portfolios.
These portfolios then differ in terms of whether or not they also constrain the averages
of the 20 ﬁp2 and of the 20 Ep(’e‘i) to be zero. Given the collinearity of B\p, ﬁp2, and
5,(%;), however, the assumptions of the Gauss-Markov Theorem cannot apply to all
four of the models.
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Ry from (10) do not yield the same results as tests of the hypothesis
E(¥:) = Ry from (14). In panel D of table 3, 420 — R; is never statisti-
cally very different from zero, whereas in tests (not shown) from (14), the
results are similar to those of panel A, table 3. That is, ¥’y — R; is system-
atically positive for all periods but 1961-6/68 and statistically very
different from zero for the overall period 1935-6/68 and for the 1946-55,
1951-55, and 1956-60 subperiods.

Thus, tests of the S-L hypothesis from our three- variable models are
ambiguous. Perhaps the ambiguity could be resolved and more efficient
tests of the hypothesis could be obtained if the omitted variables for which
5p(%:), Bp ,or (1 — 6,,) are almost surely proxies were identified. As indi-
cated above, however, at the moment the most efficient tests of the S-L
hypothesis are provided by the one-variable model of panel A, table 3, and
the results for that model support the negative conclusions of others.

Given that the S-L hypothesis is not supported by the data, tests of the
market efficiency hypothesis that ¥, — E(Ry) is a fair game are difficult
since we no longer have a specific hypothesis about E(R,). And using
the mean of the ¥o: as an estimate of E(fém) does not work as well in this
case as it does for the market efficiency tests on yi,. One should note,
however, that although the serial correlations py(%0) in table 4 are often
large relative to estimates of their standard errors, they are small in terms
of the proportion of the time series variance of 9, that they explain, and
the latter is the more important criterion for judging whether market
efficiency is a workable representation of reality (see n. 8).

V1. Conclusions

In sum our results support the important testable implications of the two-
parameter model. Given that the market portfolio is efficient-—or, more
specifically, given that our proxy for the market portfolio is at least ap-
proximately efficient—we cannot reject the hypothesis that average returns
on New York Stock Exchange common stocks reflect the attempts of risk-
averse investors to hold efficient portfolios. Specifically, on average there
seems to be a positive tradeoff between return and risk, with risk mea-
sured from the portfolio viewpoint. In addition, although there are “sto-
chastic nonlinearities” from period to period, we cannot reject the hy-
pothesis that on average their effects are zero and unpredictably different
from zero from one period to the next. Thus, we cannot reject the hy-
pothesis that in making a portfolio decision, an investor should assume
that the relationship between a security’s portfolio risk and its expected
return is linear, as implied by the two-parameter model. We also cannot
reject the hypothesis of the two-parameter model that no measure of risk,
in addition to portfolio risk, systematically affects average returns. Finally,
the observed fair game properties of the coefficients and residuals of the
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risk-return regressions are consistent with an efficient capital market—
that is, a market where prices of securities fully reflect available informa-
tion.

Appendix
Some Related Issues

Al. Market Models and Tests of Market Efficiency

The time series of regression coefficients from ( 10) are, of course, the inputs
for the tests of the two-parameter model. But these coefficients can also be
useful in tests of capital market efficiency—that is, tests of the speed of price
adjustment to different types of new information. Since the work of Fama et al.
(1969), such tests have commonly been based on the “one-factor market model’:

Ry=2,+ BiRmt + 2t (15)

In this regression equation, the term involving R, is assumed to capture the
effects of market-wide factors. The effects on returns of events specific to
company 7, like a stock split or a change in earnings, are then studied through
the residuals ¢;,.

But given that there is period-to-period variation in Rot» Qar, and {3, in (10)
that is above and beyond pure sampling error, then these coefficients can be
interpreted as market factors, (in addition to R,;) that influence the returns
on all securities. To see this, substitute (12) into (11) to obtain the “two-
factor market model”:

Ry = 0:(1 — By) + By Rune + fipe- 16

In like fashion, from equation (10) itself we easily obtain the “four-factor
market model”:

Ryt = Q0(1 — By) + BoRome + 9ar(B2 — ’Bpﬁ2) + P3¢ _
[5(&) — BpS(8) ] + ey
(17)

where BZ and 5(¢,) are the averages over p of the 3,,2 and the 5,(2;).

Comparing equations (15-17) it is clear that the residuals 2 from the
one-factor market model contain variation in the market factors %, 92,, and

3¢ Thus, if one is interested in the effect on a security’s return of an event
specific to the given company, this effect can probably be studied more precisely
from the residuals of the two- or even the four-factor market models of (16)
and (17) than from the one-factor model of (15). This has in fact already
been done in a study of changes in accounting techniques by Ball (1972), in
a study of insider trading by Jaffe (1972), and in a study of mergers by
Mandelker (1972).

Ball, Jaffe, and Mandelker use the two-factor rather than the four-factor
market model, and there is probably some basis for this. First, one can see
from table 5 that because of the collinearity of 6,,, Bo% and 5,(2), the coeffi-
cient estimates £y, and ¢y, have much smaller standard errors in the two-
factor model. Second, we have computed residual variances for each of our
20 portfolios for various time periods from the time series of €p¢ and f),, from
(15), (16), and (17). The decline in residual variance that is obtained in
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going from (15) to (16) is as prlgdicted: That is, the decline is noticeable over
more or less the entire range of J§, and it is proportional to (1 — 61,)2. On the
other hand, in going from the two- to the four-factor model, reductions in
residual variance are generally noticeable only in the portfolios with the Jowest
and highest f?»p, and the reductions for these two portfolios are generally small.
Moreover, including 5,(2;) as an explanatory variable in addition to b, and B,2
never results in a noticeable reduction in residual variances.

A2. Multifactor Models and Errors in the 3

Tf the return-generating process is a multifactor market model, then the usual
estimates of B; from the one-factor model of (15) are not most efficient. For
example, if the return-generating process is the population analog of (16),
more efficient estimates of (3; could in principle be obtained from a constrained
regression applied to

Rie — For = Bi(Romt — For) + Tt

But this approach requires the time series of the true ¥o. All we have are
estimates 9g;, themselves obtained from estimates of 6,, from the one-factor
model of (15).

It can also be shown that with a multifactor return-generating process the
errors in the 6 computed from the one-factor market model of (8) and (15)
are correlated across securities and portfolios. This results from the fact that if
the true process is a multifactor model, the disturbances of the one-factor
model are correlated across securities and portfolios. Moreover, the inter-
dependence of the errors in the 6 is higher the farther the true f’s are from
1.0. This was already noted in the discussion of table 2 where we found that
the relative reduction in the standard errors of the /B’s obtained by using port-
folios rather than individual securities is lower the farther {3, is from 1.0.

Interdependence of the errors in the {3, also complicates the formal analysis
of the effects of errors-in-the-variables on properties of the estimated coeffi-
cients (the 9;;) in the risk-return regressions of (10). This topic is considered
in detail in an appendix to an earlier version of this paper that can be made
available to the reader on request.
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approximately when quality financial data became avail-
able. They also made a conscious effort to include the
period of extreme market volatility from the late twenties
and early thirties; 1926 was chosen because it includes
one full business cycle of data before the market crash of
1929. These are the most basic reasons why our equity risk
premium calculation window starts in 1926.

Implicit in using history to forecast the future is the
assumption that investors’ expectations for future out-
comes conform to past results. This method assumes that
the price of taking on risk changes only slowly, if at all,
over time. This “future equals the past” assumption is most
applicable to a random time-series variable. A time-series
variable is random if its value in one period is independent
of its value in other periods.

Does the Equity Risk Premium Revert to Its Mean

Over Time?

Some have argued that the estimate of the equity risk
premium is upwardly biased since the stock market is cur-
rently priced high. In other words, since there have been
several years with extraordinarily high market returns and
realized equity risk premia, the expectation is that returns
and realized equity risk premia will be lower in the future,
bringing the average back to a normalized level. This argu-
ment relies on several studies that have tried to determine
whether reversion to the mean exists in stock market prices
and the equity risk premium.' Several academics contradict
each other on this topic; moreover, the evidence supporting
this argument is neither conclusive nor compelling enough
to make such a strong assumption.

Our own empirical evidence suggests that the yearly dif-
ference between the stock market total return and the
U.S. Treasury bond income return in any particular year is
random. Graph 5-2, presented earlier, illustrates the ran-
domness of the realized equity risk premium.

A statistical measure of the randomness of a return series is
its serial correlation. Serial correlation (or autocorrelation)
is defined as the degree to which the return of a given series
is related from period to period. A serial correlation near
positive one indicates that returns are predictable from one

period to the next period and are positively related. That
is, the returns of one period are a good predictor of the
returns in the next period. Conversely, a serial correlation
near negative one indicates that the returns in one period
are inversely related to those of the next period. A serial
correlation near zero indicates that the returns are random
or unpredictable from one period to the next. Table 5-3 con-
tains the serial correlation of the market total returns, the
realized long-horizon equity risk premium, and inflation.

Tahle 5-3: Interpretation of Annual Serial Correlations

Serial Inter-
Series Correlation pretation
Large Company Stock Total Returns 0.02 Random
E‘duity RiskvPrer.r}i.u.m R 002 : o Réndom
Inflation Rates o O oes Trend

Data from 1926-2009

The significance of this evidence is that the realized equity
risk premium next year will not be dependent on the real-
ized equity risk premium from this year. That is, there is no
discernable pattern in the realized equity risk premium—it
is virtually impossible to forecast next year's realized risk
premium based on the premium of the previous year. For
example, if this year's difference between the riskless
rate and the return on the stock market is higher than last
year's, that does not imply that next year's will be higher
than this year's. It is as likely to be higher as it is lower. The
best estimate of the expected value of a variable that has
behaved randomly in the past is the average (or arithmetic
mean) of its past values.

Table 5-4 also indicates that the equity risk premium var-
ies considerably by decade. The complete decades ranged
from a high of 17.9 percent in the 1950s to a low of -3.7
percent in the 2000s. This look at historical equity risk
premium reveals no observable pattern.

Table 5-4: Long-Horizon Equity Risk Premium by Decade (%)

1920s*  1930s  1940s  1950s  1960s  1970s  1980s 1990s  2000s
76 23 80 179 42 03 79 121 37

Data from 1926-2009
“Based on the peniod 1926-1929

58

Chapter 5: The Equity Risk Premium
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Table 2-1: Total Returns, Income Returns, and Capital Appreciation of the
Basic Asset Classes: Summary Statistics of Annual Returns

Geometric  Arithmetic Standard

Mean Mean Deviation Correl
Series %) (%) (%) ation
Large Company Stocks
1(_)!11! Retuns 98 18 205 0.07
Income . 41 41 16 090
Capital Appreciation 55 74 198 001
Ihbotson Small Company Stocks ‘ o
Total Returns 19 16.6 328 0.06
Mid-Cap Stocks*
foiheums 09 137 w0 o0
Income 39 4.0 17 0.90
Capital Appreciation 67 95 243 005
Low-Cap Stocks™
TotalRewms 113 152 294 002
Income 36 36 20 089
Capital Appreciation 75 14 287 001
Micro-Cap Stocks™ »
Total Retuns 12.1 182 392 007
Income 25 25 17 091
Capital Appreciation 95 156 386 0.06
Long-Term Corporaie Bonds i
TotalRetuns 59 6.2 83 008
Long-Term Government Bonds
Total Returns 54 58 96  -0.12
Income 5.1 5.2 217 0.96
Capital Abpréciationb o 04 8.4 -0.26
Intermediate-Term Government Bonds
Total Retuns 53 55 57 013
Income 47 47 29 0.96
Capital Appreciation 05 0.6 45 -0.18
}reasury Bills AL R
Total Returns o 3.7 3.7 3.1 09
Inflation 3.0 31 42 0.64

Data from 1926-2009. Total return is equal lo the sum of three component returns
income return, capital appreciation return, and reinvestment return

*Source: Morningstar and CRSP. Calculated {or Derived) based on data from CRSP

* US Stock Database and CRSP US Indices Database ©2010 Center for Research
in Security Prices (CRSP®), The University of Chicago Booth School of Business
Used with permission.
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Investor growth
expectations: Analysts
vS. history

Analysts” growth forecasts dominate past trends in predicting

stock prices.

James H. Vander Weide and Willard T. Carleton

or the purposes of implementing the Dis-
counted Cash Flow (DCF) cost of equity model, the
analyst must know which growth estimate is embod-
ied in the firm’s stock price. A study by Cragg and
Malkiel (1982) suggests that the stock valuation pro-
cess embodies analysts’ forecasts rather than histor-
ically based growth figures such as the ten-year
historical growth in dividends per share or the five-
year growth in book value per share. The Cragg and
Malkiel study is based on data for the 1960s, however,
a decade that was considerably more stable than the
recent past.

As the issue of which growth rate to use in
implementing the DCF model is so important to ap-
plications of the model, we decided to investigate
whether the Cragg and Malkiel conclusions continue
to hold in more recent periods. This paper describes
the results of our study.

STATISTICAL MODEL

The DCF model suggests that the firm's stock
price is equal to the present value of the stream of
dividends that investors expect to receive from own-
ing the firm’s shares. Under the assumption that
investors expect dividends to grow at a constant rate,
g, in perpetuity, the stock price is given by the fol-
lowing simple expression:

~D(d+g

Po= S )

where:

il

P; = current price per share of the firm’s stock;

current annual dividend per share;

D
g expected constant dividend growth rate; and
k

required return on the firm’s stock.

Dividing both sides of Equation (1) by the
firm’s current earnings, E, we obtain:

P, _D (1+g)

T EF k-g @

Thus, the firm’s price/earnings (P/E) ratio is a non-
linear function of the firm'’s dividend payout ratio (D/
E), the expected growth in dividends (g), and the
required rate of return.

To investigate what growth expectation is em-
bodied in the firm’s current stock price, it is more
convenient to work with a linear approximation to
Equation (2). Thus, we will assume that:

PE = a(D/E) + ag + ak. 3)

(Cragg and Malkiel found this assumption to be
reasonable throughout their investigation.)
Furthermore, we will assume that the required

JAMES H. VANDER WEIDE is Research Professor at the Fuqua School of Business at Duke University in Durham (NC
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rate of return, k, in Equation (3) depends on the
values of the risk variables B, Cov, Rsq, and Sa, where
Bis the firm’s Value Line beta; Cov is the firm’s pretax
interest coverage ratio; Rsq is a measure of the stability
of the firm’s five-year historical EPS; and Sa is the
standard deviation of the consensus analysts’ five-
year EPS growth forecast for the firm. Finally, as the
linear form of the P/E equation is only an approxi-
mation to the true P/E equation, and B, Cov, Rsq, and
Sa are only proxies for k, we will add an error term,
e, that represents the degree of approximation to the
true relationship.

With these assumptions, the final form of our
P/E equation is as follows:

P/IE = a(D/E) + a,g + a,B +
a,Cov + a,Rsq + a5a + e. 4)

The purpose of our study is to use more recent
data to determine which of the popular approaches
for estimating future growth in the Discounted Cash
Flow model is embodied in the market price of the
firm’s shares.

We estimated Equation (4) to determine which
estimate of future growth, g, when combined with
the payout ratio, D/E, and risk variables B, Cov, Rsq,
and Sa, provides the best predictor of the firm’s P/E
ratio. To paraphrase Cragg and Malkiel, we would
expect that growth estimates found in the best-fitting
equation more closely approximate the expectation
used by investors than those found in poorer-fitting
equations.

DESCRIPTION OF DATA

Our data sets include both historically based
measures of future growth and the consensus ana-
lysts” forecasts of five-year earnings growth supplied
by the Institutional Brokers Estimate System of
Lynch, Jones & Ryan (IBES). The data also include
the firm’s dividend payout ratio and various measures
of the firm’s risk. We include the latter items in the
regression, along with earnings growth, to account
for other variables that may affect the firm’s stock
price.

The data include:

Earnings Per Share. Because our goal is to determine
which earnings variable is embodied in the firm’s mar-
ket price, we need to define this variable with care.
Financial analysts who study a firm'’s financial results
in detail generally prefer to “normalize” the firm’s
reported earnings for the effect of extraordinary
items, such as write-offs of discontinued operations,
or mergers and acquisitions. They also attempt, to the
extent possible, to state earnings for different firms
using a common set of accounting conventions.

We have defined “earnings” as the consensus
analyst estimate (as reported by IBES) of the firm’s
earnings for the forthcoming year.' This definition
approximates the normalized earnings that investors
most likely have in mind when they make stock pur-
chase and sell decisions. It implicitly incorporates the
analysts’ adjustments for differences in accounting
treatment among firms and the effects of the business
cycle on each firm’s results of operations. Although
we thought at first that this earnings estimate might
be highly correlated with the analysts’ five-year earn-
ings growth forecasts, that was not the case. Thus,
we avoided a potential spurious correlation problem.
Price/Earnings Ratio. Corresponding to our definition
of “earnings,” the price/earnings ratio (P/E) is calcu-
lated as the closing stock price for the year divided
by the consensus analyst earnings forecast for the
forthcoming fiscal year.

Dividends. Dividends per share represent the com-
mon dividends declared per share during the calendar
year, after adjustment for all stock splits and stock
dividends). The firm’s dividend payout ratio is then
defined as common dividends per share divided by
the consensus analyst estimate of the earnings per
share for the forthcoming calendar year (D/E). Al-
though this definition has the deficiency that it is
obviously biased downward — it divides this year’s
dividend by next year’s earnings — it has the advan-
tage that it implicitly uses a ““normalized” figure for
earnings. We believe that this advantage outweighs
the deficiency, especially when one considers the
flaws of the apparent alternatives. Furthermore, we
have verified that the results are insensitive to reason-
able alternative definitions (see footnote 1).

Growth. In comparing historically based and consen-
sus analysts’ forecasts, we calculated forty-one dif-
ferent historical growth measures. These included the
following: 1) the past growth rate in EPS as deter-
mined by a log-linear least squares regression for the
latest year,” two years, three years, ..., and ten
years; 2) the past growth rate in DPS for the latest
year, two years, three years, . . ., and ten years; 3)
the past growth rate in book value per share (com-
puted as the ratio of common equity to the outstand-
ing common equity shares) for the latest year, two
years, three years, . .., and ten years; 4) the past
growth rate in cash flow per share (computed as the
ratio of pretax income, depreciation, and deferred
taxes to the outstanding common equity shares) for
the latest year, two years, three years, . . ., and ten
years; and 5) plowback growth (computed as the
firm’s retention ratio for the current year times the
firm’s latest annual return on common equity).

We also used the five-year forecast of earnings
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per share growth compiled by IBES and reported in
mid-January of each year. This number represents the
consensus (i.e., mean) forecast produced by analysts
from the research departments of leading Wall Street
and regional brokerage firms over the preceding three
months. IBES selects the contributing brokers “be-
cause of the superior quality of their research, profes-
sional reputation, and client demand” (IBES Monthly

Summary Book).

Risk Variables. Although many risk factors could po-

tentially affect the firm’s stock price, most of these

factors are highly correlated with one another. As
shown above in Equation (4), we decided to restrict
our attention to four risk measures that have intuitive
appeal and are followed by many financial analysts:

1) B, the firm’s beta as published by Value Line; 2)

Cov, the firm’s pretax interest coverage ratio (ob-

tained from Standard & Poor’s Compustat); 3) Rsq,

the stability of the firm’s five-year historical EPS (mea-
sured by the R? from a log-linear least squares regres-
sion); and 4) Sa, the standard deviation of the
consensus analysts’ five-year EPS growth forecast

(mean forecast) as computed by IBES.

After careful analysis of the data used in our
study, we felt that we could obtain more meaningful
results by imposing six restrictions on the companies
included in our study:

1. Because of the need to calculate ten-year historical
growth rates, and because we studied three dif-
ferent time periods, 1981, 1982, and 1983, our
study requires data for the thirteen-year period
1971-1983. We included only companies with at
least a thirteen-year operating history in our study.

2. As our historical growth rate calculations were
based on log-linear regressions, and the logarithm
of a negative number is not defined, we excluded
all companies that experienced negative EPS dur-
ing any of the years 1971-1983.

3. For similar reasons, we also eliminated companies
that did not pay a dividend during any one of the
years 1971-1983.

4. To insure comparability of time periods covered
by each consensus earnings figure in the P/E ratios,
we eliminated all companies that did not have a
December 31 fiscal year-end.

5. To eliminate distortions caused by highly unusual
events that distort current earnings but not ex-
pected future earnings, and thus the firm’s price/
earnings ratio, we eliminated any firm with a price/
earnings ratio greater than 50.

6. As the evaluation of analysts’ forecasts is a major
part of this study, we eliminated all firms that IBES
did not follow.

Our final sample consisted of approximately

sixty-five utility firms.’
RESULTS

To keep the number of calculations in our study
to a reasonable level, we performed the study in two
stages. In Stage 1, all forty-one historically oriented
approaches for estimating future growth were cor-
related with each firm’s P/E ratio. In Stage 2, the his-
torical growth rate with the highest correlation to the
P/E ratio was compared to the consensus analyst
growth rate in the multiple regression model de-
scribed by Equation (4) above. We performed our
regressions for each of three recent time periods, be-
cause we felt the results of our study might vary over
time.

First-Stage Correlation Study

Table 1 gives the results of our first-stage cor-
relation study for each group of companies in each of
the years 1981, 1982, and 1983. The values in this table
measure the correlation between the historically ori-
ented growth rates for the various time periods and
the firm’s end-of-year P/E ratio.

The four variables for which historical growth
rates were calculated are shown in the left-hand col-
umn: EPS indicates historical earnings per share
growth, DPS indicates historical dividend per share
growth, BVPS indicates historical book value per
share growth, and CFPS indicates historical cash flow
per share growth. The term ““plowback” refers to the
product of the firm’s retention ratio in the currennt
year and its return on book equity for that year. In
all, we calculated forty-one historically oriented
growth rates for each group of firms in each study
period.

The goal of the first-stage correlation analysis was
to determine which historically oriented growth rate
is most highly correlated with each group’s year-end
P/E ratio. Eight-year growth in CFPS has the highest
correlation with P/E in 1981 and 1982, and ten-year
growth in CFPS has the highest correlation with year-
end P/E in 1983. In all cases, the plowback estimate
of future growth performed poorly, indicating that —
contrary to generally held views — plowback is not
a factor in investor expectations of future growth.

Second-Stage Regression Study

In the second stage of our regression study,
we ran the regression in Equation (4) using two dif-
ferent measures of future growth, g: 1) the best his-
torically oriented growth rate (g,) from the first-stage
correlation study, and 2) the consensus analysts’ fore-
cast (g,) of five-year EPS growth. The regression re-
sults, which are shown in Table 2, support at least
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TABLE 1

Correlation Coefficients of All Historically Based Growth Estimates by Group and by Year with P/E

Historical Growth Rate Period in Years

Current
Year 1 2 3 4 5 6 7 8 9 10
1981
EPS -0.02 0.07 0.03 0.01 0.03 0.12 0.08 0.09 0.09 0.09
DPS 0.05 0.18 0.14 0.15 0.14 0.15 0.19 0.23 0.23 0.23
BVPS 0.01 0.11 0.13 0.13 0.16 0.18 0.15 0.15 0.15 0.15
CFPS -0.05 0.04 0.13 0.22 0.28 0.31 0.30 0.31 -0.57 -0.54
Plowback 0.19
1982
EPS -0.10 -0.13 —0.06 -0.02 -0.02 -0.01 -0.03 -0.03 0.00 0.00
DPS -0.19 -0.10 0.03 0.05 0.07 0.08 0.09 0.11 0.13 0.13
BVPS 0.07 0.08 0.11 0.11 0.09 0.10 0.11 0.11 0.09 0.09
CFPS -0.02 —0.08 0.00 0.10 0.16 0.19 0.23 0.25 0.24 0.07
Plowback 0.04
1983
EPS -0.06 -0.25 -0.25 -0.24 -0.16 -0.11 -0.05 0.00 0.02 0.02
DPS 0.03 -0.10 -0.03 0.08 0.15 0.21 0.21 0.21 0.22 0.24
BVPS 0.03 0.10 0.04 0.09 0.15 0.16 0.19 0.21 0.22 0.21
CFPS -0.08 0.01 0.02 0.08 0.20 0.29 0.35 0.38 0.40 0.42
Plowback -0.08

two general conclusions regarding the pricing, of eq-
uity securities.

First, we found overwhelming evidence that
the consensus analysts’ forecast of future growth is
superior to historically oriented growth measures in
predicting the firm’s stock price. In every case, the R?
in the regression containing the consensus analysts’
forecast is higher than the R? in the regression con-
taining the historical growth measure. The regression

coefficients in the equation containing the consensus
analysts’ forecast also are considerably more signifi-
cant than they are in the alternative regression. These
results are consistent with those found by Cragg and
Malkiel for data covering the period 1961-1968. Our
results also are consistent with the hypothesis that
investors use analysts’ forecasts, rather than histori-
cally oriented growth calculations, in making stock
buy-and-sell decisions.

TABLE 2
Regression Results
Model 1

Part A: Historical

P/E = a; + a,D/E + a,g, + a;B + a,Cov + a;Rsq + a,Sa

Year a EY a, EN ay as a, R? F Ratio

1981 -6.42* 10.31* 7.67* 3.24 0.54* 1.42* 57.43 0.83 46.49
(5.50) (14.79) (2.20) (2.86) (2.50) (2.85) (4.07)

1982 -2.90* 9.32* 8.49* 2.85 0.45* -0.42 3.63 0.86 65.53
(2.75) (18.52) (4.18) (2.83) (2.60) (0.05) (0.26)

1983 -5.96* 10.20* 19.78* 4.85 0.44* 0.33 32.49 0.82 45.26
(3.70) (12.20) (4.83) (2.95) (1.89) (0.50) (1.29)

Part B: Analysis

PIE = a, + a,D/E + a,g, + a;B + a,Cov + asRsq + a.Sa

Year a, a a, ay ay as a R? F Ratio

1981 -4.97* 10.62* 54.85* -0.61 0.33* 0.63* 4.34 0.91 103.10
(6.23) (21.57) (8.56) (0.68) (2.28) (1.74) (0.37)

1982 -2.16* 9.47* 50.71* -1.07 0.36* -0.31 119.05* 0.90 97.62
(2.59) (22.46) 9.31) (1.14) (2.53) (1.09) (1.60)

1983 —8.47* 11.96* 79.05* 2.16 0.56* 0.20 —34.43 0.87 69.81
(7.07) (16.48) (7.84) (1.55) (3.08) (0.38) (1.44)

Notes:

* Coefficient is significant at the 5% level (using a one-tailed test) and has the correct sign. T-statistic in parentheses.

Reproduced wiﬂﬂ@el%%‘s%ﬁgragg'&ﬂ@ﬂ@amner. Further reproduction prohibited without permission.
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Second, there is some evidence that investors
tend to view risk in traditional terms. The interest
coverage variable is statistically significant in all but
one of our samples, and the stability of the operating
income variable is statistically significant in six of the
twelve samples we studied. On the other hand, the
beta is never statistically significant, and the standard
deviation of the analysts’ five-year growth forecasts
is statistically significant in only two of our twelve
samples. This evidence is far from conclusive, how-
ever, because, as we demonstrate later, a significant
degree of cross-correlation among our four risk var-
iables makes any general inference about risk ex-
tremely hazardous.

Possible Misspecification of Risk

The stock valuation theory says nothing about
which risk variables are most important to investors.
Therefore, we need to consider the possibility that the
risk variables of our study are only proxies for the
“true’’ risk variables used by investors. The inclusion
of proxy variables may increase the variance of the
parameters of most concern, which in this case are
the coefficients of the growth variables.*

To allow for the possibility that the use of risk
proxies has caused us to draw incorrect conclusions
concerning the relative importance of analysts’
growth forecasts and historical growth extrapolations,
we have also estimated Equation (4) with the risk
variables excluded. The results of these regressions
are shown in Table 3.

Again, there is overwhelming evidence that the
consensus analysts’ growth forecast is superior to the
historically oriented growth measures in predicting
the firm’s stock price. The R? and t-statistics are higher
in every case.

CONCLUSION

The relationship between growth expectations
and share prices is important in several major areas
of finance. The data base of analysts” growth forecasts
collected by Lynch, Jones & Ryan provides a unique
opportunity to test the hypothesis that investors rely
more heavily on analysts’ growth forecasts than on
historical growth extrapolations in making security
buy-and-sell decisions. With the help of this data
base, our studies affirm the superiority of analysts’
forecasts over simple historical growth extrapolations
in the stock price formation process. Indirectly, this
finding lends support to the use of valuation models
whose input includes expected growth rates.

We also tried several other definitions of “earnings,” in-
cluding the firm’s most recent primary earnings per share
prior to any extraordinary items or discontinued operations.
As our results were insensitive to reasonable alternative

~

3

&

TABLE 3
Regression Results
Model II
Part A: Historical
P/E = a, + a,D/E + a,g
Year E 4, a, R? F Ratio
1981 -1.05 9.59 21.20 0.73 82.95
(1.61) (12.13) (7.05)
1982 0.54 8.92 12.18 0.83 167.97
(1.38) (17.73) (6.95)
1983 -0.75 8.92 12.18 0.77 107.82
(1.13) (12.38) (7.94)
Part B: Analysis
P/E + a, + a,D/E + axg.

Year i, a, a, R? F Ratio
1981 3.96 10.07 60.53 0.90 274.16
(8.31) (8.31) (20.91) (15.79)

1982 -1.75 9.19 44.92 0.88 246.36
(4.00) (4.00) (21.35) (11.06)

1983 -4.97 10.95 82.02 0.83 168.28
(6.93) (6.93) (15.93) (11.02)

Notes:

* Coefficient is significant at the 5% level (using a one-tailed test)
and has the correct sign. T-statistic in parentheses.

definitions of “‘earnings "’ we report only the results for the
IBES consensus.

For the latest year, we actually employed a point-to-point
growth calculation because there were only two available
observations.

We use the word “approximately,” because the set of avail-
able firms varied each year. In any case, the number varied
only from zero to three firms on either side of the figures
cited here.

See Maddala (1977).
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INVESTOR GROWTH EXPECTATIONS
Summer 2004

A study done by Vander Weide and Carleton in 1988 suggests that consensus analysts’ forecast
of future growth is superior to historically oriented growth measures in stock valuation process
for domestic companies. We worked with one of the origina authors of the study, Dr. James H.
Vander Weide, and closely followed his suggestions and methodol ogy to investigate whether the
results il hold in more recent times (2001- 2003).

We used the following equation to determine which estimate of future growth (g) best predicts
the firm’s P/E ratio when combined with the dividend payout ratio, D/E, and risk variables, B,
Cov, Sth, and Sa.

P/E = ay(D/E) +a,0(Growth) +a,B(Beta) +asCov(Interest Coverage Ratio) +a,Stb(Stability) +asSa(Std Dev) + e

Data Description
Earnings Per Share:  IBES consensus analyst estimate of the firm’s earnings for the unreported
year.

Price/lEarnings Ratio: Closing stock price for the year divided by the consensus analyst earnings
per share for the forthcoming year.

Dividends: Ratio of common dividends per share to the consensus analyst earnings
forecast for the forthcoming fisca year (D/E).

Historical Growth measures

EPS Growth Rate: Determined by alog linear least squares regression for the latest year,
two years, three years, ..., and ten years.

Dividend per Share Determined by alog linear least squares regression for the latest year,
Growth Rate: two years, three years, ..., and ten years.

Book Vaue per Share  Common equity divided by the common shares outstanding.
Growth Rate: Determined by alog linear least squares regression for the latest year,
two years, three years, ..., and ten years.

Cash Flow per Share  Ratio of gross cash flow to common shares outstanding.
Growth Rate: Determined by alog-linear least squares regression for the latest year,
two years, three years, ..., and ten years.

Plowback Growth: Firm’s retention ratio for the current year times the firm’s latest annual
return on equity.

3yr Plowback Growth: Firm’'sthree-year average retention ratio times the firm’s three-year
average return on equity.

Consensus Analysts' Forecasts
Five-Y ear Earnings Per Share Growth: Mean analysts' forecast compiled by IBES.

L vander Weide, J. H., and W. T. Carleton. “Investor Growth Expectations: Analysts vs. History.” The Journal of
Portfolio Management, Spring 1988, pp. 78-82.
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Risk Variables
B: Beta, the firm’'s beta versus NY SE from Vaue Line.
Cov: The firm's pretax interest coverage ratio from Compustat.

Stb:  Fve-year historical earnings per share stability. Average absolute percentage difference
between actua reported EPS and a 5yr historical EPS growth trend line from IBES.

Sa.  Thestandard deviation of earnings per share estimate for the fiscal year from IBES.

We st five restrictions on the companies included in the study in order to be consistent with the
original study and to obtain more meaningful results

Excluded al firms that IBES did not follow.

Eliminated companies with:

- Negative EPS during any of the years 1991-2003.
No dividend during any one of the years 1991-2003.
P/E ratio greater than 60 in years 2001-2003.

Less than five years of operating history.

The fina universe consisted of 411 US firms, fifty-nine of which are utility companies.

Results
The study was performed in two stages.

Stage 1l

In order to determine which historically oriented growth measure is most highly correlated with
each firm's end-of-year P/E ratio, we computed spearman (rank) correlations between al forty-
two historically oriented future growth measures and P/E.

The result of the stage 1 study is displayed in Table 1. Three-year plowback ratio has the highest
correlation with P/E in 2001 and 2002, and five-year EPS growth rate has the highest correlation

with P/E in 2003.
Table 1

Stagel Results for Utility and Non-Utility Companies Combined
Correlations between Historically Based Growth Estimates by Year with P/E

Current Year vl y2 y3 v4 v5 y6 v7 v8 v9 y10
EPS 0.232 0.210 0.145 0.122 0.059 0.034 -0.007 -0.076 -0.117 -0.154
DPS -0.243 -0.297 -0.296 -0.293 -0.313 -0.316 -0.336 -0.334 -0.329 -0.333
2001 BVPS 0.059 -0.017 -0.098 -0.138 -0.150 -0.182 -0.219 -0.259 -0.271 -0.273
CFPS 0.092 0.092 0.087 0.042 -0.063 -0.102 -0.141 -0.193 -0.237 -0.262
plowback 0.203
plowback3 0.308
EPS -0.007 0.147 0.076 0.080 0.083 0.050 0.030 -0.018 -0.060 -0.089
DPS -0.126 -0.202 -0.251 -0.224 -0.215 -0.239 -0.232 -0.233 -0.211 -0.198
2002 BVPS -0.036 -0.036 -0.078 -0.115 -0.114 -0.127 -0.152 -0.162 -0.175 -0.171
CFPS 0.056 0.045 0.017 0.021 0.030 -0.024 -0.050 -0.080 -0.125 -0.162
plowback 0.093
plowback3 0.180
EPS 0.073 0.084 0.214 0.231 0.244 0.228 0.182 0.158 0.104 0.049
DPS 0.120 0.054 -0.001 -0.078 -0.090 -0.126 -0.152 -0.165 -0.183 -0.185
2003 BVPS 0.097 0.076 0.067 0.036 -0.045 -0.062 -0.063 -0.083 -0.105 -0.131
CFPS 0.146 0.196 0.243 0.239 0.206 0.178 0.107 0.089 0.039 -0.022
plowback -0.017
plowback3 0.038
2
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We aso independently examined utility and nort utility firms. Table 2 shows the result for the
fifty-nine utility firms. Two-year growth in EPS has the highest correlation with P/E in 2001,
four-year EPS has the highest correlation in 2002, and six- year EPS has the highest correlation in
2003.

Table 3 exhibits the result for the remaining nort utility firms. EPS one- year growth, two-year
growth, and five-year growth has the highest correlation with P/E in 2001, 2002, and 2003,
respectively.

Table 2

Stagel Results for Utility Companies
Correlations between Historically Based Growth Estimates by Year with P/E

Current Year yl y2 y3 v4 v5 v6 y7 v8 y9 y10
EPS 0.305 0.330 0.305 0.319 0.238 0.157 0.129 0.107 0.079 0.048
DPS -0.215 -0.321 -0.302 -0.294 -0.316 -0.281 -0.332 -0.414 -0.435 -0.429
2001 BVPS 0.164 0.137 0.147 -0.027 -0.072 -0.135 -0.117 -0.104 -0.106 -0.140
CFPS 0.194 0.135 0.020 -0.018 -0.122 -0.157 -0.135 -0.134 -0.103 -0.219
plowback -0.143
plowback3 -0.027
EPS -0.065 0.044 0.069 0.119 0.071 0.004 -0.038 -0.069 -0.061 -0.070
DPS -0.333 -0.327 -0.278 -0.313 -0.280 -0.321 -0.277 -0.226 -0.203 -0.210
2002 BVPS -0.325 -0.239 -0.182 -0.177 -0.230 -0.237 -0.250 -0.247 -0.235 -0.235
CFPS -0.205 -0.132 -0.172 -0.166 -0.216 -0.289 -0.285 -0.265 -0.227 -0.218
plowback -0.151
plowback3 -0.133
EPS 0.010 0.136 0.186 0.263 0.365 0.367 0.344 0.343 0.309 0.302
DPS 0.151 -0.029 -0.014 -0.022 -0.054 -0.117 -0.142 -0.137 -0.105 -0.092
2003 BVPS 0.212 0.060 0.047 0.019 0.003 0.040 0.022 0.005 0.003 -0.002
CFPS 0.222 -0.046 0.173 0.115 0.165 0.100 0.017 0.077 0.057 0.077
plowback -0.365
plowback3 -0.403
Table 3

Stagel Results for Non-Utility Companies
Correlations between Historically Based Growth Estimates by Year with P/E

Current Year vyl y2 y3 va y5 y6 y7 vy8 y9 y10
EPS 0.1843 0.1660 0.1293 0.1218 0.0873 0.0829 0.0618 0.0106 -0.0194  -0.0412
DPS -0.2036  -0.2211 -0.2042 -0.1935 -0.2098 -0.2066 -0.2186 -0.2155  -0.2046 -0.1975
2001 BVPS 0.0757 0.0084 -0.0791 -0.0997 -0.0916 -0.1146 -0.1388 -0.1783 -0.1866  -0.1823
CFPS 0.0864 0.0710 0.0956 0.0704 -0.0033 -0.0162 -0.0366 -0.0747  -0.1186 -0.1325
plowback 0.0781
plowback3 0.1781
EPS 0.0762 0.1767 0.0755 0.0817 0.0936 0.0757 0.0708 0.0316 -0.0011 -0.0254
DPS -0.0804 -0.1693 -0.2103 -0.1672 -0.1519 -0.1720 -0.1645 -0.1636 -0.1394  -0.1226
2002 BVPS 0.0527 0.0236 -0.0363 -0.0777 -0.0710 -0.0753 -0.0953 -0.1019 -0.1118 -0.1061
CFPS 0.0905 0.0488 0.0143 0.0237 0.0563 0.0246 0.0097 -0.0079  -0.0458 -0.0821
plowback 0.0634
plowback3 0.1306
EPS 0.1254 0.1783 0.2788 0.2689 0.2791 0.2622 0.2219 0.2039 0.1559 0.1090
DPS 0.1810 0.1290 0.0655 -0.0128 -0.0101 -0.0400 -0.0630 -0.0772 -0.0930 -0.0952
2003 BVPS 0.1555 0.1740 0.1534 0.1056 0.0127  -0.0069 -0.0054 -0.0218 -0.0416 -0.0636
CFPS 0.1479 0.2200 0.2512 0.2429 0.2004 0.1839 0.1349 0.1286 0.0892 0.0388
plowback -0.1109

plowback3 -0.0402
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Stage 2
We compared the multiple regression model of historical growth rate with the highest correlation
to the P/E ratio from stage 1 to the five- year earnings per share growth forecast.

P/IE =a(D/E) + a1g + &B + &sCov + ayStb + asSa + e

The regression results are displayed in table 4. The results show that the consensus analysts
forecast of future growth better approximates the firm’'s P/E ratio, which is consistent with the
results found by Vander Weide and Carleton In both regressions, R in the regression with the
consensus analysts' forecast is higher than the R in the regression with the historical growth.

Table 4

Stage?2 Results for Utility and Non-Utility Companies Combined
Multiple Regression Results
PIE=za0+al D/IE +a2g + a3 B + a4 Cov + a5 Sth + a6 Sa

Historical
a0 al a2 a3 a4 a5 a6 Rsq F Ratio
2001 10.43 8.46 10.79 6.79 0.02 -0.03 -18.83 0.20 13.90
4.73 553 2.93 3.54 3.05 -3.06 -3.32
2002 12.36 7.60 6.66 1.01 0.00 0.01 -32.48 0.15 9.46
7.21 6.18 2.61 0.66 1.57 148 -4.04
2003 13.34 5.96 9.87 5.27 0.01 -0.01 -20.46 0.24 17.61
7.29 4.04 2.95 3.39 3.62 -1.31 -4.25

Analysts' Forecasts

a0 al a2 a3 a4 ab ab Rsq F Ratio

2001 -1.26 16.14 144.75 -0.64 0.01 -0.03 -10.76 0.47 48.00
-0.62 11.63 13.22 -0.38 3.07 -4.04 -2.29

2002 3.37 13.37 106.07 -3.60 0.00 0.01 -21.85 0.35 29.73
1.93 10.97 10.59 -2.57 1.25 1.50 -3.06

2003 4,77 12.76 61.93 4.38 0.01 0.00 -19.41 0.33 26.38
2.65 9.48 7.25 3.01 2.45 -0.81 -4.33

*T-stats below the coefficients in smaller font

For utility companies shown in table 5, consensus analysts' forecast of future growth is superior
to historically oriented growth in 2002 and 2003. R is lower in the regression with the consensus
analysts' forecast in 2001. For nonutility companies, we found that consensus analysts' forecast
of future growth is superior to the alternative in al three years (table 6).
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Stage?2 Results for Utility Companies
Multiple Regression Results

Table 5

PIE=a0+al D/E +a2g +a3 B + a4 Cov + a5 Stb + a6 Sa

SSgA
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Historical
a0 al a2 a3 a4 a5 ab Rsq F Ratio
2001 7.90 11.07 -11.19 -3.00 0.29 0.00 -9.37 0.44 6.38
2.16 4.80 -5.71 -0.86 0.88 0.64 -1.51
2002| 13.87 7.00 -3.80 -6.89 0.56 0.00 -29.89 0.38 5.11
4.02 354 -0.66 -2.01 1.48 0.42 -2.70
2003] 11.29 7.74 -1.65 -1.40 0.32 0.00 -5.69 0.25 2.68
3.22 3.30 -0.23 -0.43 1.05 -0.73 -0.75
Analysts' Forecasts
a0 al a2 a3 a4 a5 ab Rsq F Ratio
2001 9.61 9.20 66.61 -7.92 0.50 -0.01 -12.83 0.27 2.95
231 345 3.66 -1.86 131 -1.33 -1.76
2002 12.43 7.86 50.74 -9.61 0.50 0.00 -24.94 0.48 7.56
3.89 529 3.10 -2.94 1.50 0.17 -2.41
2003 5.81 11.06 101.12 -1.69 -0.19 0.00 -4.75 0.50 7.81
1.89 6.32 4.80 -0.58 -0.74 -0.22 -0.74
*T-stats below the coefficients in smaller font
Table 6
Stage2 Results for Non-Utility Companies
Multiple Regression Results
PIE=a0+al D/E + a2g + a3 B + a4 Cov + a5 Stb + a6 Sa
Historical
a0 al a2 a3 a4 ab ab Rsq F Ratio
2001] 15.90 8.39 2.82 3.53 0.02 -0.03 -21.05 0.21 12.45
6.57 413 1.96 1.68 2.97 -2.14 -3.40
2002| 17.76 8.46 6.02 -3.06 0.00 0.02 -36.97 0.27 16.78
9.39 519 3.28 -1.88 1.37 252 -4.31
2003| 14.24 9.86 8.85 3.46 0.01 0.00 -19.00 0.30 19.89
7.49 5.89 2.49 2.11 3.23 -0.15 -3.73
Analysts' Forecasts
a0 al a2 a3 ad a5 ab Rsq F Ratio
2001 -0.51 17.28 140.84 -1.06 0.01 -0.03 -8.63 0.44 36.00
-0.22 11.21 10.73 -0.59 2.88 -2.62 -1.63
2002] 5.05 15.67 91.22 -4.06 0.00 0.02 -22.93 0.38 27.65
2.48 11.23 7.66 -2.74 1.18 233 -2.87
2003 7.25 14.47 45.60 3.47 0.01 0.00 -19.09 0.33 22.30
3.56 9.42 4.68 2.20 2.36 -0.12 -3.89

*T-stats below the coefficients in smaller font

Thismaterial isfor your private information. The views expressed are the views of Anita Xu and Ami Teruyaonly
through the period ended July 26, 2004 and are subject to change based on market and other conditions. The
opinions expressed may differ from those with different investment philosophies. The information we provide does
not constitute investment advice and it should not be relied on as such. It should not be considered a solicitation to
buy or an offer to sell a security. It does not take into account any investor's particular investment objectives,
strategies, tax status or investment horizon. We encourage you to consult your tax or financial advisor. All material
has been obtained from sources believed to bereliable, but its accuracy is not guaranteed. There is no representation

nor warranty as to the current accuracy of, nor liability for, decisions based on such information. Past performanceis
no guarantee of future results.
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Returns to Buying Winners and Selling
Losers: Implications for
Stock Market Efficiency

NARASIMHAN JEGADEESH and SHERIDAN TITMAN®

ABSTRACT

This paper documents that strategies which buy stocks that have performed well in
the past and sell stocks that have performed poorly in the past generate significant
positive returns over 3- to 12-month holding periods. We find that the profitability
of these strategies are not due to their systematic risk or to delayed stock price
reactions to common factors. However, part of the abnormal returns generated in
the first year after portfolio formation dissipates in the following two years. A
similar pattern of returns around the earnings announcements of past winners and
losers is also documented.

A POPULAR VIEW HELD by many journalists, psychologists, and economists is
that individuals tend to overreact to information.! A direct extension of this
view, suggested by De Bondt and Thaler (1985, 1987), is that stock prices also
overreact to information, suggesting that contrarian strategies (buying past
losers and selling past winners) achieve abnormal returns. De Bondt and
Thaler (1985) show that over 3- to 5-year holding periods stocks that per-
formed poorly over the previous 3 to 5 years achieve higher returns than
stocks that performed well over the same period. However, the interpretation
of the De Bondt and Thaler results are still being debated. Some have argued
that the De Bondt and Thaler results can be explained by the systematic risk
of their contrarian portfolios and the size effect.? In addition, since the
long-term losers outperform the long-term winners only in Januaries, it is
unclear whether their results can be attributed to overreaction.

*Jegadeesh is from the Anderson Graduate School of Management, UCLA. Titman is from
Hong Kong University of Science and Technology and the Anderson Graduate School of Manage-
ment, UCLA. We would like to thank Kent Daniel, Ravi Jagannathan, Richard Roll, Hans Stoll,
René Stulz, and two referees. We also thank participants of the Johnson Symposium held at the
University of Wisconsin at Madison and seminar participants at Harvard, SMU, UBC, UCLA,
Penn State, University of Michigan, University of Minnesota, and York University for helpful
comments, and Juan Siu and Kwan Ho Kim for excellent research assistance.

'See for example, the academic papers by Kahneman and Tversky (1982), De Bondt and
Thaler (1985) and Shiller (1981).
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More recent papers by Jegadeesh (1990) and Lehmann (1990) provide
evidence of shorter-term return reversals. These papers show that contrarian
strategies that select stocks based on their returns in the previous week or
month generate significant abnormal returns. However, since these strate-
gies are transaction intensive and are based on short-term price movements,
their apparent success may reflect the presence of short-term price pressure
or a lack of liquidity in the market rather than overreaction. Jegadeesh and
Titman (1991) provide evidence on the relation between short-term return
reversals and bid-ask spreads that supports this interpretation. In addition,
Lo and MacKinlay (1990) argue that a large part of the abnormal returns
documented by Jegadeesh and Lehmann is attributable to a delayed stock
price reaction to common factors rather than to overreaction.

Although contrarian strategies have received a lot of attention in the recent
academic literature, the early literature on market efficiency focused on
relative strength strategies that buy past winners and sell past losers. Most
notably, Levy (1967) claims that a trading rule that buys stocks with current
prices that are substantially higher than their average prices over the past 27
weeks realizes significant abnormal returns. Jensen and Bennington (1970),
however, point out that Levy had come up with his trading rule after
examining 68 different trading rules in his dissertation and because of this
express skepticism about his conclusions. Jensen and Bennington analyze the
profitability of Levy’s trading rule over a long time period that was, for the
most part, outside Levy’s original sample period. They find that in their
sample period Levy’s trading rule does not outperform a buy and hold
strategy and hence attribute Levy’s result to a selection bias.

Although the current academic debate has focused on contrarian rather
than relative strength trading rules, a number of practitioners still use
relative strength as one of their stock selection criteria. For example, a
majority of the mutual funds examined by Grinblatt and Titman (1989, 1991)
show a tendency to buy stocks that have increased in price over the previous
quarter. In addition, the Value Line rankings are known to be based in large
part on past relative strength. The success of many of the mutual funds in
the Grinblatt and Titman sample and the predictive power of Value Line
rankings (see Copeland and Mayers (1982) and Stickel (1985)) provide sug-
gestive evidence that the relative strength strategies may generate abnormal
‘returns.

How can we reconcile the success of Value Line rankings and the mutual
funds that use relative strength rules with the current academic literature
that suggests that the opposite strategy generates abnormal returns? One
possibility is that the abnormal returns realized by these practitioners are
either spurious or are unrelated to their tendencies to buy past winners. A
second possibility is that the discrepancy is due to the difference between the
time horizons used in the trading rules examined in the recent academic
papers and those used in practice. For instance, the above cited evidence
favoring contrarian strategies focuses on trading strategies based on either
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very short-term return reversals (1 week or 1 month), or very long-term
return reversals (3 to 5 years). However, anecdotal evidence suggests that
practitioners who use relative strength rules base their selections on price
movements over the past 3 to 12 months.? This paper provides an analysis of
relative strength trading strategies over 3- to 12-month horizons. Our analy-
sis of NYSE and AMEX stocks documents significant profits in the 1965 to
1989 sample period for each of the relative strength strategies examined. We
provide a decomposition of these profits into different sources and develop
tests that allow us to evaluate their relative importance. The results of these
tests indicate that the profits are not due to the systematic risk of the trading
strategies. In addition, the evidence indicates that the profits cannot be
attributed to a lead-lag effect resulting from delayed stock price reactions to
information about a common factor similar to that proposed by Lo and
MacKinlay (1990). The evidence is, however, consistent with delayed price
reactions to firm-specific information.

Further tests suggest that part of the predictable price changes that occur
during these 3- to 12-month holding periods may not be permanent. The
stocks included in the relative strength portfolios experience negative abnor-
mal returns starting around 12 months after the formation date and continu-
ing up to the thirty-first month. For example, the portfolio formed on the
basis of returns realized in the past 6 months generates an average cumula-
tive return of 9.5% over the next 12 months but loses more than half of this
return in the following 24 months.

Our analysis of stock returns around earnings announcement dates sug-
gests a similar bias in market expectations. We find that past winners realize
consistently higher returns around their earnings announcements in the 7
months following the portfolio formation date than do past losers. However,
in each of the following 13 months past losers realize higher returns than
past winners around earnings announcements.

The rest of this paper is organized as follows: Section I describes the
trading strategies that we examine and Section II documents their excess
returns. Section III provides a decomposition of the profits from relative
strength strategies and evaluates the relative importance of the different
components. Section IV documents these returns in subsamples stratified on
the basis of ex ante beta and firm size and Section V measures these profits
across calendar months and over 5-year subperiods. The longer term perfor-
mance of the stocks included in the relative strength portfolios is examined in
Section VI and Section VII back tests the strategy over the 1927 to 1964

3For instance, one of the inputs used by Value Line to assign a timeliness rank for each stock
is a price momentum factor computed based on the stock’s past 3- to 12-month returns. Value
Line reports that the price momentum factor is computed by “dividing the stock’s latest 10-week
average relative price by its 52-week average relative price.” These timeliness ranks, according
to Value Line, are “designed to discriminate among stocks on the basis of relative price
performance over the next 6 to 12 months” (see Bernard (1984), pp. 52-53).
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period. Section VIII examines the returns of past winners and past losers
around earnings announcement dates and Section IX concludes the paper.

I. Trading Strategies

If stock prices either overreact or underreact to information, then profitable
trading strategies that select stocks based on their past returns will exist.
This study investigates the efficiency of the stock market by examining the
profitability of a number of these strategies. The strategies we consider select
stocks based on their returns over the past 1, 2, 3, or 4 quarters. We also
consider holding periods that vary from 1 to 4 quarters. This gives a total of
16 strategies. In addition, we examine a second set of 16 strategies that skip
a week between the portfolio formation period and the holding period. By
skipping a week, we avoid some of the bid-ask spread, price pressure, and
lagged reaction effects that underlie the evidence documented in Jegadeesh
(1990) and Lehmann (1990).

To increase the power of our tests, the strategies we examine include
portfolios with overlapping holding periods. Therefore, in any given month ¢,
the strategies hold a series of portfolios that are selected in the current
month as well as in the previous K — 1 months, where K is the holding
period. Specifically, a strategy that selects stocks on the basis of returns over
the past J months and holds them for K months (we will refer to this as a
J-month/K-month strategy) is constructed as follows: At the beginning of
each month ¢ the securities are ranked in ascending order on the basis of.
their returns in the past J months. Based on these rankings, ten decile
portfolios are formed that equally weight the stocks contained in the top
decile, the second decile, and so on. The top decile portfolio is called the
“losers” decile and the bottom decile is called the “winners” decile. In each
month ¢, the strategy buys the winner portfolio and sells the loser portfolio,
holding this position for K months. In addition, the strategy closes out the
position initiated in mlonth t — K. Hence, under this trading strategy we

revise the weights on e of the securities in the entire portfolio in any given

month and carry over the rest from the previous month.

The profits of the above strategies were calculated for both a series of buy
and hold portfolios and a series of portfolios that were rebalanced monthly to
maintain equal weights. Since the returns for these two strategies were very
similar (the buy and hold strategies yielded slightly higher returns) we
present only the rebalanced returns which are also used in the event study
presented in Section VI. '

II. The Returns of Relative Strength Portfolios

This section documents the returns of the portfolio strategies described in
the last section over the 1965 to 1989 period using data from the CRSP daily
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returns file.* All stocks with available returns data in the J months preced-
ing the portfolio formation date are included in the sample from which the
buy and sell portfolios are constructed.

Table I reports the average returns of the different buy and sell portfolios
as well as the zero-cost, winners minus losers portfolio, for the 32 strategies
described above. The returns of all the zero-cost portfolios (i.e., the returns
per dollar long in this portfolio) are positive. All these returns are statisti-
cally significant except for the 3-month/3-month strategy that does not skip
a week. Many of the individual ¢-statistics are sufficiently large to be
significant even after considering the fact that we have conducted 32 sepa-
rate tests. The probability of obtaining a single ¢-statistic as large as 4.28
(obtained with the 12-month/3-month strategy that skips a week) with 32
observations is less than 0.0006, as given by the Bonferroni inequality.®

The most successful zero-cost strategy selects stocks based on their returns
over the previous 12 months and then holds the portfolio for 3 months. This
strategy yields 1.31% per month (shown in Panel A) when there is no time
lag between the portfolio formation period and the holding period and it
yields 1.49% per month (shown in Panel B) when there is a 1-week lag
between the formation period and the holding period.® The 6-month forma-
tion period produces returns of about 1% per month regardless of the holding
period. These holding period returns are slightly higher when there is a
1-week lag between the formation period and the holding period (Panel B)
than when the formation and holding periods are contiguous (Panel A).

Having established that the relative strength strategies are on average
quite profitable, we now examine one specific strategy in detail, the 6-
month /6-month strategy that does not skip a week between the portfolio
formation period and the holding period. The results for this strategy are
representative of the results for the other strategies.

III. Sources of Relative Strength Profits

This section presents two simple return-generating models that allow us to
decompose the excess returns documented in the last section and identify the
important sources of relative strength profits. The first model allows for
factor-mimicking portfolio returns to be serially correlated but requires indi-

“The latest version of the CRSP daily returns file at the time this study was initiated covers
the July 1962 to December 1989 period. Monthly returns were obtained by compounding the
daily returns recorded in this data set. Since the 12-month/12-month strategy considered here
requires lagged returns data over 23 months the first full calendar year for which we could
examine portfolio returns is 1965.

5The Bonferroni inequality provides a bound for the probability of observing a t-statistic of a
certain magnitude with N tests that are not necessarily independent.

5De Bondt and Thaler (1985) report 1-year holding period returns in their tables that are
consistent with our findings here. However, they do not examine strategies based on 1-year
horizons in any detail and based on their analysis of longer horizon strategies conclude that the
market overreacts.
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Table I
Returns of Relative Strength Portfolios

The relative strength portfolios are formed based on J-month lagged returns and held for K
months. The values of J and K for the different strategies are indicated in the first column and
row, respectively. The stocks are ranked in ascending order on the basis of J-month lagged
returns and an equally weighted portfolio of stocks in the lowest past return decile is the sell
portfolio and an equally weighted portfolio of the stocks in the highest return decile is the buy
portfolio. The average monthly returns of these portfolios are presented in this table. The
relative strength portfolios in Panel A are formed immediately after the lagged returns are
measured for the purpose of portfolio formation. The relative strength portfolios in Panel B are
formed 1 week after the lagged returns used for forming these portfolios are measured. The
t-statistics are reported in parentheses. The sample period is January 1965 to December 1989.

Panel A Panel B
3 6 9 12 K= 3 6 9 12

0.0108 0.0091 0.0092 0.0087 0.0083 0.0079 0.0084 0.0083
(2.16) (1.8 (1.92) (1.87) (167 (164 @70 Q.79

0.0140 0.0149 0.0152 .0156 0.0156 0.0158 0.0158 0.0160
(357 (3.78) (3.83) (3.89) - (3.95) (3.98) (3.96) (3.98)

Buy-sell 0.0032 0.0058 0.0061 0.0069 0.0073 0.0078 0.0074 0.0077
(1100 (2.29) (2.69) (3.53) (2.61) (3.16) (3.36) (4.00)

Sell 0.0087 0.0079 0.0072 0.0080 0.0066 0.0068 0.0067 0.0076
(1.67) (1.56) (1.48) (1.66) (1.28) (1.35) (1.38) (1.58)

Buy 0.0171 0.0174 0.0174 0.0166 0.0179 0.0178 0.0175 0.0166
‘ (428) (4.33) (431) (4.13) (447) (441 (432) (4.13)

Buy-sell 0.0084 0.0095 0.0102 0.0086 0.0114 0.0110 0.0108 0.0090
(244) (3.07) (3.76) (3.36) (38.37) (3.61) (4.01) (359

Sell 0.0077 0.0065 0.0071 0.0082 0.0058 0.0058 0.0066 0.0078
(147) (1.29) (143) (1.66) (1.13) (1.15) (1.349) (159

Buy 0.0186 0.0186 0.0176 0.0164 0.0193 0.0188 0.0176 0.0164
(4.56) (4.53) (4.30) (4.03) (4.72) (4.56) (4.30) (4.04)

Buy-sell 0.0109 0.0121 0.0105 0.0082 0.0135 0.0130 0.0109 0.0085
(3.03) (3.78) (347 (2.89) (3.85) (4.09) (3.67) (3.04)

Sell 0.0060 0.0065 0.0075 0.0087 0.0048 0.0058 0.0070 0.0085
(117 (1.29) (148) (1.74) (0.93) (1.15) (1400 (1.71)

Buy 0.0192 0.0179 0.0168 0.0155 0.0196 0.0179 0.0167 0.0154
(4.63) (4.36) (4.10) (3.81) (4.73) (4.36) (4.09) (3.79)

Buy-sell 0.0131 0.0114 0.0093 0.0068 0.0149 0.0121 0.0096 0.0069
(3.74) (3.40) (2.95) (2.25) (4.28) (3.65) (3.09) (2.31)

vidual stocks to react instantaneously to factor realizations. This model is
used to decompose relative strength profits into two components relating to
systematic risk, which would exist in an efficient market, and a third
component relating to firm-specific returns, which would contribute to rela-
tive strength profits only if the market were inefficient. The second return-
generating model relaxes the assumption that stocks react instantaneously to
the common factor. This model enables us to evaluate the possibility that the
relative strength profits arise because of a lead-lag relationship in stock
prices similar to that proposed by Lo and MacKinlay (1990) as a partial
explanation for short horizon contrarian profits.
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A. A Simple One-Factor Model

Consider the following one-factor model describing stock returns:’

rie=m; + b, f, +ey,
E(f,) =0
E(e;) =0 (1)
Cov(e;,,f,) =0, Vi
Cov(e;,,e;-1) =0, Vi+#j

where u; is the unconditional expected return on security i, r; is the
return on security i, f, is the unconditional unexpected return on a factor-
mimicking portfolio, e;, is the firm-specific component of return at time ¢, and
b, is the factor sensitivity of security i. For the 6-month/6-month strategy
that we consider in the rest of this paper the length of a period is 6 months.

The superior performance of the relative strength strategies documented in
the last section implies that stocks that generate higher than average returns
in one period also generate higher than average returns in the period that
follows. In other words, these results imply that:

E(r, —7lry_,—7_-,>0)>0
and
E(r, - Flri_,— 1.1 <0) <0,

where a bar above a variable denotes its cross-sectional average.
Therefore,

E{(r;, = F)(ry-y — T2} > 0. (2)

The above cross-sectional covariance equals the expected profits from the
zero-cost contrarian trading strategy examined by Lehmann (1990) and Lo
and MacKinlay (1990) that weights stocks by their past returns less the past
equally weighted index returns. This weighted relative strength strategy
(WRSS) is closely related to our strategy. The WRSS yields a profit of 4.5%
per dollar long semiannually (¢-statistic = 2.99) and the correlation between
the returns of this strategy and that of the trading strategy examined in the
last section is 0.95. The equally weighted decile portfolios are used in most of
our empirical tests since they provide relatively more information than the
WRSS. However, as the following analysis demonstrates, the closely related
WRSS provides a tractable framework for analytically examining the sources
of relative strength profits and evaluating the relative importance of each of
these sources.

"Our analysis in this subsection is similar to that in Jegadeesh (1987) and Lo and MacKinlay
(1990).

110138-OPC-POD-60-152



72 The Journal of Finance

Given the one-factor model defined in (1), the WRSS profits given in
expression (2) can be decomposed into the following three terms:

E{(riy = F)(riey ~ Fo)} = g2 + 02Cov(f,, f,_,)

+ Covi(e;,e;,_1), (3)
where 0#2 and o are the cross-sectional variances of expected returns and
factor sensitivities respectively.

The above decomposition suggests three potential sources of the relative
strength profits. The first term in this expression is the cross-sectional
dispersion in expected returns. Intuitively, since realized returns contain a
component related to expected returns, securities that experience relatively
high returns in one period can be expected to have higher than average
returns in the following period. The second term is related to the potential to
time the factor. If the factor portfolio returns exhibit positive serial correla-
tion, the relative strength strategy will tend to pick stocks with high &’s
when the conditional expectation of the factor portfolio return is high. As the
above expression demonstrates, the extent to which relative strength strate-
gies generate profits because of the serial correlation of the factor portfolio
return is a function of the cross-sectional variance of the &’s. The last term in
the above expression is the average serial covariance of the idiosyncratic
components of security returns.

To assess whether the existence of relative strength profits imply market
inefficiency, it is important to identify the sources of the profits. If the profits
are due to either the first or the second term in expression (3) they may be
attributed to compensation for bearing systematic risk and need not be an
indication of market inefficiency. However, if the superior performance of the
relative strength strategies is due to the third term, then the results would
suggest market inefficiency.

B. The Average Size and Beta of Relative Strength Portfolios

This subsection considers the possibility that relative strength strategies
systematically pick high-risk stocks and benefit from the first term in expres-
sion (3). Table II reports estimates of the two most.common indicators of
systematic risk, the post-ranking betas of the ten 6-month /6-month relative
strength portfolios and the average capitalizations of the stocks in these
portfolios. The betas of the extreme past returns portfolios are higher than
the average beta for the full sample. In addition, since the beta of the
portfolio of past losers is higher than the beta of the portfolio of past winners,
the beta of the zero-cost winners minus losers portfolio is negative. The
average capitalizations of the stocks in the different portfolios show that the
highest and the lowest past returns portfolios consist of smaller than average
stocks, with the stocks in the losers portfolios being smaller than the stocks
in the winners portfolio. This evidence suggests that the observed relative
strength profits are not due to the first source of profits in expression (3).
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Table I1

Betas and Market Capitalization of Relative Sfrength

Portfolios
The relative strength portfolios are formed based on 6-month lagged returns and held for 6
months. The stocks are ranked in ascending order on the basis of 6-month lagged returns. The
equally weighted portfolio of stocks in the lowest past return decile is portfolio P1, the equally
weighted portfolio of stocks in the next decile is portfolio P2, and so on. The betas with respect to
the value-weighted index and the average market capitalizations of the stocks included in these
portfolios are reported here. The sample period is January 1965 to December 1989.

: Average Market
Beta Capitalization
P1 1.36 208.24
P2 1.19 480.07
P3 1.14 545.31
P4 1.11 618.85
P5 1.09 692.89
P6 1.08 702.51
P7 1.09 738.09
P8 1.12 758.87
P9 1.17 680.18
P10 1.28 495.13

P10-P1 -0.08 —

Additional evidence rélating to the extent to which the dispersion in expected
returns explains these profits is given in the next section.

C. The Serial Covariance of 6-Month Returns

This subsection examines the serial covariance of 6-month returns in order
to assess the potential contribution of the second and third source of profits
from our decomposition. Given the model expressed in (1), the serial covari-
ance of an equally weighted portfolio of a large number of stocks is:®

COV(Ft’Ft—l)=Bi200v(ft’ft-1)' (4)

If the source of relative strength profits is the serial covariance of factor-
related returns then, from the above expression, the in-sample serial covari-
ance of the equally weighted index returns is required to be positive. How-
ever, we find that the serial covariance of 6-month returns of the equally
weighted index is negative (—0.0028) which, from the decomposition in
expression (3), reduces the relative. strength profits. This result indicates that
the serial covariance of factor portfolio returns is unlikely to be the source of
relative strength profits.

The contribution of the serial covariances of e;, to the serial covariance of the equally
weighted index becomes arbitrarily small as the number of stocks in the index becomes
arbitrarily large.
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The estimates of the serial covariance of market model residuals for
individual stocks are on average positive (0.0012). This evidence suggests
that the relative strength profits may arise from stocks underreacting to
firm-specific information. However, this evidence is also potentially consis-
tent with an alternative model in which some stocks react with a lag to factor
realizations, and we address this possibility in the next subsection.

D. Lead-Lag Effects and Relati;)e Strength Profits

This subsection examines whether the relative strength profits can arise
from a lead-lag relationship in stock prices similar to that considered in Lo
and MacKinlay (1990). In contrast to the model previously presented, the
model in this subsection assumes that stocks can either overreact or underre-
act to the common factor but that the factor-mimicking portfolio returns are
serially uncorrelated.

Consider the following return generating process:

ri = F 0y f, Fbyifio1 +ey, 6))

where b,; and b,, are sensitivities to the contemporaneous and lagged factor
realizations. b,, > 0 implies that stock i partly reacts to the factor with a lag
as in Lo and MacKinlay and b,; < 0 implies that the stock overreacts to
contemporaneous factor realizations and this overreaction gets corrected in
the subsequent period. _

Given this model, the WRSS profits and the serial covariance of the equally
weighted index are given by:

E{(r;, =7 )(riy—1 —T,_1)} =0;L2+50'f2 (6)
and

cov(F,, 7 _1) =7)17)20f2, @)

From expression (6), when § < 0 the lead-lag relation has a negative effect
on the profitability of the WRSS, or equivalently, a positive effect on contrar-
ian profits as in Lo and MacKinlay. However, when & > 0, the lead-lag
relation will generate positive relative strength profits. In addition, if b, is
positive (negative) then the equally weighted index returns will be positively
(negatively) serially correlated. This parameter, however, does not affect the
profitability of the WRSS. '

If the lead-lag effect is. an important source of relative strength profits,
then the profit in any period will depend on the magnitude of factor portfolio
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return in the previous period. Formally, consider the expected WRSS profits
conditional on the past factor portfolio return:

E{(ryy =t )(ri-y = FoDIf21) =%2+5fz2-1~ (8)

In contrast, under model (1), the conditional expectation of the WRSS
profits given in expression (3), assuming that the factor portfolio returns are
normally distributed, is: ‘

E{(r; - F(riy—r =T ) fio1) = 0“2 + szpfzf{u

where p is the first order serial correlation of the factor portfolio returns.

Expression (8) implies that if the relative strength profits come entirely
from the lead-lag effect in stock returns, then the magnitude of the profits
should be positively related to the squared factor portfolio return in the
previous period. Intuitively, if inefficient stock price reactions to factor real-
izations are important for the profitability of relative. strength strategies,
then large factor realizations should result in large WRSS profits. Alterna-
tively, if the lead-lag effect does not contribute to the profits, then the
observed negative serial covariance of the market index implies a negative
relation between the magnitude of the WRSS profits and squared lagged
factor portfolio returns.

To examine which of these predictions best explains the time-series varia-
tion in relative strength profits we estimate the following regression using
the value-weighted index as a proxy for the factor portfolio:

_ 2
Tpore = 0 + 0ry, o+ u,,,

where r,, 5 is the 6-month return of the relative strength portfolio formed in
month ¢ based on 6-month lagged returns and r,, ¢, -¢ 15 the demeaned return
on the value-weighted index in the months ¢ — 6 through ¢ — 1. The esti-
mates of 6 and the corresponding autocorrelation-consistent ¢-statistic over
the 1965 to 1989 sample period are —2.29 and —1.74 respectively. The
estimates (¢-statistic) of 8 in the first and second half of this sample period
are —2.55 (—2.65) and —1.83 (—2.52) respectively.® This reliably negative
relation between the relative strength profits and lagged squared market
returns is consistent with the model presented in the last subsection which
assumed no lead-lag relationship and is inconsistent with the lead-lag model.
This evidence indicates that the lead-lag effect is not an important source of
relative strength profits and that the profitability of these strategies is
therefore related to market underreaction to the firm-specific information.

®When this regression is fitted with the WRSS profits as the dependent variable, the estimate
(t-statistic) of 6 over 1965-1989 is —1.77 (—3.56) and the corresponding statistics in the two
equal subperiods are —1.94 (-2.52) and —1.51 (-2.53).
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IV. Profitability of Relative Strength Strategies Within
Size- and Beta-Based Subsamples

" In this section we examine the profitability of the 6-month /6-month strat-
egy within subsamples stratified on the basis of firm size and ex ante
estimates of betas. Specifically, we implement this strategy on three size-
based subsamples (small, medium, and large), and three beta-based subsam-
ples (low-beta, medium-beta, and high-beta stocks).

Measuring relative strength profits on size- and beta-based subsamples
allows us to examine whether the profitability of the strategy is confined to
any particular subsample of stocks. This analysis also provides additional
evidence about the source of the observed relative strength profits. Since
extant empirical evidence indicates that size and beta are related to both risk
and expected returns,!® the cross-sectional dispersion in expected returns
should be less within these subsamples than in the full sample. Therefore, if
the relative strength strategy profits are related to differences in expected
returns, they will be less when they are implemented on stocks within each
subsample rather than on all the stocks in the sample. The profits need not
be reduced in these subsamples, however, if the profits of the strategies are
due to serial covariances in idiosyncratic returns. In fact, if the profits are not
factor-related, the strategies are likely to generate higher returns when they
are implemented within the small-firm subsample that consists of less ac-
tively traded stocks and to generate lower returns when they are 1mple—
mented within the large-firm subsample.

Table III presents the average returns of the 6-month/6-month strategy
for each of the subsamples. The results in Panel A indicate that the observed
abnormal returns are of approximately the same magnitude when the strate-
gies are implemented on the various subsamples of stocks as when they are
implemented on the entire sample. They do, however, appear to be somewhat
related to firm size and beta; for the zero-cost, winners minus losers portfolio,
the subsample with the largest firms generates lower abnormal returns than
the other two subsamples and the returns in the subsamples segmented by
beta are monotonically increasing in beta.!! These findings indicate that the
relative strength profits are not primarily due to the cross-sectional differ-
ences in the systematic risk of the stocks in the sample. This evidence
suggests that the profits are due to the serial correlation in the firm-specific
component of returns. Furthermore, these results indicate that the profitabil-

°See Fama and MacBeth (1973) and Banz (1981).

" One thing that is interesting to note here is that the average returns of low beta stocks are
higher than the returns of the medium and high beta stocks. The average returns of stocks in the
low, medium and high beta groups are 1.48%, 1.39%, and 1.16% respectively. These results,
obtained with daily betas, should be contrasted with earlier findings of positive relations
between monthly betas and average returns (e.g., Fama and MacBeth (1973)). The difference
between our results using daily betas and the earlier results using monthly betas is due to the
lower correlation between firm size and daily betas. Jegadeesh (1992) and Fama and French
(1992) document that there is no reliable relation between monthly betas and average returns
after controlling for firm size.
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ity of the relative strength strategies is not confined to any particular
subsample of stocks.

As a further test Panel B of Table III presents the risk-adjusted returns of
the relative strength strategies implemented within the size- and beta-based
subsamples. The risk-adjusted returns are estimated as the intercepts from
the following market model regression:

rpt_rft=ap+Bp(rmt—rft)+eit7 (9

where r,, is the return on the portfolio p, r,, is the return on the value-
weighted index, and r, is the interest rate on 1-month Treasury Bill.
Consistent with the negative betas of the zero-cost strategies, the abnormal
returns of the relative strength strategies estimated from these regressions
slightly exceed the raw returns given in Table III (Panel A). With the
exception of the F-statistics becoming somewhat more significant, the find-
ings in Table IIT (Panel B) are virtually the same as those reported in Table
IIT (Panel A).

An additional implication of the results in Table III (Panel B) is that the
abnormal performance of the zero-cost portfolio is due to the buy side of the
transaction rather than the sell side. The portfolio of past winners achieves
significant positive abnormal return when the value-weighted index is used
as the benchmark, while the abnormal return of the portfolio of past losers is
not statistically significant with this benchmark. However, in unreported
regressions that used the equally weighted index as the benchmark, the
positive and the negative abnormal returns of the winners and losers port-
folios were both statistically significant. The magnitude and statistical sig-
nificance of the abnormal returns of the zero-cost, winners minus losers,
portfolio (0.0115 with a t-statistic of 3.84) was slightly higher when the
equally weighted index was used in place of the value-weighted index as the
benchmark. A

From a practical investment perspective, it is important to assess whether
the relative strength strategies will be profitable after accounting for transac-
tion costs. On average, the relative strength trading rule results in a turnover
of 84.8% semiannually.” The risk-adjusted return of the relative strength
trading rule after considering a 0.5% one-way transaction cost!® is 9.29% per
year, which is reliably different from zero. The risk-adjusted returns after
transaction costs are also significantly positive in each of the three size-based
subsamples.

2The average turnovers for the buy and sell sides of the zero-cost portfolio are 86.6% and
83.1% respectively. These percentages are significantly less than the 90% turnover that would
be expected if the transition probabilities are equal across the return decile portfolios.

13Berkowitz, Logue, and Noser (1988) estimate one way transaction costs of 23 basis points for
institutional investors, suggesting that the assumed transaction cost of 0.5% per trade is
conservative.
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V. Subperiod Analysis '
A. Seasonal Patterns in Relative Strength Portfolio Returns

This section tests for possible seasonal effects in the performance of the
relative strength portfolios. Based on earlier papers, e.g., Roll (1983), we have
reason to expect that the relative strength strategies will not be successful in
the month of January. Table IV reports the average returns of the zero-cost
portfolio in each calendar month and the results here support this conjecture.

Table II1

Returns of Size-Based and Beta-Based Relative Strength

Portfolios

The relative strength portfolios are formed based on 6-month lagged returns and held for 6
months. The stocks are ranked in ascending order on the basis of 6-month lagged returns and the
equally weighted portfolio of stocks in the lowest past return decile is portfolio P1, the equally
weighted portfolio of stocks in the next decile is portfolio P2, and so on. Average monthly returns
and excess returns of these portfolios and the returns of the relative strength portfolios formed
using size-based and beta-based subsamples of securities are reported here. The subsample S1
contains the smallest firms, 82 contains the medium-sized firms, and S3 contains the largest
firms. The subsamples B,, By, and B; contain the firms with the smallest, medium, and the
largest Scholes-Williams betas estimated from the returns data in the calendar year prior to
portfolio formation. The sample period is January 1965 to December 1989.

Panel A: Average Monthly Returns

All S1 S2 - S3 B, B, B,
P1 0.0079 00083  0.0047  0.0082  0.0129  0.0097  0.0052
(1.56) (1.35) 0.99) (2.22) (2.92) (2.01) (0.95)
- P2 0.0112 0.0117 . 0.0102 0.0098 0.0140 0.0128 0.0086
(2.78) (2.29) (2.54) (3.08) (4.38) (3.37) (1.83)
P3 0.0125 0.0152 0.0125 0.0105 0.0132 0.0133 0.0102
(3.40) (3.23) (3.34) (3.53) (4.59) 3.77 (2.28)
‘P4 0.0124 0.0163 0.0130 0.0105 0.0134 0.0128 0.0110
(3.59) (3.59) (3.58) (3.66) (5.02) (3.82) (2.50)
P5 0.0128 0.0164 0.0134 0.0109 0.0135 0.0135 0.0121
(3.87) 3.74) (3.83) (3.85) (5.14) (4.15) (2.86)
Pé6 0.0134 0.0174 0.0146 0.0102 0.0135 .0.0142 0.0122
(4.19) (4.08) 4.22) (3.66) (5.23) (4.38) (2.92)
P7 0.0136 0.0175 0.0143 " 0.0109 0.0136 0.0142 0.0126
(4.19) (4.13) (4.12) (3.90) (5.09) (4.43) (3.01)
P8 0.0143 0.0174 0.0148 0.0111 0.0143 0.0146 0.0132
(4.30) (4.11) (4.16) (3.86) (5.12) (4.44) (3.15)
P9 0.0153 0.0183 0.0154 0.0126 0.0165 0.0156 0.0141
(4.36) (4.28) (4.11) 4.17) (5.34) (4.56) (3.28)
P10 0.0174 0.0182 0.0173 0.0157 0.0191 0.0176 0.0160
(4.33) (3.99) (4.11) (4.41) 5.17) (4.53) (3.50)
P10-P1 0.0095 0.0099 0.0126 0.0075 0.0062 0.0079 0.0108
(3.07) 2.77) 4.57) (3.03) (2.05) (2.64) (3.35)
F-Statistics® 2.83 2.65 451 4.38 2.51 1.99 1.69
p-Value (0.00) (0.00) (0.00) (0.00) (0.01) (0.04) (0.09)
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Table III—Continued
Panel B: Excess Returns Using the CRSP Value-Weighted Index as the Market Proxy

All S1 S2 S3 B, By Bs

P1 -0.0030 -0.0029 -0.0062 —0.0020 0.0031 —0.0009 —0.0062
(-0.89  (-060) (-211) (=117 (094 (-028 (-1.71)

P2 0.0011 0.0012  -0.0001 0.0000  0.0051 0.0029 -0.0024
0.43) 031)  (-0.03) 0.03)  (2.36) (1.26)  (-0.87)

P3 0.0026 0.0051 0.0024 0.0009  0.0045 0.0035  —0.0007
(1.24) (1.46) (1.18) (0.93) (2.45) (1.83) (-0.29)

P4 0.0026 0.0062 0.0030 0.0011  0.0048 0.0031 0.0000
(1.48) (1.90) (1.57) (124 (2.98) (1.83) (0.01)

P5 0.0031 0.0064 0.0036 0.0014  0.0049 0.0038 0.0012
(1.96) (2.06) (1.98) . (1.84)  (3.21) (2.55) (0.58)

P6 0.0037 0.0075 0.0048 0.0008  0.0048 0.0045 0.0013
(2.55) (2.51) (2.74) (1.13)  (3.46) (3.12) (0.69)

P7 0.0039 0.0075 0.0044 0.0015  0.0049 0.0045 0.0017
(2.70) (2.57) (2.61) (2.15)  (3.29) (3.25) (0.90)

P8 0.0045 0.0074 0.0048 0.0016  0.0054 0.0049 0.0023
(3.01) (2.56) (2.76) (2.12)  (353) (3.29) (1.19)

P9 0.0053 0.0082 0.0052 0.0029  0.0074 0.0057 0.0031
(3.20) (2.89) (2.76) (3.23)  (4.10) (3.60) (1.54)

P10 0.0070 0.0077 0.0067 0.0056  0.0094 0.0074 0.0048
(3.24) (2.56) (2.91) (3500 (4.10) = (3.47) (2.02)

P10-P1 0.0100 0.0106 0.0129 0.0076  0.0063 0.0083 0.0111
(3.23) (2.97) (4.69) (3.08)  (2.09) (2.76) (3.42)

F-Statistics® 5.2910 5.4401 8.3713 47386  3.6045 4.0171 2.5872

“The F-statistics are computed under the hypothesis that the returns on portfolios P1 through
P10 are jointly equal.

®The F-statistics are computed under the hypothesis that the abnormal returns on portfolios
P1 through P10 are jointly equal to zero. All F-statistics are significant at the 1 percent level.

The relative strength strategy loses about 7% on average in each J anuary but
achieves positive abnormal returns in each of the other months.”* The
relative strength strategy realizes positive returns in 67% of the months, and
71% of the months when January is excluded (see Table V). The average
return in non-January months is 1.66% per month.!® Consistent with earlier
papers, we find the magnitude of the negative January performance of the
relative strength strategy to be inversely related to firm size. The negative

"1t is possible that at least part of the negative January returns of the relative strength
strategy is due to a tendency of past winners to trade at the ask prices and past losers to sell at
the bid prices at the close of the last trading day in the year. See Keim (1989) for a discussion of
bid-ask spread biases and the January effect.

If we were to use our priors about the performance of relative strength strategies in January
and reverse the buy and sell portfolios in that calendar month (taking a long position in the past
losers and a short position in the past winners in January only), then the abnormal returns
would be even larger. Such a strategy generates close to 25% per year in abnormal returns, and
loses money (about —0.7%) only in 1 year out of the 25 years in the sample period.
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Table IV

Returns on Size-Based Relative Strength Portfolios (P10-P1) |

by Calendar Months

The relative strength portfolios are formed based on 6-month lagged returns and held for 6
months. The stocks are ranked in ascending order on the basis of 6-month lagged returns and the
equally weighted portfolio of stocks in the lowest past return decile is the sell portfolio and the
equally weighted portfolio of stocks in the highest past return decile is the buy portfolio. This
table reports the average monthly returns of the zero-cost, buy minus sell, portfolio in each
calendar month. The average returns of the zero-cost portfolios formed using size-based subsam-
ples of securities are also reported. The subsample S1 contains the smallest firms, S2 contains
the medium-sized firms, and S3 contains the largest firms. The sample period is January 1965 to
December 1989. '

All S1 S2 S3

-0.0686 -0.0797 —-0.0347 -0.0161
(-3.52) (—3.36) (-2.14) (-1.28)

0.0063 0.0089 0.0149 0.0099
(0.85) (0.81) (2.44) (1.35)

0.0105 0.0196 0.0103 0.0108
1.37n (2.08) (1.49) (1.49)

Apr. 0.0333 0.0323 0.0368 0.0215
(7.39) (5.35) (7.29) (4.91)

May 0.0102 0.0046 0.0091 0.0079
(1.32) (0.56) (1.18) (1.19)

June 0.0238 0.0237 0.0231 0.0185
(3.86) (3.50) (3.23) (2.59)

July 0.0075 0.0112 0.0084 0.0035
(0.96) (1.44) (0.96) (0.41)

Aug. 0.0027 0.0079 " —0.0011 —0.0058
(0.35) (0.97) (-0.14) (-0.71)

Sept. 0.0116 0.0126 0.0137 0.0053
(1.10) (1.20) (1.27) (0.60)

Oct. 0.0137. 0.0160 0.0151 0.0025
(1.30) (1.40) (1.44) 0.22)

Nov. 0.0372 0.0352 0.0331 0.0248
(5.31) (5.01) (4.12) (2.78)

Dec. 0.0264 0.0265 : 0.0224 - 0.0070
(2.61) (2.13) (2.86) (0.99)

Feb.-Dec. 0.0166 0.0181 0.0169 0.0096
6.67) 6.47) (6.83) (4.00)

F-Statistics® 7.90 7.14 : 411" 1.81
p-Value (0.00) (0.00) (0.00) (0.51)
F-Statistics® 2.04 1.23 1.91 1.28

p-Value 0.03) 0.27) (0.04) (0.24)

#The F-statistics are computed under the hypothesis that the returns on the zero-cost portfolio
are jointly equal in all calendar months.

®The F-statistics are computed under the hypothesis that the returns on the zero-cost
portfolios are jointly equal in the calendar months February through December.

110138-OPC-POD-60-161




Returns to Buying Winners and Selling Losers 81

Table V

Proportion of Positive Returns of Relative Strength Portfolios
by Calendar Months

The relative strength portfolios are formed based on 6-month lagged returns and held for 6
months. The stocks are ranked in ascending order on the basis of 6-month lagged returns and the
equally weighted portfolio of stocks in the lowest past return decile is the sell portfolio and the
equally weighted portfolio of stocks in the highest past return decile is the buy portfolio. This
table reports the proportion of months when the average return of the zero-cost, buy minus sell,
portfolio is positive. This proportion for the zero-cost portfolio formed within each size-based
subsample of securities is also reported. The subsample S1 contains the smallest firms, S2
contains the medium-sized firms, and S3 contains the largest firms. The sample period is
January 1965 to December 1989.

All : S1 S2 S3
Jan. 0.24 0.16 0.20 0.44
Feb. 0.60 0.60 0.76 0.60
Mar. 0.80 0.76 0.72 0.72
Apr. 0.96 0.92 0.96 0.80
May 0.68 0.68 0.72 0.56
June 0.76 0.64 0.76 0.72
July 0.56 0.68 . 0.56 0.52
Aug. 0.52 0.60 0.48 0.48
Sept. 0.80 0.72 0.80 0.68
Oct. 0.64 0.60 0.64 0.56
Nov. 0.84 0.84 0.84 0.68
Dec. 0.68 0.76 0.68 © 044
Feb.-Dec. 0.71 0.71 0.72 0.61
All 0.67 - 0.66 0.68 0.60

average relative strength return in January is not statistically significant for
the subsample of large firms.

The findings in Table IV suggest that there is also a seasonal pattern
outside January. For example, the returns are fairly low in August and are
particularly high in April, November, and December. The F-statistics re-
ported in this table indicate that these monthly differences outside J anuary
are statistically significant for the whole sample as well as for the sample of
medium-size firms.

One of the interesting findings documented in this table is that the relative
strength strategy produces positive returns in 96% (24 out of 25) of the
Aprils. The large (3.33%) and consistently positive April returns may be
related to the fact that corporations must transfer money to their pension
funds prior to April 15 if the funds are to qualify for a tax deduction in the
previous year. If these pension fund assets are primarily invested by portfolio
managers who follow relative strength rules, then the winners portfolio may
benefit from additional price pressure in this month. Similarly, the larger
than average returns in November and December may in part be due to price
pressure arising from portfolio managers selling their losers in these months

-for tax or window dressing reasons.
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Table VI

Returns of Size-Based Relative Strength Portfolios: Subperiod
Analysis

The relative strength portfolios are formed based on 6-month lagged returns and held for 6
months. The stocks are ranked in ascending order on the basis of 6-month lagged returns and the
equally weighted portfolio of stocks in the lowest past return decile is the sell portfolio and the
equally weighted portfolio of stocks in the highest past return decile is the buy portfolio. This
table reports the average monthly returns of the zero-cost, buy minus sell, portfolio within 5-year
subperiods. The average returns of the zero-cost portfolios formed using size-based subsamples of
securities within subperiods are also reported. The subsample S1 contains the smallest firms, S2
contains the medium-sized firms, and S3 contains the largest firms. The sample period is
January 1965 to December 1989. '

Sample Months 65-69 70-74" 75-79 80-84 85-89
All 0.0123 0.0109 —0.0044 0.0127 0.0162
(1.94) (1.23) (-0.51) (2.67) (3.42)
All Jan. —0.0524 —-0.1070 —-0.1017 -0.0253 —0.0569
(-1.28) (-2.54) (-1.31 (-1.38) (-2.76)
Feb.-Dec. 0.0182 0.0217 0.0044 0.0161 0.0229
(3.36) (2.88) 0.78) (3.44) (6.09)
All 0.0082 0.0128 —0.0064 0.0153 0.0197
' (1.14) (1.63) (—0.58) (2.61) (2.89)
S1 Jan. ~0.0838 ~0.0853 -0.1107 —-0.0124 —~0.1064
(-1.60) (~2.29) (-1.09) (-0.62) (—4.45)
Feb.—Dec. 0.0165 0.0217 0.0031 0.0179 0.0311
(3.19) (3.18) 0.41) (2.94) 6.59)
All 0.0177 0.0115 0.0018 0.0172 0.0146
(3.08) (1.57) (0.24) (3.38) (3.40)
s2 Jan. --0.0264 —~0.0465 —0.0795 ~0.0100 —0.0112
(—1.05) (-1.81) (—1.16) (—0.46) (~0.48)
Feb.—Dec. 0.0217 0.0168 0.0092 0.0197 - 0.0170
(3.86) (2.29) (1.87) (3.83) (4.08)
All 0.0129 0.0115 0.0018 0.0076 0.0035
2.7 (1.62) (0.35) (1.41) _ (0.73)
S3 Jan. —-0.0073 —0.0154 —~0.0335 —0.0094 —-0.0147
(-0.32) (—0.48) (—0.77 (-0.33) (—0.78)
Feb.-Dec. 0.0148 0.0139 0.0050 0.0092 0.0052

(3.08) (1.95) 1.21) (1.70) 1.04)

B. Portfolio Returns Over 5-Year Subperiods

This section documents the returns of the 6-month/6-month zero-cost
strategy in each of the five 5-year subperiods in the 1965 to 1989 sample
period. The evidence in Table VI indicates that the returns of the strategy,
when implemented on the entire sample of stocks, produces average returns
that are positive in all but one time period (1975 to 1979). An analysis of this
strategy applied to size-based subsamples indicates that the negative returns
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in the 1975 to 1979 time period is due primarily to the January returns of the
small firms. The strategy yields positive profits in each of the 5-year time
periods when it is implemented on the subsamples of large- and medium-size
firms. In addition, the returns are positive in each of the 5-year periods as
well as in each size-based subsample when the month of January is excluded.

VI. Performance of Relative Strength Portfolios in Event
Time

In this section we examine the returns of the relative strength portfolio in
event time. We track the average portfolio returns in each of the 36 months
following the portfolio formation date.

This event study analysis provides both additional insights about the
riskiness of the strategy and about whether the profits are due to overreac-
tion or underreaction. Significant positive returns in months beyond the
holding period would indicate that the zero-cost portfolio systematically
selects stocks that have higher than average unconditional returns either
because of their risk or for other reasons such as differential tax exposures.
Significant negative returns of the zero-cost portfolio in the months following
the holding period would suggest that the price changes during the holding °
period are at least partially temporary.

Table VII presents the average monthly and cumulative returns of the
zero-cost portfolio in event time in the 36 months after the formation date.'®
With the exception of month 1, the average return in each month is positive
in the first year. The average return is negative in each month in year 2 as
well as in the first half of year 3 and virtually zero thereafter. The cumulative
returns reach a maximum of 9.5% at the end of 12 months but decline to
about 4% by the end of month 36.

The negative returns beyond month 12 indicate that the relative strength
strategy does not tend to pick stocks that have high unconditional expected
returns. The observed pattern of initially positive and then negative returns
of the zero-cost portfolio also suggests that the observed price changes in the
first 12 months after the formation period may not be permanent. Unfortu-
nately, estimates of expected returns over 2-year periods are not very precise.
As a result, the negative returns for the zero-cost portfolio in years 2 and 3
are not statistically significant (¢-statistic of —1.27). Similarly, since the
abnormal return over the entire 36-month period is not statistically different
from zero, we cannot rule out the possibility that the positive returns over the
first 12 months is entirely temporary.!”

" Since overlapping returns are used to calculate the cumulative returns in event time, the
autocorrelation-consistent Newey-West standard errors are used to compute the {-statistics for
the cumulative returns (see Newey and West (1987)).

YAnother reason why we find this evidence hard to interpret is that the entire negative return
over this holding period occurs in Januaries. The returns beyond the first year are close to zero
in non-January months.
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Table VII

Performance of Relative Strength Portfolios in Event Time

The relative strength portfolios are formed based on 6-month lagged returns. The stocks are
ranked in ascending order on the basis of 6-month lagged returns. The equally weighted portfolio
of stocks in the lowest past return decile is the sell portfolio and the equally weighted portfolio of
stocks in the highest past return decile is the buy portfolio. This table reports the average
returns of the zero-cost, buy minus sell, portfolio in each month following the formation period.
¢ is the month after portfolio formation. The sample period is January 1965 to December 1989.
Autocorrelation-consistent estimates of standard errors are used to compute the ¢-statistics for
cumulative returns.

Monthly  Cumulative Monthly  Cumulative Monthly  Cumulative
Return Return t Return Return t Return Return

-~

-0.0025  -0.0025 13 —0.0036 0.0915 25  —0.0035 0.0521
(-0.59) (-0.59) (-1.12) (3.35) (-1.36) (1.41)
0.0124 0.0099 14  -0.0039 0.0876 26  —0.0030 0.0492
(3.29) (1.37) (-1.39) 3.0 (-1.14) (1.22)
0.0116 0.0216 15 —0.0034 0.0842 27  —0.0024 0.0467
(3.18) (2.20) (-1.21) (2.89) (—0.98) (1.10)
0.0110 0.0326 16  —0.0038 0.0804 28  —-0.0032 0.0435
(3.19) (2.67) (-1.41) (2.76) (-1.33) (0.98)
0.0093 0.0419 17  -—-0.0047 0.0757 29  —-0.0032 0.0403
(2.82) (2.79) (-1.74) (2.70) (-1.38) (0.87)
0.0091 0.0510 18 —0.0056 0.0701 30 —0.0030 0.0373
(2.94) (2.92) (-2.19) (2.68) (=131 ©0.77
0.0134 0.0644 19  —0.0026 0.0675 31 ~0.0001 0.0372
(4.98) (3.32) (-1.14) (2.75) (-0.06) (0.74)
0.0115 0.0759 20 —0.0032 0.0642 32 0.0008 0.0380
(4.16) (3.60) (—-1.35) (2.73) 0.41) (0.73)
0.0085 0.0844 21  -0.0032 0.0611 33 0.0013 0.0394
(3.07) (3.73) (-1.32) (2.55) (0.62) (0.73)
0.0048 0.0892 22  -0.0034 0.0577 34 0.0008 0.0402
(1.69) 3.74) (-1.39) 2.21) (0.36) 0.71)
0.0045 0.0938 23  -0.0011 0.0566 35 0.0010 0.0412
(1.55) 3.77 (-0.45) (1.93) (0.45) 0.71)
0.0013 0.0951 24 —0.0010 0.0556 36  —0.0005 0.0406
(0.43) 3.67) - (-0.40) (1.69) (-0.24) (0.67)

One possible explanation of the inverted U shape in the cumulative returns
is that the risk of the strategy changes over event time. Perhaps, the strategy
picks stocks that are initially very risky and the risk then diminishes with
time. To assess this possibility we estimate the betas in each event month
with respect to the value-weighted index and the equally weighted index. The
beta of the zero-cost portfolio with respect to the value-weighted (equally
weighted) index is initially —0.20 (—0.41) and then it steadily increases to
0.02 (—0.08). Although these results indicate that the risk of the zero-cost
portfolio does change over time, the direction of change in risk goes counter to
what would be required to explain the change in average returns.
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VII. Back-Testing the Strategy

This section examines the extent to which the relative strength profits
reported in the previous sections existed prior to 1965. Specifically, we
replicate the test in Table VII, which tracks the performance of the 6-month
relative strength portfolio in event time for both the 1927 to 1940 time period
and the 1941 to 1964 time period. As Fama and French (1988) and others
have noted, the market was extremely volatile and experienced a significant
degree of mean reversion in the 1927 to 1940 period. In contrast, the market’s
volatility in the 1941 to 1964 period was similar to the volatility in the 1965
to 1989 period and the market index did not exhibit mean reversion in the
post-1940 period. _

Table VIII (Panel A) reports the returns of the 6-month relative strength
strategy in the 36 event months over the 1927 to 1940 time period. The
returns in this time period are significantly lower than the returns in the
1965 to 1989 period, but the patterns of returns across event months is
somewhat similar. The month 1 returns are strongly negative on average
(about —5%). The returns in months 2 through 10 are statistically insignifi-
cant, but the returns in the later months are substantially lower. The
cumulative excess return equals —40.81% in month 36.

These negative cumulative returns are likely to be due to two factors: First,
because of the greater volatility in this period, many of the firms in the loser’s
decile were close to bankruptcy and thus had very high betas over the holding
periods. The beta of the zero-cost 6-month /6-month strategy is about — 0.5 in
this period and it is substantially higher following periods of market declines.
The second factor relates to the market’s mean reversion in this time period.
As the decomposition in Subsection III.A and the regression results in
Subsection III. B indicate, negative serial correlation in the market and large
market movements will reduce the profits from relative strength strategies.
This is because the relative strength strategy tends to select high- (low-) beta
stocks following a market increase (decrease) and hence tends to perform
poorly during market reversals. For example, following a 40% decline in the
equally weighted index over the previous 6 months, the index rebounded with
a 43% increase in July 1932. In this month the 6-month /6-month relative
strength portfolio experienced a negative 40% return. In the following month
the equally weighted index increased an additional 66% and the 6-month /6-
month strategy lost 68%. In the 1930s there were four other months in which
the 6-month /6-month strategy lost over 40%. Each occurred when the mar-
ket increased substantially.

Panel B of Table VIII reports the returns in the 36 event months for the
1941 to 1964 period. The relative strength strategy returns over this time
period are very similar to the returns in the more recent time period reported
earlier. As in the 1965 to 1989 time period, the average return is slightly
negative in month 1, significantly positive in month 2 through month 8, and
negative in month 12 and beyond. In contrast to the findings for the 1965 to
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1989 period, the positive cumulative return over the first 12 months dissi-
pates almost entirely by month 24.

VIII. Stock Returns Around Earnings Announcement Dates

This section examines the returns of past winners and losers around their
quarterly earnings announcement dates. By analyzing stock returns within a
short window around the dissemination of important firm-specific informa-
tion we have a sharp test that directly assesses the potential biases in market
expectations. Consider, for example, the possibility that stock prices system-

Table VIIL

Back-Testing the Strategy: Performance of Relative Strength
Portfolios Prior to 1965

The relative strength portfolios are formed based on 6-month lagged returns. The stocks are
ranked in ascending order on the basis of 6-month lagged returns. The equally weighted portfolio
of stocks in the lowest past return decile is the sell portfolio and the equally weighted portfolio of
stocks in the highest past return decile is the buy portfolio. This table reports the average
returns of the zero-cost, buy minus sell, portfolio in each month following the formation period.
¢t is the month after portfolio formation. Autocorrelation consistent estimates of standard errors
are used to compute the ¢-statistics for cumulative returns.

Panel A: 1927-1940

Monthly  Cumulative Monthly  Cumulative Monthly  Cumulative

t Return Return t Return Return t Return Return

1 -0.0495 —0.0495 13 —0.0245 -0.1257 25 -0.0118 -0.3359
(-3.72) (-3.72) (-2.60) (-1.50) (-1.41 (—2.48)

2 -0.0143 -0.0639 14 -0.0166 —-0.1423 26 -0.0067 —0.3427
(—1.32) (—-2.21) (—2.08) (-1.69) (-1.01) (-2.53)

3 -0.0088 -0.0726 15 -0.0164 —-0.1587 27 —0.0135 —-0.3562
(-0.87) (-1.78) (—1.87) (—1.83) (—1.82) (—2.52)

4 —0.0048 -0.0775 16 —0.0200 -0.1787 28 —0.0082 —0.3644
(-0.45) (—-1.60) (-2.20) (-2.01) (—1.06) (-2.47)

5 0.0061 -0.0713 17 -0.0131 —-0.1919 29 —-0.0125 —0.3769
(0.60) (~1.40) (-1.80) (-2.12) (-1.37) (-2.39)

6 0.0057 —-0.0656 18 -0.0166 —0.2085 30 —-0.0107 -0.3876
(0.55) (-1.22) (-2.11D (-2.07) (-1.20) (—2.29)

7 0.0092 —0.0564 19 -0.0161 —0.2245 31 —-0.0018 -0.3894
(0.83) (—-1.05) (—-1.90) (—2.01) (—-0.20) (-2.18)

8 0.0054 —-0.0511 20 —0.0224 -0.2469 32 —0.0022 -0.3916
(0.52) (-092) - (—2.28) (—~2.03) . (—0.26) (-2.07)

2 —0.0029 -0.0539 21 —-0.0178 —0.2647 33 0.0008 -0.3908
(-0.34) (—-0.94) (-1.92) (—2.04) (0.11) (-1.99)

10 --0.0065 —0.0604 22 —-0.0213 —0.2860 34 -0.0025 -0.3933
(—0.68) (-0.90) (-2.08) (-2.14) (-0.41) (-1.97)

11 —0.0183 -0.0787 23 —0.0183 --0.3043 35 --0.0050 —0.3983
(-1.74) (-1.09) (-1.74) (-2.23) (-0.89) (=197

12 -0.0225 -0.1012 24 —-0.0198 —-0.3241 36 -0.0098 —0.4081

(-2.35) (-1.27) (—1.94) (~-241 (-1.47) (—2.01)
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Table VIII—Continued
Panel B: 1941-1964

Monthly  Cumulative Monthly  Cumulative Monthly  Cumulative
t Return Return t Return Return t Return Return
1 ~0.0035 —0.0035 13 —0.0068 0.0515 25 —0.0035 0.0014
(-1.04) (~1.04) (-2.14) (2.57) (-1.32) (0.04)
2 0.0069 0.0034 14 -0.0085 0.0429 26 —-0.0027 -0.0013
(2.32) (0.59) (-3.07) (1.90) (-1.08) (-0.03)
3 0.0109 0.0143 15 -0.0059 0.0371 27 —-0.0015 —-0.0028
(4.15) (2.20) (-2.40) (1.54) (~0.69) (-0.07)
4 ~ 0.0098 0.0241 16 —0.0063 0.0308 28 -0.0003 —0.0030
(3.81) (3.15) T (~-2.80) (1.21) . (-0.14) (-0.08)
5 0.0075 0.0316 17 —0.0080 0.0228 29 —-0.0009 -0.0039
(3.09) (3.40) (-3.70) (0.86) (~0.51) (--0.11)
6 0.0049 0.0365 18 -0.0074 0.0153 30 —-0.0001 -0.0040
(1.97) (3.42) (-3.63) (0.56) (-0.03) . (-0.12)
7 0.0079 0.0444 19 —0.0033 0.0120 31 0.0017 -0.0023
(3.24) (3.82) (—1.61) (0.43) (0.98) (-0.08)
8 0.0062 0.0507 20 -0.0012 0.0108 32 0.0011 —-0.0012
(2.52) (4.00) (-0.61) (0.38) - (0.69) (—0.05)
9 0.0039 0.0546 21 -0.0016 0.0092 33 —0.0005 -0.0017
(1.63) (3.91) (-0.81) (0.31) (-0.32) (-0.10)
10 0.0022 0.0568 22 -0.0021 0.0071 34 —-0.0006 —-0.0023
(0.96) (3.73) (-1.04) (0.22) (-0.37) (-0.17)
11 0.0024" 0.0592 23 —0.0008 0.0063 35 —-0.0004 -0.0027
(1.00) (3.70) (-0.35) (0.19) (~0.24) (-0.20)
12 —0.0009 0.0583 24 -0.0014 0.0050 36 —0.0004 -0.0030
(-0.34) (3.40) (-0.60) (0.14) (-0.28) (-0.20)

atically underreact to information about future earnings. In this case, the
stock returns for past winners, which presumably had favorable information
revealed in the past, should realize positive returns around the time when
their earnings are actually announced. Similarly, past losers should realize
negative returns around the time their earnings are announced.’® The
quarterly earnings announcement dates used in this analysis are obtained
from the COMPUSTAT quarterly industrial database. The sample period
for this part of the study is 1980 to 1989, the period covered by the 1990
COMPUSTAT quarterly file. On average, there are 429.2 available quarterly
earnings announcements per month with matched stock return data.

Our tests again separate firms irito deciles based on their prior 6-month
returns. The 3-day returns (days —2 to 0) of the individual stocks in these
groups are then calculated around each of their quarterly earnings announce-
ments that occur within 36 months of the date at which the stocks are ranked
according to their past returns. Table IX reports the differences between the

'8Chopra, Lakonishok, and Ritter (1992) use a similar approach to evaluate the evidence of
long horizon overreaction documented by De Bondt and Thaler (1985). See also Bernard and
Thomas (1990).
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Table IX

Quarterly Earnings Announcement Date Returns
The stocks are ranked in ascending order on the basis of 6-month lagged returns. The stocks in
the lowest past return decile are called the losers group and the stocks in the highest past return
decile is called the winners group. The differences between the 3-day returns (returns on days
—2 to 0) around quarterly earnings announcements for stocks in the winners group and the
losers group are reported here (r® — r!). t is the month after the ranking date. The sample
period is January 1980 to December 1989.

t rl — r,’ t re — r,’ rf - rt’

1 0.0055 13 —0.0055 —0.0002
(2.75) (—2.56) (-0.11)
0.0082 14 —0.0080 -0.0021
(4.41) (-3.89) (-1.02)
0.0082 15 ~0.0071 -0.0032
(4.36) (-4.04) (~1.68)
0.0090 16 —-0.0097 -0.0028
(4.88) (-5.75) (-1.31)
0.0059 17 —0.0062 -0.0015
(3.16) (—2.90) (-0.62)
0.0058 18 —0.0060 -0.0021
(3.14) ' (-2.96) (-1.10)
0.0013 19 -0.0031 —0.0027
(0.62) (-1.63) (-1.52)
0.0000 20 -0.0017 -0.0021
(-0.02) (-0.82) (-1.13)
-0.0020 21 0.0006 , - =0.0020
(~1.07) 0.27) (—1.05)
—0.0031 22 —0.0005 -0.0017
(—1.60) (-0.29) (-0.91)
—0.0039 23 —~0.0001 © o =0.0022
(-2.23) (—0.05) (-1.29)
—0.0053 24 0.0012 ~0.0059
(—2.75) 0.63) (-2.91)

" average announcement period returns for the winners and losers deciles in
each of the 36 months following the ranking date. The pattern of announce-
ment date returns presented in this table is consistent with the pattern of the
zero-cost portfolio returns reported in Table VII. For the first 6 months the
announcement date returns of the past winners exceed the announcement
date returns of the past losers by over 0.7% on average, and is statistically
significant in each of these 6 months. Since there are on average 2 quarterly
earnings announcements per firm within a 6-month period, the returns
around the earnings announcements represents about 25% of the zero-cost
portfolio returns over this holding period.

The negative announcement period returns in later months are consistent
with the negative relative strength portfolio returns beyond month 12 docu-
mented earlier (see Table VII). From months 8 through 20 the differences in
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announcement date returns are negative and are generally statistically sig-
nificant. The announcement period returns are especially significant in
months 11 through 18 where they average about —0.7%. In the later months
the differences between the announcement period returns of the winners and
losers are generally negative but are close to zero.

The predictability of stock returns around quarterly earnings announce-
ments documented in Table IX is similar to the recent findings of Bernard
and Thomas (1990). Bernard and Thomas find that average returns around
quarterly earnings announcement dates are significantly positive following a
favorable earnings surprise in the previous quarter. This is consistent with
the positive announcement returns we see-in the first 7 months in Table IX.
Bernard and Thomas also find that the average return around earnings
announcement dates is significantly negative 4 quarters after a positive
earnings surprise. The significant negative returns around earnings an-
nouncement dates in months 11 through 18 are consistent with this finding.

IX. Conclusions

Trading strategies that buy past winners and sell past losers realize
significant abnormal returns over the 1965 to 1989 period. For example, the
strategy we examine in most detail, which selects stocks based on their past
6-month returns and holds them for 6 months, realizes a compounded excess
return of 12.01% per year on average. Additional evidence indicates that the
profitability of the relative strength strategies are not due to their systematic
risk. The results of our tests also indicate that the relative strength profits
cannot be attributed to lead-lag effects that result from delayed stock price
reactions to common factors. The evidence is, however, consistent with de-
layed price reactions to firm-specific information.

The returns of the zero-cost winners minus losers portfolio were examined
in each of the 36 months following the portfolio formation date. With the
exception of the first month, this portfolio realizes positive returns in each of
the 12 months after the formation date. However, the longer-term perfor-
mances of these past winners and losers reveal that half of their excess
returns in the year following the portfolio formation date dissipate within the
following 2 years.

The returns of the stocks in the winners and losers portfolios around their
earnings announcements in the 36 months following the formation period
were also examined and a similar pattern was found. Specifically, stocks in
the winners portfolio realize significantly higher returns than the stocks in
the losers portfolio around thé quarterly earnings announcements that are
made in the first few months following the formation date. However, the
announcement date returns in the 8 to 20 months following the formation
date are significantly higher for the stocks in the losers portfolio than for the
stocks in the winners portfolio.
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The evidence of initial positive and later negative relative strength returns
suggests that common interpretations of return reversals as evidence of
overreaction and return persistence (i.e., past winners achieving positive
returns in the future) as evidence of underreaction are probably overly
simplistic. A more sophisticated model of investor behavior is needed to
explain the observed pattern of returns. One interpretation of our results is
that transactions by investors who buy past winners and sell past losers
move prices away from their long-run values temporarily and thereby cause
prices to overreact. This interpretation is consistent with the analysis of
DeLong, Shleifer, Summers, and Waldman (1990) who explore the implica-
tions of what they call “positive feedback traders” on market price. Alterna-
tively, it is possible that the market underreacts to information about the
short-term prospects of firms but overreacts to information about their
long-term prospects. This is plausible given that.the nature of the informa-
tion available about a firm’s short-term prospects, such as earnings forecasts,
is different from the nature of the more ambiguous information that is used
by investors to assess a firm’s longer-term prospects.

The evidence in this paper does not allow us to distinguish between these
two hypotheses about investor behavior. In addition, there are probably other
explanations for these results. Given that our results suggest that investor
expectations are systematically biased, further research that attempts to
identify explanations for these empirical regularities would be of interest.
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Abstract

We report the average costs of raising external debt and equity capital for
U.S. corporations from 1990 to 1994. For initial public offerings (IPOs) of equity, the
direct costs average 11.0 percent of the proceeds. For seasoned equity offerings
(SEOs), the direct costs average 7.1 percent. For convertible bonds, the direct costs
average 3.8 percent. For straight debt issues, the direct costs average 2.2 percent,
although they are strongly related to the credit rating of the issue. All classes of
securities exhibit economies of scale, although they are less pronounced for straight
debt issues. IPOs also incur a substantial indirect cost due to short-run underpricing.
Most large equity offers include an international tranche, although debt issues do not.

l. Introduction

In this article we present the average costs of raising external capital for
U.S. corporations from 1990 to 1994. Specifically, we report the average spreads
on public equity offerings and debt offerings, along with the other direct costs of
raising capital, as a percentage of the proceeds. We find substantial economies of
scale for initial public offerings (IPOs) of equity and seasoned equity offerings
(SEOs). We also find substantial economies of scale for both straight bond
offerings and convertible bond offerings. Spreads on bond offerings are highly
sensitive to the credit rating of the offering. This article is descriptive in nature;
no theories are tested. Its purpose is to provide benchmark numbers for use by
issuers of securities. We do not address why firms issue the securities they do.
This much broader corporate finance question would have to address taxes,
corporate control, debt capacity, long-run performance patterns, investment-
financing interactions, etc.

We would like to thank Charles Calomiris and Tim Loughran for useful comments on an earlier draft.
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Il. Data and Terminology

Securities Data Company’s (SDC) New Issues database is the primary
source of information. After downloading SDC’s data, we identified outliers and
checked suspicious numbers in other publicly available sources. The New Issues
database includes publicly placed firm commitment offerings only. In all of our
tables, we exclude ADRs and unit offerings.' We restrict our sample to securities
offered by domestic operating companies, and so exclude closed-end fund and
real estate investment trust (REIT) offerings. We also exclude rights offerings and
shelf registrations.?

We use security offerings from January 1990 to December 1994, a five-
year period of relatively low inflation. Consequently, we do not make any infla-
tion adjustments; all proceeds are the nominal proceeds. Proceeds reflect the gross
proceeds raised in the U.S. and do not include money raised from the exercise of
overallotment options or an international tranche, if any. In the case of equity
offerings, the proceeds include the amount raised from both primary and
secondary components. Primary shares are those being sold by the company,
thereby increasing the number of shares outstanding. Secondary shares are those
being sold by existing shareholders (managers, venture capitalists, etc.), which
neither increase the number of shares outstanding nor provide capital for the
company. Many IPOs include both primary and secondary components, with the
fraction that is primary generally higher for younger companies. A few IPOs,
sometimes involving spin-offs from parent companies, are pure secondaries. All
of our SEOs involve primary shares; we exclude “registered secondaries,” in
which the entire issue is composed of shares being sold by existing shareholders,
from our SEO sample.

For our sample of bond offerings, we exclude issues with a maturity date
of one year or less. Our sample includes both zero-coupon, original-issue discount
bonds, and coupon bonds. We include serial, floating-rate, and reset bonds, as

'ADRs are American Depository Receipts (also called American Depository Shares) that are traded in the
United States for foreign issuers. Unit offerings are bundles of securities (frequently, a share plus a warrant to
buy a share at some exercise price), commonly issued in small IPOs by young, speculative companies taken
public by less-prestigious investment bankers.

*Rights offerings give existing shareholders the right to buy the securities offered. While they are common
in many countries, rights offerings have been rare in the United States during the last twenty years. See Smith
(1977), Hansen and Pinkerton (1982), and Hansen (1988) for a discussion of rights offerings. Shelf registrations
are offerings whereby a company meeting certain qualifications is permitted to issue securities without issuing
a prospectus (taking the securities “off the shelf” and selling them). In our sample period, shelf equity offerings
are practically nonexistent, although there are many bond offerings (typically smaller issues) using shelf registra-
tions that we exclude.
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well as traditional coupon bonds.’ We exclude mortgage-backed bonds. For zero-
coupon and original-issue discount bonds that are sold for less than their par
value, our percentage spreads and costs are based upon the offer price, and not
the face value. Our convertible bond sample includes only issues that are
convertible into shares of the issuing company. Exchangeable bonds, where the
bond is convertible into shares of a different company, are not in our sample.
None of our convertible bonds has a maturity date of less than five years.

We refer to new equity issues by publicly traded companies as seasoned
equity offerings, reserving the use of “secondary” to identify the source of shares.
Among practitioners, the term “secondary offering” is frequently used to refer to
an SEO. Seasoning refers to whether the security being offered is aiready publicly
traded; IPOs are unseasoned new issues. For that matter, the term “new issues”
is sometimes used to refer to any security offering, and sometimes used to refer
to equity IPOs alone. Although a new bond issue is an unseasoned new issue, and
therefore a debt initial public offering, we use the term IPO to refer to unseasoned
equity offerings exclusively.

Gross spreads are the commissions paid to investment bankers when
securities are issued. Since buyers do not pay commissions on new security
issues, these spreads implicitly reflect both the buyer and seller commissions.
Other direct costs include the legal, auditing, and printing costs associated with
putting together a prospectus.

lill. Evidence

Average Spreads and Total Direct Costs

In Table 1 we report the average investment banker commissions (gross
spreads) and other direct expenses for four classes of securities: IPOs, SEOs,
convertible bonds, and straight bonds. In addition to reporting the average direct
costs for each class, we also classify issues by proceeds categories. By going
across a row, a reader can see how the expenses vary by security type, holding
proceeds constant. By going down a column, a reader can see the magnitude of
the economies of scale for a given type of security. Also reported is the number
of observations in each category.

In Table 1 the median IPO is $24.4 million, the median SEO is $33.8
million, the median convertible bond is $75 million, and the median straight

3Serial bonds have the individual bonds maturing on different dates, with the coupons varying depending
upon the maturity date. Reset and floating-rate bonds have the interest rate changing periodically, with the new
interest rate determined either by an auction (reset) or a formula (floaters).
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Figure I. Total Direct Costs as a Percentage of Gross Proceeds. The total direct costs for initial public
offerings (IPOs), seasoned equity offerings (SEOs), convertible bonds, and straight bonds are
composed of underwriter spreads and other direct expenses. Closed-end funds (SIC 6726), REITs
(SIC 6798), ADRs, and unit offerings are excluded. Rights offerings for SEOs are also excluded.
Bond offerings do not include securities backed by mortgages and issues by federal agencies (SIC
6011, 6019, 6111, and 999B). Only firm commitment offerings and nonshelf-registered offerings are
included. The numbers plotted are reported in Table 1 for issues from 1990 to 1994.

bond is $100 million. For both IPOs and SEOs, substantial economies of scale
exist in both the gross spreads and the other expenses.

For SEOs, the lack of any diseconomies, even for offerings over $500
million, is inconsistent with the findings of Hansen and Torregrosa (1992), who
report diseconomies of scale for offers over $100 million. Hansen and Torregrosa
use a sample of SEOs from 1978-86, in contrast to our 1990-94 sample period.
Our conjecture is that while diseconomies of scale may have existed for very
large issues before the mid 1980s, a structural change has probably occurred since
then, possibly because of the market’s greater experience with absorbing large
numbers of big offerings. While they are not in our sample, the large number of
multibillion dollar privatizations that have occurred around the world in the last
decade have made megaofferings routine events.

In all of our tables, we report the averages based upon the number of
observations for which we have data. For the gross spreads, SDC reports numbers
for our entire sample. For the other direct expenses, however, many observations
are missing. Consequently, the averages for the expenses are based upon a

110138-OPC-POD-60-178

Copyright © 2001. All Rights Reserved.
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TABLE 2. Direct Costs of Raising Capital, 1990-94: Utility versus Nonutility Companies.

Equity Bonds

IPOs SEOs Convertible Straight
Proceeds®
($ millions) N® GS* TDC* N GS TDC N GS TDC N GS TDC

Panel A. Nonutility Offerings Only

2-9.99 332 9.04 1697 154 791 13.76 4 607 875 29 207 453
10-19.99 388 724 1164 278 642 901 12 554 865 47 170 328
20-39.99 528 701 970 399 570 7.07 16 420 623 63 159 252
40-59.99 214 696 871 240 517 6.02 28 326 430 76 073 137
60-79.99 78 674 821 131 468 531 47 264 323 84 184 244
80-99.99 47 646 7.88 60 435 484 12 254 319 104 161 225
100-199.99 101  6.01 701 137 397 436 55 234 277 381 183 238
200-499.99 44 565 6.49 50 327 348 26 197 216 154 187 227
500-up 10 521 572 8 312 325 3 200 209 19 128 1.53

Total 1742 731 11.01 1457 557 732 203 290 375 957 170 234

Panel B. Utility Offerings Only

2-9.99 5 940 1654 I3 541 768 0 — — 3 200 3.28
10-19.99 1 7.00 8.77 32 459 621 2 513 872 31 086 1.35
20-39.99 5  7.00 9.86 26 417 496 2 388 5.8 26 140 2.06
40-59.99 1 698 11.55 21 369 412 0 — — 14 063 1.10
60-79.99 1 650 7.55 12 339 372 0 — — 8§ 087 113
80-99.99 4 657 8.24 11 368 411 1 1.13 134 8 071 098
100-199.99 5 645 7.96 15 283 298 2 250 274 28 1.06 1.42
200-499.99 3 588 7.00 5 319 348 1 250 265 16 1.00 1.40
500-up 0 — — 1 225 231 0 — — 1 350 na
Total 25 7.5 1014 136 401 492 8§ 333 466 135 1.04 147

Notes: Closed-end funds (SIC 6726), REITs (SIC 6798), ADRs, and unit offerings are excluded from the sample.
Rights offerings for SEOs are also excluded. Bond offerings do not include securities backed by mortgages and
issues by Federal agencies (SIC 6011, 6019, 6111, and 999B). Only firm commitment offerings and nonshelf-
registered offerings are included. Standard Industrial Classification (SIC) codes are from Securities Data Co.
(SDC).

“Total proceeds raised in the United States, excluding proceeds from the exercise of overallotment options (SDC
variable: PROCDS).

*Number of issues.

“Gross spreads as a percentage of total proceeds (including management fee, underwriting fee, and selling
concession) (SDC variable: GPCTP).

Other direct expenses as a percentage of total proceeds (including registration fee and printing, legal, and
auditing costs) (SDC variables: EXPTH/(PROCDS)*10).

‘Not available because of missing data on other direct expenses.
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The Costs of Raising Capital 65

more limited number of observations.* For computing the average total direct
costs in Table 1 (and other tables), we add the average gross spread and the
average other expenses. In Figure I we show the average total direct costs for the
four classes of securities, categorized by their gross proceeds.

The Appendix table reports the interquartile ranges for both the gross
spreads and the total direct costs. (We report the interquartile range of the offer-
ings for which we have complete data.) The largest variability of spreads occurs
for bonds. As we document below, this can largely be explained based on differ-
ences in the credit quality of the issues.

Utility versus Nonutility Offerings

In Table 2 we report the direct costs of raising capital after categorizing
offerings into utility and nonutility offerings. During the early 1990s, utilities
were relatively minor issuers, representing roughly 10 percent of SEOs and
straight bond offerings, and less than 5 percent of IPOs and convertibles. Spreads
and direct costs are lower for utilities than for nonutilities. This pattern,
previously documented by Bhagat and Frost (1986), may be partly due to the use
of competitive bidding, rather than negotiated deals, for choosing an investment
banker. Alternatively, it may be partly due to the relative noncomplexity of typi-
cal utility offerings.

Debt Offerings and Credit Quality

In Table 3 we report the costs of raising debt capital after categorizing
issues by whether they are investment grade or noninvestment grade.’ Following
industry practice, we classify offerings as investment grade issues if they have a
Standard & Poor’s credit rating of BBB - or higher.®

Inspection of Table 3 discloses that for both convertibles and straight
bonds, spreads are lower for investment-grade issues. For straight bonds, this
difference is especially pronounced. Note that for issues raising less than $60

*If the offerings with missing expense information have systematically higher or lower expenses than those
for which SDC reports information, our procedure would result in biased estimates of average expenses. To
check this, for a sample of bond offerings in 1994 that are missing expense information, we used the Securities
and Exchange Commission’s Edgar electronic database (http://www.sec.gov/cgi-bin/srch-edgar) to find the
expense information. The expenses for these issues are representative of those for which SDC reports
information, suggesting our numbers do not have important biases.

SFollowing the practice of SDC, we report as separate offerings two bond issues by the same company on
the same day if they have different maturity dates, provided they are not explicitly serial bonds. For example,
on September 22, 1994, Southern Pacific Transport issued two bonds, one with proceeds of $8.1 million with
a coupon rate of 7.61 percent, and the other with proceeds of $8.8 million and a coupon rate of 7.77 percent.
We treat these as two distinct offerings.

“The highest credit rating is AAA, followed by AA, A, BBB, BB, B, C, and D, in order of their perceived
default probabilities. These ratings are further partitioned by pluses and minuses.
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TABLE 3. Average Gross Spreads and Total Direct Costs for Domestic Debt Issues, 1990-94.

Convertible Bonds Straight Bonds

Investment Grade®  Noninvestment Grade® Investment Grade  Noninvestment Grade

Proceeds®
(8 millions) N¢ GS* TDC' N GS TDC N GS TDC N GS TDC

2-9.99 0 — — 0 — — 14 058 219 0 — —

10-19.99 0 — — 1 400 567 56 050 1.19 2 513 741
20-39.99 1 1.75 2.75 9 329 492 64 086 148 9 311 442
40-59.99 3 1.92 243 19 337 458 78 047 094 9 248 335
60-79.99 4 1.31 1.76 41 276 337 49 061 098 43  3.07 384
80-99.99 2 1.07 1.34 10 283 348 65 066 094 47 278 375
100-199.99 20 2.03 233 37 251 3.00 181 057 081 222 275 344
20049999 17 1.71 1.87 10 246 270 60 050 093 105 256 296
500—up 3 2.00 2.09 0 _ — 11 039 057 9 260 290
Total 50 1.81 209 127 2.81 353 578 058 094 446 275 342

Notes: Closed-end funds (SIC 6726), REITs (SIC 6798), ADRs, and unit offerings are excluded from the sample.
Bond offerings do not include securities backed by mortgages and issues by Federal agencies (SIC 6011, 6019,
6111, and 999B). Only nonshelf-registered offerings are included. Standard Industrial Classification (SIC) codes
are from Securities Data Co. (SDC).

°Firms with a BBB - or higher Standard & Poor’s credit rating.

°Firms with a BB+ or lower Standard & Poor’s credit rating.

“Total proceeds raised in the United States, excluding proceeds from the exercise of overallotment options (SDC
variable: PROCDS).

*Number of issues.

*Gross spreads as a percentage of total proceeds (including management fee, underwriting fee, and selling
concession) (SDC variable: GPCTP).

fOther direct expenses as a percentage of total proceeds (including registration fee and printing, legal, and
auditing costs) (SDC variables: EXPTH/(PROCDS)*10).

million, very few noninvestment-grade issues exist. This reflects that smaller
issues with lower credit quality are commonly placed privately, and thus do not
appear in our sample.

This correlation of credit quality and issue size also explains why in
Tables 1 and 2 straight bond issues do not appear to display large economies of
scale: as the issue size increases, the credit quality of public issuers decreases,
masking some of the economies of scale. Still, in Table 3, where we hold credit
quality constant, the economies of scale for debt issues are more modest than
those for equity issues in Tables 1 and 2. The correlation between issue size and
credit quality also explains why the average spread is so low for bonds with
$40-%$59.9 million in proceeds. The average spread of only seventy-two basis
points in Table 1 reflects that for this issue size, economies of scale are largely
realized, while, at the same time, very few noninvestment-grade issuers exist. For
smaller offerings, the lack of economies of scale keeps the average spread high.
For larger offerings, the high proportion of noninvestment-grade issues pushes
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The Costs of Raising Capital 67

TABLE 4. Direct and Indirect Costs, in Percent, of Equity IPOs, 1990-94.

Proceeds® Total Average Average Direct and
($ millions) Gross Spreads®  Other Expenses®  Direct Costs* Initial Return® Indirect Costs'

2-9.99 9.05 791 16.96 16.36 25.16
10-19.99 7.24 439 11.63 9.65 18.15
20-39.99 7.01 2.69 9.70 12.48 18.18
40-59.99 6.96 1.76 8.72 13.65 17.95
60-79.99 6.74 1.46 8.20 11.31 16.35
80-99.99 6.47 1.44 7.91 891 14.14
100-199.99 6.03 1.03 7.06 7.16 12.78
200-499.99 5.67 0.86 6.53 5.70 11.10
500-up 5.21 0.51 5.72 7.53 10.36
Total 7.31 3.69 11.00 12.05 18.69

Notes: There are 1,767 domestic operating company IPOs in the sample. The first four columns express costs
as a percentage of the offer price, and the last column expresses costs as a percentage of the market price.

*Total proceeds raised in the United States, excluding proceeds from the exercise of overallotment options (SDC
variable: PROCDS).

*Gross spreads as a percentage of total proceeds (including management fee, underwriting fee, and selling
concession) (SDC variable: GPCTP).

*Other direct expenses as a percentage of total proceeds (including registration fee and printing, legal, and
auditing costs) (SDC variables: EXPTH/(PROCDS)*10).

“Total direct costs as a percentage of total proceeds (the average total direct costs are the sum of average gross
spreads and average other direct expenses).

“Initial return = 100*{[closing price one day after the offering date (SDC variable: PRIDAY)/offering price
(SDC variable: P)] - 1}. If PRIDAY is missing, PR2DAY is used.

*Total direct and indirect costs = (d + e)/(1 + ¢/100), computed for each issue individually (excluding firms with
other expenses or initial returns missing), and then averaged, where d is the percentage of total direct costs, and
e is the percentage initial return.

the average spread up. In other words, the average spread of only seventy-two
basis points for this category is not a typographical error.

Although not reported in any table, the average maturity of bond offerings
is about ten years for all of the proceeds categories and investment grades.

Initial Public Offerings

In Table 4 we report not only the direct costs for IPOs, but also the indi-
rect costs of short-run underpricing.” Inspection of the table reveals that, con-
sistent with previous findings, IPOs are underpriced on average. With average
direct costs of 11.0 percent and average initial returns of 12.0 percent, a typical

"We compute the average initial return only for those offerings for which SDC reports the market price at
the end of the first day of trading or, if this is missing, at the end of the second day of trading. In computing
the average direct and indirect cost, we compute this number for each individual firm for which we have the
gross spread, other expenses, and the initial return, and then compute the average.
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issuer with an offer price of $10.00 receives net proceeds of $8.90 on a share that
trades at $11.20. Taking the difference between the market price and the amount
realized of $8.90, the total direct and indirect costs amount to $2.30, which is
20.5 percent of the market value of $11.20. In Table 4 the average direct and
indirect cost as a percentage of market value is 18.7 percent, since the average
that is reported is the average of this percentage for each firm. (The average ratio
of costs to market value is different from the ratio of the averages.) This number
is less than the 21.2 percent that Ritter (1987) reports for firm commitment
offerings from 1977 to 1982 for several reasons. First, our 1990-94 sample period
reveals less underpricing than in 1977-1982. Second, we exclude offerings of less
than $2 million, whereas he includes them. Third, spreads have experienced some
downward movement the past fifteen years.® Still, the direct and indirect costs of
going public are substantial.’

Note that we may be understating the extent of the economies of scale.
This is because we are not including the value of any warrants granted to
underwriters as part of their compensation. These warrants are common among
small, speculative offerings underwritten by less-prestigious underwriters. Their
inclusion would boost the average costs of the smallest offerings, but not the
larger offerings. For evidence on the quantitative effect of this omission, see
Barry, Muscarella, and Vetsuypens (1991) and Dunbar (1995).

While the average gross spread on IPOs is 7.31 percent, we find a large
“bunching” at exactly 7.00 percent. Most issues with proceeds of $20-$60 million
have a spread of exactly 7 percent, as shown in the Appendix table.

For IPOs, we include the indirect cost of underpricing in Table 4, but we
do not include this as a cost for other security offerings. This is because of the
lack of economically important underpricing effects for other offerings. Smith
(1977) documents underpricing of 0.5 percent for SEOs. We suspect that much
of this represents the practice of pricing the offering at the bid price, rather than
the mean of the bid and the ask price, and the tendency to round down to the
nearest eighth or integer. For example, if a stock traded at $30.125 bid and
$30.375 ask, it would be common to set a $30.00 offer price. Depending upon
which price had been the most recent transaction price, this would be measured
as underpricing of either 0.4 percent or 1.2 percent. Barclay and Litzenberger
(1988) report excess returns of 1.5 percent for SEOs during the month after
issuing. Since companies typically issue after a large stock price run-up, it is not
clear how much of this 1.5 percent is due to momentum effects, and how

#Calomiris and Raff (1995) report that for convertible bonds, the average spread in 1963—65 was 3.7 percent
and in 1971-72 it was 3.2 percent. Our 1990-94 sample has an average spread of 2.9 percent.

’Beatty and Welch (1996) report the average direct and indirect costs for a sample of 980 IPOs from 1992
to 1994. Whereas we aggregate auditing, legal, printing, and other direct expenses, they report audit expenses
and legal expenses separately. For all proceeds classes, legal expenses are slightly higher than auditor expenses.
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TABLE 5. Number of Issues Containing an International Tranche for Domestic Operating Companies
That Are Issuing, 1990-94.

Equity Bonds
IPOs SEOs Convertible Straight
Int’l Tranche?” Int’l Tranche? Int’t Tranche? Int’l Tranche?
Proceeds

($ millions) Yes No Yes No Yes No Yes No
2-9.99 2 335 4 163 0 4 1 31
10-19.99 12 377 12 298 1 13 0 78
20-39.99 45 488 36 389 3 15 0 89
40-59.99 40 175 42 219 0 28 4 86
60-79.99 33 46 45 98 1 46 8 84
80-99.99 25 26 30 41 9 4 2 110
100-199.99 81 25 72 80 22 35 14 395
200-499.99 39 8 48 7 14 13 13 157
500-up 10 0 8 1 2 1 2 18
Total 287 1480 297 1296 52 159 44 1048

Notes: Closed-end funds (SIC 6726), REITs (SIC 6798), ADRs, and unit offerings are excluded from the sample.
Rights offerings for SEOs are also excluded. Bond offerings do not include securities backed by mortgages and
issues by Federal agencies (SIC 6011, 6019, 6111, and 999B). Only firm commitment offerings and nonshelf-
registered offerings are included. Standard Industrial Classification (SIC) codes are from Securities Data Co.
(SDC).

*If (TOTDOLAMT/PROCDS) > 1.05, the issue is treated as having an international tranche. TOTDOLAMT is
the total proceeds raised globally, and PROCDS is the total proceeds raised in the United States.

much is due to issue effects. Kang and Lee (1996) document that convertible
bonds are underpriced by about 1 percent on average. Straight bonds, especially
those with high credit ratings, seem to be underpriced very little.

International Tranches

In Table 5 we report the frequency with which domestic operating
companies include an international tranche in their offerings. Recall that we are
excluding Eurobonds from our debt offerings and ADRs from our equity offer-
ings. Inspection of the table reveals that equity offerings and convertibles that
raise less than $60 million in domestic trading rarely include an international
tranche. Straight debt offerings, no matter what their size, rarely include an
international tranche. Now, foreign investors can always participate in a domestic
offering regardless of whether it is explicitly marketed overseas. Thus, the exis-
tence/nonexistence of an international tranche largely reflects the degree to which
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the selling efforts are expanded to find international buyers. Domestic operating
companies issuing debt with foreign buyers in mind frequently issue Eurobonds. "

Overallotment Options

The Rules of Fair Practice of the National Association of Security Dealers
(NASD) permit firm commitment offerings to include an overallotment option,
where more securities can be sold if demand is strong."" Since August 1983, the
size of this overallotment option has been limited to 15 percent of the issue size.
Investment bankers typically have thirty days to exercise this option. In practice,
investment bankers typically presell at least 115 percent of the offering, and then
stand ready to buy back the incremental 15 percent if demand is weak when some
of the buyers immediately sell their securities (a practice known as “flipping”).'?

The NASD Rules of Fair Practice require that investment bankers sell
securities at or below the stated offer price. Normally, all of the securities are sold
at the offer price, but occasionally, if demand is weak, the investment banker
winds up selling some of the securities below the offer price. In this arrangement
the underwriter writes a put option to the issuing firm, with the value of this put
included in the gross spread. The overallotment option can be viewed as a call
option that the issuing firm has written, where investors hold this call.

On securities sold through the exercise of overallotment options,
investment bankers collect the same gross spread as on the rest of the issue.
However, since the direct expenses do not change, these fixed costs are spread
over a larger issue size. Thus, the total direct cost numbers that we report would
be lower if overallotment options were included in the gross proceeds. On the
other hand, since overallotment options are generally exercised only if the issue
is underpriced, the value of this call option is a cost to the issuing firm that we
do not include in our total cost calculations.

In Table 6 we report the frequency with which overallotment options are
used and the frequency with which they are exercised. Inspection of the table
reveals that in recent years, essentially all IPOs have included an overallotment
option. The vast majority of SEOs and convertibles include an overallotment
option, but straight bond issues rarely do.

"“The relative yields on Eurobonds versus domestic bonds also play a role in the decision of what to issue
(see Kim and Stulz (1988)).

""Overallotment options are sometimes called Green Shoe options. The Green Shoe Company was apparently
the first company to use one.

"?See Schultz and Zaman (1994) for evidence on the exercise of overallotment options on IPOs. With IPOs,
if the underwriter expects aftermarket demand to be weak, 135 percent of the issue may be presold, with the
underwriter’s taking a naked short position equal to the amount exceeding 115 percent of the offering. This
allows the underwriter to support, or stabilize, the price by buying back the increment in open market purchases.
These shares are then treated as if they were never issued. If the underwriter expects the price to jump, typically
only 115 percent of the issue size will be presold, to avoid losing money on a naked short position.
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The frequency with which overallotment options are exercised varies
across security type. In Table 6 we use the SDC classification where an
overallotment option is considered to be exercised as long as at least part of it is
exercised. In practice, most overallotment options are for 15 percent of the issue
size. Most commonly, either all or none of the additional shares are sold, but
sometimes only part of the overallotment option is exercised. On securities sold
as part of an overallotment option, the spread is the same as on the rest of the
issue.

IV. Conclusions

Firms have many choices for financing their activities: internal versus
external, private versus public, and debt versus equity. This article focuses on
public external financing and documents the cost of this financing from 1990 to
1994. We report the direct costs of raising capital for I[POs, SEOs, convertible
bonds, and straight bonds. These are, respectively, 11.0 percent, 7.1 percent, 3.8
percent, and 2.2 percent of the proceeds. We find substantial economies of scale
for all types of securities, although for straight bond offerings, these are largely
exhausted for proceeds over $40 million. Spreads on bonds are sensitive to credit
quality, with gross spreads more than 200 basis points higher on noninvestment-
grade issues. Except for bonds, most large issues include an international tranche.

References

Barclay, M. J. and R. H. Litzenberger, 1988, Announcement effects of new equity issues and the use of intraday
price data, Journal of Financial Economics 21, 71-99.

Barry, C., C. J. Muscarella, and M. R. Vetsuypens, 1991, Underwriter warrants, underwriter compensation, and
the costs of going public, Journal of Financial Economics 29, 113-35.

Beatty, R P. and I. Welch, 1996, Issuer expenses and legal liability in initial public offerings, Journal of Law
and Economics, Forthcoming.

Bhagat, S. and P. A. Frost, 1986, Issuing costs to existing shareholders in competitive and negotiated
underwritten public utility equity offerings, Journal of Financial Economics 15, 233-59.

Calomiris, C. W. and D. M. G. Raff, 1995, The evolution of market structure, information, and spreads in
American investment banking, in M. B. Bordo and R. Sylla, eds., Anglo-American Finance: Financial
Markets and Institutions in 20th Century North America and the UK. (Business One-Irwin,
Homewood, IL), 103-60.

Dunbar, C. G., 1995, The use of warrants as underwriter compensation in initial public offerings, Journal of
Financial Economics 38, 59-78.

Hansen, R. S., 1988, The demise of the rights issue, Review of Financial Studies 1, 289-309.

Hansen, R. S. and J. Pinkerton, 1982, Direct equity financing: A resolution of a paradox, Journal of Finance
37, 651-65.

Hansen, R. S. and P. Torregrosa, 1992, Underwriter compensation and corporate monitoring, Journal of Finance
47, 1537-55.

Kang, J. and Y. Lee, 1996, The pricing of convertible debt offerings, Journal of Financial Economics,
Forthcoming.

110138-OPC-POD-60-188

Copyright © 2001. All Rights Reserved.



74 The Journal of Financial Research

Kim, Y. C. and R. M, Stulz, 1988, The Eurobond market and corporate financial policy: A test of the clientele
hypothesis, Journal of Financial Economics 22, 189-205.

Ritter, J. R., 1987, The costs of going public, Journal of Financial Economics 19, 269-81.

Schultz, P. H. and M. A. Zaman, 1994, Aftermarket support and the pricing of initial public offerings, Journal

of Financial Economics 35, 199-219.
Smith, C. W,, 1977, Alternative methods for raising capital: Rights versus underwritten offerings, Journal of

Financial Economics 5, 273-307.

110138-OPC-POD-60-189

Copyright © 2001 All Rights'Reserved.




Y LS E o a-l 1 PR £ o
Journal of I‘"umr:i!'\ﬁmnumi:!’? {19?9‘! 163-195. © North-Holland Publishing Company g fi
) : ‘ {0 ' : ;

-

|

|

! ; it
| .

i

|

vow

| :
THE EFFECT OF PERSONAL TAXES AND Dl'rIDE\’DS o
ON CAPITAL ASSET, PRICES o,

Theory and Empirical Evidence

e Robert H. LITZENBERGER® IR
o .’:.'ruql"r:lnf L-m:‘rlr::trJ Stanford, CA 94305, USA

. Kr:shn:l RA"«-‘IASWAM?*
Bell TrIrphnne Labomtories, Murray Hill, NJ OT8T4, USA

Received Fuly 1978, revised version received March 1979 i
" ; |.

T.hls paper derives an alter lax version of the Capital Assel Pricing Model. The moded m's
for a progressive tax scheme and for wealth and income related constraints on borrowing The
equilibrium relationship indicales that befare-tax expected rates of return are linearly related 1o
systematic rsk and to dividend yield. The cample estimates of the vanances of observed betas
are used 1o arrive al maximum likelibood estimators of the coclficients. The results indicate that
unlke prior studicy, there is a strong ;p-csl.[n: relationship between dividend yicld :|n-d npn;ln‘.
return for NYSE stocks. Evidence is a.l:.-:r presented lor a clientele-effect. !

1 ' 12}
1. Introduction i .

The cffect of dividend policy on the prices of equity securitics has been an
issue of interest in financial theory. The traditional view was that mmdiun
prefer a current, certain return in the form of dividends to the uncertain
praspect of future dividends. Conscquently, they bid up the price of high
yield securities relative 1o low yield securities [see Coitle, Dodd and Grahan
(1962) and Gordon (1963)]. In their now classic paper Miller and Modighan
{1961) argued that in a world without taxes and transactions costs, Lhe
dividend policy of a corporation, given its invesiment policy, has no effet or
the price-of its shares. In a world where capital gains receive preferentia
treatment relative 1o dividends, the Miller=Modigliani Cirrelevance  pro
position” would seem. o break down. They argue, however, that since ta
rates vary across investors cach corporation would attract to itsell a clicnteb
of investors that most desired its dividend policy. Black and Scholes (19M
asserl that corpornti?ns would adjust their payout policies until in equlib

*We thank Roger Clarke, 'fu:n Foregger, Bill Schwert, Wilbam Sharpe, and the H:ltl"lt
Michsel Brennan, for belplul comments, snd Jim Starr lor computational |mﬂl-l'h‘t- An)

remaining ertors vﬂ:%‘l‘%@"—@ﬁ@“‘ﬁ"@D 60-190 :
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([:=] R.H. Ul:mh:-:*r;rf and K.'-Rapmwmy, Taxes, dividends and capital n.ss:pﬂrﬂ f . :
rium the spectrum of policies offered would be such that any ong firm is
unable to affect the price of its shares by (marginal) changes in its payout
policy. ' ) ' ' i

In the absence of taxes, capital asset pricing theory suggests that in-
dividuals choose ‘mean-variance efficient. portfolios. Under. personal income -
taxes, individuals would be expected to choose portfolios that are mean-

varance efficient in after-tax rates of return. However, the tax laws in the

United States are such Ll:wat some economic units (for example, corporations)
would seem to prefer dividends relative to capital. gains, Other units (for
example, non-profit organizations) pay no taxes and would be indifferent to
the fevel of yield for a- given level of expected return. The resulting effect of
dividend yield on common stock prices seems to be an empirical issue.

Brennan (1973) frst proposed an extended form of the single period
Capital Asset Pricing Model that accounted for the taxation ‘of dividends.
Under the assumption of preportional individual tax rates (not a function of
income), certain dividends, and unlimited borrowing at the riskless rate of
interest (among others) he derived the following equilibrium relationship:

EtR)—r =bfi+cid—r,) (1)

where R, is the before tax total return to security i, ff; is its systematic risk, b
=[E(R.)—r,—zld.—r,)] is the alter-lax excess rale of return on the
market portfolio, ry is the return on a riskless asset, d; is the dividend yield
on securtly i and the subscript m denotes the market portfolio. £ is a positive
coeflicient that accounts for the taxation of dividends and interest as
ordinary income and 1axation, of eapital gains at a preferential rate. i

In empirical 1ests [of the form (1)] to date, the cvidence has becn
immconsistent. Black and Scholes (1974, p. 1) conclude that

i e [ o ] )
...t is not possible 1o demonstrate that the expecfed returns on high
vield common stocks differ from the expecied returns on low yield
common stocks either before or afler taxes.

Alternatively, stated in terms of the Brenn el, their tests were not
‘sufﬁc‘ncn:ty powerful either to reject the hypgthesis thi? =0 or to reject the
Chypothesis that =05, Rmcnhi::‘g and Mafathe (1978) autribute the lack of

power in the Black-Scholes lest 1o {a) e loss in efliciency from grouping

stecks into portfolios and (b) the incficiency of their estimating procedures,
which are equivalent to Ordinary Least Squares. Using an instrumental
variahles approach to the problem of errors in variables and a.more
complete speafication -ef the variance covariance matrix {of disturbances in |
the regression), Rosenberg and ‘Marathe flind that the dividend term. i3
statistically significant. Both the Rosenberg and Marathe and the Black and
- Scholes studies use an average dividend yield from the prior twelve month

¥
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pcn‘odras a surr&!ale for the expected dividend yield. Sifice most dn-ndmh
are paid quarterly, their proxy understates the expected .
" dividend months dnd overstates it in those months that a stock does nof g
ex-dividend, thereby reducing the efficiency of-the estimatell ‘coefficient ¢ ’:f:
¢ dividend Iyield term. Both studies (Rosenberg and Mafmhe in using in-
strumental variables, and Black-Scholes i i trifice efficency |
achieve consistency. ' - ﬁ- % g:m;.l.pmg] sar c{ :0
The present paper derives an after-tax version of the Capital Asset Pricin
rrin-del that .accounts for a progressive tax scheme a;nd{ both wealth Lu:‘.g
income related constraints on borrowing. Alternative econometric procedures
e _are used 1o test the implications of this model Unlike prior tests of the
CﬁP_'M, the tests here use the variance of the observed rbctas—m arrive at-
maximum likelihood estimators of the coefficients. Consistent estimators arg
ajt:t.aunod Iulrithout loss of efficiency. Also, for ex-dividend months the ::pcl:tad :
fdl"lr'ldgnd yn_:T{_i ha.sed’_cn prior information is used, and for other months the -
/ expected dividend yield is set equal to zero. While the estimate of the
\coefficient of dividend yield is of the same order of magnitu8e as that found
“n_Black and Scholes, and lower than that found by Rosenberg and Marathe,
the t-value is substantially larger, indicating a substantial increase in
et‘!‘rcncncy. Furthermore, the tests are consistent with the existence of ‘a
ch._:m:_]e effect, indicating that the aversion for dividends i-éhti;: 1o capitgl
gains is lower for high yield stocks and higher for-low yield stocks. This is
consistent with the Elton and- Gruber {1970) :-mEmr.z! tesults on the ex-
dividend behavior of common stocks. : g

 This section derives a version of the Capital Asset Pr}:ms Model that
| accounts for the tax treatment of dividend and interest! incorbe andér a
progressive taxation scheme. Two types of constraints on individual borrow-
ing are imposed. The first constrains the maximum interest on riskless
borrowing to be equal to the individual's dividend income. and the second is -
a margin requirement that restricts the fraction of security boldings tHat may
be financed through borrowing. In previous published work, Brennan (1973)
* .derives anafter-tax version of the Capital Asset Pricing Model with
unlimited borrowing and with constant tax rates which ?my VAry across
individuals.'! Under his model when interest on bum:wind' excerds dividend”
income the investor would pay a negative tax. The 1b¢w~etm] micdel
'Brennan |1‘ﬂ'ﬂ} alg denves a model wis 1 [ T
contidens constrainty on borowing nor the Inizmm:u;.:dmﬁmwﬁ. mh s
::w‘iwmﬁ'w::nn!m:hmtm the interest tax 1o dividend inkome
il whous s pymets ced o St e e by b
" i |

-

g

| -

E
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* developed here may be viewed as E.n'c;.l:nsiﬂl:l of the Brennan a aI:.r:ls to
account for constraints on borrowing along with a progressive tax scheme..
Special cases of the model are examined, where 1I:1:r'|nmmc related constraint

" and/or the margin constraint on individual borrowing are r:mm'cd:

The following assumptions are made: i -

(A.1) Individuals’ Yon ﬁcumann-.‘ﬁnrgenst:rn utility lunctions are mono- -

' \ope increasing strictly concave f-ghm.:l.inns of after-tax end ' of period
._.x_gp';n::ti:y raics.lul' return have a multivariate nulrn'_ual distribution.
(A.3)-There are no transactions costs, and no restrictions on the short sale

of securities, and individuals are price takers.

{A.4) Indiyiduals have homogeneous expectations.

{A.5) All assets are marketable. _ . o

iskless asset, paying a constant rate ry, €Xisis. )

::3; Elﬂ:ﬁs on srcuriti.%:s are paid at 'lhi end of the period and are

known with certainty at the beginning of the period. _

{A.B) Income taxes are progressive and the marginal tax rate is a con-

tinuous function of taxable income. " e
{A.9) There are no taxes on capital gains. = :
{A.10) Constraints on individuals’ borrowing are of the form: ok
{i] A constraint that the inlerest on bormwigig'cannmtc_xc:cd dp.n-
dend income, called the income constraint on borrowing. and/or
{i1) a margin constraint that the lndividt}a]‘s net wc-rlh_bc_ at Itla{.t a
given fraction of the market x'alur;_ ol his hnli:!lngs of nisky
securities, B

Assumptions (A.]) through {A.6) are standard assumptions of 1II1¢ Capital
Asset Pricing Model. Assumptions (A.1) and {A.2) taken together imply that
prcﬁ:r;.-n:cs can be described over the mean and the variance of after-lax end

. of period wealth. Under these conditions individuals prc_l‘:r more mean
reiurn and are averse to the variance of return. The individual's marginal
rate of substitution between the mean and variance of after-tax end of pcripd
wealth, “at the optimum, can be written as the ratio of his _g!la‘_r-a}l ns‘k
wolerance to his imitial period wealth, That is, il u, [IW4) is the kth mdwu_iualf
wtibity function m terms of after-tax end of period wealth, (s ) is his
uhp.‘!-ﬂi}: function in terms of the mean and variance of the alter-tax.
portfaho return, and W 1s his inial wealth,

-

fi=2fy=tt W )

where P —E(w} E(u”) is the individual's global risk tolerance ‘Inl, l_h:
optimum [swe Gonzalez-Gaverra (1973) and Rubinstein (1973)]. (A.7) implies
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t the begir and paid at n.tE :
end. Since firms display relatively stable dividend policiesi this may be'a’
reasonable approximation for a monthly holding period. ., f 1" . i}
" Assumption (A.8) closely resembles the tax treatment of ordinary dividends!
in the US. The $100 dividend exclusion is ignored; the _small
magnitude of the exclusion implies that for the majority of $tockholders the!
marginal tax rate applicable to ordinary income is the as that applied’ -
to dividends. Assumption (A.9) abstracts frqgisthe effects bf capital gains’
taxes. Sincé capital gains are taxed only upon Fcalimtinn, 1 treatment in'a’
single period model is not. possible, It is, however, straightforward 10 model'a .
[capital gains tax on an accrual basis [see Brennan (1973)]. Sihce most caput;d: <
gains go unrealized for long periods, this would tend to overstate the effect bf!
the actual tax. Noting that the ratio of realizations 19 ‘accruals is small, and |
that capital gains are exempt from tax when transferred [by inheritance, |
Bailey (1969) has argued that the effective 1ax is rather mﬁ]{l -
{  Under assumption (A.8), the kth individual's axerage tax rate, r*, is a non- |
me Y, " a0

e =

r'=g(¥}),
gl0)=0,

girt)=0 for- Yis=0, : . o
¥Yi=Q A (3)

\ >0 for
The kth individual's marginal tax rate, wnitten T:‘, s the E::sl derivative ?f
taxes paid with respect 1o taxablé income. This is equal 1o the average tax |
rate plus the product of taxable income and the derivative of 1he average tax -
rate, : !

1

Trad(P Y )dY) =+ Y g (1 A

The margin ‘constraint in assumption (A.10-ii) resembles institutional
margin restrictions. By {A.10-i), borrowing is constrained wp to a point
where interest paid equal dividends received. This constraint incorporates the
casual empirical observation that loan applications require jnfarmation on
income (which this constraint accounts for) in addition to information on
wealth (which the margin constraint accounts fork Ope ar both of the
constraints may be binding, lor a given individual This f-:rr'nul.ttirgn,_ allows
the analysis of an equilibrium with both constraints, with c-nl_v one of them

imposed or with no borrowing constraints, | . :
The lollowing notation is employed: : C
R,  =the total before tax rate of return on security i, to the ratié

of the value of the security at the end of the period ‘plus dividends
over ils current \-nh!rn. less one, & !

-

oyl il



N

| i ]
168 R..h‘ L.nunbrr:unndx_ R.nmn:hdnmyl‘ Taxes, tbdm&uni mpnnlmdprim
|

1 ok

d . '=the dmdmd yield» on semmy i cqual to lh: duII,m' dmdcnd :
(]

; divided by the current pnoc, | e
X: =the fraction of the kih individual's wea]th inves

© asset, i=1%...N (a negative value is a shnn1sa.! | !

X3 —the fraction of the kth individual's wealth mw!tnd in the safe ' -

" asset {a negative value indicales borrowing), J et
'.';'E" . L 1he before-tax rate of return on the kth individual’s portfolio,
Hf" =the ki individual's initial wealth, and :
f ‘Lui;allzlhc kih individual's expected wtility function dgcﬁntd over the

in the lth nskj' '

- mean and vanance of at‘ter tax portfolio return, g, and as,

Tﬁ-pﬁ:m ely. . *

The kth mdmduals ordinary income is then

.

.5. ]
(5 ‘

i F’:‘:ﬁ"(z,‘.‘fdﬁ x}r,).‘,- g |
o | !
The mean after-tax return on the individual's portfoliois | %
m=Y XIEtR)+ X}r; ;:‘(E,‘f}dﬁqu). : i6)
¥ l'\ !

" and under assump:mn AT :]'u: vaniance of after-tax return is

& '}_Et"f‘cmiﬁ -d R, a‘r"}

I i

Hy assumption (A 10-4) the income constraint on borrowing is

s
u"{ix:dﬁx;r;}aﬂ. - (8)
b
.:m;i the margin constraint on borrowing is
H"{u -nzx:+x}}gﬂ. : (9)

where #: D<z<1, is the margin requirement oh the individual. As pointed
~ out earlier, one or both of these constraints may be binding.

The kth individuals opunm;:mn problem| is stated in terms ol the
i

1 »
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where { | :

I
“
L.,_.,_J

#; . =the Lagrange multiplier on the kth individual's budge,—

44,53 =the Lagrange multiplier and non-negative slack variable for the,

/-r_*' income related constraint ‘on the kth individual's| borrowing, re-

: spectively (when the constraint is binding =0 “51=0, and:

when it is not binding 44 =0 and 5% =0), and :

4+S5~5the Lagrange .multipler and non-negative slack \lmbhs for the
margin constraint on the kih individuals borromlr_ r‘ﬁpcctn:l!

. again if the constraint :s binding (nol binding], h:‘l ) 0 and
i st=(z)0. - ; |

The sla.hunarjr points satisfy the ful]omng fi m order m-rdmuns'

]
f.{‘ !
axt ~JHER)- [:*+1 TELIPAEFIESE A
] .
+A§u—=1+zf“".\‘mx[ﬂi.m 0, L8, (1],
; o I. ;
Rl ' EI i d | - ;
a ==t g 'u*nr;}—xtn:rﬁi?-f‘l 0 ny)

where

=&f n. ol Vo, =M (u, 0?10}, The otber Frst order con-

-ditions ar: the constraints and specify lhc signs of the Lagrangian multipliers

and are omitled here. The prugrm\t nature of the tax sdm-ne [assumption:
(A.8)] ensures that the mean variance efficient frontier in. l.{tcr-tu terms is
concave, and this together with) risk aversion from ammpum (A5 ‘“
summcnt to guaraniee the sccond order conditions for a muimum.

“Recall the following relationships: (i) the marginal [tax rate, T =

[+ ¥} ()] (i) the covariance ¥, X cov(R R))w mqgﬂpL and (i} the -

global risk tolerance t?'-rl’a‘{j'.l—'-’_.l",}. Subl:ractms rci.ltm ] 4} i‘mm
relation {11} and re-arranging terms 3|:id.s

{Etﬂ.}-r,}-:[iﬂji ) .;.“rl.l}']mn, I,Rn R:'l_
+[T - Ilzf‘ 1id, “";}-

e

3

Relation (13) must be :.nusﬁ:d for thc mdmdu:l':. wnroho nt-nﬁi‘um..

e LT T |

| If! :
B i i 4ot b l AR
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¢ relation (13) holds for all individuals, and | -
1o clear all assets have to be held :whrch__
that requires the value weighted
th'l: market portiolio,

« Market éﬁuih'brium requires tha
that markéts clear. For markets
implies the conservation relation (14)
average of all individuals’ portfolios be equal 1o

5w R = R (14)

or

YW R =W"Ra

where
T W= Wn
k . 1
clation {13) by @*. summing over all in-

H 1:-,01_11 f.]dg"ﬁ of r ; i
Ml relation (14) and re-arranging lerms yields

dividuals, using the conservation .
EIR,}—r‘,=u+hﬁ,+f{d,-:Q'I, (15)
where z ; |
f=coniR. R) var(R_). .

dE :'-Eu'i“ el [P

L L

h=vanR_pWWw= iy -

, . cEELt?ﬂ"[T"—Li.‘;I,I]. ' g

LI".-—-EH".

The term ‘", the intercept of the imp]icdlsccurily market plane, is 1]':;
fractional margin requirement z t¥mes the w::g:htul average of the ratios "
individual shadow prices on the margin constraint and 1hlc ::pcn:tc_d?f:ﬂ:h.
utilify of mean return. The weights, (6 @), are pmlpnrt}::rna_l to in rm ok
global risk tolerances. When 2= 0 and the constraint is binding for some.
individuals, ;% >0 for some k a is posilive. Ir!. the absence _-:1[ T"‘FI;
requirements (2=0) or when the margin constraint is nol binding for’a

ndividuals, 4 =0 for all k), @m0, _
I Interpreting eq. (15) "o’ is the excess return on & zero beta portfolio

(relative 1o the market) whose dividend yield js equal 1o the riskless fate, 12,

El
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relative risk aversion, i.e., b= var(
for. the market portfolio, b may be alternatively expréssed as b=[E(R_)-Tr;
—clda—rg)—al. If °¢’ is interpreled as a tax rate, b may 1 '

- expected after-tax rate of return on a hedge portlolio
*  market portfolio and short a porifolio having a zero be
' 'yield equal to the riskless rate|of interest; ie;, b=[E(
—d.)]. The term ‘¢’ is a weighted average of individual’s
(Yu(6*/8")T*), less the weighted,|average of the individ : l
shadow price on the income refaled borrowing constraint the egpectéd
‘Tﬁa,rginal utility of mean pnr"m} io return 3, (0%/0"N 24/ f}) For the cases:
ere the income related margin constraint is either non-existent or nob-|

fﬂw is positive. Otherwise, the sign of °c’ depends on ¢1¢ magnitudes of
these two terms. Define B as-the set, of indices of those individuals k for
whom the income related construnl is binding: and define f;c {not B) as the
set of indices fog which the constraint is non-binding. Now for ke B, 23>0,
Yt =0and T*=r*=0. And for k&N, ;4 =0, ¥*=0and T*Z~ =0 Hence |

e
s

(16)

W
™

I
)

I
™
"i‘%‘?

! | ]
11

-
-
-
-
-
=
. il

I . Bhe individuals in N may be viewed as a clientele that prdc:s capital gli':lus
| . 1o dividends. The individuals in £mar be viewed as a rJicnlil:lc that shows &
' preference for dividends: in the context of this model, these individoals wish

to borrow more than the income related constraint. allows them, and:
increased dividends serve to increase their debt capacity without additional
tax obligations. To this point cc}pcrratc dividend policies have been treated
as exogenous in this model. )

Now consider supply adjustmedts by value maximiziag firms. If ¢>0
{c <0) firms could increase their, narket values by decreasing (increasing) cash
dividends and jncreasing (decreasing) share repurchases or decreasing (in-
cregsing) external equity flotations. Value maximizing firms (in absence of
any rutricliorli-mhc IRS may impose) would adjust the supply of dividends
until an equilibtium was nbtainn‘! where : .

| -

| P i
T @0 = T (0 ) .
[T 7Y I

tax rates -

& u'?
K I L | 1 :
When comdition’(17) is satisficd an individual firm's dividend decision does -

i

binding for all individuals, ¢ is simply the weighted avgrage of marginal tax ¢



172

R_.r:f | Hrnhqrimd K Rnwr Taxes, JI#HM and cnpﬂ'al n.s.set:pr&r

oot affect lls ma.rkl:l value, c= 0‘ and dlﬂdtﬂd yield has no P.fl'u:l on Ihc i

befor€ tax rate of return on any security.?
Under unrestricted supply effects, =0 and lhe equ1l1bnum rcIatmnsh;p
{15) reduces to the before tax zero beta version of the Capltal Asset Pricing

Model: 4, | ‘1 i

& 1

ER)z {a+r;m—m+£m e g )

\fnte lhnt this' crbl:a.ms in 1he presence of taxes..Long {i‘}?ﬁ] has studied
conditions under which the before tax and after-tax mean variance eflicient
frontlers are identical for any individual. He does not, however, 5tud:|.r the
equilibrium as is donc here: for even though the before tax and after-tax
individual mean variance frontiers are not identical, [13} demumlrates that
'pI'ICC:S are foynd as if there is no tax effect.

In the case where there are no margin constraints, a=0, .and relation (18}
reduces to the before tax traditional Sharpe-Lintner version of Ihe Capital
Asset Pricing Model,

E(R)=r;+[E(RL)-r/B; e N

R:Iurn now o the case where the income related borromug constraint is
absent. Then. in (16} c=3, TH* 0" )=T, the ‘market’ margmal tax bra-
cket: and the relation reduces to an after-tax version of the Black (1972),
Lintner (1965), Vasicek (1971) zero beta model,

Em,f— T=d,=[r (1= T")+al(l - fi}+ (EQR.)—T"d,)B, tlﬂ!

When there is no margin eonstraint or when it is non-binding for ‘all

individuals, a=0, and relation 200 reduced to an after-tax version of the
Sh;:r_pc (1964}, Lintner {1963) model, E '

ER ) =T d,=[r (1 =T ]+ [ER)—T"d"—r (1 -T")1f,. (21)

However, in none of these cases is T a weighted average of individual

*Mime, however, that this equilibrium, where dividends do not affect before tax returns, may
nod exast. For example, 1the income constfaint may be binding for no one even when dividends
ate zero. If all individuals had the same endowments and had the ame un.li:g functions this
constraint would be non-tending for all individpals,

This argument s i the spirit of the ‘supply effect’ alluded 1o in Black and Scholes (1974)
Unlike the recent argument m Miller and Scholes (1977) for a zero dividend effect, the present
argument does not depend on an aruficial segmentation of accumulaters and non-accumulators,
and the exivence of taz-iheliered kending opporiunities with zero administrative costs. The
major problem with the argument bere is that with the exisience of 1wo distinet clienteles, one
preferring higher dividends and the other prelerring lower dividends, sharcholders would not

te on the difection in which firms should change their dividend. Thus the a.um:mn of value

:munn‘ behavior by lrmm does nol have a !.'tr\mlg theoreticel hais, |
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. The variance of the column vector of disturbance terms, £=

average tax rates. It knnl:.r wherl taxes are s:mply proportional to m-::ome T i

that T*=¢", and relation (21) is| identical to. the nquil:huum implied - by
Brennan (1973), whn mumm a [constant tax rat: that may -:hﬂ:r msx
mvasmrs b 1: : PR B i

]

3. Empirical tests oy _
From the theory, the equilibrium specification to be tested

E{R-]'—-rjza+bﬂ;+cid -r) ' @)

B '
and in the absence of the inmmc rclzmi

The hypmh:s:s are a=0, b=0
constraint on bﬂrm'v-mg cx=0.
In obtaining econometric estimates of a, b and ¢, tuopr?blcm arise. Thc
first is thal expectations are not directly observed. The usual procedure is to
assume that expectations -are rational and that the pzm.mclérrs a, b and c are

constant over lime; the realized returns are used on the lefi-hand side |
[ i
_ |=-l fea {1

:_m

" a . . i
Ru_rn =y + it yilds—rp)+E,

| @

in p-cnr.:»d t, §, and d; qrc the wsicmmc
risk and the dividend yicld of|sccurity i in period 1 respectively. The
disturbance term &, is R, —E(#,), the deviation of the realized return from _
its expected value. The mﬂ“crcms Yo.¥y and 7, correspond 1o a, b and el
tEas n=l._, .
r=1,.., T}, is not prc-porucnal to the identity matrix, since ::prntcmpb»-
raneous Covariances b-ctwccn sécurity relurns are non-zEro, and r-:tum
variances differ across isecurities. {hot: that in order to conserve spact | ‘ : *

is used to denole-a -:Jlumn vector.) This means that ordinary least squa:::s. i

(OLS) estimators a.n:[mc[‘f’clenl. for either a cross-sectional regression in -
month , or a pooled time scnﬁ and cross-sectional regression. The | - |
computed variance of the OLS estimator (based on the assumption that the :

where &, is the return of security i

wvariance of £ is pmpcrr!mna] o 1Ih= identity matrix) is nol equal to the true,

varignee of the cstlmal::br d

The second pn:-bl:m is that the true population B are unobservable. Thm
usual procedure uses an estimatd from past data, and this estimate has &n.
associated measurement error. This means that the OLS estimates will h:
biased and inconsistent. The mtlho-d used in tackling these pmH:m ]
discussed in this section. | ' i

To fix matters, mume that data exist for nnu of retun, true betas Ifld %
for dividend yields in periods t1| i=12.. N, sccurities in uc'h
t=1,..., T. Define the vector of realized nm !'tturn.: as

SR R



e

.114:' R.H Ll.l‘..m!lrrmrdnd'x Ram“my. Tmt-ts, d'mndnitmdmpun! ‘Ipr!.gn
i i |Rs (R, s =y Rr}, = | .
where | : . et el
Er'E{{Rn“rn]{Rzr—'.r_n}{R' —"_r:}au'-:—liﬁ.\',;—?ﬁ]},
7 . - j

" * and the matrices X of :xp!analcrry wﬁables as. .

.K:E{xlx;;-u.x xrn
where | :
- _1 ﬁll (ﬂ‘:.—";:l
] I ﬂrﬁ_ :} i
goid .ﬂ :ﬁr .
Ll ﬁ.\'; {d.w_'rﬁ]' g i

4

By defining the vector of regn:ssmn coefficients as [= {,u:-. ¥2} one can write
the pooled time series and cross- -sectional regression as

' - R=XT+g ‘ ' ' i (24)
where - .
2 E={fE- b Erh ]
and
FE= T A |

It is assumed that

" E()=0,
and that -
Eifg)=V,

r

i

some symmetric positive definite matrix of order (N, = N,). Il is also assumed | .

that security returns are serially uncorrelated, so that

Bié £,)=0 for i#s *
This means thaf the variance-covariance matrix ¥V = E(£¢) is block diagonal,
with the off-diagonal blocks bemg_ zero, The matrices ¥ nppur: along the
r.iugrmll of ¥ ‘

P
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‘.. estimates of I, namcl}r F .""1.

Kﬂm.m

i
)
|

=1

|
t

H'.Jf f.ltmbﬂ'grrqd ”j_ ::
; }]t is wdl known‘th lhe wum:to';farrwhwh sﬁmr in .E. unb:asad
and has ‘minimum’ variance is umidut, and is givemuby the Aitken or
Generalized Lcast Squares csnmal tGLS}, 2 R

§¥is f‘ {x' -Lx) '.I'V‘ : ﬁ-:'_ .' .':{15]_1-,'*"

S a0 T

of ¥, ¥ it fol]qv.-s thEi: V“ is a]su- bluclc i
diagonal. The matrices-V 1 =1, T appear alongthe diagonal of V-1, -
with the off-diagonal blocks being zero. Assuming that f’ is an mtcrt:mporal !
constant, [' can be estimated by | efficiently pooling decpmd:m GLS.
.f‘ o ,FT, obtained by using cross-sectional ||

T:- : - R 253 8 )

ro.®

- L= X I FE
Fmrm the qu-:k dlagur‘hj natu

dala in pcnuds

[l 1 | t

Gﬁlt

That is, the monthly ezlimalorj;,‘" l‘ar.;.-t.'k=0, 1 or 2, are se_nall} i .i

uncorrelated, and the pooled GLS estimator §, is found asht.bc weighted

méan of the monthly estimates, where the ueng_hts are m‘cm:l} proportional | |
to the variances ol‘ these estimates, | ¥

}"_{x VX)X ,Lﬂr. rm1,2.35T

L =e ‘ - ]
: Yz i T : @ny!
p=1 - g ‘ a b 4f--
var(fiy)= 3" Z3 var(f,) - # 28
y Joope g w4 : i' l—" T
Z, = [var(f,)]"! /E[var{f.. ] SR {‘9}1. -' B

For some of 4he results presented in s:c:ioneuch T 5 assumed 10 be ! B
drawn from a stationary distribution, and the estimates of #, and its varianoe | -
are . - - TR §

:.
ti* "_- = 2 {ur-' [30];

=1 i b

; . Fi

ﬂ’l‘rﬂ-[E. h‘u—fd’ﬁ‘i?‘—u} oL QN I‘
A useful portfolio interpretation can be given 10 each of the GLS| |

estimators ', in (26). Choose any matrix numbers of order N, x N,, say W, 1, '
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- such that (X; W, ' X,)"! exists. Construct an estimator, using cross-sectional -

o

“data in period ; as . ] " : b
Wi X )XW R (32)
This estimator is linear in &, and unbiased for I". This estimator is a linear
combination of realized security excess returns in period ¢ From the fact that
(XWSEX) X W X, =, (33)
where [ is the identity matrix, it follows that the estimator for y, in (32) is
the realized excess return on a zero beta portfolio having a dividend yield
equal to the riskless rate. Similarly, the estimator for y, is the realized excess,
return on'a hedge portfolio that has a beta of one and dividend yield equal
to zero; and that for 3, is the realized excess return on a hedge portfolio
having a zero beta and a dividend yield equal to unity. This interpretation?
can be given to any estimator of the form (32). When W' (or, equivalently,
the portfolio weights discussed above) is chosen so as to minimize the
variance of the portfolio return, the resulting estimator is the GLS estimatpr,
This is because portfolio ‘estimates as in (32) are linsar and unbiased by
construction, and by the Gauss-Markov theorem the GLS estimator is the
unigue minimum variance estimator among linear unbiased estimators [see

- = Amemiva (19721]. o ‘ i

1t is not possible to specily the elements of the variance—covariance matrix
V."a priori. The task of estimating these elements is greatly simplified by
assuming that the Sharpe-single index model is a correct description of the
return generating process. THe process thal generates returns at the be-
ginning of period 1 is assumed to be as follows:

I.Iqur"iq?lﬁu m""‘ln- ‘-=Ip2-r--l“'rrr ; {}4}
covlé & 1=, J'Pj.
_ =5, Q=) (9)
. '.r,,nEIRhiR_,:U']. .

‘With this specification the element in the ith row and the jth column of
k. written as F{i, j) is given by ]
VL = BB ptan  I#)

= fuant S =,

ij=12...\, " 36) ,

'F of & srmular eaterpretation, se Rosenberg and Marathe (19783
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' s = L | £ 4

| R%’-mmﬁ'?'(:mem;.'M&MH@ﬁﬁﬁ .l
where- _ . f :. i R T _. J
| g i A ; ‘ﬁ. 8 i : 5 3
O mvar(R ) L %) : .3 I
|

Under these conditions the GLSJ i - 1L Wi {
: estimator of I" obtained :
period ¢ reduces to ined by using data in
a -
Fi=(X:97' X)) X;07 1R,

i

* row and jth column is given by n J+« . f
J £ L2 E 1 i

. : * . i
— 2n=0, sy . F 11
1 i =55 o -i=], h,l.“ '.21"-"\‘-': - : ‘ (38)

\"\\_.L_J-";_ G ) B X b i i .

In appendix A it is shown that this estimator is the GLS estimator for F.

. That is, a.m-:Terl the assumptions of the single index model. the estimator

minim:il:es the ‘residual risk’ of three porifolio returns subject 1o the
constraint that ‘the expected returns ‘on thess ‘portfolios are Yo- Ty and 7
rcs;tccm'tlyﬁThm estimator can be constructed as a hﬂ:rmd;:stic.ltmsfdrf
mation on R, and X, Define the matrix P, of order (V. x N} w :

v, g [N, = N,) whose dme_tg

PN =dls=0//5m  i=]

¥
Ll (39)

i=]j

where ¢ is a positive scalar. Then [, can also be arrived at fn.:;m the OLS

regression on the transformed variables,
Re=Xrr+a, (40)
where . = ' =
Rr=PR, and Xr=PX, : i
. i

This is cquivalent to deflating the variables in the ith rows of & and X by
a factor proportional to the residual standard error 5. Note that Rlack ;lui
Sl-chulg (1974), who used the portfolio approach, assumed in addition 1o the
single index model that the ‘residual’ risks of all securities were oqual: that h.
they assumed that s,ms® for all i. Therefore, the Black-Scholes estimator
reduces to OLS on the untransformed variables,

Errors in rariables. Since true population f, variables are unm

i,

e,

L]
s

{ where £, is a diagonal matrix of order (N, xN,), whose element in the i:;h .

o

g
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estimates of this variable, ﬂ" are obtained from historical data. Thc estimated
beta is assumed equal to the true beta plus a measurement ermr uh

Bo=Butfe ] ~ ] an

The presence of measurement error causes misspecification in OLS and
GLS estimators, and the resulting estimates of " are biased and inconsistent
[sce. for example, Johnston (1972). for a discussion of the bias in the
coellicients of a variable without error, here dividend yield, see Fisher
(1977)]. The estimates ff, are obtained from’a regression of &, on the return
of the market portfolio R, from data priot to periodet,

R.=x,+f R +&., t=1—-60,1-59,.. ,0—1L (42)

Since the single index model is assumed, cov(é,.é,)=0 and hence
cov{ip i, ) =0. Il the joint probability distribution between security rates of
return and market return is stationary, the variance of the measurement’
error var(f, ) is proportional to the variance of the residual risk term var(é,),
for each i. Since month r is not used in this time series regression, cov(g,, f)
=0. Note that this time series regression yields a measured beta, . its
variance var(d,).and the variance of the residual risk term var(é, )= s

-Consistent with prior empirical studies, the assumpuion E(é,)=0 has been
made. However, it 1s recognized that if the ‘market return’ used in (42) is not
the true market return, then the estimate of f, may be biased, as has been
observed by 'Sharpn: (1977), Mayers (1972) and Roll {1977).

Because of errors in variables, most previous empirical tests have grouped
stocks into portfolios” Since errors in mecasurcment in betas for different
securities, are less than perfectly. correlated, grouping mk} assels into
portfolios would reduce the asymptotic bias in OLS estiniators. However,
grouping results in a reduction of efficiency caused by the loss of infor-
mation. The eflciency of the OLS estimator of the coeflicient of a single
independent variable is proportional to the cross sectional variation in. that
independent variable (beta). For the two independent variables case (dividend
‘yield and beta), Stehle (1976) has shown that the efficiency of the OLS
estimator of the coellicient of a given independent variable, using grouped
data. - 15 proportional to 1he cross-sectional variation. in that variable
unﬁp[aich.hy the vananuon in the other independent variable. Since the
within group variation in dividend yield unexplained by beta is eliminated,
the efliciency of the estimate of the dividend yield coeflicient using grouped
data is lower than that using all the data.* For this reason the present study

*The vananix of the OLS estimator of the second independent variable (dividend yield) u
eqqual 1o the vanance of the error term divided by the portson of ite sariation that is userplaned
by the Gfu endeperaient vanable (heta) Therelore, unless the independent variables are
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does not use the gmupmg approach tu cllrrurs in variables. Instead, use is

made ol' the measurement error in beta to amw ata mmﬂmt qsumalur for
|

I!n mnstru::ung the GLS estimator I‘F in (37), each variable has
deﬂated by. a factor proportional to the| rcsldual standard deviation.

— oyt

factor of prnpnrtmnalny was an arburarjr positive scalar. The structure of
our problem is such that the standard error of measurement in ) |

ay=(var(F, )}, is proportional 1o the standard deviation of residual risk,
5 —{'mrh'”j}i That is. if li'u.‘ Hme scrics rcunxmn model satisfies the Gﬂ

".. assumptions,

o i . . i

¢ + : i R S
{

r=iT 60

—

where R_ is the sample mean of the market return in the prior 60 month
period.? Assume that 5 is known and let

. ‘iJ‘:r o 55."1-11! : i * [4"":

in the definition of P in (39). Thus each variable in the rows of R and -.1 s

now deflated by the standard deviation of the measurement error in §,. IT B,
is used in place of #, (unobserved) the measurement error in.the deflated’

" independent variable, B* =B, /5, will now have unit vananee. :

Call the matrix of regressors used X2, which is simply X2 with f,
replacing f§,. Then

0 @y O ,
gemxpa | ) B 0L : 3
: 0 F_-c,;.".:‘r o] Y . -+
. ; 145]E
where var(f,/s,)= 1. Then the computed overall estimator _

. ’ . ] . |
uncorrelated sequential grouping prooodure a1 wsed by Black and Schodes (19740 are incficent |
relative 1o grouping procedures thal manmire the betwoen group vananon m drsdend yickd
that s upexplained by the between group vanation in beta ] i

In the sctual estimation, riak premiums were wed That n, L-—r,. »u reprovnd on l;:,'
= po 10 estimate f,. a explained in section 4 helow. Thus m the computation in (4L (R_=ry, |
ﬂ-f]umtdmpl.ndm_ R_Y. i 1

IIII"('

; =1 . ¥ - .
N :-.=s;-/( s, {R...—R.J‘), _ . 43)

ST — o
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T it :
E (T (46)
b where : " :
f=(Sr I 2R (47)
15 incunsl;lent. This is because
000 —1 .
0 Xt R, (48)
p]i.m Fo=| Syepe+| 010 ' R
T 00 0 .
v.hr:r;: : I
'vl - i.. E ] '

Eyrgr= phrn—i---—

a4 rl i

This says that each cross sectional emmator is hiased even in large samp]cf.
Henee the overall estimator, being un arithmetic mean ol the cross-sectional

esftmators. 15 |:|*Lor:,.\l¢.n1
Consider the following estimator in each cross sectional month:

P O 0 Oy -t e s
= LAY el i i (49}
;- ( 9 .(0 1 U)) N,
. . -+ 0 0
Then 3
' xR,
_ (50}
nlimf T
and
: XMERE)
: 2 _r (51)
_ P{ |:1I|r'1 f J Yy r

[hus cach crosssectional estimator is unbiased. in large samples, for [
“ute that a portfolio interpretation can also be given to (47). Since

o foro o\ (..,

5 : _ AN

F‘I-!m ( : I'E— L - | 0 1 0 | -—;r-"' L L {5:"
.\ A 1e 00l :
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|t I'ol]r:-g-j that the estimator for y; in (47) is the realized exceds return on a
normal portfolio that has, |:n pmbabahty limit, a zero beta and a divi

ield equal to the riskless rate. Similarly the estimator for y; (or 7,) is T.'h.n:

realized excess return on a hedge portfolio that has, in probability limit, a
ta of one (or zero) and a dividend yield equal to zero {or unity).

i | The overall estimatar, . !
| . g 2 i
! iy ) Eom i . o
f= 3 (F4T), (53)
=1 i
éﬂp}_bin:s T independent estimates, and is consistent,

i : .
KN plim [p]tm ¥ Lr,,f:rl] (54)
N,oasi- i

|

‘It is shown in* appendix B that, if £, and £, are jointly ncrma] and:
mdep-endn:nt then [, is the maximum likelihood estimator (MLE) for I’
using data in period .

-1. Data and results . =

| Data on security rates of return (R,) were obtained from she monthly

_ rclurn tapes supplied by the Center for Research in Security Prices (CRSP)

at the University of Chicago. The same service provides the momthly return
on a value weighted index of all the securities on the tape, and this index was
used as the market return (R,,) for the time series regressions. From January
1231 until December 1951, the monthly return on high grade commercial
pap-cr was used as the return on the riskless asset (rp,): from January 1952
u.nul December 1977 the retum on a Treasury Bill (with one month to
m:ltunt}]l was used J'ur.,jf, Estimates of each security's beta, f. and ifs
associated standard error were obtained from regressions of the security |
excess return on the market excess return for 80 months prior 1o 1, I

(55)

R;,mrﬁ=:_-,+ﬁuliﬁ_,,— Frobrd,  tar=60=-59. -1
. ¥

i This was repeated for all securities on the CRSP tapes from r=1 {January .
1936) to t=T =504 (December 1977 January 1936 was chasen as the initial
month for (subsequent) cross-sectional regressions because that was uhcn
dividends first became taxable,

{ To conduct the cross-sectional regression, the dividend vield vanable i, '|.
w.u computed from the CRSP monthly master file. This is
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d,=0, - Lo t 2

11' in month : security i did not go ex—g ﬂ::l:nd' or il it du.'i.l it was a noo-
recurring dividend not anndunced prior 1o month t; .| ; -

d' =jj_ .'Fu‘ i .t :
|I' in month 1, security i went ex-dividend, and tha dollar ta.xablc

rcr sha_re was announced prior to month 1; and

ividend D

.o
fin rnanlh t security i went cx-dmdcnd and this was a rtt!urrmg dividend"
ot prcuuush announced. Here 0, was the previous (going back at most 12

onths), recurring, taxable dividend per share, adjusted for|any changes in
hc number of shares nmsmndlng in the mlcnrm where Py J, is the closing

rlcc in month = 1.

This construction assumes that the investor knows at the end of each

onth whether or not the subsequent month is an ex- dmdend month for a
irecurring dividend. However, the surrogate for the dividend is based only on

Snfarmation that would have been available ex ante ta the investor.

dy=Dy/P,-\.

! The. cross-sectional Yegressions in cach month provide a sequence of

estimates | (on e Fah =12, 504} Three such sequences are available:
Lh-: first uses, OLS, the mond uses GLS and the third uses maximum
\likelihood estimation. The econometric procedures developed in section 3

apply equally well to thesingle variable regression, excess returns on beta -

lalone. This corresponds to a test of the two factor Capital Asset Pricing
|"r{ndcl, as in Black, Jensen and Scholes (1972) and Fama and MacBeth

[11973)) ) ;

f=1,2. 0Ny (m1,2,..,504,  (56)

R" o r,p‘l - ?;} + Trl ﬂ" + I’;l-l"

' where g i, is the deviation of R, from its expected value. These cross semnnal
regressions provide three sequences {(ip. ik 1=1. 2,...,504), the first using:

OLS, the second using GLS ‘and the 1h1rd using maximum likelihood '

ﬂilimlllﬂﬂ F
The estimated coeflicients were shown to be realized excess rates of return

on portfolios (with certain characteristics)® in month ¢ It is assumed that the
excess rates of return on these portfolios are stationary and serially un-
correlated. Under these conditions the most efficient estimators of the

*Sox section 1, and s appendiz A
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-

Rm_r, Td'.t-n, Jﬁﬂmﬁ”wmm i ;_'.]

iuf I.umb: and X:
:xp'-mtad c:cesd return ;un‘ hese pérﬂ'uhu-s would be the un m:u.ns
tcn:l
ﬂw monthly n:almd excess returns.  The sample vmanr :l!l the mun

ries sample  variance .of ﬂ'lc respective
remrns d‘mdﬁd b:,r the nur bcr c:t' munlhu." >

l iap L _suc 2 : Rkl
J : n=l_Zl ;;,/504 f-u 1 P YA L O i 4- {5,}
li i -H ; Lo adii i o
’ w{n}—!f{ /(504 - T !
A .=l fh Ry P _ [53]
samiiar cnmpulalmn is made for §; and ;. S H -' H

The three séts of estimators of ye, 7,"and 7; (and of 75 md 1) and ﬂn::r |
rque::l;v: t-statistics for the overall period January 1936 to December 19?‘1

lare provided in Panel A {Panel B) ul' tab!c I_ : I
ui i i

| : .'

| Table 1

El‘mhd time series nnd crod) section estimares of the afler-tax ind the before-ax C.-\PM 1936~

1977

Panel A: Aler-tax model Paoel B: Bdore-tax moded :

IP:I'DC:dUJ‘C o i 7.'.: 7‘! ¥ fl . !

OLS 0.00616 0.00268 0227 000681 Loz ']

i 14.37) iL.51) (&3] 4.84) (126)

GLS 0.00446 | 00034 a2M 000516 Q.00M2
11.53) {1.57) (8.24) 14.09) 183 -

MLE 0.00163 0.00421 0238 000443 - o0 |
(263) [1.58) (547 322 (162 i

*Notes: The alier-tax version correspands to the regression

i B :

#i""’J"l'?0+T|ﬂi+h“‘t_’n}+zr fml 2. Netml .. T .
The before-tax version cormesponds 10 the regression

f=1,L.. N.t=l2.. T

e el 1m L2 T) and (ffit r= 2L T
averages of this time series: for example, !

f|q£%1r [} i ¥ bk T

where T = 504, u
uhﬂ:j-: Ty Hlllnhﬂ are w parcntheses under m‘h cooffecaent, and thay reker .J "41

"
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. The, OLS and GLS estimators are * biased | and” inconsistent due to
méasutement error in| beta. The maximum likelihood estimators are con-
sistent consistency is a large sample property and for this study the monthly
cross sectional regressions have between 600 and 1200 firms, and there were

504 months.” In Panel. A, table 1, the MLE estimator of y, is about 60. -
percent greater than the corresponding GLS estimator. Consistent with prior .

. studies, the MLE estimator of y, is significantly positive, indicating. that

investors are risk averse. Also consistent with prior studies, the MLE-

estimator of 74 is significantly positive. In Panel B, tests of the two factor
model are presented. Note that in both panels, the GLS procedure restlts in
an-increase in the effigiency of the estimator of y,, which is ; () in Panel A
[(Panel B). Coosistent with prior tests of the traditional version of the Capital
Asset Pricing Modecl, the null hypothesis that 75=0 is rejected. Consistent
with investor risk aversion ; is significantly positive at the 0.1 level
Explanations for a positive intefcept (yo>0) include, in addition 1o margin
consiraints- on borrowing, misspecification of the market porfolio [see
Mayers (1972), Sharpe (1977) and Roll (1977)]; or beta SErving as a surrogate
for systematic skewness [see Kraus and Litzenberger {19767]. ’

The coefficient of the excess dividend yield variable, 7, {Panel A} is highly
significant under all the estimating procedures. The standard errors of the
GLS and maximum likelihood estimators of y; are about 25 percent smaller
than that of the OLS estimator. The magnitude of the coefficient indicatés
that for every dollar of taxable return investors require between 23 and 24
cents of additional before 1ax return.

While the finding of a significant dividend coefficient contrasts with the
Black-Scholes (1974) fTnding of an insignificant dividend- effect, the magni-
tude of the coefficient m table 1 is consistent with their study, The dividend
yvicld findependent) variable they used was (d,—d,)d,, where d, was the

. average dividend yield on stocks. Since the coeflicicnt they found was 0.0009,
and the average annual yield in their period of study (1936-1966) was 0.048,
their estimate of 7, can be approximated by 0.0009/(0.048/12), or 0.225.

[t has been assumed that the variance of the estimator of I' is constant
over time. If; due to the quarterly patterns in the incidence of dividend
payments, the variances of the estimalors are not conpstant, the equally
weighted estimators in (50) are incfMicient relative to an estimator that
.accounts for any scasonal pattern in the variance. Since dividends are usually
paid once every quarler, it is possible to compute three independent
estimates of I by averaging the coefficients obtained in only the first, pnly
the second and only the third month of each quarter. These three estimates of
[ may be weighted by the inverse of their vanances lo obtain a more
eificient estimator. This is provided in table 2. As can be scen from this table,

"Conustency here n with respect (o the overall estimator s0 one 1akes probability hemits with
redpeet o § and with respect (o N, See section 3.
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the overall estimator for y; is very close to the MLE estimate in table 1-The
esyimate.of the' standard error of ;" is approximately the same for the first
two months, but about 30 -percent less for the third month. i 4R

: i T 13
s i

¥ T

., Table 2

% R . ¥ i :
Fooled time series and cross section estimates of the afiertax CAPM: 19361977 " | -
n (based on quarterly dividend parierns)* ; =0

Month of quarter T wo Py = . T
i First : 0.00748 0.00770 'u:xs.\sz
: (0.00234) {0L00379) {0L05418)
= Second 0.00212 0.00071 023531 |
! 10.00232) (0.00335) 005034) i
1 Third ’ .
\_ T TR 0.00359 015340
e - -l0.00248) [LO04E3) f0.03534)
Overall 0.00373 . 000383 QIrIzs ..
estimate . [0.0013T) (0.0021%) OLOzEE)

C M - 3
*Notes: The after-tax version corresponds to the regression

Ru=rn=ro+rifutyald,—ryh i=L2._N, i
: This regression is performed across securities in a gven wooth f. Maximum
i likelihood estimation i3 used. The reported cocffickents are arithmenic averages of
’ I:ht_ coeflicients oblained over time (soe pote 10 tahle 11 The first three rows ese the
i estimates from oaly the first, only the second and only the thid mosths of cach
quarter, There are 168 months' estimates in each row. Standard errocs are im
parentheses under E'-‘!I:I'l,r cocflicient. The ‘overall estimartes” wse the ciimares m each
row above, weighted inversely by their variances. :

L]

It may be inappropriate 1o treat y, as an intertemporal constant: in the
abs.nl:ncc of income related constraints on borrowing. y; s a weighted average
of individuals’ mdrginal tax rates, which may have changed over time
A:ssume that investors have utility functions that display decreasing absolute
risk aversion and non-decreasing relative risk aversion. Assume in addition
that the distribution of wealth is independent of individual wtility functions.
Under these conditions the weight of the marginal tax rates of individuals in
the'higher tax brackets would be greater than that of individuals in lower lax
brackets. Holland (1962) has shown that from 1935 to 1960 there was no
pronouniced upward trend in the marginal tax rates of individuals with
taxable income in excess-of $25,000. To examine empirically whether there is
evidence of an upward trend in 3, over time, the maximum likelihood resulis
are presented for six subperiods in table 3. The estimators of 7, for the
subperiods were consistently positive and, except for the 11955 to 12/1961
period, significantly different from zero. There does not appear 1o be a trend
to the estimate. . o

i
]

R O R R R R R O O R R R R R R R R
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LI o Table 3 i i p B 'n"’ e o evee _ : S o o Y -
| . : ) i i : FARM {an i E i | L =Dw,rp & e s i ¥ 7 : i
3 ; oled ti series and cross section estimates of the afier-tax GAFN ; . L el s A | 2 :
s o subperiods).® ; : i = : H i - P 3
: 5 x . | . |ifa dividend was announced prior to month t, to go ex-dividend in month }; ;
: R, - , I g B - SR :
- - 4 i e : I e ¥ %
i f 0335 - i T =D /P, _ £ L, - BB
; 1.40 - —0.0028T7 | 0.00728 i I it it a-1 : o i- i i
s =k I{M.s} S | otherwise; and : g : ¢
1414247 000454 el s | e, o o ; ' s ; §rre 2 i E 4
Y e .59 o3 : £ . A =11 %
| 0158 - : e H : |
: " 000528 | 0U0061T = {s
1/48-12,54 ey '(1.45) (4.37) i Pl e SR i LR B } y
; ) = aoit: | ' if month t was an ex-dividend month for a recurring dividend; : - Ble
yssizel ¢ 001355 -0.0031% s ' TS oRies ; e : i
’ (562) (-078) s : ¢ 5, =0, 2 3 L Teed we Gl
1063 alTi 1 = .- - 4 ] *
1Is:_|163 = 000164 0.01 | 1
: (-047) (1.95) e ‘otherwise. ; s
LEB-12TT 0.0016§; e :3-’:'-3? _ The' variable (1-8,jd3 if-intepded to.pick up the effect of a dividend .
: s B i : : payment in subsequent, non-ex-dividend months. The variable &.d; ‘is
T ores. The altes-taz version correspands 10 the regression ; “identical to d,,'the variable used earlier. I dividends are paid quarterly, and

—

y» is negative and has an absolute value half the size of 7,, then one can
conclude that there is a complete reversal over the course of the quarter 50

Mazimum :I.L:hh..n.m-d'numr.:un‘ns used for the cross uﬁiu_na! rf:g:n:-ssiu:rmrln:.l ihat thetels no net 1ax éﬂ'e_cr_. Sl e i b inghzal :n
The reporied coeienss are rtbumetic suerages O b e it are should not be significantly negative. o WL_
in the months in the period (see note 1o lable i

= The MLE estimates of the coeflicients in (52) are prefented in table -LILTh;

parentheses under each cocficieal estimated value of 7, is positive and significantly different from mrthxs

rejects the hypothesis that there is complete reversal. : L B
, : oasitive coeflicient on dividend yicld is not a 1ax. i The significant positive 7, is evidence of a re-inforcing effect 'in non-ex- :

f]'Il 78 Tﬁ:;l:inl:?;n:ch:;dﬁd!;; months the effect completely reverses itsell. dividend months. Il the, coeflicient on dividend yield is entirely annbutable

effect and- : i . |

If dividends are paid quarterly there would be twice as many non-ex

R-‘f:r“:ni?lﬁ-‘?:"‘u_r.fli""zu* Ij't-l""""r-l‘:u-l'z‘""t

-

dividénd months as ex-dividend months, Thus, a cm‘n-f':lci: reversal u.-uulﬂ_ - o 2 A “
' require a negative cffect on returns in cach m}n-d'x-dl\’id:ndtmunth lhay 15 R R e e e s i
half the absolute size of the effect in an ex-dividend m::mth, It is also poss:l_:rlc iebd: 1936 19775 wiend i
that a stock’s dividend yield is a proxy for the cm'anla.nm: of its return mLh - : _ |
classes of assets not included in the value weighfed index pf NYSEP stoc ; A i 2 -
used to calculate betas in the present study. If the coefficient on dividen 0.00184 0.0049) 01T o T
“yicld is entirely due to the effects of omitted asscts, the effect [Lrn n?g'ﬂ- . e (217 a3 (257) ‘ 2
i ize as the eflect I ex- | ; ! ;
dividend mnnt:: should be positive and the same si { *Nates: The regression performed in each month is S -
dividend months. i ; n . % ! "
In order 1o test whether there is a reversal effect nr‘n rc-mfnynng_ :Hmim { R.'ln"‘h?:’.*'huud'Tn: sl =4, 00 + L. =L N, ! t‘ﬂf
non-ex-dividend months the following cross-sectional regression  was : . t=L31..T =
et . 7 ; ' Mauvmum hkchbood avtimation i used bar the crom-sctonal rogroweson, i . k|
: The repored coclfickenta ane anthemetic averages of the cocfoeniy !
R_,-.rﬁ- Ts +?L§g+?:{ﬁ..dﬂ-‘r,a.f+':‘:{“—~r5.r}‘3}+f... : f o “I... (i’ o 10 tible 1) N-statistics are i pateatbies wader |
; _ . 4 fml,2,...Np 159) | cach r.u:mnu-.l:. _ B .
1 T . .I 1 . - ! s ' '\i \
. 3 . ; i s . . @ o 5 ] Lo b
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to the effect of omitted assets y4 should be the same order of magnitude as
ys. Il the effect in ex-dividend months exceeds the combined effect in the
subsequent two non-ex-dividend months y, should be more than twice as
large as yy. $3—29, is 0.1214 and bas a t-value 6f 2.79. Thus, the :iInt:.'t in an
ex-dividend month is more than twice the size of the effect in a non-ex-.
dividend month. This evidence suggests that the coefficient on dividend yield

in ex-dividend months is not solely- attributable to the effects of missing

*‘assets and that the effect in an ex-dividend month exceeds the combined

effect in the subsequent two non-cx-dividend months. IT the effect in non-ex-
dividend months is asserted 10 be entirely due to the effect of missing assels,
the difference §, =4, =0.225 is an estimate of the tax effect. However, further
theoretical work on the combined effects of transaction costs and personal
taxes in a2 mult-period valuation framework is required to be able to
understand the cause of a significant yield effect in non-ex-dividend months.
For the present it seems reasonable to conclude that 0.225 is a lower bound
estimate of the tax effect.® I

The empirical evidence presented by Elton apd Gruber (1970) on the ex-
dividend behavior of common stocks suggests that the coeflicient on the
excess. dividend vield term may be a decreasing function of yield. :rhc
theoretical rationale for this effect is that investors in low (high) tax brackers
invest in high (low) dividend yield stocks: a possible explanation is that
institutional restrictions on short sales results in a segmentation of security,
holdings according to investors’ tax brackets. To provide a simple test of this
‘thentele’ elfect. the coeflicient ¢ in (22) is hypothesized to be a linear
decreasing finction of the ith security's dividend yield. That is ¢, which is
now dependent on i 15 written ¢, and given by

e, =k—hd, (60)
where k. k=0 and the hypothesized relationship is :
EtR)=ry=a+bfi,+ (k—hd)d,—r/). i61)

The geonometnic model is

"It meght be arpued that the perssient dividend effect is duc 10 the fact that the dividend
varable vwed scorperater bnowledpe of the ex-dividend month, which the investor may nod
Wave, To tevt whether thus introduces spurious correlaffons between yields and returns the
variable (47 §) was used 0 the cross-sectional regresnnn (231 The vanable does not incorporate
brerwledpe of the er-dividend month except when it was announced, [t is divided by 1 50 as to
ditribute the yeld over the thiee months of every quarter. overall extimate (1936 1977) of
7m0 X9, with 2 rvalue of 3 57: one cannot atinbute the earller results due to knowledfe of ex-
diudend moaths Thu 1 cotuntent with the Roncnberg and Marathe (1978) stady. Note that,
fhis eatimate u boewer than the total effect in table 4, which is fi 4+ M, =031 The lower estimate
B atinkiable lo constrarnung the coofficient on yield 1o be the tame in non-cx-dividend maonihs
and ei-divadend menibg
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‘where the estimate of k js y, s 7,
i ¥z and that for —h is
approach is used in each cross sectional essi g
oF My u
presented in table §. i, . e

8% o Table 5 ; L
Pooled time series and cross section test of the clintele effoct: 19361977+

fﬂ fl : f: Fa
000365

000425 = !
(265) by ' ' :

-692
- (1.B8) (6.60) - {(=L7

*Notes: This_correspo

nd 3 : H
each month: T h.nﬂ““‘ e tyreion I .

Re-tn=totnbetnibe-r)rdide-rd+e.  imta..nv. ° 1%

R R T

=12, T

Mazimum likelibhood estimation i3 wied for : 2 regTeREon
) the cros-sectonal |
The reported coeflicients are arithmetic averages of the- coeflicents in; '

cach month (see note in 1 - i i
. rihig able 1) rstatisths are in parcothesey m;la

Consistent with the existen i i Xesib)
estimate of y, is significamtly :o:;:i?\:c::T:::en:ﬂ c:: v s i
bc_th at lh:: 0.05 Icw:I.’ The magnitude of ¥u sugg-u:s that for every percenta;
point 1o yield the implied tax rate for ex-dividend months d:dT by ﬂﬁsﬁ
:I;a;r;:;?::zﬁ irc:ggan;;l yield was 4 percent, the implied 1ax nF: n:mu li

¥ UAI66.92 (0.04/4)=0268, assuming quarterly pavments.

empirical evidence supporting a clientele ff; gEes nead
: 1 rther
research that rigorously b amig s

institutional restriclions o

4

n short sales, along with personal taxes.

*5. Conclusion

In this paper, an afier-tax version of th i Prang

i) : e Capital Asset Prcing M
-I-.icnxtd. The model extends the Brennan after-tax version of the CAP
incorporate wealth and income related constraints on ;
& progressive tax scheme. The wealth'related constraint g

on bormro

l:l: l:lxpu:md relurn on a zero-beta portfolio (having a dividend vicd “n:q::ﬁ
the mi:.l-u: rate) to exceed the riskless rate of interest, The income related
constraint tends 10 offset the effect that personal taxes have on ihe

1o

| L

7a 1 significantly negative, -

derives an- cquilibrium model that incorpordtes -

borrowing along with -
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equilibrium strutture of share prices. The equilibrium relationship indicates | l, | |I f’[

-+ that the before tax expected return on a security is linearly related lli;:, its |
systematic risk and to its dividend yield. Unrestricted supply, n_djustmc:lt's in
corporate dividends would result in the before tax version of the CAPM; in a
world where dividends and interest are taxed as ordinary ipcome. If income
_telated constraints are non-binding and/or corporate supply adjustments are
restricted, the before tax return on a security would be a 1 increasing linear
function of its dividend yield. [

Unlike prior tests of the CAPM that used grouping or instrumental
variables to correct for measurement erfror in beta, this paper uses the sample
estimate of the variance of observed betas to arrive at maximum likelihood
estimates of the coeficients in the relations tested. Unlike prior studies of the :
elfect of dividend yields on asset prices, which used average monthly yields as " ) ; ’ TRr] ‘ : i
a surrogate for the expected yield in both ex-dividend and non-ex-dividend '-\"J‘ o if JZ""'ir‘=l+ ; ;ﬁuﬁu =0, ;ﬁn (dy— ;;]'5"1 . L

return of a sp&iﬁc port Ga Supr . B . :

P 10. Suppose portfolio weights {h:i=1 2. -
?hm :n each pﬂl'lﬂd‘ Infr investment in assets j= I,l_{’:ﬁ.’ I[};zi‘n ':Hr!' are
from the text the excess return on suéh a portfolio is el & 8 ©q..(23)

= ;.f;.-.fgh—.r;,}_—.;}-n(;huJ;}H(‘;%) | ; =
o . 'Hﬁ[@ j;u{duf‘f;,_:!]:l‘zﬁars}j‘ Bt
: g r

‘_Thc expected excess return on this portfolio is

*

e

*
A — i

R e

months, the expected dividend yield based on prior Enl’arfnation is used for
ex-dividend months and is set to zero for other months, |

The results indicate that there is a stropg positive relationship between
before tax expected returns and dividend yields of cuu_'lmcn stocks. The
cocflicient of the dividend yield variable was positive, less than unity, and
significantly different frem zero. The data indicates that for every dollar
increase in return in the form of dividends, investors rcquife an additional 23 .

* cents in before tax return. There was no noticeable trendl in the coelficient

over lime. A lest was constructed to determine whether the effect of dividend
yicld reverses itsell in non-ex-dividend months, and this hypothesis was
rejected. Indeed, the data-indicates that the effect of a dividend payment on
before tax. expected returas is positive in both the ex-dividend month and in
the subsequent non-ex-dividend months. However, the combined effect in the
subsequent non-ex-dividend months is significantly less than the effect in the
ex-dividend month. . | ’

Evidence 1s also presented for a clientele effect: that is, that stockholders in

higher tax brackets choose stocks with low yields, and vice versa. Further ; ¥ ! §
work is needed 1o derive a model that implies the existence of such clienteles A : 3 } %
and to 1est its implications, ‘ ;hﬁﬂ“ - +‘?“‘hr"r" = i
Appendix A ¥ subject to the unbiasedness crnn-.ln:mn. i equivalent 1o m:zftmi:mg l
In this appendix it is shown that the estimator for I", given by . [ | LM, ¥ 5,
| [+ N : %

L=ix;az X' Xi07R, : .
using data in period 1, is the Generalized Least Squares (GLS) estimator for

I" under the assumption of the single index model. It was shown in section 3
of the paper that each estimated coeflicient corresponds to the realized excess

]

[ N —_—

fo il Fhy=0, Thp,=1,
i i

~ ! if ﬁ"=ﬂ‘ i 2 =
i2 iE ?huﬂn 0,

iZﬁu ‘dw"rﬂj=&.
T huldy=rp)=1.

Under the assumption of the i e 1d
I single index model, the vari
on such a portfolio is, from eq. (36) in the text, Sl ¢ il

‘ar(g hﬂ tRir T r_rr i) - (E '&ir-ﬁi: -“-f :-E h;"d‘
i LY | i

Suppose one wishes to minimize the variance of the excess return on such'a

portlolio subject to the condition that the expected excess return. on the

portfolio is, in turn, y,, + or i it
: h For 71 OF ¥;. This condition enforces 1
Zero or unity. Hence minimizing SR T

]

the ‘residual, risk® of the portfolio subject 1o the unbiased

Thus._on: 18 using the residual risk of the portfolio as the m-m"n
:nl‘orlmng the unbiasedness condition. By construction, IIJ. is the diagonal
matrix of the residual variances % and by construction, [, i linear and
unbiased for I", The variance of the estimator has been minimized undek the



index model.
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1

’ o :
: rem; the GLS estimator
i i odel. But by the Gauss-Markov theorem, the estin _
s[lw.r:sz‘u]::gm::xl‘ﬂi matrix ¥, in (36) as| the wa.mfnu&quv:nm‘;: é.v:d:u;:?ml:t ;: |
ique mini ariance eitimator among linear and unbiased: tors. \}
:;:::: F‘u ?ﬁﬁfém estimator furl I, under the assumption of the single .
P

) iy

ix B . 4 :

Ap::?:is section, it is shown that ur!.der ::;T conditions, [, in [49? is the

m?;{:t':lﬂ;;i;ﬂ::::ﬁ“ﬁ::m:;:f:;T cirlz::p:irlmh l:;lh:f:és&cz:?;m T;rﬁi.n t?}l‘.’?l'l} ::
’ ivariate normal, the 5

2 e i s s G S O

lhs l:faiesﬁr[::i;:t;:dfgn:d in (39), with ¢ =s5./q;, 10 write the model as !

R
I
‘ B.1
R =voPh + 1188 +7.dh L - {-1 )
and the observed beta as .
Be=fiit (sl
= :4"[':.
. where
R: - 1Rn = f_rr*.'.in P: - !n'l-"'n ﬁu'r =ﬁ]ll'l-"l"
i 5;’.‘1.1':::1 d;=ndu = ]n'r'-’u E;:EIH'IJJ"
and -
e
- B -\*‘
Define the vanahle ‘
e B.3
dil R T Xy ¥u i '\rr' : ; } |
=1 { '|
as the raw co-moment for a ﬁm:n sequence |1% Yok i=1,2,...M)}) Thl_‘m I
from (B.1) and (B.2) ke ‘ i
. ; : B.4),
My p = T0Mp o+ 11 Mg g+ 1M o M s (B4)
ﬂ"p-r'?e[”‘rf*md-f]"‘h[mrf+""-.l"'] .
' (B.5)

w7y [mp et g go ] F Mgn o+ Mpa e .
| : !
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' i e * | [ - d
; Maer =ToMpethiMpetaiMeetMep, - 1 - 5 050 {Pﬁj
: AP % : ; : a’ R {3 1
S i o il i od S (B.7)
Mg = Mg g 200 i, S5 . B3).
B A S - : d2v o
Mye o = Mg o+ Mge e » 't (B.9)
F -
In these sur. equations, take expectations and use the fact that
- . = kB £
e E(F)=E@@)=0, BN e
\__/ E@m=0" .  ° SN A C
E@a)=ERff1=1. . '

The left-hand side of cach of (B.4) through (B.9), after taking expectations,
corresponds to the population co-moments of the subscripted variables |
If ¢, and g, are independently normally distributed, then the correspond-
ing sample moment is a maximum likelihood eStimatot of the population
parameter.. Replace these expected values by their maximum likelibaod
estimates. There are now six equations for the six unknown parameters Ton
Tir Y2 Mg, Mg, and mg. .. They can be solved for the coclficients of

interest from’ the. following “normal’ equations. which are in terms of
observed sample estimates. - :

»

Mg e =T Mg Py Mg o+ T3 Mg = (B.11)
- w

m,-t.j.=]'un'r,.j.+}'; (Mg =1+ 7:mMa e (B.12)

Mpge e =ToMpe o+ 11 Mg o 73 M o -'in”]
|

and are themselves maximum likelihood [see Mood et al. (1974, p :Sﬂ].;

" The solution to this set gives estimates §,, k=0, 1.2, which arc embodied in
{(49). They are functions of maximum likelihood cstimates. Note that in- |
addition 1o (B.4) through IB.QL one could write an equation for me ..

M e = Y3 Mp e Y Mg 1M o+ 20T e o
+ 20t iMp n t DT M s + oMpp + 2 M (BIE)
+ 3 Me e+ M
If we take expectations, using (B.10) and the fact that

. 5 "I = T
- : 3 SR



194 BH. L.-i::nkmr.a.-_d' K. Ramaswamy,’
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L P 5 . - .1 L

; : By
© . Elmen)=E( ¥ oy it
: 1 : l'iﬂll 3 S % 1 .
L REE) 1
=— =Ty i? —_d'v
Nri=l Jl'l "\'l I _

we have ) _
2 : 2 .
Eimp. g) =70Mp 71 "‘_a-,u-"'hmrr*'zmumrr

+2gvMpet2 n'.l"‘""f-r‘}‘fi" - (B.13)

v.hn:n:r,'r is assumed known. .
By wrting down the likelihood function and maximizing it for an

analogous case, Johnston (1963) demonstrates a maximum likelihood esti-
mator over the parameter space (yo. 71, 2o B for i=1, 2.0, N, ) This has
the undesirable charactenstic that the parameler space grows with the
sample size.” It wurms out in our problem that ¢ is assumed known. If this ¢
satisfies (B.15), when in (B.13) we usc the sample co-moment estimates for

the population parameters, then Johnston's M.L. pm-c:_cdure cmnmdtes mt_h
the solution to (B.11) through (B. 13). Whercas our eslimators are lingar in..

the returns and can be interpreted as ‘portfolios, the expanded parameter
space estimator in Johnsmn is non-linéar and has no such analog to theory.

Thus conditional on ¢* coinciding with the residual variation in the sample,

ator
using our cstimates. the estimator in (49) is a maximum likelihood estim

over the parameter space (¥o F1eT2) ¥

*4ee Kendall and Stuart (1973, cvpegially pp. 62 and #02)
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The Effects of New LEquity Sales
Upon Utlity Share Prices

By RICHARD H. PETTWAY*

Public knowledge of a forthcoming sale of new equity by a ulility company often
precipitates a decline in the morket price of that equily and continues o impact
share prices after the sale has taken place. Such price changes are parl of
the real cost af selling the new issue. The market pressure costs of new equily
capital have been the subject of much specidation in wtility rale cases, bul have
received little detailed study, The author of this article has made such a
study and here presents a guantilative analysis of price-relum movenients
encountered by utility stocks in the markel, after first defining markel pressure
as it applies particelarly to the regulated utility environment. He concludes that
investors clearly view a new sale of equity sharves with disfavor and regulators,
as well as company managements, should be concerned with the resultant decline
in wulility stock prices.

"!"VHF_N a public utility decides 10 sell a new issue of
equity capital and publicly discloses this information,
share prices are thought to decline, Olten these selling
firmas ask for an adjustment to their costs of equity capi-
tal for the eflects of this market pressure upon share
prices. The subsequent argument and debate about the
magnitude of an adjustment for market pressure at rate
hearings is well known,

The electric wtility industry has been one of the larg-
est issuers of new equity shares during the past twenty-
five years. Thereflore, it is surprising that there has not
been much more research to determine the magnitude
of market pressure of these numerous new equity sales
in this industry. The objective of this article is to report
on the results of an analysis of 3068 equity sales by 73
different electric utilities from January 1, 1973, through
December 31, 1980, The analysis will measure two ef-

*The rescarch underlving this article was partly funded by o grant
from the Public Utility Research Center, University of Florida

Richard H. Pattway is a professor
of finance, in the Graduate School
of Business at the University of Flo-
rida, For the past ten years he has
been associated with the Public Util-
ity Aesearch Center at the Univer-
sity of Florida. He has written books,
monegraphs, and articles and has
made appearances as an axpert wil-
ness before public wutility commis-
sions specializing in the financial and
economic problems and solutions.
Dr. Pattway received his BEA, MBA,
and PhD degrees in finance and sta-
listics from the University of Texas-
Austin,
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fects of new common equity sales upon share prices:
market pressure and sales effect. Specilically, this article
will determine the magnitude of market pressure de-
fined as the elfect of the sale upon share prices which
reduces the funds received by the issuing company at
the sale date, and will determine the size of the sales
elfect delined as the total ellect of the sale upon share
prices from before the announcement until alter the sale.
There have been studies into the size of market pres-
sure defined as a temporary price decline in share val-
ues when a large block of shares is said 10 be “overhang-
ing” the market. However, most of this research concen-
trates upon the price elfects of new issues ol industrial
companies sold in the primary markets or of large blocks
of existing stock sold in the secondary market [1, 2, 4, 5,
6, 9].** This literature deflines market pressure as the
amount ol recovery in market prices after the issue has
been sold. A review of this literature indicates either no
markel pressure existing in large block trades of out-
standing shares, or only a small amount ol pressure
associated with primary market sales ol new issues.
Under utility regulation, the concern is with a differ-
ent definition of market pressure. Market pressure in
the public utility industry is generally delined as the
decline in prices while the issue is still overhanging,
before it is sold. The main question is how much did the
utility's stock decline in the secondary market associated
with the sales announcement to the date of sale. This
decline is a real cost of selling the new issue as the firm
will receive only the reduced price at the sales date. An

vaplymbers in brackets refer 1o the list of references at the end of the
article.
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article by Bowyer and Yawitz {BY) [3] measured the
decline in share prices between the announcement date
and the sales date of 278 new equity issues of public
utilities from 1973 through 1976, But that research haed
some ohvious problems which are corrected by this study.

The first problem with BY is their delinition of the
announcement date (AD). They defined this critical AD
as the initial Securities and Exchange Commission filing
date of the issue prospectus. This may not be the true
AD as often public utilities make prior announcements
of their new issues to state public service commissions,
to investors in the froing Trust Calendar, to underwriters,
or o linancial analysts much earlier than the SEC filing
date. This study redefines the critical announcement date
through a detailed questionnaire survey of electric util-
ity companies. Further, an analysis of price changes prior
to the established announcement date for each issue will
be made to determine the actual impact of new equity
sales upon share prices. It is very important to measure
the complete decline in market prices associated with
the information about the forthcoming sale of new eq-
uity shares.

Another problem with the BY study concerns its authors'
use of the Dow-Jones wutility index to measure differen-
tial declines in share prices and returns. The use of this
index is [lawed for at least [our reasons. First, the num-
ber of companies included is small, 15 flirms, and only
L are eleciric companies; whereas four are gas transmis-
sion and distribution companies. The inclusion of the
gas companics raises serious questions concerning the
similarities of risks between electric utilities tested and
the companies which make up their comparison index.
Second, their index does not capture the dividend por-
tion of the return and thus only measures the changes
in prices without adjusting for dividends paid. In the
electric power industry, the dividend vields tend to be a
high portion of the total return and the omission of
dividends could impart a bias to the index, Thirvd, il
there is evidence of market pressure in new sales of
equity shares by utilities as BY found, then it is certain
that this market pressure is contained also in share prices
of Dow-Jones utility index firms when they sold new
equity shares. The effect of using an index which con-
tains market pressure to measure the size of market pres-
sure of a particular firm which sold new equity natu-
rally will understate the true amount of market pressure
which is present. Fourth, if utilities are impacted differ-
ently from unregulated firms, there may be an addi-
tional “industrial effect” which will not be observed by
looking only at other utilities rather than a broadly based
comparison index of share prices and returns,

Finally, there are some technical problems with the
way that BY measured the decline in stock returns or
market pressure. These problems concern the use of av-
erape residual returns versus a more correct measure
{peometric residual returns) and the way BY handled
underwriting costs.

Data

A questionnaire survey was conducted of the 93 New
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York Stock Exchange-listed, investor-owned electric utili-
ties from which 73 usable company replies were obtained
for a response rate of over 78 per cent, Each company
provided all identiliable costs and critical dates lor each
new equity capital sale made by the firm from January
1, 1974, through December 31, 1880, The survey resulls
contain data on 368 actual equity sales over the eight-
year survey period. The data represent more than five
new equity sales per company on average over the study
period. The size of these equity sales ranged from $4.7
million to $198 million with a mode sale value in a
range between $30 and $49.9 million per issue. The fre-
gquency of the issues over the eight years of the survey
shows that 1975 was the most popular year followed by
1976 and 1980. Yet, the individual year variation was
not dramatic as the range over the eight years was from
a low of 37 issues in 1974 to a high of 64 issues in 1975,
Eighty-two per cent of the sales were through negoti-
ated underwriting, 16 per cent through competitive bid-
ding, and'2 per cent through rights offerings. See [7] for
a thorough review of the data and details on the flota-
tion costs of these issues.

Diata on realized share returns including dividends
for each company were obtained on a daily basis for a
period which began sixty-five trading days belore the
announcement date and énded thirty trading days alter
the sale date (SD). Thus, company returns were obtained
from a fixed period prior to the AD through a fixed
period after the SD for each issue. It is best to think of
these data sets as 368 separate arrays of returns. Because
the interim time period between the AD and the subse-
quent SD varied for each issue, the number of return
observations in each array is dilferent. Each collected
array of returns is unique to the particular announce-
ment and issue dates and is not impacted by other eq-
uity sales of the same company.

Methodology

In order to control for risk, to adjust for movements
in general prices and returns, and to reduce estimating
hias, a two-stage regression process was used to measure
the elflects of new equity sales upon share returns and
prices. First, during the estimating period, the market
regression model (1) was applied to a firm’s daily equity
returns over a uniform estimating period which began
sixty-five trading days prior to the AD and ended fil-
teen days belore the AD for cach issue. The market
regression maodel asserts that:

Ri. = & + BiR, + &, {n

where R;, is the daily return including dividends of the
issuing company for equity issue i — ie., one 1o 368 —
at time t; where daily returns of the issuing company
concerning issue i are defined as (Py, + Dy, = Pi—1) /
(I 1=1); P is the price and D is the dividend per share;
Ry, is the daily return at time t on @ market portlolio
for comparison; &; and B; are the estimated parameters
of the market model; and &, is the error term of the
model. '
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In order to make comparisons, an electric utility port-
folio index of returns was created over the period Janu-
ary 1, 1973, through December 31, 1980, containing an
equal investment in each of 73 electric companies which
sold equity during the period. It is a daily returns in-
dex including dividends and provides the average re-
turn for each day on a portlolio consisting of an equal
dollar investment in each of the 73 electric utilities,

Thus, the first stage uses an estimating period of filty
trading days, approximately two and one-hall months,
o determine the parameters of the market regression
- model. The second stage then applics these estimated
parameters to the returns series during the subsequent
test period alter the estimating period in cach array in
order to calculate the expected returns for each com-
pany on each issue 1 using:

R, =4 + B; Ry, (2)

where R, is the expected return for the issuing com-
pany associated with issue 1 at time 1. Then residual
returns during the test period are obtained by compar-
ing the actual versus the predicted returns using:

Kig = Rjy = 0y, {3)
where @;; is the daily residual return of the issuing
company for issue i at time t,

In order to display these residual returns properly, a
decision must be made of how (o combine the individ-
ual company residuals centered on a common date dur-
ing the test period, The method of combining residuals
used by Bowyer and Yawitz is called cumulative average
residual or CAR. This method would find the average
resiclual return of all issues on a specilic day relative
the common AD or 5D and would accumulate these
averages over the period in an additive way, A different
way ol combining residual returns, average geometric
residual return {AGRR), was chosen for this study. It is
a theoretically better measure of residual returns over
time than CAR. AGRR does not use the average resid-
ual returns on a specific date but takes the individual
issue residual (G;,) from (3) and converts it into a price
relative for each t and then lorms a geometric return
series by multiplying successive price relatives from four-
teen days prior to AD to the end of the residual data
for each company vsing formula {4). Thus, a geometric
return series which precisely measures the change in
investment worth for each individual issue is created. At
any point in time relative to the common dates, AD and
5D, the AGRR was determined as the numeric average
of the geometric returns up to that point in tme of all
issues using formula (5),

i .
GRR'I,'I- - ” {l + Uiil} |:4:|
1=1
N
AGRRr = X GRRyp/N (5)
: i=1
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where 1 is the issue number, t is time, T is the specilic
point in time (T=1, 2, 5, . .. total number of observations
in the test period which was from fourteen days before
the AD until thirty trading days alter the SD), and N 1s
the number of issues. For [urther details concerning the
specifics of the methodology employed see [8]

In observing the pattern of these residuals over the
test period, it is important te be able to use common
definitions to describe their movements., “Market pres-
sure” is defined as the decline of share prices and aver-
agpe geomelric residual returns from fourteen days be-
fore the AD until the SD. “Sales effect” 1s deflined as the
change in share prices and AGRREs from fourteen days
before the AD until thirty trading days aller the 5D,
This sales effect would be the net change over the en-
tire test period from belore the announcement until well
aller the sale.

Price-Return Movements

Because the number of days between the AD and the
513 are not identical for each issue, arrays of residual
returns had to be centered on two separale common
dates. The first common date 15 the AD and then data
are centered on the common 5D, To begin measuring
any price eflects of these new equity sales, the study
first observed movements in residual returns when the
data are centered on the common AL,

Common Announcement Dale

Figure 1 illustrates the AGRRs derived from the use
of the electric utility market index of returns for com-
parison.t The derived residuals are accumulated for 128
days starting fourteen days before the announcement
date. All issues are centered on the AD. The trend of
the AGRNs are clearly downward and below one dur-
ing the entire span of 128 days. The downward trend is
most noticeable immediately before and around the AL
and is then [ollowed by a period of relative stability.
During this initial decline, share prices had fallen be-
tween one per cent and 14 per cent. The downward
trend resumes again beginning aboul sisty-seven days
after the AD. The latter downward trend may be associ-
ated with the SID, but since these data are centered on
the AD, the 5D did not occur at a common point in
time in the data, Further, because SD is not a common
point in the data, the amount of market pressure cannot
be measured from the data in this format.

Panel 1 of the accompanying table contains statistical
summaries of changes in AGRRs over the entire period
shown in Figure 1. It is clear [rom the data that the
change over the 128-day period centered on the AD was
a negative 3.019 per cent, indicating a sales eflect of this

"I there were no effects of new equity sales upon electric unilities
which sold new shares, then the AGEHRs shown on Figure 1 would be
very close to one over time, A detrimental effect and a relative decline
in share prices would be represented as a decline in AGRHs below
one. A favorable effect would be represented as an increase in AGREHRs.
Also notice that the x-axis displays time with negative numbers as days
before the AD and positive numbers as days alter the AD. The AL, or
centering date, is designated as zero.

i
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magnitude, Thus, comparing the returns over the same
time period of an electric utility which sold new equity
shares with returns of a portiolio of electric companies
which also sold equity during the eight-year study period,
there appears to have been a substantial and significant
decline or sales eflect of —3 per cent. There appear to
be two periods of rapid declines, one just before and
around the AD and another which appears to begin
about sixty-seven days after the AD. Measuring the ini-
tial decline during a period from fourtecen days belore
the AD to fourteen days alter the AD, the specific de-
cline was —1.2 per cent. This first major decline which
begins before the AD suggests that the market was ei-
ther anticipating the new equity sale or obtaining infor-

ErrecTs oF New EguiTy Saces oF UTILITIES uron SnarE PRICES
CHANGES (8 THE AVERAGE GEOMETRIC REsiouar RETURRS

%8 Mew Eguity Issues of 73 Electric Utilities from
January 1, 1973, through December 31, 1920

Usl’ug the Ulklity Index
Fanel 1 FPunel 2 Panel 3

Measurements Centered on AL Centered on SD Centered and

{Sales Effect) [Sales Elfect) Ending on 510

[Market Pressure]

Change over the

Perind —3.0149% — 2% — L89S %
Lenpgth of Period
{iays) 128 147 104

Change Irom —14

ALY to +14 Al —1.170%
Length of Period
{Days) 24

a8
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mation about the new equily sale just prior to the pub-
lic announcement.

Because of the decline in these residuals, it is clear
that the market considered the potential new equity sale
as detrimental to the future prospects of the current
equity holders of the selling firm. Since the decline be-
gins before the AD, this article measures more precisely
the total decline in share prices than did the work of
Bowyer and Yawitz.

Common Sales Dale

Figure 2 shows the AGRRs using the electric utility
returns index for comparison with all issues centered on
the SD. This plot is clearly one whose trend is also
downward across the entire time period, although it ap-
pears not to begin its major decline until eighty-five 1o
ninety days prior to the 51

In Panel 2 of the table are found the summary statis-
tics describing the magnitudes of the AGRRs shown on
Figure 2. The changes or sales effect during the period
from fourteen days before the AD to after the 5D over
147 days was —2.041 per cent.

Panel 3 of the table contains the magnitudes of AGRRs
shown on Figure 2 but stopping at the SD. This decline
in relative share prices and returns, called market pres-
sure, is caused by the equity sale and is the discount
required to sell the new issuc. These costs ol new equity
issues were 1.893 per cent on average. Thus, mirket
prices of shares of electric utilities which sold new eq-
uity declined by about 1.9 per cent from before the AD
until the SD over 104 days. This is the decline in price
that the firm did not receive when it sold new equity
shares at the SD and is the market pressure of the new
equily issue.
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Summary and Conclusions

When electric utilities sold new equity shares between
January 1, 1973, and December 31, 1980, the share prices
ol these companies were depressed downward because
of the sale. This downward movement or market pres-
sure measured from before the announcement date to
the sales date of the new issue was — L% per cent when
compared with returns of other electric wiilitics which
sold new equity regularly. Further, a sales effect rang-
ing from —3 per cent to —2 per cent was found over the
period from before the announcement date until after
the sales date depending upon whether the data were
centercd on the AD or on the 5D,

These averages are conservative and the minimum es-
timated average declines as they were derived from us-
ing a return index of comparison (electric utility) which
itsell contains the effects of markel pressure. Further,
the use of another index of return for comparison which
was composed of regulated and unregulated firms would
substantially raise these average costs. (In fact, if the com-
parison were to be made against the return of all equi-
ties listed on the New York and American stock ex-
changes over the same time period, the average estimate
for market pressure would rise to —3 per cent and the

average estimates for sales elfect would rise to —4.4 per
cent centered on the AD to =3.6 per cent centered on
the 51, See [8] lor details.)

The sizeable sales elect over the entire period from
before the announcement date to after the sales date
using the portlolio of electric companies Tor comparison
provides direct evidence that share prices of electric wtili-
ties which sell new equity continue to decline after the
sale has taken place. This condition may be explained
as the impact of other factors than market pressure alone
upon share prices, Perhaps some of these factors are
due to the investors’ perceptions of increased dilution
problems caused by regulatory lag and regulatory risk
associated with these public utilities not being allowed a
rate of return on new equity equal to the investors’ re-
quired rate of return over the eight-yvear survey period.

Even though the exact causes are not known precisely,
it is definitely clear that investors view the new sale of
equily shares with disfavor and that the new equity sale
results in a substantial decline in equity prices. Public
utility regulators should be concerned with these im-
pacts of new equity sales upon share prices and returns
and attempt to make proper adjustments in the allowed
rate of return to offset or eliminate these elfects in the
Tuture.
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Utilities Raise Their Capital Appropriations

The nation's investor-owned utilities appropriated $7.2 billion (seasonally adjusted] for new plant and equipment in
the final quarter of 1983, up 25 per cent over the unusually low figure recorded in the third gquarter, the Conference
Board reported in April, Bath the gas and electric utilities shared in this fourth-guarter gain. (Capital appropriations are
authorizations to spend money in the future for new plant and equipment. Appropriations are the first step in the capital
investment process, preceding the ordering of equipment, the letting of construction contracts, and finally the actual
expenditures, Appropriations are considered to be a leading indicator for capital spending.)

Electric utility appropriations rose to $5.8 billion in the fourth guarter, their first guarterly increase since the third
quarter of 1282, Cancellations of previously approved projects were widespread, however, amounting to $2.7 billion in

the final quarter of 1983,

Gas utility appropriations climbed to $1.4 billion in the fourth quarter, a 68 per cent jump over the third quarter. It
was the highest quarterly total recorded last year, For the full year, however, the gas utilities appropriated only 54.4
billion, down by a third from 1982, and canceled a record %1.3 billion worth of earlier-approved projects,

Actual capital spending by the investor-owned utilities fell to $8.3 billion in the fourth quarter, an & per cent dip
from the third quarter. The electric utilities accounted for all of the fourth-guarter decline. For 1983 as a whale, the
electric utilities spent a record $32.2 billion on new plant and equipment, up 3 per cent over 1982 Gas utility
expenditures amounted to $3.5 billion in 1983, down 30 per cent from 1982,
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ALTERNATIVE METHODS FOR RAISING CAPITAL
Rights Versus Underwritten Offerings
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This paper provides an analysis of the choice of method for raising additional equity capitat
by listed firms Examtnation of expenses reported to the SEC indicates that rights offerings
ivolve significantly lower costs, yet underwriters are employed in over 90 percent of the
offerings The underwriting industry, finance textbooks, and corporate proxy statements offer
several justifications for the use of underwriters However estimates of the magnitudes of these
arguments indicate that they are insufficient to justify the additional costs of the use of under-
writers The use of underwnters thus appears to be inconsistent with rational, wealth-
maximizing behavior by the owners of the firm The paper concludes with an examination of
alternate explanations of the observed choice of financing method

1. Introduction and summary

In this paper I examine an apparent paradox Based on a comparison of
costs, simple finance theory suggests that listed firms should use nghts offerings
to raise additional equity capital, rather than employing underwriters Yet the
majority of firms choose underwritten offerings, rather than rights offerings

In an underwritten offering, underwriters contract to purchase shares from
the 1ssuing firm at a price usually set within 24 hours of the offering, and then
resell the shares to the public In a rights offering the shareholder receives a
right from the firm giving him the option to purchase new shares for each share
owned Insection 2, I show that with the proper specification of the subscription
price, the proceeds of a rights offering are 1dentical to the proceeds of an under-
written offering

Not identical, however, are costs In sectton 3, I examine the out-of-pocket
costs of underwritten and rights offerings reported to the Securities and Exchange

*I would hike to thank the participants at the Public Uulities Economics and Finance
Seminar, sponsored by AT & T at the Graduate School of Management, University of
California, Los Angeles, and the participants at the Finance Workshop, Graduate Schoo! of
Management, University of Rochester, especially M Jensen, J Long, J Maguire, W Mikkel-
son, T Miller, R Ruback, L Wakeman and J Warner This research 1s supported by the
Managerial Economics Research Center, Graduate School of Management, University of
Rochester
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274 C.W. Smith, Jr., Costs of underwritten versus rights issues

Commission for issues registered under the Securities Act of 1933 between
January 1971 and December 1975. Rights offerings are significantly less expen-
sive. I also examine additional out-of-pocket expenses associated with both
types of offerings. These include extras (options sold to underwriters), un-
reported expenses such as employee compensation, and the costs of rights
offerings imposed directly on the owners of the firm. With these costs con-
sidered, I find rights offerings still are less expensive than underwritten offerings.

It has been suggested that selling efforts by underwriters raise stock prices
while rights offerings lower them. In section 4 I study price behavior around
the date of the offering. I find no empirical support for the hypothesis that
abnormal positive returns are associated with underwritten offerings. Moreover,
underwriters appear to set the offer price below the market value of the stock
by at least 0.5 percent. While stock prices fall when rights are issued, the fall
equals the market value of the rights received by the shareholder. Examination
of the total rate of return to shareholders around the offer date indicates no
abnormal returns; thus the wealth of the firm’s owners is not reduced by a
rights offering.

Section 5 provides an examination of other benefits presumed to accrue from
the use of underwriters. Finance texts, corporate proxy statements, and the
underwriting industry itself claim the existence of advantagesin timing, insurance,
distribution of ownership and from future consulting advice. My estimates of
the magnitudes of the costs and benefits associated with these arguments are
not sufficient to outweigh the lower costs of rights offerings as a means of raising
capital. I can find no differential legal liability associated with the use of rights
offerings which might explain the observed use of underwriters. Furthermore,
there is no apparent difference in the sets of firms employing the alternative
methods which could attribute the reported cost differences to selection bias.

In section 6, I offer a two-part hypothesis which is consistent with the
observed frequency of employment of underwriters, with their higher costs, by
the majority of listed firms. First, since managers’ and directors’ interests are
different from those of shareholders in general, their financing decisions are not
always in the best interests of the owners; benefits flow to management from the
use of underwriters although not to shareholders. Second, I hypothesize that the
cost to shareholders of monitoring their directors and managers is greater than
the cost imposed by the choice of the more expensive financing method.

In section 7 I briefly present my conclusions.

A detailed description of the institutional arrangements for rights offerings
and underwritten offerings is not easily available; I have provided one in
Appendix 1. The reader unfamiliar with this institutional material will find it
valuable to read this appendix before the body of the paper.

Appendix 2 presents a Black—Scholes (1973) option pricing analysis of rights
issues and underwriting contracts, given here since general equilibrium analyses
of these contracts have not been published.
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2. Comparison of proceeds from rights and underwritten offerings

In a firm commitment underwritten offering, the underwriting syndicate
purchases the new shares from the firm at an agreed upon price, and offers the
shares for sale to the public at the offer price If the shares cannot be sold at the
offer price, the underwriting syndicate breaks and the shares are sold for
whatever price they will bring The underwriters bear the risk associated with
adverse price movements, the proceeds to the firm are guaranteed Of course
the difference between the offer price and the proceeds to the firm are expected
to compensate the underwriter for bearing this risk

In a rights offering, each shareholder receives one right for each share owned
This right 1s an option 1ssued by the firm to purchase new shares The nght
states the relevant terms of the option, specifying the number of rights required
to purchase each new share, the subscription price for each new share, and the
expiration date of the option Since 1ssuing rights 1s costly, it 1s in the firm’s
interest to insure the success of the offering A lower subscription price for the
rights provides this insurance, a lower subscription price raises the market value
of the right and reduces the probability that at the expiration date of the rights
offering the stock price will be below the subscription price There is a cor-
responding fall in the market value of the stock, but this fall 1s like a stock split
It does not affect the wealth of the owners of the firm !

If the shareholder does not exercise his rights, or does not sell his rights to
someone who will exercise the rights, his wealth s reduced by the market value
of the rights Thus the firm can make the probability of failure of the rights
offering arbitramily small by setting the subscription price low enough

Thus, since rights offerings and underwritten offerings can be specified so that
the amount of caprtal raised by each 1s essentially equivalent, the decision as
to which method to employ depends on the costs, the firm should employ that
method which has lower net costs

3. Out-of-pocket expenses of rights and underwritten issues

“Expenses involved 1n a preemptive common stock rights offering are signifi-
cantly greater than expenses mvolved 1n a direct offering of common stock

'"The adjustment for the ‘spht effect’ of a rights offering can be calculated as follows The
ex-rights price of the shares, P,, equals the with-rights price, P,,, minus the value of the right,
R

P, =P,—R.

Ignoring the ‘option value’ of the right, the market value of a right 1s the difference between
the ex-rights price and the subscription price, P;, divided by the number of rights required to
purchase one share, n

R = (P;—P)n
Substituting the second expression into the first and simphfying yields
P, = (nP,+P)/(n+1)
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to the public due to additional printing and mailing costs, expenses associated
with the handling of rights and the processing of subscriptions, higher under-

writers’ commissions and the longer time required for the consummation of
financing.” 2

3.1. Reported out-of-pocket expenses

To examine the out-of-pocket expenses referred to in the quotation above
(from Commonwealth Edison’s 1976 proxy statement) I obtained a tape from
the Securities and Exchange Commission covering the reported costs of all
issues registered under the Securities Act of 1933 between January, 1971 and
December, 1975. The tape contains data covering the following costs: (1) com-
pensation received by investment bankers for underwriting services, (2) legal
fees, (3) accounting fees, (4) engineering fees, (5) trustee’s fees, (6) listing fees,
(7) printing and engraving expenses, (8) Securities and Exchange Commission
registration fees, (9) Federal Revenue Stamps, and (10) state taxes.

To restrict my analysis to equity issues by listed firms, I established the
following criteria for inclusion: (1) the offering is of common stock and contains
no other classes of securities; (2) the company’s stock is listed on the New York
Stock Exchange, American Stock Exchange, or a regional stock exchange prior
to the offering; and (3) any associated secondary distribution is less than 10 per-
cent of the gross proceeds of the issue. Table 1 is based on the issues meeting
these criteria.

The data summarized in table 1 contradict Commonwealth Edison’s Proxy
Statement. My information, consistent with findings of previous SEC studies,?
indicates that costs are highest for underwritten public offerings, and lowest for
pure rights offerings. Furthermore, the difference in costs is striking. For a
$15 million issue, the reported cost difference between an underwritten public
offering and a pure rights offering is 4.83 percent, or $720,000; and for a $100
million issue the cost difference is 3.82 percent, or $3,820,000.* Yet under-
writers were employed in over 93 percent of the issues examined.

3.2. Extras

Systematic understatement of the costs of underwriting presented in table 1
occurs because extras are omitted. Extras refer to the warrants which are
associated with some underwritten issues and are used as partial payment to the
underwriter. The warrants are options which are usually convertible into the

2Commonwealth Edison Proxy Statement, 1976.

3See SEC (1940, 1941, 1944, 1949, 1951, 1957, 1970, 1974).

“One empirical regularity in the data presented in table 1 should be noted. To a first approxi-
mation, the differences in costs among financing methods are explained by the differences in
underwriter compensation. Compare ‘Other Expenses’ for Underwriting and Rights with
Standby Underwriting with ‘Total Costs’ for Rights.
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278 C W. Smuth, Jr., Costs of underwritten versus rights 1ssues

stock of the firm at prices ranging fiom well below to considerably above the
offering price When the underwriters acquire these warrants at a price below
their market value, this represents a form of compensation to the underwriter,
and 1t 1s not included in table 1

Although extras have historically been most often associated with new issues,
their use in the compensation of underwriters of seasoned firms is not unusual
For the years 19711972, the SEC (1974) reported that of the 1,599 1ssues which
were underwritten, 530, or 33 | percent, included extras However, since extras
were included primarily with the smaller offerings, the total dollar volume of
1ssues with extra compensation was only 7 percent of the gross proceeds from
all underwrnitten offerings

The average exercise price of the warrants granted as a percentage of the
offering price was 11 72 percent A lower bound on the value of the option 1s
the difference between the subscription price of the offering and the exercise
price of the extras, here that 1s 88 28 percent of the subscription price * Since
these warrants are typically purchased by the managing investment banker at a
mimimal price, usually one to ten cents, the options appear to be significantly
underpriced The SEC also found that the average ratio of shares granted the
underwriters through extras to the number of shares offered in the underwriting
was 7 99 percent To assess the impact on the figures reporied in table 1, assume
that the value of the warrant 1s 80 percent of the offering price, that the under-
writer pays 5 percent of the offering price for the extras, and that the ratio of
warrants received as extras to shares offered through the underwnting 1s 0 07,
then the compensation represented by the extras would be 4 95 percent of the
total proceeds These numbers suggest that for the 1ssues employing extras, the
figures in table 1 understate the underwriters’ compensation on the order of
50 to 100 percent

33 Unrepotted vut-of-pocket expenses

Such items as the opportunity cost of the time of the firm’s employees and
postage expenses® are not included in the summary of costs reported in table 1
However, unreported employee expenses are unlikely to explain the deviations
reported 1n table I For a $15 million 1ssue, the $720,000 difference would not
be explained 1f 20 employees with an average salary of $30 thousand worked

SThis 1s a conservative estimate of the value Merton (1973) has demonstrated that the lower
bound on the value of an option 1s the difference between the stoch price and the discounted
exercise price

6Although postage expenses are not reported to the SEC, estimates were obtained from
summaries of expenses reported to the New York State Public Uuliues Commission for a
sample of firms For the sample, the maximum postage expense as a percentage of total
proceeds was one-tenth of one percent Even If this were understated by a factor of ten, 1t
would be of nsufficient magnitude to explain even the smallest reported difference 1n costs
Moreover, the marginal postage expense could be reduced to zero by mailing the rights with
other required mailings, such as dividend checks or quarterly reports
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full time on a rights offering for a year For a $300 millton 1ssue the difference
in reported costs of underwriting versus a rights issue exceeds $11 million, 1t
would require over 350 man-years to explain this difference

It should be noted that expenses allocated to raising capstal do nor reduce the
tax liability of the firm 7 These expenses are deducted from the capital account
without affecting the income statement Thus, the use of internal resources can
lower the tax hability of the firm 1f it 1s more expensive for the Internal Revenue
Service to monitor the allocation of internal resources between capital raising
activittes ard other activinies In the above examples, if the firm’s marginal tax
rate 1s 50 percent, and if they were able to deduct all their wages for tax purposes,
the required number of man-years to explan the reported cost differential would
be doubled

There are strong reasons to believe that table 1 also omuts significant un-
reported costs of the i1ssuing firm's employees’ time for underwrnitien offerings
There are important parameters (e g . the offering price and the fee structure)
which must be negotiated between the underwriter and the representatives of
the firm, these parameters have wealth imphcations for the owners of the firm
as well as the underwriter Such negotiation can be lengthy and usually directly
involves top management These unreported costs of underwnting must be
significantly greater than the costs of setting a subscription price for a rights
1ssue, since the subscription price has no wealth implications for the owners of
the firm as long as 1t 1s low enough to ensure that the rights will be exercised

Moreover, with an underwritten issue the firm has the same tax incentives to
subsutute internal for external resources if 1t 1s more expenstve for the IRS to
monitor the allocation of costs of internally acquired resources to capital raising
activities than of those which are externally acquired Thus, 1t 1s not clear that
rights offerings employ fewer unreported internal resources than do under-
written offerings

34 Costs imposed directly on shareholders

If a shareholder chooses to sell his rights, he incurs transactions costs and tax
liabilittes These costs, although not borne by the firm, are relevant because they
affect the wealth of the owners 8

"If the firm sells bonds rather than stock, the costs of selling the 1ssue can be amortized over
the life of the 1ssue In no case, however, may these costs be expensed either for tax or reporting
purposes

8There ts a limited benefit from 1ssutng rights to the owners of the firm under Regulation T,
the Federal Reserve regulation restricting margin credit For an owner who wishes to borrow
to acquire addiuonal stock, Reg T provides for the establishment of a ‘Special Subscription
Account’ which lowers the effective margin requirement by permitting a customer to purchase
on an nstallment basis a margin security acquired through the exercise of subscription rights
expiring within 90 days Under this provision, 75 percent of the market value of the acquired
stock can be borrowed inttially Quarterly installments are required over a 12 month period to
bring the position up to proper margin
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To determine the impact of the selling costs, let us assume generally extreme
values for the relevant parameters For small dollar transactions (less than
$1.000), the brokerage fee can be as much as 10 percent And for nghts, the
bid-ask spread can be as high as 10 percent. this represents another sellmng cost
If half the bid-ask spread 1s taken as an implicit selling cost the total cost can
be as much as 15 percent of the value of the rights To make the figures com-
parable to those in table 1, calculate transactions costs as a fraction of the
proceeds of the offering to the firm The 15 percent must be multiplied by the
ratio of the value of the rights to the total proceeds For the offerings in the
sample, this 1atio was approximately 10 percent If all individuals sold their
rights, transactions costs would be 1 50 percent of the proceeds, a figure less
than the difference in transactions costs for any repotted issue size © But rights
offerings are generally 30 peicent subscribed by ewsting <hareholders who do
not bear these transactions costs ! Therefore this cost appears to be less than
one peicent

Selling rights also has tax consequences for the shareholder For tax purposes.
the cost basis of the stock must be allocated between the stock and the rights
when the rights are received based on the marhet values of the rights and stock
at that ime ' The acquisition date of the rights for tax purposes 1s the date on
which the stock 1ssuing the rights 1s acquired I the stock has risen in value
since 1t was acquired, a relevant cost of employing a rights offering 1s the
difference between the shareholder tax habihity incurred now and the present
value ofthe taxeswhich would have been paid had the rightsissue not occurred 1

To determine the impact of this cost again postulate generally extreme values
for the relevant parameters Assume (1) that the marginal tav rate for the
average shareholder 1s 50 percent (note this would be an unattamably high rate
if the capital gain were long term), (2) that in the absence of the rights offering
the taxes could have been postponed forever (3) thart the allocated cash basis
for the rights 15 50 percent of the current rights price (4) that the ratio of the
value of the rights to the proceeds of the issue 1s 10 percent, and (5) that only
20 percent of the current stockholders subscribe to the rights offering In this

9Note that since the expenses associated with raising equity capital are not tax deducuble,
these figures are comparable without 1urther adjustment

10 Estimates vary but ballpark figures on how investors react [to rights offerings] are as
follows 50¢, exercise their 1ights 40°, «¢ll out for cach, and 10°, do nothing [ Vanishing
Rights’ (Mav 2, 1977) Barrons p 25 ]

UIf the fair market value of the rights 15 less than fitteen percent of the 1air market value
of the stock, the shareholder can choose to set the basis of the rights at zero leaving unattected
the basis of the stock The shareholder nught choose this alternaune if the cost of the book-
keeping exceeded the present value ol the tax saving or 1t he anticipated being in a higher tax
brachet when his remarning holdings were sold

2See Bailey (1969) tor a discussion of the eflective rate of capial gains tax, discounted to
reflect the Lability deferral
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case, the cost would be 2 percent of the capital raised by the firm This 1s less
than any reported cost differential 1n table 1 '3

One other argument involving shareholder-borne costs has been offered by
Weston and Brigham (1975) They argue that in a rights offering some stock-
holders may neither exercise nor sell, and by allowing their rights to expire
unexercised they mcur a loss !¢ However, If an oversubscription privilege s
employed with the offering, current owners in the aggregate recerve full market
value for the shares sold Admuttedly, the oversubscription privilege affects the

distribution of wealth among the owners, but 1t does not impose costs on owners
as a whole

4. Security price behavior associated with rights and underwritten offering

4 1 Ruights offerings lower the stock price

“A rights offering, under market conditions then existing, could well have a
long-term depressing effect on the market price of the stock ™!

Given the investment policy of the firm, a rights offering w:ll lower the price
of the stoch 1n both the short run and in the long run as AT&T s Provy
Statement suggests But this 1s irrelevant to the choice of financing methods
because the drop 1n price is nor a reduction in the wealth of the owners and thus
cannot be considered a cost of a rights issue

The fall in the stock price when rights are issued can be illustrated by the
following argument Rights give the shareholders the option to purchase new
shares at less than market prices Other things equal, the total market value of
the firm after a rights offering, ¥, will then be the previous value, ¥”" plus the
subscription payments, S

V=V4+S (n

The per share price before the offering 1s V'/n, where u is the numbe: of old
shares If m new shares are sold, the per share price after the offering,
(V' +S)/(n+m) must be less than the price per share before the offering '8

'SIf taxes were important, firms would avoid rights offerings when share prices had risen
However the evidence presented in table 2 shows that, on average, firms have had abnormal
positive price changes during the 12 months before an offering

'éStockbrokers holding securities for safekeeping do not allow the warrants to expire
unexercised If no instructions are received, the broker will sell the rights immediately before
expiration

Y7Amencan Telephone and Telegraph Co, Notice of 1976 Annual Meeung and Proxy
Statement

'8Als0 note that arbitrage profits must not be available When a stock trades ex rights, a
right 1s 1ssued for each share outstanding At the ex nights date, the expected change 1n the
stock price must equal the expected value of the right, or profit opportunities would exist 1f
the sum of the ex rights value of the stock plus the value of the right at the ex rights date were
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The fall in the stock price on the ex rights day is similar to the expected fall in
the stock price at the ex dividend date. The two cases differ only in what is
distributed — in the latter instance cash, in the former rights. Thus, the fall in
the stock price simply reflects the fact that the shareholders have been given a
valuable asset, the right.

The argument that the fall in the stock price is a relevant cost of a rights
offering also appears in two related forms: (1) if an underwriter is used, the
firm can raise a greater amount of capital with the same number of shares;
(2) arights offering lowers the earnings per share of the firm.!” Both statements
are true but if the fall in the stock price equals the market value of the rights,
then the impact of the additional shares issued through the rights offering is the
same as that of a stock split and the wealth of the owners of the firm is
unaffected.

To examine whether, after correcting for the expected normal fall in the stock
price, there were also abnormal price changes,?® I studied the 853 rights
offerings on the CRSP master file between 1926 and 1975. Following Fama,
Fisher, Jensen and Roll (1967), I estimated the regression,

R.it = aj+ﬁijt+8jt’ (2)

where R;, is the return to security j in month ¢, adjusted for capital structure
changes (including rights offerings) and R,,, is the return to the market portfolio
in month ¢. I estimated (2) for each of the 853 offerings, using data from the
CRSP monthly return file, excluding the 25 months around the date of the
offering. Setting # = 0 for the month of the rights offering, I used the estimated
a; and B; to calculate the ¢;, for each security for the 25 months around the
offering. I then calculated the average residual over all firms for each month
in the interval —12 to +12. The average residuals were then cumulated from
month — 12 to the event month. The results are presented in table 2 and figure 1.

In the months subsequent to ‘event month minus two’ the average residuals

systematically different from the value of the stock immediately before the ex rights date, then
profits could be made by taking an appropriate position in the stock upon the announcement
of the rights issue.

19¢Thus, if the amendment [to remove the preemptive right from the corporate charter] is
adopted, the company will be able to obtain the amount of capital needed through the issuance
of fewer shares. Over a period of time this will result in slightly less dilution, higher equity
value per share and better earnings per share.’” [Commonwealth Edison Proxy Statement,
1976.]

20 o Commonwealth Edison suggests, ‘Selling pressures often unduly depress both stock
and rights values during the two or three week offering period which is a practical necessity
when stock is sold with preemptive rights. Because the majority of stockholders do not exercise
their rights but offer them for sale, the market value of the rights is driven far too low.
Outsiders are then able to benefit by selling large amounts of stock during the offering period
while buying rights for almost nothing and then exercising their rights to purchase stock at a
discount to cover their sales. As a result, rights offerings tend to cost the company more than
the rights themselves are worth to the stockholders who get them.’
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are all insignificantly different from zero?' and there is no significant sign
pattern in the time series of average residuals. The cumulative average residuals
in table 2 are also at approximately the same level three months before the

Table 2

Summary of average residual and cumulative

average residual analysis of 853 rights offerings

between 1926 and 1975 for the 25 event months
[—12 to +12] surrounding the offer date.

Event Average Cumulative
month residual average
—12 0.00721 0.00721
-11 0.01004 0.01725
-10 0.00255 0.01980
-9 0.00629 0.02609
- 8 0.00388 0.02997
-7 0.010622 0.04059
-6 0.00750 0.04809
-5 0.00622 0.05431
— 4 0.01334* 0.06765
-3 0.00662 0.07427
-2 0.01624* 0.09051
-1 —0.00649 0.08401
0 —0.00739 0.07663
+1 0.00779 0.08441
+ 2 0.00412 0.08853
+ 3 0.00405 0.09258
+ 4 —0.00110 0.09149
+ 5 —0.00047 0.09102
+ 6 0.00053 0.09155
+ 7 —0.00338 0.08817
+ 8 —0.00387 0.08430
+ 9 0.00256 0.08686
+10 —0.00264 0.08422
+11 —0.00013 0.08408
+12 —0.00476 0.07933

2Greater than 2o¢. (Computation of the standard
deviation is described in footnote 21.)

offering, on the date of the offering and 12 months after the offering. The
significant positive residuals prior to the offer date are to be expected because
of selection bias; firms which raise capital tend to have been doing well.

21As an estimate of the dispersion of an average residual, the approximation
o* = (6% /r*X1—r?IN
was employed where o2, is the variance of the market return, r2 is the squared correlation
coefficient between the return to an asset and the market return, and N is the number of
securities in the sample. If o,, is 0.089 [from Black Jensen Scholes (1972)], r? = 0.25, and
N = 853 then ¢* = 0.000028 and ¢ = 0.00528.
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The results presented n table 2 are consistent with previous studies of this
question Nelson (1965) examined all the rights offerings by firms listed on the
New York Stock Exchange between January 1, 1946 and December 31, 1957.
He found after the price series 1s adjusted for the ‘split effect’ in the rights
offerings and general market movements are removed, prices six months after
a rights offering are not significantly different from prices six months before the
offering 22 Scholes (1972) found that the price of shares generally rose in
value before the issue, fell 03 percent during the month of the issue, but
experienced no abnormal gains or losses after the 1ssue
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Fig 1 Plot of average residuals for 853 rights offerings between 1926 and 1975 for the 25 event
months [—12 to + 12] surrounding the offer date

4 2 Underwriters increase the stock price

Some argue that underwriters cause an mcrease in the stock price (1) by
increasing ‘public confidence’ through external certification of the legal,
accounting, and engineering analyses and (2) by the selling efforts of the under-
writing syndicate. 23

To examine the behavior of stock prices around the offer date of under-
written offerings and rights offerings, I obtained the returns for those securities
which were 1ncluded both 1n the sample of 578 firms covered in table 1 and on
the CRSP daily return file There were 344 underwritten offerings and 52 rights
offerings 1n this sample I set the offer date equal to day zero for all offerings
and formed a portfolio of underwnitten offerings and a portfolio of rights
oiferings I weighted securities 1n the portfolio of underwritten offerings so that

22The ‘sphit effect’” adjustment used by Neison 15 derived in footnote 1
23See e g Bugham (1977, pp 473-474)
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the two portfolios had equal betas. Then I calculated the difference in the
portfolio returns for the 130 days before and 130 days after the offerings. The
difference in average returns between two portfolios with equal risk will measure
abnormal returns from either underwritten offerings or rights offerings. Table 3
presents the results for the period 20 days before the offering to 20 days after the
offering; and figure 2 graphically presents the results for the period 40 days
before to 40 days after the offering.

The average difference in returns to the two portfolios over the 260 days
around the offer date is +0.00006, with a sample standard deviation of 0.00265.
Therefore rights offerings have marginally higher returns during the 40 days
around the offer date, but there is no obvious abnormal price behavior around
the ofier date for either underwritten offerings or rights offerings.
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Fig. 2. Differences in daily returns between a portfolio of 52 rights offerings and a portfolio of
344 underwritten offerings for the 81 event days [—40 to +40] surrounding the offer date.
(Portfolio weights are adjusted so that the two portfolios have the same beta.)

That underwriters are unable to gencrate abnormal positive price behavior
should not be surprising. The firm always has the option of disclosing more
information than is required by the Securities and Exchange Commission.
The firm will expend resources on certification by external legal, accounting,
and engineering firms until the net increase in the value of the firm is zero.
Since the firm can contract for external certification of any disclosure, the benefit
of whatever ‘expert’ valuation by the investment banker associated with an
underwriting is limited to the difference in costs between certification through
the underwriting process and independent certification.

But if underwriters are employed they influence the firm’s decision about the

110138-OPC-POD-60-224



286

C W Smuth, Jr , Costs of underwritten versus rights issues

Table 3

Differences n daily returns between a portfoho of 52 nights offerings and a
portfolio of 344 underwritten offerings between January 1971 and December
1975 for the 41 event days [—20 to +.0} surrounding the offer date (Portfohio

weights are adjusted so that the two portfolios have the same beta )

Event Rughts average Underwritten Difference Cumulative
day return average return (rights-und ) difference
—-20 —0 000361 —0 003007 0002646 0002646
-19 —-0001642 —0001523 —0000120 0002526
—-18 0000072 —0001361 0001433 0003959
-17 —0001325 0000175 —0 001500 0002458
-16 —0001134 —0000231 — 0000902 0001556
—15 —0 002865 —0001229 —0001636 —0 000080
—-14 —0 002245 0000732 —0 002977 —0 003057
-13 - 0004471 0 000949 —0005420 —0008477
—-12 0001722 0001110 0 000611 —0 007866
—11 —0002834 —0 000264 —0 002570 —0010436
-10 —0001226 —0 000125 —0001102 —0011538
-9 0001961 0 000960 0001000 —-0010537
- 8 —0 004966 0001151 -0006117 —0016654
-7 0001031 0001327 —0 000296 -0 016950
-6 0002433 —0001257 0003690 -0 013260
- —0 002373 0 002069 —0 004442 ~0017702
' 0002180 0001384 0000797 -0 016905
-3 0001978 —0001284 0003262 —0013642
-2 —0 000570 —0 000557 -0 000013 —0013656
-1 0004425 —0 000803 0 005228 —0 008428
0 0001413 0 000583 0 000829 ~0007598
1 — 0 000000 0 000054 —~0 000054 —0007653
2 0003127 —0 000605 0003732 ~0 003921
3 -0001182 —0 000700 —0 000482 —0 004403
4 0003059 -0001195 0004254 —0 000149
5 0005288 0000710 0004577 0004428
6 0000311 0000477 —0000166 0004262
7 — 0002551 0 000206 —0 002757 0 001505
8 0004396 0001072 0003324 0004829
9 0000851 0 000221 0000630 0005458
10 0001601 0000720 0000881 0006339
11 0004703 0000768 0003934 0010273
12 0002369 0 000099 0002271 0012544
13 0004764 —0 000502 0005267 0017811
14 —0000734 —0 000495 — 0000239 0017572
15 0002944 —0 000527 0003471 0021043
16 —0001089 —0 000790 —0 000299 0020744
17 —-0001809 0 003065 —0004874 0015870
18 0001228 — 0002196 0003424 0019294
19 0 000169 0000458 —0 000289 0 019004
20 —0 000823 0000711 —0001534 0017471
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level of disclosure The underwriters will request that level of disclosure for
which the marginal private costs and benefits to the underwriter are equal
Given the legal hability of underwriters under the 1933 Act, the incentives of
the firm and underwriter can differ Any divergence from the level of disclosure
which maximizes the market value of the firm imposes a cost on the shareholders,
and underwniters do ask for ‘comfort letters’ from accountants, frequently
requiring expensive auditing procedures not produced without underwriters
Thus, I conclude that the disclosure incentives of the underwriters lead to an
over-investment 1n information production However, the costs of this over-
mvestment should be reflected in the figures in table |

4 3 Do underwriters underprice the securities?

In Ibbotson’s (1975) study of unseasoned new issues he found that the offer
price on average 1s set 114 percent below the market value of the shares If
seasoned new issues are also underpriced, the difference between market value
and offer price would represent another cost of employing underwriters

There are reasons to believe that underwriters underprice the seasoned new
1ssues For a firm commitment underwriting agreement the Rules of Fair
Practice of the National Association of Securities Dealers?# require that once
the offer price 1s set, the underwriter cannot sell the shares at a higher price.
If the offer price 1s set above the market value of the shares excess supply results
If the offer price presents a binding constraint to the underwriter, the lrmit order
placed with the specialist by the managing underwriter results in the purchase
of additional shares at the offer price If continued this purchasing would cause
the underwriting syndicate to break Since very few underwriting syndicates
break,?* the implication must be either that the offer price 1s generally set below
the market value of the shares, or that the offer price constraint can be cir-
cumvented

There are two ways 1in which the offer price could be circumvented First,
for hot 1ssues (1e, underpriced issues for which there 1s significant excess
demand) the underwriters allocate the shares to preferred customers One way
to achieve preferred customer status 1s to purchase issues for which there i1s an
excess supply Second, underwriters employ ‘swaps’ In a swap, the underwriter
buys another security from a customer while selling the underw ritten security at
the offer price Through this tie-in sale, the underwriter can shift the profit or
loss These two tying arrangements allow the underwriter to minimize the
impact of the regulation

24Although the rules of fair practice were established by the NASD, and not Congress or
the SEC, there is httie difference in the impact These rules are a response to the SEC’s self
regulatory position If the SEC found them unsatisfactory the SEC could establish superseding
regulation

25See History of Corporate Finance for the Decade (1972)
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To see 1f seasoned new issues are underpriced I calculated the return fiom the
closing price the day prior to the offer date to the offer price, and the return from
the offer price to the close on the offer date For the 328 firms with the requisite
data, the average return from the close to the offer price 1s —0 0054 and the
average return from the offer price to the close on the offer date 1s +0 0082
For the 260 days around the offer date the average daily return is 0 0005 with
a sample standard deviation in the time series of average returns of 00013
Therefore, both figures, although much smaller than the 11 4 percent found by
Ibbotson, are sigmificantly different from the average daily return ¢ Thus the
underpricing imposes an additional cost on the owners of the firm of between
05 and 0 8 percent of the proceeds of the i1ssue, a cost which 15 not reflected
i table |

5. Miscellaneous arguments favoring underwritten offerings

51 Insurance

[t1s frequently argued that employing an underwriter provides an “insurance
policy . reducing uncertainty of the offering’s success 27 In effect. the firm

260ne difference between Ibbotson’s unseasoned tssues and the seasoned 1ssues examined
here 1s that the unseasoned shares trade on the OTC market One hypothesis which has been
suggested to explain the ditterences in the results 1s that the underpricing 1> a method of com-
pensating the underwriter for maintaining a secondary market in the security Although the
argument can explain why underwniter’s compensation (including underpricing costs) for un-
seasoned 1ssues 15 higher than for seasoned 1ssues 1t does not explain the difterential under-
pricing

27Another type of ‘insurance’” might be relevant If matenial errors are found in the regis-
tration statement of a public 1ssue, parties who allege damage can bring suit The suit typically
names as co-defendants the firm, the board of directors of the firm, the firm s accountants, and
the firm s underwniter If the underwriter assumes a large share of the liability for the error,
sheltering the firm from suit, then the underwriter will recenne a normal compensation for
bearing that risk

Direct evidence on the hypothesis that underwniters reduce the firm’s liability 1n case ot a
sutt 1s expensive to obtain, economic studies of securities traud suits have not been published
However indirect evidence suggests that this factor cannot be of a sufficiently large magnitude
to mahe this an important factor 1n the choice of underwritten sssues over rights 1ssues First,
damage must be demonstrated —1e n addition to finding a matenal misstatement n the
registration statement, the share price must have fallen atier the offering Second, the under-
writers exphicitly seek to hmut therr hability as much as s legally teasible ‘[Issuer-Underwriter
Indemnification] agreements are universally used in today s underwniung These agree-
ments, although varying 1n specific language provide essenually for indemnification of the
‘passively’ guilty party by the party whose omisstons or musstatements were the source of the
hability * (See *The Expanding Liability of Security Underwriters', Duke Law Jow nal, Dec
1969, pp 1191-1246 ) Thus underwriters contracts sceh to mininuze their exposure n this
area Third 1t the courts imposed a significant share of the responsibility for matenal errors
on the underwriter, 1t would be expected that accounting firms would recognize this by oftering
lower rates for securities work to firms employing underwriters This does not seem to be
the case At least when this issue was rarsed with several partners of eight big accounuing firms,
this eftect was denied The judicial procedure tends to mat e the labihty of each of the groups
of defendants n this type ot suit virtually (adependent,
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purchases an option to sell the shares to the underwnter at the offer price
(See Appendix 2 ) Note four things about this option First, 1n an underwritten
issue, the offer price 1s not set generally untl within 24 hours of the offering
when the final agreement 1s signed, and hence the net proceeds are not deter-
mined until that time Second, as shown n section 4 3, the offer price on
average 1s set below the market value of the stock Thus, the firm purchases a
one-day option to sell shares at a discount of 4 percent below their market value
Third, subject to certain conditions specified 1n the letter of intent, the under-
writer has the option of backing out of the tentative agreement until the date the
final agreement 1s signed Thus, the “insurance policy” is of limited value because
its effective duration 1s short Fourth, as argued above, the subscription price
for a rights offering can be set low enough so that the probability of failure of
the rights offering becomes arbitranly close to zero So an alternate source of
‘self-insurance’ 1s available through the rights offering For these reasons, the
possible value of the "insurance policy” associated with underwritten issues must
be small

52 Timing

Commonwealth Edison claims that the proceeds of an underwritten issue are
available to the firm sooner than in a rights 1ssue 28 But timing benefits provided
by underwriters must be small First, the settlement date for an underwritten
1ssue is generally seven days after the offer date, while the settlement date for a
rights offering 1s generally seven days after the expiration of the offering Since
the offering generally lasts about 18 days, any reasonable estimate of the cost
in terms of the lost interest which would be imposed on the firm by waiting
that short period of time would have to be small Second, since it (s not expected
that the rights will be exercised prior to their expiration,?® the owners of the
firm have the use of the funds during the period of the offering Thus, the time
period which entails an opportunity cost of the funds 1s reduced to a seven-
to ten-day pertod both for rights and underwritten offerings Third, 1If the
services provided by the underwriter and transfer agents are competitively
supplied, the fees charged will reflect the opportunity cost of the funds at their
disposal This would imply that the timing cost 1s impounded tn the figures in
table | And fourth, unless there 1s an unforeseen urgency assoctated with
obtaining the funds, the firm can simply initiate the rights procedure at an
earlier date

Moreover, unde:r certain circumstances, the registration procedure with the
SEC is simpler when a rights issue 1s employed It1s my belief that with a rights
offering, the SEC 1s more likely to presume a regular dialogue between the firm
and 1ts owners and thus impose less restrictive disclosure requirements There-

28Commonwealth Edison Proxy Statement, 1976
29See Merton (1973) or Smith (1976)
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fore, the time until the registration becomes effective can be expected to be
shorter with a rights offering than with an underwritten offering. This shorter
registration time reduces the total time from the point where the decision 1s
made to raise additional capital to the receipt of the proceeds.

53 Dustribution of ownership

Weston and Brigham (1975) argue that underwriters provide a wider distribu-
tion of the securities sold, ‘lessening any possible control problem’ Since
change n control may result in a change in management, this 1s likely to be a
relevant issue for the current management. Yet it 1s not clear that possible
control problems should be a concern of the owners I know of no reason to
believe that one group of owners 1s any better (1 e , will price the firm any higher)
than another group

Furthermore, 1t 1s not obvious that underwriters will achieve a wider dis-
tribution of ownership than will a rights offering For most rights offerings of
listed firms, the consensus among investment bankers 1s that the subscription
rate of the current owners of the firm ranges from 20 to 50 percent It is difficult
to estimate what peicentage of an underwritten issue 1s purchased by the
current owners of the firm, but there 1s no reason to believe 1t 1s zero Further,
underwritten 1ssues seem to attract more institutional interest, resulting in large
block purchases and therefore more concentration of ownership

These factors preclude any general conclusions about the effect of financing
method on ownership distribution With this uncertainty 1t 1s not clear that
management, even if concerned with control 1ssues, should prefer the use of an
underwriter

54 Consulting advice

Van Horne (1974) suggests that ‘advice from investment bankers may be of a
contmuing nature, with the company consulting a certain investment banker
or group of bankers regularly’ It i1s more expensive for the firm to compensate
the investment banker for future consulting services by including in the under-
writing fee a payment for the present value of the expected advice Costs incurred
1n raising capital are not tax deductible, they directly reduce the capital account
and do not enter the income statement Thus, compared to separate billing for
services rendered, paying for future consulting through a higher underwrniting
fee doubles 1ts cost for a firm with a marginal tax rate of 50 percent

55 Expected legal costs

If there were a law, regulation, or merely an unresolved judicial principle
which might impose additional liability on a firm using rights offerings, then the
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expected legal costs of using rights could explain the observed use of under-
writers But I can find no differential legal Liability associated with the use of
rights offerings

56 Selection bias

If the firms which employ rights offerings were systematically different from
the firms which employ underwnitten offerings, then the observed cost differences
could beattributabletoselection bias It could be thatif the firms which employed
underwriters had used nights, their expenses would have been greater

There 1s a significant difference in the betas of the firms in the two groups
1 calculated the betas for those firms 1n the sample which were histed on the New
York Stock Exchange and included on the daily CRSP tape The average beta
for the 344 underwritten offerings 1s 0 731 with a standard dewviation of 0 560,
and the average beta for the 52 rights offerings 1s 0 493 with a standard deviation
of 0330 But I can find no other systematic difference between the two
populations

Examination of the data shows sumilar distributions of firms across industries,
80 8 percent of the firms employing rights and 73 2 percent of the firms employ-
ing underwritten offerings were utilities (electric, gas, or telephone companies)
I attempted to predict the choice of underwritten versus rights offering based on
the following vamables (1) the percentage of the firm which is sold through
the offering, (2) the market value of the firm. and (3) the varance of the returns
on the stock The r? for the regression 1s 0 016 None of the r statistics for the
variables appears to be significant

Although differences exist between the two sets of firms, the nature and
magnitude of the differences seem insufficient to account for the observed cost
differences

6. A monitoring cost hypothesis

6 1 Why not monitor the choice of financing method?

My examination of alternative financing methods suggests that rights offerings
are significantly less expensive than underwritten offerings Yet underwriters
are employed 1n over 90 percent of the offermngs studied One hypothesis con-
sistent with the evidence 1s (1) managers and members of the board of directors
receive benefits from the use of underwriters which do not accrue to the other
owners of the firm, and (2) the expenses which would be 1mposed on the owners
of the firm by monitoring the managers and directors 1n the choice of financing
method are greater than the costs without momtoring

Managers or members of the board of directors may recommend that offerings
be underwritten because therr welfare increases as a by-product of the use of
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underwriters 1 several ways *° First, firms frequently include an investment
banker as a member of the board of directors It is in his interest to lobby for
the use of underwniters, particularly the use of his investment banking firm
as managing underwriter Second, there 1s the possibility of ‘bribery’ This may
be simply consumption for the managers and directors through *wining and
diming’ by the underwriters But there 1s a more important possibility In an
underwritten issue, If the offer price 1s set below the market value of the shares,
the 1ssue will be oversubscribed To handle this excess demand, underwriters
raton the shares In the rationing process the underwriters presumably favor
their preferred customers, and preferred customer status could be given to key
management people or members of the board of directors of firms employing
the underwriter This form of payment would be virtually impossible to detect,

since the charec tha nfficer of Camnany A wanld favarahly acauire are those
Cillww Vilw JilUll WO LIV Villww]l VI \,Ulllyall] M yyUulu laVUluUlJ u\f‘llull\- Ule LIIVIW
1

of Company B and would therefore call for no disclosure 3

Further possible benefits to managers include the reduction of possible
control problems, if underwnitten offerings produce a wider distrtbution of
ownership than rights offerings Finally, managers whose compensation 1s
a function of reported profits will prefer an underwniter’s fee which includes a
payment for futuie consulting advice, the manager’s compensation will be higher
because payment through underwriting does not affect reported profits while
separate billing for consulting does

Jensen and Meckling (1976) show that the costs which the managers and
directors can impose on the other owners of the firm are mited by the costs of
monitoring their activities Thus the cost to shareholders of monitoring the
method of raising capital must be greater than the costs imposed by the financing
method chosen Given the dispersion of ownership in modein corporations, the
benefit to any single shareholder from voting his shares 1s small Thus the costs
that he would rationally incur 1n voting are small,’? and the 1esources the
shareholder would rationally devote to deciding whether a *yes’ or 'no’ vote is
more 1n his interest are few Moreover, voting procedures in most corporations
ensure that management has a disproportionate voice in the outcome Manage-
ment 1s often assigned votes by proxy, and 1n many firms management has the

3%Certain management compensation plans, such as stock option plans, make managers’
compensation a function of the price of the firm’s shares If the compensation plan were not
adjusted to reflect the effect of the rights offering on the share price, management could be
expected to provide a strong lobby 1n favor of employing underwriters In fact, however,
employee stock option plans have general clauses calling for adjustment of the terms of the
plan to reflect relevant capital structure changes Furthermore, most plans include specific
reference to rights issues Thus, agency costs resulting from compensation plans do not seem
to offer an explanation of the observed behavior

3!'This argument 1s stmilar to that of Manne (1966), especially Chapter V

328ee Downs (1957) Basically, if a person owns 100 shares in a firm, his vote only matters
il the vote is tied or his ‘side’ would have lost by 100 votes or less The probability 1s low that
out of 50 million votes, the 1ssue will split that way Thus the expected benefit (benefit times
probability) of voting is very small
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powetr to vote unreturned provies They are also permitted to vote proxies on
specific questions when the stockholder does not specify a choice These factors
raise the cost of monitoring management

6 2 The preemptite night as a monttoning tool

There appears to be a low cost method of monitoring the use of underwriters
the preemptive right The preemptive right 15 a ptovision which can be included
m a firm s charter requining the firm to offer any new common stock first to 1ts
existing shareholders But the inclusion of the preemptive right does not solve
the problem firms can still employ underwriters through a standby under-
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Fig 3 Plot of average residuals from 89 firms which removed the preemptive right from their
corporate charter for the 81 event months [—40 to +40] surrounding the month of removal

writing agreement Since the figures 1n table 1 suggest a negligible difference in
costs between a firm commitment underwritten offering and a rights offering
with a standby underwriting agreement what becomes tmportant i1s not a require-
ment to use rights, but a prohibition against using underw riters

To test the hypothesis that the impact of removing the preemptive right from
the corporate charter is neghgible, I collected a sample of 89 firms listed on the
New York Stock Exchange which have removed the preemptive right The
results of this study are presented in table 4 and figure 3 The average residual
in the month of removal 1s 0 277 percent. and the mean average residual for the
six prior months 1s 0 309 percent There 1S no apparent impact

1 believe the results in table 4 provide a plausible explanation for why the
intellectual level of the argument involving the preemptive right 1s so low on
both sides of the question For example, the above quotes from Commonwealth
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Table 4

Summary of residual analysis of 89 firms which removed the preemptive right from their
corporate charter for the 81 event months [—40 to +40] surrounding the month of removal

Cumulative Cumulative
Event Average average Event Average average
month residual restdual month residual residual
—40 —000995 —0 00995 1 000363 011718
-39 —-000382 -001376 2 0 00028 011745
—-38 001999 000623 3 000293 012038
-37 —000258 000365 4 000276 012315
-36 -000160 000205 5 000101 0 12415
—35 —000414 —000209 6 000336 012751
—-34 0 00842 000633 7 -0 00017 012734
—33 —000238 000395 8 —0 00537 012196
—-32 000483 000878 9 0 00963 013159
—31 000375 001254 10 0 00002 013162
-30 —-000419 000834 11 0 00406 013568
—-29 —000632 000202 12 —0 00446 013122
—28 0 00082 000284 13 — 000855 012266
-27 001337 001621 14 000210 012476
—26 001839 003460 15 —0 00696 011780
—25 001440 0 04900 16 000903 012683
—24 -0 00397 004503 17 000752 013435
—-23 0 00800 005303 18 — 000096 013339
-22 —000102 005201 19 —0 00942 012397
—21 —0 00007 005195 20 000701 013097
-20 —000072 005123 21 —000021 013077
-19 0 00602 005725 22 001591 0 14668
—18 — 000067 005658 23 0 00090 014758
-17 —001032 0 04626 24 —001043 013715
—-16 001575 0 06201 25 —0 00281 013434
—-15 001608 007809 26 —-001389 012046
—14 000828 008637 27 001069 013115
-13 —-000943 007694 28 —0 00566 012548
-12 001496 009190 29 0 00901 013449
—-11 —000183 009007 30 -0 00592 012857
—-10 —000833 008174 31 —0 00624 012233
-9 001103 009277 32 —000240 011993
- 8 000138 009415 33 —000071 011922
-7 —-000185 009230 34 002059 013981
- 6 -0 00170 0 09060 35 000183 014165
-5 000508 0 09568 36 —-000263 0 13901
-4 0 00998 0 10566 37 -001103 012799
-3 000816 011382 38 000971 013770
-2 000477 011859 39 —001524 012246
-1 —000782 011078 40 000300 012546
0 000277 011355
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Edison’s Proxy Statement are demonstrably false, and the quote from
AT&T's Proxy Statement is irrelevant The primary lobbying effort in favor of
the preemptive right 1s from Lewis D Gilbert, John J Gilbert and Wilma Soss
who regularly introduce proposals to remncorporate the preemptive right into
the corporate charter of corporations which have removed 1t However, their
reason for the use of rights 1s so that shareholders can maintain their propor-
tionate nterest in the firm For large firms this “benefit” has neghgible value **

6 3 Other considerations

It should be emphasized that the monitoring cost hypothesis 1s consistent
with both observed institutional arrangements and rational. wealth-mavinmzing
behavior by the stochholders Rational behavior implies that actions will be
tahen if the benefits exceed the costs T have pointed out certain costs assoctated
with the voting mechanism within corporations nclusion of an investment
banker on the board of directors, and certain management compensation plans
These practices, while costly, would still be 1n the stockholders’ best interests if
there are offsetting benefits

Furtherimore, the monitoring cost hypothesis does not imply that there are
rents which accrue to the underwniuing industry There are two available
‘technologies’ with which additional equity caputal can be raised If the under-
writing industry 15 competitive, the underwriting fees repotted 1n table 1 would
refiect a normal return to the resources required in employing that technology

However, the monitoring cost hypothesis does present some probiems I do
not observe the costs of monrtoring management Hence the hypothesis 1s not
directly tested Furthermoie, while the incentives set up through the voting
mechanism suggest that 1t 1s plausible that monitoring costs are large enough
to explain the observed use of underwriters, competition in the market for
management should reduce the required momtoring expenditures If the use of
rights offerings 1s 1n the best mnterests of stochholders, then 1t will pay potential
managers to incur bonding costs to guarantee not to u.e underwriters

7. Conclusions

In my examination of the choice of method for raming additional equity
capital by listed firms I demonstrate that properly constructed rights offerings
provide proceeds which are equivalent to those of an underwritten offering
Furthermore, estimates of expenses from reports filed with the Securities and

3%For a firm with 50 mullion shares outstanaing, a ten percent increase n the number of
outstanding shares would change the percentage ow nershup for someone with 100 shares only
in the sixth decimal place With so muny inevpensive alternate ways for a stockholder to
maintain his proportionate interest in the firm the proporuionate interest argument lacks
importance
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Exchange Commussion indicate that rights offerings involve lower out-of-pocket
costs than underwritten offerings Yet underwriters are employed in over
90 percent of the issues Examination of the arguments to justifv the use of
underwriters advanced by the underwritingindustry, finance textbooks, corporate
officers, and securities lawyers suggest that none of the arguments are capable
of explaining the observed choice of financing method 1n terms of rational,
wealth-maximizing behavior by the stockholders of the firm

The one hypothesis I find which 1s consistent with the available evidence
relates to the costs of monitoring management Although direct expenses
imposed on shareholders are higher per dollar raised through the use of under-
writers, I hypothesize that management dernes benefits from their use From
the shareholders’ standpoint. the firm’s use of underwriters 15 optimal because

the o~nct £ ¢ + raade tha
tn¢ COsl O monitoring managément CXCeeas ine Savings in out-of- pocke{

expenses from using rights If this hypothesis 1s correct. then the present value
of the stream of differences in costs reported in this paper provides a lower
bound on the costs of getting shareholders together to monitor and control
management on the method of raising capital Thus, the present value of the
differences 1n costs establishes a lower bound on the expected costs of control
mechanisms such as proxy fights, tender offers, and takeover bids

The monitoring cost hypothesis does present some problems I do not observe
directly the costs of monitoring management While it 1s possible that the
monitoring costs are large enough to explain the observed choice of under-
writers, consideration of competition in the market for management reduces the
plausibility of this hypothesis But if the monitoring cost hypothesis 1s rejected,
then the observed choice of financing method cannot be explained in terms of
rational, wealth-maximizing behavior by the owners of the firm, uniess 1t can be
shown that I have either ignored or nusestimated a relevant cost of using rights
or benefit from using underwriters

Appendix 1: A description of the institutional arrangements for rights and
underwritten offerings

A description of the procedures followed in the various types of offerings
specified 1n sufficient detail to answer the questions addressed 1n this study 1s
not avaslable This appendix provides that information Some of this matenal
comes from written sources ** However, much of the material comes from
conversations with underwriters, corporate financial officers, and SEC officials.

Underwritten offerings

The firm typically selects an underwriter 1n one of two ways - either by com-
petiive bidding or by negotiated underwriting In competitive bidding, the firm

34See Weston and Brigham (1975), SEC (1974), and Pessin (1976)
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files appropriate papers with the SEC, then specifies the terms of the 1ssue and
has potential underwriters submit sealed bids Government regulation requires
the use of this procedure by electric utility holding companies the primary users
of competitive bidding In a negotiated underwniting bid, the important variables
in the underwniting contract are determtned by direct negotiation between firm
and underwriter

Negotiated underwriting begins with a series of pre-underw riting conferences,
when decisions as to the amount of capital, type of security, and other terms of
the offering are discussed Several general forms of the underwriting agreement
can be employed ** The first is a ‘firm commitment’ underwriting agreement,
under which the underwriter agrees to purchase the whole issue from the firm
at a particular price for resale to the public Almost all large underwriters
employ this form In the second form. a ‘best efforts” underwriting. the under-
writer acts only as a marketing agent for the firm The underwniter does not
agree to purchase the 1ssue at a predetermined price, but sells the security for
whatever price it will bring The underwriters take a predetermined spread and
the firm takes the residual A variant of this agreement employs a fixed price
but no guarantee on the quantity to be sold The third possibifity 1s an *all-or-
nothing’ commitment which requires the underwriter to sell the entire 1ssue at a
given price, usually within thirty days, otherwise the underwriting agreement 1s
voided

If the corporation and underwriter agree to proceed,*® the underwnter will
begin his underwriting investigation, in which he assesses the prospects for the
offering This investigation includes an audit of the firm s financial records by a
public accounting firm, which aids in preparing the registration statements
required by the Securities and Exchange Commussion A legal opinion of the
offering will be obtained from lawyers who typically participate in writing the
registration statement Reports may also be obtamed from the underwriter s
engineering staff when applicable

Before a company can raise capital through a pubfic offering of new stock it
must comply with the Federal Law that governs such a sale — the Securities
Act of 1933, and the Securities Exchange Act of 1934 The Securities and
Exchange Commission, established to administer both laws, requires full
disclosure of all pertinent facts about the company before 1t makes a public
offering of new stock The firm must file a lengthy registration statement with
the SEC setting forth data about its financial condition For underwritten issues,

35The underwniter may make a ‘standby commitment’ during a rights offering under which
he will purchase and distribute to the public any amount of the rights issue not purchased by
the present secunty holders This form will be discussed further below

3sAgreements are usually subject to conditions, most allow the underwriters to void their
obligation n the event of specified adverse developments For example, a negative finding 1n
the lawyer’s or auditor’s reports may allow vording the contract
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the firm usually files the form S-1 or S-7 registration statement Form S-7 1s
less expensive, but requires certain conditions to quahfy 37

The SEC has 20 days to examine the registration statement for material
omussions or misrepresentations If any error 1s found, a deficiency letter 1s sent
to the corporation and the offering 1s delayed until the deficiency 1s corrected
If no deficiency letter 1s sent, a registration statement automatically becomes
effective 20 days after filing, except when the SEC notifies the firm that the
commuission’s workload 1s such that it requires more time to review the registra-
tion statement *® The firm will typically amend the registration statement to
include the offer price and the offer date after the SEC has examined the rest
of the statement This procedure allows the firm and underwriter to postpone

the effective date of the registration statement until they agree the offering
should proceed

In addition to the registration requirements under the Securities Act of 1933,
firms must qualify their secunities under the state securities laws, the so-called
‘Blue Sky Laws’, in those states where the securities are to be sold Some states
are satisfied with SEC approval, others require a registration statement be
filed with state securities commissioners

The underwriter usually does not handle the purchase and distribution of
the issue alone, except for the smallest of security 1ssues The investment banker
usually forms a syndicate of other investment bankers and security dealers to
assist the underwriting *2 During the waiting period between the filing and the
offer date. no written sales literature other than the so-called ‘red herring’

3"For example, the majority of the board of directors have been members for the last three
vears, there have been no defaults on preferred stock or bond payments for the past 10 years,
net income after taves was at least $500,000 for the past five years, and earnings exceeded any
dividend payments made over the past five years

38In 1960 and 1961, delays of four to six months occurred for this reason

39Prior to the passage of the Securities Act 1n 1933 most new issues were purchased by an
originating house The originaung house would resell the issue at a small increase in price to a
so-called banking group, generally a few large houses The banking group would then sell the
1ssue to an underwriting group, which 1n turn sold 1t to a selling syndicate - each sale occurred
at a fractional increase tn price The selling syndicate members, however, were liable for their
proportional interest of anv securities remaining unsold Late in the 1920s 1t became frequent
practice to make the final group a so-called selling group, the members of which had no
hability except for securities which they had purchased from the underwnting syndicate

The Securities Act, as amended shortly after 1ts passage, contained a provision limiting an
underwriter s hability for misstatements and omissions 1n the registration statement to an
amount not ‘in excess of the total price at which securities underwritten by him and distributed
to the public were offered to the public® This Act changed the method of wholesaling securities,
the use of the joint syndicate in handling registered securities disappeared Because of the
provisions of the Act, 1t was to the advantage ot the manager of the offering to have his fellow
participants purchase direct from the company, since then the manager’s hability under the
Act became limited to the amount which the firm itself underwrote Liability for transfer
taxes that would have been payable on the sale by the manager to the underwriters was thus
avorded At the present time, underwriters of securities registered under the Act contract to
buy directly from the 1ssuer even though the manager of the offering signs the agreement with
the 1ssuer on behalf of each of the underwriting firms
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prospectus*® and ‘tombstone’ advertisements*! are permitted by the SEC
However, oral selling efforts are permitted, and underwriters can and do note
interest from their chients to buy at various prices These do not represent legal
commitments, but are used to help the underwriter decide on the offer price
for the 1ssue Underwriters typically attempt to obtain indications of interest
for approximately 10 percent more shares than will be available through the
offering 42

Befare the effective date of the registration, the corporation’s officers meet
with the members of the underwriting group Given the personal hability
provisions of the 1933 Act, this meeting 1s often 1dentified as a due diligence
meeting An 1nvestment banker who 1s dissatisfied with any of the terms or

conditions discussed at this session can still withdraw from the group with no
legal or financial hiability Discussed at this meeting are (1} the informatton n
the firm's registration statement, (2) the material in the prospectus, (3) the
spectfic provisions of the formal underwriting agreement As a rule, all the
provisions of the formal underwniting agreement are set except the final sales
price

The ‘Rules of Fair Practice” of the National Association of Security Dealers
require that new issues must be offered at a fixed price and that a maximum
offering price be announced two weeks 1n advance of the offering However, the
actual offermg price need not be established until immediately before the
offering date In fact. the binding underwriting agreement which specifies the
offer price 1s not normally signed until within 24 hours of the effective date of
the registration

Once the underwriter files the final offering price with the SEC, the under-
writers are precluded from selling the shares above this price The SEC pernuts
the managing underwriter to place a standing order with the speciahist to buy
the stock at the public offer price If the underwriter buys more than 10 percent
of the shares to be 1ssued through this order, the syndicate usually breaks, per-
mutting the stock to be sold below the offer price The syndicate can also be
broken if the managing underwriter feels that the 1ssue cannot be sold at the
offer price ** On the other hand, if all the indications of interest become orders

49The red herring prospectus derives its name from the required disclaimer on the front
printed 1n red

A registration statement relating to these securities has been filed with the Securities and

Exchange Comnussion but has not vet become effective Information contained heremn is

subject to completion or amendment These securities may not be sold nor may offers to

buy be accepted prior to the time the registration statement becomes effective This prospectus

shall not constitute an offer to sell or the solicitation of an offer to buy nor shall there be

any sale of these securities in any state in which such ofler, solicitation or sale would be

unlaw ful prior to registration or qualification under the securities laws of any such state

“!The very himited notice of the offering permitted 1s often presented 1n a form resembling
the inscription on a tombstone - hence the name

*2This procedure 1s like ‘over-booking’ on airplane flights

43Syndicates break infrequently, my impression is that «his occurs less than five percent of
the ume See History of Corporate Finance For the Decade (1972)
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for shares, the 1ssue 1s oversold In that case the managing underwriter typically
sells additional shares short and covers these short sales in the aftermarket
The final settlement with the underwriter usually takes place seven to ten
days after the registration statement becomes effective At that time, the firm
recelves the ptoceeds of the sale, net of the underwriting compensation

Rights offering

Offering of stock to existing shareholdels on a pro rata basis 1s called a rights
offering Each stockholder owning shares of common stock at the issue date
receives an instrument (formally called a warrant) giving the owner the option
to buy new shares ** One warrant or right 1s 1ssued for each share of stock held 4*
This instrument states the relevant terms of the option (1) the number of rights
required to purchase one new share, (2) the exercise price (or subscription
price) for the rights offering, (3) the expiration date of the rights offering

Before the offering, the firm must file a registration statement for these
securities For rights offerings, the firm typically files either a form S-1 or S-16
registration S-16 15 simpler, but has usage requirements similar to those of
form S-7

After the SEC approves the registration statement, the firm establishes a
holder of record date The stock exchange establishes the date five business
days earlier as the ex rights date *® All individuals who hold the stock on the
ex rights date will appear in the company’s records on the holder of record
date and will receive the nights However, the rights can be traded on a "when
issued’ basts Usually trading begins after the formal announcement of the
rights offering To ensure that there 1s adequate time for the stockholders to
exercise or sell their rights, the New York Stock Exchange requires that the
minimum period during which rights may be exercised 1s 14 days Rights trade
on the exchange where the stock 1s listed

Issuing rights 1s costly in terms of management s time, postage and other
expenses, so i1t 1s 1n the best interest of the firm to ensure the success of the
offering Therefore, the firm has an incentive to set the subscription price of
the rights low enough to ensure that the rights will be exercised But some of

4%In the 1880s 1t was customary to requre a stockholder to appear in person in the office
of the corporation to subscribe to the issue After the 1880s, 1t became customary to send out a
printed slip of paper so the stockholders could sign and subscribe for the stock without actually
having to appear Later, 1t became the practice to make these ships of paper transferable, so
that they could be sold Around 1910 the engraved form of warrant was first issued

45The Uniform Practice Code of the National Associauon of Security Dealers, Inc , provides
that subscription rnights issued to security holders shall be traded in the market on the basis
of one right accruing on each share of outstanding stock, except when otherwise designated by
the National Uniform Practice Commuttee Thus, the price quotation will be based on a single
right even though several rights may be necessary to purchase one new share

46This procedure 1s comparable to that used in setting the ex dividend date
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the warrants of most offerings do expire unexercised These unexercised nghts
can be offered through an over-subscription privilege to subscribing share-
holders on a pro rata basis Shares not distributed through the rights offering
or through the over-subscription privilege can be sold by the firm either to
investment bankers or directly to the pubhc

Rights offerings with a standbv underwiitting agreement

A formal commitment with an underwniter to take the shares not distributed
through a rights offering 1s called a standby underwrniting agreement Several
types of fee schedules are generally employed in standby underwriting agree-
ments A single fee may be negotiated. the firm paying the underwriter to exercise
any unexercised rights at the subscription price A two fee agreement employs
both a standby fee”, based on the total number of shares to be distributed
through the offering and a take-up fee, based on the number of warrants
handled The take-up’ fee may be a flat fee or a proportioned fee *” These
agreements generally include a profit sharing arrangement on unsubscribed
shares (e g, if the underwriter sells the shares for more than the subseription
price, this difference in prices 15 sphit between the underwriter and the firm
according to an agreed formula)

Underwriters are prohibited from trading in the rights unul 24 hours after
the rights offering 1s made *# After that time, they can sell shares of the stock
short and purchase and exercise rights to cover their shott position in the stock,
thus hedging the risk that they bear

Appendix 2: A contingent claims analysis of rights and underwriting contracts

The derivation of general equilibrium pricing implications of rights and
underwriting contracts has not been presented Black and Scholes (1973)
suggest the approach I employ to value rights, but they do not carry out the
analysis or present the solution Ederington (1973) provides a model of under-

*7A proporuoned fee mvolves more than one price for the shares handled by the under-
uriter For example there may be one price for the first 15°, of the 1ssue, a higher price for
from 15°, 10 30°, of the 1ssue, and a still hugher price for any of the 1ssue over 30°; which 1s
unexercised through the rights offering and must be purchased by the underwrner

*3Through the late 1940s underwnters were prohibited from trading in the nights during
the offering This arrangement increased the underwnters rish because the 14-day time
period allowed large adverse price movements 1n the stock The NYSE instituted a study in
1947 afier the farure of three rights offerings They found than on 43 rights offerings which
had been successful the total underwriting profit was approximately $2 4 mullion, while on
the three unsuccesstul offerings, their losses were 1n excess of $3 million Underwriters were
reportedly relusing to sign standby agreements unless the offering period were as short as five
days Since this violated NYSE rules no NYSE hsted firms used rights isues with standby
underwitting agreements In response to this umpasse, the NYSE now allows underwriters o
trade m the rights 24 hours after the nights offering 1» made
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writer behavior, but his model assumes underwriters maximize expected profits,
and thus does not represent a general equilibrium solution 1n a market where
the agents are risk averse The option pricing framework employed here will
yield a solution which 1s consistent with general equilibrium, no matter what the
risk preferences of the agents in the market.

I employ the contingent claims pricing techniques to derive a specification of
the equilibrium value of these contracts For valuing both contracts I assume

(1) There are homogeneous expectations about the dynamics of firm asset values
and of security prices The distribution of firm values at the end of any
finite time mterval is log normal The variance rate, o2, 1s constant

(2) Capital markets are perfect There are no transactions costs or taxes and
all traders have free and costiess access to ali available information Borrow-
ing and perfect short sales of assets are allowed Traders are price takers in
the capital markets

(3) There 1s a known constant instantaneously riskless rate of interest, +, which
1s the same for borrowers and lenders

(4) Trading takes place continuously, price changes are continuous and assets
are infinitely divisible

(5) The firm pays no dividends

Rights offerings

To derne the equilibrium value of the rights offering I make the following
assumptions about the specification of the rights offering

The total proceeds to the firm if the rights are evercised 1s X (the exercise
price per share times the total number of shares sold through the rights 1ssue)
The rights expire after T time periods If the rights are exercised. the shares
sold through the offering will be a fraction, y, of the total number of shares
outstanding (y = Qg/(Qs+ Qr), where Qg 1s the number of shares sold
through the nights offering and Qg 1s the existing number of shares) Any
assets acquired with the proceeds of the rights offering are acquired at com-
petitive prices +°

Given the above assumption, Merton (1974) has demonstrated that anv
contingent claim, whose value can be written solely as a function of asset value
and time must satisfy the partial differential equation

of 1é& of
-0—’ = E-C—Vz O'ZV2+"V;;—/‘“I'_/‘, (Al)

“9This last assumption 1s necessary to avoid the problem of the dependence of the dynamic
behavior of the stock price on the probability of the rights being exercised
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where f(V, t) is the function representing the value of the contingent claim
[e.s., R = R(V, 1)]. To solve this equation, normally two boundary conditions
are required, one in the time dimension and one in the firm value dimension.

To derive the appropriate boundary condition in the time dimension, note
that when the time to expiration is zero, R*, the value of the rights at the
expiration date will be either zero (in which case the rights will not be exercised)
or, if the rights are valuable and are exercised, their value is their claim on the
total assets of the firm, y(V*+ X) (where V* is the value of the firm’s assets
and X is the proceeds from the exercise of the rights) minus the payment the
right-holders must make, X:

R* = Max[0, y(V*+ X)—X], (A2)
where:
V* is the value of the firm’s assets at the expiration date of the issue.
X is the proceeds to the firm of the exercise of the rights.

v is the fraction of new shares issued through the rights offering to the total
shares of the firm (both old and new).

The most natural boundary condition in the firm value dimension is that when
the value of the firm is zero, the value of the rights issue, R, is zero. However,
the first assumption, that the distritution of firm values is log normal, insures
that ¥ can never be zero; therefore, this boundary condition will never be
binding.

This equation can be solved by noting that no assumptions about risk
preferences have been made, thus the solution must be the same for any pre-
ference structure which permits equilibrium. Therefore choose that structure
which is mathematically simplest.’? Assume that the market is composed of
risk-neutral investors. In that case, the equilibrium rate of return on all assets
will be equal. Specifically, the expected rate of return on the firm, and the rights
will equal the riskless rate. Then the current rights price must be the
discounted terminal price:

R=ce"T _‘.(021-7)/7),\’ V*—(A-pXIL'(V*)dV*, (A3)
where L'(V *) is the log normal density function.

Eq. (A3) can be solved to yield:**

39See Cox and Ross (1976) or Smith (1976). For 2 mathematical derivation of this solution
technique, see Friedman (1975), especially page 148.

31See Smith (1976, p. 16) for a theorem which can be employed to immediately solve (A3)
to yield (A4).
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R=y VN{

In(GyV/(1—9)X)+(r+6%2)T
gy T

U —_ — z
ey {0 s
o\ T

=RV, T. X,y.6%,r) (A4)

where GR/&éV, éRIET. éRIéy, @Rjca?, éR/Er > 0 and ER/EX < O

The indicated partial effects have intuitive interpretations Increasing the value
of the firm, decieasing the exercise price (holding the proportion of the firm’s
shares offered through the rights offering constant), or increasing the proportion
of the firm’s shares offered through the rights offering (holding the total proceeds
of the 1ssue constant) increase the expected payoff to the rights and thus increases
the current market value of the rights offering An increase 1n the time to expna-
tion of the riskless rate lowers the present value of the exercise payment, and
thus increases the value of the rights Finally, an increase in the variance rate
gives a higher probability of a largz increase in the value of the firm and increases
the value of the rights

Underwriting agreements

To analyze the appropriate compensation to the underwriter for the rish he
bears 1n the distribution of the securities make the following assumptions about
the underwriting contract

Underwriters submit a bid, B, today which specifies that on the offer date,

T ume periods from now, the underwriter will pay B dollais and receive

shares of stock representing fraction y of the total shares of the firm He can

sell the securities at the offer price and rcceive a total payment of Q, or (if
the share price 1s below the offer price) at the market price, y(V*+B) If hus
bid 1s accepted, he will be notified immediately

Again, (A1) can be employed where f(V, t) 1s the function representing the
value of the underwniting contract (1e, U—U(V.t)) The boundary condition
for this problem is

U* = Min[y(} *+B)— B, Q—B] (A5)

This assumes that at the offer date the underwriter will pay the firm B dollars

The shares which the underwriter receives represent a claim to a fraction y of
the total assets of the firm, V*+ B If the offer price 1s greater than the value of
the shares, p(V * + B), then the undetwriter will be unable to sell the shares at
the offer price, hence he will recenve y(17*+ B) If, at the offer date the offer
price 1s less than the value of the shares, the underwriter receives the offer price

Therefore, the boundary condition 1s that at the offer date the underwriting
contract 1s worth the nunimum of the market value of the shares minus the bid,
B, or the proceeds of the sale at tne offer price ninus the lid
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Again, the above solution technique can be employed to solve (A1) subject
to (A5). In a risk-neutral world, the expected value of the underwriting contract
can be expressed as 32

U= [@D8 [y(V*+B)—BIL'(V*)dV*
+[Gam -5 [@— BIL'(V*)dV'*, (A6)
Note that this can be rewritten as

U= [ [y(V*+B)—BIL'(V*)dV*
Q .
—If’fzm-sr[V*—<-};—B>]L(V*)dV* (AT)

Eq (A7) can be solved for the risk-neutral case to yield

o 2
U = e’T}'V—(l —}')B—e'T}'VN {ln(yV/(Q )B))+(r+a /Z)T}

oy T

(A8)

v _x2
+(Q—By)N{I"(”V/(Q‘WB)+(r 4 /2)T}

G'\T

Examunation of (A8) reveals that the underwriting contract 1s equivalent to a
portfolio consisting of a long posttion in the firm, a cash payment, and writing
a call on y of the firm with an exercise price equal to (2—17B)

|

U=eTyV—(1-y)B—e"CHV, T, 2~yB)

Q
eTyr—(1 —y)B—e'TyC(V, T, ;—B>, (A9)

where C( ) 1s the Black-Scholes call option function
If the process of preparing and submitting a bid 1s costless, then 1n a com-
petitive equilibrium, the value of the underwriting contract must be zero °*

52Since the contract calls for the payment only at ¢*, to find the current value of the under-
writing contract does not require discounting

531f this were not the case, arbitrage profits could be earned by acquiring an underwriting
contract and establishing the above hedge
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Therefore the bid which would represent a normal compensation for the risk
he bears 1s implicitly defined by the equation 3¢

B—e’T%[V—C(V, T,Q_B)] —0 (A10)
— ’y

The firm generally receives less than the market value of the stock®” given the
specification of the underwriting contract, if the equilibrium stock price at the
offer date 1s above the offer price then the initial purchaser of the 1ssue receives
‘rents’, he obtains the shares for less than the market value of the shares
Therefore, if the offer price in the underwriting agreement represents a binding
constraint to the underwriter, then 1n a perfect market underwriting must be a

more expensive method of raising additional capual than 1s a rights issue

Therefore, under these conditions, underwriting would not be employed

The above analysis implicitly assumes that the terms of the underwriting
contract represent a binding constraint to the underwriter, 1 e, If the security
price 1s above the offer price, then the offer price presents a constraint to the
underwriter and a pure profit opportumity to the potential investor However,
in a market without transactions costs, this could not be the case If the security
price 1s above the offer price there will be excess demand for the 1ssue To the
extent that the underwriter can, through the rationing process, exttact those
profits, they will accrue to the underwriter rather than to the mitial puichaser
In this situation competition among underwriters would ensure that the profits
were in fact garnered by the firm In that case the offer price presents no effective
constraint and the competitive bid becomes stmply

B=e'T<J'—)V (All)
-y

Therefore, 1f through tie-in sales or other means the offer price in an under-
writing agreement can be circumvented, then underwniting 1s no more expensive
a method of raising additional caprtal than a rights offering

54This equation imphicitly defines the bid because B appears twice 1n the equation The
exphicit solution for equilibrium bid can be found by standard numerical analysis technmiques

35A sufficient condition for the bid to be less than the market value of the shares is that
(1—1y) be less than ™ Since T 1s generally a matter of days, this condition should be met

References

Bailey, M J, 1969, Capital gains and income taxation, n A C Harberger and M J Bailey,
eds, The taxation of income from capital (Brookings, Washington, D C)

Black, F, M C Jensen and MS Scholes, 1972, The capital asset pricing model Some
empirical tests, in M C Jensen, ed , Studies in the theory of capital markets (Praeger,
New York)

110138-OPC-POD-60-245



C W Snuth, Jr, Costs of underwritten versus rights issues 307

Black, F and M Scholes, 1973 The pricing of options and corporate liabilities, Journal of
Political Economy 81, 637-654

Brigham, E F | 1977, Financial management (Dryden, Hinesdale, [llinos)

Cox, JC and S A Ross, 1975, The pricing of options for jump processes, Rodney L White
Center for Financial Research, Working Paper 2-75 (Unnersity of Pennsylvania, Phila-
delphia Dennsvivama)

Downs, A C, 1957 An economic theory of democracy (Harper, New York)

Ederington, Lowss H 1975, Uncertainty, competition, and costs in corporate bond under-
writing, Journal ot Fmancial Economics 2 71-94

Fama EF L Fisher, M C Jensen, and R Roll, 1969, The adjustment of stock prices to new
information International Econormic Review 10 [-21

Friedman A 1975, Stochastic differential equations and apphcations Volume 1 (Academic
Press, New York)

Gilbert, Lewis D and John J Gulbert, various dates Annual report of stockholder activities
at annual meetings, New York

Hess Alan C, 1977 The role of insestment banking in an efficient capital market, unpub-~
hished manuscript Securities and Exchange Commussion, Washington, D C

History of Corporate Finance for the Decade, 1972 (Inmvestment Dealers Digest, New York)

Ibbotson, Roger C . 1975, Price performance of common stock new issues, Journal of Financial
Economics 2, 235-272

Jensen M C and W H Meckling 1976, Theory of the irm Managerial behavior, agency
costs and owrership structure Journal of Financial Economics 3, 305-360

Manne, Henry G, 1966, Insider trading and the stock market (The Free Press, New York)

Merton, Robert C 1973 Theory of rational option pricing, Bell Journal of Economics and
Management Science 4, 141-183

Merton, Robert C 1974 On the pricing of corporate debt The risk structure of interest
rates, Journal of Finance 29

National Association of Security Dealers, NASD manual

Nelson, J R , 1965, Price effects in rights offerings Journal of Finance 20, 647-650

Pessin, A H 1973, The work of the securities industry (New York Institute of Finance,
New York)

Schneider, Carl W and Joseph M Manko, 1970, Going public — Practice, procedure and
consequences, Villanova Law Review 15, 283-312

Scholes, Myron S, 1972, The market for securities Substitution versus price pressure and the
effects of information on share price, Journal of Business 45, 179-211

Smiuth, Clifford W, JIr, 1976 Option pricing A review, Journal of Financial Economucs 3,
3-51

U S Secuninies and Exchange Commussion, 1940, Cost of flotation for small ssues, 1925-1929
and 1935-1938

U S Securities and Exchange Comnussion, 1941, Cost of flotation for registered securities
1930-1939

U S Securities and Exchange Commussion, 1944, Cost of flotation of equity securities of small
companies (Statistical Series Release no 744)

U S Securities and Exchange Commission, 1949, Cost of flotation, 1945-1947

U S Securities and Exchange Commussion, 1951, Cost of flotation, 1945-1949

U S Securities and Exchange Commission, 1957, Cost of flotauon of corporate securities,
1951-1955

U S Securities and Exchange Commission, 1970, Cost of flotation of registered equity issues,
1963-1965

U S Securities and Exchange Commussion, 1974, Cost of flotation of registered issues, 1971-
1972

Van Horne, J D, 1974, Financial management and pohicy (Englewood Chiffs, New Jersey)

Weston, J Fred and Eugene F Brigham, 1975, Managerial finance (Hinesdale, Illinois)

Zwick, Jack and Nathaniel R Norton, IIT, 1970, Investment banking and underwriting, 1n
FG Zarb and G T Kerekes, eds, The stock market handbook, 54-71

110138-OPC-POD-60-246



NOVEMBER 26, 2010 VALUE LINE SELECTION & OPINION PAGE 2535

Value Line Forecast for the U.S. Economy

ACTUAL ESTIMATED

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
GROSS DOMESTIC PRODUCT AND ITS COMPONENTS
(2005 CHAIN WEIGHTED $) BILLIONS OF DOLLARS

Final Sales 12588 12917 13234 13341 13111 13283 13611 13998 14390 14822
Total Consumption 8819 9074 9314 9265 9154 9426 9695 9949 10188 10412
Nonresidential Fixed Investment 1347 1454 1544 1557 1291 1368 1440 1537 1676 1843
Structures 351 384 441 464 370 344 323 - 332 375 417
Equipment & Software 996 1070 1097 1082 916 1022 1117 1218 1315 1434
Residential Fixed Investment 775 718 585 444 343 348 358 458 523 575
Exports 1305 1422 1546 1648 1491 1642 1770 1891 2024 2175
Imports 2028 2151 2194 2152 1854 2116 2301 2446 2593 2735
Federal Government 876 895 906 972 1028 1074 1070 1032 1012 1002
State & Local Governments 1494 1507 1537 1533 1519 1523 1520 1521 1536 1559
Gross Domestic Product 12638 13399 14062 14369 14119 14657 15210 15858 16595 17434
Real GDP (2005 Chain Weighted $) 12638 12976 13229 13229 12881 13234 13536 13925 14343 14802
PRICES AND WAGES-ANNUAL RATES OF CHANGE
GDP Deflator 33 3.2 2.7 2.2 0.9 1.7 1.3 1.5 1.6 1.8
CPI-All Urban Consumers 3.4 3.2 2.9 3.8 -0.3 1.2 1.8 2.1 2.2 2.3
PPI-Finished Goods 4.9 3.0 3.9 6.4 -2.5 3.2 1.5 2.3 2.3 2.5
Employment Cost Index—Total Comp. 3.1 2.9 3.1 2.8 1.5 2.1 2.0 2.3 24 2.6
Productivity 1.8 1.0 1.4 2.8 3.5 1.5 1.1 1.1 1.0 1.5
PRODUCTION AND OTHER KEY MEASURES
Industrial Prod. (% Change) 3.3 2.2 1.7 -2.2 -9.3 5.2 3.1 3.6 3.8 4.0
Factory Operating Rate (%) 78.6 79.4 794 75.1 67.2 71.5 73.7 75.7 77.0 78.0
Nonfarm Inven. Change (2005 Chain Weighted $) 39.1 46.3 -3.7 . -343 -116.9 61.9 37.5 45.0 50.0 55.0
Housing Starts (Mill. Units) 2.07 1.81 1.34 0.90 0.55 0.59 0.79 1.19 1.40 1.60
Existing House Sales (Mill. Units) 7.08 6.51 567 489 5.16 4.79 4.78 5.30 5.65 6.25
Total Light Vehicle Sales (Mill. Units) 17.0 16.5 16.1 13.1 10.4 11.5 12.8 14.6 15.3 16.0
National Unemployment Rate (%) 5.1 4.6 4.6 5.8 9.3 9.7 9.5 9.1 8.5 8.0
Federal Budget Surplus (Unified, FY, $Bill) -321.0 -248.0 -162.0 -455.0 -1416 -1376 -1175 -1015 -750 -700
Price of Oil ($Bbl., U.S. Refiners’ Cost) 56.56  66.12 72.18 99.75 59.40 77.70 82.00 88.00 94.00 100.00
MONEY AND INTEREST RATES
3-Month Treasury Bill Rate (%) 3.1 4.7 4.4 1.4 0.2 0.2 0.3 1.1 3.0 3.5
Federal Funds Rate (%) 3.2 5.0 5.0 1.9 0.2 0.2 0.2 0.8 2.8 3.3
10-Year Treasury Note Rate (%) 4.3 4.8 4.6 3.7 3.3 3.2 2.6 3.4 4.5 4.8
Long-Term Treasury Bond Rate (%) 4.6 4.9 4.8 4.3 4.1 4.6 4.1 4.7 5.5 5.8
AAA Corporate Bond Rate (%) 5.2 5.6 5.6 5.6 5.3 5.0 4.8 5.6 6.0 6.5
Prime Rate (%) 6.2 8.0 8.0 5.1 3.3 3.3 3.3 4.6 6.5 7.0
INCOMES
Personal Income (% Change) 5.6 7.1 6.1 3.8 -1.7 3.3 3.3 4.1 4.5 55
Real Disp. Inc. (% Change) 1.4 3.5 2.8 1.3 0.6 1.8 1.6 2.3 2.5 3.0
Personal Savings Rate (%) 0.4 0.7 0.6 1.8 5.9 5.6 4.8 3.8 3.5 3.5
After-Tax Profits ($Bill) 1207 1405 1436 1231 1062 1404 1400 1477 1550 1659
Yr-to-Yr % Change 345 16.4 22 -143 -137 32.2 -0.3 5.5 5.0 7.0
COMPOSITION OF REAL GDP-ANNUAL RATES OF CHANGE
Gross Domestic Product 3.1 2.7 2.1 0.4 -2.6 2.7 2.3 2.9 3.0 3.2
Final Sales 341 2.8 2.4 1.4 -2.1 1.3 2.5 2.8 2.8 3.0
Total Consumption 3.0 3.0 2.8 0.2 -1.2 3.0 2.9 2.6 2.4 2.2
Nonresidential Fixed Investment 7.2 7.5 4.9 1.6 -17.1 6.0 5.2 6.8 9.0 10.0
Structures 1.3 8.2 12.7 1.2 -204 -7.0 -6.0 2.8 13.0 11.0
Equipment & Software 9.3 7.2 1.7 -3.0 -15.3 11.6 9.2 9.1 8.0 9.0
Residential Fixed Investment 6.3 -7.1 -17.9 -20.8 -229 1.6 3.0 27.9 14.0 10.0
Exports 7.0 9.1 8.4 6.2 -9.5 10.2 7.8 7.0 7.0 7.5
Imports 5.9 6.0 2.2 -3.5  -13.8 14.1 8.8 6.3 6.0 5.5
Federal Government 1.2 23 1.6 6.0 5.7 4.5 -0.3 -3.5 -2.0 -1.0
State & Local Governments -0.1 1.3 2.3 1.1 -0.9 0.2 -0.2 0.0 1.0 1.5
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