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Abstract

This article describes the academic debate about the usefulness of the capital asset
pricing model (the CAPM) developed by Sharpe and Lintner. First the article
describes the data the model is meant to explain—the historical average returns for
various types of assets over long time periods. Then the article develops a version
of the CAPM and describes how it measures the risk of investing in particular
assets. Finally the article describes the results of competing studies of the model's
validity. Included are studies that support the CAPM (Black; Black, Jensen, and
Scholes; Fama and MacBeth), studies that challenge it (Banz; Fama and French),
and studies that challenge those challenges (Amihud, Christensen, and Mendelson;
Black; Breen and Korajczyk; Jagannathan and Wang; Kothari, Shanken, and
Sloan). The article concludes by suggesting that, while the academic debate
continues, the CAPM may still be useful for those interested in the long run.

The views expressed herein are those of the authors and not necessarily those of the Federal
Reserve Bank of Minneapolis or the Federal Reserve System.



Most large U.S. companies have built into their capitalinvested in S&P stocks would be worth about $675,
budgeting process a theoretical model that economists awehereas $1 invested in T-bills would be worth only $11.
now debating the value of. This is tleapital asset pric- That's not much considering the fact that a market basket
ing modekthe CAPM) developed 30 years ago by Sharpeof goods costing $1 in 1926 would cost nearly $8 in 1991.
(1964) and Lintner (1965). This model was the first appar- For another perspective, consider what could have been
ently successful attempt to show how to assess the risk giurchased in 1991 if $10 had been invested in each of
the cash flow from a potential investment project and to esthese assets in 1926. If $10 were invested in small-firm
timate the project'sost of capitalthe expected rate of re- stocks in 1926, by 1991 it would be worth an impressive
turn that investors will demand if they are to invest in the$18,476. That's enough to cover one year of tuition in
project. Until recently, empirical tests of the CAPM sup- most prestigious universities in the United States. Mean-
ported the model. But in 1992, tests by Fama and Frenctvhile, $10 invested in T-bills would be worth only $110
did not; they said, in effect, that the CAPM is useless forin 1991, or enough to buy dinner for two in a nice restau-
precisely what it was developed to do. Since then, rerant?
searchers have been scrambling to figure out just what's Notice in Table 1 that the assets with higher average
going on. What's wrong with the CAPM? Are the Fama returns over 1926-91 also had more variable returns. This
and French results being interpreted too broadly? Must theorrespondence suggests that the higher average returns
CAPM be abandoned and a new model developed? Or camere compensation for some perceived higher risk. For
the CAPM be modified in some way to make it still a use-example, small-firm stocks, which yielded the highest re-
ful tool? turn in this period, had the highest standard deviation too.
In this article, we don't take sides in the CAPM debate;Similarly, in the first two subperiods, 1926—75 and 1976—
we merely try to describe the debate accurately. We staB0, small-firm stocks had both the highest return and the
by describing the data the CAPM is meant to explainhighest standard deviation.
Then we develop a version of the model and describe how However, something happened in the last subperiod,
it measures risk. And finally we describe the results 0fl981-91, according to Table 1. Long-term government
competing empirical studies of the model’s validity. bonds did extremely well. A dollar invested in Treasury
The Eacts bonds at the end of 1980 would have grown to more than

Let's start by examining the facts: the historical data on$4 by the end of 1991, which implies a high annual rate

- of return (14.2 percent). The risk premium (over T-bills)
average returns for various types of assets. We focus 9h the S&P 500 for the 1981-91 subperiod was 7.7 per-
historical average returns because the averages of retur| St not much different from that for the entire sémple

over long time horizons are good estimates of expected re-_ . . ; :
turns. And estimating expected returns for different type%emd' However, during this subperiod, the average an

. SO . ual return on T-bills of 8 percent was substantially more
of assets is a significant part of what the CAPM is SUPthan the average inflation rate of 4.3 percent. This unusual

posTt;% lglbgrg\tiilgetg gidvnfﬂaary of the average retum niSubperiod suggests that the sampling errors for the entire

tory for four types of assets: stocks for large and smal erlpd computed using conventlonal time series methods

firms, long-term U.S Treasur.y bonds. and short-term U SEI‘VhICh assume th_at the entire time series is generated fro_m
' ~ ’ "“the same underlying distribution) may overstate the preci-

Treasury bills. . sion with which the sample averages measure the corre-
For each sample period, we report average annual rat

. - - f.')onding population expectations.
of return. If investors have rational expectations, then the Clearly, though, across all subperiods, the time series
average returns over a fairly long horizon should be areas ;0 retums on these four types of assets are sub-
sonable measure of expected returns. Notice that the higs. o different in both their average and their volatili-
torical returns on different types of assets are substantlallxl This can be seen in another way by examining Chart

T oty e et 74 There e cisplay over he sampe perod 1926-01 e
P y ogarithm of the values of one dollar invested in each as-

return for investing in different projects. .

. set in January 1926. For example, the values plotted for
To the extent that the assets are claims to cash ﬂOWBecember 1991 are logarithms of the numbers in Table 1.

from a variety of real activities, these facts support th

view that the cost of capital is very different for differentewe plotted the logarithms of the values so they could all

projects. During the 66-year period from 1926 to 1991 be easily displayed together on one chart and compared,;

! o the values themselves are vastly different. The chart is in-
for example, Standard & Poor's 500-stock price index (thpt nded to further illustrate the great differences in the

e Brcehns of reus acros e o asses. ™
o ; These great differences are unlikely to be entirely acci-

cent. Since the average annual inflation rate was 3.1 P€hental. If investors had reasonable expectations in 1926,

\(/;veanst ﬂ::i;ll?/ g'f‘;‘e?:rr]'to?r’otnrleZaé\;gragggeggsgmtﬁgr;gr'g%hey would have guessed that somg—:‘thlng like this would be
eamed a heftyisk premiumof 8 3.percent over "[he nomi- '_the outcome 66 years I_ater, but still they were content to
nally risk-free retum on T-biIIs: The performance of the invest in portfolios that included all of these different as-
tocks of small firms was evén more impressive: the sets. A question that needs to be answered is, In what way
Zarne d an average annual return of 16.1 pF:ercent » Yre these assets different that makes investors content to
! T X " ... _hold every one of them even though their average returns
To appreciate the economic importance of these differ; re so different? For example, in what way are small-firm

erces s aerege, concer o e el of & oo fferent fom SaP 500 tocks tat makes niesors
have changed over time. As Table 1 shows, by 1991, $ atisfied with an 8.3 percent risk premium (over T-bills)



for the latter whereas they require a 12.4 percentrisk prgb)  (ER—Ry)V, + 2[a,varR) + a,covR,R)]V, = 0

' ?
mium for the former? 6)  ER-R)V, + 2avar®) + a,covR,R)V, = 0
The Model
The CAPM was developed, at least in part, to explain thevhereV, is the partial derivative of with respect to its
differences in risk premium across assets. According tgth argument, foj = 1, 2. Now consider multiplying equa-
the CAPM, these differences are due to differences in théon (5) by o, and equation (6) by, and summing the
riskiness of the returns on the assets. The model assertssults:
that the correct measure of riskiness is its measure—
known asbeta—and that the risk premium per unitof risk- (7)  [0,(ER~R,) + 0,(ER-R)]V;
iness is the same across all assets. Given the risk-free rate 42 +
and the beta of an asset, the CAPM predicts the expected {ay[a;varR) + a,CovR,R)]
risk premium for that asset. In this section, we will derive + ajjayvar(R,) + a,coviR,R)}V, = 0.
a version of the CAPM. In the next section, we will exam-
ine whether the CAPM is actually consistent with the aver-Using the definitions dER,,and varR ), we can write this
age return differences. more succinctly:

To derive the CAPM, we start with the simple problem
of choosing a portfolio of assets for an arbitrarily chosen8)  (ER-RyV; + 2varR,)V, = 0.
investor. To set up the problem, we need a few definitions.
Let R, be the return (that is, one plus the rate of return) on  The expressions in (5), (6), and (8) can all be written
the risk-free asset (asset 0). By investing $1, the investaas explicit functions of the rativ/,/V,, and then the first
will get $R, for sure. In addition, assume that the numbertwo expressions [from (5) and (6)] can be equated to the
of risky assets is.. The risky assets have returns that arethird [from (8)]. This yields the following two relation-
not known with certainty at the time the investments areships:
made. Let; be the fraction of the investor’s initial wealth
that is allocated to assefThenR isthe return on asset  (9)  ER — R, = [cov(R, R )arR)I(ER,—Ry)
Let R, be the return on the entire portfolio (that J,_,
o;R). HereR is a random variable with expected value for i = 1, 2. In fact, even for the more general case, where
ER and variance vaR), wherevarianceis a measure of n is not necessarily equal to 2, equation (9) holds. Let
the volatility of the return. The covariance between the recovR,R,)/var[R,) be thebetaof asset, or 3. Then we
turn of asset and the return of assgis represented by have
cov(R,R). Covarianceprovides a measure of how the re-
turns on the two assetsandj, move together. (10) ER=R,+ (ERR)B;

Suppose that the investor’s expected utility can be rep-
resented as a function of the expected return on the invefor all i = 1, ...,n.
tor’s portfolio and its variance. In order to simplify nota- A portfolio is said to be on thenean-variance frontier
tion without losing generality, assume that the investor caof the return/variance relationship if no other choice of
choose to allocate wealth to three assets:0, 1, or 2. weightsa,, o; (for j = 1, 2, ...,n) yields a lower variance
Then the problem is to choose fractiomg a,, anda, for the same expected return. The portfolio is said to be

that maximize on theefficientpart of the frontier if, in addition, no other
portfolio has a higher expected return. The optimally cho-

1) V(ER,varR,) sen portfolio for the problem in equations (1)—(4) has this
property. In fact, equation (10) will continue to hold if the

subject to returnR,, is replaced by the return on any mean-variance
efficient portfolio other than the risk-free asset.

2 opta,+ta,=1 Note that the returRR, in (10) is the return for one in-
vestor’s wealth portfolio. But equation (10) holds for ev-

(3)  ERy=0oR+0.ER + 0 ER ery mean-variance efficient portfolio, anineed not be

@) varR)=oXvarR) + avarR,) the same for all investors. A property of mean-variance ef-
ficient portfolios is that portfolios of them are also mean-

+ 20,0,C0V(R,Ry). variance efficient. If we define thaarket portfolioto be

L L . a weighted sum of individual portfolios with the weights
The objective functiotV is increasing in the expected re- getermined by the fractions of total wealth held by individ-
turn, OVIOER,, > 0; decreasing in the variance of the re- ais then the market portfolio is mean-variance efficient
turn, 0Vjovar(R,) < 0; and concave. These properties im-1q5_Therefore, an equation of the form given by (10) also
ply that there is a trade-off between expected returns ang|ds for the market portfolio.
the variance of returns. The constraint in equation (2) en- | fact, equation (10) witlR . equal to the return on the
sures that the fractions sum to 1. Equations (3) and (4) folarket portfolio is the key relation for the CAPM. This
low from the definition of the rate of return on the wealth rg|4tion implies that all assetshave the same ratios of
portfolio of the investorR,, _ , reward, measured as the expected return in excess of the
_ Substituting 1 -a, —a, for a,in equation (1) and tak- sk free rate ER — Ry), to risk (3). This is consistent
ing the derivative oV with respect ta, anda, yields the yjth the notion that investors trade off return and risk.
following conditions that must hold at an optimum: In specifying the problem of a typical investor [in (1)—

(4)], we assumed that a risk-free asset is available. If we



drop this assumption and s&} = O from the start, then then we should observe that across stocks those changes
we obtain a slightly different relationship between return(0S0x) are a scale multiple of the betas for the 11 stocks.
and risk than is given in (10). In particular, Black (1993) Chart 2 plots the incremental standard deviat@sigx;,
shows that without a risk-free asset, expected returns aagainst the beta for each asseédiotice that the points lie

the risky assets satisfy this relationship: on a positively sloped straight line; that is, the beta of an
asset does measure the incremental risk. Chart 3 plots
(11) ER=ER+ (ER;~ER)B, 0S0x againstS. Notice that this relationship has no par-

ticular pattern; that is, the volatility of the return on the as-

whereR, is the return on aero-betaportfolio [that is,  set is not the right measure of its riskiness.
covR,R,) = 0], R, is the return on the market portfolio, When the CAPM assumptions are satisfied, everyone
andf3, = covR,R)arR,). in the economy will hold all risky assets in the same pro-

We now provide an interpretation of beta in (10) or (11) portion. Hence, the betas computed with reference to ev-
as a measure of the asset’s contribution to portfolio riskery individual’s portfolio will be the same, and we might
Consider a portfolig of assets that earns retuRy and  as well compute betas using the market portfolio of all as-
has standard deviatid, = (var Rp)l/z. Let the standard sets in the economy. The CAPM predicts that the ratio of
deviation of an arbitrary assebe § and the covariance the risk premium to the beta of every asset is the same.
between assék return and that of the portfolio b§,. ~ That is, every investment opportunity provides the same
Now consider a new portfolio witly invested in assét  amount of compensation for any given level of risk, when
—x invested in the risk-free asset, a)q)dinvested in the beta is used as the measure of risk.
original portfolio. That is, consider modifying the portfolio The Tests

of an investorV\_/ho cu_rrentl_y hold§ in portfolio p by bor_— Now we want to see how the CAPM measures up to the
rowing 3 and investing it in asset The standard devia- data. As we shall see, there's some debate about that.

tion of the new portfolio is then

Methods
(12) S=(¢S + xS+ 2%xC,,) "~ If expected returns and betas were known, then all we
would have to do to examine the empirical support for the
Note that the derivative dbwith respect tog is CAPM is to plot the return and beta data against each oth-
er. Unfortunately, neither of these is known. We have to
(13) dSdx = (xS + %G p)/S. form estimates of them to use in empirical tests. We do

this by assuming that sample analogs correspond to popu-
This derivative measures how much the standard deviatidation values plus some random noise. The noise is typi-
(or risk) of the whole portfolio changes with a small cally very large for individual assets, but less for port-
change in the amount invested in adsdt we evaluate folios. To understand why noise creates problems, notice

this derivative ak = 0 andx, = 1, then we find that that two portfolios with measured betas that are very dif-
ferent could well have the same population betas if the
(14) dSdx |, w1 = CiplS = (o,,p/sg)sb =BS measurement error is very large. The objectives are to have

sufficient dispersion in asset betas and to measure this dis-

Notice thatdSdx = 3, S, That is, at the margin, an addi- persion sufficiently precisely.
tional dollar invested in asse(by borrowing the dollar) Black, Jensen, and Scholes (1972) came up with a
increases the standard deviation of the portfolio§,  clever strategy that creates portfolios with very different
and not byS.* SinceS§, does not depend on the particular betas for use in empirical tests. They estimate betas based
asset, (3, measures the relevant risk up to a scale multi-on history (by regressing historical returns on a proxy for
ple. In other words, when assets are held in a portfoliothe market portfolio), sort assets based on historical betas,
the right measure of the increase in the portfolio risk duegroup assets into portfolios with increasing historical be-
to an additional dollar of investment in the asset is the betas, hold the portfolios for a selected number of years, and
ta of the asset, not the volatility of its return. change the portfolio composition periodically. As long as

To see this more clearly, consider the following exam-historical betas contain information about population be-
ple. Suppose an investor is holding $1,000 in a portfolictas, this procedure will create portfolios with sufficient dis-
that includes stocks of all firms listed on the New York persion in betas across assets.
Stock Exchange (NYSE) and the American Stock Ex- Because this method uses estimates of the expected re-
change (AMEX), where the investment proportions areturn and beta, the relation being examined using data is
the same as the relative market capitalization of the stocksot (10) or (11) but rather
of the firms. Suppose that all dividends are reinvested in
that portfolio. Now suppose that the investor borrows $1(15) r, =y, +y,b, + €,
and invests in stocks of one of the randomly selected 11
firms listed in Table 2. There we report the sample meang/herer, is an estimate of the expected excess return on
and the sample standard deviations of the monthly perportfolio p (the difference between the return on the port-
centage rates of return for these 11 stocks along with theiblio and the return on a risk-free assét)is an estimate
sample betas, computed with respect to the index of abbf beta for portfoliop; y; is the market price of risk, the
stocks on the NYSE and AMEX (the total portfolio). We risk premium for bearing one unit of beta rigk;is the
also report there the change in the total portfolio’s stanzero-beta rate, the expected return on an asset which has
dard deviation with a $1 increase in the holdings of anya beta of zero; anel is a random disturbance term in the
of the stocks. If, as we have found abou§dx = 3,S,,  regression equation. Black, Jensen, and Scholes (1972) use



time series data on returns to construct a sample average This does not necessarily mean that the data do not sup-
forr, (r,= zlerpyt/T ,Wherer . is the excess return at time port the CAPM, however. As Black (1972, 1993) points
t). However, there are problems with the standard errorsut, these results can be explained in two plausible ways.
ony, andy, obtained by a least squares regression of avOne is measurement and model specification error that
erage excess returns on estimated betas. Therefore, Blaekises due to the use of a proxy instead of the actual mar-
Jensen, and Scholes suggest computing the standard errkes portfolio. This error biases the regression line’s esti-
of the parameters in the cross-sectional regression in theated slope toward zero and its estimated intercept away
following way: First run a cross-sectional regression forfrom zerc® The other plausible explanation is simpler: if
each period for which data on returns are available. Thigo risk-free asset exists, then the CAPM does not predict
procedure generates a time series of parameter estimatas. intercept of zero. In fact, Black, Jensen, and Scholes
Then use the standard deviation of the estimated time s¢1972) conclude that the data are consistent with Black’s
ries of parameters as the standard error of the parametg972) version of the model [equation (11)].
in the cross-sectional regressin. To illustrate the empirical method used in the Black,
For the original Sharpe (1964) and Lintner (1965) ver-Jensen, and Scholes study, let's evaluate the CAPM using
sion of the CAPM,y, should be equal to zero angd the sample data on stocks, bonds, and bills that we de-
should be equal to the risk premium for the market portfoscribed earlier. In Chart 5, we plot the average returns of
lio. For the Black (1972) version of the CAPM, given in those assets for the period from 1926 to 1991 against their
equation (11)y, is not necessarily equal to zero. If we estimated betas. These estimates of beta—as well as those
take a parameter estimate and divide by its standard errdgr the subperiods—are reported in Table 3. We also fit a
we can construct tstatistic for that coefficient. If the ab- straight line to the data by running a linear regression. No-
solute value of thé-statistic is large (greater than 2), then tice in Chart 5 that the relation between average return and
the coefficient is said to b&tatistically different from zero. beta is very close to linear and that portfolios with high
Usually, empirical tests of the CAPM are based ontthe (low) betas have high (low) average returns. This positive
statistics of the coefficients in the regression equation (15)elationship is consistent with the CAPM prediction and
According to the CAPM, expected returns vary acrosghe findings reported by Black, Jensen, and Scholes.
assets only because the assets’ betas are different. Hence Another classic empirical study of the CAPM is by
one way to investigate whether the CAPM adequately capg-ama and MacBeth (1973). They examine whether there
tures all important aspects of reality is to test whether othis a positive linear relation between average return and be-
er asset-specific characteristics can explain the cross-sde-and whether the squared value of beta and the volatility
tional differences in average returns that are unrelated tof the return on an asset can explain the residual variation
cross-sectional differences in beta. To do this, additionaih average returns across assets that is not explained by

terms are added to equation (15): beta alone. Using return data for the period from 1926 to
1968, for stocks traded on the NYSE, Fama and MacBeth

(16) 1 =Yo+Vib, + Vo, * €, find that the data generally support the CAPM.
Challenges

The vecton, in (16) corresponds to additional factors as- o . .
sumed to be relevant for asset pricing. In empirical evaIu{gglcﬁgméggsapsﬁzeigs fg;[eg?gt (i?[nr:]?”;]ctakl)(;eriti:.silg
ations of the CAPM, researchers want to know,it 0 ' ! Y Sugg g 9

- L . o something. A decade later, another study suggested that it
?eorléjs that is, if beta is the only characteristic that mat might be missing everything, and the debate about the
' CAPM'’s value was on.

Classic Support , D

One of the earliest empirical studies of the CAPM is tha a%h?iééﬁguttegs mtr?éZ%APM by checking whether the
of Black, Jensen, and Scholes (1972). They find that the. f the fi involved yl in th gw dual vari
data are consistent with the predictions of the CAPM, giv—Slze of the firms Involved can explain the residual varia-

. L . tion in average returns across assets that is not explained
en the fact that the CAPM is an approximation to reality ;
just like any other model. by the CAPM's beta. Banz challenges the CAPM hy

Black, Jensen, and Scholes (1972) use all of the sto Ciisshowing that size does explain the cross-sectional varia-
) ) IO

. =~ : : n in average returns on a particular collection of assets
on the NYSE during 1931-65 to form 10 portfolios with %etter than beta. He finds that during the 1936—75 period,

different historical beta estimates. They regress avera o average return to stocks of small firms (those with low
monthly excess returns on beta. Chart 4 shows their fitte I fg K . b iall (h her than th
relation between beta and the average excess monthly ri S Of market eqwt;Q W?Sl su sft_anna ¥t 'd dert lan tf €
turn (where the risk-free asset is the 30-day T-bill) fordverage retumn to stocks of large firms after adjusting for

these 10 portfolios and a proxy for the total market port_risk using the CAPM. This observation has become known

folio. The average monthly excess return on the markef~ thesize effect.

. . : Banz (1981) uses a procedure similar to the portfolio-
proxy used in the study is 1.42 percent. The estimated .
slope for the resulting regression line is 1.08 percent indrouping procedure of Black, Jensen, and Scholes (1972).
The assets are first assigned to one of five subgroups,

stead of 1.42 percent as predicted by the CAPM. The est sased on their historical betas. Stocks in each of the sub-

mated intercept is 0.519 percent instead of zero as pre- h ianed to five furth b based
dicted by the CAPM. The-statistics that Black, Jensen, groups are then assigned to five further subgroups, base

L : the market value of the firms’ equities. This produces
and Scholes report indicate that the slope and the interce P : .
of their regression line are significantly different from their Otal of 25 portfolios. Portfolios are updated at the end of

theoretical values. each year. Banz uses f_lrms on the NYSE and estimates
the cross-sectional relation between return, beta, and rela-



tive size—that is, our equation (16) wity, equal to the Fama and French (1992) also consider the ability of
relative size of theth portfolio. With this procedure, then, other attributes to account for this cross-sectional variation.
in (16), y, is the rate of return for a portfolio with beta When they include the ratio of the book value of a firm’'s
equal to zero, ang, andy, are risk premiums for beta common equity to its market value as an explanatory vari-
and size risks, respectively. able in addition to size, they find that this ratio can ac-
Banz (1981) reports estimates fgy— R, andy, —  count for a substantial portion of the cross-sectional varia-
(R;~Ry), whereR, andR,, — R, are the intercept and the tion in average returns. In fact, book-to-market equity ap-
slope predicted by the CAPM. The idea is to report deviapears to be more powerful than size.
tions from theory. Theory predicts that=R,, v, = R,,— What is so surprising about these results is that Fama
R,, andy, = 0. If deviations from theory are statistically and French (1992) use the same procedure as Fama and
significant (if thet-statistics are large in absolute value), MacBeth (1973) but reach a very different conclusion:
then Banz would conclude that the CAPM is misspecifiedFama and MacBeth find a positive relation between return
For the entire period, 193675, Banz obtains the followingand risk, and Fama and French find no relation at all.
estimates (antstatistics):y, — R, = 0.0045 (2.76)y, — Fama and French attribute the different conclusions to the
(R;~Ry = —0.00092 (-1.0), ang, = —0.00052 (—2.92), different sample periods used in the two studies. Recall
whereR,, is a measure of the market return. Because théhat Fama and MacBeth (1973) use stock returns for 1926—
t-statistic fory, is large in absolute value, Banz concludes68, whereas Fama and French (1992) use stock returns for
that the size effect is large and statistically significant. Thel963—90. When Fama and French rerun their regressions
fact that the estimate fo, is negative implies that stocks for 1941-65, they find a positive relationship between av-
of firms with large market values have had smaller returngrage return and beta.
on average than stocks of small firms. From these results, The sensitivity of the conclusions to the sample period
relative size seems to be able to explain a larger fractionsed can be illustrated using our four-asset data set. Sup-
of the cross-sectional variation in average return than betpose we repeat the exercise of Chart 5 for several subperi-
can. ods. In Chart 6, we plot the average returns of our four
To assess the importance of these results, Banz (198fypes of assets for the first subperiod, 192675, against
does one additional test. He constructs two portfolios, eactheir estimated betas. A straight line is fit to the data by
with 20 assets. One portfolio contains only stocks of smaltunning a linear regression. Notice that Chart 6 is very
firms, whereas the other contains only stocks of largesimilar to Chart 5, which includes the entire sample peri-
firms. The portfolios are chosen in such a way that theyod. In both charts, we see a positive, linear relationship
both have the same beta. Banz finds that, during the timeetween average return and beta.
period 1936-75, the small-firm portfolio earned on aver- For the subperiods 1976-80 and 1981-91, however, we
age 1.48 percent per month more than the large-firm portdo not see that relationship. Consider first the plot in Chart
folio, and the differences in returns are statistically signifi-7 for the period 1976-80. In these years, small-firm stocks
cant. Thus, the CAPM seems to be missing a significarjave an usually higher return of 35.6 percent while the
factor: firm size. S&P 500 gave only a more-usual 14.2 percent. Mean-
ol while, Treasury bills did much better than usual, and Trea-
s Beta Dead?

The general reaction to Banz s (1981) finding that th sury bonds did worse. Consider next the plot in Chart 8

CAPM may be missing some aspect of reality was, O or the period_ 192_31—91. Notice that the small-firm effect

course: since the CAPM is only an abstraction from réa"_dlsappeared in this period. The S&P 500 stocks yielded an

ty expécting it to be exactly right is unreasonable Whiedverage return of 15.7 percent, and the return on small
’ . stocks was only 13.3 percent. Yet the two types of assets

the data may show some systematic deviations from thﬁave approximately the same beta value. This fact is count-
CAPM, these are not economically important enough tq r to the prediction of the CAPM. Thus, although we find

reject it. This view has been challenged by Fama an o .
French (1992). They show that Banz s finding may b mpirical support for the CAPM over a long horizon

economically so important that it questions the validity o&lo?zf%g# or 1926-75), there are periods in which we do
thngnqul\gr:E g?gniﬁo(q%rglz(;aggtinr:\(:\?gItrr:geﬂﬁtlefs\?igsnei.n eOUa- The evidence against the CAPM can be summarized as
. X 35 lows. First, for some sample periods, the relation be-
tion (16) for the pe_rlod from July 1963 to December .1990tween average return and beta is completely flat. Second
with g, equal to size. They group stocks for firms listed ’ '

. other explanatory variables such as firm size (market equi-
on the NYSE, AMEX, and NASDAQ (the National Asso- ty) and the ratio of book-to-market equity seem to do bet-

ciation of Securities Dealers Automated Quotations) into[ than beta in explaining cross-sectional variation in av-
10 size classes and then into 10 beta classes, for a total §|Irag e asset returns

100 portfolios. They obtain estimatesgf= —0.37 with
a t-statistic of —1.21 andy, = —0.17 with at-statistic of = Responses
—3.41. Furthermore, even when they include only beta ity \y/nar About the Data?

the regression equation [equation (15)], they do not finérhe Fama and French (1992) study has itself been chal-
a significantly positive slope; their estimate {9is —0.15  1engeq. The study’s claims most attacked are these: that
with a standard error of 0.46. However, the size effect iye(a has no role for explaining cross-sectional variation in
S|'gn|f|cant with or without beta_s. Thus, their estimates iNyeturns, that size has an important role, and that the book-
dicate that, for a large collection of stocks, beta has NQy_market equity ratio has an important role. The studies

ability to explain th_e cross-sectiona_l variation in averag&esnonding to the Fama and French challenge generally
returns, whereas size has substantial explanatory powek,ye 4 closer look at the data used in that study.



ve?
and French’s (1992) findings depend critically on how on Is Beta Alive:

interprets their statistical tests. Kothari, Shanken, and Sloal hes gggsrﬁérﬁ]ae(ggggglfgﬁ Feimr?aint?egae?oc?ogugsgg% fgllg -
focus on Fama and French’s estimates for the coefficierf - P ges,

. : : : native asset pricing models (for example, the interesting
on betay, in equation (15)], which have high standard er- .
rors and therefore imply that a wide range of economicalonc. N Fama and French 1993). Jagannathan and Wang

: - : . .. 1(1993) think that may not be necessary. Instead they show
ly plausible risk premiums cannot be rejected statlstlcal-( -

I)B;. ‘Ijzor example ICi)f the estimate ¢f is 0.214 percent per tnat the lack of empirical support for the CAPM may be
month with a sténdard error of 0.23 percent, then 0 and 5 ue to the inappropriateness of some assumptions made to
basis points per month are both statisti call)’/ plaugible. acilitate the empirical analysis of the model. Such an anal-

This view, that the data are too noisy to invalidate theY SIS must mCll.Jde ameasure .Of the return on the aggregate
CAPM. is snjpported by Amihud, Christensen, and Men_wealth portfolio of all agents in the economy, and Jagan-
delson (1992) and Black (1993). In fact, Amihud, Chris- nathan and Wang say most CAPM studies do not do that.

tensen, and Mendelson (1992) find that when a more effiy_ al:/l?hs; eﬂr;ﬁ;ﬂcglns'ﬁglsj 2{;25 ggﬁ('\élt ?ﬁjg%i’ Iﬁlfée?r?é
cient statistical method is used, the estimated relation bt '

Kothari, Shanken, and Sloan (1995) argue that Fan%

tween average return and beta is positive and significan YSE composite index, is a reasonable proxy for the re-
rn on the true market portfolio of all assets in the econo-

Black (1993) suggests that the size effect noted by Banmy. However, in the United States, only one-third of non-

(1981) could simply be a sample period effect. the SIZ(?9overnmental tangible assets are owned by the corporate

effect is observed in some periods and not in others. T donl hird of ; d
make his point, Black uses some findings of Fama an ector,_gnFor?hy one-thir to c_ct))rlporate tasls_lt(etshare inance

’ , o . ~ Dy equity. Furthermore, intangible assets, like human capi-
French (1992). They find that their estimateypih equa: tal, are not captured by stock market indexes.

tion (16) is not significantly different from zero for the .
1981-90 period. That is, size does not appear to have any Jagannathan and Wang (1993) abandon the assumption

power to explain cross-sectional variation in average rei-nat IUI]ae t;rrcs)a(CJIlgt;)ZC)k mgkﬁgé?f:gisuﬂgnaizqﬁ:ﬁhlztﬂtleci)yv-

turns for the period after the Banz (1981) paper was pme%aqua of wealth ’ Singe human capital is gf course, not

lished. This point is also evident in our data in Table 1. In irectly observabl : Jaoannathan ﬁd W 1n must !

the 1981-91 subperiod, the return on small-firm stockswag ec ¥ ot sgl_ha eﬁ aga h amha "; £l g g must use a

13.3 percent whereas that on the S&P 500 stocks was 159?0.').?1/ Orb't'.l d hey choose t Ie grO\r/]vt ?AP?\/I orr]_lncom.eL

percent. R beeyth(leJ | retuurrr??cr; (t:r?g It\jjlallgéovtle?g(r:lted pérlt?o\;;lc? )gf :Itl
One aspect of Fama and French’s (1992) result is trouS—tockS traded on the NYSE and AMEX, andfebe the

bling. Although their point estimate for the coefficient on growth rate of per capita labor income. Then Jagannathan
beta ¢,) for the 1981-90 sample is statistically significant, and Wang's version of the CAPM is given by

it is negative rather than positive, as the CAPM predicts
risk premiums to be. This is evidence against the CAPM _ W |
but also evidence in favor of the view that the size effect(ﬂ) ER, = ao + 0uBp" + af,

may be spurious and period-specific. . o

Even if there is a size effect, however, there is still aV;/Shf r;ERé,I-fféng exgjgg\eg rg”{ﬁeocggg\?vg Bﬁtelz thg t-
guestion about !ts importance given thel relatively sm_al olio of %" stock% traded on the NYSE gn d AI\F/)IEX
value of small firms, as a group, used in these studie 'PV(RJRM)/Vaf(RM)]y an dB,'J is the risk of portfoliop rel-
giive to wealth due to human capital [cByR)/varR)].

With human capital included in this way, Jagannathan
40 percent of the groups account for more than 90 percent : )
of trr:e market valug of gll stocks on the NYSE and AFI;’/IEX. and Wang (1993) show that the CAPM is able to explain

: 8 percent of the cross-sectional variation in average re-
Thus, for a large enough collection of assets, the CAP . . .
may still be empirically valid. urns in the 100 portfolios studied by Fama and French

Another variable that Fama and French (1992) find t 1992). Since only 1.4 percent of the cross-sectional varia-

be important for explaining cross-sectional variation in re—.'or; cdan be Fxplalnked by ﬂ traditional rrcwiarket porrrf]ollo (’;r(qut
turns is the ratio of book-to-market equity. However, Includes only stocks on the NYSE and AMEX, the addi-

Kothari, Shanken, and Sloan (1995) point to another pro fion of human capital makes a significant difference.

lem with the data (from Compustat) used by Fama and Jagannathan and Wang (1993, forthcoming) also look

French (19925 The problem is the treatment of firms that in another direction. Several studies have pointed out that

are added to the data set and then their data are back-fillg(? tas of assets vary over the business cycle in a systematic

by Compustat. Firms that had a high ratio of book-to-mar & (for example, Harvey 1989; Ferson and Harvey 1991,

ket equity early in the sample were less likely to survive1993; and Ferson and Korajczyk 1995). When Jagan-

and less likely to be included by Compustat. Those thapathan and Wang (1993, forthcoming) also allow for time-

did survive and were added later show high returns. Thu varying betas, they show that the CAPM is able to explain

the procedure has a potential bias. Breen and Korajczy 7 percent of the cross-sectional variation in average re-

(1993) follow up on this conjecture by using a Compustal urns. Tlheyrq shova that not al tl_n;]er:/ ariations 'g bita mat
sample that has the same set of firms for all years; n pr—only those that comove with the expected risk premi-

back-filled data are used. They find that the effect of the' " ON the market portfolio. Since the market risk premi-

book-to-market equity ratio is much weaker in these datg™ is highly correlated with other macroeconomic aggre-
than that reported by Fama and French (1892) gates that also vary over the business cycle, only the part
P Y ' of the time variation in the asset’s beta that can be pre-



dicted using variables that help forecast the business cyctban beta is needed to explain the cross section of expect-
matters for explaining expected returns. ed returns on financial assets.

To build this part into the CAPM, I<—:ﬁ?pr be the differ- n Sum
ence between the yields on low- and high-grade bondi . ithouah F dF h (1992 K
Jagannathan and Wang (1993, forthcoming) assume thaf SUmmarize, atthoug t?tznacag\]PM renc ,E X d') mﬁ e
Ry is a good indicator of the business cycle and, hence, ot Persuasive case against the , recent studies nave

: . challenged their results. There have also been modifica-
cyclical movements in beta. They show that the CAPM_; ,
with time-varying betas and human capital implies the fol-tions of the Sharpe 1964-Lintner 1965-Black 1972 CAPM

lowing three-beta model for unconditional expected reN0L cons_ldered by Fama and French (1992) that appear to
) be consistent with the data. Whether or not these alterna-

turns: : ; . =

tive models will themselves withstand further scrutiny is

(18) ER =ao+aB"+ 0(2[3,'3 +a By yet to be determined.
Concluding Remarks

whereBl = covR, R, p)/varR, ). In (18), B provides  With academics debating the value of the CAPM, what
a measure of the instability of the beta of portfgtiolf  are companies that now use it in their capital budgeting
we hold other things constant, then assets with larger betarocess to do? Maybe nothing different. Obviously, capital
instability should earn a higher expected return. Wherbudgeting decisions were made before there was a CAPM,
Jagannathan and Wang (1993, forthcoming) include firmand they can be made again without it. But the data seem
size in (18), they find that size has little ability to explain to suggest that those who choose to use the CAPM now
what is left unexplained by the three-beta model. despite the academic debate will actually not be getting
In Charts 9-11, we reproduce Figures 1, 3, and 4 ofvorthless advice. Recall our Chart 5, where we plotted the
Jagannathan and Wang (forthcoming) which illustrate theeturn/beta relationship for four types of assets over a peri-
performance of the various versions of their model. Allod as long as 66 years. The result was more-or-less a pos-
versions use data for 100 portfolios of stocks traded on thiively sloped, straight line, just as the CAPM predicts. As
NYSE and AMEX during July 1963-December 1990. we saw, that straight-line relationship breaks down over
Chart 9 is based on a standard CAPM. It is a plot of theshorter time periods, and academics continue to debate
realized average returns against the fitted expected returmshy that is so. But for now, for those interested in the
using estimated parameters when d}fy/ is included in  longer view, the CAPM still seems to have something to
the regression equation. If the predictions of the model areffer.
consistent with the data, the points should lie on the 45-
degree line. Clearly, they don't. With only stock betas in-
cluded in the model, the fitted expected returns are all
about the same despite the variation in realized average +The authors thank Jaeuk Khil for research assistance and Gordon Alexander, V.
returns. Chart 10 shows the effect of addlng human Capita]eilt']sari, David Marshall, David Runkle, and especially John Boyd for helpful com-
anfj tlme—varylng betas_ tQ the model. Now the Clu_Ster Ofﬂ IFor a discussion of how corporate managers use models like the CAPM, see the
points comes close to lining up on the 45-degree line; theox displayed later in the article.

performance of the model impro\/es signiﬁcantly v\ﬁ#h 2According to the description given by the source for these data, Ibbotson Associ-
ates 1992, the common stock returns are based on Standard & Poor’s composite index.

‘- .
and BE included. Flnally, Chart 11 shows what happenSThis index includes 500 stocks now, but it included only 90 stocks before March 1957.

when the model includes size as well. The fact that Chartsor the period 192681, the small-firm stock index consisted of stocks in the smallest
: H H ; i ~quintile of firms in terms of their market value of equity (their share price times shares
]_'0 and 11 look so mF’Ch alike is con5|st_ent with the pr,eqlcoutstanding) listed in the New York Stock Exchange; the portfolio composition is rebal-
tion that beta alone is the relevant variable for explaininginced once every five years. Starting in 1982, the small-firm stock index corresponds
average returns. to the Dimensional Fund Advisors’ Small Company Fund. For the period 1926—76, the

. total returns on long-term U.S. government bonds are from the Center for Research in
Thus, Jagannathan and Wang (1993, forthcoming) disecurity Prices (CRSP) at the University of Chicago Graduate School of Business. Each

rectly respond tothe ch a||enge of Fama and French (19926ar one bond portfolio is constructed with a maturity of about 20 years. For the period
“ s 1977-91, data from thevall Street Journahre used to compute the total returns on
p. 449)1 who assert that “resuscitation of the SLB [Sharp%ond funds. For U.S. Treasury bill returns, data from the CRSP U.S. government bond

1964-Lintner 1965-Black 1972] model requireg that a betiile la:jetﬁsed gwough 1976. Data reported in\tal Street Journahre used for the

: . period thereafter.
ter proxy for the market pOI’l’fOlIO (a) OVErturns our evi 3Table 1 also reports the implied annual returns that would produce those dollar
dence that the simple relation betwdlamd average stock  vaiues. To calculate these retums, we first calculate the value of the asset if $1 were
returns is flat and (b) |eaV¢Sas the 0n|y variable rele- iﬂvestedbin th-? first ye;ar 3;‘ the pe;ijod.l\jNe tbhten ;aji-se that value to the power of 1 over

L ” . e number of years for the period and subtract 1.
vant for explaining average returns.” The version of the ™ 4 Y P . . _
ote that we could have started our derivations of equation (10) by using the fact

CAPM that Jagannathan and Wang use has three bet@s investors trade off expected returns (thatrieany and risk (that isyariance$

iti en making portfolio decisions. Suppose that investors are indifferent between assets
and hence does not meet condition (b). Therefore perha;gé
hei | hould b X d difi ) fth at yield the same return/risk ratios; that is, suppose tRIIK)/(dSdX) | -, x,-1 I
their results shou e viewed not as a modification of t .%onstant for ali, whereR = xR + x,R, — x R,. Then ER-R,)/3, must be constant;
CAPM but rather as the development of a new asset prigence, equation (10) holds.

For a discussion on computing the sampling errors associated with the estimates
ing model. HOWGVGI’, Jagannathan and Wang demonStragﬁhe coefficients in the cross-sectional regression, see Shanken 1992 and Jagannathan

that when the use of a better proxy (lnClUdlng human Capand Wang, forthcoming. For a description of better alternatives for econometric evalua-
ita|) for the market portfolio results in a two-beta model tion of the CAPM that rely on either the method of maximum likelihood or the gener-
. alized method of moments, see Gibbons 1982, Stambaugh 1982, Shanken 1985, Mac-
instead of a one-beta model and when the CAPM hOIdﬁnlay and Richardson 1991, and Jagannathan and Wang 1993.
in a conditional sense (period-by-period with betas and ex- ésuppose the relation being estimateg,is yx + u. If we observeX, = x + v,
pected returns varying over time) unconditional expectedither than jusk, wherey, is measurement error uncorrelated withthen the least

X . R ! squares estimate fgrwill be biased toward zero. The larger is the variance othe
returns will be linear with market beta as well as a meayreater is the bias.
sure of beta instability over business cycles. One could These figures are from Fama and French's (1992) regressions of individual NYSE

therefore argue that the CAPM really implies that morestocks on beta for 1941-90.
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BOX

How the CAPM Helps Corporate Managers

Models like the capital asset pricing model (the CAPM) help  In practice, however, following that simple rule is not
corporate managers by providing them with a practical waysimple. It requires, among other things, estimating the net
to learn about how investors judge the riskiness of potentiapresent value of every project under consideration. Corpora-
investment opportunities. This helps managers use the rdions thus spend a substantial amount of resources evaluating
sources of their firms more efficiently. potential projects.

A key input to that process is the cost to the firm of fi-

The Manager's Problem nancing capital expenditures, known more simply astis¢

Inhm;)?ﬁrnf!ndystnal economlte?hmantaggrs %’m easrl]l_y kno(‘j’\bf capital. This is the expected rate of return that investors
what the firm's owners want thém 1o do. DWnership and, require for investing in a specific project or financial as-

management are typically quite separate. Managers are hir t. The cost of capital typically depends on the particular

to act in the interests of owners, who hold stock in the Cor'project and the risk associated with it. To be able to evaluate

porgnon but ar(ej otherwise nolt involved |ntthe busmestsr.] lfgrojects effectively, managers must understand how inves-
wners send some general messages to managers throygls »qseqs that risk and how they determine what risk pre-
the stock market. If stockholders do not like what managers,,i ;\m to demand

are doing, they sell their stocks, and the market value of the
firm's stock drops. The representatives of stockholders orfhe CAPM’s Role
the firm’s board of directors notice this and turn to the man-Providing such an understanding is the focus of most research
agers for corrective action. In this way, therefore, stock pricesn the area of asset pricing. An asset pricing model provides
act like an oversight mechanism. They monitor the activitiesa method of assessing the riskiness of cash flows from a proj-
of managers by aggregating the opinions of the stockholder&ct. The model also provides an estimate of the relationship
However, stock prices don't act fast enough. They don'tbetween that riskiness and the cost of capital (or the risk pre-
give managers specific directions ahead of time about whiclmium for investing in the project).
projects to pursue and which to avoid. Managers must make According to the CAPM, the only relevant measure of a
these capital expenditure decisions on their own and theproject’s risk is a variable unique to this model, known as the
later find out, by the stock market's reaction, whether or notproject'sbeta.In the CAPM, the cost of capital is an exact
the firm’'s owners approve. linear function of the rate on a risk-free project and the beta
Disapproval can be costly. In the United States in 1992 0f the project being evaluated. A manager who has an esti-
for example, capital expenditures by the corporate businessiate of the beta of a potential project can use the CAPM to
sector (excluding farming and finance) totaled $397 billionestimate the cost of capital for the project.
(or 6.6 percent of the annual gross domestic product). These If the CAPM captures investors’ behavior adequately,
expenditures usually cannot be recovered if stockholders dighen the historical data should reveal a positive linear rela-
approve of them. tion between the average return on financial assets and their
betas. Also, no other measure of risk should be able to ex-
plain the differences in average returns across financial as-
sets that are not explained by CAPM betas. Empirical stud-
ies of the CAPM have supported this model on both of those
r{§oints—until recently, as the accompanying article describes.

The Classic Solution
In view of this, capital budgeting has a central role in both
the theory and the practice of managerial finance.

Theory suggests one simple rule for corporate manage
to follow when making capital expenditure decisions: Maxi-
mize the value of the firm. Then, if some stockholders dis-
agree with management decisions, they can sell their stock
and be at least as well off as if management had made dif-
ferent decisions. This idea is the basis for the classic theoret-
ical recommendation that managers only invest in those proj-
ects which have a positive net present value.



Table 1
Financial Asset Returns and Inflation

During 1926-91

Stocks U.S. Treasury
Type of Calculation Consumer
and Time Period S&P 500 Small Firms Bonds Bills Price Index
Annual Rate of Return*
Average
1926-91 11.94% 16.05% 4.94% 3.64% 311%
192675 10.89 14.71 314 2.30 2.29
1976-80 1417 35.55 221 751 8.85
1981-91 15.71 1327 1414 798 425
Variability™
1926-91 20.22% 31.02% 7.62% 94% 2.01%
192675 21.46 3359 5.38 61 215
1976-80 1448 25.87 11.16 82 114
1981-91 16.31 18.25 12.41 75 97
Result of $1 Invested at Start of
Period
Value at End of Period $675.59 $1,847.63 $20.95 $11.01 $7.67
1926-91
73.86 109.34 429 314 3.08
192675 192 489 1.09 145 155
1976-80 4.81 353 433 240 159
1981-91
Implied Annual Growth Ratet
1926-91 10.38% 12.07% 4.72% 3.70% 3.14%
1926-75 8.9 9.84 2.95 2.32 2.22
1976-80 13.95 37.35 1.68 1.77 9.21
1981-91 15.34 12.14 1424 8.28 433

*The annual rate of return is the asset's monthly return multiplied by 12.
**The variability of the return is its standard deviation multiplied by the square root of 12.

+The implied annual growth rate is calculated by this formula; (Value of $1 at end of period)"” — 1,
where 7 is the number of years in the period.

Source: Ibbotson Associates 1992



Table 2
Selected Stock Returns, Volatilities, and Betas

During 1972-91

Monthly Rate of Return Relation to Total Portfolio™

Effect on Portfolio

S.D. of $1
Stock Increase

Firm () Mean S.D.(S) Beta (B) (050x)
American Telephone and Telegraph ~ 1.19 5.36 552 2.63
Bristol-Myers Squibb 1.56 7.08 986 470
Coca-Cola 1.40 6.75 917 437
Consolidated Edison 161 7.38 566 2.70
Dayton Hudson 1.53 9.69 1191 568
Digital Equipment 113 10.25 1.278 6.09
Exxon 1.47 5.26 729 347
Ford Motor 115 8.32 968 461
International Business Machines 61 6.03 769 3.66
McDonald's 1.37 8.15 1129 5.38
McGraw-Hill 1.4 8.15 1.075 512

*The total portfolio is $1,000 invested in all stocks traded on the NYSE and AMEX

Source: Center for Research on Security Prices, University of Chicago

Table 3
Estimated Betas for Four Types of Assets

During 1926-91

Stocks U.S. Treasury
Period S&P 500  Small Firms Bonds  Bills
1926-91 1.03 1.39 07 .00
192675 1.03 144 03 .00
1976-80 94 1.46 22 .00
1981-91 1.01 99 31 =0

Source of basic data: Ibbotson Associates 1992



Chart 1

How the Value of $1 Invested in Four Assets
Would Have Changed Since 1926

Monthly, 1926-91
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Source of basic data: Ibbotson Associates 1992




Chart 2-3
Beta vs. Return Volatility as the Right Measure of Risk

The Relationship Between Alternative Risk Measures
and the Effect on a Total Portfolio's Variability
of Investing an Extra Dollar in Each of 11 Stocks™

Chart 2 Beta of the Stock

Portfolio
S.D. Change
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Stock's Beta

Chart 3 Standard Deviation of the Stock Return
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S.D. Change
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Standard Deviation of Stock's Return

*The stocks are listed in Table 2. The total portfolio is $1,000 invested in all stocks
traded on the NYSE and AMEX

Source of basic data: Center for Research on Security Prices, University of Chicago




Chart 4
A Classic Test of the CAPM

Average Monthly Returns vs. Beta
for 10 Portfolios and a Market Portfolio
During 1931-65
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Source: Black, Jensen, and Scholes 1972




Chart5
Repeating a Classic Test of the CAPM

Average Annual Returns vs. Beta for Four Types of Assets:
S&P 500 and Small-Firm Stocks and U.S. Treasury Bonds and Bills
During 1926-91

— Predicted by the CAPM ® Actual

Source: Ibbotson Associates 1992




Chart 6-8

A Changing Relationship

Between Average Annual Returns and Beta for Four Types of Assets
— Predicted by the CAPM * Actual
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0Chart 7 During 1976-80
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Chart8 During 1981-91
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Source of basic data: Ibbotson Associates 1992




Chart 9-11
The Effects of Modifying the CAPM

Fitted Expected Returns vs. Realized Average Returns
for 100 Portfolios of NYSE and AMEX Stocks
During July 1963—December 1990
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Chart 10 A Model With Human Capital
and Time-Varying Betas . . .
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Chart 11 ... And Firm Size
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Source: Jagannathan and Wang, forthcoming (Figures 1, 3, and 4)




