CHAPTER NINE

THE CAPITAL ASSET PRICING
MODEL

THE CAPITAL ASSET pricing model, almost
always referred to as the CAPM, is a center-
piece of modern financial economics. The
model gives us a precise prediction of the
relationship that we should observe between
the risk of an asset and its expected return.
This relationship serves two vital functions.
First, it provides a benchmark rate of return
for evaluating possible investments. For
example, if we are analyzing securities, we
might be interested in whether the expected
return we forecast for a stock is more or less

than its “fair” return given its risk. Second,
the model helps us to make an educated
guess as to the expected return on assets that
have not yet been traded in the marketplace.
For example, how do we price an initial pub-
lic offering of stock? How will a major new
investment project affect the return inves-
tors require on a company's stock? Although
the CAPM does not fully withstand empirical
tests, it is widely used because of the insight
it offers and because its accuracy is deemed
acceptable for important applications.

9.1 THE CAPITAL ASSET PRICING MODEL

The capital asset pricing model is a set of predictions concerning equilibxjpected
returns on risk assets. Harry Madwitz laid dovn the foundation of modern portfolio
management in 195Zhe CAPM wvas deeloped 12 years later in articles William
Sharpé, JohnLintner,? and Jan MossifiThe time for this gestation indicates that the leap
from Markowitz’s portfolio selection model to the CAPM is novii.

We will approach the CAPM by posing the question “whatitere the “if” part refers
to a simplifed world. Positing an admittedly unrealistiovid allovs a relatiely easy leap
to the “then” part. Once we accomplish this, we can add cotityplk® the hypothesized

William Sharpe, “CapitaAsset PricesA Theory of Marlet Equilibrium’; Journal of Fnance September 1964.

2John Lintner “The Valuation of RiskAssets and the Selection of Ryskivestments in Stock Portfolios and
Capital Budgets,Review of Economics and Statistidsgbruary 1965.

3Jan Mossin, “Equilibrium in a Capitalsset Marlet! EconometricaQctober 1966.
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ervironment one step at a time and sew liloe conclusions must be amendehis pro-
cess allavs us to dexie a reasonably realistic and comprehensible model.

We summarize the simplifying assumptions that lead to the basston of the CAPM
in the following list. The thrust of these assumptions is that we try to ensure thatlindi
als are as alik as possible, with the notabbeceptions of initial wealth and riskarsion.
We will see that conformity of westor behaor vastly simplifes our analysis.

1.

There are maninvestors, each with an endment (wealth) that is small compared
to the total endement of all ivestors. Imestors are price-taks, in that thgact as
though security prices are ufedted by their wn tradesThis is the usual perfect
competition assumption of microeconomics.

. All investors plan for one identical holding peridtiis behaior is myopic (short-

sighted) in that it ignoresverything that might happen after the end of the single-
period horizon. Myopic beléor is, in general, suboptimal.

. Investments are limited to a weise of publicly tradedrfancial assets, such

as stocks and bonds, and to risk-free bmimg or lending arrangementghis
assumption rules outvestment in nontraded assets such as education (human
capital), prvate enterprises, andwgrnmentally funded assets such agrtdalls
and international airports. It is assumed also thegstors may borke or lend ag
amount at aiked, risk-free rate.

. Investors pay no tas on returns and no transaction costs (commissions and service

chages) on trades in securities. In realdf course, we kne that irvestors are

in different tax bracéts and that this may gern the type of assets in whichyhe

invest. or example, tax implications may @& depending on whether the income

is from interest, diidends, or capital gains. Furthermore, actual trading is ¢ostly

and commissions and fees depend on the size of the trade and the good standing of
the indvidual investor

. All investors are rational meamanance optimizers, meaning thatytadl use the

Markowitz portfolio selection model.

. All investors analyze securities in the sanag and share the same economic

view of the world. The result is identical estimates of the probability digtidn

of future cash flars from irvesting in the @ailable securities; that is, for aset

of security prices, theall derive the same input list to feed into the Mawitz

model. Gven a set of security prices and the risk-free interest rateyafitors use
the samex@ected returns and eariance matrix of security returns to generate the
efficient frontier and the unique optimal nsgortfolio. This assumption is often
referred to ablomogeneous expectationsr beliefs.

These assumptions represent the “if" of our “what if” analysisvi@isly, they ignore
mary real-world compleities. With these assumptions,\lever, we can gain some per-
ful insights into the nature of equilibrium in security netek

We can summarize the equilibrium that will ped in this hypothetical wrld of
securities and westors briefly The rest of the chaptexgains and elaborates on these
implications.

1.

All investors will choose to hold a portfolio of nskssets in proportions that
duplicate representation of the assets imtlagk et portfolio (M), which includes
all traded assets oF simplicity, we generally refer to all rigkassets astoks.The
proportion of each stock in the matkportfolio equals the magk\value of the stock
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(price per share multiplied by the number of shares outstandindgdiby the
total marlet value of all stocks.

2. Not only will the marlet portfolio be on the &tient frontier but it also will be the
tangeny portfolio to the optimal capital allocation line (CAL) dexd by each and
every investor As a result, theapital marlet line(CML), the line from the risk-
free rate through the magkportfolio,M, is also the best attainable capital alloca-
tion line.All investors holdV as their optimal riskportfolio, differing only in the
amount ivested in it ersus in the risk-free asset.

3. The risk premium on the makportfolio will be proportional to its risk and the
degree of risk gersion of the representai investor Mathematically

E(tw) — ¢ = Aoty

where o3, is the ariance of the magk portfolio andA is the aerage dgree of
risk aversion across uestors. Note that becaulskis the optimal portfolio, which is
efficiently diversified across all stocksy?, is the systematic risk of this weirse.

4. The risk premium oindividual assets will be proportional to the risk premium on
the marlet portfolio,M, and thebeta codfcient of the security relate to the mar
ket portfolio. Beta measures theent to which returns on the stock and the rark
move togetherFormally, beta is dehed as

B — Cov(r;, )

oM
and the risk premium on inddual securities is

R GO TS

M

Why Do All Investors Hold the Market Portfolio?

What is the manit portfolio?When we sum \eer, or aggrgate, the portfolios of all indi-
vidual investors, lending and boming will cancel out (because each lender has a cor
responding bormwwer), and the &lue of the agggate risk portfolio will equal the entire
wealth of the economyhis is the marét portfolio,M. The proportion of each stock in this
portfolio equals the mae \value of the stock (price per share times number of shares out-
standing) diided by the sum of the markvalues of all stockéThe CAPM implies that
as indviduals attempt to optimize their personal portfoliosytkach arxe at the same
portfolio, with weights on each asset equal to those of theanpdktfolio.

Given the assumptions of the pi@us section, it is easy to see that alleistors will
desire to hold identical rigkportfolios. If all investors use identical Maowitz analysis
(Assumption 5) applied to the same werse of securities (Assumption 3) for the same
time horizon (Assumption 2) and use the same input list (Assumption §)aliheaust
arrive at the same composition of the optimalyigkrtfolio, the portfolio on the &€ient
frontier identifed by the tangerycline from T-bills to that frontier as inFigure9.1 This

“As noted preiously, we use the term “stock” for ce@nience; the maek portfolio properly includes all assets
in the economy
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implies that if the weight of GE stock, fokample,

in each common rigkportfolio is 1%, then GE also
will comprise 1% of the magk portfolio. The same
principle applies to the proportion ofyastock in each
investors risky portfolio.As a result, the optimal rigk
portfolio of all investors is simply a share of the mar
ket portfolio inFigure 9.1

CML Now suppose that the optimal portfolio of our
investors does not include the stock of some compan
such as Deltairlines. When all irvestors goid Delta
stock, the demand is zero, and Daltptice taks a
free fall. As Delta stock gets progregsly cheaper

it becomes eer more attractie and other stocks look

FIGURE 9.1 The efficient frontier and the

capital market line

Owm

relatively less attractie. Ultimately Delta reaches a
price where it is attraste enough to include in the
optimal stock portfolio.

Such a price adjustment process guarantees that
all stocks will be included in the optimal portfolio. It

shaws thatall assets hze to be included in the mazk
portfolio. The only issue is the price at whiclvéstors will be willing to include a stock in
their optimal risly portfolio.

This may seem a roundabouayto denve a simple result: If all wvestors hold an
identical risk portfolio, this portfolio has to b#, the marlet portfolio. Our intention,
however, is to demonstrate a connection between this result and its underpinnings, the
equilibrating process that is fundamental to security etasgeration.

The Passive Strategy Is Efficient

In Chapter 6 we defed the CML (capital magk line) as the CAL (capital allocation line)
that is constructed from a monmarket account (oif-bills) and the mart portfolio. Per
haps nav you can fully appreciate why the CML is an interesting CAL. In the simpté&w
of the CAPM,M is the optimal tangeycportfolio on the dicient frontier as shan in
Figure 9.1

In this scenario, the maegkportfolio held by all imestors is based on the common input
list, thereby incorporating all retant information about the urérse of securitiesThis
means that westors can skip the trouble of doing security analysis and obtaificaref
portfolio simply by holding the maet portfolio. (Of course, if\eryone were to foll
this stratgy, no one wuld perform security analysis and this resusuvd no longer hold.
We discuss this issue in greater depth in Chapter 11 onetneficiency.)

Thus the passgeé stratgy of investing in a manit index portfolio is eficient. For this
reason, we sometimes call this resuthatual fund theorem. The mutual fund theorem
is another incarnation of the separation property discussed in Chagtesuming that
all investors choose to hold a matkndex mutual fund, we can separate portfolio selec-
tion into two components—a technical problem, creation of mutual funds by professional
managers—and a personal problem that depends owestars risk aersion, allocation
of thecompleteportfolio between the mutual fund and risk-free assets.

In reality, different irvestment managers do create yiglortfolios that difer from the
market index. We attritute this in part to the use of fifent input lists in the formation
of the optimal risk portfolio. Nevertheless, the practical sigicéince of the mutual fund
theorem is that a pasgsiinvestor may vie/ the marlet index as a reasonabledt approxi-
mation to an dicient risky portfolio.



THE PARABLE OF THE MONEY MANAGERS

Some years ago, in a land called Indicia, revolution led
to the overthrow of a socialist regime and the restora-
tion of a system of private property. Former govern-
ment enterprises were reformed as corporations, which
then issued stocks and bonds. These securities were
given to a central agency, which offered them for sale
to individuals, pension funds, and the like (all armed
with newly printed money).

Almost immediately a group of money manag-
ers came forth to assist these investors. Recalling the
words of a venerated elder, uttered before the previous
revolution (“Invest in Corporate Indicia”), they invited
clients to give them money, with which they would buy
a cross-section of all the newly issued securities. Inves-
tors considered this a reasonable idea, and soon every-
one held a piece of Corporate Indicia.

Before long the money managers became bored
because there was little for them to do. Soon they fell
into the habit of gathering at a beachfront casino where
they passed the time playing roulette, craps, and simi-
lar games, for low stakes, with their own money.

After a while, the owner of the casino suggested a
new idea. He would furnish an impressive set of rooms
which would be designated the Money Managers’
Club. There the members could place bets with one
another about the fortunes of various corporations,
industries, the level of the Gross National Product, for-
eign trade, etc. To make the betting more exciting, the
casino owner suggested that the managers use their
clients” money for this purpose.

The offer was immediately accepted, and soon
the money managers were betting eagerly with one
another. At the end of each week, some found that they
had won money for their clients, while others found

that they had lost. But the losses always exceeded the
gains, for a certain amount was deducted from each
bet to cover the costs of the elegant surroundings in
which the gambling took place.

Before long a group of professors from Indicia U.
suggested that investors were not well served by the
activities being conducted at the Money Managers'
Club. “Why pay people to gamble with your money?
Why not just hold your own piece of Corporate Indi-
cia?” they said.

This argument seemed sensible to some of the
investors, and they raised the issue with their money
managers. A few capitulated, announcing that they
would henceforth stay away from the casino and use
their clients’” money only to buy proportionate shares
of all the stocks and bonds issued by corporations.

The converts, who became known as managers of
Indicia funds, were initially shunned by those who con-
tinued to frequent the Money Managers’ Club, but in
time, grudging acceptance replaced outright hostility.
The wave of puritan reform some had predicted failed
to materialize, and gambling remained legal. Many
managers continued to make their daily pilgrimage
to the casino. But they exercised more restraint than
before, placed smaller bets, and generally behaved in
a manner consonant with their responsibilities. Even the
members of the Lawyers’ Club found it difficult to object
to the small amount of gambling that still went on.

And everyone but the casino owner lived happily
ever after.

Source: William F. Sharpe, “The Parable of the Money Managers,”
The Financial Analysts” Journal 32 (July/August 1976), p. 4. Copyright
1976, CFA Institute. Reproduced from The Financial Analysts’ Journal
with permission from the CFA Institute. All rights reserved.

The nearby box contains a parable illustrating tigeir@ent for indeing. If the passie
stratgy is eficient, then attempts to beat it simply generate trading and research costs with

no ofisetting benef, and ultimately inferior results.

CONCEPT
CHECK

1 rity analysis? Why or why not?

If there are only a few investors who perform security analysis, and all others hold the market
portfolio, M, would the CML still be the efficient CAL for investors who do not engage in secu-

The Risk Premium of the Market Portfolio

In Chapter 6 we discussedvirindividual investors go about decidingwanuch to iwvest
in the risky portfolio. Returning ne to the decision of @ much to iwvest in portfolioM
versus in the risk-free asset, what can we deduce about the equilibrium risk premium of

portfolio M?
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Weasserted earlier that the equilibrium risk premium on the evadktfolio,E(ry,) — ry,
will be proportional to theweerage dgree of risk gersion of the imestor population and
the risk of the mardt portfolio, o,. Now we can gplain this result.

Recall that each indidual investor chooses a proportignallocated to the optimal
portfolio M, such that

y = Elw) ~ 1t 9.1)
Aaty

In the simplifed CAPM economyrisk-free ivestments imolve borraving and lend-
ing among inestorsAny borroving position must be &fet by the lending position of the
creditor This means that net bowng and lending across alhMestors must be zero, and
in consequence, substituting the represamgativestors risk aersion,A, for A, the aver-
age position in the riskportfolio is 100%, oly = 1. Settingy = 1 in Equation9.1 and
rearranging, weid that the risk premium on the matlportfolio is related to itsariance
by the aerage dgree of risk gersion:

E(ry) — 1; = As (9.2)

Data from the last eight decades (see Table 5.3) for the S&P 500 index yield the following

CONCEPT statistics: average excess return, 8.4%; standard deviation, 20.3%.

$L SO o To the extent that these averages approximated investor expectations for the period, what
2 must have been the average coefficient of risk aversion?

b. If the coefficient of risk aversion were actually 3.5, what risk premium would have been
consistent with the market’s historical standard deviation?

Expected Returns on Individual Securities

The CAPM is liilt on the insight that the appropriate risk premium on an asset will
be determined by its contubion to the risk of imestors’overall portfolios. Port-
folio risk is what matters to uestors and is what gerns the risk premiums the
demand.

Remember that all irestors use the same input list, that is, the same estimates of
expected returns,ariances, and eariancesWe sav in Chapter 7 that theseariances
can be arranged in avariance matrix, so that the entry in tiféhfrow and third column,
for example, would be the ceariance between the rates of return on tfie &nd third
securities. Each diagonal entry of the matrix is theadance of one securityreturn with
itself, which is simply the ariance of that security

Suppose, forxample, that we ant to gauge the portfolio risk of GE stodke mea-
sure the contriltion to the risk of the werall portfolio from holding GE stock by its
covariance with the magk portfolio.To see why this is so, let us look again at tley w
the \ariance of the masgk portfolio is calculatedlo calculate the ariance of the magk
portfolio, we use the borderedvariance matrix with the maek portfolio weights, as
discussed in Chapter We highlight GE in this depiction of thestocks in the mark
portfolio.
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Portfolio

Weights w, w, . Wge . w,

Wi Cov(ry, ry) Cov(ry, rp) - Cov(ry, rge) - Cov(ny, r,)
W, Cov(ry, ry) Cov(ry, rp) ... Cov(ry, rge) L Cov(ry, r,)
W GEe Cov(rGE, r1) COV(I’GE, rz) e COV(TGE, rGE) e COV(rGE: I’n)
w, Cov(r,, r}) Cov(r,, ry) . Cov(r,, rge) . Cov(r,, r,)

Recall that we calculate thanance of the portfolio by summinger all the elements
of the cwvariance matrix,ifst multiplying each element by the portfolio weights from the
row and the columnThe contrilution of one stock to portfolioariance therefore can be
expressed as the sum of all thevaoance terms in the column corresponding to the stock,
where each oc@riance isifst multiplied by both the stock’'weight from its rv and the
weight from its column.

For example, the contriltion of GES stock to the ariance of the mask portfolio is

Wee[WCoMry, rge) + WoCoV(ry, Fgp) + . . .+ WgCoM(rge, Fge) + - - -
+ w,Cov(r,, ree)l (9.3)

Equation9.3 provides a clue about the respeetiroles of ariance and c@riance in
determining asset riskVhen there are marmstocks in the economyhere will be mayn
more cariance terms thanaviance terms. Consequenttiie coariance of a particular
stock with all other stocks will dominate that stackontritution to total portfolio risk.
Notice that the sum inside the square beésknEquation9.3is the coariance of GE with
the marlet portfolio. In other wrds, we can best measure the stoddntritution to the
risk of the markt portfolio by its cwariance with that portfolio:

GE's contiibutonto variance = wgeCov(rge, f'v)

This should not surprise usoiFexample, if the ceariance between GE and the rest
of the marlet is ngative, then GE mads a “ngative contrilution” to portfolio risk: By
providing returns that me inversely with the rest of the maat GE stabilizes the return
on the werall portfolio. If the cwariance is positie, GE maks a positie contrilution to
overall portfolio risk because its returns reinforce swings in the rest of the portfolio.

To demonstrate this more rigoroushpte that the rate of return on the nednbortfolio
may be written as

n
' = szrk
k=1

5An alternatve approach wuld be to measure G&Etontrilution to marlet variance as the sum of the elements
in the rav andthe column corresponding to GE. In this case,sGBhtrilution would be twice the sum iBqua-
tion 9.3 The approach that we t@kn the tet allocates contrilitions to portfolio risk among securities in a
corvenient manner in that the sum of the conttilns of each stock equals the total portfoboiance, whereas
the alternatie measure of contnitiion would sum to twice the portfolioaviance.This results from a type of
double-counting, because adding both thesrand the columns for each stoc&uld result in each entry in the
matrix being added twice.
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Therefore, the a@riance of the return on GE with the matrkortfolio is

n n
CoV(feg, fy) = COV[TGE,ZWkaJ =) w,Cow(ry, fee) (9.4)
k=1

k=1

Notice that the last term dfquation9.4 is precisely the same as the term in betsk
in Equation9.3. Therefore,Equation9.3, which is the contribtion of GE to the ari-
ance of the mas¢ portfolio, may be simpiiéd to wge Cov(rgg, ry). We also obseer
that the contribtion of our holding of GE to the risk premium of the nergortfolio is
Wee [E(ree) — 1.

Therefore, the meard-to-risk ratio for imestments in GE can bamessed as

GEscontibuonto risk premium _ Wee[E(fee) — 1] E(lge) — 1y
GE' s contiibution to variance WgeCoV(rge, 'v) Covrge, 'm)

The marlet portfolio is the tangegdefficient mean-ariance) portfolioThe revard-to-
risk ratio for irvestment in the mael portfolio is

Market risk premium _ E(fy) — 1 (9.5)
Market variance of

The ratio inEquation9.5is often called thenarket price of risk® because it quantés the
extra return that imestors demand to bear portfolio risk. Notice thatfanponentsf the
efficient portfolio, such as shares of GE, we measure risk asotitdbution to portfolio
variance (which depends on itevariancewith the marlet). In contrast, for the g€ient
portfolio itself, its \ariance is the appropriate measure of risk.

A basic principle of equilibrium is that allvastments should f&r the same reard-
to-risk ratio. If the ratio were better for oneséstment than anothenvestors wuld re-
arrange their portfolios, tilting teard the alternate with the better trade<oénd shying
away from the otherSuch actiity would impart pressure on security prices until the ratios
were equalizedTherefore we conclude that thevard-to-risk ratios of GE and the matk
portfolio should be equal:

E(ree) — 1t _ E(nv) —r¢
Cov(rge, 'w) o

(9.6)

To determine thedir risk premium of GE stock, we rearrarigguation9.6 slightly to
obtain

E(roe) — 1y =~ (g ) ©7)

M

SWe open ourseles to ambiguity in using this term, because the atar&rtfolio’s ravard-to-\olatility ratio

E(rv) — 1
Y]

sometimes is referred to as the nwrfrice of risk. Note that because the appropriate risk measure of GE is its
covariance with the magk portfolio (its contribition to the ariance of the magk portfolio), this risk is mea-
sured in percent squarektcordingly, the price of this riskH(ry) — r{/o?, is defned as the percentagepected
return per percent square afriance.
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Theratio Cov(rge, 'y )/o?, measures the contriion of GE stock to theariance of the
market portfolio as a fraction of the totahnance of the magk portfolio. The ratio is
calledbeta and is denoted b. Using this measure, we can restatgiation 9.7as

E(rse) = 11 + BeelE(tm) — 1v] (9.8)

This expected eturn—beta relationship is the mostdmiliar expression of the CAPM to
practitionersWe will have a lot more to say about thepected return—beta relationship
shortly.

We see nwv why the assumptions that made induals act similarly are so useful. If
ewveryone holds an identical riglportfolio, then geryone will ind that the beta of each
asset with the maet portfolio equals the assebeta with his or hemvmn risky portfolio.
Hence geryone will agree on the appropriate risk premium for each asset.

Does thedct that fev real-life investors actually hold the maatportfolio imply that the
CAPM is of no practical importance? Not necessaRlgcall from Chapter 7 that reason-
ably well-diversified portfolios shedifm-specifc risk and are left with mostly systematic
or marlet risk. Een if one does not hold the precise nedngortfolio, a well-diersified
portfolio will be so ery highly correlated with the magkthat a stock’ beta relatie to the
market will still be a useful risk measure.

In fact, seeral authors ha shavn that modifed \ersions of the CAPM will hold true
ewen if we consider diérences among indduals leading them to hold ¢&frent portfo-
lios. For example, Brennahexamined the impact of dérences in imestors’personal tax
rates on mamt equilibrium, and Mayetdooked at the impact of nontraded assets such as
human capital (earning p@r). Both found that although the matlportfolio is no longer
each iwestors optimal risly portfolio, the &pected return—beta relationship should still
hold in a somehat modifed form.

If the expected return—beta relationship holds foy ardividual asset, it must hold for
ary combination of assets. Suppose that some portfdtias weightv, for stockk, where
k takes on walues 1, . . . n. Writing out the CAPMEquation 9.8or each stock, and multi-
plying each equation by the weight of the stock in the portfolio, we obtain these equations,
one for each stock:

W E(R) = wiry +wB[E(ry) —rv]
TWE(rR) = Wars + WoBo[ E(fy) — 1]
4
W E(f) = Wil + WoBn[E(ry) — 1v]

E(rp) = r¢ +Bp[E(rw) —1f]

Summing each column she that the CAPM holds for theverall portfolio because

E(rs) = X W E(r,) is the pected return on the portfolio, afid = > w,B, is the portfolio
k k

beta. Incidentallythis result has to be true for the metrkortfolio itself,

E(rw) = 1t + Bm[E(rw) — 1]

“Michael J. Brennan, ‘axes, MarletValuation, and Corporate Finance PgfidNational Bx Journal, December

1973.

8David Mayers, “NonmarktableAssets and Capital Magk Equilibrium under Uncertaintyin Studies in the

Theory of Capital Margts,ed. M. C. Jensen (MeYork: Prager, 1972).We will look at this model more closely
later in the chapter
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Indeed, this is a tautology becauygg= 1, as we canerify by noting that

_ Cov(ry,w) _ o
Pw = =
Owm Om

This also establishes 1 as the weighteerage alue of beta across all assets. If the raark
beta is 1, and the markis a portfolio of all assets in the econoitne weighted-zerage
beta of all assets must be 1. Hence betas greater than 1 are considered/aggresgi
investment in high-beta stocks entails wbaverage sensitity to marlet swings. Betas
below 1 can be described as defemlsi

A word of cautionWe are all accustomed to hearing that well-manaiget fwill pro-
vide high rates of returiWe agree this is true if one measuresfih@'s return on inest-
ments in plant and equipmefitie CAPM, havever, predicts returns onwestments in the
securitiesof the frm.

Let us say thatweryone knas a frm is well run. Its stock price will therefore be bid
up, and consequently returns to stockholders winp di those high prices will not be
excessve. Security prices, in otheronds, already reflect public information aboutrenfs
prospects; therefore only the risk of the conypéas measured by beta in the canhtef
the CAPM) should déct expected returns. In anfafient marlet investors recee high
expected returns only if tlyeare willing to bear risk.

Of course, imestors do not directly obseror determinex@ected returns on securities.
Rather they obsere security prices and bid those prices up awrddExpected rates of
return are determined by the pricegdstors must pay compared to the castvdlthose
investments might garner

CONCEPT
CHECK

Suppose that the risk premium on the market portfolio is estimated at 8% with a standard
deviation of 22%. What is the risk premium on a portfolio invested 25% in GM and 75% in Ford,
3 if they have betas of 1.10 and 1.25, respectively?

The Security Market Line

We can viev the &pected return—beta relationship asaawl—risk equationThe beta of
a security is the appropriate measure of its risk because beta is proportional to the risk that
the security contribtes to the optimal rigkportfolio.

Risk-aserse iwvestors measure the risk of the optimalyipkrtfolio by its \ariance. In this
world we would expect the revard, or the risk premium on indilual assets, to depend on the
contribution of the indvidual asset to the risk of the portfolithe beta of a stock measures
its contritution to the ariance of the masdt portfolio. Hence wexect, for ag asset or
portfolio, the required risk premium to be a function of bEtee CAPM conifms this intu-
ition, stating further that the securiyisk premium is directly proportional to both the beta
and the risk premium of the matikportfolio; that is, the risk premium equglgE(ry,) — 1.

The «pected return—beta relationship can be portrayed graphically asetioeity
market line (SML) in Figure 9.2 Because the magKs beta is 1, the slope is the risk pre-
mium of the mar&t portfolio.At the point on the horizontal axis whese= 1, we can read
off the \ertical axis the xpected return on the maakportfolio.

It is useful to compare the security meirkine to the capital maek line. The CML
graphs the risk premiums eficientportfolios (i.e., portfolios composed of the metrand
the risk-free asset) as a function of portfolio standavéhtien. This is appropriate because
standard daation is a alid measure of risk for B€iently diversified portfolios that are
candidates for anwestors overall portfolio.The SML, in contrast, graplsdividual asset
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risk premiums as a function of asset riske releant

measure of risk for indidual assets held as parts of well E(r)
diversified portfolios is not the assetstandard dea-
tion or variance; it is, instead, the contiion of the
asset to the portfolioariance, which we measure by
the asse$ beta.The SML is alid for both eficient
portfolios and indiidual assets.

The security mawt line provides a benchmark forthe g )l __
evaluation of ivestment performance. &n the risk of
an investment, as measured by its beta, the SMiiges
the required rate of return necessary to compensags-in
tors for both risk as well as the timalwe of mong.

Because the security matkline is the graphic rep- N
resentation of the xpected return—beta relationship ! 1
“fairly priced” assets plotxactly on the SML; that is,
their expected returns are commensurate with their ris
Given the assumptions we made at the start of this s
tion, all securities must lie on the SML in merlequilib- Bu
rium. Nevertheless, we see hereshthe CAPM may be
of use in the moryemanagement industrguppose that FIGURE 9.2 The security market line
the SML relation is used as a benchmark to assess
fair expected return on a rigkassetThen security analy-
sis is performed to calculate the return actuadjyeeted.
(Notice that we depart here from the
simple CAPM vorld in that some wes-
tors nav apply their n unique analysis
to derve an “input list” that may diér E(r) (%)
from their competitors’.) If a stock is per
ceived to be a gooduy, or underpriced, it
will provide an &pected return inxeess
of the fir return stipulated by the SML.
Underpriced stocks therefore plot &bo
the SML: Gven their betas, theixpected 17
returns are greater than dictated by th 156
CAPM. Ovwerpriced stocks plot belothe
SML. 14

The diference between theaif and
actually &pected rates of return on a
stock is called the stockalpha, denoted
by «. For example, if the manit return
is expected to be 14%, a stock has a be
of 1.2, and th&-bill rate is 6%, the SML
would predict an pected return on the
stock of 6+ 1.2(14— 6) = 15.6%. If
one beliged the stock wuld provide
an «pected return of 17%, the implied

alpha would be 1.4% (seEigure 9.3.

One might say that security analysis
(which we treat in &t Five) is about unae
ering securities with nonzero alphasis FIGURE 9.3 The SML and a positive-alpha stock
analysis suggests that the starting point

SML

E(r,,) — r; = Slope of SML

SML




project—be it a brand, a factory or a corporate merger
—must justify his decision partly based on the CAPM.
The reason is that the model tells a firm how to calcu-
late the return that its investors demand. If sharehold-
ers are to benefit, the returns from any project must
clear this “hurdle rate.”

Although the CAPM is complicated, it can be
reduced to five simple ideas:

® |nvestors can eliminate some risks—such as the risk
that workers will strike, or that a firm’s boss will quit—
by diversifying across many regions and sectors.

* Some risks, such as that of a global recession,
cannot be eliminated through diversification. So
even a basket of all of the stocks in a stock market
will still be risky.

* People must be rewarded for investing in such a
risky basket by earning returns above those that
they can get on safer assets, such as Treasury bills.

e The rewards on a specific investment depend only
on the extent to which it affects the market basket’s
risk.

e Conveniently, that contribution to the market
basket's risk can be captured by a single measure—
dubbed “beta”—which expresses the relationship
between the investment's risk and the market's.

Beta is what makes the CAPM so powerful. Al-
though an investment may face many risks, diversified

T

Risk-Free
Return

i TALES FROM THE FAR SIDE
LL]
@48 Financial markets’ evaluation of risk determines the Beta Power
— way firms invest. What if the markets are wrong? Return
SN nvestors are rarely praised for their good sense. But
WEl for the past two decades a growing number of firms
B have based their decisions on a model which assumes IS
B that people are perfectly rational. If they are irrational,

are businesses making the wrong choices?
= The model, known as the “capital-asset pricing
O model,” or CAPM, has come to dominate modern Market
v finance. Almost any manager who wants to defend a Return
L
N
O
o
O

investors should care only about those that are related
to the market basket. Beta not only tells managers how
to measure those risks, but it also allows them to trans-
late them directly into a hurdle rate. If the future profits
from a project will not exceed that rate, it is not worth
shareholders’ money.

The diagram shows how the CAPM works. Safe
investments, such as Treasury bills, have a beta of zero.
Riskier investments should earn a premium over the
risk-free rate which increases with beta. Those whose
risks roughly match the market's have a beta of one, by
definition, and should earn the market return.

So suppose that a firm is considering two projects,
A and B. Project A has a beta of %2: when the mar-
ket rises or falls by 10%, its returns tend to rise or
fall by 5%. So its risk premium is only half that of the
market. Project B's risk premium is twice that of the

portfolio management can be a pessinarlet-index portfolio. The portfolio manager will
then increase the weights of securities with pasiiphas and decrease the weights of secu-
rities with ngative alphasWe shaeved one stratgy for adjusting the portfolio weights in
such a manner in Chapter 8.

The CAPM is also useful in capitalitigeting decisions.df a frm considering a ne
project, the CAPM can pvide therequired rate of eturnthat the project needs to yield,
based on its beta, to be acceptableestors. Managers can use the CAPM to obtain this
cutoff internal rate of return (IRR), or “hurdle rate” for the project.

The nearby box describeswiaidhe CAPM can be used in capitaldgeting. It also
discusses some empirical anomalies concerning the model, which we address in detail in
Chapters 11-13he article asks whether the CAPM is useful for capitdigeting in light
of these shortcomings; it concludes thagregiven the anomalies cited, the model still can
be useful to managers who wish to increase the fundametial of their rms.
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market, so it must earn a higher return to justify the
expenditure.

NEVER KNOWINGLY UNDERPRICED

But there is one small problem with the CAPM: Finan-
cial economists have found that beta is not much use
for explaining rates of return on firms' shares. Worse,
there appears to be another measure which explains
these returns quite well.

That measure is the ratio of a firm's book value (the
value of its assets at the time they entered the balance
sheet) to its market value. Several studies have found
that, on average, companies that have high book-to-
market ratios tend to earn excess returns over long
periods, even after adjusting for the risks that are asso-
ciated with beta.

The discovery of this book-to-market effect has
sparked a fierce debate among financial economists.
All of them agree that some risks ought to carry greater
rewards. But they are now deeply divided over how risk
should be measured. Some argue that since investors are
rational, the book-to-market effect must be capturing an
extra risk factor. They conclude, therefore, that managers
should incorporate the book-to-market effect into their
hurdle rates. They have labeled this alternative hurdle
rate the “new estimator of expected return,” or NEER.

Other financial economists, however, dispute this
approach. Since there is no obvious extra risk asso-
ciated with a high book-to-market ratio, they say,
investors must be mistaken. Put simply, they are under-
pricing high book-to-market stocks, causing them to
earn abnormally high returns. If managers of such firms
try to exceed those inflated hurdle rates, they will forgo
many profitable investments. With economists now at
odds, what is a conscientious manager to do?

Jeremy Stein, an economist at the Massachusetts
Institute of Technology’s business school, offers a
paradoxical answer.* If investors are rational, then

beta cannot be the only measure of risk, so managers
should stop using it. Conversely, if investors are irratio-
nal, then beta is still the right measure in many cases.
Mr. Stein argues that if beta captures an asset’s fun-
damental risk—that is, its contribution to the market
basket’s risk—then it will often make sense for manag-
ers to pay attention to it, even if investors are some-
how failing to.

Often, but not always. At the heart of Mr. Stein’s
argument lies a crucial distinction—that between
(a) boosting a firm's long-term value and (b) trying
to raise its share price. If investors are rational, these
are the same thing: any decision that raises long-term
value will instantly increase the share price as well. But
if investors are making predictable mistakes, a man-
ager must choose.

For instance, if he wants to increase today’s share
price—perhaps because he wants to sell his shares, or
to fend off a takeover attempt—he must usually stick
with the NEER approach, accommodating investors'’
misperceptions. But if he is interested in long-term
value, he should usually continue to use beta. Show-
ing a flair for marketing, Mr. Stein labels this far-sighted
alternative to NEER the “fundamental asset risk”—or
FAR—approach.

Mr. Stein’s conclusions will no doubt irritate many
company bosses, who are fond of denouncing their
investors’ myopia. They have resented the way in which
CAPM—uwith its assumption of investor infallibility—has
come to play an important role in boardroom decision-
making. But it now appears that if they are right, and
their investors are wrong, then those same far-sighted
managers ought to be the CAPM’s biggest fans.

*Jeremy Stein, “Rational Capital Budgeting in an Irrational World,”
The Journal of Business, October 1996.

Source: “Tales from the FAR Side,” The Economist Group, Inc.
November 16, 1996, p. 8. © 1996 The Economist Newspaper Group,
Inc. Reprinted with permission. Further reproduction prohibited.
www. economist.com. All rights reserved.

EXAMPLE 9.1 Using the CAPM

Yet another use of the CAPM is in utility rate-making cddesthis case the issue is the
rate of return that a gellated utility should be aleed to earn on its irestment in plant and
equipment. Suppose that the equityholdersehasested $100 million in therm and that
the beta of the equity is .6. If tiebill rate is 6% and the magkrisk premium is 8%, then
the fair proits to the frm would be assessed ast6.6 X 8 = 10.8% of the $100 million
investment, or $10.8 milliorThe irm would be alloved to set prices at aviel expected to

generate these pits.

9This application isdst disappearing, as nyestates are in the process of dettating their public utilities and alle
ing a far greater dgree of free masit pricing. Neertheless, a considerable amount of rate setting st falace.
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Stock XYZ has an expected return of 12% and risk of B = 1. Stock ABC has expected return of

13% and B = 1.5. The market'’s expected return is 11%, and ry = 5%.

a. According to the CAPM, which stock is a better buy?

(o0)\[6 AW b. What is the alpha of each stock? Plot the SML and each stock’s risk-return point on one
CHECK graph. Show the alphas graphically.

4 and 5 The risk-free rate is 8% and the expected return on the market portfolio is 16%. A firm consid-
ers a project that is expected to have a beta of 1.3.

a. What is the required rate of return on the project?
b. If the expected IRR of the project is 19%, should it be accepted?

9.2 THE CAPM AND THE INDEX MODEL

Actual Returns versus Expected Returns

The CAPM is an elgant modelThe question is whether it has readd value—whether
its implications are borne out byxmerience. Chapter 13 pides a range of empirical
evidence on this point,ut for nov we focus briefly on a more basic issue: Is the CAPM
testable een in principle®

For starters, one central prediction of the CAPM is that the ebgdetfolio is a mean-
variance dicient portfolio. Consider that the CAPM treats all tradedyris&setsTo test
the eficiengy of the CAPM markt portfolio, we vould need to construct ale-weighted
portfolio of a huge size and test itfiefeng. So far, this task has not been feasible.
An even more dificult problem, havever, is that the CAPM implies relationships among
expectedeturns, whereas all we can obseare actual or realized holding-period returns,
and these need not equal priapectations. E&n supposing we could construct a port-
folio to represent the CAPM magkportfolio satisdctorily, how would we test its mean-
variance diciengy? We would have to shav that the revard-to-\olatility ratio of the mar
ket portfolio is higher than that of wmther portfolio. Havever, this ravard-to-wolatility
ratio is set in terms ofxpectations, and we i@ no way to obserg these xpectations
directly.

The problem of measuringgpectations haunts us as well when we try to establish
the \alidity of the second central set of CAPM predictions, theeeted return—beta
relationship.This relationship is also defd in terms of xpected return€&(r;) and

E(ry):
E(r) = ri +Bi[E(nm) — 1] (9.9)

The upshot is that, as gknt and insightful as the CAPM is, we must maklditional
assumptions to makit implementable and testable.

The Index Model and Realized Returns

We have said that the CAPM is a statement aboudrte or gpected returns, whereas in
practice all apone can obseevdirectly are % post or realized return$o male the leap
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from expected to realized returns, we can engglee index model, which we will use in
excess return form as

R=o+tBR te (9.10)

We saw in Chapter 8 he to apply standard geession analysis to estimafgua-
tion 9.10 using obserable realized returnsver some sample period. Let uswngee
how this framevork for statistically decomposing actual stock returns meshes with the
CAPM.

We start by dening the cwoariance between the returns on stocknd the margt
index. By defnition, the frm-specifc or nonsystematic component is independent of the
market wide or systematic component, that isy@&y, ) = 0. From this relationship, it
follows that the ceariance of thexxess rate of return on securityith that of the marét
index is

COV(R! R/I): COV(Bi al +ev RI)
= BiCov(Ry, Ry) + Cov(g, Ry)

= Bio'%ll

Note that we can drog; from the c@ariance terms becausgis a constant and thus has
zero cwariance with all sriables.

BecauseCov(R, R,) = Bio%,, the sensitiity coeficient, §;, in Equation9.10,which
is the slope of the geession line representing the irdwaodel, equals

b = COMR. R)

Owm

The index model beta coétient turns out to be the same beta as that of the CAPM
expected return—beta relationshigcept that we replace the (theoretical) neanortfolio
of the CAPM with the well-spedéd and obseable marlkt inde.

The Index Model and the Expected Return—-Beta Relationship

Recall that the CAPM>xpected return—beta relationship is, foy assei and the (theo-
retical) marlet portfolio,

E(r) —rr = Bi[E(rw) — 1]

where B; = Cov(R, Ry)/c%,. This is a statement about the mean xpexted gcess
returns of assets relad to the mean>x@ess return of the (theoretical) matk
portfolio.

If the index M in Equation9.10 represents the true matkportfolio, we can takthe
expectation of each side of the equation tovstimat the inde model specitation is

E(r) — 1 = o +B[E(rnm) — 1]

A comparison of the indemodel relationship to the CAPMgected return—beta rela-
tionship Equation 9.9 shavs that the CAPM predicts that should be zero for all assets.
The alpha of a stock is itgjgected return imxeess of (or bel®) the fair expected return as
predicted by the CAPM. If the stock igiffly priced, its alpha must be zero.



294 PART Il Equilibrium in Capital Markets

Frequency

Alpha (%)

FIGURE 9.4 Estimates of individual mutual fund alphas, 1972-1991

This is a plot of the frequency distribution of estimated alphas for all-equity mutual funds with 10-year continuous
records.

Source: Burton G. Malkiel, “Returns from Investing in Equity Mutual Funds 1971-1991," Journal of Finance 50 (June
1995), pp. 549-72. Reprinted by permission of the publisher, Blackwell Publishing, Inc.

We emphasize again that this is a statement abqeéctedreturns on a securitjfter
the fact, of course, some securities will do better orse than xpected and will hee
returns higher or leer than predicted by the CAPM,; that is, ytheill exhibit positive or
negative alphas wer a sample period. But this superior or inferior performance could not
have been forecast in adnce.

Therefore, if we estimate the indenodel for seeral irms, usingEquation9.10 as a
regression equation, we shouldd that the ® post or realized alphas (theyression inter
cepts) for theifms in our sample center around zero. If the initigdextation for alpha
were zero, as marfirms would be &pected to hae a positie as a ngative alpha for some
sample periodThe CAPM states that thexpectedvalue of alpha is zero for all securities,
whereas the indemodel representation of the CAPM holds thatrtredizedvalue of alpha
should @erage out to zero for a sample of historical obsgmeturns. Just as important,
the sample alphas should be unpredictable, that is, independent from one sample period to
the net.

Indirect evidence on the &tiengy of the marlet portfolio can be found in a study by
Burton Malkiel® who estimates alphaalues for a lage sample of equity mutual funds.
The results, which appearfigure9.4, shav that the distribtion of alphas is roughly bell
shaped, with a mean that is slightlygatve tut statistically indistinguishable from zero.
On average, it does not appear that mutual funds outperform theetrindex (the S&P
500) on a risk-adjusted basis.

0Burton G. Malkiel, “Returns from kresting in Equity Mutual Funds 1971-1993ournal of Fnance50 (June
1995), pp. 549-72.

Notice that the study included all mutual funds with at least 10 years of continuou3hdatauggests the
awverage alpha from this samplewd be upwvard biased because funds theitefd after less than 10 years were
ignored and omitted from the left tail of the distrilon. This survivorship biasmakes the ihding that the @erage
fund underperformed the indleven more tellingWe discuss survorship bias further in Chapter 11.
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This result is quite meaningfulvhile we might &pect realized alphaalues of indi-
vidual securities to center around zero, professionally managed mutual funds might be
expected to demonstratevexage positie alphas. Funds with superior performance (and
we do &pect this set to be non-empty) should tilt the sampdeaae to a posite \alue.
The small impact of superior funds on this disttibn suggests the di€ulty in beating
the passie stratgy that the CAPM deems to be optimal.

There is yet another applicablariation on the intuition of the indenodel, thenark et
model. Formally, the markt model states that the return “surprise” of aacurity is pro-
portional to the return surprise of the metrkplus aifm-specifc surprise:

n—E@) =Blv —E(v)] +e&

This equation diides returns intoifm-specifc and systematic components seovhat dif-
ferently from the inde model. If the CAPM is a&lid, hovever, you can confm that, sub-
stituting for E(r;) from Equation9.9, the markt model equation becomes identical to the
index model. for this reason the terms “indenodel” and “markt model” often are used
interchangeably

(o0) (63 Can you sort out the nuances of the following maze of models?
CHECK

a. CAPM c. Single-index model
6 b. Single-factor model d. Market model

9.3 IS THE CAPM PRACTICAL!

To discuss the role of the CAPM in real-lifev@stments we hva to answer te questions.
First, esen if we all agreed that the CAPM were the besilable theoretical model to
explain rates of return on rigkassets, he would this afect practical imestment polig?
Second, ha can we determine whether the CAPM is actfthe bestvailable model to
explain rates of return on riglassets?

Notice the vording of the ifrst questionWe dont pose it as: “Suppose the CAPM per
fectly explains the rates of return on nskssets. . ” All models, whether in economics
or science, are based on simiphtions that enable us to come to grips with a complicated
reality, which means that perfection is an unreasonable and unusable standard. In our con-
text, we must clarify what “perfectlyxplains” would mean. From the prous section
we knawv that if the CAPM were alid, a single-inde model in which the indeincludes
all traded securities (i.e., all riglsecurities in the wrestable unierse as il\ssumption 3)
also would be \alid. In this case, “perfectlyxplains” would mean that all alphaalues in
security risk premiums auld be identically zero.

The notion that all alphaalues can be identically zero is feasible in principlg, b
such a confuration cannot bexpected to emege in real mar&ts. This was demon-
strated by Grossman and Stiglitz, whowkd that such an equilibrium may be one that
the real economy can approacht bot necessarily reaé¢hTheir basic idea is that the

2Sanford J. Grossman and Joseph E. Stiglitz, “On the Impossibility of Informationfidi&f Markets; Amer
ican Economic Reew 70 (June 1981).
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actions of security analysts are the forces thatedsecurity prices to “proper”vels at
which alpha is zero. But if all alphas were identically zero, theragldvbe no incentie

to engage in such security analysis. Instead, the eha&duilibrium will be character
ized by prices heering “near” their properalues, at which alphas are almost zend, b
with enough slippage (and thereforeveed for superior insight) to induce analysts to
continue their dorts.

A more reasonable standard, that the CAPM is the “hesltadble model to xplain
rates of return on riskasset§,means that in the absence of security analysis, one should
take security alphas as zesecurity is mispriced if and only if its alpha is nonzero—
underpriced if alpha is posie and eerpriced if alpha is rgatve—and positie or
negative alphas are vealed only by superior security analygisent the imestment
of significant resources in such analysis, amestor would obtain the best west-
ment portfolio on the assumption that all alplzdues are zerdlhis defnition of the
superiority of the CAPM wer ary other model also determines its role in real-life
investments.

Under the assumption that the CAPM is the beailable model, imestors willing to
expend resources to construct a superior portfolio must (1) identify a practicaltmde
work with and (2) deplp macro analysis to obtain good forecasts for thexraael secu-
rity analysis to identify mispriced securiti€ghis procedure as described in Chapter 8
and is further elaborated on ia®Five (SecurityAnalysis) and Brt Seen (Applied Port-
folio Management).

We will examine seeral tests of the CAPM in Chapter 13. But it is importanijman
the results of these tests and their implications.

Is the CAPM Testable?

Let us consider for a moment what testability me@nsnodel consists of (i) a set of
assumptions, (ii) logical/mathematicalvééopment of the model through manipulation
of those assumptions, and (iii) a set of predictigxssuming the logical/mathematical
manipulations are free of errors, we can test a modelanays,normativeandpositive
Normatie tests gamine the assumptions of the model, while pesitests gamine the
predictions.

If a models assumptions arealid, and the deslopment is errofree, then the pre-
dictions of the model must be true. In this case, testing the assumptions ignsgasn
with testing the model. But e if any, models can pass the normattest. In most cases,
as with the CAPM, the assumptions are admittedialid—we recognize that we &
simplified reality and therefore to thisxeent are relying on “untrue” assumptioie
motivation for invoking unrealistic assumptions is clear; we simply cannoesalinodel
that is perfectly consistent with the full comytg of real-life marlets.As weve noted,
the need to use simplifying assumptions is not peculiar to economics—it characterizes all
of science.

Assumptions are choseinst and foremost to render the model sblle. But we prefer
assumptions to which the model is “tsl’ A model is rolist with respect to an assump-
tion if its predictions are not highly sengéito violation of the assumption. If we use
only assumptions to which the model is ueh) the mode$ predictions will be reason-
ably accurate despite its shortcominghe upshot of all this is that tests of models are
almost alvays positte—we judge a model on the success of its empirical predictions.
This standard brings statistics intoyastience and requires us todeak stand on what are
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acceptable leels of signifcance and pwer.!® Because the nonrealism of the assumptions
precludes a normae test, the posite test is really a test of the tsdiness of the model
to its assumptions.

The CAPM implications are embedded inotwredictions: (1) the maek portfolio is
efficient, and (2) the security makline (the gpected return—beta relationship) accu-
rately describes the risk—return tradé-tiat is, alpha alues are zero. Iratt, the second
implication can be dered from theifst, and therefore both stand ailftogether in a test
that the mar&t portfolio is mean-ariance dicient. The central problem in testing this
prediction is that the hypothesized metrlportfolio is unobsenble. The “marlet port-
folio” includes all risky assets that can be held byestors.This is far more gtensve
than an equity inde It would include bonds, real estate, foreign assetsately held
businesses, and human capifdiese assets are often traded thinly or (kaneple, in the
case of human capital) not traded at all. It isiclift to test the diciency of an obserable
portfolio, let alone an unobserle oneThese problems alone nakdequate testing of
the model infeasiblé&: Moreover, even small departures fromfigiengy in the marlkt port-
folio can lead to laye departures from thexgected return—beta relationship of the SML,
which would neyate the practical usefulness of the model.

The CAPM Fails Empirical Tests

Because the magk portfolio cannot be obsesd, tests of the CAPM velve around the
expected return—beta relationshiphe tests use proxies such as the S&P 50&italstand
in for the true mart portfolio. These tests therefore appeal toustbess of the assump-
tion that the markt proxy is suiciently close to the true, unobsable markt portfolio.
The CAPM #Ails these tests, that is, the data reject the hypothesis that alpies are
uniformly zero at acceptableviels of signifcance. er example, weihd that, on werage,
low-beta securities va positve alphas and high-beta securitiegséhaayative alphas.

It is possible that this is a result ofaldire of our data, thealidity of the marlet proxy
or statistical method. If so, weawld conclude the follwing: There is no better model out
there, lnt we measure beta and alplaues with unsatisictory precisionThis situation

B3To illustrate the meanings of sigiiénce and pwer, consider a test of thefefacy of a nev drug.The ageng
testing the drug may mekwo possible errorsThe drug may be useless (mea harmful), bt the agenc may
conclude that it is usefurhis is called a “Ype I” error Thesignificance level of a test is the probability ofBype

| error. Typical practice is toiX the level of signiicance at some Vo level, for ekample, 5%. In the case of drug
testing, for @ample, theifst goal is to woid introducing ineflective or harmful treatment3he other possible
error is that the drug is actually usefulitbhe testing procedure concludes it is fitiis mistale, called “fpe

II" error, would lead us to discard a useful treatm@&hie powerof the test is the probability ofeiding Type Il
error (i.e., one minus the probability of making such an error), that is, the probability of accepting the drug if it
is indeed usefulVe want tests that, at avg@n lesel of signiicance, hae the most pwer, so we will admit €ec-

tive drugs with high probabilityn social sciences in particulavailable tests often ka lov power, in which
case thg are susceptible tdype Il error and will reject a correct model (a “useful drug”) with high frequenc
“The drug is useful” is analogous in the CAPM to alphas being Y¢nen the test data reject the hypothesis that
obsenred alphas are zero at the desiragl®f signifcance, the CAPMdils. Havever, if the test has o power,

the probability that we accept the model when true is not all that high.

¥The best-knan discussion of the ditulty in testing the CAPM is o called “Roll’s critique’ See Richard
Roll, “A Critique of theAsset PricingTheorys Tests: Rrt I: On Rast and Potentialestability of theTheory’
Journal of RFnancial Economicg (1977).The issue is deloped further in Richard Roll and StephenRoss,
“On the Cross-Sectional Relation between Expected Return and”Béamal of Fnance50 (1995); and
Schmuel Kandel and Robert Stambaugh, “Portfolio In&tiency and the Cross-Section of Expected Retlirns,
Journal of Rnance50 (1995).
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would call for impraed technique. But if the rejection of the model is not areattdf sta-
tistical problems, then we must search feteasions to the CAPM, or substitute models.
We will consider seeral extensions of the model later in the chapter

The Economy and the Validity of the CAPM

For better or wrse, some industries areggudated, with rate commissions either setting or
approzing prices. Imagine a commission pondering a rate case fguiated utility The
rate commission must decide whether the rateggedaoy the companare suficient to
grant shareholders aif rate of return on theirwestmentsThe normatie framevork of the
typical rate hearing is that shareholders, whaehaade an westment in theifm, are enti-
tled to earn a dir” rate of return on their equityvastmentThe frm is therefore allwed to
chage prices that arexpected to generate a pitafonsistent with thatir rate of return.

The question ofdirness of the rate of return to the compahareholders cannot be
divorced from the el of risk of these return§he CAPM preides the commission a
clear criterion: If the rates under currenguiation are too M, then the rate of return to
equity investors wuld be less than commensurate with risk, and alphddibe ngative.

As we pointed out irExample9.1, the commissiones’ problem may ne be oganized
around aguments about estimates of risk and the security enéirle.

Similar applications arise in manegal settings. & example, contracts with payfsf
that are contingent on aif rate of return can be based on the xn@ge of return and the
beta of appropriate assets. Matisputes ixolving damages require that a stream of losses
be discounted to a presergtlive. The proper discount rate depends on risk, and disputes
about &ir compensation to litigants can be (and often are) set on the basis of the SML,
using past data that tfentiate systematic fronrin-specifc risk.

It may be surprising tarfd that the CAPM is an accepted norm in the U.S. and/man
other deeloped countries, despite its empirical shortcomings.can ofer a twofold
explanation. First, the logic of the decomposition to systematic iamdspecifc risk is
compelling.Absent a better model to assess nongiadomponents of risk premiums,
we must use the best methodidable.As improved methods of generating equilibrium
security returns become empiricallglidated, thg gradually will be incorporated into
institutional decision making. Such impaments may come either fromtensions of the
CAPM and its companion, arbitrage pricing theory (discussed in giehapter), or from
a yet- undisceered n& model.

Second, there is impressj albeit less-formal v@dence that the central conclusion of
the CAPM—the diciengy of the markt portfolio—may not be all thaaf from being
valid. Thousands of mutual funds within hundreds efstment companies compete for
investor mong. These mutual funds emplgrofessional analysts and portfolio manag-
ers and gpend considerable resources to construct superior portfolios. But the number of
funds that consistently outperform a simple stratef investing in passe marlet inde
portfolios is &tremely small, suggesting that the single-iaeodel with & ante zero
alpha alues may be a reasonablerking approximation for mostwestors.

The Investments Industry and the Validity of the CAPM

More than other practitioners,viestment ifms must tak a stand on thealidity of the
CAPM. If they judge the CAPM iwalid, they must turn to a substitute framerk to guide
them in constructing optimal portfolios.

For example, the CAPM pnades discount rates that help security analysts assess the
intrinsic value of a ifm. If an analyst belies that some actual pricesféiffrom intrinsic
values, then those securitiess@aonzero alphas, and there is an opportunity to construct
an actve portfolio with a superior risk—return pilef But if the discount rate used to assess
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intrinsic value is incorrect because ofailfire in the CAPM, the estimate of alpha will be
biased, and both the Mamkitz model of Chapter 7 and the indsodel of Chapter 8 will
actually lead to inferior portfolio&Vhen constructing their presumed optimal yiglortfo-

lios, practitioners must be sated that the passt index they use for that purpose is satist

tory and that the ratios of alpha to residuaiance are appropriate measures wéstment
attractvenessThis would not be the case if the CAPM ivatid. Yet it appears marprac-
titioners do use indemodels (albeit often with additional indess) when assessing security
prices.The curriculum of the Ck Institute also suggests a widespread acceptance of the
CAPM, at least as a starting point for thinking about the risk—return relatioAshagpla-
nation similar to the one wefefed in the préous subsection is equallyhd here.

The central conclusion from our discussion @oi$ that, gplicitly or implicitly, prac-
titioners do use a CAPM. If teuse a single-indemodel and deve optimal portfolios
from ratios of alpha forecasts to residuatiance, thg behae as if the CAPM isalid 1 If
they use a multi-inde model, then theuse one of thex¢ensions of the CAPM (discussed
later in this chapter) or arbitrage pricing theory (discussed in titechapter) Thus, the-
ory and eidence on the CAPM should be of interest to all sophisticated practitioners.

9.4 ECONOMETRICS AND THE EXPECTED

RETURN—=BETA RELATIONSHIP

When assessing the empirical success of the CAPM, we must also consider our economet-
ric technique. If our tests are poorly designed, we may neistgkeject the model. Simi-

larly, some empirical tests implicitly introduce additional assumptions that are not part of
the CAPM, for @ample, that arious parameters of the model such as beta or reswltial v

ance are constanver time. If thesexdraneous additional assumptions are too restegti

we also may mistaaly reject the modei.

To begin, notice that all the coléients of a rgression equation are estimated simulta-
neously and these estimates are not independent. In partithdagstimate of the intercept
(alpha) of a single- (independengriable rgression depends on the estimate of the slope
coeficient. Hence, if the beta estimate is fi@ént and/or biased, so will be the estimate
of the intercept. Unfortunatelgtatistical bias is easily introduced.

An example of this hazardag pointed out in an early paper by Miller and Schleso
demonstrated woeconometric problems could lead one to reject the CARM i it were
perfectly \alid. They considered a checklist of @ifulties encountered in testing the model
and shwed hav these problems potentially could bias conclusidiesprove the point,
they simulated rates of return that we@nstructedo satisfy the predictions of the CAPM
and used these rates to “test” the model with standard statistical techniques of. the day
The result of these testsaw a rejection of the model that looks surprisingly similar to
what we ind in tests of returns from actual data—this despiteabethat the “data” were
constructed to satisfy the CAPM. Miller and Scholes thus demonstrated that econometric
technique alone could be responsible for the rejection of the model in actual tests.

15We need to be a bit careful here. On #sd, the CAPM asserts that alpladues will equal zero in security mar
ket equilibrium. But as we gued earlierconsistent with theast amount of security analysis that actuallesak
place, a better ay to interpret the CAPM is that equilibrium really means that alphas shouldevetteke zero
in the absence of security analy$iéith private information or superior insight one presumabbyla be able to
identify stocks that are mispriced by the nerénd thus é&r nonzero alphas.

16Merton H. Miller and Myron Scholes, “Rates of Return in Relations to Rife-examination of Some Recent
Findings; in Studies in th&heory of Capital Mar&ts,Michael C. Jensen, ed. (N&ork: Prager, 1972).
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There are seeral potential problems with the estimation of beta ficiehts. First,
when residuals are correlated (as is commonifimisfin the same industry), standard beta
estimates are notféfient. A simple approach to this problenould be to use statistical
techniques designed for these complicatioms. é€<ample, we might replace OLS (ordi-
nary least squares)geessions with GLS (generalized least squaregessions, which
account for correlation across residuals. Meegoboth codficients, alpha and beta, as
well as residual ariance, are ligly time \arying. There is nothing in the CAPM that
precludes such timeaviation, lut standard mgression techniques rule it out and thus may
lead to &lse rejection of the modélhere are nw well-known techniques to account for
time-varying parameters. Ima€t, Robert Engle an the Nobel Prize for his pioneering
work on econometric techniques to deal with tinagying \olatility, and a good per
tion of the applications of thesemeaechniques ha been inihancel” Moreover, betas
may \ary not purely randomlywer time, lut in response to changing economic condi-
tions.A “conditional” CAPM allaws risk and return to change with a set of “conditioning
variables:8

As importantly Campbell and/uolteenah®’ find that the beta of a security can be
decomposed into twcomponents, one of which measures sefityitio changes in cer
porate pratability and another which measures sewugitito changes in the magKs dis-
count ratesThese are found to be quitefdifent in mag cases. Impneed econometric
techniques such as those proposed in this shomysmay help resoky part of the empiri-
cal failure of the simple CAPM.

EXTENSIONS OF THE CAPM

The CAPM uses a number of simplifying assumptiofs. can gain greater predicdi
accuray at the &pense of greater complgy by relaxing some of those assumptions. In
this section, we will consider avieof the more important attempts twtend the model.
This discussion is not meant to behaustve. Ratherit introduces a f@ extensions
of the basic model to pvade insight into the arious attempts to impve empirical
content.

The Zero-Beta Model

Efficient frontier portfolios hee a number of interesting characteristics, independently
derived by Merton and Rof® Three of these are

1. Any portfolio that is a combination of twfrontier portfolios is itself on the
efficient frontier

Engle’s work gave rise to the widespread use of so-cal&LCH modelsARCH stands for autogeessve con-
ditional heteros&dasticity which is a &ing/ way of saying thatalatility changes wer time, and that recentviels

of volatility can be used to form optimal estimates of futwiatiity.

8There is nw a lage literature on conditional models of security nearkquilibrium. Much of it devies from
Ravi Jagannathan and ZhanWang, “The Conditional CAPM and the Cross-Section of Expected Réturns,
Journal of Fnance51 (March 1996), ol pp. 3-53.

19John Campbell aniluomoVuolteenaho, “Bad Beta, Good Bét&merican Economic Riew 94 (December
2004), pp. 1249-75.

2%Robert C. Merton,An Analytic Derivation of the Eficient Portfolio Frontiet Journal of Fnancial and Quan-
titative Analysis,1972. Roll, see footnote 14.
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2. The pected return of gnasset can bexpressed as arxact linear function of the
expected return on grtwo eficient-frontier portfolios® andQ according to the
following equation:

Cov(r;, rp) — Cov(ip, Iy)
o3 — Cov(rp, Ip)

E(r) — E(p) = [E(r) — E(r)] (9.11)

3. Every portfolio on the dicient frontier except for the global minimumariance
portfolio, has a “companion” portfolio on the bottom (fiigént) half of the fron-
tier with which it is uncorrelated. Because it is uncorrelated, the companion portfo-
lio is referred to as theero-beta portfolio of the eficient portfolio. If we choose
the marlet portfolioM and its zero-beta companion portfaipthenEquation 9.11
simplifies to the CAPM-lik equation

E(r) - E(,) = [E(Ry) - BRI 2M) —pe)—E@)] (912)

Om

Equation 9.12esembles the SML of the CAPMkaept that the risk-free rate is
replaced with thexpected return on the zero-beta companion of the eharkiex
portfolio.

Fischer Black used these properties tonstizat Equation9.12is the CAPM equation
that results when urestors éce restrictions on bomong and/or ivestment in the risk-
free asset! In this case, at least somevé@istors will choose portfolios on thefiefent
frontier that are not necessarily the metrindex portfolio. Becausewerage returns on the
zero-beta portfolio are greater than obseri+bill rates, the zero-beta model catpkain
why average estimates of alphalues are posite for lov-beta securities and gative for
high-beta securities, contrary to the prediction of the CAPM. Despite this, the model is not
sufficient to rescue the CAPM from empirical rejection.

Labor Income and Nontraded Assets

An important departure from realism is the CAPM assumption that ajl dskets are
traded.Two important asset classes thatreoetraded are human capital andvately held
businessesThe discountedalue of future labor incomexeeeds the total magk value of
traded asset3he marlet value of prvately held corporations andisinesses is of the same
order of magnitude. Human capital andspte enterprises are flifent types of assets with
possibly diferent implications for equilibrium returns on traded securities.

Privately held lisiness may be the lesser of the tsources of departures from the
CAPM. Nontradedifms can be incorporated or sold at willysdor liquidity consider
ations that we discuss in thedeection. Owners of prate lusiness also can bowagainst
their value, further diminishing the material f@éifence betweenvmership of pwate and
public kusiness. Suppose thatyaiely held lisiness hae similar risk characteristics as
those of traded assets. In this caseyiddials can partially déet the diersification prob-
lems posed by their nontraded entrepreneurial assets by reducing their portfolio demand
for securities of similatraded asset¥hus, the CAPMxpected return—beta equation may
not be greatly disrupted by the presence of entrepreneurial income.

To the etent that risk characteristics of yaite enterprises dér from those of traded
securities, a portfolio of traded assets that best hedges the risk of typiase fmsiness

2IFischer Black, “Capital Maikt Equilibrium with Restricted Borvaing,” Journal of Businessluly 1972.
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would enjy excess demand from the population ofvpte husiness wners.The price of
assets in this portfolio will be bid up relaito the CAPM considerations, and thpected
returns on these securities will bevkr in relation to their systematic risk. Gensely
securities highly correlated with such risk wiliveahigh equilibrium risk premiums and
may appear toxhibit positive alphas relate to the coventional SML. In &ct, Heaton and
Lucas shw that adding proprietary income to a standard asset-pricing modehiesgte
predictive performancé?

The size of labor income and its special nature is of greater concern falithty of
the CAPM.The possible ééct of labor income on equilibrium returns can be appreci-
ated from its important &fct on personal portfolio choice. Despite thetfthat an indi-
vidual can borrev against labor income (via a home mortgage) and reduce some of the
uncertainty about future labor income via life insurance, human capital is less “portable”
across time and may be morefidifilt to hedge using traded securities than nontradsi b
nessThis may induce pressure on security prices and result in departures from the CAPM
expected return—beta equatiororFone &ample, surely an indidual seeking diersif-
cation should woid investing in his emplger’s stock and limit imestments in the same
industry Thus, the demand for stocks of latietensie firms may be reduced, and these
stocks may require a highexpected return than predicted by the CAPM.

Mayerg? derives the equilibrium x@ected return—beta equation for an economy in
which indviduals are endeed with labor income ofarying size relatie to their nonlabor
capital.The resultant SML equation is

CouR, Ry)+ I CoUR, R))
E(R) = KRy h

5 (9.13)
o + -+ Cov(Ry, Ry)
Pu

where
P, = value of aggrgate human capital,

Pu = market value of traded assets (matlportfolio),
R, = excess rate of return on aggege human capital.

The CAPM measure of systematic risk, beta, is replaced inxtemded model by an
adjusted beta that also accounts foraz@nce with the portfolio of agggate human capi-

tal. Notice that the ratio of human capital to nerkalue of all traded asse®,; /R, ,

may well be greater than 1, and hence tlecebf the coariance of a security with labor
income, Co(R,R,), relative to the gerage, Cao(Ry, Ry), is likely to be economically sig-
nificant. WherCov(R;, R,) is positve, the adjusted beta is greater when the CAPM beta is
smaller than 1, and vicesxsa. Because weect Co(R, R,) to be positie for the aer

age securitythe risk premium in this model will be greaten average, than predicted by
the CAPM for securities with beta less than 1, and smaller for securities with beta greater
than 1.The model thus predicts a security nerkne that is less steep than that of the
standard CAPMThis may help xplain the aerage ngative alpha of high-beta securities
and positve alpha of lav-beta securities that lead to the statistiedlufe of the CAPM
equation. In Chapter 13 on empiricaidence we present additional results along these
lines.

22John Heaton and Deborah Lucas, “Portfolio ChoiceAssdt PricesThe Importance of Entrepreneurial Risk,
Journal of Rnance55 (June 2000)This paper ders evidence of the ééct of entrepreneurial risk on both port-
folio choice and the risk—return relationship.

235ee footnote 8.
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A Multiperiod Model and Hedge Portfolios

Robert C. Merton mlutionized fhancial economics by using continuous-time models to
extend mawy of our models of asset priciggWhile his (Nobel Prize—winning) conttib
tions to option-pricing theory andh&ncial engineering (along with those of Fischer Black
and Myron Scholes) may ¥ had greater impact on the@stment industryhis solo con-
tribution to portfolio theory was equally important for our understanding of the risk—return
relationship.

In his basic model, Merton reles the “single-period” myopic assumptions aboue#
tors. He ewmisions indviduals who optimize a lifetime consumptiorv@stment plan, and
who continually adapt consumption/gstment decisions to current wealth and planned
retirement ageWhen uncertainty about portfolio returns is the only source of risk and
investment opportunities remain unchanged through time, that is, there is no change in
the probability distribtion of the return on the markportfolio or indvidual securities,
Merton’s so-called intertemporal capital asset pricing model (ICAPM) predicts the same
expected return—beta relationship as the single-period equfation.

But the situation changes when we include additional sources ofhigke &tra risks
are of two general kinds. One concerns changes in the parameters descnbstgent
opportunities, such as future risk-free ratepeeted returns, or the risk of the metrport-
folio. For example, suppose that the real interest rate may chamgdime. If it falls in
some future period, orelevel of wealth will nav support a lwver stream of real consump-
tion. Future spending plans, fatample, for retirement spending, may be put in jeopardy
To the etent that returns on some securities are correlated with changes in the risk-free
rate, a portfolio can be formed to hedge such risk, aresiars will bid up the price (and
bid dowvn the epected return) of those hedge assetsdtors will sacrite some epected
return if they can ind assets whose returns will be higher when other parameters (in this
case, the risk-free rate) change adely

The other additional source of risk concerns the prices of the consumption goods that
can be purchased with ywamount of wealth. Consider as axample inflation risk. In
addition to the epected lgel and wlatility of their nominal wealth, westors must be
concerned about the cost ofiig—what those dollars caruyp Therefore, inflation risk
is an importantx@ramarlet source of risk, andwestors may be willing to saddé some
expected return to purchase securities whose returns will be higher when the asgof li
changes adyrsely If so, hedging demands for securities that help to protect against infla-
tion risk would afect portfolio choice and thuspected return. One can push this con-
clusion en furthey aguing that empirically signiéant hedging demands may arise for
important subsectors of consumapenditures; for xample, ivestors may bid up share
prices of enggy companies that will hedge eggmprice uncertaintyThese sorts of &fcts
may characterize grassets that hedge importartramarlet sources of risk.

More generallysuppose we can identik/ sources of @ramarlet risk andihd K asso-
ciated hedge portfolioF.hen, Mertons ICAPM &pected return—beta equatioowd gen-
eralize the SML to a multi-inceversion:

E(R) = Bm E(Ri) + DB B B (9.14)
k=1

where,;y, is the imiliar security beta on the matkindex portfolio, andg, is the beta on
thekth hedge portfolio.

2*Merton’s classic wrks are collected i€ontinuous-ime Anance(Oxford, U.K.: Basil Blackwell, 1992).

25Eugene FFama also made this point in “Multiperiod Consumptionelstment DecisiorfsAmerican Economic
Review 60 (1970).
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Other multifictor models using additionaddtors that do not arise fronxteamarlet
sources of risk he been deesloped and lead to SMLs of a form identical to that of the
ICAPM. These models also may be considerddresions of the CAPM in the broad sense.
We examine these models in thextehapter

A Consumption-Based CAPM

The logic of the CAPM together with the hedging demands noted in thieypsesubsec-
tion suggests that it might be useful to center the model directly on consumption. Such
models wereifst proposed by Mark Rubinstein, Robert Lucas, and Douglas Brégden.
In a lifetime consumption plan, thevestor must in each period balance the allocation of
current wealth between todaytonsumption and thewsags and imestment that will sup-
port future consumptiofnVhen optimized, the utilityalue from an additional dollar of con-
sumption today must be equal to the utiliglue of the pected future consumption that
can be ihanced by that additional dollar of weatth-uture wealth will grav from labor
income, as well as returns on that dollar whersted in the optimal complete portfolio.
Suppose risk assets arevailable and you wish to increasgpected consumption
growth by allocating some of yourdags to a risl portfolio. Hov would we measure the
risk of these asset$® a general rule, iestors will \alue additional income more highly
during dificult economic times (when consumption opportunities are scarce) thdiuin af
ent times (when consumption is already@tant).An asset will therefore be wied as
riskier in terms of consumption if it has poséticosariance with consumption gsh—in
other words, if its paydfis higher when consumption is already high anagelowhen con-
sumption is relatiely restrictedTherefore, equilibrium risk premiums will be greater for
assets thavanibit higher c@ariance with consumption gith. Dereloping this insight, we
can write the risk premium on an asset as a function of its “consumption risk” assfollo

E(R) = BcRR: (9.15)

where portfolioC may be interpreted asansumption-@icking portfolio (also called a
consumption-mimidng portfolio), that is, the portfolio with the highest correlation with
consumption gnath; B¢ is the slope coétient in the rgression of ass@t excess returns,
R, on those of the consumption-tracking portfolio; analfy, RP- is the risk premium
associated with consumption uncertajnihich is measured by th&pected gcess return
on the consumption-tracking portfolio:

RR = E(R;) = Hrc) — 1y (9.16)

Notice hav similar this conclusion is to the camtional CAPM.The consumption-
tracking portfolio in the CCAPM plays the role of the netrportfolio in the coven-
tional CAPM.This is in accord with its focus on the risk @dnsumptioropportunities
rather than the risk and return of thallar value of the portfolioThe excess return on the

26Mark Rubinstein, “The/aluation of Uncertain Income Streams and the Pricing of Opti@®| Journal of
Economics and Mam@ment Sciencé (1976), pp. 407-25; Robert Lucads$et Prices in an Exchange Econ-
omy,” Econometrica46 (1978), pp. 1429-45; Douglas Breedefn ‘IntertemporalAsset Pricing Model with
Stochastic Consumption andvéstment Opportuniti€sjJournal of Fhancial Economicg (1979), pp. 265-96.
2\Wealth at each point in time equals the neanalue of assets in the balance sheet plus the preakermt of
future labor incomeThese models of consumption anddéstment decisions are often made tractable by assum-
ing investors ghibit constant relatie risk a’ersion, or CRRA. CRRA implies that an iaitiual invests a constant
proportion of wealth in the optimal riglportfolio regardless of the lel of wealthYou might recall that our pre-
scription for optimal capital allocation in Chapter 6 also called for an optimedtiment proportion in the rigk
portfolio regardless of the el of wealth.The utility function we emplged there alsoxhibited CRRA.
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consumption-tracking portfolio plays the role of tixeess return on the makportfolio,
M. Both approaches result in lineamgle-fictor models that dér mainly in the identity
of the factor thg use.

In contrast to the CAPM, the beta of the nergortfolio on the mami factor of the
CCAPM is not necessarily 1. It is perfectly plausible and empiricalfjeat that this beta
is substantially greater thanThis means that in the linear relationship between the mar
ket index risk premium and that of the consumption portfolio,

E(Ry) = am +*Buc HR) + &n (9.17)

whereaq,, andgy, allow for empirical deiation from the gact model irEquation9.15 and
Buc is not necessarily equal to 1.

Because the CCAPM is so similar to the CAPM, one migirtder about its usefulness.
Indeed, just as the CAPM is empiricallyvilad because not all assets are traded, so is the
CCAPM.The attractieness of this model is in that it compactly incorporates consumption
hedging and possible changes imeistment opportunities, that is, in the parameters of the
return distrilutions in a singledctor frameork. There is a price to pay for this compact-
ness, hwever. Consumption gnth figures are published infrequently (monthly at the
most) compared withifancial assets, and are measured with saarif error Neverthe-
less, recent empirical reseat€imdicates that this model is more successfulkiplaning
realized returns than the CAPM, which is a reason why studentsestiments should
be familiar with it. We return to this issue, as well as empiricatlence concerning the
CCAPM, in Chapter 13.

9.6 LIQUIDITY AND THE CAPM

Standard models of asset pricing (such as the CAPM) assume frictionlesssmiandan-
ing that securities can be traded costlesBlyt these models actually velittle to say
about trading actity. For example, in the equilibrium of the CAPM, alMestors share all
available information and demand identical portfolios ofyiaksetsThe avkward impli-
cation of this result is that there is no reason for trade. If\adstors hold identical port-
folios of risky assets, then whenwdunexpected) information anes, prices will change
commensuratelybut each imestor will continue to hold a piece of the metriportfolio,
which requires noxehange of assets. iado we square this implication with the observ
tion that on a typical daynore than 3 billion shares change hands on theYéek Stock
Exchange alone? One\abus answer is heterogeneougectations, that is, beliefs not
shared by the entire mak Such priate information will gie rise to trading aswestors
attempt to praf by rearranging portfolios in accordance with theiwrreterogeneous
demands. In realifytrading (and trading costs) will be of great importancetestors.
Theliquidity of an asset is the ease and speed with which it can be said mgflet
value. Rrt of liquidity is the cost of engaging in a transaction, particularly the bid—ask
spreadAnother part is price impact—the age mgement in price one euld encounter
when attempting toxecute a lager tradeYet another component is immediaethe ability
to sell the asset quickly withoutwerting to fre-sale prices. Caersely illiquidity can be
measured in part by the discount framr imarlet value a seller must accept if the asset is to
be sold quicklyA perfectly liquid asset is one thabwld entail no illiquidity discount.

28Ravi Jagannathan antbngWang, “Lazy Iivestors, Discretionary Consumption, and the Cross-Section of Stock
Returns) Journal of Anance62 (August 2007), pp. 1633-61.
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STOCK INVESTORS PAY HIGH PRICE FOR LIQUIDITY

Given a choice between liquid and illiquid stocks, most
investors, to the extent they think of it at all, opt for
issues they know are easy to get in and out of.

But for long-term investors who don’t trade often—
which includes most individuals—that may be unneces-
sarily expensive. Recent studies of the performance of
listed stocks show that, on average, less-liquid issues
generate substantially higher returns—as much as sev-
eral percentage points a year at the extremes.

ILLIQUIDITY PAYOFF

Among the academic studies that have attempted to
quantify this illiquidity payoff is a recent work by two
finance professors, Yakov Amihud of New York Univer-
sity and Tel Aviv University, and Haim Mendelson of
the University of Rochester. Their study looks at New
York Stock Exchange issues over the 1961-1980 period
and defines liquidity in terms of bid—asked spreads as a
percentage of overall share price.

Market makers use spreads in quoting stocks to
define the difference between the price they'll bid to
take stock off an investor’s hands and the price they'll
offer to sell stock to any willing buyer. The bid price is
always somewhat lower because of the risk to the bro-
ker of tying up precious capital to hold stock in inven-
tory until it can be resold.

If a stock is relatively illiquid, which means there’s
not a ready flow of orders from customers clamoring
to buy it, there's more of a chance the broker will lose
money on the trade. To hedge this risk, market makers
demand an even bigger discount to service potential
sellers, and the spread will widen further.

The study by Profs. Amihud and Mendelson shows
that liquidity spreads—measured as a percentage dis-
count from the stock’s total price—ranged from less than
0.1%, for widely held International Business Machines

Corp., to as much as 4% to 5%. The widest-spread
group was dominated by smaller, low-priced stocks.

The study found that, overall, the least-liquid stocks
averaged an 8.5 percent-a-year higher return than the
most-liquid stocks over the 20-year period. On aver-
age, a one percentage point increase in the spread was
associated with a 2.5% higher annual return for New
York Stock Exchange stocks. The relationship held after
results were adjusted for size and other risk factors.

An extension of the study of Big Board stocks done
at The Wall Street Journal's request produced similar
findings. It shows that for the 1980-85 period, a one
percentage-point-wider spread was associated with
an extra average annual gain of 2.4%. Meanwhile, the
least-liquid stocks outperformed the most-liquid stocks
by almost six percentage points a year.

COST OF TRADING

Since the cost of the spread is incurred each time the
stock is traded, illiquid stocks can quickly become pro-
hibitively expensive for investors who trade frequently.
On the other hand, long-term investors needn’t worry
so much about spreads, since they can amortize them
over a longer period.

In terms of investment strategy, this suggests “that
the small investor should tailor the types of stocks he or
she buys to his expected holding period,” Prof. Men-
delson says. If the investor expects to sell within three
months, he says, it's better to pay up for the liquidity
and get the lowest spread. If the investor plans to hold
the stock for a year or more, it makes sense to aim at
stocks with spreads of 3% or more to capture the extra
return.

Source: Barbara Donnelly, The Wall Street Journal, April 28, 1987,
p. 37. Reprinted by permission of The Wall Street Journal. © 1987
Dow Jones & Company, Inc. All Rights Reserved Worldwide.

Liquidity (or the lack of it) has long been recognized as an important characteristic that
affects assetalues. Br example, in Igal cases, courts i@ routinely applied ery steep
discounts to thealues of lhisinesses that cannot be publicly traded. But liquidity has not
always been appreciated as an importaotdr in security maeks, presumably due to the
relatively small trading cost per transaction compared with tiye leosts of trading assets
such as real estaf€he breakthrough came in thesk of Amihud and Mendelsdf (see
the nearby box) and toddjquidity is increasingly vied as an important determinant of
prices and xpected returnse supply only a brief synopsis of this important topic here
and proide empirical gidence in Chapter 13.

29Yakov Amihud and Haim MendelsonA$set Pricing and the Bid—Ask Spreadhurnal of Fnancial Econom-
ics 17(1986).A summary of the ensuing & body of literature on liquidity can be foundYiakov Amihud,

Haim Mendelson, and Lasse Heje Pedersen, “Liquidityfemset Price$,Foundations andrends in khancel,

no. 4 (2005).
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Early models of liquidity focused on thezantory management probleiced by secu-
rity dealers. Dealers inver-the-counter maits post prices at which thare willing to
buy a security (the bid price) or sell it (the ask priddde willingness of security dealers
to add to their imentory or sell shares from theivantory maks them crucial contnib
tors to aerall marlet liquidity. The fee thg earn for supplying this liquidity is the bid—ask
spread. Brt of the bid—ask spread may bewsel as compensation for bearing the price
risk involved in holding an iventory of securities and alleng their irventory levels to
absorb the fluctuations inverall security demandssuming thedir price of the stock is
the average of the bid and ask prices, avestor pays half the spread upon purchase and
another half upon sale of the stodkdealer on the other side of the transaction earns these
spreadsThe spread is one important component of liquidity—it is the cost of transacting
in a security

The adent of electronic trading has steadily diminished the role of dealgrgadlers
still must contend with a bid—ask spreadr [Example, in electronic maeks, the limit-
order book contains the “inside spréatiat is, the diference between the highest price
at which some iestor will purchase gnshares and the west price at which another
investor is willing to sellThe efective bid—ask spread will also depend on the size of the
desired transaction. Lger purchases will require a trader towvaaeeper into the limit-
order book and accept less-attreetprices While inside spreads on electronic metsk
often appearxremely lav, effective spreads can be muchdar, because the limit orders
are good for only small numbers of shares.

Even without the imentory problemsdced by traditional securities dealers, the impor
tance of the spread persistbere is greater emphasis today on the component of the spread
that is due to asymmetric information. By asymmetric information, we mean the potential
for one trader to he private information about thealue of the security that is not kuo
to the trading partnefo see why such an asymmetry cafectfthe markt, think about the
problems &cing someoneuying a used cailhe seller knars more about the car than the
buyer, so the hyer naturally wnders if the seller is trying to get rid of the car because it
is a “lemor. At the least, byers vorried about werpaying will shae the prices theare
willing to pay for a car of uncertain qualityn extreme cases of asymmetric information,
trading may cease altogeti@iSimilarly, traders who post fars to luy or sell at limit
prices need to bearried about being pigd of by betterinformed traders who hit their
limit prices only when theare out of line with the intrinsicalue of theifm.

Broadly speaking, we may wBion irvestors trading securities for tweasons. Some
trades are dven by “noninformational” moties, for &ample, selling assets to raise cash
for a big purchase, owen just for portfolio rebalancinghese sorts of trades, which are
not motvated by pwate information that bears on thalwe of the traded securitgre
callednoise tades.Security dealers will earn a piofrom the bid—ask spread when trans-
acting with noise traders (also calleglidity tradersbecause their trades may derfrom
needs for liquidityi.e., cash).

Other transactions are maited by pwate information knan only to the seller or
buyer These transactions are generated when traderydéhie havze come across infor
mation that a security is mispriced, and try to prfobm that analysis. If an information
trader identiles an adantageous opportuniti must be disacantageous to the other party
in the transaction. If prate information indicates a stock iseopriced, and the trader
decides to sell it, a dealer who has posted a bid price or another trader who has posted a

3The problem of informational asymmetry in metk was introduced by the 2001 Nobel Laureate Geor
A. Akerlof and has since become knoas thelemons poblem.A good introduction tAkerlof's contritu-
tions can be found in GageA. Akerlof, An EconomicTheorists Book offales(Cambridge, U.K.: Cambridge
University Press, 1984).
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limit-buy order and ends up on the other side of the transaction will purchase the stock at
what will later be reealed to hae been an inflated price. Garsely when prvate infor

mation results in a decision tayp the price at which the security is traded wietually

be recognized as less thairfvalue.

Information traders impose a cost on both dealers and othestams who post limit
orders Although on aerage dealers makmong from the bid—ask spread when transact-
ing with liquidity traders, thgwill absorb losses from information traders. Similaegy
trader posting a limit order is at risk from information trad&tre response is to increase
limit-ask prices and decrease limit-bid orders—in otherds, the spread must widdrhe
greater the relate importance of information traders, the greater the required spread to
compensate for the potential losses from trading with them. In the end, therefore, liquidity
traders absorb most of the cost of the information trades because the bid—ask spread that
they must pay on their “innocent” trades widens when informational asymmetry is more
severe.

The discount in a security price that results from illiquidity can be surprisingjg,lar
far lager than the bid—ask spread. Consider a security with a bid—ask spread of 1%. Sup-
pose it will change hands once a year for the Beyears and then will be held foex
by the third liyer For the last trade, thevastor will pay for the security 99.5% or .995
of its fair price; the price is reduced by half the spread that will be incurred when the
stock is soldThe second dyer, knowing the security will be sold a year later for .995
of fair value, and hang to absorb half the spread upon purchase, will be willing to pay
.995— .005/1.05= .9902 (i.e., 99.02% ofafr value), if the cost of trading is discounted
at a rate of 5%. Finallythe current byer, knowing the loss nd year when the stock
will be sold for .9902 ofdir value (a discount of .0098), will pay for the security only
.995— .0098/1.05= .9857.Thus the discount has ballooned from .5% to 1.43%. In other
words, the presentlues of all three future trading costs (spreads) are discounted into the
current price’! To extend this logic, if the security will be traded once a yearvaréts
current illiquidity cost will equal immediate cost plus the presahievof a perpetuity of
.5%.At an annual discount rate of 5%, this sum equals -00805/.05= .105, or 10.5%!
Obviously, liquidity is of potentially lage \alue and should not be ignored in garg the
equilibrium \alue of securities.

Consider three stocks with equal bid—ask spreads ofTh#irst trades once a year
the second oncevery 2 years, and the thirdvery 3 yearsWe hae already calculated
the price discount due to illiquidity as the preseaitig of illiquidity costs for theirfst as
10.5%.The discount for the second security is .5% plus the preséunt wf a biannual
perpetuity of .5%, which at a discount rate of 5% amounts+o0.%/(1.05 — 1) = 5.38%.
Similarly, the cost for the security that trades onlgrg 3 years is 3.67%. From this pat-
tern of discounts—10.5%, 5.38%, and 3.67%—it seems that foigiaen spread, the
price discount will increase almost in proportion to the frequefi¢rading. It also wuld
appear that the discount should be proportional to the bid—ask spremékeridrading
frequeny may well \ary irversely with the spread, and this will impede the response of
the price discount to the spread.

An investor who plans to hold a security for aegi period will calculate the impact of
illiquidity costs on &pected rate of return; liquidity costs will be amortizedrahe antici-
pated holding period. r@stors who trade less frequently therefore will be lefectad
by high trading costsThe reduction in the rate of return due to trading costsaisrithe
longer the security is held. Hence in equilibriunveistors with long holding periods will,

3We will see another instance of such capitalization of trading costs in Chapter 13, whexglanat®n for
large discounts on closed-end funds is the substantial preslert of astreamof apparently small pgperiod
expenses.
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FIGURE 9.5 The relationship between illiquidity and average returns

Source: Derived from Yakov Amihud and Haim Mendelson, “Asset Pricing and the Bid-Ask Spread,” Journal of
Financial Economics 17 (1986), pp. 223-49.

on aserage, hold more of the illiquid securities, while short-horizaestors will more
strongly prefer liquid securitieShis “clientele efect” mitigates the ééct of the bid—ask

spread for illiquid securitied'he end result is that the liquidity premium should increase

with the bid—ask spread at a decreasing Ftpure 9.5conirms this prediction.
So far, we hae shavn that the gpected lgel of liquidity can aflect prices, and there-
fore expected rates of returihat about unanticipated changes in liquidityZktors may

also demand compensation fyuidity risk. The bid—ask spread of a security is not con-

stant through time, nor is the ability to sell a security aiirapfice with little notice. Both
depend onerall conditions in security maeks. If asset liquiditydils at times when it is
most desired, thenwestors will require an additional price discounydred that required
for the expected cost of illiquidity? In other vords, there may besystematicomponent
to liquidity risk that aflects the equilibrium rate of return and hence tkjgeeted return—
beta relationship.

As a concretexample of such a modeAcharya and Peders&rconsider the impacts
of both the Ilgel and the risk of liquidity on security pricinghey include three compo-
nents to liquidity risk—each captures thdent to which liquidity aries systematically

32A good xample of systematic fefcts in liquidity risk surrounds the demise of LongrTi Capital Management
in the summer of 1998. Despitetensie analysis that indicated its portfolim®/highly dversified, mary of its
assets went bad at the same time when RussialteEd on its debfThe problem as that despite thedt that
short and long positions wergpected to balance price changes based on normaénfargtuations, a masa

decline in the mat liquidity and prices of some assetsmot ofset by increased prices of more liquid assets.
As a supplier of liquidity to others,TICM was a lage holder of less-liquid securities and a liquidity shock of

this magnitude ws at that time an unimaginableeat.While its portfolio may hee been diersified in terms of
exposure to traditionalusiness condition shocks, ie& undiersified in terms of gposure to liquidity shocks.

33V, V. Acharya and L. H. Pedersersset Pricing with Liquidity Risk,Journal of Fnancial Economics7

(2005).
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with other markt conditionsThey identify three releant “liquidity betas, which mea-
sure in turn: (i) the>dent to which the stocK'illiquidity varies with markt illiquidity;
(ii) the extent to which the stock’return aries with marét illiquidity; and (iii) the etent
to which the stock illiquidity aries with the maid return.Therefore, gpected return
depends onxgected liquidity as well as the cerntional “CAPM beta” and three addi-
tional liquidity-related betas:

E(R) = KE(G) + MB +BLs — B2 —Bua) (9.18)

where
E(C)) = expected cost of illiquidity
k = adjustment forerage holding periodver all securities,
N = marlet risk premium net ofverage marét illiquidity cost,E(Ry, — Cy),
B = measure of systematic matkisk,

BL1 Bl BLs = liquidity betas.

Compared to the copntional CAPM, the xpected return—beta equatiorwnbas a pre-
dicted frm-specifc component that accounts for théeef of security liquidity Such an
effect would appear to be an alpha in theamtional ind& model.

The marlet risk premium itself is measured net of therage cost of illiquiditythat is,
N = E(Ry — Cy), whereC,, is the markt-average cost of illiquidity

The overall risk of each security momust account for the three elements of liquidity
risk, which are defied as follovs:34

Cov(C;, Cy) Measures the sensiily of the securitys illiquidity to
B = m marlket illiquidity. Investors vant additional compensation
for holding a security that becomes illiquid when general
liquidity is low.3*
Cov(R, Gy) Measures the sensiiy of the stocks return to mardt
B2 = m illiquidity . This coeficient appears with a gative sign
in Equation 9.18 becausevastors are willing to accept
a lover average return on stocks that will prde higher
returns when magk illiquidity is greater
Cov(C;, Ry) Measures the sensity of security illiquidity to the
Bus = o~ market rate of returnThis sensittity also appears with a
Var(Ry — Gu)

negative sign, becausevastors will be willing to accept
a lowver average return on securities that can be sold
more easily (hee low illiquidity costs) when the maet
declines.

A good number of ariations on this model can be found in the current (and rapidly
growing) literature on liquidity.3 What is common to all liquidity ariants is that the
improve on the gplanatory pwer of the CAPM equation and hence there is no doubt that,
sooner or laterpractitioner optimization models and, more important, security analysis
will incorporate the empirical content of these models.

34Several papers hae shovn that there is important eariance across asset illiquiditgee for gample,T. Chor
dia, R. Roll, andA. Subramapam, “Commonality in Liquidity Journal of Fnancial Economic$6 (2000),
pp. 3-28 or J. Hasbrouck and D. H. Seppi “Commactéts in Prices, Order M and Liquidity’ Journal of
Financial Economic&9 (2001), pp. 383—-411.

35Another influential study of liquidity risk and asset pricing is as®@r and R. Stambaugh, “Liquidity Risk and
Expected Stock Returrislournal of Rlitical Economyl11 (2003), pp. 642-85.
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The CAPM assumes thawviestors are single-period planners who agree on a common inputSsU M MARY
from security analysis and seek meamiance optimal portfolios.

The CAPM assumes that security netgkare ideal in the sense that:

a. They are lage, and imestors are price-taks.

b. There are no tas or transaction costs.

c. All risky assets are publicly traded.

d. Investors can borm and lend ayp amount at aited risk-free rate.

With these assumptions, allvestors hold identical rigkportfolios. The CAPM holds that in
equilibrium the markt portfolio is the unique mearasiance dicient tangeng portfolio. Thus
a passie stratgy is eficient.

The CAPM markt portfolio is a @lue-weighted portfolio. Each security is held in a proportion
equal to its manit value dvided by the total magk value of all securities.

If the marlet portfolio is eficient and the e erage inestor neither borres nor lends, then the
risk premium on the maek portfolio is proportional to itsariance,o,, and to the werage
coeficient of risk aersion across irestors A:

E(w) — 11 = Ac

The CAPM implies that the risk premium onyandividual asset or portfolio is the product of
the risk premium on the maekportfolio and the beta cdifient:

E(r) —r; = Bi[E(n) — ]

where the beta cdédient is the caariance of the asset with the merrfortfolio as a fraction of
the wariance of the magk portfolio

Cowv(ri, f'm)
B =——
M
When risk-free imestments are restrictedttall other CAPM assumptions hold, then the simple
version of the CAPM is replaced by its zero-be¢asion.Accordingly, the risk-free rate in
the epected return—beta relationship is replaced by the zero-beta postfaiEcted rate of
return:

E(r) = E[rzowy] +BiEH W — rzm)

The simple ersion of the CAPM assumes thaveéstors are myopicWhen irvestors are
assumed to be concerned with lifetime consumption and bequest piaimsebtors'tastes and
security return distrilitions are stablever time, the mardt portfolio remains étient and the
simple \ersion of the xpected return—beta relationship holds. But if those digtdhs change
unpredictablyor if investors seek to hedge nonnetrkources of risk to their consumption, the
simple CAPM will give way to a multifctor \ersion in which the security’exposure to these
nonmarlet sources of risk command risk premiums.

The consumption-based capital asset pricing model (CCAPM) is a saw@@-model in which

the marlet portfolio excess return is replaced by that of a consumption-tracking portfolio. By
appealing directly to consumption, the model naturally incorporates consumption-hedging con-
siderations and changingvestment opportunities within a singleefor framwvork.

The Security Markt Line of the CAPM must be mouhfl to account for labor income and other

significant nontraded assets.

Liquidity costs and liquidity risk can be incorporated into the CAPM relationshigstars Related Web sites for
demand compensation for botkpected costs of illiquidity as well as the risk surroundingyis chapter are available
those costs. at www.mhhe.com/bkm
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KEY TERMS homogeneousx@ectations expected return—beta market model
market portfolio relationship zero-beta portfolio
mutual fund theorem security markt line (SML) liquidity
market price of risk alpha illiquidity
beta

PROBLEM ‘'

SETS 2
Quiz
3.
Problems 4.
5.

What must be the beta of a portfolio wifrp) = 18%, ifr; = 6% and&(ry) = 14%?

The marlet price of a security is $50. Itggected rate of return is 14%he risk-free rate is 6%
and the marét risk premium is 8.5%Vhat will be the marét price of the security if its correla-
tion coeficient with the mar&t portfolio doubles (and all othearables remain unchanged)?
Assume that the stock igmected to pay a constantiiend in perpetuity

Are the follaving true or &lse? Explain.

a. Stocks with a beta of zerofef an &pected rate of return of zero.

b. The CAPM implies that westors require a higher return to hold hightyatile securities.

c. You can construct a portfolio with beta of .75 byeisting .75 of the westment bdget in
T-bills and the remainder in the matkportfolio.

You are a consultant to adg@ manudcturing corporation that is considering a project with the
following net afteitax cash flavs (in millions of dollars):

Years from Now After-Tax Cash Flow
0 —40
1-10 15

The projects beta is 1.8Assuming thatr; = 8% and E(ry) = 16%, what is the net present
value of the projectWhat is the highest possible beta estimate for the project before its NPV
becomes reative?

Consider the follwing table, which gies a security analystepected return on twstocks for
two particular marét returns:

Market Return Aggressive Stock Defensive Stock
5% —2% 6%
25 38 12

a. What are the betas of thedwtocks?

b. What is the gpected rate of return on each stock if the raarkturn is equally lidly to be
5% or 25%7?

c. If the T-bill rate is 6% and the maegk return is equally lidly to be 5% or 25%, dwathe
SML for this economy

d. Plot the two securities on the SML grapiWhat are the alphas of each?

e. What hurdle rate should be used by the management of the aggfiessfor a project with
the risk characteristics of the deferesfirm’s stock?

For Problems 6 to 12: If the simple CAPM is valid, which of the following situations are
possible? Explain. Consider each situation independently.

6.

Expected
Portfolio Return Beta
A 20 1.4

B 25 1.2
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7. Expected Standard
Portfolio Return Deviation
A 30 35
B 40 25
8. Expected Standard
Portfolio Return Deviation
Risk-free 10 0
Market 18 24
A 16 12
9. Expected Standard
Portfolio Return Deviation
Risk-free 10 0
Market 18 24
A 20 22
10. Expected
Portfolio Return Beta
Risk-free 10 0 §
Market 18 1.0 o)
A 16 1.5 e
(o}
11. Expected v
Portfolio Return Beta g
Risk-free 10 0 'g
Market 18 1.0 g
A 16 0.9 %
12. Expected Standard e
Portfolio Return Deviation g
R =]
Risk-free 10 0 et
Market 18 24 7}
A 16 22 >

For Problems 13 to 15 assume that the risk-free rate of interest is 6% and the expected
rate of return on the market is 16%.

13. A share of stock sells for $50 todatywill pay a dividend of $6 per share at the end of the year
Its beta is 1.2What do ivestors gpect the stock to sell for at the end of the year?

14. | am huying a frm with an expected perpetual cashfioof $1,000 it am unsure of its risk. If |
think the beta of therim is .5, when indct the beta is really 1, womuchmore will | of fer for
the irm than it is truly verth?

15. A stock has anx@ected rate of return of 4%/hat is its beta?

16. Two investment advisers are comparing performance. @emged a 19% rate of return and
the other a 16% rate of return. \Mever, the beta of tharkt investor vas 1.5, whereas that of the
second was 1.

a. Can you tell which imestor vas a better selector of imitiual stocks (aside from the issue of
general mgements in the maet)?

b. If the T-bill rate were 6% and the matkreturn during the period were 14%, whicheistor
would be the superior stock selector?

c. What if theT-bill rate were 3% and the maakreturn were 15%?
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17. Suppose the rate of return on short-termegoment securities (pereeid to be risk-free) is
about 5%. Suppose also that txpected rate of return required by the nearfor a portfolio
with a beta of 1 is 12%ccording to the capital asset pricing model:

a. What is the epected rate of return on the matlportfolio?

b. What would be the ®pected rate of return on a stock wth= 0?

c. Suppose you consideuying a share of stock at $4Dhe stock is epected to pay $3 di
dends net year and youxpect it to sell then for $4The stock risk has beenauated at
B = —.5. Is the stockwerpriced or underpriced?

18. Suppose that borwadng is restricted so that the zero-betrsion of the CAPM holdsThe
expected return on the maakportfolio is 17%, and on the zero-beta portfolio it is 8%hat is
the expected return on a portfolio with a beta of .6?

19. a. A mutual fund with beta of .8 has arpected rate of return of 14%. f= 5%, andyou
expect the rate of return on the merlportfolio to be 15%, should youviest in this fund?
What is the fund alpha?
b. What passie portfolio comprised of a magkindex portfolio and a monemarket account
would have the same beta as the fund?\8liwat the diference between theected rate of
return on this pasg portfolio and that of the fund equals the alpha from aurt (

Cha"enge 20. Outline hav you would incorporate the folleing into the CCAPM:

Problem a. Liquidity
b. Nontraded assets (Do youveato worry about labor income?)

/-\ 1. a. JohnWilson is a portfolio manager atustin & Associates. &r all of his clientsWilson
CFAe manages portfolios that lie on the Mawktz efficient frontier Wilson asks Mary Rgan,
\ JROBLEMS CFA, a managing director #twstin, to reiew the portfolios of tw of his clients, the Eagle

Manufacturing Compay and the Rainbe Life Insurance CoThe epected returns of the
two portfolios are substantially érent. Rgan determines that the Raimb@ortfolio is
virtually identical to the masit portfolio and concludes that the Rainbportfolio must be
superior to the Eagle portfolio. Do you agree or disagree wigaiReconclusion that the
Rainbav portfolio is superior to the Eagle portfolio? Justify your response with reference to
the capital mar#t line.

b. Wilson remarks that the Rainlvoportfolio has a higherxpected return because it has
greater nonsystematic risk than Eaglportfolio. Defne nonsystematic risk andmain
why you agree or disagree witiilson’s remark.
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2. Wilson is nav evaluating the epected performance of tacommon stocks, Furhman Labs Inc.
and Garterfesting Inc. He has gathered the faling information:
The risk-free rate is 5%.
The epected return on the makportfolio is 11.5%.
The beta of Furhman stock is 1.5.
The beta of Garten stock is .8.

Based on hiswn analysisWilson’s forecasts of the returns on theotstocks are 13.25% for
Furhman stock and 11.25% for Garten stock. Calculate the required rate of return for Furhman
Labs stock and for Gartéresting stock. Indicate whether each stock is uraleed, &irly val-

ued, or eervalued.

3. The security markt line depicts:

a. A securitys expected return as a function of its systematic risk.
b. The marlet portfolio as the optimal portfolio of riglsecurities.
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c. The relationship between a secustyéturn and the return on an irde
d. The complete portfolio as a combination of the reaportfolio and the risk-free asset.

4. Within the contgt of the capital asset pricing model (CAPM), assume:

- Expected return on the mate 15%.

- Risk-free rate= 8%.

- Expected rate of return on XYZ security17%.
- Beta of XYZ security= 1.25.

Which one of the follwing is correct?

a. XYZ is overpriced.

b. XYZ is fairly priced.
c. XYZ's alpha is—.25%.
d. XYZ's alpha is .25%.

5. What is the gpected return of a zero-beta security?

a. Market rate of return.
b. Zero rate of return.

c. Negative rate of return.
d. Risk-free rate of return.

6. Capital asset pricing theory asserts that portfolio returns arexpdained by:

a. Economic &ctors.
b. Specifc risk.

c. Systematic risk.
d. Diversification.

7. According to CAPM, thexpected rate of return of a portfolio with a beta of 1.0 and an alpha of
Ois:
a. Betweenr), andr;.
b. The risk-free rater;.
c
d

- B (rm = 1)
. The epected return on the maatry,.
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The following table shows risk and return measures for two portfolios.

Average Annual Standard
Portfolio Rate of Return Deviation Beta
R 1% 10% 0.5
S&P 500 14% 12% 1.0

8. When plotting portfolicR on the preceding table relaito the SML, portfolidR lies:

a. On the SML.

b. Below the SML.

c. Above the SML.

d. Insufiicient data gien.

9. When plotting portfolidR relative to the capital mask line, portfolioR lies:

a. On the CML.

b. Below the CML.

c. Above the CML.

d. Insufiicient data gien.
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10. Briefly explain whether imestors shouldx@ect a higher return from holding portfokoversus
portfolio B under capital asset pricing theory (CAPMEssume that both portfolios are fully

diversified.
Portfolio A Portfolio B
Systematic risk (beta) 1.0 1.0
Specific risk for each
individual security High Low

11. Joan McKay is a portfolio manager for a bank trust department. McKay meets witfiénts,
Kevin Murray and Lisarork, to review their investment objectes. Each clientx@resses an
interest in changing his or her indlual investment objectes. Both clients currently hold
well-diversified portfolios of risk assets.

a. Murray wants to increase thexgected return of his portfolio. State what action McKay
should tak to achige Murrays objectve. Justify your response in the coxitef the CML.

b. York wants to reduce the riskgosure of her portfoliout does not ant to engage in ber
rowing or lending actiities to do so. State what action McKay shouldtakachigeYork’s
objective. Justify your response in the codtef the SML.

12. Karen Kay a portfolio manager at Collidsset Management, is using the capital asset pricing

a. Calculate gpected return and alpha for each stock.
b. Identify and justify which stock wuld be more appropriate for arvé@stor who vants to

§ model for making recommendations to her clients. Her research departmenvdlapeattthe

Q information shavn in the follaving exhibit.

5

) Forecast Returns, Standard Deviations, and Betas

(V]

c Forecast Return Standard Deviation Beta

c

(S Stock X 14.0% 36% 0.8
Stock Y 17.0 25 1.5
Market index 14.0 15 1.0

i Risk-free rate 5.0

©
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i. add this stock to a well-dgérsified equity portfolio.
ii. hold this stock as a single-stock portfolio.

Go to www.mhhe.com/edumarketinsight and link to Company, then Population. Select
a company of interest to you and link to the Company Research page. Look for the Excel
Analytics section, and choose Valuation Data, then review the Profitability report. Find the
row that shows the historical betas for your firm. Is beta stable from year to year? Go back
to the Company Research page and look at the latest available S&P Stock Report for your
firm. What beta does the report indicate for your firm? Why might this be different from the
one in the Profitability Report? Based on current risk-free rates (available at finance.yahoo
.com), and the historical risk premiums discussed in Chapter 5, estimate the expected rate
of return on your company’s stock by using the CAPM.

STANDARD
&POOR'S
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Beta and Security Returns

Fidelity provides data on the risk and return of its funds at www.fidelity.com.
Click on the Research link, then choose Mutual Funds from the submenu. In the Fund
Evaluator section, choose Advanced Search. Scroll down until you find the Risk/ Vola-
tility Measures section and indicate that you want to screen for funds with betas less
than or equal to .50. Click Search Funds to see the results. Click on the link that says
View All Matching Fidelity Funds. Select five funds from the resulting list and click
Compare. Rank the five funds according to their betas and then according to their
standard deviations. Do both lists rank the funds in the same order? How would you
explain any difference in the rankings? Note the 1-Year return for one of the funds
(use the load-adjusted return if it is available). Repeat the exercise to compare five
funds that have betas greater than or equal to 1.50.

E-Investments

SOLUTIONS TO CONCEPT CHECKS

1. We can characterize the entire population byo twepresentate investors. One is the
“uninformed” investor who does not engage in security analysis and holds thestvamitfolio,
whereas the other optimizes using the Maikz algorithm with input from security analysis.
The uninformed imestor does not kmowhat input the informed vrestor uses to makportfolio
purchasesThe uninformed imestor knavs, havever, that if the other iestor is informed, the
market portfolio proportions will be optimalherefore, to depart from these proportioraule
constitute an uninformed bet, which will, oveaage, reduce thefefiency of diversification with
no compensating impvement in gpected returns.

2. a. Substituting the historical mean and standardadion in Equatiord.2 yields a coéicient of
risk aversion of
E(v)—re _ .084

A= = = 2.04
o 202

b. This relationship also tells us that for the historical standanciien and a coéitient of risk
awersion of 3.5 the risk premiumowld be
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E(ty) — 1y = Asg, = 3.5X .20 = .144= 14.%5%
3. For these imestment proportionsygqq, Wey, the portfoliop is

Bp = WradBrod T WomBowm
= (75X 129+ (.25¢ 11p= 12125

As the markt risk premiumE(ry) — ry, is 8%, the portfolio risk premium will be

E(rp) —r¢ = Bp[E(n) — ¢l
=1.2125X 8= 9 W
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4. The alpha of a stock is itxgected return inx@ess of that required by the CAPM.
a = E(r) —{r; +B[E(n) —re]}
axg =12—-[5+1Qq11 5 =1%
oppec = 13—[5+ 1511 §=—- %
ABCplots belav the SML, whileXYZplots aboe.

E(r), Percent

SML
L
" Olpge <0
E(rM)=11———————————————————aﬁ‘@——

Market

0 T
55,
5. The project-spedit required return is determined by the project beta coupled with theemark
risk premium and the risk-free rafthe CAPM tells us that an acceptabkpected rate of return
for the project is

ry +BIE(r) —r¢] = 8+1316— § = 18.4%
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which becomes the projesthurdle rate. If the IRR of the project is 19%, then it is desirAble.
project with an IRR equal to or less than 18.4% should be rejected.

6. The CAPM is a model that relatespected rates of return to risk. It results in thxpexted
return—beta relationship, where thepected risk premium on grasset is proportional to the
expected risk premium on the matkportfolio with beta as the proportionality constés.such
the model is impractical for mreasons: (i)>@ectations are unobseile, and (ii) the theoretical
market portfolio includes\eery risky asset and is in practice unobsdne.The net three models
incorporate additional assumptions tercome these problems.

The single-ctor model assumes that one econormtd; denoted, exerts the only common
influence on security returns. Band it, security returns are dein by independentirin-specifc
factors.Thus for ay securityi,

n=E®r)+BF+e

The single-inde model assumes that in the singdetbr model, theafctorF can be replaced by a
broad-based indeof securities that can proxy for the CAPMheoretical masi portfolio.The
index model can be stated Bs= «; + BiRy + €.

At this point it should be said that mamterchange the meaning of the ind&nd markt
modelsThe concept of the maekmodel is that rate of retusnirpriseson a stock are proportional
to corresponding surprises on the nerikdex portfolio, again with proportionality consta@t




