CHAPTER

ital Asset
Pricing Model

THE CAPITAL ASSET pricing model, almost
always referred to as the CAPM, is a centerpiece
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 public offering of stock? How will a
major new investment project affect the return
investors 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 accept-
able for important applications.

The Capital Asset Pricing Model

The capital asset pricing model is a set of predictions concerning equilibrium expected returns on
risky assets. Harry Markowitz laid down the foundation of modern portfolio management in 1952.
The CAPM was developed 12 years later in articles by William Sharpe,' John Lintner.” and Jan
Mossin.” The time for this gestation indicates that the leap from Markowitz’s portfolio selection

model to the CAPM is not trivial.

We will approach the CAPM by posing the question “what if.” where the “if” part refers to a
simplified world. Positing an admittedly unrealistic world allows a relatively casy leap to the “then”
part. Once we accomplish this, we can add complexity to the hypothesized environment one step at
a time and see how the conclusions must be amended. This process allows us to derive a reasonably

realistic and comprehensible model.

'William Sharpe, “Capital Asset Prices: A Theory of Market Equilibrium,” Journal of Finance, September 1964,
*John Lintner, “The Valuation of Risk Assets and the Selection of Risky Investments in Stock Portfolios and Capital Budgets.”

Review of Economics and Statistics, February 1965.

“Jan Mossin, “Equilibrium in a Capital Asset Market,” Econometrica, October 1966.



We summarize the simplifying assumptions that lead to the basic version of the CAPM
the following list. The thrust of these assumptions is that we try to ensure that individu-
Is are as alike as possible, with the notable exceptions of initial wealth and risk aversion.
ve will see that conformity of investor behavior vastly simplifies our analysis.

1. There are many investors, each with an endowment (wealth) that is small compared
to the total endowment of all investors. Investors are price-takers, in that they act as
though security prices are unaffected by their own trades. This is the usual perfect
competition assumption of microeconomics.

2. All investors plan for one identical holding period. This behavior is myopic (short-
sighted) in that it ignores everything that might happen after the end of the single-
period horizon. Myopic behavior is, in general, suboptimal.

3. Investments are limited to a universe of publicly traded financial assets, such
as stocks and bonds, and to risk-free borrowing or lending arrangements. This
assumption rules out investment in nontraded assets such as education (human
capital), private enterprises, and governmentally funded assets such as town halls
and international airports. [t is assumed also that investors may borrow or lend any
amount at a fixed, risk-free rate.

d 4, Investors pay no taxes on returns and no transaction costs (commissions and service

pl charges) on trades in securities. In reality, of course, we know that investors are

e B in different tax brackets and that this may govern the type of assets in which they

a invest. For example, tax implications may differ depending on whether the income

n is from interest. dividends, or capital gains. Furthermore, actual trading is costly,

h and commissions and fees depend on the size of the trade and the good standing of
the individual investor.

5. All investors are rational mean-variance optimizers, meaning that they all use the
Markowitz portfolio selection model.

6. All investors analyze securities in the same way and share the same economic
view of the world. The result is identical estimates of the probability distribution
of future cash flows from investing in the available securities; that is, for any set
of security prices, they all derive the same input list to feed into the Markowitz
model. Given a set of security prices and the risk-free interest rate, all investors use
the same expected returns and covariance matrix of security returns to generate the
efficient frontier and the unique optimal risky portfolio. This assumption is often

referred to as homogencous expectations or beliefs.

These assumptions represent the “if” of our “what if” analysis. Obviously, they ignore
many real-world complexities. With these assumptions, however, we can gain some pow-
erful insights into the nature of equilibrium in security markets.

We can summarize the equilibrium that will prevail in this hypothetical world of securities
and investors briefly. The rest of the chapter explains and elaborates on these implications.

| All investors will choose to hold a portfolio of risky assets in proportions that
duplicate representation of the assets in the market portfolio (M), which includes
all traded assets. For simplicity, we generally refer to all risky assets as stocks. The
proportion of each stock in the market portfolio equals the market value of the stock
(price per share multiplied by the number of shares outstanding) divided by the
total market value of all stocks.

2. Not only will the market portfolio be on the efficient frontier, but it also will be the
tangency portfolio to the optimal capital allocation line (CAL) derived by each and
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every investor. As a result, the capital market line (CML), the line from the risk-
free rate through the market portfolio, M, is also the best attainable capital
allocation line. All investors hold M as their optimal risky portfolio, differing only
in the amount invested in it versus in the risk-free asset.

3. The risk premium on the market portfolio will be proportional to its risk and the
degree of risk aversion of the representative investor. Mathematically,

E(ry) — rr= ‘Z"'T’w

where a7y, is the variance of the market portfolio and A is the average degree of risk

aversion across investors. Note that because M is the optimal portfolio, which is

efficiently diversified across all stocks, o, is the systematic risk of this universe.
4. The risk premium on individual assets will be proportional to the risk premium on

the market portfolio, M, and the beta coefficient of the security relative to the

market portfolio. Beta measures the extent to which returns on the stock and the

market move together. Formally, beta is defined as

~ Covlry, ry)
; 3

Oy

and the risk premium on individual securities is

E(r;) — "r:f[.E("M) aa "f[ = B/ E(ry) - '}']

Why Do All Investors Hold the Market Portfolio?

What is the market portfolio? When we sum over, or aggregate, the portfolios of all
individual investors, lending and borrowing will cancel out (because cach lender has a
corresponding borrower), and the value of the aggregate risky portfolio will equal the
entire wealth of the economy. This is the market portfolio. M. The proportion of each
stock in this portfolio equals the market value of the stock (price per share times num-
ber of shares outstanding) divided by the sum of the market values of all stocks.* The
CAPM implies that as individuals attempt to optimize their personal portfolios. they
each arrive at the same portfolio, with weights on each asset equal to those of the market
portfolio.

Given the assumptions of the previous section, it is easy to see that all investors
will desire to hold identical risky portfolios. If all investors use identical Markowitz
analysis (Assumption 5) applied to the same universe of securities (Assumption 3) for
the same time horizon (Assumption 2) and use the same input list (Assumption 6), they
all must arrive at the same composition of the optimal risky portfolio, the portfolio on
the efficient frontier identified by the tangency line from T-bills to that frontier, as in
Figure 9.1. This implies that if the weight of GE stock, for example, in cach common
risky portfolio is 1%, then GE also will comprise 1% of the market portfolio. The same
principle applies to the proportion of any stock in each investor’s risky portfolio. As a
result, the optimal risky portfolio of all investors is simply a share of the market portfo-
lio in Figure 9.1.

*As noted previously, we use the term “stock” for convenience; the market portfolio properly includes all assets
in the economy.
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Figure 9.1 The efficient frontier and the capital market line i

Now suppose that the optimal portfolio of our investors does not include the stock of
some company, such as Delta Airlines. When all investors avoid Delta stock. the demand is
zero, and Delta’s price takes a free fall. As Delta stock gets progressively cheaper. it becomes
ever more attractive and other stocks look relatively less attractive. Ultimately, Delta reaches
a price where it is attractive enough to include in the optimal stock portfolio.

Such a price adjustment process guarantees that all stocks will be included in the opti-
mal portfolio. It shows that a/l assets have to be included in the market portfolio. The only
issue is the price at which investors will be willing to include a stock in their optimal risky
portfolio.

This may seem a roundabout way (o derive a simple result: If all investors hold an
identical risky portfolio, this portfolio has to be M, the market portfolio. Our intention,
however, is to demonstrate a connection between this result and its underpinnings, the
equilibrating process that is fundamental to security market operation.

The Passive Strategy Is Efficient

In Chapter 6 we defined the CML (capital market line) as the CAL (capital allocation line)
that is constructed from a money market account (or T-bills) and the market portfolio.
Perhaps now you can fully appreciate why the CML is an interesting CAL. In the simple
world of the CAPM, M is the optimal tangency portfolio on the efficient frontier. as shown
in Figure 9.1.

In this scenario, the market portfolio held by all investors is based on the common input
list, thereby incorporating all relevant information about the universe of securities. This
means that investors can skip the trouble of doing security analysis and obtain an efficient
portfolio simply by holding the market portfolio. (Of course. if everyone were to follow
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this strategy, no one would perform security analysis and this result would no longer holg
We discuss this issue in greater depth in Chapter 11 on market efficiency.)

Thus the passive strategy of investing in a market index portfolio is efficient. Fq
this reason, we sometimes call this result a mutual fund theorem. The mutual fung
theorem is another incarnation of the separation property discussed in Chapter 7
Assuming that all investors choose to hold a market index mutual fund, we can sepa-
rate portfolio selection into two components—a technical problem, creation of mutug]
funds by professional managers—and a personal problem that depends on an inves.
tor’s risk aversion, allocation of the complete portfolio between the mutual fund ang
risk-free assets.

In reality, different investment managers do create risky portfolios that differ fron the
market index. We attribute this in part to the use of different input lists in the formation
of the optimal risky portfolio. Nevertheless, the practical significance of the mutual fund
theorem is that a passive investor may view the market index as a reasonable first approxi-
mation to an efficient risky portfolio.

The argument for indexing states that if the passive strategy is efficient, then attempts to
beat it simply generate trading and research costs with no offsetting benefit, and ultimately
inferior results.

If there are only a few investors who perform security analy-
C&i’)}‘tch‘P/T sis, and all others hold the market portfolio, M, would the
l CML still be the efficient CAL for investors who do not engage

in security analysis? Why or why not?

The Risk Premium of the Market Portfolio

In Chapter 6 we discussed how individual investors go about deciding how much to invest
in the risky portfolio. Returning now to the decision of how much to invest in portfolio M
versus in the risk-free asset, what can we deduce about the equilibrium risk premium of
portfolio M?

We asserted earlier that the equilibrium risk premium on the market portfolio, £(ry) — 1y,
will be proportional to the average degree of risk aversion of the investor population and
the risk of the market portfolio, oj,. Now we can explain this result.

Recall that each individual investor chooses a proportion y, allocated to the optimal
portfolio M, such that

E( "M) — "[

2 (9.1)
Aoy

y

In the simplified CAPM economy, risk-free investments involve borrowing and lend-
ing among investors. Any borrowing position must be offset by the lending position of
the creditor. This means that net borrowing and lending across all investors must be zero,
and in consequence, substituting the representative investor’s risk aversion, A, for A, the
average position in the risky portfolio is 100%, or y = 1. Setting y = 1 in Equation 9.1 and
rearranging, we find that the risk premium on the market portfolio is related to its variance
by the average degree of risk aversion:

E(I‘M) = rf,r=ZO'ﬁ,, (9-2)
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Data from the last eight decades (see Table 5.3) for the S&P 500 index yield the following
) statistics: average excess return, 7.9%; standard deviation, 23.2%.
d a. To the extent that these averages approximated investor expectations for the period,
1. what 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
il consistent with the market’s historical standard deviation?

- Expected Returns on Individual Securities

The CAPM is built on the insight that the appropriate risk premium on an asset will be
determined by its contribution to the risk of investors’ overall portfolios. Portfolio risk is
what matters to investors and is what governs the risk premiums they demand.

Remember that all investors use the same input list, that is, the same estimates of
expected returns, variances, and covariances. We saw in Chapter 7 that these covariances
can be arranged in a covariance matrix, so that the entry in the fifth row and third column,
for example, would be the covariance between the rates of return on the fifth and third
securities. Each diagonal entry of the matrix is the covariance of one security’s return
with itself, which is simply the variance of that security.

Suppose, for example, that we want to gauge the portfolio risk of GE stock. We mea-
sure the contribution to the risk of the overall portfolio from holding GE stock by its
covariance with the market portfolio. To see why this is so. let us look again at the way
the variance of the market portfolio is calculated. To calculate the variance of the market
portfolio, we use the bordered covariance matrix with the market portfolio weights, as
discussed in Chapter 7. We highlight GE in this depiction of the n stocks in the market
portfolio.

Recall that we calculate the variance of the portfolio by summing over all the elements
of the covariance matrix, first multiplying each element by the portfolio weights from the
row and the column. The contribution of one stock to portfolio variance therefore can be
expressed as the sum of all the covariance terms in the column corresponding to the stock,

Portfolio

Weights

Wy

w;

Wae

w,

WeE

Coviry, ry)

COV(fz, f‘,)

COV(r(;k, f'[)

Covlry, ry)

Coviry, r7)

Coviry, r7)

COV(I'(,[:, fz)

Covlry, )

Cov(ry, ree)

COV(fz, rG[)

Cov(rGE, fc,[)

Cov(ry,, fee)

Cov(ry, rp)

Covira, 1)

COV(fGE, f,,)

Cov(ry, )

e T R R




296

PART 111

Equilibrium in Capital Markets

where each covariance is first multiplied by both the stock’s weight from its row and the
weight from its column.’
For example, the contribution of GE’s stock to the variance of the market portfolio ig

wae[wiCov(ry, rgp) + wyCov(ry, re) + ... + wapCov(rgg, rge) +. ..

W Covir, rag)] o

Equation 9.3 provides a clue about the respective roles of variance and covariance in
determining asset risk. When there are many stocks in the economy, there will be many ))
more covariance terms than variance terms. Consequently, the covariance of a particular
stock with all other stocks will dominate that stock’s contribution to total portfolio risk.

We will show in a moment that the sum inside the square brackets in Equation 9.3 is the
covariance of GE with the market portfolio. In other words, the stock’s contribution (o the
risk of the market portfolio depends on its covariance with that portfolio:

GE’s contribution to variance = wgeCov (rag, ry)

This should not surprise us. For example, if the covariance between GE and the rest
of the market is negative, then GE makes a “negative contribution™ to portfolio risk: By
providing returns that move inversely with the rest of the market, GE stabilizes the return
on the overall portfolio. If the covariance is positive. GE makes a positive contribution to
overall portfolio risk because its returns reinforce swings in the rest of the portfolio.

To demonstrate this more rigorously, note that the rate of return on the market portfolio
may be written as

n
Iy = Ewkrk
k=1
Therefore, the covariance of the return on GE with the market portfolio is

" n
Covl(rge, ry) = Cov(rc-,,‘_-. 2”‘&'1—) = zwkCov(rk, roe) (9.4)
k=1 k=1
Notice that the last term of Equation 9.4 is precisely the same as the term in brackets
in Equation 9.3. Therefore, Equation 9.3, which is the contribution of GE to the vari-
ance of the market portfolio, may be simplified to wgi Covi(rgg, ry). We also observe
that the contribution of our holding of GE to the risk premium of the market portfolio is
weelE(rge) — 17l
Therefore, the reward-to-risk ratio for investments in GE can be expressed as

GE’s contribution to risk premium 1 wealE(rge) — r/-l B E(rge) — 1y

GE’s contribution to variance wepCov (g, ry)  Cov(rge. ry)
GE GEs "M GE: "M

The market portfolio is the tangency (efficient mean-variance) portfolio. The reward-to-
risk ratio for investment in the market portfolio is
Market risk premium  E(ry) — r; W)
Market variance Oii P

SAn alternative approach would be to measure GE’s contribution to market variance as the sum of the elements in the
row and the column corresponding to GE. In this case, GE's contribution would be twice the sum in Equation 9.3.
The approach that we take in the text allocates contributions to portfolio risk among securities in a convenient man-
ner in that the sum of the contributions of each stock equals the total portfolio variance, whereas the alternative med-
sure of contribution would sum to twice the portfolio variance. This results from a type of double-counting, because
adding both the rows and the columns for each stock would result in cach entry in the matrix being added twice.
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ratio in Equation 9.5 is often called the market price of risk® because it quantifies the
ra return that investors demand (o bear portfolio risk. Notice that for components of the
cient portfolio, such as shares of GE, we measure risk as the contribution to portfolio
ance (which depends on its covariance with the market). In contrast, for the efficient
olio itself, its variance is the appropriate measure of risk.
A basic principle of equilibrium is that all investments should offer the same reward-to-risk
_catio. If the ratio were better for one investment than another, investors would rearrange
heir portfolios, tilting toward the alternative with the better trade-off and shying away
om the other. Such activity would impart pressure on security prices until the ratios were
 equalized. Therefore we conclude that the reward-to-risk ratios of GE and the market port-
folio should be equal:

E("GE) . r/' = E('.M) — ’?f

4 N T 9
Cov(rag, ry) Ty

(9.6)

To determine the fair risk premium of GE stock, we rearrange Equation 9.6 slightly to
obtain
Cov(rgg, ry)
E(rge) — rp=—————[E(ry) —r/] (9.7)
Oy ;

The ratio Cov(rgy:, 74 ) /0y measures the contribution of GE stock to the variance of the
market portfolio as a fraction of the total variance of the market portfolio. The ratio is
called beta and is denoted by B. Using this measure, we can restate Equation 9.7 as

E(ree) = rp+ BaelE(ry) — 1] 3-8)

This expected return—beta relationship is the most familiar expression of the CAPM to
practitioners. We will have a lot more to say about the expected return-beta relationship
shortly.

We see now why the assumptions that made individuals act similarly are so useful. If
everyone holds an identical risky portfolio, then everyone will find that the beta of each
asset with the market portfolio equals the asset’s beta with his or her own risky portfolio.
Hence everyone will agree on the appropriate risk premium for each asset.

Does the fact that few real-life investors actually hold the market portfolio imply that the
CAPM is of no practical importance? Not necessarily. Recall from Chapter 7 that reason-
ably well-diversified portfolios shed firm-specific risk and are left with mostly systematic
or market risk. Even if one does not hold the precise market portfolio, a well-diversified
portfolio will be so highly correlated with the market that a stock’s beta relative to the
market will still be a useful risk measure.

In fact, several authors have shown that modified versions of the CAPM will hold true
even if we consider differences among individuals leading them to hold different portfo-
lios. For example, Brennan’ examined the impact of differences in investors’ personal tax

6 ] ‘ 3 . ) 11 .
"We open ourselves to ambiguity in using this term, because the market portfolio’s reward-to-volatility ratio

E(ry) —r;

T

somelinies is referred 10 as the market price of risk. Note that because the appropriate risk measure of GE is its
covariance with the market portfolio (its contribution to the variance of the market portfolio), this risk is mea-
sured in percent squared. Accordingly, the price of this risk, [E(ry) — r/]/(rz. is defined as the percentage expected
Feturn per percent square of variance.,

Michacl J. Brennan, “Taxes, Market Valuation, and Corporate Finance Policy.” National Tax Journal, December
1973.
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rates on market equilibrium, and Mayers® looked at the impact of nontraded assets such a
human capital (earning power). Both found that although the market portfolio is no longe
each investor’s optimal risky portfolio, the expected return—beta relationship should stjjj
hold in a somewhat modified form. :
If the expecied return-beta relationship holds for any individual asset, it must hold for .
any combination of assets. Suppose that some portfolio P has weight wy for stock k, where
k takes on values 1, . .., n. Writing out the CAPM Equation 9.8 for each stock, and multj- .
plying each equation by the weight of the stock in the portfolio, we obtain these equations, 1
one for each stock:

wiE(r)) = wirg + wiB[E(ry) — 1]
+waE(ry) = wary + woBs[E(ryy) — 1]
40 W Wlines—y
tw,E(r,) = w,ry + w,B,[E(ry) — 1]

E(rp) = r; + BelECry) — ",r]

Summing each column shows that the CAPM holds for the overall portfolio because
E(rp) = XwiE(ry) is the expected return on the portfolio, and Bp = Xw,B, is the portfolio
k k

beta. Incidentally, this result has to be true for the market portfolio itself,
ECry) =+ BM[E(TM) 1k 'f/']
Indeed, this is a tautology because By, = 1. as we can verily by noting that

2
~ Cov(ry.ry) oy
T ATEIERmEY N w528

aiy Ty

This also establishes 1 as the weighted-average value of beta across all assets. If the market
beta is 1, and the market is a portfolio of all assets in the economy, the weighted-average
beta of all assets must be 1. Hence betas greater than | are considered aggressive in that
investment in high-beta stocks entails above-average sensitivily to market swings. Betas
below 1 can be described as defensive.

A word of caution: We are all accustomed to hearing that well-managed firms will pro-
vide high rates of return. We agree this is true if one measures the firm’s return on invest-
ments in plant and equipment. The CAPM, however, predicts returns on investments in the
securities of the firm.

Let us say that everyone knows a firm is well run. Its stock price will therefore be bid
up, and consequently returns to stockholders who buy at those high prices will not be
excessive. Security prices, in other words, already reflect public information about a firm’s
prospects: therefore only the risk of the company (as measured by beta in the context of
the CAPM) should affect expected returns. In a well-functioning market, investors reccive
high expected returns only if they are willing to bear risk.

Of course, investors do not directly observe or determine expected returns on securities.
Rather, they observe security prices and bid those prices up or down. Expected rates of
return are determined by the prices investors must pay compared to the cash flows those
investments might garner.

David Mayers, “Nonmarketable Assets and Capital Market Equilibrium under Uncertainty,” in Studies in the
Theory of Capital Markets, ed. M. C. Jensen (New York: Praeger, 1972). We will look at this model more closely
later in the chapter.
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1ger eEcFlzT Suppose that the risk premium on the market portfolio is estimated at 8% with a standard

still deviation of 22%. What is the risk premium on a portfolio invested 25% in Toyota and 75%
3 in Ford, if they have betas of 1.10 and 1.25, respectively?
| for
here
ulti-
ons, he Security Market Line
We can view the expected return-beta relationship as a reward—risk equation. The beta of
a security is the appropriate measure of its risk because beta is proportional to the risk that
the security contributes to the optimal risky portfolio.
Risk-averse investors measure the risk of the optimal risky portfolio by its variance. In
this world we would expect the reward, or the risk premium on individual assets, to depend
on the contribution of the individual asset to the risk of the portfolio. The beta of a stock
measures its contribution to the variance of the market portfolio. Hence we expect, for any
asset or portfolio, the required risk premium to be a function of beta. The CAPM confirms
ause this intuition, stating further that the sccurity’s risk premium is directly proportional to
‘olio both the beta and the risk premium of the market portfolio; that is, the risk premium equals
BIE(ry) — 17l
The expected return—beta relationship can be portrayed graphically as the security
market line (SML) in Figure 9.2. Because the market’s beta is 1, the slope is the risk pre-
mium of the market portfolio. At the point on the horizontal axis where = 1, we can read
off the vertical axis the expected return on the market portfolio.
It is useful to compare the security market line to the capital market line. The CML
graphs the risk premiums of efficien portfolios (i.c., portfolios composed of the market
and the risk-free asset) as a function of portfolio standard deviation. This is appropriate
because standard deviation is a valid measure of risk [or efficiently diversified portfo-
ket lios that are candidates for an investor’s overall portfolio. The SML, in contrast, graphs
Lage individual asset risk premiums as a function of asset
that risk. The relevant measure of risk for individual
b assets held as parts of well-diversified portfolios is En)
not the asset’s standard deviation or variance; it is,
PIV instead, the contribution of the asset to the portfolio ik
vest- variance, which we measure by the asset’s beta. The
1the SML is valid for both efficient portfolios and indi-
_ vidual assets.
: bid The security market line provides a benchmark iy, o il .
i b‘e for the evaluation of investment performance. Given
EBLG the risk of an investment, as measured by its beta, the
xt of SML provides the required rate of return necessary E(r,) - r,= Slope of SML
‘eve to compensate investors for risk as well as the time
i value of money. |20 o il
L2 Because the security market line is the graphic [ 1 -i
’s of representation of the expected return—beta rela- !
hose tionship, “fairly priced” assets plot exactly on the ?
SML: that is, their expected returns are commen- - P
: surate with their risk. Given the assumplions we Bu=1:0
— g made at the start of this section, all securities must :
IS8l lie on the SML in market equilibrium. Nevertheless, Figure 9.2 The security market line E

we see here how the CAPM may be of use in the
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' Financial markets’ evaluation of risk determines the way Beta Power
firms invest. What if the markets are wrong? Return
Investors are rarely praised for their good sense. But for
the past two decades a growing number of firms have
based their decisions on a model which assumes that peo- ry
ple are perfectly rational. If they are irrational, are busi-
nesses making the wrong choices?

The model, known as the “capital-asset pricing model,”
or CAPM, has come to dominate modern finance. Almost
any manager who wants to defend a 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 calculate the return that its inves-
tors demand. If shareholders are to benefit, the returns Ta
from any project must clear this “hurdle rate.”

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

e Investors 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. A 1 2
* 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.

Market
Return

Risk-Free
Return

basket. Beta not only tells managers how to measure those
risks, but it also allows them to translate 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 invest-
ments, such as Treasury bills, have a beta of zero. Riskier
investments should earn a premium over the risk-free

» 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.

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

* Conveniently, that contribution to the market basket's rate which increases with beta. Those whose risks roughly
risk can be captured by a single measure—dubbed match the market’s have a beta of one, by definition, and
“beta"—which expresses the relationship between the should earn the market return.
investment’s risk and the market's. So suppose that a firm is considering two projects, A

Beta is what makes the CAPM so powerful. Although and B. Project A has a beta of %2: when the market rises
an investment may face many risks, diversified investors or falls by 10%, its returns tend to rise or fall by 5%. So
should care only about those that are related to the market its risk premium is only half that of the market. Project 8's

money-management industry. Suppose that the SML relation is used as a benchmark
to assess the fair expected return on a risky asset. Then security analysis is performed
to calculate the return actually expected. (Notice that we depart here from the simple
CAPM world in that some investors now apply their own unique analysis to derive an
“input list” that may differ [rom their competitors™.) If a stock is perceived to be a good
! buy, or underpriced, it will provide an expected return in excess of the fair return stipu-
i lated by the SML. Underpriced stocks therefore plot above the SML: Given their belas,
their expected returns are greater than dictated by the CAPM. Overpriced stocks plot
below the SML.

The difference between the fair and actually expected rates of return on a stock is called
the stock’s alpha, denoted by «. For example, if the market return is expected to be 4%,
a stock has a beta of 1.2, and the T-bill rate is 6%, the SML would predict an expected
return on the stock of 6 + 1.2(14 — 6) = 15.6%. If one believed the stock would provide
an expected return of 17%. the implied alpha would be 1.4% (see Figure 9.3).
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remium is twice that of the market, so it must earn a
er return to justify the expenditure.

EVER KNOWINGLY UNDERPRICED

+ there is one small problem with the CAPM: Financial
conomists have found that beta is not much use for
faining rates of return on firms' shares. Worse, there
ppears to be another measure which explains these
turns quite well.

That measure is the ratio of a firm’s book value (the
alue of its assets at the time they entered the balance
heet) 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 associated with beta.

The discovery of this book-to-market effect has sparked
3 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 mea-
sured. Some argue that since investors are rational, the
hook-to-market effect must be capturing an extra risk fac-
tor. They conclude, therefore, that managers should incor-
porate 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 associated
with a high book-to-market ratio, they say, investors must
be mistaken. Put simply, they are underpricing 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 con-
scientious manager to do?

Jeremy Stein, an economist at the Massachusetts Institute
of Technology’s business school, offers a paradoxical

s W -

wnouon e

answer.* If investors are rational, then beta cannot be the
only measure of risk, so managers should stop using it.
Conversely, if investors are irrational, then beta is still the
right measure in many cases. Mr. Stein argues that if beta
captures an asset’s fundamental risk—that is, its contribu-
tion to the market basket’s risk—then it will often make
sense for managers to pay attention to it, even if investors
are somehow failing to.

Often, but not always. At the heart of Mr. Stein’s argu-
ment 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 deci-
sion that raises long-term value will instantly increase the
share price as well. But if investors are making predictable
mistakes, a manager 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' mispercep-
tions. But if he is interested in long-term value, he should
usually continue to use beta. Showing a flair for market-
ing, 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 com-
pany bosses, who are fond of denouncing their investors’
myopia. They have resented the way in which CAPM—with
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.

such a manner in Chapter 8.

One might say that security analysis (which we treat in Part Five) is about uncovering
securities with nonzero alphas. This analysis suggests that the starting point of portfolio
management can be a passive market-index portfolio. The portfolio manager will then
increase the weights of securities with positive alphas and decrease the weights of securi-
ties with negative alphas. We showed one strategy for adjusting the portfolio weights in

The CAPM is also useful in capital budgeting decisions. For a firm considering a new
project, the CAPM can provide the required rate of return that the project needs Lo yield,
based on its beta, to be acceptable to investors. Managers can use the CAPM to obtain this
cutoff internal rate of return (IRR), or “hurdle rate™ for the project.

The nearby box describes how the CAPM can be used in capital budgeting. It also
discusses some empirical anomalies concerning the model, which we address in detail
in Chapters | 1—-13. The article asks whether the CAPM is useful for capital budgeting

301




302 PART IIl Equilibrium in Capital Markets

E(r) (%)

SML

By e —

17
15.6

14

Figure 9.3 The SML and a positive-alpha stock

in light of these shortcomings; it concludes that even given the anomalies cited, the
model still can be uscful to managers who wish to increase the fundamental value of
their firms.

Example o1

Yet another use of the CAPM is in utility rate-making cases.” In this case the issue is the
rate of return that a regulated utility should be allowed to earn on its investment in plant
and equipment. Suppose that the equityholders have invested $100 million in the firm and
that the beta of the equity is .6. If the T-bill rate is 6% and the market risk premium is
8%, then the fair profits to the firm would be assessed as 6 + .6 X 8 = 10.8% of the
$100 million investment, or $10.8 million. The firm would be allowed to set prices at a
level expected to generate these profits.

“This application is becoming less common, as many states are in the process of deregulating their public utilities
and allowing a far greater degree of free market pricing. Nevertheless, a considerable amount of rate setting still
takes place.
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Stock XYZ has an expected return of 12% and risk of = 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?
COWEﬁT b. What is the alpha of each stock? Plot the SML and each stock’s risk-return point on one
HEC graph. Show the alphas graphically.

¢ The risk-free rate is 8% and the expected return on the market portfolio is 16%. A firm con-
siders 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?

IEFA The CAPM and the Index Model

Actual Returns versus Expected Returns

The CAPM is an elegant model. The question is whether it has real-world value—whether
its implications are borne out by experience. Chapter 13 provides a range of empirical
evidence on this point. but for now we focus briefly on a more basic issue: Is the CAPM
testable even in principle?

For starters, one central prediction of the CAPM is that the market portfolio is a mean-
variance efficient portfolio. Consider that the CAPM treats all traded risky assets. To test
the efficiency of the CAPM market portfolio, we would need to construct a value-weighted
portfolio of a huge size and test its efficiency. So far, this task has not been feasible. An even
more difficult problem, however, is that the CAPM implies relationships among expected
returns. whereas all we can observe are actual or realized holding-period returns, and these
need not equal prior expectations. Even supposing we could construct a portfolio to repre-
sent the CAPM market portfolio satisfactorily, how would we test its mean-variance effi-
ciency? We would have to show that the reward-to-volatility ratio of the market portfolio
is higher than that of any other portfolio. However, this reward-to-volatility ratio is set in
terms of expectations, and we have no way to observe these expectations directly.

The problem of measuring expectations haunts us as well when we try to establish the
validity of the second central set of CAPM predictions, the expected return—beta relation-
ship. This relationship is also defined in terms of expected returns £(r;) and E(ry):

E(r,‘) — r/ r B"[E("M) =S 7,] (9.9)

The upshot is that, as elegant and insightful as the CAPM is, we must make additional
assumptions to make it implementable and testable.

The Index Model and Realized Returns

We have said that the CAPM is a statement about ex ante or expected returns, whereas in
practice all anyone can observe directly are ex post or realized returns. To make the leap
from expected to realized returns, we can employ the index model, which we will use in
excess return form as

R,’ = OL,- "1' BIRM + e,' (9-10)
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We saw in Chapter 8 how to apply standard regression analysis to estimate Equation 9.10
using observable realized returns over some sample period. Let us now see how this frame-
work for statistically decomposing actual stock returns meshes with the CAPM.

We start by deriving the covariance between the excess returns on stock i and the market
index. By definition, the firm-specific or nonsystematic component is independent of the
marketwide or systematic component, that is, Cov(Ryy, ¢;) = 0. Therefore, the covariance
of the excess rate of return on security i with that of the market index is

Cov(R;, Ry) = Cov(BRy + €. Ry)

= B,Cov(Ry, Ry) + Covle;, Ry)

= Biow
Note that we can drop a; from the covariance terms because « is a constant and thus has
zero covariance with all variables.

Because Cov(R,,Ry) = B0 the sensitivity coefficient, B, in Equation 9.10, which i
the slope of the regression line representing the index model, equals
Cov(R, Ry,)

2

=
Ty

The index model beta coefficient lurns out to be the same beta as that of the CAPM
expected return—beta relationship, except that we replace the (theoretical) market portfolio
of the CAPM with the well-specified and observable market index.

The Index Model and the Expected Return-Beta Relationship

Recall that the CAPM expected return—beta relationship is, for any asset i and the (theo-
retical) market portfolio,

E(r) — rp= B[E(ry) — rl

where B, = Cov(R, Ry)/oy,. This is a statement about the mean or expected excess
returns of assets relative to the mean excess return of the (theoretical) market portfolio.

If the index M in Equation 9.10 represents the true market portfolio, we can take the
expectation of each side of the equation to show that the index model specification is

E(r,_) = r/ =0 + B,'I:E(l"w) = )'f]

A comparison of the index model relationship to the CAPM expected return—beta rela-
tionship (Equation 9.9) shows that the CAPM predicts that «; should be zero for all assets.
The alpha of a stock is its expected return in excess of (or below) the fair expected return as
predicted by the CAPM. If the stock is fairly priced, its alpha must be zero.

We emphasize again that this is a statement about expected returns on a security. Alter
the fact. of course, some securities will do better or worse than expected and will have
returns higher or lower than predicted by the CAPM; that is, they will exhibit positive or
negative alphas over a sample period. But this superior or inferior performance could not
have been lorecast in advance.

Therefore, if we estimate the index model for several firms, using Equation 9.10 as a
regression equation, we should find that the ex post or realized alphas (the regression inter-
cepts) for the firms in our sample center around zero. If the initial expectation for alpha
were zero, as many firms would be expected to have a positive as a negative alpha for some
sample period. The CAPM states that the expected value of alpha is zero for all securitics,
whereas the index model representation of the CAPM holds that the realized value of alpha
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Figure 9.4 Estimates of individual mutual fund alphas, 1972-1991. This is a plot of the frequency distri-
bution 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;, Blackwel| Publishing, Inc.
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should average out to zero for a sample of historical observed returns. Just as important,
the sample alphas should be unpredictable, that is. independent from one sample period to
the next.

Indirect evidence on the elficiency of the market portfolio can be found in a study by
Burton Malkiel,'” who estimates alpha values for a large sample of equity mutual funds.
The results, which appear in Figure 9.4, show that the distribution of alphas is roughly bell
shaped, with a mean that is slightly negative but statistically indistinguishable from zero.
On average, it does not appear that mutual funds outperform the market index (the S&P
500) on a risk-adjusted basis.""

This result is quite meaningful. While we might expect realized alpha values of indi-
vidual securities to center around zero, professionally managed mutual funds might be
expected to demonstrate average positive alphas. Funds with superior performance (and
we do expect this set to be nonempty) should tilt the sample average to a positive value.
The small impact of superior funds on this distribution suggests the difficulty in beating
the passive strategy that the CAPM deems to be optimal.

There is yet another applicable variation on the intuition ol the index model, the market
model. Formally, the market model states that the return “surprise” of any security is pro-
portional to the return surprise of the market, plus a firm-specific surprise: !

rn—E(r) = B;["M v E(rM)] T e

"“Burion G. Malkiel, “Returns from Investing in Equity Mutual Funds 197 1-1991." Journal of Finance 50 (June
1995), pp. 549-72.

""Notice that the study included all mutual funds with at least 10 years of continuous data. This suggests the
average alpha from this sample would be upward biased because funds that failed after less than 10 years were
ignored and omitted from the left tail of the distribution. This survivorship bias makes the finding that the average
fund underperformed the index even more telling. We discuss survivorship bias further in Chapter 11,
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This equation divides returns into firm-specific and systematic components somewhat
differently from the index model. If the CAPM is valid, however, you can confirm that,
substituting for £(r;) from Equation 9.9, the market model equation becomes identical to
the index model. For this reason the terms “index model™ and “market model™ often are
used interchangeably.

Can you sort out the nuances of the following maze of models?

CONGEPRT  a. capM
6 \/ b. Single-factor model
¢. Single-index model
d. Market model

Is the CAPM Practical?

To discuss the role of the CAPM in real-life investments we have to answer two questions.
First, even it we all agreed that the CAPM were the best available theoretical model to
explain rates of return on risky assets, how would this affect practical investment policy?
Second, how can we determine whether the CAPM is in fact the best available model to
explain rates of return on risky assets?

Notice the wording of the first question. We don’t pose it as: “Suppose the CAPM per-
fectly explains the rates of return on risky assets. . . . All models, whether in economics
or science, are based on simplifications 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 “perfectly explains” would mean. From the previous section
we know that if the CAPM were valid, a single-index model in which the index includes
all traded securities (i.e., all risky securities in the investable universe as in Assumption 3)
also would be valid. In this case, “perfectly explains™ would mean that all alpha values in
security risk premiums would be identically zero.

The notion that all alpha values can be identically zero is feasible in principle, but such
a configuration cannot be expected to emerge in real markets. This was demonstrated by
Grossman and Stiglitz, who showed that such an equilibrium may be one that the real
economy can approach, but not necessarily reach.'? Their basic idea is that the actions of
security analysts are the forces that drive security prices to “proper” levels at which alpha
is zero. But if all alphas were identically zero, there would be no incentive to engage in
such security analysis. Instead, the market equilibrium will be characterized by prices hov-
ering “near” their proper values, at which alphas are almost zero. but with enough slippage
(and therefore reward for superior insight) to induce analysts to continue their efforts.

A more reasonable standard, that the CAPM is the “best available model to explain
rates of return on risky assets,” means that in the absence of security analysis, one should
take security alphas as zero. A security is mispriced if and only if its alpha is nonzero--
underpriced if alpha is positive and overpriced if alpha is negative—and positive or negative
alphas are revealed only by superior security analysis. Absent the investment of significant

"Sanford J. Grossman and Joseph E. Stiglitz, *On the Impossibility of Informationally Efficient Markets.”
American Economic Review 70 (June 1981).
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sources in such analysis, an investor would obtain the best investment portfolio on the
sumption that all alpha values are zero. This definition of the superiority of the CAPM
ver any other model also determines its role in real-life investments.

Under the assumption that the CAPM is the best available model, investors willing to
expend resources to construct 4 superior portfolio must (1) identify a practical index to
work with and (2) deploy macro analysis to obtain good forecasts for the index and secu-
rity analysis to identify mispriced securities. This procedure was described in Chapter 8
and is further elaborated on in Part Five (Security Analysis) and Part Seven (Applied
Portfolio Management).

We will examine several tests of the CAPM in Chapter 13. But it is important to explain
the results of these tests and their implications.

Is the CAPM Testable?

Let us consider for a moment what testability means. A model consists of (i) a set of
assumptions, (ii) logical/mathematical development of the model through manipulation
of those assumptions, and (iii) a set of predictions. Assuming the logical/mathematical
manipulations are free of errors, we can test a model in two ways, normative and positive.
Normative tests examine the assumptions of the model, while positive tests examine the
predictions.

If a model’s assumptions are valid, and the development is error-free, then the pre-
dictions of the model must be true. In this case, testing the assumptions is synonymous
with testing the model. But few, if any, models can pass the normative test. In most cases,
as with the CAPM. the assumptions are admittedly invalid—we recognize that we have
simplified reality, and therefore to this extent are relying on “untrue” assumptions. The
motivation for invoking unrealistic assumptions is clear: we simply cannot solve a model
that is perfectly consistent with the full complexity of real-life markets. As we've noted,
the need to use simplifying assumptions is not peculiar to economics—it characterizes all
of science.

Assumptions are chosen first and foremost to render the model solvable. But we prefer
assumptions to which the model is “robust.”” A model is robust with respect to an assump-
tion if its predictions are not highly sensitive to violation of the assumption. If we use
only assumptions to which the model is robust, the model’s predictions will be reason-
ably accurate despite its shortcomings. The upshot of all this is that tests of models are
almost always positive—we judge a model on the success of its empirical predictions.
This standard brings statistics into any science and requires us to take a stand on what are
acceptable levels of significance and power.|3 Because the nonrealism of the assumptions

Ty illustrate the meanings of significance and power, consider a test of the efficacy of a new drug. The agency
testing the drug may make two possible errors. The drug may be useless (or even harmful), but the agency may
conclude that it is useful. This is called a “Type I” error. The significance level of a test is the probability of a Type
Lerror. Typical practice is to fix the level of significance al some low level, for example, 5%. In the case of drug
testing, for example. the first goal is to avoid introducing ineffective or hurmful treatments. The other possible
error is that the drug is actually useful, but the testing procedure concludes it is not. This mistake. called “Type 1I"
error. would lead us to discard a useful treatment. The power of the test is the probability of avoiding Type 11
error (i.e., one minus the probability of making such an error), that is, the probability of accepting the drug if it
is indecd useful. We want tests that, at a given level of significance. have the most power, so we will admit effec-
tive drugs with high probability. In social sciences in particular, available tests often have low power, in which
case they are susceptible to Type 11 error and will reject a correct model (a “useful drug”) with high frequency.
“The drug is uscful” is analogous in the CAPM to alphas being zero. When the test data reject the hypothesis that
observed alphas are zero at the desired level of significance, the CAPM fails. However, if the test has low power,
the probability that we accept the model when true is not all that high.
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precludes a normative test, the positive test is really a test of the robustness of the mode]
to its assumptions.

The CAPM implications are embedded in two predictions: (1) the market portfolio is
efficient, and (2) the security market line (the expected return-beta relationship) accu-
rately describes the risk—return trade-off, that is, alpha values are zero. In fact, the second
implication can be derived from the first. and therefore both stand or fall together in a test
that the market portfolio is mean-variance efficient. The central problem in testing this pre-
diction is that the hypothesized market portfolio is unobservable. The “market portfolio”
includes all risky assets that can be held by investors. This is far more extensive than an
equity index. It would include bonds, real estate, foreign assets, privately held businesses,
and human capital. These assets are often traded thinly or (for example, in the case of
human capital) not traded at all. Tt is difficult to test the efficiency of an observable port-
folio, let alone an unobservable one. These problems alone make adequate testing of the
model infeasible.'* Moreover, even small departures from efficiency in the market port-
folio can lead to large departures from the expected return—beta relationship of the SML.,
which would negate the practical usefulness of the model.

The CAPM Fails Empirical Tests

Because the market portfolio cannot be observed, tests of the CAPM revolve around the
expected return—beta relationship. The tests use proxies such as the S&P 500 index to stand
in for the true market portfolio. These tests therefore appeal to robustness of the assump-
tion that the market proxy is sufficiently close to the true, unobservable market portfolio.
The CAPM fails these tests, that is, the data reject the hypothesis that alpha values are
uniformly zero at acceptable levels of significance. For example, we find that. on average,
low-beta securities have positive alphas and high-beta securities have negative alphas.

It is possible that this is a result of a failure of our data, the validity of the market proxy.
or statistical method. If so, we would conclude the following: There is no better model out
there, but we measure beta and alpha values with unsatisfactory precision. This situation
would call for improved technique. But if the rejection of the model is not an artifact of sta-
tistical problems, then we must search for extensions to the CAPM, or substitute models.
We will consider several extensions of the model later in the chapter.

The Economy and the. Validity of the CAPM

For better or worse, some industries are regulated, with rate commissions either setting
or approving prices. Imagine a commission pondering a rate case for a regulated utility.
The rate commission must decide whether the rates charged by the company are sufficient
Lo grant shareholders a fair rate of return on their investments. The normative framework
of the typical rate hearing is that shareholders, who have made an investment in the firm,
are entitled to earn a “fair” rate of return on their equity investment. The firm is therefore
allowed to charge prices that are expected to generate a profit consistent with that fair rate
of return.

The question of fairness of the rate of return to the company sharcholders cannot be
divorced from the level of risk of these returns. The CAPM provides the commission a

"The best-known discussion of the difficulty in testing the CAPM is now called “Roll’s critique.” See Richard
Roll, “A Critique of the Asset Pricing Theory's Tests: Part I: On Past and Potential Testability of the Theory.”
Journal of Financial Economics 4 (1977). The issue is developed further in Richard Roll and Stephen A. Ross.
“On the Cross-Sectional Relation between Expected Return and Betas.” Journal of Finance 50 (1995); and
Schmuel Kandel and Robert F. Stambaugh, “Portfolio Inefficiency and the Cross-Section of Expected Returns.”
Journal of Finance 50 (1995),




CHAPTER 9 The Capital Asset Pricing Model 309

“ear criterion: If the rates under current regulation are too low, then the rate of return to
uity investors would be less than commensurate with risk, and alpha would be negative.
s we pointed out in Example 9.1, the commissioner’s problem may now be organized
around arguments about estimates of risk and the security market line.

Similar applications arise in many legal settings. For example, contracts with payoffs
that are contingent on a fair rate of return can be based on the index rate of return and the
beta of appropriate assets. Many disputes involving damages require that a stream of losses
be discounted to a present value. The proper discount rate depends on risk. and disputes
about fair compensation to litigants can be (and often are) set on the basis of the SML,
using past data that differentiate systematic from firm-specific risk.

It may be surprising to find that the CAPM is an accepted norm in the U.S. and many
other developed countries, despite its empirical shortcomings. We can offer a twofold
explanation. First, the logic of the decomposition to systematic and firm-specific risk is
compelling. Absent a better model to assess nonmarket components of risk premiums,
we must use the best method available. As improved methods of generating equilibrium
security returns become empirically validated, they gradually will be incorporated into
institutional decision making. Such improvements may come either from extensions of the
CAPM and its companion, arbitrage pricing theory (discussed in the next chapter), or from
a yet-undiscovercd new model.

Second, there is impressive, albeit less-formal, evidence that the central conclusion of
the CAPM—the efficiency of the market portfolio—may not be all that far from being
valid. Thousands of mutual funds within hundreds of investment companies compete for
investor money. These mutual funds employ professional analysts and portfolio manag-
ers and expend considerable resources to construct superior portfolios. But the number of
funds that consistently outperform a simple strategy of investing in passive market index
portfolios is extremely small, suggesting that the single-index model with ex ante zero
alpha values may be a reasonable working approximation for most investors.

The Investments Industry and the Validity of the CAPM

More than other practitioners, investment firms must take a stand on the validity of the
CAPM. If they judge the CAPM invalid, they must turn to a substitute framework to guide
them in constructing optimal portfolios.

For example, the CAPM provides discount rates that help security analysts assess the
intrinsic value of a firm. If an analyst believes that some actual prices differ from intrin-
§ sic values, then those securities have nonzero alphas, and there is an opportunity to con-
e struct an active portfolio with a superior risk—return profile. But if the discount rate used
B to assess intrinsic value is incorrect because of a failure in the CAPM, the estimate of
alpha will be biased, and both the Markowitz model of Chapter 7 and the index model
of Chapter 8 will actually lead to inferior portfolios. When constructing their presumed
optimal risky portfolios, practitioners must be satisfied that the passive index they use for
that purpose is satisfactory and that the ratios of alpha to residual variance are appropri-
ate measures of investment attractiveness. This would not be the case if' the CAPM is
invalid. Yet it appears many practitioners do use index models (albeit often with additional
indexes) when assessing security prices. The curriculum of the CFA Institute also suggests
a widespread acceptance of the CAPM, at least as a starting point for thinking about the
risk—return relationship. An explanation similar to the one we offered in the previous sub=
section is equally valid here. :

The central conclusion from our discussion so far is that. explicitly or implicitly, prac-
titioners do use a CAPM. If they use a single-index model and derive optimal portfolios
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from ratios of alpha forecasts to residual variance, they behave as if the CAPM is valid." If
they use a multi-index model, then they use one of the extensions of the CAPM (discussed
later in this chapter) or arbitrage pricing theory (discussed in the next chapter). Thus, the-
ory and evidence on the CAPM should be of interest to all sophisticated practitioners.

Econometrics and the Expected
Return-Beta Relationship

When assessing the empirical success of the CAPM, we must also consider our econo-
metric technique. If our tests are poorly designed, we may mistakenly reject the model.
Similarly, some empirical tests implicitly introduce additional assumptions that are not
part of the CAPM, for example, that various parameters of the model such as beta or
residual variance are constant over time. If these extraneous additional assumptions are 0o
restrictive, we also may mistakenly reject the model.

To begin, notice that all the coefficients of a regression equation are estimated simulta-
neously, and these estimates are not independent. In particular, the estimate of the intercept
(alpha) of a single- (independent) variable regression depends on the estimate of the slope
coefficient. Hence, if the beta estimate is inefficient and/or biased, so will be the estimate
of the intercept. Unfortunately, statistical bias is easily introduced.

An example of this hazard was pointed out in an early paper by Miller and Scholes, ¢ who
demonstrated how econometric problems could lead one to reject the CAPM even if it were
perfectly valid. They considered a checklist of difficulties encountered in testing the model
and showed how these problems potentially could bias conclusions. To prove the point, they
simulated rates of return that were constructed to satisfy the predictions of the CAPM and
used these rates to “test” the model with standard statistical techniques of the day. The resull
of these tests was a rejection of the model that looks surprisingly similar to what we find in
tests of returns from actual data—this despite the fact that 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.

There are several potential problems with the estimation of beta coefficients. First, when
residuals are correlated (as is common for firms in the same industry), standard beta esti-
mates are not cfficient. A simple approach to this problem would be to use statistical tech-
niques designed for these complications. For example, we might replace OLS (ordinary
least squares) regressions with GLS (generalized least squares) regressions, which account
for correlation across residuals. Moreover, both coefficients, alpha and beta, as well as
residual variance, are likely time varying. There is nothing in the CAPM that precludes
such time variation, but standard regression techniques rule it out and thus may lead to
false rejection of the model. There are now well-known techniques to account for time-
varying parameters. In fact, Robert Engle won the Nobel Prize for his pioneering work
on cconometric techniques to deal with time-varying volatility, and a good portion of

15We need to be a bit careful here. On its face, the CAPM asserts that alpha values will equal zero in security mar-
ket equilibrium. But as we argued carlier, consistent with the vast amount of security analysis that actually takes
place, a better way to interpret the CAPM is that equilibrium really means that alphas should be taken to be zero
in the absence of security analysis. With private information or superior insight one presumably would be able to
identify stocks that are mispriced by the market and thus offer nonzero alphas.

"®Merton [1. Miller and Myron Scholes, “Rates of Return in Relations to Risk: A Re-examination of Some Recent
Findings," in Studies in the Theory of Capitai Markets, Michael C. Jensen, ed. (New York: Praeger, 1972).




applications of these new techniques have been in finance.'” Moreover, betas may
not purely randomly over time, but in response to changing economic conditions. A
onditional” CAPM allows risk and return to change with a set of “conditioning variables.”'®
As importantly, Campbell and Vuolteenaho!® find that the beta of a security can be
omposed into two components, one of which measures sensitivity to changes in cor-
rate profitability and another which measures sensitivity to changes in the market’s dis-
sunt rates. These are found to be quite different in many cases. Improved econometric
' {ochniques such as those proposed in this short survey may help resolve part of the empiri-
cal failure of the simple CAPM.
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JEX Extensions of the CAPM

The CAPM uses a number of simplifying assumptions. We can gain greater predictive
accuracy at the expense of greater complexity by relaxing some of those assumptions. In
this section, we will consider a few of the more important attempls to extend the model.
This discussion is not meant to be exhaustive. Rather, it introduces a few extensions of the
basic model to provide insight into the various attempts to improve empirical content.

The Zero-Beta Model
Efficient frontier portfolios have a number of interesting characteristics, independently
derived by Merton and Roll.”’ Three of these are '

|. Any portfolio that is a combination of two frontier portfolios is itself on the
efficient frontier.

The expected return of any asset can be expressed as an exact linear function of the
expected return on any two efficient-frontier portfolios P and @ according to the
following equation:

{3

Cov(r;, rp) — Cov(rp, rp)

E(r)) — E(rg) = [E(rp) — E(r, o :
(r}) — E(rp) = [E(rp) — E(ry)] oG] (9.11)

3. Every portlolio on the efficient frontier, except for the global minimum-variance
portfolio, has a “companion” portfolio on the bottom (inefficient) half of the
frontier with which it is uncorrelated. Because it is uncorrelated. the companion
portfolio is referred to as the zero-beta portfolio of the efficient portfolio. If we
choose the market portfolio M and its zero-beta companion portfolio Z, then
Equation 9.11 simplifies to the CAPM-like equation

Cov(r, ry)

E(r,) — E(r;) = [E(Ry) — E(R;)] = BlE(ry) — E(rp)] (9.12)

M

Mhngle’s work gave rise to the widespread use of so-called ARCH models. ARCH stands for autoregressive con-
ditional heteroskedasticity, which is a fancy way of saying that volatility changes over time. and that recent levels
of volatility can be used to form optimal estimates of future volatility.

"There is now a large literature on conditional models of security market equilibrium. Much of it derives from
Ravi Jagannathan and Zhenyu Wang, “The Conditional CAPM and the Cross-Section of Expected Returns,”
Jowrnal of Finance 51 (March 1996). pp. 3-53.

"John Campbell and Tuomo Vuolteenaho, “Bad Beta, Good Beta,” American Economic Review 94 (December
2004), pp. 1249-75.

YRohert C. Merton, “An Analytic Derivation of the Efficient Portfolio Frontier, Journal of Financial and
Quantitative Analysis, 1972. Roll, see footnote 14.
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Equation 9.12 resembles the SML of the CAPM, except that the risk-free rate is
replaced with the expected return on the zero-beta companion of the market index
portfolio.

Fischer Black used these properties to show that Equation 9.12 is the CAPM equation
that results when investors face restrictions on borrowing and/or investment in the risk-
free asset.?’ In this case, at least some investors will choose portfolios on the efficient
frontier that are not necessarily the market index portfolio. Because average returns on the
zero-beta portfolio are greater than observed T-bill rates, the zero-beta model can explain
why average estimates of alpha values are positive for low-beta securities and negative for
high-beta securitics, 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 all risky assets arc
traded. Two important asset classes that are not traded are human capital and privately
held businesses. The discounted value of future labor income exceeds the total market
value of traded assets. The market value of privately held corporations and businesses is
of the same order of magnitude. Human capital and private enterprises are different types
of assets with possibly different implications for equilibrium returns on traded securities.

Privately held business may be the lesser of the two sources of departures from the
CAPM. Nontraded firms can be incorporated or sold at will, save for liquidity consid-
erations that we discuss in the next section. Owners of private business also can borrow
against their value, further diminishing the material difference between ownership of pri-
vate and public business. Suppose that privately held business have risk characteristics
similar to those of traded assets. In this case, individuals can partially offset the diversifi-
cation problems posed by their nontraded entrepreneurial assets by reducing their portfo-
lio demand for securities of similar, traded assets. Thus, the CAPM expected return-beta
equation may not be greatly disrupted by the presence of entrepreneurial income.

To the extent that risk characteristics of private enterprises differ from those of traded
securilies, a portfolio of traded assets that best hedges the risk of typical private busi-
ness would enjoy excess demand from the population of private business owners. The
price of assets in this portfolio will be bid up relative to the CAPM considerations. and
the expected returns on these securities will be lower in relation to their systematic risk.
Conversely, securities highly correlated with such risk will have high equilibrium risk pre-
miums and may appear to exhibit positive alphas relative to the conventional SML. In fact,
Heaton and Lucas show that adding proprietary income to a standard asset-pricing model
improves its predictive performance.>

The size of labor income and its special nature is of greater concern for the validity of
the CAPM. The possible effect of labor income on equilibrium returns can be appreci-
ated from its important effect on personal portfolio choice. Despite the fact that an indi-
vidual can borrow 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 more difficult to hedge using traded securities than nontraded busi-
ness. This may induce pressure on security prices and result in departures from the CAPM

?IFischer Black, “Capital Market Equilibrium with Restricted Borrowing.” Journal of Business, July 1972.
2John Heaton and Dehorah Lucas, “Portfolio Choice and Asset Prices: The Importance of Entreprencurial Risk.

Journal of Finance 55 (June 2000), This paper offers evidence of the effect of entrepreneurial risk on both port-

folio choice and the risk-return relationship.
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sected return—beta equation. For one example, surely an individual seeking diversilfi-
Jtion should avoid investing in his employer’s stock and limit investments in the same
ndustry. Thus, the demand for stocks of labor-intensive firms may be reduced, and these
stocks may requlre a higher expected return than predicted by the CAPM.

Mayers 3 derives the equilibrium expected return—beta equation for an economy in
which individuals are endowed with labor income of varying size relative to their nonlabor
capital. The resultant SML equation is

Py
Cov(R,, Ry) + 4 Cov(R,, Ry)
E‘(R,') = E(RM_ P (9.13)
U’i] -+ JCOV(RM. RH)
Py

where
Py = value of aggregate human capital
P, = market value of traded assets (market portfolio)

R, = excess rate of return on aggregate human capital

The CAPM measure of systematic risk. beta. is replaced in the extended model by an
adjusted beta that also accounts for covariance with the portfolio of aggregate human capi-
tal. Notice that the ratio of human capital to market value of all traded assets. Py/Py,
may well be greater than 1, and hence the effect of the covariance of a security with labor
income, Cov(R;, Ry). relative to the average, Cov(Ry, Ry). is likely to be economically
significant. When Cov(R;, Ry) is positive, the adjusted beta is greater when the CAPM
beta is smaller than 1, and vice versa. Because we expect Cov(R;, Ry) to be positive for
the average security. the risk premium in this model will be greater, on average, than pre-
dicted 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 market line that is less steep than
that of the standard CAPM. This may help explain the average negative alpha ol high-beta
securities and positive alpha of low-beta securities that lead to the statistical failure of the
CAPM equation. In Chapter 13 on empirical evidence we present additional results along
these lines.

A Multiperiod Model and Hedge Portfolios

Robert C. Merton revolutionized financial economics by using continuous-time models to
extend many of our models of asset pricing.>* While his (Nobel Prize-winning) contribu-
tions to option-pricing theory and financial engineering (along with those of Fischer Black
and Myron Scholes) may have had greater impact on the investment industry. his solo con-
tribution to portfolio theory was equally important for our understanding of the risk—return
relationship.

In his basic model, Merton relaxes the “single-period” myopic assumptions about inves-
tors. He envisions individuals who optimize a lifetime consumption/investment plan, and
who continually adapt consumption/investment decisions to current wealth and planned
retirement age. When 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 distribution of the return on the market portfolio or individual securities,

*See footnote 8.
“Merton’s classic works are collected in Continuous-Time Finance (Oxford, U.K.: Basil Blackwell, 1992].
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Merton’s so-called intertemporal capital asset pricing model (ICAPM) predicts the same
expected return-beta relationship as the single-period equalion.25

But the situation changes when we include additional sources of risk. These extra risks
are of two general kinds. One concerns changes in the parameters describing investment
opportunities, such as future risk-free rates, expected returns, or the risk of the market port-
folio. For example, suppose that the real interest rate may change over time. I it falls in
some future period, one’s level of wealth will now support a lower stream of real consump-
tion. Future spending plans, for example, for retirement spending, may be put in jeopardy.
To the extent that returns on some securities are correlated with changes in the risk-free
rate, a portfolio can be formed to hedge such risk, and investors will bid up the price (and
bid down the expected return) of those hedge assets. Investors will sacrifice some expected
return if they can find assets whose returns will be higher when other parameters (in this
case, the real risk-free rate) change adversely.

The other additional source of risk concerns the prices of the consumption goods that
can be purchased with any amount of wealth. Consider as an example inflation risk. In
addition to the expected level and volatility of their nominal wealth, investors must be
concerned about the cost of living—what those dollars can buy. Therefore. inflation risk
is an important extramarket source of risk, and investors may be willing to sacrifice some
expected return to purchase securities whose returns will be higher when the cost of living
changes adversely. If so, hedging demands for securities that help to protect against infla-
tion risk would affect portfolio choice and thus expected return. One can push this con-
clusion even further, arguing that empirically significant hedging demands may arise for
important subsectors of consumer expenditures; for example, investors may bid up share
prices of energy companies that will hedge energy price uncertainty. These sorts of effects
may characterize any assets that hedge important extramarket sources of risk.

More generally, suppose we can identify K sources of extramarket risk and find K asso-
ciated hedge portfolios. Then, Merton’s ICAPM expected return—beta equation would gen-
eralize the SML to a multi-index version:

X

E(R,) = ByERy) + D BiE(R) (9.14)
k=1

where By is the familiar security beta on the market-index portfolio, and B, is the beta on
the kth hedge portfolio.

Other multifactor models using additional factors that do not arise from extramarket
sources of risk have been developed and lead to SMLs of a form identical to that of the
ICAPM. These models also may be considered extensions of the CAPM in the broad sense.
We examine these models in the next chapter.

A Consumption-Based CAPM

The logic of the CAPM together with the hedging demands noted in the previous subsec-
tion suggests that it might be useful to center the model directly on consumption. Such
models were first proposed by Mark Rubinstein, Robert Lucas, and Douglas Breeden.®

*"Eugene F. Fama also made this point in “Multiperiod Consumption-Investment Decisions,” American Econonie
Review 60 (1970).

266ark Rubinstein, “The Valuation of Uncertain Income Streams and the Pricing of Options.” Bell Journal
of Economics and Management Science 7 (1976), pp. 407-25; Robert Lucas, “Assel Prices in an Exchange
Economy.” Economerrica 46 (1978). pp. 1429-45; Douglas Breeden, “An Intertemporal Asset Pricing Model
with Stochastic Consumption and Investment Opportunities,” Journal of Financial Economics 7 (1979).
pp. 265-96.
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 In a lifetime consumption plan, the investor must in each period balance the allocation
of current wealth between today’s consumption and the savings and investment that will
pport future consumption. When optimized, the utility value from an additional dollar
f consumption today must be equal to the utility value of the expected future consump-
on that can be financed by that additional dollar of wealth.”” Future wealth will grow
from labor income, as well as returns on that dollar when invested in the optimal complete
-~ portfolio.

Suppose risky assets are available and you wish to increase expected consumption
growth by allocating some of your savings to a risky portfolio. How would we measure the
risk of these assets? As a general rule, investors will value additional income more highly
during difficult economic times (when consumption opportunities are scarce) than in afffu-
ent times (when consumption is already abundant). An asset will therefore be viewed as
riskier in terms of consumption if it has positive covariance with consumption growth—in
other words, if its payoff is higher when consumption is already high and lower when con-
sumption is relatively restricted. Therefore, equilibrium risk premiums will be greater for
assets that exhibit higher covariance with consumption growth. Developing this insight, we
can write the risk premium on an asset as a function of its “consumption risk™ as follows:

E(R;) = B,cRP, (9.15)

where portfolio C may be interpreted as a consumption-tracking portfolio (also called a
consumption-mimicking portfolio), that is, the portfolio with the highest correlation with
consumption growth; B;c is the slope coefficient in the regression of asset i’s excess returns,
R;, on those of the consumption-tracking portfolio; and, finally, RP¢ is the risk premium
associated with consumption uncertainty. which is measured by the expected excess return
on the consumption-tracking portfolio:

RP-= E(R;) = E(r¢g) — 1y (9.16)

Notice how similar this conclusion is to the conventional CAPM. The consumption-
tracking portfolio in the CCAPM plays the role of the market portfolio in the conven-
tional CAPM. This is in accord with its focus on the risk ol consumption opportunities
rather than the risk and return of the dollar value of the portfolio. The excess return on the
consumption-tracking portfolio plays the role of the excess return on the market portfolio,
M. Both approaches result in linear, single-factor models that differ mainly in the identity
of the factor they use.

In contrast to the CAPM, the beta of the market portfolio on the market factor of the
CCAPM is not necessarily 1. It is perfectly plausible and empirically evident that this beta
is substantially greater than 1. This means that in the linear relationship between the mar-
ket index risk premium and that of the consumption portfolio,

E(Ry) = oy + BucE(Re) + ey (9.17)

where oy, and &, allow for empirical deviation from the exact model in Equation 9.15. and
Basc 1s not necessarily equal to 1.

Because the CCAPM is so similar to the CAPM, one might wonder about its usefulness.
Indeed, just as the CAPM is empirically flawed because not all assets are traded, so is the

TWealth at each point in time equals the market value of assets in the balance sheet plus the present value of
future labor income. These models of consumption and investment decisions are often made tractable by assum-
ing investors exhibit constant relative risk aversion, or CRRA. CRRA implies that an individual invests a constant
proportion of wealth in the optimal risky portfolio regardless of the level of wealth. You might recall that our
prescription for optimal capital allocation in Chapter 6 also called for an optimal investment proportion in the
risky portfolio regardless of the level of wealth. The utility function we employed there also exhibited CRRA.
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CCAPM. The attractiveness of this model is in that it compactly incorporates consump-
tion hedging and possible changes in investment opportunities, that is, in the parameters
of the return distributions in a single-factor framework. There is a price to pay for this
compactness, however. Consumption growth figures are published infrequently (monthly
at the most) compared with financial assets, and are measured with significant error,
Nevertheless, recent empirical research® indicates that this model is more successful in
explaining realized returns than the CAPM, which is a reason why students of investments
should be familiar with it. We return to this issue, as well as empirical evidence concerning
the CCAPM, in Chapter 3.

I Liquidity and the CAPM

Standard models of asset pricing (such as the CAPM) assume frictionless markets, mean-
ing that securities can be traded costlessly. But these models actually have little to say
about trading activity. For example, in the equilibrium of the CAPM, all investors share all
available information and demand identical portfolios of risky assets. The awkward impli-
cation of this result is that there is no reason for trade. If all investors hold identical port-
folios of risky assets, then when new (unexpected) information arrives. prices will change
commensurately, but each investor will continue to hold a piece of the market portfolio,
which requires no exchange of assets. How do we square this implication with the observa-
tion that on a typical day, several billion shares may change hands on the New York Stack
Exchange alone? One obvious answer is heterogeneous expectations, that is, beliefs not
shared by the entire market. Such private information will give rise to trading as investors
attempt to profit by rearranging portfolios in accordance with their now-heterogeneous
demands. In reality, trading (and trading costs) will be of great importance to investors.

The liquidity of an asset is the ease and speed with which it can be sold at fair market
value. Part of liquidity is the cost of engaging in a transaction, particularly the bid—ask
spread. Another part is price impact—the adverse movement in price one would encoun-
ter when attempting to execute a larger trade. Yet another component is immediacy—the
ability to sell the asset quickly without reverting to fire-sale prices. Conversely, illiquidity
can be measured in part by the discount from fair market value a seller must accept if the
asset is (o be sold quickly. A perfectly liquid asset is one that would entail no illiquidity
discount.

Liquidity (or the lack of it) has long been recognized as an important characteristic that
affects asset values. For example, in legal cases, courts have routinely applied very steep
discounts to the values of businesses that cannot be publicly traded. But liquidity has not
always been appreciated as an important factor in security markets, presumably due to the
relatively small trading cost per transaction compared with the large costs of trading assets
such as real estate. The breakthrough came in the work of Amihud and Mendelson®” and
today, liquidity is increasingly viewed as an important determinant of prices and expected
returns. We supply only a brief synopsis of this important topic here and provide empirical
evidence in Chapter 13.

*Ravi Jagannathan and Yong Wang, “Lazy Investors, Discretionary Consumption, and the Cross-Section of
Stock Returns,” Journal of Finance 62 (August 2007), pp. 1633-61.

*Yakov Amihud and Haim Mendelson, “Asset Pricing and the Bid-Ask Spread,” Journal of Financial Econontics
17(1986). A summary of the ensuing large body of literature on liquidity can be found in Yakov Amihud, Haim
Mendelson, and Lasse Heje Pedersen, “Liquidity and Asset Prices.” Foundations and Trends in Finance 1. no. 4
(2005).
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Early models of liquidity focused on the inventory management problem faced by secu-
y dealers. Dealers in over-the-counter markets post prices at which they are willing to
y a security (the bid price) or sell it (the ask price). The willingness of security dealers
; add o their inventory or sell shares from their inventory makes them crucial contribu-
s to overall market liquidity. The fee they earn for supplying this liquidity is the bid-ask
;spread. Part of the bid—ask spread may be viewed as compensation for bearing the price
risk involved in holding an inventory of securities and allowing their inventory levels to
absorb the fluctuations in overall security demand. Assuming the fair price of the stock is
the average of the bid and ask prices, an investor pays half the spread upon purchase and
the other half upon sale of the stock. A dealer on the other side of the transaction earns
these spreads. The spread is one important component of liquidity—it is the cost of trans-
acting in a security.

The advent of electronic trading has steadily diminished the role of dealers, but traders
still must contend with a bid-ask spread. For example, in electronic markets, the limit-
order book contains the “inside spread,” that is, the difference between the highest price
at which some investor will purchase any shares and the lowest price at which another
investor is willing to sell. The effective bid-ask spread will also depend on the size of
the desired transaction. Larger purchases will require a trader to move deeper into the
limit-order book and accept less-attractive prices. While inside spreads on electronic mar-
kets often appear extremely low, effective spreads can be much larger, because most limit
orders are good for only small numbers of shares.

Even without the inventory problems faced by traditional securities dealers, the bid—ask
spread persists. There is greater emphasis today on the component of the spread due to
asymmetric information. By asymmetric information, we mean the potential for one trader
to have private information about the value of the security that is not known to the trading
partner. To see why such an asymmetry can affect the market, think about the problems
facing someone buying a used car. The seller knows more about the car than the buyer,
so the buyer naturally wonders if the seller is trying to get rid of the car because it is a
“lemon.” At the least, buyers worried about overpaying will shave the prices they are will-
ing to pay for a car of uncertain quality. In extreme cases of asymmetric information, trad-
ing may cease altogether. Similarly, traders who post offers to buy or sell at limit prices
need to be worried about being picked off by better-informed traders who hit their limit
prices only when they are out of line with the intrinsic value of the firm.

Broadly speaking, we may envision investors trading securities for two reasons. Some
trades are driven by “noninformational™ motives, for example, selling assets to raise cash
for a big purchase, or even just for portfolio rebalancing. These sorts of trades, which are
not motivated by private information that bears on the value of the traded security, are
called noise trades. Securily dealers will earn a profit from the bid-ask spread when trans-
acting with noise traders (also called liguidity traders because their trades may derive from
needs for liquidity, i.e., cash).

Other transactions are motivated by private information known only to the seller or
buyer. These transactions are generated when traders believe they have come across infor-
mation that a security is mispriced, and try to profit from that analysis. If an information
trader identifies an advantageous opportunity, it must be disadvantageous (o the other party
in the transaction. If private information indicates a stock is overpriced, and the trader

OThe problem of informational asymmetry in markets was introduced by the 2001 Nobel laureate George
A. Akerlof and has since become known as the lemons problem. A good introduction to Akerlof’s contribu-
tions can be found in George A. Akerlof, An Economic Theorist’s Book of Tales (Cambridge. U.K.: Cambridge
University Press, 1984).
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decides to sell it, a dealer who has posted a bid price or another trader who has posted ,
limit-buy order and ends up on the other side of the transaction will purchase the stock gt
what will later be revealed to have been an inflated price. Conversely, when private infor-
mation results in a decision to buy, the price at which the security is traded will eventually
be recognized as less than fair value.

Information traders impose a cost on both dealers and other investors who post limit
orders. Although on average dealers make money from the bid-ask spread when transact-
ing with liquidity traders. they will absorb losses from information traders. Similarly, any
trader posting a limit order is at risk from information traders. The response is to increase
limit-ask prices and decrease limit-bid orders—in other words, the spread must widen. The
greater the relative importance of information traders, the greater the required spread (o
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 asymmelry is more scvere,

The discount in a security price that results from illiquidity can be surprisingly large. far
larger than the bid-ask spread. Consider a security with a bid-ask spread of 1%. Suppose
it will change hands once a year for the next 3 years and then will be held forever by
the third buyer. For the last trade, the investor 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 sold. The second buyer, knowing the security will be sold a year later for .995
of fair value, and having to absorb half the spread upon purchase, will be willing to pay
995 — .005/1.05 = .9902 (i.e.. 99.02% of fair value). if the spread from fair value is dis-
counted at a rate of 5%. Finally, the current buyer, knowing the loss next year, when the
stock will be sold for .9902 of fair 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 present values 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 year forever, its
current illiquidity cost will equal immediate cost plus the present value of a perpetuity of
.5%. At an annual discount rate of 5%, this sum equals .005 + .005/.05 = .105, or 10.5%!
Obviously, liquidity is of potentially large value and should not be ignored in deriving the
equilibrium value of securities.

As trading costs are higher, the illiquidity discount will be greater. Of course, if some-
one can buy a share at a lower price, the expected rate of return will be higher. Therefore,
we should expect to see less-liquid securities offer higher average rates of return. But this
illiquidity premium need not rise in direct proportion to trading cost. If an asset is less
liquid, it will be shunned by frequent traders and held instead by longer term traders who
are less affected by high trading costs. Hence in equilibrium, investors with long holding
periods will, on average, hold more of the illiquid securities, while short-horizon investors
will more strongly prefer liquid securities. This “clientele effect” mitigates the effect of the
bid-ask spread for illiquid securities. The end result is that the liquidity premium should
increase with trading costs (measured, for example, by the bid—ask spread) at a decreasing
rate. Figure 9.5 confirms this prediction.

So far, we have shown that the expected level of liquidity can affect prices, and therefore
expected rates of return. What about unanticipated changes in liquidity? In some circum-
stances, liquidity can unexpectedly dry up. For example. in the financial crisis of 2008, as
many investors attempted to reduce leverage and cash out their positions, finding buyers for

'We will see another instance of such capitalization of trading costs in Chapter |3, where one explanation for
large discounts on closed-end funds is the substantial present value of a stream of apparently small per-period
expenses.
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some assets became difficult. Many mortgage-backed securities stopped trading altogether.
Liquidity had evaporated. Nor was this an unheard-of phenomenon. The 1987 U.S. stock
market crash, the 1997 Asian financial crisis, the Russian financial crisis as well as the fail-
ure of Long Term Capital Management in 1998, the European sovereign debt crisis of 2010
~ and beyond, also saw extensive declines in liquidity across broad segments of the market.
~In fact, several studies have investigated variation in a number of measures ol liquidity
for large samples of stocks and found that when liquidity in one stock decreases, it tends
~ to decrease in other stocks at the same time; thus liquidity across stocks shows significant
correlation.*” In other words, variation in liquidity seems to have an important systematic
component. Not surprisingly, then, investors may demand compensation for their exposure
to liquidity risk. The extra expected return they demand for bearing liquidity risk modifies
the expected return—beta relationship.

Following up on this insight, other authors have examined whether firms with greater
exposure to changes in liquidity offer higher expected returns. For example, Amihud dem-
onstrates that firms with greater liquidity uncertainty have higher average returns.” Later
studies focus on exposure to markerwide liquidity risk, as measured by a “liquidity beta.”
Analogously to a traditional market beta, the liquidity beta measures the sensitivity of a
firm’s returns to changes in market liquidity (whereas the traditional beta measures return
sensitivity to the market return). Firms that provide better returns when market liquidity
falls offer some protection against liquidity risk, and thus should be priced higher and offer

2See, for example, Tarun Chordia, Richard Roll, and Avanidhar Subrahmanyam, “Commonality in Liquidity,”
Journal of Financial Economics 56 (2000), pp. 3-28, or J. Hasbrouck and D. H. Seppi, “Common Factors in
Prices, Order Flows and Liquidity,” Journal of Financial Economics 59 (2001), pp. 383—411.

SYakov Amihud, “Illiquidity and Stock Returns: Cross-Section and Time-Series Effects.” Jowrnal of Financial
Markets 9 (2002), pp. 31-56.
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lower expected returns. Conversely, if returns vary positively with liquidity, then llqllld]ty
risk is magnified and prices will be lower. In fact, we will see in Chapter 13 that firms witp
high liquidity betas have offered higher average returns, just as these theories predict, 3
Moreover, the liquidity premium that emerges from these studics appears to be of roughly
the same order of magnitude as the market risk premium, suggesting that liquidity should
be a first-order consideration when thinking about security pricing. While liquidity risk hag
until recently not received the same amount of attention as rate-of-return risk, the financig
crisis of 2007-2008 highlighted its importance, and it seems clear that liquidity will attract
considerably more attention in coming years.

“Sec L. Péstor and R. F Stambaugh, “Liquidity Risk and Expected Stock Returns,” Journal of Political Exonomy
111 (2003), pp. 642—685. or V. V. Acharya and L. H. Pedersen, “Asset Pricing with Liquidity Risk." Journal of
Financial Economics 77 (2005), pp. 375-410.

1. The CAPM assumes that investors are single-period planners who agree on a common input list
from security analysis and seek mean-variance optimal portfolios.
2. The CAPM assumes that security markets are ideal in the sense that:
a. They are large, and investors are price-takers.
b. There are no taxes or transaction costs.
¢. All risky assets are publicly traded.
d. Investors can borrow and lend any amount at a fixed risk-free rate.
3. With these assumptions, all investors hold identical risky portfolios. The CAPM holds that in
equilibrium the market portfolio is the unique mean-variance efficient tangency portfolio. Thus
a passive strategy is efficient.
4. The CAPM market portfolio is a value-weighted portfolio. Each security is held in a proportion
equal to its market value divided by the total market value of all securities.
5. Tf the market portfolio is efficient and the average investor neither borrows nor lends. then the
risk premium on the market portfolio is proportional to its variance, a3y, and to the average coef-
ficient of risk aversion across investors, A:

E(ry) —r= Ac?,

6. The CAPM implies that the risk premium on any individual asset or portfolio is the product of
the risk premium on the market portfolio and the beta coelficient:

E(r) — r;= BlE(ry) — 7]

where the beta coefficient is the covariance of the asset with the market portfolio as a fraction of
the variance of the market portfolio:

Cov(r;, ry)
t UJ‘_;
7. When risk-free investments are restricted but all other CAPM assumptions hold, then the sim-
ple version of the CAPM is replaced by its zero-beta version. Accordingly, the risk-free rate in
the expected return-beta relationship is replaced by the zero-beta portfolio’s expected ratc of

return:
E(r)) = Elrpan] + BiElry — rzum]
8. The simple version of the CAPM assumes that investors are myopic. When investors are

assumed to be concerned with lifetime consumption and bequest plans, but investors’ tastes and
security return distributions are stable over time, the market portfolio remains efficient and the



le version of the expected return—beta relationship holds. But if those distributions change
redictably, or if investors seek to hedge nonmarket sources of risk to their consumption, the
fe CAPM will give way to a multifactor version in which the security's exposure to these
nmarket sources of risk command risk premiums.

The consumption-based capital asset pricing model (CCAPM) is a single-factor model in
which the market portfolio excess return is replaced by that of a consumption-tracking port-
folio. By appealing directly to consumption, the model naturally incorporates consumption-
hedging considerations and changing investment opportunities within a single-factor
framework.

The security market line of the CAPM must be modified to account for labor income and other
significant nontraded assets. !

. Liquidity costs and liquidity risk can be incorporated into the CAPM relationship. Investors
demand compensation for expected costs of illiquidity as well as the risk surrounding those
cosls.
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"I, What must be the beta of a portfolio with £(rp) = 18%, if r, = 6% and E(ry) = 14%?

. The market price of a security is $50. Its expected rate of return is 14%. The risk-free rate is 6%
and the market risk premium is 8.5%. What will be the market price of the security if its correla-
tion coefficient with the market portfolio doubles (and all other variables remain unchanged)?
Assume that the stock is expected to pay a constant dividend in perpetuity.

. Are the following true or false? Explain.

a. Stocks with a beta of zero offer an expected rate of return of zero.

b. The CAPM implies that investors require a higher return to hold highly volatile securities.

¢. You can construct a portfolio with beta of .75 by investing .75 of the investment budget in
T-bills and the remainder in the market portfolio.

4.;] Here are data on two companies. The T-bill rate is 4% and the market risk premium is 6%.

Company $1 Discount Store  Everything $5
f Forecasted return 12% 1%

Standard deviation of returns 8% 10%

Beta 1.5 1.0

What would be the fair return for each company, according to the capital asset pricing model
(CAPM)?

. Characterize each company in the previous problem as underpriced. overpriced, or properly
priced.

What is the expected rate of return for a stock that has a beta of 1.0 if the expected return on the
market is 15%?

a. 13%.

b. More than 15%.

¢. Cannot be determined without the risk-free rate.
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"KKAPLAN 7. Kaskin. Inc.. stock has a beta of 1.2 and Quinn, Inc., stock has a beta of .6. Which of the follow.
ing statements is most accurate?

SCHWESER a. The expected rate of return will be higher for the stock of Kaskin, Inc., than that of Quinn, Ing,
b. The stock of Kaskin, Inc., has more total risk than Quinn, Inc.
¢. The stock of Quinn, Inc.. has more systematic risk than that of Kaskin, Inc.

8. You arc a consultant to a large manufacturing corporation that is considering a project with the
following net after-tax cash flows (in millions of dollars):

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

The project’s beta is 1.8. Assuming that r, = 8% and E(ry) = 16%, what is the net present
value of the project? What is the highest possible beta estimate for the project before its NPV
becomes negative?

| 9. Consider the following table, which gives a security analyst’s expected return on two stocks for
two particular market returns:

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

a. What are the belas of the two stocks?

. What is the expected rate of return on each stock if the market return is equally likely to be
5% or 25%”?

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

d. Plot the two securitics on the SML. graph. What are the alphas of cach?

¢. What hurdle rate should be used by the management of the aggressive [irm for a project with
the risk characteristics of the defensive firm’s stock”?

.~ For Problems 10 to 16: If the simple CAPM is valid, which of the following situations
are possible? Explain. Consider each situation independently.

Visit us at www.mheducation.asia/olc/bodie

10.  Portfolio Expected Return Beta
A 20 1.4
B 25 1.2
1. Standard
Portfolio Expected Return Deviation
A 30 35
B 40 25
i 12. Standard
[ Portfolio Expected Return Deviation
Risk-free 10 0
Market 18 24
A 16 12
13. Standard
Portfolio Expected Return Deviation
Risk-free 10 0
Market 18 24
A 20 22
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portfolio Expected Return Beta

Risk-free 10 0
Market 18 1.0

A 16 1:5
portfolio Expected Return Beta
Risk-free 10 0
Market 18 1.0

A 16 0.9

Standard

portfolio Expected Return Deviation
Risk-free 10 0
Narket 18 24

A 16 22

For Problems 17 to 19 assume that the risk-free rate of interest is 6% and the expected
rate of return on the market is 16%.
67. A share of stock sells for $50 today. It will pay a dividend of $6 per share at the end of the year.
~ 1Its beta is 1.2. What do investors expect the stock to sell for at the end of the year?
18. | am buying a firm with an expected perpetual cash flow of $1,000 but am unsure of its risk. If 1
think the beta of the firm is .5. when in fact the beta is really 1, how much more will T offer for
the firm than it is truly worth?

19. A stock has an expected rate of return of 4%. What is its beta?

y\" 20, "Two investment adyisers are comparing performance. One averaged a 19% rate of return and the other
4 16% rate of return. However, the beta of the first investor was 1.5, whereas that of the second was 1.

a. Can you tell which investor was a better selector of individual stocks (aside from the issue of
general movements in the market)?

b. Tf the T-bill rate were 6% and the market return during the period were 4%, which investor
would be the superior stock selector?

¢. What if the T-bill rate were 3% and the market return were 15%?

21. Suppose the rate of return on short-term government securities (perceived 1o be risk-free) is
about 5%. Suppose also that the expected rate of return required by the market for a portfolio
with a beta of | is 12%. According to the capital asset pricing model:

a. What is the expected rate of return on the market portfolio?

b, What would be the expected rate of return on a stock with = 07?

¢. Suppose you consider buying a share of stock at $40. The stock is expected (o pay $3 divi-
dends next year and you expect it to sell then for $41. The stock risk has been evaluated at
B = —.5. Is the stock overpriced or underpriced?

22. Suppose that borrowing is restricted so that the zero-beta version of the CAPM holds. The
expected return on the market portfolio is 17%. and on the zero-beta portfolio it is 8%. What is
the expected return on a portfolio with a beta of .67

23. a. A mutual fund with beta of .8 has an expected rate of return of 14%. If r; = 5%, and you
expect the rate of return on the market portfolio to be 15%, should you invest in this fund?
What is the fund’s alpha?
b. What passive portfolio comprised of a market-index portfolio and a money market account
would have the same beta as the fund? Show that the difference between the expected rate of
return on this passive portfolio and that of the fund equals the alpha from part (a).

24, OQutline how you would incorporate the following into the CCAPM:

a. Liquidity.
b. Nontraded assets. (Do you have to worry about labor income?)
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‘ "\ 1. a. John Wilson is a portfolio manager at Austin & Associates. For all of his clients, Wilson mag-
CE PAR%BLE.MS ages portfolios that lie on the Markowitz efficient frontier. Wilson asks Mary Regan, CFA, 3
\\, : managing director at Austin, to review the portfolios of two of his clients, the Eagle Manufae-

turing Company and the Rainbow Life Insurance Co. The expected returns of the two portfolios
are substantially different. Regan determines that the Rainbow portfolio is virtually identica]
to the market portfolio and concludes that the Rainbow portfolio must be superior to the Eagle
portfolio. Do you agree or disagree with Regan’s conclusion that the Rainbow portfolio is Supe-
rior to the Eagle portfolio? Justify your response with reference to the capital market line.

b. Wilson remarks that the Rainbow portfolio has a higher expected return because it has greater
nonsystematic risk than Eagle’s portfolio. Define nonsystematic risk and explain why voy
agree or disagree with Wilson’s remark.

2. Wilson is now evaluating the expected performance of two common stocks, Furhman Labs Inc.
and Garten Testing Inc. He has gathered the following information:
*  The risk-free rate is 5%.
»  The expected return on the market portfolio is 11.5%.
* The beta of Furhman stock is 1.5.
+ The beta of Garten stock is .8.

Based on his own analysis, Wilson’s forecasts of the returns on the two stocks are 13.25% for Furh-

man stock and 11.25% for Garten stock. Calculate the required rate of return for Furhman Labs stock
_and for Garten Testing stock. Indicate whether each stock is undervalued, fairly valued, or overvalued.

{3 The security market line depicts:

a. A security’s expected return as a function of its systematic risk.

b. The market portfolio as the optimal portfolio of risky securities.

¢. The relationship between a security’s return and the return on an index.,

d. The complete portfolio as a combination of the market portfolio and lhe risk-ree asset.

| 4 'Within the context of the capital asset pricing model (CAPM), assume:

»  Expected return on the market = 15%.

* Risk-free rate = 8%.

* Expected rate of return on XYZ security = 17%.
*  Beta of XYZ security = 1.25.

Which one of the following is correct?

a. XYZis overpriced.

b. XYZis fairly priced.

¢. XYZ's alpha is —.25%.
d. XYZ's alpha is .25%.

5. What is the expected return of a zero-beta securily?
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a. Market rate of return.
b. Zero rate of return.

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

6. Capital asset pricing theory asserts that portfolio returns are best explained by:
a. Economic factors.
b. Specific risk.
c. Systematic risk.
d. Diversification.

\l“

| According to CAPM, the expected rate of return of a portfolio with a beta of 1.0 and an alpha of 0 is
" a. Between ry, and ry.

b. The risk-free rate, ry

Blry — rp).

d. The expected return on the market, ry,.

o
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= following table shows risk and return measures for two portfolios.

Average Annual

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

N\
When plotting portfolio R on the preceding table relative to the SML.. portfolio R lies:
" 4 Onthe SML.
h. Below the SML.
¢. Above the SML.
(. Insufficient data given.
When plotting portfolio R relative to the capital market line, portfolio R lies:

¢«. On the CML.

b. Below the CML.

¢, Above the CML.

«. Insufficient data given.

Briefly explain whether investors should expect a higher return from holding portfolio A versus
portfolio B under capital asset pricing theory (CAPM). Assume that both portfolios are fully
diversified.

Portfolio A Portfolio B
Systemnatic risk (beta) 1.0 1.0
Specific risk for each individual security High Low

Joan McKay is a portfolio manager for a bank trust department. McKay meets with two clients,
Kevin Murray and Lisa York, to review their investment objectives. Each client expresses an
interest in changing his or her individual investment objectives. Both clients currently hold
well-diversificd portfolios of risky assets.

a. Murray wants to increase the expected return of his portfolio. State what action McKay
should take to achieve Murray’s objective. Justify your response in the context of the
CML.

b. York wants to reduce the risk exposure of her portfolio but does not want to engage in bhor-
rowing or lending activities to do so. State what action McKay should take to achieve York’s
objective. Justify your response in the context of the SML.
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Karen Kay, a portfolio manager at Collins Asset Management, is using the capital asset pricing
model for making recommendations to her clients. Her research department has developed the
information shown in the following exhibit.

Forecast Returns, Standard Deviations, and Betas

Forecast Return Standard Deviation Beta
Stock X 14.0% 36% 0.8
Stock Y 17.0 25 15
Market index 14.0 15 1.0
Risk-free rate 5.0

a. Calculate expected return and alpha for each stock.

- b, Identify and justify which stock would be more appropriate for an investor who wants to
i. add this stock to a well-diversified equity portfolio.

ii. hold this stock as a single-stock portfolio.
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E-Iusaigagnts

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 Search with
Fund Evaluator section, click on Search. Under View Selected Criteria on the left meny
select Risk Volatility and indicate that you want to screen for funds with betas less than
or equal to 0.5. Select five funds from the Fidelity Results 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 arder? 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.
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Solutions to COW 5&3&}

|. We can characterize the entire population by two representative investors, One is the
“uninformed” investor, who does not engage in security analysis and holds the market portfolio,
whereas the other optimizes using the Markowitz algorithm with input from security analysis.
The uninformed investor does not know what input the informed investor uses to make portfolio
purchases. The uninformed investor knows, however, that if the other investor is informed. the
market portfolio proportions will be optimal. Therefore, to depart from these proportions would
constitute an uninformed bet, which will, on average, reduce the efficiency of diversification with
no compensating improvement in expected returns.

2. «. Substituting the historical mean and standard deviation in Equation 9.2 yields a coefficient of
risk aversion ol

E(ry) —rp 079
A=- = =

2 7792 =
Ty 232

1.47

b. This relationship also tells us that for the historical standard deviation and a coefficient of risk
aversion of 3.5 the risk premium would be

E(ry) — r;=Ach =3.5X.232° = 188 = 18.8%

W

For these investment proportions, Wyg. Woyows the portfolio § is
BP = WForLlBFurd + “"l'n_\'uluBTnyum
= (.75 X 1.25) + (25 X 1.10) = 1.2125
As the market risk premium, E(ry) — rp is 8%, the portfolio risk premium will be
E(rp) — rp= BelE(ry) — 1]
= 12125 X 8 = 9.7%

4. The alpha of a stock is its expected return in excess of that required by the CAPM.

|

= E(r) — {r; + BlE(ry) — 1]}
ayy, = 12 =[5+ 1.0(11 = 5)] = 1%
oage =13 =[5+ 1L5(11 = 5)]=—1%

o
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ts below the SML, while XYZ plots above.

E(r), Percent

The project-specific required return is determined by the project beta coupled with the market
risk premium and the risk-free rate. The CAPM tells us that an acceptable expected rate of return
for the project is

rp+ BlECry) — ] =8+ 1.3(16 — 8) = 18.4%

which becomes the project’s hurdle rate. If the IRR of the project is 19%. then it is desirable. Any
project with an IRR equal to or less than 18.4% should be rejected.

. The CAPM is a model that relates expected rates of return to risk. It results in the expected
return-beta relationship, where the expected risk premium on any asset is proportional to the
expected risk premium on the market portfolio with beta as the proportionality constant. As such,
the model is impractical for two reasons: (i) expectations are unobservable, and (ii) the theoretical
market portfolio includes every risky asset and is in practice unobservable. The next three models
incorporate additional assumptions to overcome these problems.

The single-factor model assumes that one economic factor, denoted F; exerts the only common
influence on security returns. Beyond it, security returns are driven by independent, firm-specific
factors. Thus for any security. i,

r=E(r) +B;F+e

The single-index model assumes that in the single-factor model, the factor F can be replaced
by a broad-based index of securities that can proxy for the CAPM’s theoretical market portfolio.
The index model can be stated as R; = o, + Ry + ;.

At this point it should be said that many interchange the meaning of the index and market
models. The concept of the market model is that rate of return surprises on a stock arc pro-
portional to corresponding surprises on the market index portfolio, again with proportionality
constant 3.
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