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Chapter 13
CAPM Extensions

13.1 Empirical Validation

The last chapter showed that the practical difficulties of implementing the
CAPM approach are surmountable. Conceptual and empirical problems
remain, however.

At the conceptual level, the CAPM has been submitted to criticisms by
academicians and practitioners. Contrary to the core assumption of the
CAP), investors may choose not to diversify, and bear company-specific
risk if abnormal returns are expected. A substantial percentage of individ-
ual investors are indeed inadequately diversified. Short selling is
somewhat restricted, in violation of CAPM assumptions. Factors other
than market risk (beta) may also influence investor behavior, such as
taxation, firm size, and restrictions on borrowing.

At the empirical level, there have been countless tests of the CAPM to
determine to what extent security returns and betas are related in the
manner predicted by the CAPM.2 The results of the tests support the idea
that beta is related to security returns, that the risk-return tradeoff is
positive, and that the relationship is linear. The contradictory finding is
that the empirical Security Market Line (SML) is not as steeply sloped as
the predicted SML. With few exceptions, the empirical studies agree that
the implied intercept term exceeds the risk-free rate and the slope term is
less than predicted by the CAPM. That is, low-beta securities earn returns
somewhat higher than the CAPM would predict, and high-beta secunhes
earn less than predicted. This is shown in Figure 13-1.

! The use of the CAPM in regulatory proceedings has not escaped criticism. See
for example Malko and Enholm (1985), Chartoff, Mayo, and Smith (1982), and
the Autumn 1978 issue of Financial Management, in which several prominent
finance scholars address the use of the CAPM in regulatory proceedings.

2 Fora summary of the empirical evidence on the CAPM, see Jensen (1972) and
‘Ross (1978). The major empirical tests of the CAPM were published by Friend
and Blume (1975), Black, Jensen, and Scholes (1972), Miller and Scholes (1972),
Blume and Friend (1973), Blume and Husic (1973), Fama and Macbeth (1973),
Basu (1977), Reinganum (1981B), Litzenberger and Ramaswamy (1979), Banz
(1981), Gibbons (1982), Stambaugh (1952), and Shanken (1985). CAPM evidence
in the Canadian context is available in Morin (1981).
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FIGURE 13-1

THEORETICAL V. EMPIRICAL ESTIMATE OF THE CAPM
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The slope is less than predicted by the CAPM, and the intercept term is
greater than the risk-free rate. This result is particularly pertinent for
public utilities whose betas are typically less than 1.00. Based on the
evidence, as shown in Figure 13-1, a CAPM-based estimate of the cost of
capital underestimates the return required from such securities.

The empirical evidence also demonstrates that the SML is highly unstable
over short periods and differs significantly from the long-run relationship
This evidence underscores the potential for error in cost of capital esti-
mates that apply the CAPM using historical data over short time periods.
The evidence® also shows that the addition of specific company risk, as
measured by standard deviation, adds explanatory power to the risk-return
relationship. '

Roll (1977) argued that the CAPM has never been tested and that such a test
is infeasible. Roll argued, moreover, that the market index proxy used ir
empirical tests of the CAPM is inadequate; since a true comprehensive
market index is unavailable, such tests will be biased in the direction shown
by the actual empirical results. Deviations of empirical results from the
predictions of the CAPM does not necessarily mean that the CAPM is
misspecified, but rather that the market index used in testing is inefficient
Roll's conclusion is that the CAPM is not testable unless the exact composi-
tion of the true market portfolio is known and used in the tests. Moreover

3 See Friend, Westerfield, and Granito (1978) and Morin (1980).
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the CAPM is a forward-looking expectational model and to test the model it
is necessary to predict investor expectations correctly. Any empirical test of
the CAPM is thus a test of the joint hypothesis of the model’s validity and of
the function used to generate expected returns from historical returns.

In short, the currently available empirical evidence indicates that the
simple version of the CAPM does not provide a perfectly accurate descrip-
tion of the process determining security returns. Explanations for this
shortcoming include some or all of the following:

1 The CAPM excludes other important variables that are important
in determining security returns, such as size, skewness, taxes, and
uncertain inflation.

The market index used in the tests excludes important classes of
securities, such as bonds, mortgages, and business investments.

3 Constraints on investor borrowing exist contrary to the assump-
tion of the CAPM.

4. Investors may value the hedging value of assets in protecting them
against shifts in later investment opportunities. See Merton
(1973) and Morin (1981).

Revised CAPM models have been proposed relaxing the above constraints,
each model varying in complexity, each model attempting to inject more
realism into the assumptions. Ross (1978) and, more recently, Tallman
(1989) presented excellent surveys of the various asset pricing theories
and related empirical evidence. These enhanced CAPMs produce broadly
similar expressions for the relationship between risk and return and a
SML that is flatter than the CAPM prediction. Section 13.2 focuses on the
more tractable extensions of the CAPM that possess some applicability to
public utility regulation.

13.2 CAPM Extensions
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To capture the variables’ impact on the slope of the relationship, a coeffi-
cient b is substituted for the market risk premium. The revised CAPM
equation becomes:

K=R.+a+bxp {13-2)

The constants a and b capture all the market-wide effects that influence
security returns, and must be estimated by econometric techniques. Fac-
tors purported to affect security returns include dividend yield, skewness,
and size effects.

Dividend Yield Effect

Empirical studies by Litzenberger and Ramaswamy (1979), Litzenberger,
Ramaswamy, and Sosin (1980), and Rosenberg and Marathe (1975) find
that security returns are positively related to dividend yield as well as to
beta. These results are consistent with after-tax extensions of the CAPM
developed by Brennan (1970) and Litzenberger and Ramaswamy (1979)
and suggest that the relationship between return, beta, and dividend yield
should be estimated and employed to calculate the cost of equity capital.

The dividend yield effects stem from the differential taxation on corporate
dividends and capital gains. The standard CAPM does not consider the
regularity of dividends received by investors. Utilities generally maintain
high dividend payout ratios relative to the market, and by ignoring divi-
dend yield, the CAPM provides biased cost of capital estimates. To the
extent that dividend income is taxed at a higher rate than capital gains,
investors will require higher pre-tax returns in order to equalize the
after-tax returns provided by high-yielding stocks with those of low-yield-
ing stocks. In other words, high-yielding stocks must offer investors
higher pre-tax returns.? Even if dividends and capital gains are undiffer-
entiated for tax purposes, there is still a tax bias in favor of earnings
retention (lower dividend payout), as capital gains taxes are paid only
when gains are realized.

4 The strength of the tax effect on yield is diluted by non-taxable institutione}l
ownership and by the personal tax exemption on dividend income from electric
utility stocks.
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The traditional return-beta relationship described by the SML fails to

recognize the dividend yield dimension. But the two-dimensional SML can

pe expanded into a three-dimensional security market plane (SMP) by

adding a dividend yield line as in Figure 13-2, which portrays the relation-

ghip among return, beta, and dividend yield. The positive effect of yield on

E return can be seen on the graph. In a given risk class, the required return

* increases with the dividend yield. Some institutional portfolio managers

have in fact implemented the SMP approach for actual investment man-

agement decision making, in effect re commending for purchase
undervalued securities situated above the SMP.

T e e e
FIGURE 13-2

THE RELATIONSHIF AMONG RETURN, BETA, AND DIVIDEND YIELD
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i Investors are more concerned with losing money than with total variabil-
' ity of return. 1 risk is defined as the probability of loss, it appears more
% logical to measure rick as the probability of achieving a return that is
8 below the expected return. Figure 13-3 shows three frequency distribution
¢ Of returns, one symmetrical, one skewed left, and one skewed right. If the
Probability distribution is svmmetrical, specialized measures of downside
r}'isk are unnecessary, since a normal symmetrical distribution has no
55 'f!kewnesz-; the areas on either side of the mean expected return are mirror
g Images of one another.
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atic skewness:

RETURN = RISK-FREE RATE + MARKET RISK + SKEWNESS RISK

Ke=Fi',__ + B(F?M - F)+'y(SM- Re) (13-31

Systematic skewness, 7, is measured as the ratio of the co-skewness of the
stock with the market to the skewness of the market.

Empirical studies by Kraus and Litzenberger (1976), Friend, Westerfield,
and Granito (1978), and Morin (1980) found that, in addition to beta.
skewness of returns has a significant negative relationship with security

This may be particularly relevant for public utilities whose future profit-
ability is constrained by the regulatory process on the upside and
relatively unconstrained on the downside in the face of socio-political
realities of public utility regulation. The distribution of security returns
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—
for regulated utilities is more likely to resemble the negatively skewed
dismbution displayed in the left-hand portion of Figure 13-3. The process
of regulation, by restricting the upward potential for returns and respond-
ing sluggishly on the downward side, may impart some asymmetry to the
distribution of returns, and is more likely to result in utilities earning less,
rather than more, than their cost of capital. The traditional CAPM pro-
vides downward-biased estimates of the cost of capital to the extent that
these skewness effects are significant. A security market plane (SMP)
similar to that envisaged in the case of dividend yield effects can be
imagined, substituting a skewness line for the dividend yield line.

Skewness effects can be illustrated by the nature of the probability distri-
pution of security returns for California water utilities in the 1990s.
Because of the asymmetry in the future water supply, there is a greater
probability of downside returns to investors under adverse supply condi-
tions, but essentially no probability of correspondingly large positive
returns. That is, these water utilities’ future profitability is constrained by
both the regulatory process and by a negatively skewed water supply.
Hence, measures of variability and covariability, such as standard devia-
tion and beta, are likely to provide downward-biased estimates of the true
risk relative to that of unregulated firms and other utilities.

The implication is that an additional risk premium must be added to the
business-as-usual return on equity to compensate for the added risks. The
lack of symmetry in investor returns must be considered. A risk premium
sufficient to compensate investors for the limited upside returns/unlim-
ited downside returns versus comparable risk companies and other
utilities is required.

To illustrate, Figure 13-4 shows the hypothetical probability distributions
of revenues, earnings before interest and taxes (EBIT), and net income
under normal conditions for a California water utility. Note that fluctua-
tions in revenues are magnified when transmitted to EBIT because of
operating leverage, and further magnified when transmitted to net in-
come because of financial leverage. The coefficient of variation of revenue,
EBIT, and net income are 0.14, 0.47, and 1.11, respectively.
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FIGURE 13-4C
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This result reinforces that notion that an added premium is required to
offset the lack of upside potential. The added premium must be sufficient
to produce the same average return that would prevail under conditions of
perfect symmetry.

Size Effects

Investment risk increases as company size diminishes, all else remaining
constant. The size phenomenon is well documented in the finance literature.
Empirical studies by Banz (1981) and Reinganum (1981A) have found that
investors in small-capitalization stocks require higher returns than pre-
dicted by the standard CAPM. Reinganum (1981A) examined the
relationship between the size of the firm and its P/E ratio, and found that
small firms experienced average returns greater than those of large firms
that were of equivalent systematic risk (beta). He found that small firms
produce greater returns than could be explained by their risks. These results
were confirmed in a separate test by Banz (1981) who examined stock returns
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over the much longer 1936-1975 period, finding that stocks of small firms
earned higher risk-adjusted abnormal returns than those of large firms.

Small companies have very different returns than large ones, and on average
they have been higher. The greater risk of small stocks does not fully account
for their higher returns over many historical periods. Ibbotson Associates’
widely-used annual historical return series publication covering the period
1926 to the present reinforces this evidence (Ibbotson Associates, 1993). Thev
found that for the period 1926-1992 the average small stock premium was
6% over the average stock, more than could be expected by risk differences
alone, suggesting that the cost of equity for small stocks is considerably larger
than for large capitalization stocks. One plausible explanation for the size
effect is the higher information search costs incurred by investors for small
companies relative to large companies. This effect is likely to be negligible
for all but the very small public utilities whose equity market value is less
than $60 million.

In addition to earning the highest average rates of return, the small stocks
also had the highest volatility, as measured by the standard deviation of
returns. Ibbotson defines small stocks as those in the lowest size decile among
NYSE stocks, with size defined as the dollar value of shares outstanding-
The size trigger point occurs at a market value of $60 million.
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The bond ratings of small firms are typically less than those of large firms
Figure 13-6 contrasts the Standard & Poor’s bond and stock ratings of smal.
versus large capitalization stocks. For bond ratings, the first quintile o:
companies ranked in descending order of market value of equity is rankec
A- on average, versus CC for the last quintile. For stock ratings, the firs:
quintile of companies is ranked A- to B+, versus C for the last quintile.

‘ STANDARD & POOR'S AVERAGE BONU RATING: '
' TOP 20% AND BOTTOM 20% OF MARKET
(Compustat Data Base Ranked by Market Value)
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h research effort has gone into investigating the size effect. [n addi-
n to statistical measurement problems, the economic rationale for the
 effect is difficult to unravel. In fact, Roll (1981} even questioned the
£ idence o0 the small firm effect. Presumably, small stocks provided less
lity to the investor, and require a higher return, The size effect may be
gtatistical mirage, whereby size is proxying for the effect of different
conomic variables. Small firms may have low price-earnings ratios or low
“market prices, for example. The size effect 15 most likely the result of a
quidity premium, whereby investors in small stocks demand greater
% oturns as compensation for lack of marketability and liquidity. Investors
£ prefer high to low liquidity, and demand higher returns from less liquid
: 4: investments, holding other factors constant.
g

Market Index and Missing Assets

A second explanation for the CAPM's inability to fully explain the proeess
determining security returns involves the use of an inadequate or incom-
plete market index, Empirical studies to validate the CAPM invariably
rely on some stock market index as a proxy for the true market portfolio,
The exclusion of several asset categories from the definition of market
index misspecifies the CAPM and biases the results found using only stock
macket data, Kolbe and Read (1983) provide an illustration of the biases
in beta estimates that result from applying the CAPM to public utilities,
Unfortunately, no comprehensive and easily accessible data exdst for sev-
oral classes of assets, such as mortgages and business investments, so that
the exact relationship between return and stock betas predicted by the
CAPM does not exist. This suggests that the empirical relationship be-
tween returns and stock betas is best estimated empirically rather than
by relying on theoretical and elegant CAPM models expanded to include
missing assets effects. In any event, stock betas may be highly correlated
with the true beta measured with the true market index,

Constraints on Investor Borrowing

The third explanation for the CAPM's deficiency involves the pessibility of
constraints on investor borrowing that run counter to the assumptions of
the CAPM., In response to this inadequacy, several versions of the CAPM
have been developed by researchers. One of these versions is the so-called
zero-beta, or two-factor, CAPM which provides for a risk-free return in a
market where borrowing and lending rates are divergent. If borrowing
rates and lending rates differ, or there is no rizk-free borrowing or lending,
ar there is risk-free lending but ne risk-free borrowing, then the CAPM
has the following form:
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K=Ry+B (R, - Ae (13-4)

The model is analogous to the standard CAPM, but with the return on a
minimum risk portfolio that is unrelated to market returns, Az, replacing
the risk-free rate, Rr. The model has been empirically tested by Black.
Jensen, and Scholes (1972), who found a flatter than predicted SML,
consistent with the model and other researchers’ findings.

The zero-beta CAPM cannot be literally employed in cost of capital projec-
tions, since the zero-beta portfolio is a statistical construct difficult to
replicate. Attempts to estimate the model are formally equivalent to
estimating the constants, 2 and b, in Equation 13-2.

13.3 Empirical CAPM

Whatever the explanation for the flatter than predicted SML, whether it
be dividend yield, skewness, size, missing assets, or constrained borrow-
ing effects, the general suggestion is that the empirical relationship
between returns and betas should be estimated empirically rather than
asserted on an a priori basis. Equation 13-2 has gradually evolved to
become known as the Empirical Capital Asset Pricing Model (ECAPM),
and represents a pragmatic solution to the limitations of the standard
CAPM, whether it be data limitations, unrealistic assumptions, or omitted
variables. All the potential vagaries of the model are telescoped into the 2
constants, @ and b, which must be estimated econometrically from market
data. The technique is formally applied by Litzenberger, Ramaswamy, and
Sosin (1980) to public utilities in order to rectify the CAPM’s basic short-
comings. Not only do they summarize the criticisms of the CAPM insofar
as they affect public utilities, but they also describe the econometric
intricacies involved and the methods of circumventing the statistical
problems. Essentially, the average monthly returns over a lengthy time
period on a large cross-section of securities grouped into portfolios, are
related to their corresponding betas by statistical regression techniques:
that is, Equation 13-2 is estimated from market data. The utility’s beta
value is substituted into the equation to produce the cost of equity figure.
Their own results demonstrate how the standard CAPM underestimates
the cost of equity capital of public utilities because of the utilities’ high
dividend yield and return skewness.

As discussed in Section 13.1, empirical tests of the CAPM have shown that
the risk-return tradeoff is not as steeply sloped as that predicted by the
CAPM. That is, low-beta securities earn returns somewhat higher than the
CAPM would predict, and high-beta securities earn less than predicted.
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geveral finance scholars have developed refined and expanded versions of
the standard CAPM by relaxing the constraints imposed on the CAPM,
such as dividend yield, size, and skewness effects. In doing so, they
obtained broadly similar expressions for the relationship between risk and
expected return. These enhanced CAPMs typically produce a risk-return
re]ationship that is flatter than the CAPM prediction. In other words, they
obtained a result that is closer to the actual risk-return relationship.’

The empirical CAPM formula described below produces a risk-return trade-
off that is flatter than the predicted tradeoff, and approximates the observed
relationship between risk and return on capital markets. The empirical
approximation to the CAPM is consistent with both theory and empirical
evidence, and has the added advantage of computational simplicity. Whereas
the traditional version of the CAPM is given by the following:

the empirical evidence found by Morin (1989) indicates that the expected
return on a security over the period 1926-1984 was actually given by:

RETURN = .0829+ .05208

Given that the risk-free rate over the estimation period was approxi-
mately 6%, this relationship implies that the intercept of the risk-return
relationship is higher than the 6% risk-free rate, contrary to the CAPM’s
prediction. Given the Ibbotson Associates’ result that the average return
on an average risk stock exceeded the risk-free rate by about 8% during
the period from 1926 through 1984, that is (Rm- AF) = 8%, the intercept
of the observed relationship between return and beta exceeds the risk-free
rate by about 2%, or 1/4 of 8%, and that the slope of the relationship, .0520,
is close to 3/4 of 8%. Therefore, the empirical evidence suggests that the
expected return on a security is related to its risk by the following approxi-
mation:

K=RF+x(FiM-F?F)+(1-x)B(RM ~ R (13-5)

where xis a fraction to be determined empirically. The value of x is actually
derived by systematically varying the constant xin that equation from zero

An excellent overview of variants of the CAPM is provided in the corporate
finance textbook by Brealey and Myers (1991A), Chapter 8, and particularly in
the accompanying instructor’s manual (1991B).

-
D AL LA e——"

335



Regulatory Finance

336

to 1.00 in steps 0f 0.05 and choosing that value of x that minimized the mea:
Square error between the observed relationship,

RETURN =.0829+ .0520 B

and the empirical shortcut CAPM formula.® The value of x that bes
explains the observed relationship is between 0.25 and 0.30. If x=0.25
the equation becomes:

K=FRe+025(Ry - R.)+0.75B (R, - A, (13-6

Using a simple numerical example, assuming a risk-free rate of 7%, ¢
market risk premium of 7%, and a beta of 0.80, the empirical CAPM
equation above yields a cost of equity estimate of 12.95% as follows:

K=7%+0.25 (14% ~ 7%) + 0.75 x 0.80 (14% ~ 7%)
7%+ 1.75%+ 4.2%
12.95%

The actual historical relationship between risk premiums and the risk of
a large population of common stocks can be observed over a long time
period and used to estimate the appropriate risk premium for a given
utility. The utility’s cost of equity can then be estimated as the yield on
long-term Treasury bonds plus the estimated risk premium. To illustrate,
the actual relationship between risk premiums and betas on common
stocks over a long time period can be estimated, and this historical
relationship be used to estimate the risk premium on the utility’s common
equity, on the grounds that over long time periods, investors’ expectations
are realized.

To execute this method, monthly rates of return for all common stocks
listed on the New York Stock Exchange from 1926 to the present are
obtained from the University of Chicago’s Center for Research in Security
Prices (CRISP) data tapes. Five-year betas are then computed for each
month for each company. For each month, the securities are assigned to
one of 10 portfolios on the basis of ranked betas, from the lowest to the
highest beta. Monthly returns for each of the portfolios are compounded to
produce annual rates of return on each of the 10 portfolios from 1931 to the

° The corresponding evidence for Canadian capital markets is scant. For Studies
of the relationship between return and risk in Canada, see Morin (1980) an
Jobson and Korkie (1985)
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present. Historical risk premiums for each of the 10 portfolios are calcu-
lated for the period 1931 to the present by averaging the difference
between the portfolio’s annual rate of return and the government bond
yield. For example, if the following hypothetical relationship between the
risk ;I)remium and the portfolios’ betas is obtained for the period 1931 -
1992

Risk Premnium = 4.21% + (3.94% x Beta)

Using the utility’s beta of 0.60, for example, the risk premium for the
hypothetical utility is:

4.21% + (3.94% x 0.60) = 6.6%

Along-term cost of equity capital estimate for the company is obtained by
adding the risk premium of 6.6% to the current yield on long-term Treas-
ury bonds or to the projected long-term yield implied by the closing prices
on the Treasury bond futures contract traded on the Chicago Board of
Trade. The latter measures the consensus long-term interest rate expecta-
tion of investors.? If the yield on long-term Treasury bonds is 6%, then the
cost of equity implied by the empirical relationship is 6.00% + 6.60% =
12.60%. A similar procedure could be developed based on the standard
deviation of return rather than on beta as risk measure.

13.4 Conclusions

Although financial theory has shown that beta is a sufficient risk measure
for diversified investors and although most of the empirical literature has
confirmed its importance in determining expected return, there are nota-
ble exceptions. Over the course of its history, the death of beta has been
peridically announced, inevitably followed by its rebirth. The Fama and
French (1992) article is a case in point. These authors found little explana-
tory power in beta. But here again the autopsy of beta was premature, and
"reports of beta’s death are greatly exaggerated.” For one thing, the CAPM
specifies a relationship between expected returns and beta, whereas Fama
and French employed realized returns. Moreover, in a subsequent re-

7 See Litzenberger (1988) for an excellent example of this empirical CAPM
technique.

8
The average market forecasts of rates in the form of interest rate Treasury
securities futures contracts data can be used as a proxy for the expected risk-free
rate.
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compensation for beta risk and little relation to M/B ratios, unlike Fama
and French. They also found that market risk premiums are much larger
when betas are estimated using annual rather than monthly data.

On the positive side, as a tool in the regulatory arena, the CAPM is a
rigorous conceptual framework, and is logical insofar as it is not subject to
circularity problems, since its inputs are objective, market-based quanti-
ties, largely immune to regulatory decisions. The data requirements of the
model are not prohibitive, although the amount of data analysis required
can be substantial, especially if CAPM extensions are implemented.

On the negative side, the input quantities required for implementing the
CAPM are difficult to estimate precisely. These problems are not insur-
mountable, however, provided that Judgment is exercised and that the
logic underlying the methodology is well supported. The techniques out-
lined in this chapter should prove helpful in this regard. Sensitivity
analysis over a reasonable range of risk-free rate, market return, and beta
1s strongly recommended to enhance the credibility of the estimates.

The standard form of the CAPM must be used with some caution. There is
strong evidence that the CAPM does not describe security returns per-
fectly, especially for public utilities. Beta is helpful in explaining security
returns only when complemented with other risk indicators, such as
dividend yield, size, and skewness variables. Rather than theorize on the
effects of such extraneous variables, a more expedient approach to esti-
mating the cost of equity capital is to estimate directly the empirical
relationship between return and beta, and let the capital markets speak
for themselves as to the relative impact of such variables. The empirical

; form of the CAPM provides an adequate model of security returns. If a
utility’s beta can be estimated for a given period, then by knowing the
empirical relationship between risk and return, the security’s expected
return, or cost of capital, can be estimated. Here again, the cost of capital
estimates produced by an ECAPM procedure should be sensitized to
produce a range of estimates.

The CAPM is one of several tools in the arsenal of techniques to determine
the cost of equity capital. Caution, appropriate training in finance and
econometrics, and judgment are required for its successful execution, as is
the case with the DCF or risk premium methodologies.

It is only natural that the next generation of CAPM models formally
arcoint far tha nencavas - £mmmmes 'T "7 7 encing security returns. A
; CAPM to include sensitiv-
risk, has been proposed to
1ge Pricing Model (APM)
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contend that APM provides better results than does the CAPM and is not
plagued by the shortcomings of the CAPM, while retaining its basic
intuition. Chapter 15 discusses this latest paradigm in financial theory,
and explores its pertinence in cost of capital determination. But first,
Chapter 14 presents numerous applications of the CAPM that are rele-
vant to utilities.
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