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The calculation of the cost of capital involves numerous steps. The issues
addressed in this report are:

The theoretical limitations of the Sharpe CAPM as a measure of the cost of equity.
The empirical limitations of the Sharpe CAPM as a measure of the cost of equity.
An estimate of the cost of equity that is consistent with the empirical evidence.

The relation between the cost of equity and the cost of debt.

THEORETICAL LIMITATIONS OF THE SHARPE CAPM

3.

Whether a model gives useful predictions is an empirical question. The fact that
the Sharpe-Lintner CAPM relies on a number of simplifying assumptions does
not in itself invalidate the model. But when a model does not accurately
describe the data it is intended to explain it can be useful to examine the
model’s assumptions. The key empirical finding of the asset pricing literature
is summarised in the figure reproduced below from Fama and French (2004)*
which demonstrates graphically that low beta stock earn more than predicted by
the Sharpe CAPM (and vice versa for high beta stock). The upward sloping line
in the figure immediately below depicts the relation between average returns
and betas as predicted by the Sharpe CAPM. The actual relation is depicted by
the boxes.

Fama, Eugene F. and Kenneth R. French, 2004, “The capital asset pricing model: Theory and
evidence,” Journal of Economic Perspectives 18, pp. 25-46.



Figure 2
Average Annualized Monthly Return versus Beta for Value Weight Portfolios
Formed on Prior Beta, 1928-2003
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It can be seen that the lower the beta estimate used in the Sharpe CAPM, the more that
model underestimates actual returns. According to the Sharpe CAPM the cost of equity,
Re, is predicted to be

Re = Rf + B(Rm — Rf), 1)

where B is the beta of equity, Rm is the expected on the market as a whole, and Rf is the
risk-free rate. Beta is a measure of relative risk. If a stock has a beta of 2 it means that a
1% more (less) than expected return on the market as a whole will tend to be associated
by a 2% more (less) than expected return on that stock. In practice average returns on

stocks are better described by the relation

Re = RO + B(Rm — RO0), (2)
where RO is the return on a zero beta stock.



FIGURE 1: The Sharpe CAPM (depicted by the more-steep thin upward sloping line) and
the Black CAPM & the empirical relation between the cost of equity and beta (depicted by
the less-steep thick upward sloping line).
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Black (1972) 2 was the first to relax the assumptions of the Sharpe CAPM and the model
he developed, the Black CAPM, provides a better fit to the data. The Black CAPM
predicts that the cost of equity for a zero beta stock will exceed the risk-free rate. In

contrast, the Sharpe CAPM predicts that the cost of equity for a zero beta stock is equal to

the risk-free rate.

Sharpe CAPM Assumption: Borrowing & lending rates are equal

Black’s insight was to examine the implication of the fact that investors must pay higher
rates to borrow than they could earn by lending to the government. The Sharpe CAPM
assumes that investors can borrow on the same terms as the government. Black’s insight

was to see the implication of higher borrowing rates then lending rates, namely that:

The cost of equity for zero beta stock will exceed the risk-free rate and the
cost of equity for all stock with betas less than (greater than) one will exceed
(be less than) the cost predicted by the Sharpe CAPM.

2 Black, F., 1972, “Capital market equilibrium with restricted borrowing,” Journal of Business, 1972 (45),
pp. 444-454.



Sharpe CAPM Assumption: Transactions costs are zero

The Sharpe CAPM assumes that there are no brokerage costs, bid-ask spreads or
information differences between traders; in short markets are perfectly liquid and traders
can buy and sell shares costlessly. In practice, different securities involve different costs
to trade them and lower trading cost, more liquid securities are more valuable all else
equal. This can be seen most clearly in the higher price of more liquid, lower transaction
cost “on-the-run” bonds versus less liquid bonds backed by the same issuer. This
phenomenon has been well-documented in many countries. (See, for example, Boudoukh
and Whitelaw (1993).%) The yield on the higher-priced, more-liquid bond issues is lower
than the yield on less-liquid, otherwise equivalent bonds. Differences in liquidity have
also been shown to similarly affect average returns on equities—see, for example, Lubos
and Stambaugh (2003).”

The implication for the cost of equity is that investors in zero beta equity will demand a
higher return than the risk-free rate paid on liquid government securities.; i.e., RO > Rf.
Trading equities involves higher transaction costs than trading governments bonds. The
equity market is less liquid than the government bond market. Note that Rm naturally
reflects the effect of the liquidity of the typical stock. The market risk premium measured
as the difference between the return on the market and the return on zero beta equity (i.e.,
measured as Rm — R0) will be smaller than the market risk premium measured as Rm —
Rf.

The implication of recognizing the effect of transactions cost on the cost of equity is that:

The cost of equity for zero beta stock will exceed the risk-free rate and the
cost of equity for all stock with betas less than (greater than) one will exceed
(be less than) the cost predicted by the Sharpe CAPM.

8 Boudoukh, J., and R. Whitelaw, 1993, “Liquidity as a choice variable: A lesson from Japanese
government bond market” Review of Financial Studies 6, pp. 265-292.

4 Pastor, L., and R. F. Stambaugh, 2003. “Liquidity Risk and Expected Stock Returns,” Journal of Political
Economy, 111(3), pp. 642-685.
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Sharpe CAPM Assumption: The market contains all equities, bonds and real estate

Most empirical investigations of the CAPM treat the stock market as if it were the entire
portfolio of all assets in the economy held by investors. The market portfolio in the
Sharpe CAPM is in fact the portfolio of all equities, bonds and real estate in the economy.
Implementations that use as a proxy for the entire portfolio of all assets only the equity
component of those assets are vulnerable to what has become known as the Roll critique
(Roll (1977)).°

Roll (1977) shows that for any efficient portfolio it is a mathematical truism that the cost

of equity for any given stock is given by
Re = RO® + B5(RE — RO5), (3)

where ROF is the average return on any stock that has zero beta with respect to the return
on that efficient portfolio (i.e., does not covary with that efficient portfolio), B is the beta
of the given stock measured with respect to the return on that efficient portfolio, and RF is
the average return on that efficient portfolio. A portfolio is an efficient portfolio if it is the
portfolio with the minimum volatility within the set of all portfolios with a given level of

expected return.

The relation set out in the preceding paragraph takes the same form as the Sharpe CAPM.
The import of the Sharpe CAPM is that, under its assumptions, the true market is an
efficient portfolio and the expected return on all stock with a zero beta measured with

respect to the true market is equal to the risk-free rate.

The figure below depicts a set of efficient portfolio and one particular efficient portfolio.
The well-diversified portfolio of all equities is likely to be a close to efficient portfolio. It
will though be more volatile than the volatility of the true market, and its expected return

will be greater than the expected return on the true market.

>R Roll, R., 1977, “A critique of the asset pricing theory's tests Part I: On past and potential testability of
the theory,” Journal of Financial Economics 4(2), pp. 129-176.
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FIGURE 2: The Set of Efficient Portfolios and the Expected Return and Volatility of the
Well-Diversified Equity Market as a Proxy for an Efficient Portfolio
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If the well-diversified portfolio of all stocks is a good proxy for an efficient portfolio then

equation (3) can be rewritten as
Re = R0 + B(Rm — R0),

where Rm is the average return on the equity market rather than the true market portfolio;
i.e., equation (3) can be rewritten in the form of the Black CAPM. Note that the average
return on the equity market will exceed the average return on the true market and in turn
the average return on stocks that have zero beta with respect to the equity market will

exceed the risk-free rate; i.e, RO > Rf.

The implication of recognizing that the market in the Sharpe CAPM is the portfolio of all

assets in the economy, not just the equities in the economy is that:

The cost of equity for zero beta stock when the equity market is used as a
proxy for the entire market will exceed the risk-free rate and the cost of
equity for all stock with betas with respect to that proxy less than (greater
than) one will exceed (be less than) the cost predicted by the Sharpe CAPM.
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Sharpe CAPM Assumption: Investors live for one period only

The Sharpe CAPM assumes that investors consume their entire wealth at the end of the
single investment period. Investors are assumed to allocate their investments across assets
and borrow or lend in order to maximize the expected utility from consuming their entire
wealth at the end of the period. High beta stock tend to payoff more when the market has
done well and hence high beta stock will typically make their biggest contribution to end-
of-period consumption when the investor’s consumption from the remainder of his/her

assets is already high. (The investor consumes everything at the end of the period).

The intuition underlying single-period asset pricing models is straightforward. High beta
stocks give their best payoffs in states of the world where an extra unit of consumption
has relatively little marginal value. In contrast, low beta stock will not have as strong a
tendency to achieve their best just when additional consumption has relatively little
marginal value. Thus for the same level of expected end-of-period payoff, investors will
be willing to pay more at the beginning of the period for low-beta stock than they will pay
for high-beta stock. Equivalently, investors require a lower return from low-beta stock

than they will require from high-beta stock.

In practice, investors consume and invest throughout their lifetimes. At the end of each
period, they allocate their wealth between current consumption and continued investment
for future consumption and allocate the reinvested amount across different stocks and they
also borrow or lend. Recognition of the inherently multi-period nature of investment
decisions underlies the Consumption CAPM of Breeden (1979).° The Consumption
CAPM describing expected returns over any one period takes the form

cov(Re, % change in consumption
Re = Rf + S0v(Re, % chang ption)

- ——(Rm — Rf).
cov (Rm, % change in consumption)

Note that the correct risk measure when investors live for more than one period is not

® Breeden, D.T., 1979 “An intertemporal asset pricing model with stochastic consumption and investment

opportunities,” Journal of Financial Economics 7, pp. 265-296.
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given by the beta risk measure of the Sharpe CAPM, .

cov(Re, % change in consumption) . cov(Re, Rm) cov(Re, Rm)
cov (Rm, % change in consumption) - cov (Rm, Rm) - o’ (Rm)

Only in a single period setting will the two risk measures be the same: In a single period
setting consumption at the end of the period is equal to wealth at the end of the period

which in turn is equal to the value of the market portfolio of the period

An equivalent way of thinking about the multi-period consumption investment problem is
to recognize that an investor is interested not only in whether a particular stock tends to
payoff when the market as a whole is doing well, but also in whether there is tendency for
the stock to have higher or lower payoffs when reinvestment opportunities are good. Not
only will co-movement with the return on the market be important, but co-movement with
changes in future interest rates, changes in future market risk premiums and changes in
future market volatility, and other changes in the investment opportunity set will be
important. Thus a stock’s risk will have many dimensions beyond the simple beta risk
measure of co-movement with the return on the market. This way of viewing the multi-
period consumption-investment problem is the basis for the Intertemporal CAPM first
developed in Merton (1973).’

While the Fama-French (2004) model has been criticised as lacking a strong theoretical
basis, it can be interpreted as an empirical determination of measures of co-movement
with changes in the investment opportunity set that affect investors’ required returns. The
observation that in practice RO (the average return on zero beta stock) exceeds Rf can be
interpreted as consistent with zero beta stock having sensitivities to changes in the

investment opportunity set that add to their required return.

The implication of recognizing the multi-period nature of consumption and investment
decisions in practice is that if investors recognize the possibility of changes in future

investment opportunities when choosing their optimal portfolios then:

" Merton, R.C., 1973, “An intertemporal capital asset pricing model,” Econometrica 41(5), pp. 867-887.
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The cost of equity for zero beta stock can exceed the risk-free rate and the
cost of equity for all stock with betas less than (greater than) one can exceed
(be less than) the cost predicted by the Sharpe CAPM.

EMPIRICAL LIMITATIONS OF THE SHARPE CAPM

| know of no published study that has empirically tested the Sharpe CAPM and failed to
reject the Sharpe CAPM. Table 1 sets out a number of studies cited by the AER in
rejecting the use of the Fama-French 3 factor model (FFM) to determine required returns
on stocks.? The FFM links the expected return on stock to three factors: the beta of the
stock, the equity value of stock (the size of the stock) and the book-to-market ratio of the

stock.

Some of the papers cited by the AER are pure theory papers, while others are empirical
studies of the relation between risk and return. Part A of Table 1 sets out the implications
of the pure theory studies for the question of whether required returns are better-described
by the Sharpe CAPM or the Black CAPM.

TABLE 1
Part A: Pure theory papers cited by the AER in rejecting the FFM

Paper cited by AER

Theoretical result:
The genesis for the theoretical examination in this paper is that the
FFM provides a better empirical fit to the data than is provided by

the Sharpe CAPM.
Ferson, Suppose that:
Sark|s_5|a_m i) Average returns are related to a stock’s beta, size and book-to-
and Simin market ratio (i.e., to the 3 factors of the FFM), and
(1999) il) Average returns are related to a stock’s sensitivity to the

market and to proxies for a ‘size factor’ and ‘book-to-market
factor’ and hence can be given a risk-reward interpretation.

Despite i) and ii) being true, it may be that the higher average
returns empirically observed on small stocks and on stocks with

8 The FFM is discussed in

Fama, Eugene F., and Kenneth R. French, 2004, “The capital asset pricing model: Theory and evidence,”
Journal of Economic Perspectives 18(3), pp. 25-46.

10




high book-to-market ratios are the result of a behavioural bias of
investors rather than a reward for risk.

Empirical implication for the Black CAPM:

The Black CAPM will be a better predictor of stock returns than
is the Sharpe CAPM provided low beta stocks tend to be smaller
stocks and/or tend to have higher book-to market ratios.

Lo and
MacKinlay
(1990)

Theoretical result:

If properties of the data are known to those developing theories

and if the resultant model is then tested on data that consciously
or otherwise provided the genesis for the model, it can appear to
be a better model than it subsequently proves to be.

Empirical implication:
The relative ranking of the FFM, Sharpe CAPM and Black CAPM
when explaining past returns may not be their relative ranking in
the future.

There is no implication that the Sharpe CAPM will provide a
better model of required returns than the FFM or the Black
CAPM.

Roll (1977)

Theoretical result:

i) For any efficient portfolio Re = ROF + B5(R® — ROF), where ROF
is the average return on any stock that has zero beta with respect
to the return on that efficient portfolio, % is the beta of the stock
measured with respect to the return on that efficient portfolio, and
RE is the average return on that efficient portfolio. A portfolio is
an efficient portfolio if it is the portfolio with the minimum
volatility within the set of all portfolios with a given level of
expected return.

if) According to the Sharpe CAPM, the true market portfolio
containing all bonds, stock and real estate is an efficient portfolio.
iii) The stock market alone may not be an efficient portfolio.

Empirical implication:
Since the expected return on the stock market exceeds the
expected return on the true market portfolio of all bonds, stock
and real estate, then it is the case that even if the stock market is
an efficient portfolio, the return on equity will be given by the
Black CAPM and not by the Sharpe CAPM.

Roll and
Ross (1994)

Theoretical result:
The genesis for the theoretical examination is according to the
paper’s abstract that “empirical research has found little relation
between sample mean returns and estimated betas.” Thus the

11
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paper is motivated by the empirical observation that the relation
between returns and betas is flatter than predicted by the Sharpe
CAPM). The paper shows theoretically that such a near flat
relation can arise even if the stock market is very close to an
efficient portfolio.

Empirical implication:
The return on equity may be well-described by the Black CAPM
even though it is not well-described by the Sharpe CAPM.

None of the four theoretical papers cited by the AER in rejecting the FFM provides any
basis for a claim that the Sharpe CAPM theoretically dominates the FFM. Consider
Ferson, Sarkissian and Simin (1999). That paper’s theoretical explanation for the
empirical superiority of the FFM over the Sharpe CAPM as potentially due to a
behavioural bias by investors rather than a reward for risk does not challenge the
empirical observation that gave rise to the paper—namely that the FFM provides a better
empirical description of stock returns than the Sharpe CAPM does. Note also that all four
theoretical papers cited by the AER in rejecting the FFM are consistent with the Black
CAPM providing a better descriptor of average stock return than the Sharpe CAPM; in

fact, the Roll and Ross (1994) analysis is motivated by exactly this empirical observation.

Part B of Table 1 sets out the results reported in those studies cited by the AER in
rejecting the FFM that undertake an empirical examination of the link between risk and
return. Part B of Table 1 also sets out the results in two classic tests of the Sharpe CAPM:
Fama and Macbeth (1973) and Black, Jensen and Scholes (1972). Column 1 contains the
author names and the year of publication of the study. Column 2 contains the sample
period examined. Column 3 sets out the likelihood that the Sharpe CAPM is true given the

Rm-RO
Rm - Rf

from

data examined by the authors. Where it is possible to determine the ratio

the results reported in the paper, column 4 reports the estimated value of this ratio. The

notation n.a. denotes that this ratio could not be calculated from the results reported in the

paper.

12




TABLE 1

Part B: Empirical papers cited by the AER in rejecting the FFM
plus 2 classic tests of the Sharpe CAPM

Sample Rm - R0
paper Period Rm —Rf
Empirical papers cited by the AER
Schrimpf. Schréder Estimate of Rm—R0=0.2% per month.
4 St ?n’ 2007 1969 - 2002 | Note than an annual MRP of 6.5% implies | n.a.
and Stehle ( ) a monthly MRP of 0.54% per month.
y p
1926_' Cannot reject the Sharpe CAPM n.a.
Ang and Chen 1963:06
(2007) .
;ggim Likelihood the Sharpe CAPM true is <1% | n.a.
For 7 of the 14 methods for grouping
Gruaer and Janmaat stocks to form portfolios that are
(2010) 1963 - 2005 examined in the paper, the likelihood of n-a.
the Sharpe CAPM being true is < 5%
Examines 35 industries. For only 3
industries would one reject the Sharpe
s d Mich CAPM at the 5% level.
regory and Michou
(20(?9) Y 1975 - 2005 | For the Gas, Water and Multi-utility n.a.
Industry returns are statistically
significantly higher at the 5% level than
predicted by the Sharpe CAPM
Black (1993) 1926 - 1965 | likelihood Sharpe CAPM true < 1% n.a.
Schwert (2003) 1926 - 2001 | likelihood Sharpe CAPM true < 0.0001% n.a.
Morana (2009) 1965 - 2001 | likelihood Sharpe CAPM true < 1% n.a.
Daniel, Titman and -
) - 0
Wei (2001) 1975 - 1997 | likelihood Sharpe CAPM true < 0.34% n.a.
Da, Guo and -

) . 0
Jagannathan (2009) 1932 - 2007 | likelihood Sharpe CAPM true < 0.002% 0.232
Kothari, Shanken I

, - 0
and Sloan (1995) 1927 - 1990 | likelihood Sharpe CAPM true < 0.058% 0.415
Classic tests of the Sharpe CAPM

Fama and Macbeth - 0

(1973) 1935 - 1968 | likelihood Sharpe CAPM true < 0.55% 0.639
Black, Jensen and -

) _ 0
Scholes (1972) 1931 - 1965 | likelihood Sharpe CAPM true < 0.0001% | 0.761

Average =0.511

13
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Schrimpf, Schroder and Stehle (2007) do not test whether the Sharpe CAPM fits the data.
Rather they conclude only that FFM does not fit the data better than the Sharpe CAPM
does. For the first half of the sample period examined by Ang and Chen (2007) the
authors do not reject the Sharpe CAPM. The authors do reject the Sharpe CAPM using
data after 1963.

Although Gregory and Michou (2009) do not reject the Sharpe CAPM for most industries,
the nature of their test bears discussion. Gregory and Michou regress the monthly return
on an industry portfolio on the monthly return on the market. Most industries have betas
near one and both the Sharpe CAPM and the Black CAPM make the same prediction for
stock with a beta of one; the expected return on a beta one stock equals the expected
return on the market. Gregory and Michou do not reject this prediction. Interestingly, for
the portfolio whose beta is furthest from one, namely the Gas, Water and Multi-utility
Industry, stock returns are significantly higher (at the 5% level) than predicted by the
Sharpe CAPM. This is consistent with the true relation between expected returns and
betas being flatter than the relation predicted by the Sharpe CAPM.

Every other study listed in Table 1B rejects the Sharpe CAPM and does so because the
estimated return on a zero beta stock, RO, exceeds the risk-free rate, Rf. Equivalently, in
every case the estimated difference in the return on the market and the return on zero beta
stock is significantly less than Rm — Rf. Thus every other study documents that the thick
line of Figure 1 is flatter than the thin line of Figure 1; i.e., that the empirical relation

between the cost of equity and beta is flatter than is predicted by the Sharpe CAPM.

Where the paper’s reported results make it possible to calculate the average values of (Rm
—RO0) and (Rm — Rf) over the sample period, the ratio of the two average differences is
reported in column 4. Averaging over the four papers where this possible, the difference
between the return on the market and the return on zero beta stock is only 0.511 of the
difference predicted by the Sharpe CAPM.

The full citations for the set of papers in Table 1 are given below in the order the papers
are listed in the table:

Ferson, Sarkissian and Simin, 1999, “The alpha factor asset pricing model: A parable,”
Journal of Financial Markets 2, pp. 49-68

14



Lo, Andrew W. and A. Craig MacKinlay, 1990, “Data-snooping biases in tests of
financial asset pricing models,” Review of Financial Studies 3(3), pp. 431-467.

Roll, Richard, 1977, “A critique of the asset pricing theory's tests Part I: On past and
potential testability of the theory,” Journal of Financial Economics 4(2), pp. 129—
176.

Roll, Richard and Stephen A. Ross, 1994, “On the cross-sectional relation between
expected returns and betas,” Journal of Finance 49(1), pp. 101-121.

Schrimpf, Andreas, Michael Schréder and Richard Stehle, 2007, “Cross-sectional tests of
conditional asset pricing models: Evidence from the German stock market,”
European Financial Management 13(5), pp. 880-907.

Ang, Andrew and Joseph Chen, 2007, “CAPM over the long run: 1926-2001,” Journal of
Empirical Finance 14, pp. 1-40.

Grauer, Robert R. and Johannus A. Janmaat, 2010, “Cross-sectional tests of the CAPM
and Fama—French three-factor model,” Journal of Banking & Finance 34, pp.
457-470.

Gregory, Alan and Maria Michou, 2009, “Industry cost of equity capital: UK evidence,”
Journal of Business Finance & Accounting 36(5) & (6), pp. 679-704.

Black, Fischer, 1993, “Beta and return,” Journal of Portfolio Management, 1993, 20(1),
pp. 8-18.

Schwert,G. William, 2003, “Anomalies and market efficiency,” in Handbook of the
Economics of Finance, editors G. Constantinides, M. Harris and R. Stulz, Elsevier
Science, ch. 15, pp. 937-972.

Morana, Claudio, 2009, “Realized betas and the cross-section of expected returns,”
Applied Financial Economics, 19, pp. 1371-138.

Daniel, Kent, Sheridan Titman and K.C. John Wei, 2001, “Explaining the cross-section of
stock returns in Japan: factors or characteristics’, Journal of Finance, 56(2), pp.
743-767

Da, Zhi, Re-Jin Guo and Ravi Jagannathan, 2009, “CAPM: Interpreting the evidence,”
NBER working paper 14889.

Kothari, S., Jay Shanken and Richard G. Sloan, 1995, “Another look at the cross-section
of expected returns,” Journal of Finance, 50(1), pp. 185-224;

Fama., Eugene F. and James D. Macbeth, 1973, “Risk, return, and equilibrium: Empirical
tests,” Journal of Political Economy, 81(3), pp. 607-636.

Black, Fischer, Michael C. Jensen and Myron S. Scholes, 1972 “The capital asset pricing
model: Some empirical tests,” in Studies in the Theory of capital Markets, Michael
C. Jensen editor, (Praeger Publishers Inc.).
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CONSISTENT ESTIMATION OF THE COST OF EQUITY GIVEN THE
EMPIRICAL EVIDENCE

The empirical evidence that the Black CAPM provides a better fit to the data than the
Sharpe CAPM is clear. What then is the bias in the Sharpe CAPM? The downward bias in

the estimated cost of equity for low beta stocks will be greater the lower that beta is.

Consider a stock with a beta of 0.66. Assume that Rf is 4.9% and the MRP is 6.0%. The
return on the market, Rm, is then Rf + MRP =4.9% + 6.0% = 10.9%. The Sharpe CAPM
would imply a cost of equity for our stock of

Rf + B(Rm —Rf)=4.9% + 0.66 x 6.0% = 8.86%.

The Black CAPM provides a better fit to the data and the difference Rm — RO can be

approximated as 0.511x(Rm — Rf) based on the average of the estimates of F;m_ R? in
column 4 of Table 1B, and as 0.232 using the most recent estimate of 22_22 in Table

1B, namely that of Da, Guo and Jagannathan (2009).

iz_ig in Table 1B, the empirically-based estimate of

Based on the average estimate of

the cost of equity for a zero beta stock follows as
RO =Rm -0.511 (Rm — Rf) =10.9% — 0.511(10.9% - 4.9%) = 7.83%.

The empirically-based estimate of the cost of equity for a stock with a beta of 0.66 is then
RO + B x (Rm — R0) = 7.83% + 0.66 x (10.9% — 7.83%) = 9.86%.

Based on the Da, Guo and Jagannathan estimate of Em_ 2? , the empirically-based

estimate of the cost of equity for a zero beta stock is
RO = Rm —0.232 (Rm — Rf) = 10.9% — 0.232(10.9% - 4.9%) = 9.51%.

The empirically-based estimate of the cost of equity for a stock with a beta of 0.66 is then
RO + 8 x (Rm —R0) =9.51% + 0.66 x (10.9% — 9.51%) = 10.43%.

Thus the downward bias in a Sharpe CAPM-based estimate of the cost of equity for a

16
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stock with a beta of 0.66 given the average estimate of 22_ 2? is then 9.86% — 8.86% =

1.00%. The downward bias in a Sharpe CAPM-based estimate of the cost of equity for a

Rm-RO
Rm-Rf

is

stock with a beta of 0.66 given the Da, Guo and Jagannathan estimate of

10.43% — 8.86% = 1.57%.

THE RELATION BETWEEN THE COST OF EQUITY AND THE COST OF DEBT

The relation between the cost of debt and a firm’s leverage as measured by the the value

of the firm’s debt relative to value of the firm’s assets, D/V, is convex. The Figure below

(taken from the Damodaran (2001)° textbook) shows that the cost of debt initially

increases very little as D/V grows from a very low level. But as the firm becomes

increasingly debt-financed, the cost of debt becomes equal to the firm’s cost of capital as

the debtholders’ claim on the firm comes increasingly closer to the right to 100% of the

firm’s cash-flows.

Figure 18.5 Cost of
- ‘Capital in the Miller-
‘Modigliani World

Cost of equity rises as Cost of equity

leverage increases

Cost of capital

" ‘Cost of Financing

Cost of debt

Cost of debt rises as
default risk increases

Debt Ratio

The convexity implies a lower bound on the Equity Risk Premium for a firm given the

Debt Risk Premium. This follows from Miller-Modiglian proposition Il which states that

S Damodaran, Aswath, 2001, Corporate Finance: Theory and Practice, 2™ ed, (John Wiley and Sons, Inc.,

NJ).
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39.

40.

Firm Risk Premium = VE Debt Risk Premium + \%Equity Risk Premium . 4)

The convex relation between the Debt Risk Premium and D/V depicted in the Figure
below implies immediately that the Debt Risk Premium must be less than D/V x Firm

Risk premium. Substituting this inequality into (4) gives

b Debt Risk Premium + VEEquity Risk Premium = Firm Risk Premium > VB Debt Risk Premium.

For D/V = 0.6 this inequality is:
0.6 x Debt Risk Premium + 0.4 x Equity Risk Premium > 0_16 Debt Risk Premium.

rearranging this inequality gives the result that the Equity Risk Premium must be at least
2.66 times as large as the Debt Risk Premium. This relation provides a consistency check
between the observed Debt Risk Premium for a firm and the minimum possible value for

the Equity Risk Premium for that same firm if it finances with 60% debt.

A lower bound on the Equity Risk Premium also provides a lower bound on the cost of
equity and hence a consistency check between the observed cost of debt and the cost of
equity derived from an asset pricing model. If the firm has 60% debt financing and the
asset pricing model does not imply an Equity Risk Premium at least 2.66 the observed
Debt Risk Premium, then the asset pricing model is underestimating the true cost of equity

for the firm
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