
Line No. After-Inc. Tax Before Inc. Tax

1. Short-Term Debt 1.30% 0.52% 0.01% 0.01%
2. Long-Term Debt 56.70% 6.07% 3.44% 3.44%
3. Common Equity' 42.00% 9.42% 3.96% 6.37% (2)

4. 100.00% 7.41% 9.82%

After-Inc. Tax Before Inc. Tax

5. Short-Term Debt 0.26% 0.76% 0.00% 0.00%
6. Long-Term Debt 48.92% 6.07% 2.97% 2.97%
7. Common Equity' 50.82% 8.38% (4) 4.26% (5) 6.85% (6)

8. 100.00% 7.23% 9.82% (7)

Line No. After-Inc. Tax Before Inc. Tax

1. Short-Term Debt 1.30% 0.52% 0.01% 0.01%
2. Long-Term Debt 56.70% 6.07% 3.44% 3.44%
3. Common Equity' 42.00% 9.33% 3.92% 6.31% (2)

4. 100.00% 7.37% 9.76%

After-Inc. Tax Before Inc. Tax

5. Short-Term Debt 0.26% 0.76% 0.00% 0.00%
6. Long-Term Debt 48.92% 6.07% 2.97% 2.97%
7. Common Equity' 50.82% 8.30% (4) 4.22% (5) 6.79% (6)

8. 100.00% 7.19% 9.76% (7)

Line No. After-Inc. Tax Before Inc. Tax

1. Short-Term Debt 1.30% 0.52% 0.01% 0.01%
2. Long-Term Debt 56.70% 6.07% 3.44% 3.44%
3. Common Equity' 42.00% 9.19% 3.86% 6.21% (2)

4. 100.00% 7.31% 9.66%

After-Inc. Tax Before Inc. Tax

5. Short-Term Debt 0.26% 0.76% 0.00% 0.00%
6. Long-Term Debt 48.92% 6.07% 2.97% 2.97%
7. Common Equity' 50.82% 8.19% (4) 4.16% (5) 6.69% (6)

8. 100.00% 7.13% 9.66% (7)

Notes:  
(1) From ICC Staff Exhibit 6.0, Schedule 6.1.
(2)
(3) From Schedule D-1, page 1, First Revised.
(4)

(5)

(6)

(7) From Line No. 4 above.

Illinois-American Water Company
Derivation Implied Return on Common Equity (ROE) Based upon ICC Staff's

Revised Recommended Overall Rates of Return

Capital Structure 
Ratios (1)  Cost Rate (1)

Weighted Cost Rate

Implied return on common equity based upon ICC Staff's recommended overall rate of 
return.  8.32% = (4.23% / 50.84%).
After income tax weighted cost of common equity based upon ICC Staff's recommended 
overall rate of return.  4.23% = (6.81% * ( 1 - 0.3788)).

 Cost Rate (1)
Weighted Cost Rate

Illinois-American 
Water Co.'s 
Requested 

Capital Structure 
Ratios (3)

Illinois-
American 

Water Co.'s 
Requested 

Cost Rate (3)
Weighted Cost Rate

ICC Staff's Recommended Overall Rate of Return - without Adoption of the Revenue 
Adjustment Clause Rider (RAC)

ICC Staff's Recommended Overall Rate of Return - with Adoption of ICC Staff's 
Revised Revenue Adjustment Clause Rider (RAC)

ICC Staff's Recommended Overall Rate of Return - with Adoption of the Revised 
Revenue Adjustment Clause Rider (RAC)

Before income tax weighted cost of common equity based upon ICC Staff's recommended 
overall rate of return.  6.81% = 9.78% - 2.97% -0.00%.

Capital Structure 
Ratios (1)  Cost Rate (1)

Weighted Cost Rate

Illinois-American 
Water Co.'s 
Requested 

Capital Structure 
Ratios (3)

Illinois-
American 

Water Co.'s 
Requested 

Cost Rate (3)
Weighted Cost Rate

Capital Structure 
Ratios (1)

Illinois-American 
Water Co.'s 
Requested 

Capital Structure 
Ratios (3)

Illinois-
American 

Water Co.'s 
Requested 

Cost Rate (3)
Weighted Cost Rate

Before income tax weighted cost rate of common equity.  6.24% = (3.93% / (1 - 0.3788)).
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THE JOURNAL OF FINANCE. VOL. XXXV, NO.2. MAY 1980 

On the CAPM Approach to the Estimation of A 
Public Utility's Cost of Equity Capital . 

ROBERT UTZENBERGER, KRISHNA RAMASWAMY and HOWARD SOSIN* 

I. Introduction 

IN RECENT YEARS the Capital Asset Pricing Model (CAPM) has been used in 
several public utility rate cases to measure the cost of equity capital. In actual 
application, the cost of equity capital is frequently estimated as the annualized 90 
day Treasury Bill rate plus a.risk premium. The risk premium is obtained as the 
product of the average annual excess rate of return on a value weighted index of 
NYSE stocks (where the average is taken over a long period of time) and an 
estimate of the utility's NYSE beta. 

Underlying this procedure is the assumption that risk premiums are strictly 
proportional to NYSE betas. However, this assumption is inconsistent with the 
academic empirical literature on CAPM. This literature supports a (non-propor
tional) linear relationship between risk premiums and NYSE betas with a positive 
intercept. Other empirical studies suggest that, in addition to betas, risk premiums 
are influenced by dividend yields and systematic skewness. Evidence presented 
in this literature is consistent" with the predictions of CAPM models that account 
for margin restrictions on the borrowing of investors, divergent borrowing and 
lending rates, the existence of risky assets (such as bonds, residential real estate, 
unincorporated businesses, and human capital) that are not included in the value 
weighted NYSE stock index, taxes and skewness preference. 

The version of the CAPM that should be employed in estimating a public 
utility's cost of equity capital cannot be conclusively demonstrated by theoretical 
arguments. A positive theory of the valuation of risking assets should not be 
judged upon the realism of its assumptions but rather on the accuracy of its 
predictions. The relationship between risk premiums and betas that is used to 
estimate the cost of equity capital should therefore be estimated econometrically 
rather than specified a priori. 

Section 2 compares the predictions of alternative versions of the CAPM. The 
assertion that risk premiums are proportional to NYSE betas is shown to result 
in a downward (upward) biased prediction of the cost of equity capital for a public 
utility having a NYSE beta that is less (greater) than unity, a dividend yield 
higher (lower) than the yield on the value weighted NYSE stock index, and/or a 
systematic skewness that exceeds (is less than) its beta. 

Section 3 discusses problems that arise in implementing CAPM approaches 
and presents possible solutions.· Section 4 describes econometric procedures for 

• Stanford University, Columbia University, and Bell Laboratories and Columbia University, 
respectively. 
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370 The Journal of Finance 

estimating the relationship between risk premiums and NYSE betas. Section 5 
presents estimates of CAPM parameters, and, Section 6, using two utilities as 
examples, illustrates how these estimates can be used to measure the cost of 
equity capital. 

IT. Alternative versions of the CAPM: Theory and Evidence 

The versions of the CAPM discussed below all assume that investors are risk 
averse and have homogeneous beliefs. They also assume that a riskless asset 
exists, that all assets are marketable, and that there are no transactions costs or 
indivisibilities. The mean-variance versions assume that expected utility is com
pletely defined over the first two moments of the rate of return on investors 
portfolios. The three moment CAPM assumes that investors have utility functions 
displaying non-increasing absolute risk aversion and that expected utility is 
defined over the first three moments of the rate of return on investors portfolios. 
The before-tax versions ignore taxes while the after-tax versions account for the 
differential taxation of dividends and capital gains. The constrained borrowing 
versions allow unlimited short selling of risky securities while the unconstrained 
borrowing versions allow unlimited short selling of the riskless security (i.e., 
unlimited borrowing). 

The Traditional Version of the CAPM 

The traditional version of the CAPM developed by Sharpe [1964] and Lintner 
[1965] predicts the following relationship between risk premiums and betas, 

(1) 

where: 

E(ri) = the risk premium, .or expected excess rate of return above the 
riskless rate of interest, on the i-th security, 

E(rm ) = the risk premium on the market portfolio of all assets, and 
Pi = Cov(ri, rm)/Var(rm), the beta ofthe i-th security measured against 

the true market portfolio of all assets. 

Before-Tax Constrained Borrowing Versions of the CAPM 

Constrained borrowing versions of the CAPM have been developed by Lintner 
[1969], Vasicek [1971], Black [1972], Brennan [1972], and Fama [1976]. They 
predict the following relationship between risk premiums and betas, 

where: 

E(ri) = E(rm)Pi + E(rz )(l - Pi), 
or E(ri) = E(rz ) + Pi(E(rm) - E(rz» 

E(rz ) = the risk premium on the minimum variance zero beta portfolio. 

(2) 
(2A) 

With diverse investor preferences and no borrowing (Vasicek [1972] and Black 

IAWC Exhibit 10.03SR 
Page 3 of 16



Estimation of A Public Utility's Cost 371 

[1972]), divergent borrowing and lending rates (Brennan [1972]), or margin 
restrictions (Fama [1976]), the risk premium on the zero beta portfolio is positive 
(i.e., E(fz) > 0). The first term on the RHS of relation (2) is the risk premium on 
security i that is predicted by the traditional CAPM. The second term is the bias 
inherent in that prediction when investor borrowing is constrained. Because E(fz) 
> 0, the traditional CAPM's prediction of the risk premium would be biased 
downward (upward) for a public utility having a beta less (greater) than unity. 

After-Tax Versions of the CAPM 

After-tax versions of the CAPM have been developed by Brennan [1973] under 
the assumption of unlimited borrowing· and lending and by Litzenberger and 
Ramaswamy [1979] under constrained borrowing. They predict the following· 
relationship between risk premiums, betas and dividend yields, 

(3) 

where: 

E(f~) = the risk premium on a portfolio having a zero beta and zero dividend 
yield, 

E(fh ) = the expected rate ofreturn on a hedge portfolio having a zero beta 
and a dividend yield of unity, 

d i = the dividend yield on stock i, and 
dm = the dividend yield on the market portfolio. 

The fIrst term on the RHS of relation (3) is once again the prediction of the 
traditional CAPM. The sum of the second and third terms indicates the bias 
inherent in this prediction. With constrained borrowing, the sign of E(f~) cannot 
be determined theoretically; however, econometric estimates indicate that E(f~) 
> O. This result implies that the second term on the RHS of relation (3) is positive 
(negative) for public utilities having betas less (greater) than unity. With the 
taxation of corporate dividends and the preferential taxation of capital gains, 
E(fh ) > O. Therefore, the third term on the RHS of relation (3) would be positive 
(negative) for a public utility having a beta less (greater) than unity and a 
dividend yield that is higher (lower) than the dividend yield on the market 
portfolio. Thus, the sum of the second and third terms is positive (negative) for 
public utilities having betas less (greater) than unity and higher (lower) than 
average dividend yields, indicating that the prediction of the traditional version 
of the CAPM would be downward (upward) biased. 

The Three Moment Version of the CAPM 

The three moment CAPM, developed by Rubinstein [1973] and Kraus and 
Litzenberger [1976], predicts the following relationship between risk premiums, 
betas, and gammas (systematic skewness), 

(4) 
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where: 

E[(fi - E(ri»(fm - E(rm»2] • . . 
Yi = E[(fm _ E(fm»3] , the systematIc skewness of secunty z 

E(fw) the expected risk premium on a security having a zero beta and a 
gamma of unity. 

With non-increasing absolute risk aversion, E(fw) > O. The second term on the 
RHS of relation (4) is the bias inherent in the traditional version of the CAPM. 
For a public utility whose future profitability is constrained by the regulatory 
process, gamma may be less than beta and, the risk premium predicted· by the 
traditional version of the CAPM may be downward biased. 

Missing Asset Version of the CAPM 

Many classes of assets such as human capital, residential real estate, unincor
porated business, and bonds are not included in the value weighted index of 
NYSE stocks. This "missing assets" problem has been analyzed by Mayers [1972], 
Sharpe [1977] and Roll [1977]. If the traditional version of the CAPM were valid 
(i.e., if risk premiums were proportional to true betas) it can be shown that, 1 

E(fi) = E(fs)pi,s + E(fzs )(l - pi,s) + Ui (5) 

where: 

and: 

Pi,s = the beta of security i w.r.t. the NYSE index, 
E(fzs ) = the risk premium on the minimum variance zero NYSE beta port

folio, 

1 To obtain relation (5) note that without loss of generality the return on any security i may be 
expressed as, 

i'i - E(i'i) = {3i .. [i'. - E(r.)] + {3i, •• [i' •• - E(i' .. )] + ei 

where: 

E(ei) = Cov(ei,r.) = Cov(ei,r •• ) = 0 

Multiplying both sides by i'm, taking expectations and dividing by the variance of i'm yields. 

{3i = {3i .. {3. + {3, •• {3 •• + {3." 

where z is used here to refer to the zero beta portfolio related to NYSE index. 
Substituting the RHS of the above relation for {3i in relation (1) yields 

E(i'i) = [E(i'm){3.]{3i,. + [E(rm){3 .. ]{3i ... + E(rm){3., 

Using the traditional CAPM to evaluate the terms in [. ]'S yields 

E(i'i) = E(i'.){3i,. + E(r.){3i ... + E(i'm){3., 

which, when rearranged, is relation (5) in text. 
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{3e;,zs = the beta of the residual of security i measured using a two factor 
model where the factors are the value weighted NYSE index and 
the minimum variance zero NYSE beta portfolio. 

The first term on the RHS of relation (5) is the predicted return on security i 
obtained by naively assuming that the NYSE portfolio is the true market 
portfolio. If the NYSE portfolio were on the efficient frontier then the third term, 
Ui, would be zero for all i and the second term would be the bias inherent in this 
naive application of the traditional model. Thus, even if the NYSE portfolio were 
efficient and risk premiums were proportional to true market betas, risk premiums 
would not in general be proportional to NYSE betas. For example, if the NYSE 
portfolio was efficient, but riskier than the true market portfolio, there would be 
an ex-ante linear relationship between risk premiums and NYSE betas with a 
positive intercept (Le., E(ri) = E(rz.) + {3i,s(E(r.) - E(rz.))). 

However, there is no reason to believe that the NYSE portfolio is on the 
efficient frontier. Here the error term on the RHS of relation (5) would no longer 
be identically zero for all securities. However, the value weighted average of the 
error term on the RHS of relation (5) is zero.2 Thus, for a randomly selected 
NYSE stock (i) where its probability of selection is proportional to its weight in 
the NYSE index, the expectation of Ui would be zero. Thus, when the NYSE 
portfolio is not efficient, ex-ante risk premiums would be linear functions of 
NYSE betas plus an error term. If the minimum variance zero-NYSE beta 
portfolio had a positive beta with respect to the true market, then its risk 
premium would be positive (i.e., E(rz• > 0». This would imply the existence of a 
(non-proportional) linear relationship between risk pre¢ums and NYSE betas 
(with a positive intercept) plus an error term. 

Other Versions of the CAPM 

Other versions of the CAPM have been developed. Merton [1971], Cox, Inger
soll and Ross [1978], Breeden and Litzenberger [1978] and Breeden [1980] have 
derived intertemporal CAPM's that account for shifts in the investment oppor
tunity set. The Merton and the Cox, Ingersoll and Ross studies present multi
beta equilibrium models. The Breeden and· Litzenberger, and the Breeden studies, 
respectively, indicate that the relevant measure of risk is covariance with the 
marginal utility of consumption and a beta measured relative to aggregate 
consumption. 

While the CAPM theories previously discussed were developed in terms of a 
single good model, they have been implemented using nominal rates of return. 
Gonzalez-Gaverra [1973] developed a model that accounts for unanticipated 
inflation. It suggests that nominal risk premiums are linearly related to real betas 
rather than nominal betas. 

2 This follows because for the value weighted index of NYSE stocks {Je .... = {J •• = (1 - (J .. ) = 0 by 
construction. 
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Implications of Empirical Evidence 

Empirical studies by Black, Jensen and Scholes [1972], Fama and MacBeth 
[1973] and Friend and Blume [1973] find that the relationship between average 
excess rates of return and NYSE betas is linear, with a positive intercept, rather 
than proportional There are at least three possible explanations for these results: 

1. Constraints on investor borrowing; 
2. Misspecification caused by the exclusion of classes of assets such as bonds, 
residential real estate, unincorporated business, and human capital from the 
index; and/or, 

3. Misspecification caused by exclusion of other independent variables such as 
systematic skewness and/or dividend yield from the model. 

Each of these explanations yields predictions that are inconsistent with the 
proportional relationship between risk premiums and NYSE betas that has been 
asserted in several recent rate cases that use CAPM. To the extent that the 
NYSE index is a good surrogate for the true market index, the first explanation 
suggests that a linear relationship between NYSE betas and risk premiums should 
be estimated and used to calculate the cost of equity capital. The second 
explanation suggests that a broadly based index should be used to calculate betas. 
Unfortunately, rate of return data do not exist for some classes of assets and are 
difficult to obtain for other classes of assets. This suggests that an exact linear 
relationship between risk premiums and NYSE betas does not exiSt. However, 
the NYSE betas of common stocks may be highly correlated with the true 
unknown betas (measured relative to the true market index). This suggests that 
the empirical relationship between risk premiums and NYSE betas should be 
estimated empirically rather than asserted a priori. 

The third explanation suggests that the effect of other independent variables 
on risk premiums should be estimated and used in calculating the cost of equity 
capital. Empirical studies by Rosenberg and Marathe [1979], Litzenberger and 
Ramaswamy, and Blume [1979] find that, in addition to beta, dividend yield has 
a ~ignificant positive association with average excess rates of return. This result 
is consistent with the after-tax version of the CAPM and suggests that the 
relationship between risk premiums, NYSE betas, and dividend yields should be 
estimated and used to calculate the cost of equity capital. However, Litzenberger 
and Ramaswamy also present preliminary evidence indicating that the relation
ship between risk premiums, NYSE betas and yields is non-linear. This result is 
inconsistent with the Brennan, and Litzenberger and Ramaswamy versions of 
after-tax CAPM and therefore the use of a linear relationship between risk 
premiums, betas and dividend yield to calculate the cost of equity capital should 
be viewed as an approximation to a more complex non-linear relationship. 

An empirical study by Kraus and Litzenberger [1976] found that, in addition to 
beta, systematic skewness (gamma) has a significant negative association with 
average excess rates of return. However, estimates of gamma are not stable over 
time and therefore it is not possible to obtain accurate ex-ante estimates of the 
systematic skewness of individual securities. Betas and gammas have a strong 
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positive association, and, therefore, the use of a linear relationship between risk 
premiums and betas may again be viewed as approXimation to a more complex 
relationship. 

ill. Implementing the CAPM Approach 

This section discusses econometric problems that are associated with imple
menting the CAPM approach and presents possible solutions. 

Measuring Expectations 

The alternative versions of the CAPM discussed above are positive theories of 
the relationship between ex-ante risk premiums and betas. 

Ex-ante risk premiums are not, however, directly observable. To handle this 
problem it is assumed that investors have rational expectations, that the excess 
rate of return (realized rate of return less the riskless rate of interest) on any 
portfolio or security in a given month is an unbiased estimate of its risk premium, 
and that the excess rates of return on each portfolio are independently and 
identically distributed over time. 

Computing Beta 

Estimates of the unadjusted betas for each security are obtained from an OLS 
regression of its excess rate of return on the value weighted NYSE index over a 
60 month period. An advantage of using monthly data is that it mitigates the 
effect of the nonsimultaneity of closing prices. Recently Scholes and Williams 
[1978] have suggested the use oflagged rates of return as an instrumental variable 
for the errors in variables problem. Unfortunately, the CRSP daily data file is not 
available over a sufficiently long time period to be useful in estimating the 
parameters of the relationship between risk premiums and NYSE betas. Beaver, 
Kettler and Scholes [1970] and Rosenberg and McKibben [1973] have shown that 
accounting measures of risk are useful in predicting future betas. However, the 
Compustat data file, which would be necessary to estimate betas using either of 
their procedures, does not cover the 1926 to 1947 period. 

It has been observed by Blume [1971] that historical betas which are adjusted 
towards unity are better predictors of future betas (in a mean square forecast 
error sense) than are unadjusted betas. One explanation of this phenomenon is 
that the true underlying betas follow a mean reverting process where the mean 
is unity. Another is that the true underlying beta is constant, the historical beta 
is a sample estimate of the true underlying beta, and the prior of the beta is 
unity. These explanations are not mutually exclusive and Blume [1975] has 
presented preliminary empirical evidence that the true underlying betas display 
reversion towards the population mean of unity. 

Regardless of the cause of the phenomenon, the existence of reversion towards 
unity suggests that "adjusted" betas, computed as convex combinations of the 
historical beta and unity, are better predictors than are unadjusted betas. A 
possible approach is to assume that the same weight w, (0 < w < 1) is applicable 
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to ail securities such that, 

,Bi(predicted) = w,Bi(historical) + (1 - w)1. 

This is the procedure used by Blume [1971] and by Merrill Lynch and is called 
a global adjustment approach. This approach implies a linear relationship be
tween future betas and historical betas and suggests that unadjusted betas may 
be used to predict risk premiums. For example, consider the following relationship 
between excess rates of returns and globally adjusted betas, 

ri = a + b[W,Bi(historical) + (1 - w)l] + ei. 
This relationship reduces to the following relationship between excess rates of 
return and historical betas, 

where 

- I b',B -ri = a + i(historical) + ei 

a' = a + b(l - w), and 

b' = bw. 

Note that for predictive purposes, a' and b' may be estimated directly; knowledge 
of w is not required. If the w used were constant over time, then the cost of equity 
capital estimates obtained using CAPM parameters measured using this global 
procedure would be identical to those obtained using unadjusted betas. This 
global adjustment procedure has the advantage of not depending on the exact 
cause or combination of causes for the empirical tendency of beta estimates to 
revert towards unity. 

Another approach to adjusting betas is to use an individual Bayesian-adjust
ment procedure. This approach recognizes that the variances of sample betas 
(obtained from an OLS time series regression of stock returns on the NYSE 
index) are not identical. This approach is, however, based on the assumption that 
the true underlying beta is stationary which is inconsistent with Blume's prelim
inary empirical evidence. Under this approach, the probability of selecting a given 
stock is assumed to be proportional to its weight in the value weighted portfolio. 
Therefore, the diffuse prior estimate of its beta is unity. The variance of this 
prior is computed as 

, (6) 

where Vi is the value of firm i. Thus, the variance of the prior is the cross
sectional variation in sample betas around the value weighted mean of unity. It 
differs from the Vasicek [1971] adjustment, which computes the prior variance 
as, 

Var(,Bi,prior) = "i}': ,(,Bi,sample - 1.0)2 IN .-1 
thus giving equal weight, to each security. With either the global adjustment or 
the individual adjustment, the posterior estimate' of beta has variance given by 
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Var({Ji,prior) = Wi Var({Ji,sample) + (1 - Wi)2 Var({Ji,prior) 

This information is useful in estimating the model coefficients. 

377 

(7) 

Knowing the variance of the measurement error allows implementation of the 
classical approach to errors in variables and therefore yields a consistent estimator 
of 62 = [E(R zs ) - Rf ] (see the next section). 

Computing the Risk-Free Rate 

In choosing the appropriate proxy for the riskless rate of interest, explicit 
cognizance should be taken of the fact that the fair rate of return determined in 
a rate case is applicable throughout a future period. Therefore, the risk-free rate 
that is chosen should correspond to a risk free return that would be expected to 
prevail during the period that the pending rate order is expected to be in force. 

One simple procedure is to compute the risk free rate as a simple average of 
monthly forward Treasury Bill rates for the period the pending rate order is 
expected to be in effect. The Treasury-Bill futures market or McCulloch's [1971] 
procedure of computing forward rates from the yield curve can be used to obtain 
the needed forward rates. 

Data 

The raw data for this study consisted of monthly rates of returns for all NYSE 
securities and monthly measures of the risk-free rate of interest. 

Monthly data on security returns are obtained from the Center for Research in 
Security Prices (CRSP) at the University of Chicago. The same service also 
provides the return on a value weighted index of all the NYSE stocks. 
Mon~hly returns on high grade commercial paper from 1926 to 1951 were used 

as a proxy for the return on a riskless asset. From 1952 to 1978, the return on a 
Treasury Bill with 30 days to maturity was used for this purpose. 

IV. Estimating the Relationship between Risk Premiums and 
NYSEBetas 

The structural econometric model that is estimated in a given cross section is,3 

fit = a + b{Jist + eit. 

Any linear estimator of this relationship is obviously a linear combination of the 
dependent variable. Since the dependent variable is a rate of return, any linear 
estimator is a rate of return on a portfolio. The unbiasedness condition for an 
estimator is a set of constraints on this portfolio that assures that the expected 
rate of return on the portfolio is the coefficient that we are estimating. Once a set 

3 Procedures specific to the implementation of the three moment CAPM, the multiperiod CAPM, 
and the unanticipated inflation CAPM are not discussed because of unresolved issues relating to the 
estimation or ex· ante systematic skewness, ex-ante consumption betas and real betas. The after-tax 
version of the CAPM and its refinements are considered in Litzenberger and Ramaswamy (1979, 
1980). 
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of portfolio weights {~it, i = 1, 2, "', Ne} is chosen, the resulting portfolio rate 
of return is, 

(8) 

The unbiasedness condition for an estimator of (a + b) requires the following 
portfolio constraints, 

l.,~t hit = 1, and l.,Nt hit!3ist = 1. 
.-1 .=1 

That is, for any normal portfolio (i.e. portfolio weights summing to unity) having 
a beta of unity, equation (8) reduces to, 

l.,Nt hitrit = a + b + l.,Nt hiteit . 
• =1 .-1 

Since the E(eit) = 0, V i, it follows that such a portfolio is an unbiased estimator. 
The best linear unbiased estimator of a + b would be the rate of return on the 
minimum variance normal portfolio having a beta of unity. 

Without loss of generality the variance of any portfolio having a NYSE beta of 
unity may be expressed as 

Var[l.,::l hitrit] = Var(rst) + Var[l.,::l hiteit] , 

where: 

i st = the excess rate of return on the value weighted NYSE portfolio 

Note that Var(l.,i=l hiteit) = 0 if and only if the hit for each security corresponds 

to its weight in the NYSE value weighted index. Thus, the best unbiased estimator 
of at + bt is the excess rate of return on the value weighted NYSE portfolio itself, 
rst. Assuming that observations of rst are i.i.d., the BLUE estimation of a + b is 
the average over time of the excess rate of return on the NYSE portfolio. 

The unbiasedness conditions for a linear estimator of 'a' are, 

l.,Nt hit = 1 and l.,~t hit!3ist = o. 
£-1 l 

Thus, the rate of return on any normal portfolio that has a zero (true) NYSE 
beta is an unbiased estimator of 'a'. In any cross-sectional month the best linear 
unbiased estimator of 'a' would be the rate of return on the minimum variance 
zero NYSE beta portfolio, rzst. 

Without loss of generality the variance of any portfolio having a zero NYSE 
beta may be expressed as 

V ar(l.,~t hitrit) = Var( l.,Nt hiteit) 
• • 

Assume momentarily that the true NYSE betas are known. Using the single 
index model, which assumes that Cov(eit,ejt) = 0 V i, j ~ i, the variance of a 
normal portfolio having a zero NYSE beta is, 

Var( l.,f:h hitr;e) = l.,f:h h 7tS7t 

where: 
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8~ = the residual risk for security i. 

The BLUE estimator of 'a' for a given cross-section month 'at' is, therefore, the 
minimum variance rate of return zero NYSE beta portfolio. The rate of return on 
this portfolio in month t may be obtained by solving the above described portfolio 
problem for the hit's and then calculatingL~' hitrit. The resulting rzst is .-1 

where: 

[ m~pJ-l [ mppmprJ rzst= mpp-- • mpr-~ 
mpp mpp 

1 N rit 
mpr = N L. '1 8 2 

t 1- it 

1 ~N rit/Jit 
mpr = N £....:.1-82 

t' it 

(10) 

In the absence of measurement errors in betas, if rzst's were i.i.d. then a simple 
average of this would yield the BLUE estimator of 'a', the risk premium on the 
minimum variance NYSE portfolio. 

Errors in the Measurement of Betas 

The true NYSE betas are unobservable. If the previously described procedures 
were used with estimated betas, the cross sectional variance in the estimated 
betas mpp would be an upward biased and inconsistent estimator of the cross 
sectional variance in the true betas. This would give hit's that results in portfolio 
that has positive true NYSE beta for large samples and hence an upward biased 
estimator of 'a' the risk premium on a portfolio having a zero NYSE beta. To 
obtain a consistent estimator of 'a', a classical errors in variables approach is 
undertaken. In this approach, the 'normal' equations for estimation are adjusted 
as follows: The cross sectional variation in the true NYSE betas, that are 
unobserved, is replaced by the cross sectional variation in observed NYSE betas 
less the (sum) of the variances of the measurement errors of the NYSE betas, 
which has been computed above as Var({3it). When solved, the resulting estimator 
is, 

[ 2 J-1 
[ J mpp mptfmpr 

rzt = mpp - •• Q . mpr - •• Q mpp - mpp-

(11) 

where 

Comparing relation (10) with relation (11) indicates that they are identical except 
for the Q term which is the adjustment due to the variability in the estimator of 
beta. Under the assumption that the error term is normally distributed and that 
the true variances of the measurement errors are known, mpp - Q is the maximum 
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likelihood estimator of m{J{J, the cross sectional variation in the unobservable true 
NYSE betas. It also follows that mpp and mpr are maximum likelihood estimators 
of mp{J and m{Jr. Since the above described estimator of 'a' is a function of a 
maximum likelihood estimator, it is also a maximum likelihood estimator (see 
Kendall and Stuart [1973]). 

V. Estimates of CAPM Parameters 

The consistent estimators (as described in the previous section) of the parameters 
of the relationship between ex-ante premiums and NYSE betas are given in 
Table 1. Results for individually Bayesian adjusted and raw betas are presented. 

Since the raw betas are not adjusted towards unity, the at's calculated each 
month would be expected to have a positive beta. Regressing the at's that were 
calculated using raw NYSE betas on the r.t's gives a slope coefficient of 0.109 and 
an R 2 of 0.039. This suggests that the true NYSE beta on this portfolio is positive. 

The standard deviation of the r.t's is less than the standard deviation of the 
(r.t - rzt)'s as the mathematics of the efficient frontier would suggest. Since 
individually Bayesian adjusted betas are adjusted towards unity, the rzt's calcu
lated using the Bayesian adjusted betas would be expected to have a zero NYSE 
beta. However, regressing the rzt's that were calculated using Bayesian adjusted 
NYSE betas (the rzt's) on the r.t's gives a slope of -0.144 and an R2 of 0.0327. 
This suggests that the NYSE beta of this portfolio is negative. Unfortunately, an 
econometric rationale for a negative beta is not readily apparent. Again the 
standard deviation of the rzt's is lower than the standard deviation of the (r.t -
rzt)'s as would be expected from the mathematics of the efficient frontier. The fz 
calculated using Bayesian adjusted betas is lower than the fz calculated using 
raw betas as would be expected given the correlation of these portfolios with the 
NYSE index. Note that the consistent estimators of' a' and a I reported in TABLE 
1 are lower than the corresponding inconsistent estimators obtained using gen-

Bayesian Betas 

Raw Betas 

where 

Table 1 

CAPM Parameters 

rit = rzst + [rBt - rzB.]pis(ADJ) + fit 

6 = irB = 0.136 6 = 1. - r.B = 0.519 

a(rzst) = 4.73 a(rBt - rzBt) = 8.14 

rit = [rzst + (rBt - rzst)(l - w)] + [(rBt - rzBt)w]Pis(raw) + fit 

6' = 0.326, 6; = 0.330 

a(at) = 3.23 a(bt ) = 6.14 

a; = [rzst + (rst - r zBt)(l - w)], b~ = [(rBt - rZBt)w] 
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eralized least squares as would be expected from the econometric theory. GLS 
parameters are reported in TABLE 2. 

VI. Examples and Conclusions 

To illustrate the biases that arise by naively assuming a proportional relationship 
between NYSE betas and risk premiums, the parameters from Table 1 along with 
estimates of the risk free rate of interest and betas were used to estimate the cost 
of equity capital for two utilities: one with a beta substantially less than unity, 
Pacific Gas and Electric (PGE), and one with a beta close to unity, Consolidated 
Edison (Con Ed). 

The relevant unadjusted and Bayesians betas are presented in Table 3 along 
with cost of equity capital estimates made by naively assuming a proportional 
relationship, and by using the estimated linear relationship in all of the calcula
tions. 

A risk free rate of interest of 9.29% per annum was used. This was obtained by 
averaging forward interest rates implied by Treasury Bill futures settlement 
prices on the International Monetary Market for October 1, 1979 (the assumed 
date of the rate case). Assuming a nine month lag between the rate case and its 
implementation, Treasury Bill futures contracts for delivery in June 1980 and 
thereafter were used in the average. For the main model the same estimates of 
the risk premium on the NYSE index was used (i.e., a + b). The monthly cost of 
equity capital estimates were compounded to obtain annual estimates. 

The differences in the cost of equity capital estimates, which illustrate the so 
called "zero beta effect", are substantial for PG&E since its NYSE beta estimates 
are less than unity. The zero beta effect is negligible for Con Ed since its beta is 
close to unity. 

Table 2 

Bayesian Betas 

a = 0.321 6 = 0.335 

a(a,) = 3.26 a(6,) = 6.23 

Raw Betas 

a = 0.420 b-' = 0.236 

a(a"',) = 3.04 a(b',) = 5.19 

Table 3 

Maximum Likelihood Estimates of the Cost of Equal Capital 
Unadjusted/Global Individually Adjusted 

adjusted betas Bayesian betas 

Raw Propor- Propor-
Company beta tional Linear Beta tional Linear 

PGE 0.48 13.49 15.78 0.53 13.87 14.74 
ConEd 1.06 18.68 18.42 1.05 18.61 18.50 
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These two companies, as well as utilities in general, have residual standard 
deviations that are smaller than those of most industrial fIrms. Hence the 
individual Bayesian adjustment procedure did not adjust the betas of the sample 
companies as much towards unity as a global procedure would have. The effect 
of the individual Bayesian adjustment procedure on the estimated parameters 
presented in Table 2 can be loosely viewed as reflecting the average adjustment 
towards unity. Therefore, for a utility such as PG&E having a NYSE beta less 
than unity and having a lower than average residual risk and the cost of capital 
estimates obtained using a linear relationship between risk premiums and betas 
estimated with individually adjusted Bayesian betas would be lower than that 
obtained using a linear relationship estimated with unadjusted or globally ad
justed betas. The difference between the estimates obtained using the individually 
Bayesian adjusted estimates and the raw betas is negligible for Con Ed since its 
beta is close to unity. The difference between the estimates for PG&E are 
substantial and indicate the importance of future research on the revision of 
betas towards unity. 

REFERENCES 

Beaver, W., P. Kettler and M. Scholes, 1970, "The Association Between Market Determined and 
Accounting Determined Risk Measures," The Accounting Review, 45, (October), 654-682. 

Black, F., 1972, "Capital Market Equilibrium with Restricted Borrowing," Journal of Business, 45, 
(July), 444-454., 

Black, F., M. Jensen, and M. Scholes, 1972, "The Capital Asset Pricing Model: Some Empirical 
Tests," in: M. Jensen (ed.), Studies in the Theory of Capital Markets (Praeger: New York), 79-
112. 

Black, F. and M. Scholes, 1974, "The Effects of Dividend Yield and Dividend Policy on Common 
Stock Prices and Returns," Journal of Financial Economics, 1, (May), 1-22. 

Blume, M., 1975, "Betas and Their Regression Tendencies," Journal of Finance, 30, (June), 785-795. 
Blume, M., and I. Friend, 1973, "A New Look at the Capital Asset Pricing Model," Journal of 

Finance, 28, (March), 19-33. 
Brennan, M., 1973, "Taxes, Market Valuation and Corporate Financial Policy," National Tax 

Journal, 23, 417-427. 
Breeden, D., 1979, "An Intertemporal Asset Pricing Model with Stochastic Consumption-Investment 

Opportunities," Journal of Financial Economics, (September), 265-297. 
Breeden, D., and R. Litzenberger, 1978, "Prices of State Contingent Claims Implicit in Option Prices," 

Journal of Business, 51, (October), 621-652. 
Cox, J., J. Ingersoll, and S. Ross, 1978, "A Theory of the Term Structure of Interest Rates," Research 

Paper #468, Graduate School of Business, Stanford University. 
Darby, M., 1975, "The Financial and Tax Effect of Monetary Policy on Interest Rates," Economic 

Inquiry, (June), 266-276. 
Fama, E., and J. MacBeth, 1973, "Risk, Return and Equilibrium: Empirical Tests," Journal of 

Political Economy, 71, (May/June), 607-636. 
Gonzalez-Gaverra, N., 1973, "Inflation and Capital Asset Market Prices: Theory and Tests," unpub

lished Ph.D. dissertation, Graduate School of Business, Stanford University, Stanford, California. 
Johnston, J., 1972, Econometric Methods, McGraw-Hill: New York. 
Kendall, M., and A. Stuart, 1963, The Advanced Theory of Statistics, Hafner Publishing Co., New 

York. 
Kraus, A., and R. Litzenberger, 1976, "Skewness Preference and the Valuation of the Risk Assets," 

Journal of Finance, 31, (September), 1085-1100. 
Lintner, J., 1965, "The Valuation of Risk Assets and the Selection of Risky Investments in Stock 

Portfolios and Capital Budget," Review of Economics and Statistics, 47,13-37. 

IAWC Exhibit 10.03SR 
Page 15 of 16



Estimation of A Public Utility's Cost 383 

Litzenberger, R, and K. Ramaswamy, 1979, "The Effect of Personal Taxes and Dividends on Capital 
Asset Prices: Theory and Empirical Evidence," Journal of Financial Economics. 

Litzenberger, R, and K. Ramaswamy, 1980, "Dividends, Tax Induced Investor Clienteles and Market 
Equilibrium," Journal of Finance (May), this issue. 

Mayers, D., 1972, "Non-Market Assets and Capital Market Equilibrium under Uncertainty," In: M. 
C. Jensen, (ed.), Studies in the Theory of Capital Markets (Praeger: New York). 

McCulloch, J., 1975, "An Estimate of the Liquidity Premium," Journal of Political Economy, 83, 1, 
95-120. 

Merton, R, 1971, "Optimal Consumption and Portfolio Rules in a Continuous Time Model," Journal 
of Economic Theory, (December), 373-413. 

Mood, A., F. Graybill and C. Boes, 1974, Introduction to the Theory of Statistics (McGraw-Hill: New 
York). 

Roll, R, 1977, "A Critique of the Asset Pricing Theory's Tests," Journal of Financial Economics, 
(March), 129-176. 

Rosenberg, B., and V. Marathe, 1975, "Predicting Investment Risk," Proceedings of Seminar on 
Security Prices, University of Chicago (November). 

Rosenberg, B. and V. Marathe, "Test of Capital Asset Pricing Hypotheses," Journal of Financial 
Research (forthcoming). 

Rosenberg, B. and W. McKibben, 1973, "The Prediction of Systematic and Specific Risk in Common 
Stocks," Journal of Financial and Quantitative Analysis, (March), 317-334. 

Rubinstein, M., 1973, "The Fundamental Theorem of Parameter Preference Security Valuation," 
Journal of Financial and Quantitative Analysis, 8, (January) 61-70. 

Scholes, M. and J. Williams, 1977, "Estimating Betas from Non-Synchronous Data," Journal of 
Financial Economics, (December), 309-328. 

Sharpe, W., 1964, "Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk," 
Journal of Finance, 19 (September), 425-442. 

Sharpe, W., 1977, "The Capital Asset Pricing Model: A Multi-Beta Interpretation," in H. Levy and 
M. Sarnat (eds.), Financial Decision Making under Uncertainty, Academic Press, New York. 

Stehle, R, 1976, "The Valuation of Risk Assets in an International Capital Market: Theory and 
Tests," unpublished Ph.D. dissertation, Graduate School of Business, Stanford, California. 

Theil, H., 1971, Principles of Econometrics, John Wiley & Sons, Inc., New York. 
Vasicek, 0., 1971, "Capital Market Equilibrium with No Riskless Borrowing," Wells Fargo Bank 

memorandum, San Francisco, California. 
Vasicek, 0., 1973, "A Note on Using Cross-Sectional Information in Bayesian Estimation of Security 

Betas," Journal of Finance, 28 (December) 1233-1239. 

DISCUSSION 

RICHARD S. BOWER*: As a regulator I find the three papers stimulating and 
helpful. Each is reassuring because it supports some aspect of regulatory practice, 
rewarding because it suggests an opportunity to improve practice and less than 
totally satisfying because it does not provide all the answers. 

Bruce Greenwald's paper on admissable rate bases may be too rich to digest at 
a single sitting. Greenwald starts conventionally by stating that the Hope decision 
criteria for fairness to investors and capital attraction are met by any rate base 
valuation formula ,which permits market value to equal rate base and which 
causes rate base to increase dollar for dollar with new investment. He then argues, 
less conventionally, that to be admissable a formula must allow regulators to 
establish cash revenue requirements and rate base appreciation through time and 

• Dartmouth College and Commissioner, New York State Public Service Commission. 
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Average Variance 0.3768% 0.3734% 0.4875% 0.3111% 0.2248% 0.2937% 0.2744% 0.4283% 0.4957%

GARCH Coefficient 1.407266 3.126207 2.115009 1.874108 2.63506 1.667787 1.890861 1.27876 1.788627

Projected Company RP 6.55% 14.94% 13.10% 7.23% 7.34% 6.04% 6.41% 6.77% 11.17%

Risk-Free Rate (1) 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58%

PRPMTM Result 10.13% 18.52% 16.68% 10.81% 10.92% 9.62% 9.99% 10.35% 14.75%

Average 12.42%

Atmos 
Energy 

Corporation
Laclede 

Group, Inc.

New Jersey 
Resources 
Corporation

NiSource, 
Inc

Northwest 
Natural Gas 

Company

Piedmont 
Natural Gas 
Company, 

Inc.

South 
Jersey 

Industries, 
Inc.

Southwest 
Gas 

Corporation
UGI 

Corporation

WGL 
Holdings, 

Inc.

Average Variance 0.3601% 0.7674% 0.4152% 0.4000% 0.3366% 0.3503% 0.3165% 0.4652% 0.4964% 0.4105%

GARCH Coefficient 2.095639 0.856463 1.904641 1.619212 1.56819 2.242335 1.924522 1.199689 1.381359 1.084898

Projected Company RP 9.44% 8.18% 9.91% 8.05% 6.52% 9.84% 7.56% 6.91% 8.55% 5.48%

Risk-Free Rate (1) 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58% 3.58%

PRPMTM Result 13.02% 11.76% 13.49% 11.63% 10.10% 13.42% 11.14% 10.49% 12.13% 9.06%

Average 11.62%

Notes:  (1)

Second Quarter 2012 3.20 %

Third Quarter 2012 3.40

Fourth Quarter 2012 3.50

First Quarter 2012 3.70

Second Quarter 2013 3.80

Third Quarter 2013 3.90

Average 3.58 %

York Water 
Co.SJW Corp.

Middlesex 
Water Co.

Connecticut 
Water 

Service, Inc.

California 
Water 

Serivce 
Group

American 
States 

Water Co.

Artesian 
Resources, 

Corp.
Aqua 

America, Inc.

American 
Water 

Works Co., 
Inc.

Average forecast based upon six quarterly estimates of Aaa rated corporate bonds per the consensus of nearly 50 economists reported in Blue Chip Financial 
Forecasts dated May 1, 2012 (see page 2 of this Exhibit).  The estimates are detailed below.

Gorman Water Proxy Group

IIWC-FEA Witness Gorman's Water Proxy Group

IIWC-FEA Witness Gorman's Water Proxy Group

Gorman Gas Proxy Group

Illinois American Water Company

Calculation of the Predictive Risk Premium Model TM (PRPM™)
For IIWC-FEA Witness Gorman's Water and Gas Proxy Groups

IAWC Exhibit 10.06SR 
Page 1 of 2



2  BLUE CHIP FINANCIAL FORECASTS  MAY 1, 2012 
 

Consensus Forecasts Of U.S. Interest Rates And Key Assumptions1 
 

  -------------------------------------History----------------------------------------- Consensus Forecasts-Quarterly Avg. 
 -------Average For Week Ending------  ----Average For Month---- Latest Q 2Q 3Q 4Q 1Q 2Q 3Q 
Interest Rates Apr. 27 Apr. 20 Apr. 13 Apr. 6 Mar. Feb. Jan. 1Q 2012 2012 2012 2012 2013 2013 2013
Federal Funds Rate 0.13 0.15 0.14 0.12 0.13 0.10 0.08 0.10 0.1 0.1 0.1 0.1 0.2 0.3 
Prime Rate 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.3 3.3 3.3 3.3 3.3 3.3 
LIBOR, 3-mo. 0.47 0.47 0.47 0.47 0.47 0.50 0.57 0.51 0.5 0.4 0.4 0.5 0.5 0.6 
Commercial Paper, 1-mo. 0.12 0.12 0.15 0.12 0.13 0.12 0.09 0.11 0.1 0.2 0.2 0.2 0.2 0.4 
Treasury bill, 3-mo. 0.08 0.08 0.09 0.08 0.08 0.09 0.03 0.07 0.1 0.1 0.1 0.1 0.2 0.3 
Treasury bill, 6-mo. 0.13 0.13 0.14 0.14 0.14 0.12 0.07 0.11 0.1 0.1 0.2 0.2 0.3 0.4 
Treasury bill, 1 yr. 0.18 0.18 0.18 0.19 0.19 0.16 0.12 0.16 0.2 0.2 0.2 0.3 0.4 0.5 
Treasury note, 2 yr. 0.27 0.27 0.29 0.34 0.34 0.28 0.24 0.29 0.3 0.4 0.4 0.5 0.7 0.8 
Treasury note, 5 yr. 0.85 0.86 0.88 1.02 1.02 0.83 0.84 0.90 1.0 1.1 1.2 1.4 1.5 1.7 
Treasury note, 10 yr. 1.99 2.00 2.04 2.21 2.17 1.97 1.97 2.04 2.1 2.3 2.4 2.6 2.7 2.9 
Treasury note, 30 yr. 3.12 3.13 3.17 3.33 3.28 3.11 3.03 3.14 3.2 3.4 3.5 3.7 3.8 3.9 
Corporate Aaa bond 3.95 3.93 3.94 4.03 3.99 3.85 3.85 3.90 4.0 4.1 4.2 4.3 4.4 4.5 
Corporate Baa bond 5.15 5.15 5.19 5.29 5.23 5.14 5.23 5.20 5.2 5.3 5.4 5.5 5.6 5.7 
State & Local bonds 3.86 3.90 3.97 4.08 3.91 3.66 3.68 3.75 3.9 4.0 4.1 4.2 4.3 4.4 
Home mortgage rate 3.88 3.90 3.88 3.98 3.95 3.89 3.92 3.92 4.0 4.1 4.2 4.3 4.4 4.5 
 ----------------------------------------History------------------------------------------- Consensus Forecasts-Quarterly  
 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 
Key Assumptions 2010 2010 2010 2011 2011 2011 2011 2012 2012 2012 2012 2013 2013 2013
Major Currency Index 77.6 75.9 73.0 71.9 69.6 69.9 72.4 72.9 73.2 73.2 73.3 73.3 73.3 73.4 
Real GDP 3.8 2.5 2.3 0.4 1.3 1.8 3.0 2.2 2.3 2.5 2.7 2.5 2.6 2.9 
GDP Price Index 1.5 1.4 1.9 2.5 2.5 2.6 0.9 1.5 1.9 2.0 2.0 2.1 2.0 2.1 
Consumer Price Index -0.3 1.4 3.0 4.5 4.4 3.1 1.3 2.5 2.4 2.3 2.2 2.3 2.3 2.4 
Forecasts for interest rates and the Federal Reserve’s Major Currency Index represent averages for the quarter. Forecasts for Real GDP, GDP Price Index and Consumer Price 
Index are seasonally-adjusted annual rates of change (saar). Individual panel members’ forecasts are on pages 4 through 9. Historical data for interest rates except LIBOR is from 
Federal Reserve Release (FRSR) H.15. LIBOR quotes available from The Wall Street Journal. Interest rate definitions are the same as those in FRSR H.15. Treasury yields are 
reported on a constant maturity basis. Historical data for the Fed’s Major Currency Index is from FRSR H.10 and G.5. Historical data for Real GDP and GDP Chained Price Index 
are from the Bureau of Economic Analysis (BEA). Consumer Price Index (CPI) history is from the Department of Labor’s Bureau of Labor Statistics (BLS).  

U.S. Treasury Yield Curve
Week ended April 27, 2012 and Year Ago vs.
2Q 2012 and 3Q 2013 Consensus Forecasts
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THE JOURNAL OF. FINANCE VOL. XXX, NO. 3 . JUNE 1975 

BETAS AND THEIR REGRESSION TENDENCIES 

MARSHALL E. BLUME* 

I. INTRODUCTION 

A PREVIOUS STUDY [3] showed that estimated beta coefficients, at least in 
the context of a portfolio of a large number of securities, were relatively 
stationary over time. Nonetheless, there was a consistent tendency for a 
portfolio with either an extremely low or high estimated beta in one 
period to have a less extreme beta as estimated in the next period. In 
other words, estimated betas exhibited in that article a tendency to 
regress towards the grand mean of all betas, namely one. This study will 
examine in further detail this regression tendency.1 

The next section presents evidence showing the existence of this re- 
gression tendency and reviews the conventional reasons given in expla- 
nation [1], [4], [5]. The following section develops a formal model of this 
regression tendency and finds that the conventional analysis of this ten- 
dency is, if not incorrect, certainly misleading. Accompanying this 
theoretical analysis are some new empirical results which show that a 
major reason for the observed regression is real non-stationarities in the 
underlying values of beta and that the so-called "order bias" is not of 
dominant importance. 

II. THE CONVENTIONAL WISDOM 

If an investor were to use estimated betas to group securities into 
portfolios spanning a wide range of risk, he would more than likely find 
that the betas estimated for the very same portfolios in a subsequent 
period would be less extreme or closer to the market beta of one than his 
prior estimates. To illustrate, assume that the investor on July 1, 1933, 
had at his disposal an estimate of beta for each common stock which had 
been listed on the NYSE (New York Stock Exchange) for the prior seven 
years, July 1926-June 1933. Assume further that each estimate was de- 
rived by regressing the eighty-four monthly relatives covering this 
seven-year period upon the corresponding values for the market 
portfolio.2 

If this investor, say, desired equally weighted portfolios of 100 secu- 
rities, he might group those 100 securities with the smallest estimates of 
beta together to form a portfolio. Such a portfolio would of all equally 

* Professor of Finance, University of Pennsylvania. The author wishes to thank Professors John 
Bildersee and Harry Markowitz for their helpful comments and the Rodney L. White Center for 
financial support. 

1. Quite apart from this regression tendency, it is reasonable to suppose that betas do change over 
time in systematic ways in response to certain changes in the structure of companies. 

2. Such regressions were calculated only for securities with complete data. The relative for the 
market portfolio was measured by Fisher's Combination Link Relative [6]. 
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weighted portfolios have the smallest possible estimated portfolio beta 
since an estimate of such a portfolio beta can be shown to be an average 
of the estimates for the individual securities [2, p. 169]. To cover a wide 
range of portfolio betas, this investor might then form a second portfolio 
consisting of the 100 securities with the next smallest estimates of beta, 
and so on. 

Using the securities available as of June 1933, this investor could thus 
obtain four portfolios of 100 securities apiece with no security in com- 
mon. Estimated over the same seven-year period, July 1926-June 1933, 
the betas for these portfolios3 would have ranged from 0.50 to 1.53. 
Similar portfolios can be constructed for each of the next seven-year 
periods through 1954 and their portfolio betas calculated. Table 1 con- 
tains these estimates under the heading "Grouping Period." 

The betas for these same portfolios, but reestimated using the monthly 
portfolio relatives adjusted for delistings from the seven years following 
the grouping period, illustrate the magnitude of the regression tendency.4 
Whereas the portfolio betas as estimated, for instance, in the grouping 
period 1926-33 ranged from 0.50 to 1.53, the betas as estimated for these 
same portfolios in the subsequent seven-year period 1933-40 ranged only 
from 0.61 to 1.42. The results for the other periods display a similar 
regression tendency. 

An obvious explanation of this regression tendency is that for some 
unstated economic or behavioral reasons, the underlying betas do tend to 
regress towards the mean over time.5 Yet, even if the true betas were 
constant over time, it has been argued that the portfolio betas as esti- 
mated in the grouping period would as a statistical artifact tend to be 
more extreme than those estimated in a subsequent period. This bias has 
sometimes been termed an order or selection bias. 

The frequently given intuitive explanation of this order bias [1], [4], [5], 
parallels the following: Consider the portfolio formed of the 100 securities 
with the lowest estimates of beta. The estimated portfolio beta might be 
expected to understate the true beta or equivalently be expected to be 
measured with negative error. The reason the measurement error might 

3. These portfolio betas were derived by averaging the 100 estimates for the individual securities. 
Alternatively, as [2] shows, the same number would be obtained by regressing the monthly portfoio 
relatives upon the market index where the portfolio relatives are calculated assuming an equal 
amount invested in each security at the beginning of each month. 

4. These portfolio betas were calculated by regressing portfolio relatives upon the market rela- 
tives. The portfolio relatives were taken to be the average of the monthly relatives of the individual 
securities for which relatives were available. These relatives represent those which would have been 
realized from an equally-weighted, monthly rebalancing strategy in which a delisted security is sold 
at the last available price and the proceeds reinvested equally in the remaining securities. This rather 
complicated procedure takes into account delisted securities and therefore avoids any survivorship 
bias. In [3], the securities analyzed were required to be listed on the NYSE throughout both the 
grouping period and the subsequent period, so that there was a potential survivorship bias. Nonethe- 
less, the results reported there are in substantive agreement with the results in Table 1. 

5. If the betas are continually changing over time, an estimate of beta as provided by a simple 
regression must be interpreted with considerable caution. For example, if the true beta followed a 
linear time trend, it is easily shown that the estimated beta can be interpreted as an unbiased 
estimate of the beta in the middle of the sample period. A similar interpretation would not in general 
hold if, for instance, the true beta followed a quadratic time trend. 
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TABLE 1 
BETA COEFFICIENTS FOR PORTFOLIOS 

OF 100 SECURITIES 

First Subsequent 
Portfolio Grouping Period Period 

7/26-6/33 7/33-6/40 
1 0.50 0.61 
2 0.85 0.96 
3 1.15 1.24 
4 1.53 1.42 

7/33-6/40 7/40-6/47 
1 0.38 0.56 
2 0.69 0.77 
3 0.90 0.91 
4 1.13 1.12 
5 1.35 1.31 
6 1.68 1.69 

7/40-6/47 7/47-6/54 
1 0.43 0.60 
2 0.61 0.76 
3 0.73 0.88 
4 0.86 0.99 
5 1.00 1.10 
6 1.21 1.21 
7 1.61 1.36 

7/47-6/54 7/54-6/6 1 
1 0.36 0.57 
2 0.61 0.71 
3 0.78 0.88 
4 0.91 0.96 
5 1.01 1.03 
6 1.13 1.13 
7 1.26 1.24 
8 1.47 1.32 

7/54-6/61 7/61-6/68 
1 0.37 0.62 
2 0.56 0.68 
3 0.72 0.85 
4 0.86 0.85 
5 0.99 0.95 
6 1.11 0.98 
7 1.23 1.07 
8 1.43 1.25 

be expected to be negative may best be explored by analyzing how a 
security might happen to have one of the 100 lowest estimates of beta. 
First, if the true beta were in the lowest hundred, the estimated beta 
would fall in the lowest 100 estimates only if the error in measuring the 
beta were not too large which roughly translates into more negative than 
positive errors. Second, if the true beta were not in the lowest 100, the 
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estimated beta might still be in the lowest 100 estimates if it were 
measured with a sufficiently large negative error.6 

Thus, the negative errors in the 100 smallest estimates of beta might be 
expected to outweigh the positive errors. The same argument except in 
reverse would apply to the 100 largest estimates. Indeed, it would seem 
that any portfolio of securities stratified by estimates of beta for which 
the average of these estimates is not the grand mean of all betas, namely 
1.0, would be subject to some order bias. It would also seem that the 
absolute magnitude of this order bias should be greater, the further the 
average estimate is from the grand mean. The next section formalizes this 
intuitive argument and suggests that, if it is not incorrect, it is certainly 
misleading as to the source of the bias. 

III. A FORMAL MODEL 

The intuitive explanation of the order bias just given would seem to 
suggest that the way in which the portfolios are formed caused the bias. 
This section will argue that the bias is present in the estimated betas for 
the individual securities and is not induced by the way in which the 
portfolios are selected. Following this argument will be an analysis of the 
extent to which this order bias accounts for the observed regression 
tendency in portfolio betas over time. 

A numerical example will serve to illustrate the logic of the subsequent 
argument and to introduce some required notation.7 Assume for the 
moment that the possible values of beta for an individual security i in 
period t, pit, are 0.8, 1.0 and 1.2 and that each of these values is equally 
likely. Assume further that in estimating a beta for an individual security, 
there is a 0.6 probability that the estimate Pit contains no measurement 
error, a 0.2 probability that it understates the true Pit by 0.2, and a 0.2 
probability that it overstates the true value by 0.2. Now in a sample of 
ten securities whose true betas were all say 0.8, one would expect two 
estimates of beta to be 0.6, six to be 0.8, and two to be 1.0. These 
numbers have been transcribed to the first row of Table 2. The second 
and third rows are similarly constructed by first assuming that the ten 
securities all had a true value of 1.0 and then of 1.2. 

The rows of Table 2 thus correspond to the distribution of the esti- 
mated beta, 8it, conditional on the true value, Pit. It might be noted that 
the expectation of Pit conditional on uit, E(83it i ,8it) is 8it. However, in a 
sampling situation, an investigator would be faced with an estimate of 
beta and would want to assess the distribution of the true Pit conditional 
on' the estimated P3it. Such conditional distributions correspond to the 
columns of Table 2. It is easily verified that the expectation of 3jit 
conditional on f3jit E(qt i 8it) is generally not 8jit. For example, -if 8it were 

6. It is theoretically possible that the estimated beta for a security whose true beta does not fall 
into the lowest 100 to be in the lowest 100 estimates with a positive measurement error if the 
betas for some of the improperly classified securities are measured with sufficiently large positive 
errors. 

7. The author is indebted to Harry Markowitz for suggesting this 'numerical example as a way of 
clarifying the subsequent formal development. 

IAWC Exhibit 10.08SR 
Page 4 of 11



Betas and Their Regression Tendencies 789 

TABLE 2 
NUMBER OF SECURITIES CROSS 

CLASSIFIED BY pit AND Pt 

~it 
.6 .8 1.0 1.2 1.4 

.8 2 6 2 
it 1.0 2 6 2 

1.2 2 6 2 

0.8, E(ilit Iit = 0.8) would be 0.85 since with this estimate the true beta 
would be 0.8 with probability 0.75 or 1.0 with probability 0.25.8 

The estimate pit, therefore, would typically be biased, and it is biased 
whether or not portfolios are formed. The effect of forming large 
portfolios is to reduce the random component in the estimate, so that the 
difference between the estimated portfolio beta and the true portfolio 
beta can be ascribed almost completely to the magnitude of the bias. 

In the spirit of this example, the paper will now develop explicit 
formulae for the order bias and real non-stationarities over time. Let it be 
assumed that the betas for individual securities in period t, Pit, can be 
thought of as drawings from a normal distribution with a mean of 1.0 and 
variance o-2(,38,t). The corresponding assumption for the numerical exam- 
ple just discussed would be a trinomial distribution with equal prob- 
abilities for each possible value of pit. 

Let it additionally be assumed that the estimate, 8it, measures pit with 
error nit, a mean-zero independent normal variate, so that Pt iS given by 
the sum of Pit and nit. It immediately follows that Pit and Pit are distrib- 
uted by a bivariate normal distribution. It might be noted that, as formu- 
lated, o-2('rjit) need not equal or2(hjt), i # j. Since the empirical work will 
assume equality, the subsequent theoretical work will also make this 
assumption even though for the most part it is not necessary. The final 
assumption is that pit and /it+, are distributed as bivariate normal vari- 
ates. Because nit is independently distributed, Pit and At+1 will be distrib- 
uted by a bivariate normal distribution. 

That Sit and I3it+, are bivariate normal random variables, each with a 
mean of 1.0, implies the following regression 

E(Pit+l I it) - 1 = Coy (131+1 hit) (8 - 1). (1) 

This regression is similar to the procedure proposed in Blume [3] to 
adjust the estimated betas for the regression tendency. That procedure 
was to regress estimates of beta for individual securities from a later 
period on estimates from an earlier period and to use the coefficients 
from this regression to adjust future estimates.9 The empirical evidence 

8. For further and more detailed discussion of the distinction between E(3it I t) and E(31 | pit), 
the reader is referred to Vasicek [7]. 

9. That the regression of estimated betas from a later period on estimates from an earlier period is 
similar to (1) follows from noting that E(/3i +1 /3k) equals E(/31 1 ,) and that Cov(pit+3 , it) equals 
Cov(Bit+1, Pi). In [3], the grand mean of all betas was estimated in each period and was not assumed 
equal to 1.0. 
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presented there indicated that this procedure did improve the accuracy of 
estimates of future betas, though no claim was made that there might not 
be better ways to adjust for the regression tendency. 

The coefficient of (pit - 1) in (1) can be broken down into two 
components: one of which would correspond to the so-called order bias 
and the other to a true regression tendency. To achieve this result, note 
that the covariance of it+, and pit is given by Cov(13it+1, Pit + nit), which 
because of the assumed independence of the errors, reduces to the 
covariance of 3jit+, and 8it. Making this substitution and replacing 
Cov(31it+1, /it) by p(/it 3it)1 /it+i)o(Pit), (1) becomes 

E(/1+1 |,t- 1 = P(Pt+1, ) (hit - 1). (2) 

The ratio of o-(Pit)o,(Pit+1) to o,2(A3t) might be identified with the order bias 
and the correlation of pit and Pit+, with a true regression. 

If the underlying values of beta are stationary over time, the correla- 
tion of successive values will be 1.0 and the standard deviations of At and 
Pit+i will be the same. Assuming such stationarity and noting then that 
8it+1 equals pit, equation (2) can be rewritten as10 

E(8it+ At) - 1 = A8it I it) - 1 

2= - (it - 1). (3) 

Since or2(,it) would be less than o-2(A,t) if beta is measured with any error, 
the coefficient of (Pit - 1) would be less than 1.0. This means that the 
true beta for a security would be expected to be closer to one than the 
estimated value. In other words, an estimate of beta for an individual 
security except for an estimate of 1.0 is biased.1" 

10. Equation (3) can be derived alternatively from the assumption that fit and it are bivariate 
normal variables and under the assumption of stationarity Pit will equal it,,. Vasicek [7] has 
developed using Bayes' Theorem, an expression for E(I31tl,iit) which can be shown to be mathemati- 
cally identical to the right hand side of (3): He observed that the procedure used by Merrill Lynch, 
Pierce, Fenner and Smith, Inc. in their Security Risk Evaluation Service is similar to his expression 
if U2(-qlt) is assumed to be the same for all securities. Merrill Lynch's procedure, as he presented it, is 
to use the coefficient of the cross-sectional regression of (it+i - 1) on - 1) to adjust future 
estimates. This adjustment mechanism is in fact the same as (1) or (2) which shows that such a cross 
sectional regression takes into account real changes in the underlying betas. Only if betas were 
stationary over time would his formula be similar to Merrill Lynch's. 

11. The formula for order bias given by (3) is similar to that which measures the bias in the 
estimated slope coefficient in a regression on one independent variable measured with error. Ex- 
plicitly, consider the regression, y = bx + E, where E is an independent mean-zero normal dis- 
turbance and both y and x are measured in deviate form. Now if x is measured with independent 
mean-zero error -j and y is regressed on x + -q, it is well known that the estimated coefficient, 
b, will be biased toward zero and the probability limit of^b is b * This expression can be 

+ 
2(X) 

rewritten as 2(X +) b. Interpreting x as the true beta less 1.0, the correspondence to (3) is ob-- 

vious. In this type of regression, one could either adjust the independent variables themselves for 
bias and thus obtain an unbiased estimate of the regression coefficient or run the regression on the 
unadjusted variables and then adjust the regression coefficient. The final coefficient will be the same 
in either case. 
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In light of this discussion, the paper now reexamines the empirical 
results of the previous section. The initial task will be to adjust the 
portfolio betas in the grouping periods for the order bias. After making 
this adjustment, it will be apparent that much of the regression tendency 
observed in Table 1 remains. Thus, if (2) is valid, the value of the 
correlation coefficient is probably not 1.0. The statistical properties of 
estimates of the portfolio betas in both the grouping and subsequent 
periods will be examined. The section ends with an additional test that 
gives further confirmation that much of the regression tendency stems 
from true non-stationarities in the underlying betas. 

To adjust the estimates of beta in the grouping periods for the order 
bias using (3) would require estimates of the ratio of r2(fit) to o2(I3it). The 
sample variance calculated from the estimated betas for all securities in a 
particular cross-section provides an estimate of or2(f3it). An estimate of 
O(,Bt) can be derived as the difference between estimates of o2(I3it) and 
r'2(Th,t). If the variance of the error in measuring an individual beta is the 
same for every security, 0r2(Th,t) can be estimated as the average over all 
securities of the squares of the standard error associated with each 
estimated beta. 

In conformity with these procedures, estimates of the ratio of o-2(I3Pt) to 
or2(I3it) for the five seven-year periods from 1926 through 1961 were 
respectively 0.92, 0.92, 0.89, 0.82, and 0.75. In other words, an unbiased 
estimate of the underlying beta for an individual security should be some 
eight to twenty-five per cent closer to 1.0 than the original estimate. For 
instance, if C-2(,8It)/o-2(3it) were 0.9 and if it were 1.3, an unbiased 
estimate would be 1.27. 

To determine whether the order bias accounted for all of the regres- 
sion, the estimated betas for the individual securities were adjusted for 
the order bias using (3) and the appropriate value of the ratio. For the 
same portfolios of 100 securities examined in the previous section, 
portfolio betas for the grouping period were recalculated as the average 
of these adjusted betas. It might be noted that these adjusted portfolio 
betas could alternatively be obtained by adjusting the unadjusted 
portfolio betas directly. These adjusted portfolio betas are given in Table 
3. For the reader's convenience, the unadjusted portfolio betas and those 
estimated in the subsequent seven years are reproduced from Table 1. 

Before comparing these estimates, let us for the moment consider the 
statistical properties of the portfolio betas, first in the grouping period 
and then in the subsequent period. Though unadjusted estimates of the 
portfolio betas in the grouping period may be biased, they would be 
expected to be highly "reliable" as that term is used in psychometrics. 
Thus, regardless of what these estimates measure, they measure it accu- 
rately or more precisely their values approximate those which would be 
expected conditional on the underlying population and how they are 
calculated. For equally-weighted portfolios, the larger the number of 
securities, the more reliable would be the estimate. 

Specifically, for an equally-weighted portfolio of 100 securities, the 
standard deviation of the error in the portfolio beta would be one-tenth 
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TABLE 3 
BETA COEFFICIENTS FOR PORTFOLIOS OF 100 SECURITIES 

Grouping Period 

Unadjusted for Adjusted for First Subsequent Second Subsequent 
Portfolio Order Bias Order Bias Period Period 

7/26-6/33 7/33-6/40 7/40-6/47 
1 0.50 .54 0.61 0.73 
2 0.85 .86 0.96 0.92 
3 1.15 1.14 1.24 1.21 
4 1.53 1.49 1.42 1.47 

7/33-6/40 7/40-6/47 7/47-6/54 
1 0.38 .43 0.56 0.53 
2 0.69 .72 0.77 0.86 
3 0.90 .91 0.91 0.96 
4 1.13 1.12 1.12 1.11 
5 1.35 1.32 1.31 1.29 
6 1.68 1.63 1.69 1.40 

7/40-6/47 7/47-6/54 7/54-6/61 
1 0.43 .50 0.60 0.73 
2 0.61 .65 0.76 0.88 
3 0.73 .76 0.88 0.93 
4 0.86 .88 0.99 1.04 
5 1.00 1.00 1.10 1.12 
6 1.21 1.19 1.21 1.14 
7 1.61 1.54 1.36 1.20 

7/47-6/54 7/54-6/6 1 7/6 1-6/68 
1 0.36 .48 0.57 0.72 
2' 0.61 .68 0.71 0.79 
3 0.78 .82 0.88 0.88 
4 0.91 .93 0.96 0.92 
5 1.01 1.01 1.03 1.04 
6 1.13 1.10 1.13 1.02 
7 1.26 1.21 1.24 1.08 
8 1.47 1.39 1.32 1.15 

7/54-6/6 1 7/61-6/68 
1 0.37 .53 0.62 
2 0.56 .67 0.68 
3 0.72 .79 0.85 
4 0.86 .89 0.85 
5 0.99 .99 0.95 
6 1.11 1.08 0.98 
7 1.23 1.17 1.07 
8 1.43 1.32 1.25 

the standard error of the estimated betas for individual securities provid- 
ing the errors in measuring these individual betas were independent of 
each other. During the 1926-33 period, the average standard error of 
betas for individual securities was 0.12 so that the standard error of the 
portfolio beta would be roughly 0.012. The average standard error for 
individual securities increased gradually to 0.20 in the period July 1954- 
June- 1961. For the next seven-yea,r period ending June 1968, the average 
declined to 0.17. 
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As pointed out, standard errors for portfolio betas calculated from 
those for individual securities assume independence of the errors in 
estimates. The standard error for a portfolio beta can however be calcu- 
lated directly without making this assumption of independence by regres- 
sing the portfolio returns on the market index. The standard error for the 
portfolio of the 100 securities with the lowest estimates of beta in the July 
1926-June 1933 period was for instance, 0.018, which compares to 0.012 
calculated assuming independence. The average standard error of the 
estimated betas for the four portfolios in this period was also 0.018. The 
average standard errors of the betas for the portfolios of 100 securities in 
the four subsequent seven-year periods ending June 1961 were respec- 
tively 0.025, 0.027, 0.024, and 0.027. Although these standard errors, not 
assuming independence, are about 50 per cent larger than before, they 
are still extremely small compared to the range of possible values for 
portfolio betas. 

For the moment, let us therefore assume that the portfolio betas as 
estimated in the grouping period before adjustment for order bias are 
extremely reliable numbers in that whatever they measure, they measure 
it accurately. In this case, adjusting these portfolio betas for the order 
bias will give extremely reliable and unbiased estimates of the underlying 
portfolio beta and therefore these adjusted betas can be taken as very 
good approximations to the underlying, but unknown, values. The 
greater the number of securities in the portfolio, the better the approxi- 
mation will be. 

The numerical example in Table 2 gives an intuitive feel for what is 
happening. Consider a portfolio of a large number of securities whose 
estimated betas were all 0.8 in a particular sample. It will be recalled that 
such an estimate requires that the true beta be either 0.8 or 1.0. As the 
number of securities with estimates of 0.8 increases, one can be more and 
more confident that 75 per cent of the securities have true betas of 0.8 
and 25 per cent have true betas of 1.0 or equivalently that an equally- 
weighted portfolio of these securities has a beta of 0.85. 

The heuristic argument in the prior section might lead some to believe 
that, contrary to the estimates in the grouping period, there are no order 
biases associated with the portfolio betas estimated in the subsequent 
seven years. This belief, however, is not correct. Formally, the portfolios 
formed in the grouping period are being treated as if they were securities 
in the subsequent period. To estimate these portfolio betas, portfolio 
returns were calculated and regressed upon some measure of the market. 
In this paper so far, these portfolio returns were calculated under an 
equally-weighted monthly revision strategy in which delisted securities 
were sold at the last available price and the proceeds reinvested equally 
in the remaining. Other strategies are, of course, possible. 

Since these portfolios are being treated as securities, formula (3) 
applies, so -that there is still some "order bias" present. However, in 
determining the rate of regression, the appropriate measure of the vari- 
ance of the errors in the estimates is the variance for the portfolio betas 
and not for the betas of individual stocks. This fact has the important 
effect of making the ratio of -2(/(it) to o-2(PBit) much closer to one than for 
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individual securities. Estimating o i2(,t) and o-2('q1t) for the portfolios 
formed on the immediately prior period, the value of this ratio for each of 
the four seven-year periods from 1933 to 1961 was in excess of 0.99 and 
for the last seven-year period in excess of 0.98. Thus, for most purposes, 
little error is introduced by assuming that these estimated portfolio betas 
contain no "order bias" or equivalently that these estimates measure 
accurately the true portfolio beta. 

A comparison of the portfolio betas in the grouping period, even after 
adjusting for the order bias, to the corresponding betas in the im- 
mediately subsequent period discloses a definite regression tendency. 
This regression tendency is statistically significant at the five per cent 
level for each of the last three grouping periods, 1940-47, 1947-54, 1954- 
61.12 Thus, this evidence strongly suggests that there is a substantial 
tendency for the underlying values of beta to regress towards the mean 
over time. Yet, it could be argued that this test is suspect because the 
formula used in adjusting for the order bias was developed under the 
assumption that the distributions of beta were normal. This assumption is 
certainly not strictly correct and it is not clear how sensitive the adjust- 
ment is to violations of this assumption. 

A more robust way to demonstrate the existence of a true regression 
tendency is based upon the observation that the portfolio betas estimated 
in the period immediately subsequent to the grouping period are mea- 
sured with negligible error and bias. These estimated portfolio betas can 
be compared to betas for the same portfolios estimated in the second 
seven years subsequent to the grouping period. These betas, which have 
been estimated in the second subsequent period and are given in Table 3, 
disclose again an obvious regression tendency. This tendency is sig- 
nificant at the five per cent level for the last three of the four possible 
comparisons. 13 

IV. SUMMARY 

Beginning with a review of the conventional wisdom, the paper showed 
that estimated beta coefficients tend to regress towards the grand mean of 
all betas over time. The next section presented two kinds of empirical 
analyses which showed that part of this observed regression tendency 
represented real nonstationarities in the betas of individual securities and 
that the so-called order bias was not of overwhelming importance. 

In other words, companies of extreme risk-either high or low-tend 
to have less extreme risk characteristics over time. There are two logical 

12. This test of significance was based upon the regression (it+1 - 1) = b(it - 1) + Eit where it 
has been adjusted for order bias. The estimated coefficients with the t-value measured from 1.0 in 
parentheses were for the five seven-years chronologically 0.86 (-1.14), 0.94 (-0.88), 0.71 (-3.84), 
0.86 (-3.23), and 0.81 (-2.57). Note that even if 3it were measured with substantial independent 
error contrary to fact, the estimated b would not be biased towards zero because, as footnote 10 
shows, the adjustment for the order bias has already corrected for this bias. 

13. Using the same regression as in the previous footnote, the estimated coefficient b with the 
t-value measured from 1.0 in parentheses were for the four possible comparisons in chronological 
order 0.92 (-0.69), 0.74 (-2.67), 0.62 (-6.86), and 0.58 (-5.51). 
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explanations. First, the risk of existing projects may tend to become less 
extreme over time. This explanation may be plausible for high risk firms, 
but it would not seem applicable to low risk firms. Second, new projects 
taken on by firms may tend to have less extreme risk characteristics than 
existing projects. If this second explanation is correct, it is interesting to 
speculate on the reasons. For instance, is it a management decision or do 
limitations on the availability of profitable projects of extreme risk tend 
to cause the riskiness of firms to regress towards the grand mean over 
time? Though one could continue to speculate on the forces underlying 
this tendency of risk-as measured by beta coefficients-to regress to- 
wards the grand mean over time, it remains for future research to deter- 
mine the explicit reasons. 
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