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1. INTRODUCTION

The Capital Asset Pricing Model {CAPM) is an important asset pricing
model in financial economics. It has been the subject of considerable
research. Recent research has focused on multivariate statistical tests of
the CAPM. This paper analyzes whether such multivariate tests can distinguish
between the CAPM and other pricing models.

The first multivariate test of the CAPM in the literature is by MacBeth
(1975): however, Gibbons (1980, 1982) presented the first extensive
treatment. Further work containing both empirical and theoretical results
includes Stambaugh (1981, 1982), Jobson and Korkie (1982), Shanken (1983,
1985, 1986a, 1986b) and Amsler and Schmidt (1985). Work providing some
theoretical results includes Xandel (1984a, 198Ub), Roll (1985}, and Gibbons,
Ross, and Shanken (1986).‘I The thrust of these papers has heen the
development and study of testable implications of the model. Relatively
little attention has been given to power considerations.2

In the literature, there are indications that these tests (with an
unspecified alternative hypothesis) may have low power. The fact that the
Sharpe-Lintner model3 can be rejected when tested as a restriction on the
Black model,u and cannot be rejected when tested as restrictions on the excess
return market model, suggests that the multivariate tests with an unspecified
alternative may be weak. Further evidence of low power is the apparent
insensitivity of the tests to the number of assets considered or the index

used as a market proxy.5

It is unclear whether these tests are capable of
detecting economically important deviations from the model.
This paper focuses on the multivariate tests of the Sharpe-Lintner

model. These tests are chosen because exact distributional results for the

test statisties are available. The Black model is not included, but where



applicable, the power results are essentially the same. An analysis of the
Black model is included in MacKinlay (1985).

A major constraint on the tests is the stationarity assumption for asset
returns.6 This requirement usually limits the test periods to range between
five and seven years. Throughout this paper the test period is taken to be
five years (60 monthly observations). To reduce the impact of the constraint,
some tests using 240 observations are also considered. The parameters are
adjusted to correspond to four observations per month. The objective is to
see if substantial power gains can be made by using weekly data ratner than
monthly data. An increase in power will result from more precise estimation
of the covariance matrices allowing sharper tests. The weekly observation
interval mitigates nontrading problems and within week seasonality which
affects studies using daily data.

Section 2 presents the basic statistical framework. Section 3 describes
the data used for the analysis. In Section 4, the power of the tests is
investigated under two plausible alternative hypotheses. The results indicate
the tests have low power against these alternatives.

Section 5 presents a detailed analysis of the power characteristics of
the tests. The analysis shows that the type of deviation from the model is an
important determinant of the power. If the deviations are eross-sectionally
random, the tests can have reasonable power, but if the deviations are due to
omitted factors, the tests have low power. For the case of omitted factors,
an upperbound for the noncentrality parameter of the distribution of the test
statistic exists. Some implications of this upperbound are presented.

Section 6 reports the empirical evidence and Section 7 contains a summary.



2. THE STATISTICAL FRAMEWORK FOR TESTING THE CAPM

Assume asset returns follow a multivariate normal distribution, and that
excess asset returns are independently and identically distributed through
time. Excess asset returns are defined as the return in excess of the
treasury bill rate. With these assumptions asset returns can be described by

the excess return market model.
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where zZ, = (N x 1) vector of excess asset returns for time period t;
Zot © excess market return for time period t;
e, = (N x 1) disturbance vector;

a, B = (N x 1) parameter vectors;

I = (N x N) disturbance covariance matrix.

Throughout the paper, N will refer to the number of left-hand side assets {or

portfolios of assets) and T will refer to the number of time obser‘vations.7
In the presence of a riskless asset the Sharpe-Lintner model, in a one

period world, posits a restricted relation between the excess returns on

assets and the excess return on the market portfolio.

EZt = B Ezmt . (2)

From (1) and (2) we can see the N restrictions imposed on the excess return

market model by the Sharpe-Lintner model are a = 0.



The test of these N restrictions against an unspecified alternative is
the test for a zero intercept in a multivariate regression model.8

Specifically, let

Z' = [z1 Z, zT]
B' = [a B]
1 1 1
Kt o= 2 z
Zm1 mZ mT
E' = [e1 5 - eT]

Using the above notation we can express the excess return market model in a

multivariate regression framework as
Z=XB+E. (3)

The unbiased estimators for B and I are

~

B = (X'X)7 X'z ()
z - (T - 2y Nz - xﬁ)'(z - xé) . {5)

Conditional on X, these estimators are independent and their distributions
are?

vee(B) - N(vec(B), = e (X'X)_1)

(T - 2) E ~ Wishart (T - 2, L)

By recognizing that

a = [I.. @ Clvec(B) (6)

N

where C = [1 0], we can isolate the distribution of a conditional on the

excess market return.
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The test statistic for testing a = 0 is
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From the distributional resulfs for a and £ it follows that the distribution
of By, conditional on the market return, is F with N degrees of freedom in the
numerator and T-N-1 degrees of freedom in the denominator.TO The value of the

noncentrality parameter of the F distribution is

|1:>
g5 MmN
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A= T[1 + ]—1 a'l a . (8)
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Under the null hypothesis the noncentrality parameter equals zeroc and the
distribution of 64 is a central F. Because under the null hypothesis the
noncentrality parameter is zero independent of the market return the central F
is also the unconditional distribution of 8. The test of the null hypothesis
using 84 is the uniformly most powerful invariant test and is the likelihood
ratio test. (See Muirhead (1982), pages 212-215.)

Gibbons, Ross, and Shanken (1986) present a derivation of the above test

using a geometric approach. An important contribution of their paper is the



economie interpretation they present. They show that 8, can be expressed in
terms of the squared Sharpe measures of the tangency portfolio and the market
portfolio (which under the alternative hypothesis is not the tangency

portfolio), that is

~2 "2
"o ’nm
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T-N-1 m
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where ;p and ;g are the sample mean and variance of the tangency portfolio

excess return. 8, ig an increasing function of the difference between the

squared Sharpe measures of the tangency portfolio and the market portfolioc.
With the basic statistical framework in hand we can now proceed with an

analysis of the power of the tests.

3. SPECIFICATION OF PARAMETERS FOR ANALYSIS

To conduct the analysis, it is necessary to specify the expected excess
return of the market, the standard deviation of the market return, the excess
return market model residual covariance matrix, and the betas of the
portfolios. We use sample estimates from actual monthly returns for this
purpose. The 30 year period from January 1954 to December 1983 inclusive is
divided into six five year periods. For each period, we compute the mean and
the standard deviation of the excess return on the CRSP equal weighted
index. Table 1 reports these values. They are used in the analysis as the
expected excess return and the standard deviation of the excess return for the

market portfolio.



To obtain some diversity in the parameters we use two portfolic formation
methods to assign values to the betas and residual covariance matrices. We
form portfolios for each of the six periods, One method uses out-of-period
betas as the sorting variable. For this method, the portfolios include all
stocks with a complete set of returns on the CRSP monthly return file for the
five year test period and for five years either prior to or after the test
period. We compute the beta of each stock using a market model regression for
the five years out-of-period. If the stock has returns for both the five
years preceding the test period and for the five years succeeding the test
period, the average of the prior and post period beta is used for the
out-of-periocd beta. The eligible stocks are assigned fo portfolios based on
their out-of-period betas, with portfolio one assigned the stocks with the
highest out-of-period betas and portfolic twenty (or forty) the stocks with
the lowest out-of-period betas. An egual number of stocks are assigned to
each portfolio except extra stocks (the remainder of the number of eligible
stocks divided by the number of portfolios) are assigned sequentially, one per
portfolio, beginning with portfolio one,

The second portfolio formation method uses the market value of the equity
at the beginning of the period as the sorting variable. All stocks with
complete returns for the five year test period are assigned to portfolios
based on their beginning of period market value. The largest firms are
assigned to portfolio one and the smallest firms are assigned to portfolio
twenty (or forty). An equal number of stocks are assigned to each portfolio
except for the extra stocks which are handled in the same manner as they are
for the beta sorted portfolios.

The returns for the portfolios are computed by using an equal weighted

average of the returns of the included stocks. The number of stocks eligible



for inelusion in the portfolios ranged from 910 for the beta sorted portfolios
for the January 1959 to December 1963 period, to 1275 for the size sorted
portfolios for the January 1974 to December 1978 period. The excess portfolio
returns are regressed on the excess return of the CRSP equal weighted market
index to obtain sample estimates of the betas and of the residual covariance

matrices.

Iy, EVALUATION OF THE POWER CHARACTERISTICS
This seetion evaluates the power of the multivariate tests of the Sharpe-

Lintner model for two cases.11

In the first case, we introduce the viclations
by assuming the risk free return is the treasury bill return plus a

constant. By letting the constant deviate from zero, the power of the tests
is documented. This setup amounts to having the market portfolio on the
efficient frontier of risky assets but not being the tangency portfolio. It
approximates a situation where the Black model is valid yet the Sharpe-Lintner
model is not. The example is useful for illustrative purposes. Jobson and
Korkie {1982) test the Sharpe-Lintner model nested in the excess return market
model and do not reject the model., Yet most studies, beginning with Black,
Jensen, and Scholes (1972) and Fama and MacBeth (1973), reject the Sharpe-
Lintner model by testing it as a restriction on the Black model.

The second case involves tests of the Sharpe-Lintner model when the true
model is a two factor pricing model. The market is chosen to be the first
factor and a normally distributed variable that has a positive mean and is
independent of the market, is chosen to be the second factor. The
coefficients on the second factor are chosen independent of the market
betas. The objective is to document the ability of the tests to distinguish

the CAPM from alternative pricing models.



We cosider one five year time peried in the analysis. With more than one
time period of data available, the power of an aggregated test will be higher
than the power for a single period. However, the ability to aggregate will

not influence relative comparisons across alternatives.

4.1 Case I - Riskfree rate measured with error

Assume that the treasury bill rate is equal to the true riskfree rate

minus a constant. Let r;t be the treasury bill rate. Then

- -
Tre = T ~ 7 (10)

where Pee is the true riskfree rate and y is a constant.

When the excess return market model is estimated using the treasury bill rate

as a riskfree measure, we have
a = v(1 - 8) . (11}

where 1 is a (N x 1) vector of ones. The null hypothesis is true when y
equals zero. As y deviates from zero the violation of the null hypothesis
becomes more severe., Increasing y shifts the opportunity set of risky assets
upward without altering its shape. The market portfolio remains on the
efficient frontier of risky assets. However, the market is no longer the
tangency portfolio with respect to the treasury bill rate.

The setup under the alternative hypothesis can be approximately related
to a situation where the Black model is appropriate but the Sharpe-Lintner
model is not. Here, the treasury bill is not an appropriate measure of the
riskfree return. The market portfolio need only be on the efficient frontier
and not be the tangency portfolio. The relationship to the Black model is

only approximate because in the Black model framework the market portfolio



need not be on the minimum variance boundary when the opportunity set is
expressed in excess returns rather than in real returns. However, when
considering common stocks in the tests, the approximation should be adequate.
Recall from Section 2 that the test statistic of the Sharpe-Lintner model
under the null hypothesis has a central F distribution. Under the alternative
hypothesis the distribution, conditional on the market return, is a noncentral
F with noncentrality parameter A. Using the value for a from (11) and the
expression for A from (8) we obtain an expression for the noncentrality

parameter,

~
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Given values of (1 - B)'E—1(1 - B), and ui/ci, we can investigate the power of
the test by varying y, computing the corresponding value of i, and using the
noncentral F distribution. For a given significance level, we find the
critical value of the appropriate central F and then find the proportion of
the noncentral F (for the given noncentrality parameter) above that value. We
tabulate the power for sixty observations over a five year interval as well as
for 240 observations over this interval. These cases are selected to roughly
correspond to monthly and weekly observations.

Table 1 reports the values for (1 —3)'2'1(1 - B8) and ;;/;i which are
calculated from the sample parameters for each of the six time periods. These
values are calculated using sixty observations per five year period. In time
periods when the excess return market model residuals have lower variability
the value of (1 - 8)'Z” (1 - 8) is highest. In these periods, holding the
deviation from the null constant, the tests will be more powerful. The

subsequent analysis employs the values from the beta sorted portfolios for

10



time periods one, three, and five. Given the deviation considered, portfolios
sorted to maximize the dispersion in betas are desirable.

Table 2 reports the power of the test for various values of y. It is
clear that the multivariate test of the Sharpe-Lintner model is not useful if
the error is in the measurement of the riskfree return. Suppose the
measurement error is 0.4 percent per month. From Table 2 the power of the
tests, at the five percent significance level, ranges from 0.07 (for twenty
portfolios and sixty observations using time period five parameters) to 0.40
(for forty portfolios and 240 observations using time period one
parameters). Most of the values are less than (.10, Given the importance of
0.4 percent per month (or about 5 percent annually), the power seems
unsatisfactory. Using the parameter values from time period five (panel C),
the power is very low even for a value of 1.0 percent per month for y. The
power ranges from 0.21 to 0.51 at the five percent significance level.
Recognizing that the expected excess return of the market is generally assumed
to be about 6 to 8 percent annually (or about 0.50 to 0.75 percent per month),
from an economic perspective, it appears the tests are unlikely to detect
large deviations.

Despite the low power, we can obtain some insight of the gains from more
frequent observations. There appear to be substantial gains in power in both
the case of twenty portfolios and the case of forty portfolios. For example,
in time period three, for forty portfolios, and y equal to 0.6 percent per
month, the power increases from 0.10 for sixty observations to 0.20 for 240
observations at the five percent significance level. The source of the gain
is the more precise estimation of the residual covariance matrix.

We ecan illustrate the importance of a specific alternative hypothesis

using tests of the Sharpe-Lintner model. The alternative model is the

1



observed riskfree rate is the true riskfree rate plus a constant. For the

alternative model wWe have

z, = (1 - By + BZ .+ Vi (13)

where Vi is the disturbance vector. The model is in the form of the model
Gibbons (1982) and Shanken (1985) consider. For this model, a one-step
estimator of y is asymptotically efficient. (See Shanken [1983].) The
estimator is

B PO s TN 0 R R R F (14)

The restriction the Sharpe-Lintner model imposes on the alternative model
is y equals zero. Instead of testing N restrictions, only one restriction is
being tested. The test closely relates to the tests of the Sharpe-Lintner
model that Black, Jensen, and Scholes (1972) and Fama and MacBeth (1373)
present. To compute the power, the standard deviation of the estimator of v
is necessary. One can use the asymptotic standard deviation. But given
evidence'? that in finite samples the asymptotic standard deviation
understates the true standard deviation, using the asymptotic standard
deviation for computing the power will overstate the power.

To alleviate this overstatement, we use standard deviations computed from
simulations. 500 samples of excess returns are simulated with y equal to zero
for each set of parameters. For each sample ; is calculated using (14). From
these 500 simulated estimates the standard deviation is calculated.13 Table 3
reports the power results using this standard deviation.

Comparing Table 2 and Table 3, one can see a substantial increase in the
power of the tests when using a specifie alternative.M For example, for time

period three with twenty portfolios and sixty observations, when vy egquals

0.006, the power of the test using a specific alternative is 0.49 at the five

12



percent significance level and the power using an unspecified alternative is
0.1Y4 at the same significance level. Large power gains are present for all

cases considered.

.2 Case IT - A two-factor model

In the second case, we introduce violations of the null hypothesis by

assuming that excess returns are generated by a two factor model. The model

is
z, = Bz, + 87, U (15}
Eut:O
Euu':ueI s =t
5t
=0 s+t
2 . . .
where Zyp ~ N(uh, ch), IID through time, and independent of Zont and ugs

§ = (N x 1) parameter vector.

The model is designed with three primary objectives: (1) the model should be
consistent with the excess return market model and its parameters; (2) the
model must not be consistent with the one period CAPM; and (3) the model
should be consistent with one of the competing asset pricing models. The
alternative model's parameters are specified to attain these objectives. The
model is consistent with the excess return market model and a two factor
arbitrage pricing model,15 and inconsistent with the CAPM. This setup
facilitates an investigation of the ability of the test to distinguish the
CAPM from a plausible alternative model.

For the analysis the mean and variance of the excess return on the market
are set to 0.01 and 0.0016 respectively, for sixty monthly observations, and

adjusted appropriately for 240 observations. The mean of the second factor is

13



set to 1.0. For the variance of the second factor we consider five values,
2.0, 4.0, 6.0, 9.0, and 16.0. The residual variance of the two factor

model (02) is set to 0.0001 for twenty portfolies and 0.0002 for forty
portfolios. These values for the variance of second factor and the variance
of the two factor model residuals will make the covariance matrix of the
excess return market model residuals from this two factor model roughly
consistent with possible sample estimates.

Several values for the variance of the second factor are considered in
order to vary the factor's importance. Generally, as we shall see later, the
importance of the factor can be quantified by its mean squared divided by its
variance. The higher the value of this quantity, then the greater the

16

importance of the factor. In the cases considered the factor's mean squared
divided by its variance ranges from 0.0625 to 0.5. These values are all
higher than one would typically propose as being the population value of this
quantity for the excess market return. '/

For the model to be well specified, it 1s necessary for the weighted sum
of the delta coefficients to be zero. '8 To satisfy this requirement the delta
coefficients are assigned equally spaced values from -r/2 to r/2 where r is a
prespecified range. For example, with 40 portfolios and a range of 0.01, the
deltas extend from -0.005 to 0.005 with incremental changes of 0.0002564.
After specifying the values of the delta coefficients, the coefficients are
randomly assigned to one of the portfolios.

With knowledge of the range of the second factor coefficients and the
mean of the second factor, statements concerning the difference in the
expected returns of two assets in this two factor world are possible.19 With
a range of 0.005, the expected returns of two portfolios with the same market

beta can differ by one half of one percent per month. With a range of 0.01,

14



the possible difference is one percent per month. The implied difference for
two individual securities with the same market beta is even larger, with its
magnitude depending on the cross-sectional distribution of the deltas and the
ability to form portfolios based on the true deltas. Clearly, these
differences are economically important, and it is of interest to see if the
tests can detect the presence of such a second factor.

For the results presented, two values of r (on a monthly basis) are
considered. For forty portfolios, the values of r considered are 0.01 and
0.005. For twenty portfolios the values of r considered are 0.00974 and
0.00487. The ranges for twenty portfolios are chosen to be equal to the
ranges that will result from ordering the forty portfolios by their delta
value and then forming a new portfolio from every two portfolios. This
procedure assumes one can sort the forty portfolios based on their true delta
coefficient and consequently conclusions from power comparisons of the twenty
portfolio case vs the forty portfolic case are of limited usefulness.

With the given specification the noncentrality parameter of the

distribution of 8, can be calculated. Using

a = Suh (16)
L = 66'02+021 (17)
h
we have
u2
2 L2 2.1-1 my-1

l:TuhG'[Sﬁ O'h+UI] 6[1+;§] (18)

m

conditional on the sample mean and variance of the market being equal to their
population values. The value of A can be calculated for each portfolio-

observation-second factor variance-coefficient range combination. Given i, we

15



compute the power analytically using the noncentral F distribution. Table i
reports the power of the test with this two factor alternative.

Table 4 is divided into five panels based on the variance of the second
factor. Panel A contains the results when the second factor variance is
2.0. The power of the test ranges from 0.16 to 0.80 at the five percent level
of significance. The power is 0.16 with forty portfolios, sixty observations
and a second factor coefficient range of 0.005. With twenty portfolios, 240
observations and a second factor coefficient range of .00974 the power is
0.80. Although this may seem to be a reascnable level of power, recall we are
considering a factor substantially more important than the market and
coefficient values that could lead to expected returns on two securities with
the same market betas differing by over 12 percent on an annual basis. As we
proceed from Panel A through the table, the power situation degenerates. In
Panel E, which considers the case where the second factor variance is 16.0,
the power is very low with a maximum of 0.14 at the five percent significance
level for all the cases. In this situation the second factor mean squared
divided by its variance is 0.0625, a value similar to sample estimates for the
excess return of the market. This implies that if the true model is a two
factor model, with the second factor and the market of about equal importance,
the tests are very unlikely to distinguish between the single factor CAPM and
the two factor model.

From Tabie Y4 we can draw some conclusions concerning the test design.
Increasing the frequency of observation from sixty observations per period to
240 observations per period results in considerable power increases for the
cases with a low second factor variance. The increased power results from
more precise estimation of the excess return market model residual covariance

matrix.0 As the variance of the second factor inereases, the gains diminish

16



because the deviation from the CAPM is difficult to detect independent of the
precision of the residual covariance matrix estimator. When the alternative
model is a multi-factor model, the tests, using an unspecified alternative
hypothesis, sixty observations, and forty portfolios, are virtually useless,
These tests have low power even when the second factor is important. The
tests using twenty portfolios are consistently more powerful than the tests
using forty portfolios. However, this result is not general but depends on
the ability to group the assets into portfolios in a manner that does not wash

cut the deviation from the CAPM,

5. ANALYSIS OF THE POWER CHARACTERISTICS

The results of Section Y4 indicate that the multivariate tests lack the
power to detect plausible deviations from the CAPM. Yet, in contrast to these
results, Gibbons (1980, 1982) and Stambaugh (1981) present simulation results
indicating the tests have reasonable power. We solve this discrepancy by
examining the link between economically plausible deviations and the
noncentrality parameter of the test statistic distribution.

In the Sharpe-Lintner model framework, deviations from the model exist
when any of the elements of the vector o have a nonzero value (see Section
2). To link the deviations to a noncentrality parameter one needs tc specify
this vector, and then given appropriate values for T, I and [1 + ;i/ai]
compute the noncentrality parameter using equation (8)}. For the initial

analysis in this section [1 + “;/G;] will be approximated by 1, and then we

have

A=Ta'l o . (19)

First, consider the specification where the elements of o do not obey any

particular relation across assets but are zero on average. This specification

17



is similar to that considered by Gibbons (1380, 1982) and by Stambaugh (1981}
in the evaluation of the tests of the Black model. The elements of a are
chosen in the same manner as the second factor coefficient vector elements are
chosen in Section 4. This method randomly locates equally spaced values of «
coefficients in the a vector. The values of the a coefficients are specified
by dividing the given range centered about zero into N equally spaced

points. For example, with forty portfolios and a range of 0.01, the a
coefficients take on the values 0.00500, 0.00474, 0.00449, . . ., -0.00474,
and -0.00500. Using the excess return market model residual covariance
matrices previously employed (see Section 3), the value of the noncentrality

parameter can be calculated using
A =Ta't a (20)

where a is a (N x 1) randomly assigned parameter vector. For the twelve
sample estimates of the residual covariance matrix, 200 values of A are
randomly generated for the a coefficients having a range of 0.00974 for twenty
portfolios and a range of 0.01 for forty portfolios. To obtain noncentrality
parameters for other ranges these values are appropriately scaled. The other
ranges considered are 0.00195 and 0.00487 for twenty portfolios, and 0.002 and
0.005 for forty portfolios. For each ) the pouwer of the test is calculated
assuming that A is the noncentrality parameter of the alternative
distribution. The average power for each covariance matrix and range
combination is then calculated using the mean of the power across the 200
values. Table 5 reports the results for the case of sixty observations.
Consistent with the results of other studies, the tests, using this
alternative hypothesis, have considerable power. At the five percent

significance level, with the range of the alpha coefficients set to 0.00487,
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the null hypothesis will be rejected about 90 percent of the time for twenty
portfolios. With a range of 0.005 for the alpha coefficients, the null
hypothesis will be rejected about the same amount of the time for forty
portfolios. This 90 percent rejection rate is substantially higher than the
rejection rates of 19 and 10 percent, for twenty and forty portfolics
respectively, we find using the same specification for alpha in a two factor
model framework (in Section 4 and Table 4, Panel C).

The dramatic difference in the two situations iIllustrates the importance
of the covariance structure of the residuals in the power analysis. When the
deviations from the model are randomly introduced without regard to the
covariance structure of the residuals, the tests have reasonable power.
However, when the same sort of deviations are introduced using a factor model,
the tests are very weak. When the alternative hypothesis is a two factor
model, the deviations are reflected in the residual covariance matrix, as well
as the alpha vector. When the magnitude of the deviation is larger, the
residual variance is also larger, making the deviation more difficult to
detect. The covariances are also important. With deviations introduced by a
factor model, the residuals of assets with deviations with the same sign will
be positively correlated and residuals with deviations with different signs
will be negatively correlated (neglecting other influences on the covariance
structure). This phenomena results in weaker evidence against the null
hypothesis than if, for example, the residuals are unceorrelated.

Statements concerning the power of the test against alternatives as the
arbitrage pricing model (Ross [1976]) or the intertemporal CAPM (Merton
[1973]) are not possible without consideration of the residual covarilance

matrix structure. We can establish an upper bound on the value of the
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noncentrality parameter if the true model is a factor model. Consider the two

factor model introduced in Section 4.

z, = Bzmt + 6th +uy (21)

L=
7]
1]

T

1
EuSut

Iton
<o
[77]
H
ctr

2y
Zyp "~ N (uh, ch) independent of z_, and u

One factor is the market portfolio and the other factor is a normally
distributed variable orthogonal to the market. Cross-sectional independence
of the errors is not imposed. From this model, the parameters of the excess
return market model are

a = Suh (22}
- L] 2
L=88'q + 0. (23)

For the F-test of the Sharpe-Lintner model, the noncentrality parameter of the

distribution of the test statistic is
A = T[1 + —*]-1 a'l w . (24)

a and ¢ from equations (22) and (23) can be substituted into equation (24)

giving

i} _m 2 irsstal
A= T[1 + us'[ssra + @] 5 . (25)
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Analytically inverting the residual covariance matrix gives

"2 2
i a
A= T[1 + :%]'1 pia'[o'i - o 1 2 ss'e™ s
a 14+ 06.8'0 &
m
Simplifying we have

a1 e s

= T s =T S ] . (26)
2 2 2., -1
g a 1+ a0 6'¢ '§
m h h

o< [1+8 <. (27)

2
0 < —2b < 1 (28)

since c§6'¢'15 is non-negative. Using (27) and {28) the upperbound for X is

established. From (26) we have
A< T — . (29)

The mean of the factor squared divided by the variance of the factor, and the
length of time period determine the upperbound. In Appendix A4, this
upperbound for the noncentrality parameter is generalized for an alternative

model with the market and multiple factors.
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This upperbound has implications concerning the ability of the tests to
distinguish between the one period CAPM and other alternative factor priecing
models. Suppose the second factor has a mean and variance equal to the mean
and variance of the excess market return. What are the chances of detecting
this second factor with an unspecified alternative hypothesis? Using 0.006 as
the monthly expected excess return on the market and 0.04 as the monthly
standard deviation of the excess return, and using five years (sixty months)
as the length of time period, one can calculate the maximum power of the tests
for a given number of portfolios. From equation (29}, the upperbound of the
noncentrality parameter is 1.35. This implies that for any number of
portfolios the tests have little power to reject the null hypothesis.

This low upperbound using plausible excess market return parameters also
implies that inferences may not be overly sensitive to the exact

identification of the market portfolio.2!

Stambaugh (1981, 1982} presents
results consistent with this impliecation. Also, if the market is not
identified as a factor, the same analysis leads to an upperbound on the power
of a test for the equality of all expected returns. Thus, it is not
surprising that in many time periods Shanken (1985) is unable to reject the
hypothesis that the expected returns on all assets are equal,

It is well known that the problem of testing the CAPM is directly related
to the problem of testing the mean-variance efficiency of a given portfolio,
Kandel and Stambaugh (1986) and Shanken (1986b) consider the problem of
testing the mean-variance efficiency of the market portfolio., They address
the question of the sensitivity of inferences to the portfolio selected as the
proxy for the market portfolio. They explore the question of how small the

correlation between the market proxy portfolio return and the true tangency

portfolio return must be to reverse inferences about mean-variance
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efficiency. In a mean-variance framework, the upperbound from (29) allows an
exante statement about the sensitivity of inferences to the proxy chosen for
the market portfoliac. To do this using the two factor model in this paper, it
is necessary to interpret the second factor as the excess return on a
portfolioc and to interpret the market portfolio as a proxy for the market
portfolio. Then, using the assumption that the second factor portfolio is
orthogonal to the proxy for the market portfolio and the condition that the
second factor portfolic and the proxy for the market portfolio can be combined

to form the tangency portfolio,22

we can express the expected excess return of
the second factor portfolio squared divided by the variance of the second
factor in terms of the means and variances of the market proxy and tangency
portfolio excess returns and the correlation between the returns of these
pertfolios. This allows the upperbound on the noncentrality parameter of the
distribution of the test statistic to be expressed in terms of the proxy

portfolio and tangency portfolio parameters and hence, a statement about the

sensitivity of inferences to these parameters.

6. THE EMPIRICAL EVIDENCE

We present tests of the Sharpe-Lintner model for completeness. All tests
are conducted using excess returns where one month treasury bill returns are
used as the riskfree asset return.

Table 6 reports the results of the Sharpe-Lintner model tests using
monthly data and the excess return market model as the alternative
hypothesis. The number of restrictions tested is equal to the number of
portfolios (either twenty or forty). The CRSP equal weighted index is used as
a proxy for the market portfelic return. Six five year time periods are
considered, beginning with January 1954 and ending with December 1983.

Although the model can be rejected at the 5 per cent significance level in
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some subperiods, it cannot be rejected for the overall thirty year period for
either the beta sorted portfolios or the size sorted portfolios at the 5 per
cent level. The lowest overall p-value is 0.082 for the twenty size sorted
portfolios.23

These results are consistent with previous results that have employed the
market model as the alternative hypothesis. Using an unspecified alternative
hypothesis, violations of the CAPM are difficult to detect.

Table 7 reports tests of the Sharpe-Lintner model using the alternative
that the observed riskfree rate is the true riskfree rate minus a constant.
These tests can also be interpreted as tests of the Sharpe-Lintner model with
the Black model as the alternative. These tests are similar to tests Black,
Jensen and Scholes (1972) present. The null hypothesis is the expected zero
beta portfolio excess return is equal to zero. As in previcus studies, the
estimates of the expected excess return on the zero beta portfolio are
generally greater than zero. The only exception is the fifth time period
which includes the years when the market had a large negative return. For the
test with twenty beta sorted portfolios the overall p-value for the null
hypothesis less than 0.001. This value differs markedly from the overall
p-value of 0.25 for the test of the same model using the same data but an
unspecified alternative hypothesis., For forty portfolios the p-value with a
specific hypothesis is 0.056 versus a p-value of 0.96 with the vague
alternative. These results illustrate the potential for increased power using
a specific alternative hypothesis.

The final empirical results are tests of the CAPM using weekly data. In
previous sections, it is shown that power gains are possible using more
frequent observations. For these tests, we construct weekly returns from the

CRSP daily stock return tape. The time period considered is the 1120 weeks
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from July 4, 1962 to December 20, 1983 inclusive. The 1120 week period is
divided into four periods of 280 weeks. Sets of twenty and forty portfolios
are formed based on the out of period betas in the same manner as for monthly
data. To be eligible for inclusion a stock must have complete returns for the
280 week period under consideration and at least one adjacent 280 week

period. The number of stocks eligible for inclusion range from 1235 for the
first time period to 1883 in the third time period. Weekly treasury bill
returns are constructed from monthly returns by assuming the returns are equal
for each week in the month. Although this method of approximation will smooth
the weekly returns, the effect on the tests should be minimal. The test
results reported in Table 8 differ from the tests with monthly data.zn The
Sharpe-Lintner model is rejected in all cases. However, these results should
only be interpreted as being suggestive. Unlike for monthly returns,
extensive diagnostics assessing the appropriateness of the assumption that
returns are independently and identically distributed have not been undertaken
for weekly returns.

The empirical results are consistent with the analysis of the first five
sections. Using the market model as the alternative hypothesis, the monthly
data are consistent with the CAPM. However, the Sharpe-Linter version of the
CAPM can be rejected at low significance levels with a specific alternative
hypothesis. Tests conducted with weekly data are not consistent with the
CAPM, but further empirical analysis of the appropriateness of the

distributional assumptfions adopted is necessary before relying on these tests.

7. SUMMARY
This paper addresses the ability of multivariate tests to detect
economically important deviations from the Capital Asset Pricing Model. The

results indicate that, with an unspecified alternative hypothesis, an
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important determinant of the power is the type of deviation present. The
tests can have reasonable power if the deviation is random across assets. But
if the deviation is the result of missing factors (as is the case in many
competing models), the tests are quite weak. There exists an upperbound
(depending on the missing factor parameters) on the distance the distribution
of the test statistic under the alternative can be from the distribution under
the null hypothesis. This distance will be relatively small for reasonable
missing factor parameters.

Power gains are possible by introducing a specific alternative
hypothesis. Using a specific alternative hypothesis we reject the
Sharpe-Lintner version of the CAPM., These findings are consistent with
earlier tests of the model and with other work which has rejected the CAPM by
using a specific hypothesis. For example, see Banz (1981), who rejects the
CAPM by specifying an alternative hypothesis with the deviation related to the
market value of the equity.

The dependence of the power on the number of portfolios included and the
observation interval is investigated. We consider systems of both twenty and
forty portfolios. The findings generally favor the use of twenty portfolios,
although the results are dependent on the ability to form portfolios without
eliminating the violation of the model. The power of tests with forty
portfolios and sixty monthly observations is very low when using an
unspecified alternative. Under ideal conditions significant increases In
power are possible by measuring returns more frequently. In practice the
gains may not be as large because decreasing the observation frequency below a
monthly interval strains the normality and independence assumptions.

The results suggest that one should be cautious in interpreting the

rejection of one model against an unspecified alternative hypothesis as
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evidence in favor of an alternative model. If an alternative model is
available, the relevant comparison is between the current model and the
alternative model. A rejection of the current model against an unspecified
alternative is often interpreted as evidence in favor of the alternative
model. This phenomena has happened somewhat with tests of the CAPM against an
unspecified alternative. Initially some researchers interpreted Gibbons'
rejection and more recently Shanken's (1985, 1986b) rejection of the CAPM as
evidence in favor of the Arbitrage Pricing Theory. However, this paper
illustrates that the distribution of the test statistic in an APT world is
likely not to be very different from the distribution in a CAPM world making

such an interpretation, without further investigation, inappropriate.
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APPENDIX A

DERIVATION OF NONCENTRALITY PARAMETER UPPERBOUND

True model specification:

Zt = 2] th + i ft + He

(Nx1) (Nx1) (Nxk)(kx1) {(Nx1)

(an)

Eft = u

Var(ft)

H
<

Eut =0

"n
e

Var(ut)
Zpyt ) fy and u, are independent of each otner.
Excess return market model specification:
Z, =0+ Bz .+ € (A2)
Var(et) = I

For the Sharpe-Lintner model F-test, the noncentrality parameter of the

distribution of the test statistic (conditional on th) is

= T[1+ —m]-1 a'z (A3)
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Taking the expectation of (A1) arnd (A2) gives

a = Ap {al)
L= AVA' + ¥ (A5)

Decompose V such that
V = LL' (46)
then define r = AL (AT)
8 =Ly (88)
then a = T8 (A9)
I =TT + ¥ (410)

Substitution of (A9) and (A10) into (A3) gives

SRNEEN

xo= T[1 + ]'1 e'r'[rr'+w]'1re (a11)

Q »

[rr'+0] can be inverted analytically (see Morrison [1976] page 69)

1 -1 1 1 -1

(re' + ¥} ' =¥ - w'1r(1+r'w' r) 'y (a12)
Substitution of (A12) into (A11) gives
;2
A= T[1 + :%]'1 e'r'[w'1-w’1r(I+r'w'1r)'1r'w'1]re
a
m
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Simplifying

e'[r'w'lr-r‘w'1r(1+r'w’1r)"ﬁr'w'1r]e

+ = e'[r'w'ir(l - (Teny! 1r'w‘1r]]e

11
H

r)

1

o' [rry ' r(Terty” 0" e

I
2
+
)|

e'[(1+r'w'1r)(r'w'1r)'1]‘19

1]
=,

+

|

1 —1]—1

H
=
+

E
L

8'[I+(T'¥™'T) 8

To establish the upperbound consider the following identity

0'e = 8'[I + (re” iy 4 (rre” 'y e
=8'[1 + (v ) e v et (1 4 (r'w'1r)'1]'1(r'¥'1r)'1e
' r'1 -11-1 1
From (A14) o'[T + (r'e”'r)” |T 8 <0'0
since 8'[I + vy e e 2 0
. "2, 2, .
Since o /cm is non-negative we have
;2
0 < [1+=2]" <
2
g
m
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"2

i
_1]_18 and T[1 + :%
g

-1

Since @'[I + (r'¥”'r) 71 are non-negative it follows

from (A13), (A15), and (A16) that
» < Te's (437)

which established an upperbound on the noncentrality parameter. Using (46)
and (A8), (A17)} can be expressed as
A < Tp'(L_1)'L-1p

or A< Tu'V_1u {A18)

Two examples that can be helpful to interpret (A18) follow.

1. There is the market plus one factor (k = 1)
2
1
then A =T = -
1

2. The K factors are orthogonal to each other (i.e., V is diagonal)

2
K Mk
then AT £ — .
k=1 02
kK
2
1 91 5
where uo= : and Vv = 9,
u .
K -
9%
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FOOTNOTES

'n addition, Marsh (1985) presents multivariate tests in the context of
the term structure of interest rates.

2an exception is Gibbons, Ross, and Shanken (1986). They present some
power results for the test of the efficiency of a given portfolio.

3The Sharpe-Lintner version is derived by Sharpe (1964) and Lintner
(1965}.

uThe Black version is derived by Black (1972).
5see Stambaugh (1982).

6Three alternative assumptions regarding the distribution of security
returns through time are common. They are: 1} nominal returns are
independently and identically distributed through time (see Gibhons [1980]).
2) Real returns are IID through time (see Stambaugh [1981]). 3) Excess
returns are 1ID through time (see Jobson and Korkie [1982]). Using five years
of stock data it is empirically difficult to determine the most reasonable
assumption because of the high variability of stock returns.

7Strictly speaking, given the assumption that excess asset returns are
independently and identically distributed, the proper specification of the
excess return market model relies on the asset weights in the market portfolio
not changing. Although in reality the weights do change, the fixed weight
assumption is likely to be a good working approximation since there are a
large number of assets in the market portfolio. See Ferson, Kandel, and
Stambaugh (1985) and references therein for further discussions of this issue.

81t is assumed that the market portfolio cannot be formed as a linear
combination of the left-hand side assets. With this assumption the residual
covariance matrix is full rank.

IThe analysis requires N to be less than T - 1 in order for the sample
estimator of I to be full rank.

*OThe distgibution of 8, conditional on the market return follows from
the Hotelling T literature and is a direct application of theorem 6.3.1 in
Muirhead (1982, page 211}.

HGibbons, Ross, and Shanken (1986} also consider the power of the
test. They consider a case where the excess return market model residual
covariance matrix has equal off diagonal elements.

1250¢ Gibbons (1980) or MacKinlay (1985).

13These results are in MacKinlay (1985).

1U’I\Iat:ur-ally, the power gains documented depend on the researchers ability

to specify a reasonable specific alternative hypothesis. Given the difficulty
of such a task, it is unlikely that the gains in practice would be as large.
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157he arbitrage pricing model is due to Ross (1976}.

16Of‘ course, the coefficients associated with the factors are also
relevant. See Section 5.

17Using 30 years of monthly data from January 1954 to December 1983, the
sample values for the mean excess return of the market squared divided by the
variance of the excess return are 0.026 for the equally weighted CRSP index
and 0.016 for the value weighted CRSP index.

18This condition is a result of the fact that the market portfolio return
is a weighted sum of individual asset returns. When not all assets are

included the condition need not hold exactly. However, it is likely that the
condition holds approximately.

197nese implied differences assume the deltas of the assets are
independent of the betas.

2OMacKinlay (1985) takes this analysis one step further by considering
the power for the extreme case where the residual covariance matrix is
known. The results indicate that for twenty and forty portfolios much of the
possible power gains are realized by going from sixty to 240 observations.

2%Ro11 (1977) emphasizes this potential problem.

22Tnis condition follows from the fact that the intercept in the two
factor model is equal to zero.

23For this test and some of the following tests, i1t is necessary to
aggregate independent F-statistics to obtain an overall test statistic. The
F-statisties are summed together to form an overall test statistic. The null
distribution of the aggregate test statistic is approximated by a Chi-square
distribution. To get the Chi-square approximation, the F distribution for the
individual period is approximated by a Chi-square distribution and the
individual period Chi-square distributions are added together. For example,
in Table 6, the F-test of the Sharpe-Lintner model with twenty portfolios has
a null F distribution with 20 and 39 degrees of freedom. The F can be
approximated by (0.086) X2 with 12.28 degrees of freedom by matching the first
two moments of the distributions. Then, the Chi-square distribution for the
individual periods can be_aggregated giving a null distribution for the six
time periods of (0.086) X2 with 49.12 degrees of freedom.

2”The results using weekly data and monthly data are not directly

comparable. For the weekly results both NYSE and AMEX stocks are used. For
the monthly results only NYSE stocks are used.
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Table 2

Fower table for Sharpe-rintner model test using the excess return market m

an the alternative hypothests.?
Y 20 portfolios-60 observations 20 port{ollos-240 observations 40 portfollos-60 observations U0 portfolios-240 cbservations
[4] —_
Norcentra- Nongentra- Noncentra- . _ Nongentra-
Adwﬂw”w Ity para- plreject n.o?.:ou 1ity para- plreject Quo_n.acv 1ity para- pireject :;Q_a ar2> 1ity para- plreject o o_aueou
3 meter® .05 .o meter 05 .m meter .05 .m melor .05 .01
Fanael A: Based on time period 1 sample mmw_amwmwa
0.000 0.00 7.05 0.0 0.00 0.05 0.0 0.00 .05 0.01 0,00 0.05 0.01
0.002 1.05 0.07 0.02 1.67 0.08 0.02 3.37 0.07 g.02 31.88 g.11 2.03
0.00% 5.81 0.16 ©.05 6.68 0.24 0.09 13.5 0.16 0.0 15.5 a.uo .18
0.006 13.1 0.37 g.15 15.0 0.57 0.32 30.M c.38 .14 34.9 0.86 0.66
0.c08 23.2 n.67 0,38 26.7 0.88 0.7t 54.0 0.68 0.36 62.0 0.99 .97
0.0 36.3 0.89 6.69 .7 n.98 0.95 8,3 0,90 0.66 96.9 1.00 1.00
Panel B: Baaed on time period 3 sample estImates®
0.000 0.00 .05 0.m 0.00 0.05 0.0% 0.00 0.0% 0.01 0.00 0.05 0.01
D.002 0.53 0,06 0.01 0.5% 0.06 o.m 0.82 0.06 0.0 0.9 0.06 0.0l
0.004 2.10 0.08 G.02 2.35 0.10 0.03 3.30 0.07 0.02 31.63 ¢.10 0.03
0,006 L.81 0.tY ¢.ol 5.29 0.19 0.06 T.0h2 0.10 0.03 a.17 0.20 .0n.c6
0.008 8.5l 0.24 0.08 9.1 0.35 0.15 13.2 0.16 .ol 1h.9 .37 0.16
0.01¢ 13.4 0.38 0.16 14,7 0.56 0.3t 20.6 0.2% c.08 22.7 0.61 0.35
Panel C: Baaed on time perlod 5 sample muw_amwmun
0.000 ©,00 0.05 0.0 0.00 0.05 0.01 0.60 0.05 c.m .00 .05 0.0
0.002 0.31 0.05 0.0t 0.3 0.06 0.01 0.76 0.05 0.0 0.77 0.06 0.01
¢.004 1.24 0.07 0.02 1.25 0.07 o.02 3.05 0.07 0.02 3.08 0.09 0.02
0.006 2.78 0.0 0,02 2.8 0.1 0.03 6.87 0.10 0,02 6.9 0.17 0.0%
0.008 b.9% 0.t 0.0t 5.00 0.18 0.06 12.2 0.15 .04 12.3 .3 0.12
D.010 T.73 0.21 0.07 7.81 0.28 0.1 1.1 0.213 0.07 19.3 0.5 .27
4peviations from the Sharpe-Lintner model are ntroduced by assuming the riskiree rate {9 measured with rcrror, 49 1s the (conatant)
measurement error. The value of the excess return markel model {ntercept vector nnou 1a specifled using Ay " v {(y~-8). Sample estimates are
used to asalgn valves to the excess return market model rarameter B. When Yy equals zeroc, a, equals zero art s Sharpe-Lintner model ia
true. The null hypothesls is o = 0 and the alternative hypothesis is a = 0,
B1he monthly value of 40 specified corresponds to the cases of alxty observatlons. For the cases of 20 trervations the vatue of 40 uzed

is the monthly value divided by U,

SThe noncentrallty parameter (A} is caleulated by subatituting the sample estimates of the excess retur

matrix (L),

the mean excess return of the market ﬁcau. an:d the varlance of the excess return of the marketl {

97)me pertod 1 1s 1/50 to 12/58,

®Time perlod 3 is 1/60 to 12/68.

1ﬁ_am period 5 1s 1/70 to 12/78.

irket model realdual covariance

into & = qamm
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Table 4

power of tests of Sharpe-Lintner model with the excess return market model as the alternative hypothesis.
The true model is a two factor model with the excess market return as the first factor and a second factor
that has a mean of one and is orthogonal to the first factor.

Number of Number of Range of Residua]b Noncentrality Power of Test
portfolios observations second factor variance parameter 0.05 G.oy
coefficients? ) )
Fanel A: Second factor monthly variance 2.0
20 60 0,487 1.0 13.18 0.38 0.1%
20 240 0,487 0.2% 13.70 0.52 0.28
20 60 0.974 1.0 22.06 .64 0.36
20 2hQ 0.974 0.25 - 22.82 0.80 0.%9
4o 60 0.5 2.0 13.'9 0.16 .04
40 240 0.5 0.5 13.68 0.35 0.%%
49 60 1.0 2.0 21.97 G.27 0.09
40 240 1.0 0.5 22.79 0.6 0.35
panel B: Second factor monthly variance 4.0
20 60 0.487 1.0 8.97 0.25 0.09
20 240 0,uB7 0.2% 9.38 0.35% 0.15
20 60 a.974 1.0 12.35% 0.35 0.4
20 240 0.974 0.25 12.92 0.49 0.29
40 60 0.5 2.0 8.99 0.2 0.03
40 240 0.5 G.5 9.37 0.23 .08
40 60 1.0 2.0 12.36 0.5 0.04
4o 240 1.0 0.5 12.91 0.33 0.13
panel C: Second factor monthly variance 6.0
20 60 0.u87 1.0 6.80 0.9 0,06
20 240 0. UuB7 .25 7.12 0.26 0.0
20 60 0.97U 1.0 8.59 0.24 0.08
20 240 0.974 0.25 5.99 0.33 0.4
40 60 0.5 2.0 6.82 0,10 0.02
uo 2U0 8.5 0.9 7.1 0.17 0.05
40 60 1.0 2.0 8.59 n.12 0.03
40 240 1.0 0.5 5.98 0.22 .07
pPanei D: Second factor monthly variance 9.0
20 60 0.487 1.0 5.00 0.4 0.04
20 240 0. 487 0.25 5.23 0.'9 3.06
20 60 0.974 1.0 5.90 0.7 0.04
20 240 0.974 0.25 6.17 D.22 0,08
4G 60 0.% 2.0 5.01 0,08 0.02
Lo 240 0.9 0.5 5.23 0.3 0.0
40 60 1.0 2.0 5.90 0.09 0.02
40 240 1.0 0.5 6.17 0.15 0.04
Panel E: Second factor monthly variance 16.0
20 60 0. u87 1.0 3.09 0.10 0.03
20 2u0 0.487 0.25% 3.23 0.13 0.02
20 60 ‘ 0.974 1.0 3.4 .1 0.03
20 240 ) 0.974 0.25 31.56 0.4 0.04
40 60 G.% 2.0 3.09 0.07 0.02
4o 240 0.5 0.5 3.23 0.10 ¢.,02
40 60 1.0 2.0 3.1 0.07 0.02
49 240 1.0 9.5 3.56 ¢.10 0.02

Thne second factor ccefficients are centered aboub zero. The range is scaled by 102,

bThe residual variance of the two factor model is scaled by 10“.
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Table ©

Tests of Sharpe-Lintner model using monthly observations
and using the excess return market model as the alternative model?

Beta sorted portfolios Size sorted portfolios
HQMﬁﬁu 20 portfolios 40 portfolios 20 portfolios 40 portfolios
pertod test p-value test p-value test p-value test p-value
statistic statistic statistic statistic

1 2. 11 .023 G.94 .58 1.26 .26 1.46 .19

2 1.65 .089 0.99 .h3 1.63 .094 0.89 .63

3 0.75 .15 0.48 .97 1.53 13 0.70 .83

4 1.14 .35 1.18 .36 1.00 .48 1.11 42

5 0.68 .82 0.61 .91 1.82 .054 1.22 .33

6 0,66 .84 0.52 .96 0.60 .89 0.70 .83
Overall® 6.99 0.25 4.72 0.96 7.84 0.082 6.08 0.68

The test presented is the Sharpe-Lintner F-test. The appropriate null distributions are (from left to right)
F20,39+ Fu0,190 F20,39, and Fyg 1g-

PThe six test periods are 1/54 to 12/58, 1/59 to 12/63, 1/64 to 12/68, 1/69 to 12/73, 1/74 to 12/78, and 1/79 to
12/84.

CThe overall p-values are calculated by approximating the F-distribution with a Chi-square distribution and then
using the sum of the Chi-square distributions for inferences.



Table T

Tests of Sharpe-Lintner model using monthly returns

and beta sorted portfolios with a specific alternative hypothesisa

20 portfolios 40 portfolios
Test = =
period Y Y. ¥ T.c
(% per month) tly) (% per month) (v

1 0.71 3.55 0.44 2.32
2 0.74 2.74 0.4 1.71
3 0.22 0.71 0.051 0.12
y 0.37 1.06 0.53 1.29
5 -0.21 -0.U9 -0.61 -1.49
6 0.58 1.57 G.10 0.26

ror the results of the table the restriction e« = y(1 - 8) is imposed on
the intercept vector of the excess return market model. o is the intercept
vector and B8 is the coefficient vector associated with the excess market
return. The specific hypothesis tested is v = 0.

BThe six test periods are 1/54 to 12/58, 1/59 to 12/63, 1/64 to 12/68,
1/69 to 12/73, 1/74 to 12/78, and 1/79 to 12/84. The overall p-values are
0.0004 for 20 portfolios and 0.056 for U0 portfolios. The p-values are
calculated using the assumption that the sum of the t-statistics squared has a
Chi-square distribution with six degrees freedom.

CThe t-statistics are calculated using the simulated standard errors of
y. Since the simulated standard errors generally exceed the asymptotic
standard errors, this procedure provides a more conservative test.



Table 8

Tests of Sharpe-Lintner model using weekly data and the
excess return market model as the alternative hypotheSLS

Test 20 portfolios 40 portfolios
period® test e test alue
statistic® p-va statistic® p=
1 2.43 0.0008 1.63 0.014
2 0.90 0.59 0.69 0.92
3 2.88 0.0001 1.81 0.0037
y 1.61 0.050 1.08 0.35
Overall 7.82 #xd 5,21 0.02

AThe tests are based on beta sorted portfolios and 280 weekly

observations per test period.

Prhe four test periods are 7/6/62 to 11/22/67, 11/23/67 to 4/4/73, #/5/73

to 8/16/78, and 8/17/78 to 12/28/83.

CThe null distribution for twenty portfolios is Fop ,2597 and for forty

portfolios the null distribution is qu 239+

d%%| oss than 0.0001.



Table 3
Power table for the Sharpe-Lintner model test using a specific alternative
hypothesis. When Yo equals zero the Sharpe-Lintner model is true.

Y 20 portfolios-60 observations 20 portfolios-240 observations 40 portfolios-60 observations 40 portfolios-240 observations
Anomnswm Yo plreject 4uoﬁ<n4ov Yo plreject 4uo_<u<ov Yo pl{reject «uo_«u<ou Ty pl{reject <uo_4u<ov
vatue o .05 01 p .65 L0 a .05 .01 o .05 S0
Yo Yo Yo . Yo
' panel A: Based on time period 1 sample estimates
0.000 0.00 0.05 0.0t 0.00 0.05 Q.01 0.00 0.05 .01 0,00 0,05 0.01
0.002 1.00 0.17 0.06 1.19 0.22 0.08 1.05 0.18 .06 .72 J.41 0.20
0.004 2,00 0.52 0.28 2.38 0.66 0.42 2.1 0.5%6 .32 3.45 0.93 0.81
0.006 3.00 0.85 Q.66 3.57 0.95 0.84 3.16 0.89 0.72 5.17 1.00 1.00
0,008 4.00 0.98 0.92 4.76 1.00 0.99 4.21 .99 0.95 6.89 1.00 1.00
0.010 5.00 1.00 0.99 5.95 1.00 1,00 5,27 1,00 1.00 B8.62 1,00 1.00
Panel B: Based on time period 3 sample estimates
0.000 0.00 0.05 0,01 0.00 0.05 d.0 0.00 0.05 0.M 0.00 0.05 0.01
Q.002 0.65 0.10 0,03 0.69 Q.1 0.03 0.49 0.08 0.02 0.85 0.%14 0.04
U.0ud 129 0.25 0.10 1.39 0.29 0.12 0.98 G.17 0.06 1.69 0.39 0.19
4. 006 1.94 (.49 0.26 2.08 0.55 0.31 1.46 0.31 0.13 2.54 0,72 0.48
0.008 2.58 0.73 0.50 2.78 0.79 0.58 1.95 0.50 0.26 3.38 .92 0.79
G.010 3.23 0.90 0.74 3.47 0.93 0.81 2.44 0.68 0.44 4.23 0.99 0.95
panel ¢: Based on time period 5 sample estimates
0.000 0.00 0.05 0.0t Q.00 0,05 o.M 0.00 0.05 0.01 0,00 0.01 0.05
0,002 0.47 0.08 0,02 .53 0.08 0.02 0.49 0.08 0.02 0.78 0.12 0.04
0.004 0.93 0.15 0.05 1,05 0.18 0.0/ 0.98 0.17 0.06 1.56 0.35 0.15
0.006 1.40 0.29 0.12 1.58 0.35 0.16 1.46 0.3 0,13 2.34 0.65 0.41
0.008 1.86 0.46 0,24 2.1 0.56 . 0.32 1.95 0.50 0.26 3.12 (.88 0.71
0.0 2.33 0.64 0,40 2.63 0.75 0.52 2.494 0.68 .44 3.91 0.97 0.3

a . . . N . .
The results of this table are based on the simulated standard error of y and assume that the sample estimator of v Adivided by the simulated standard
error has a standard normal distribution,



Table 5

power summary for Sharpe-Lintner tests with o randomly assigned values®

Number Sorting Time Panel & Panel B Panel C
u01ﬂWMHHow variables period — — —
) P 6(2) Power A s(1) Power A s(x) Power
20 Beta 1 8.8 2.1 0.25 55 13 0.97 219 52 1.00
3 6.1 1.5 0.7 38 9.5 0.88 152 38 1.00
5 6.4 2.0 0.18 40 13 0.88 160 51 1.00
Size 1 9.3 2.1 0.26 58 14 0.98 232 54 1.00
3 6.9 1.9 0.19 43 12 0.91 172 48 1.00
5 7.4 2.0 0.21 46 13 0.93 185 51 1.00
40 Beta 1 18 5.7 0.22 115 36 0.9Y4 459 142 1.00
3 14 4.6 0.17 87 28 0.87 349 114 1.00
5 21 10 0.26 132 64 0.94 227 255 1.00
Size 1 22 7.2 0.27 136 45 0.96 LY 179 1.00
3 16 5.6 0.20 101 35 0.9 403 139 1.00
5 17 5.8 g.21 106 36 0.92 425 145 1.00

81dentification of Panels:

Panel Range of Alphas
20 portfolios 49 portfolios
A 0.00195 0.002
B 0.00487 0.00%
C G.00974 0.01

=1 -1 =

b w is tne noncentrality parameter estimated using A = Ta I a. a is randomly assigned equally spaced fixed valucs without replacement
about zero in the specified range. The mean of the sample of noncentrality parameters (defined as MV is based on 200 replications for each
residual covariance matrix (L) considered. The sorting variable and time period identify the sample 1wmwacm~ covariance matrix used as the true
covariance matrix to compute M. The power presented is the average of the power asscciated with each A, at the five percent level of
significance. For 20 portfolios the appropriate distribution for the test statistic is mmo.wwﬁ»v. For 40 portfolios the appropriate

distribution is F {(1). The same random sample is used for each panel,.

40,19



