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Sensitivity of Multivariate Tests of the 
Capital Asset-Pricing Model to the 

Return Measurement Interval 

PUNEET HANDA, S. P. KOTHARI, and CHARLES WASLEY* 

ABSTRACT 

The capital asset-pricing model's (CAPM) primary empirical implication is a posi- 
tively sloped linear relation between a security's expected rate of return and 
its relative risk (beta). Recent research indicates that inferences about the risk- 
return relation are sensitive to the choice of the return measurement interval. 
We perform multivariate tests of the Sharpe-Lintner CAPM using monthly and 
annual returns on market-value-ranked portfolios. The CAPM is rejected using 
monthly returns, a result consistent with previous research. In contrast, we fail to 
reject the CAPM when annual holding period returns are used. 

THE CAPITAL ASSET-PRICING model's (CAPM) primary empirical implication is a 
positively sloped linear relation between a security's expected rate of return 
and its relative risk (beta): 

E(R,) =yo +? y11, (1) 

where E(Ri) is the expected rate of return on security i, f3i is the security's 
relative risk (beta) defined as cov(R1, Rm)/var(Rni), /y is the risk-free rate of 
return or the expected rate of return on a zero-beta profile, and Yi is the 
positive market risk premium. 

The CAPM relation (1) has been tested extensively; see, for example, 
Fama and MacBeth (1973), Gibbons (1982), Stambaugh (1982), Shanken 
(1985), and MacKinlay (1987). In testing relation (1), researchers use beta 
estimates and realized returns measured over an arbitrary measurement 
interval (typically one month). The effect of measurement error in proxies for 
"true" betas on tests of the CAPM has been examined by Miller and Scholes 
(1972), Shanken (1985), Chan and Chen (1988), and Gibbons, Ross, and 
Shanken (1990), among others. The choice of the return measurement inter- 
val in testing relation (1), however, has largely been unexplored. This is 
perhaps because theory does not provide explicit guidance on this issue, and 
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the Managerial Economics Research Center at the Simon School and from the John M. Olin 
Foundation. Charles Wasley acknowledges the support of the Olin School of Business at 
Washington University, St. Louis. 
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previous research generally assumes assets' "true" betas are invariant to the 
return measurement interval.' 

There has been recent interest in examining the implications of varying the 
return measurement interval on tests of the risk-return relation. Handa, 
Kothari, and Wasley (1989) provide evidence that cross-sectional dispersion 
in betas is an increasing function of the return measurement interval and 
that the univariate tests of CAPM are sensitive to the choice of the interval. 
In a related area, Campbell and Clarida (1987) and Lewis (1988) fail to reject 
the international CAPM using three-month holding period returns on foreign 
exchange and bonds whereas others (e.g., Hodrick and Srivastava (1984) and 
Campbell (1987)) reject it using return observations measured over shorter 
intervals. 

There are at least two reasons for the sensitivity of beta to the return 
measurement interval. First, Levhari and Levy (1977) and Handa, Kothari, 
and Wasley (1989) show that for buy-and-hold returns the covariance of an 
asset's return with the market and the variance of the market return do not 
increase proportionately, implying that "true" betas are sensitive to the 
return interval. Second, changes in risk and changes in the expected rate 
of return on the market (French, Schwert, and Stambaugh (1987), Fama and 
French (1988), and Ferson and Harvey (1990)) induce negative serial correla- 
tion in returns. If the degree of serial correlation in returns is not the same 
across subsets of the market portfolio, relative risk estimates are affected 
by the return measurement interval.2 Another implication of autocorrelated 
returns is that return variability, and hence the investors' perception of risk, 
is a function of investment horizon. This suggests that the marginal investor's 
investment horizon (i.e., return measurement interval) may be of relevance. 

In this paper we test whether results from multivariate tests of the CAPM 
are sensitive to the choice of return measurement interval. We examine 
whether the risk-return behavior is consistent with the Sharpe-Lintner CAPM 
using monthly and annual return data on 5, 10, and 19 market-value-ranked 
portfolios. The CAPM using monthly returns is rejected, a result consistent 
with previous research. In contrast, we fail to reject the CAPM when annual 
holding period returns are used. Because the difference in results could 
be due to low power when annual returns are used, we perform simulations 
to assess power. The simulations reveal that, when the number of cross- 
sectional assets is 5 or 10, the test can detect fairly small deviations of the 
Treasury bill rate from the true risk-free rate. The power is relatively low 
when 19 assets are employed. Overall, our analysis suggests that investment 
horizon and beta sensitivity to the return measurement interval are two 
important factors affecting the risk-return relation. 

1 If returns are serially uncorrelated, asset betas estimated using continuously compounded 
returns are invariant to the measurement interval. However, the return measurement interval 
affects the cross-sectional dispersion in betas when buy-and-hold returns are used (see e.g., 
Levhari and Levy (1977)). 

2 Evidence in Fama and French (1988) and Lo and MacKinlay (1990), among others, suggests 
the degree of serial correlation in returns varies across market-value-ranked stocks or portfolios. 
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Section I outlines a multivariate test of the Sharpe-Lintner CAPM. Section 
II provides details of our test methodology. Finally, Section III contains our 
empirical results based on an analysis of monthly and annual portfolio 
returns. 

I. A Multivariate Test of the CAPM 

In the presence of a riskless asset, the CAPM relation (1) can be written in 
excess return form as 

E = 83y (2) 

where 

E = an N-vector of expected excess returns on N assets, 
,3 = an N-vector of "true" betas of the N assets, 

and 

y, = positive market risk premium. 

In testing the CAPM relation (2), the null hypothesis is that expected 
excess returns (over an unspecified measurement interval) on the N assets 
are linear in their "true" betas. Since the "true" and estimated betas are a 
function of the return measurement interval and the beta-expected return 
relation is affected by the investment horizon, the return measurement 
interval can potentially have a significant role in tests of the CAPM. 

To test relation (2), excess return market model regressions for the N 
assets each with T observations are defined: 

Rit = a + J3iRmt + Eit for i =1,...,N (3) 

where Rit is the excess return on security i in period t, Rmt is the period t 
excess return on the market portfolio, ai and f3i are intercept and slope 
parameters, and fit is the normally distributed disturbance term. Let E be 
the covariance matrix of Eit and S be the sample covariance matrix of the N 
time series of ordinary least squares (OLS) market model residuals. Under 
the null hypothesis, all the assets' a's are zero. MacKinlay (1987) provides a 
test statistic for this: 

01= K[ 1+ U2m / -2 ] -1( S - 1(X 01 = K[l ? pm/ ]1 Sa (4) 

where K = (T - N - 1)T/(T - 2)N, /-m and om- are the sample mean and 
variance of the excess return on the market over T periods, and a is the 
vector of estimated intercepts from the market model regressions in equation 
(3). The distribution of 01, conditional on the market return, is a noncentral 
F with N and T - N - 1 degrees of freedom (MacKinlay (1987)). The non- 
centrality parameter A is given by 

A = T[1 + m/o-m2 ]al f-1a (5) 
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Under the null hypothesis that the Sharpe-Lintner CAPM holds, the distribu- 
tion of 01 is a central F with N and T - N - 1 degrees of freedom and the 
noncentrality parameter is zero. To assess statistical significance, however, 
we rely on an empirical distribution of the test statistic under the null, 
because large sample theory may not be applicable in our context. 

II. Methodology 

Empirical analysis is based on monthly and annual buy-and-hold return 
data from 1927 to 1988 (62 years) for the New York Stock Exchange-American 
Stock Exchange (NYSE-AMEX) stocks. We initially construct 20 portfolios 
(MV1-MV20) each year by ranking all securities on their beginning of the 
year market values of equity. Securities with at least one year's return data 
available on the Center for Research in Security Prices (CRSP) monthly 
returns tape are included. MV1 is an equally weighted portfolio consisting of 
the 5 percent smallest market capitalization stocks whiereas MV20 is an 
equally weighted portfolio consisting of the 5 percent largest market capital- 
ization stocks. Portfolio MV1O is excluded from the analysis to avoid singul- 
arity and the tests are performed using return data on the remaining 19 
portfolios, and on 5 anid 10 portfolios constructed from the 19 portfolios, over 
three subperiods of 20 years and eight months each. The starting months 
of these subperiods are January 1927, September 1947, and May 1968. 

For tests of the CAPM using annual returns we use overlapping return 
data. Fama and French (1988), and Poterba and Summers (1988), among 
others, have recently used overlapping return data to increase power and to 
(make it feasible to) examine security return behavior over longer measure- 
ment intervals. One consequence of using overlapping data is that returns 
and residuals are serially correlated, so we use the Newey and West (1987) 
correction to obtain an autocorrelation and heteroskedasticity-consistent 
covariance matrix of the residuals. Adjacent annual returns have an overlap 
of 11 since monthly observations of annual returns are used. We conserva- 
tively allow 18 lags to correct for autocorrelation in the residuals.3 

While the use of overlapping annual returns yields a more powerful test, 
two issues remain: (1) using large sample theory may not be appropriate 
because the (effective) number of independent observations using annual 
return data is low compared to the number of assets; and (2) the power of the 
test may be low since the (effective) number of independent observations 
is low. The first issue is addressed by comparing the test statistic to its 
empirical distribution obtained by imposing the null hypothesis. To address 
the second issue, we examine the power of the test using simulations. 

The empirical distribution of the test statistic under the null is generated 
from the following bootstrapping experiment performed separately for 5, 10, 
and 19 portfolios, and for monthly and overlapping annual return observa- 
tions. In each simulation, the excess return vector for period t is defined as 

3 We find that results are insensitive to using 12, 18, or 24 lags for autocorrelation correction. 
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the sum of bR n7 and a market model residual vector that is drawn with 
replacement from the matrix of estimated inarket model residuals (i.e., 
equation (3)). The constructed excess return vectors thus have two charac- 
teristics: (1) they are obtained by imposing at = 0 for all assets; and (2) 
they retain the cross-correlation and heteroskedasticity characteristics of 
the original data. The 01 test statistic in equation (4) is calculated using the 
above excess return matrix. The procedure is repeated one-thousand times to 
generate an empirical distribution of the test statistic. This distribution is 
used to assess the empirical p-value implied by the test statistic for the 
original asset return data. 

We assess the tests' power by examining their ability to detect deviations of 
the Treasury bill rate from the true risk-free rate. Under the null hypothesis 
that the CAPM holds, the Treasury bill rate equals the true risk-free rate, 
and the noncentrality paramneter A defined in equation (5) equals zero. The 
alternative hypothesis is that the Treasury bill rate equals the true risk-free 
rate plus a constant, and the corresponding noncentrality parameter A is 
nonzero. In our simulations, we obtain 200 samples of excess returns impos- 
ing the niull hypothesis that A equals 0 and estimate 01 for each sample. This 
gives us the empirical distribution of 01 under the null hypothesis and allows 
us to assess power. 

III. Empirical Results 

Table I reports the results of the empirical analysis. Panel A contains the 
test statistics for three subperiods using 5, 10, and 19 cross-sectional assets 
and monthly returns. Corresponding results using overlapping annual returns 
are provided in Panel B. Empirical p-values and, for purposes of comparison 
with past research, significance based on the F-distribution are reported. 
Using monthly returns, in all but the first subperiod and 19 assets, the null 
hypothesis of the Sharpe-Lintner CAPM is rejected at p-value of 0.05 based 
on both the F-statistic and empirical distribution. The overall significance 
level, calculated as in Shanken (1985) by deterinining the standard-normal z 
corresponding to the significance level in each subperiod, is less than 0.01 for 
5, 10, and 19 cross-sectional assets. 

The empirical significance levels when annual retuirns are used are dra- 
matically different from those using monthly return data. The significance 
level in each subperiod and using 5, 10, and 19 assets is 0.16 or higher. The 
overall significance levels are 0.382, 0.172, and 0.156 using 5, 10, and 
19 assets.4 Thus, we fail to reject the null hypothesis that the risk-return 
relation is linear, using annual overlapping return data and an empirical 
significance level. Of course, low power could be an issue, which we next 
explore. 

4p-Values based on the F-statistics indicate reliable rejection of the CAPM. Differences 
between the empirical and F-statistic-based p-values suggest the latter overstate significance 
levels. 



1548 The Journal of Finance 

Table I 

Multivariate Tests of the Sharpe-Lintner CAPM: Monthly 
versus Overlapping Annual Market-Value-Ranked 

Portfolio Returns on NYSE-AMEX Stocks 
from 1926 to 1988 

All the NYSE-AMEX securities having market value and return data available for at least one 
year on the CRSP monthly return tape from 1926 to 1988 are included in the analysis. Twenty 
market-value-ranked portfolios are formed each year by ranking all the available securities on 
their beginning-of-the-year market values of equity and assigning them in equal numbers to 
20 portfolios. MV1 is the portfolio of the smallest 5 percent of firms and MV20 is the portfolio of 
the largest 5 percent of the firms. Tests are performed using either 19 market-value-ranked 
portfolios (MV10 is excluded), or 5 or 10 portfolios constructed using the 19 portfolios. Monthly 
overlapping observations of annual returns are used. An equally weighted portfolio consisting of 
the 20 market-value-ranked portfolios is the market portfolio proxy. 

The following test statistic is calculated: 

O1 = K[1 + 2 a 

where K = (T - N - 1)T/(T - 2)N, Am and cr 2 are the sample mean and variance of the excess 
return on the market over T periods, and a^ is the vector of estimated intercepts from the 
market model regressions, and S is the sample covariance matrix of the N times series 
OLS market model residuals (see equations (3) and (4) in the text). The p-value is calculated 
assuming the test-statistic is distributed F. The empirical p-value is based on an empirical 
distribution of the test statistic generated via one-thousand simulations in which the null 
hypothesis is imposed. 

Results for the overall period are based on aggregating the results for the three subperiods. 

Test Statistic 
p-Value 

Empirical p-Value 
Number of Overall p-Value 
Portfolios Subperiod 1 Subperiod 2 Subperiod 3 Emp. p Value 

Panel A: Monthly Returns 

5 2.270 2.099 2.532 
0.015 0.025 0.006 0.000 
0.046 0.047 0.026 0.001 

10 2.277 2.741 2.548 
0.014 0.003 0.006 0.000 
0.015 0.002 0.003 0.000 

19 1.455 1.888 1.955 
0.103 0.016 0.012 0.006 
0.045 0.007 0.002 0.000 

Panel B: Overlapping Annual Returns 

5 3.809 1.304 0.668 
0.000 0.229 0.733 0.001 
0.285 0.308 0.707 0.382 

10 4.331 0.993 2.861 
0.000 0.450 0.002 0.000 
0.220 0.541 0.164 0.172 

19 9.035 3.920 6.652 
0.000 0.000 0.000 0.000 
0.227 0.322 0.294 0.156 
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Table 
II 

Power 
of 

the 

Multi'variate 

Tests 
of 

CAPM: 

Empirical 

Rejection 

Frequencies 

Based 
on 

200 

Simulations 

Using 

Annual 

Overlapping 

Return 

Data 
on 
5, 

10, 

and 
19 

Market-Value-Ranked 

Portfolios 

over 

Three 

Subperiods 

All 

the 

NYSE-AMEX 

securities 

having 

market 

value 

and 

return 

data 

available 
for 
at 

least 

one 

year 
on 

the 

CRSP 

monthly 

return 

tape 

from 

1926 
to 

1988 

are 

included 
in 

the 

analysis. 

Twenty 

market-value-ranked 

portfolios 

are 

formed 

each 

year 

by 

ranking 
all 

the 

available 

securities 
on 

their 

beginning-of-the-year 

market 

values 
of 

equity 

and 

assigning 

them 
in 

equal 

numbers 
to 
20 

portfolios. 

iVV 
is 

the 

portfolio 
of 

the 

smallest 
5 

percent 
of 

firms 

and 

MV20 
is 

the 

portfolio 
of 

the 

largest 
5 

percent 
of 

the 

firms. 

Two 

hundred 

simulations 

are 

performed 
in 

each 

subperiod 

using 

either 
19 

market-value-ranked 

portfolios 

(MV10 
is 

excluded) 
or 
5 
or 
10 

portfolios 

constructed 

using 

the 
19 

portfolios. 

Monthly 

overlapping 

observations 
of 

annual 

returns 

are 

used. 

An 

equally 

weighted 

portfolio 

consisting 
of 

the 

20 

market-value-ranked 

portfolios 
is 

the 

market-portfolio 

proxy. 

yo 
is 

the 

deviation 
of 

the 

Treasury 

bill 

rate 

from 

the 

true 

risk-free 

rate. 

The 

cell 

frequencies 

are 

the 

fraction 
of 
the 

200 

simulations 
for 

which 

the 

test 

statistic 

below 

exceeded 

the 

95th 

percentile 

of 

the 

empirical 

distribution 
of 

the 

test 

statistic 

generated 
by 

imposing 

the 

null 

hypothesis: 

81 
= 

K[1 
+ 

m 

where 
K 
= 

(T 
- 
N 
- 

1)T/(T 
- 

2)N, 

.tLm 

and 

o2 

are 

the 

sample 

mean 

and 

variance 
of 

the 

excess 

return 
on 

the 

market 

over 
T 

periods, 

and 
a^ 
is 

market 

model 

residuals 

(see 

equations 
(3) 

and 
(4) 
in 

the 

text). 

5 

portfolios 

10 

portfolios 

19 

portfolios 

Subperiod 

Subperiod 

Subperiod 

Subperiod 

Subperiod 

Subperiod 

Subperiod 

Subperiod 

Subperiod 

'Yo 

1 

2 

3 

1 

2 

3 

1 

2 

3 

0.00 

0.05 

0.65 

0.90 

0.04 

0.86 

0.01 

0.05 

0.04 

0.04 

0.02 

0.22 

0.93 

1.00 

0.10 

1.00 

0.66 

0.07 

0.10 

0.06 

0.04 

0.76 

1.00 

1.00 

0.55 

1.00 

0.99 

0.33 

0.38 

0.26 

0.06 

0.95 

1.00 

1.00 

0.93 

1.00 

1.00 

0.74 

0.80 

0.79 

0.08 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.97 

1.00 

0.98 

0.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.99 

1.00 

1.00 
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We assess the power of the tests by allowing the annual Treasury bill rate 
to deviate from the true risk-free rate by zero through 10 percent in incre- 
ments of 2 percent. For each level of deviation, we perform 200 simulations in 
each subperiod and using 5, 10, and 19 assets. The test statistic in equation 
(4) is calculated for each simulation and compared against the 95th percentile 
of the empirical distribution of the test statistic generated by imposing the 
null hypothesis. The frequency with which the null is rejected at five percent 
significance level, based on 200 simulations in each subperiod, is reported in 
Table II. 

The test is powerful using 5 and 10 portfolios. For example, for 5 portfolios 
a deviation of the true risk-free rate from the Treasury bill rate of more than 
2 percent per year leads to a rejection of the null hypothesis 76 or higher 
percent of the time and for 10 portfolios the corresponding rejection rate is 
55 percent. Deviations in excess of 2 percent per year are detected very 
frequently. In contrast, power using 19 portfolios is quite low, unless the true 
risk-free rate substantially deviates from the Treasury bill rate. MacKinlay 
(1987) also finds that the power is greater using fewer cross-sectional assets. 
Overall, the results in Table II suggest that the failure to reject the CAPM 
using overlapping annual returns and ten or five assets is unlikely to be due 
to low power of the test. Low power could, however, be the reason for not 
rejecting the null when we use 19 assets. 

In summary, the results in this study show that the inferences from mul- 
tivariate tests of the risk-return relation are sensitive to the return mea- 
surement interval, possibly because betas are not invariant to the return 
measurement interval and the investment horizon of a marginal investor is 
longer than a month. 
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