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Abstract

The standard multivariate test ranks stocks by a characteristic, such as market

size or past performance, and forms a set of dependent-variable portfolios. Portfolio

returns are regressed on a risk-based model, and the test asks if the intercepts are jointly

different from zero. The paper provides an alternative test that asks if the intercepts

are jointly different from each other. The test subtracts the returns of closely-ranked

portfolios. Examples show that smaller generalized variance and better power than

standard tests.
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1 Introduction

The central idea of asset pricing is that the covariance of the returns of risky portfolios are

priced relative to the marginal utility of wealth (Breedon, 1979, Lucas, 1978, and Merton,

1973). In these tests, one typically sorts the entire stock market by a characteristic, such

as market-size or past performance, forms portfolios, and regresses these portfolios on some

chosen risk-based model. Let α̂ be the estimated performance vector and Σ̂ the estimated

error disturbance matrix. The quadratic form α̂Σ̂−1α̂ summarizes the statistical distance

between the tangency portfolio and the factor pricing model. Gibbons, Ross, and Shanken

(1989) (GRS hereafter) study the small-sample properties of these tests.1

The chief goal of the paper is to provide a specialized measue for the test of whether the

performance measures are different from each other. This test is a stricter than the standard

multivariate test that asks if the performance measures are jointly different than zero. It

is well known that standard tests might reject for a variety of reasons. For example, tests

might show mispricing across all the dependent-variable portfolios but little differences in

pricing within these portfolios. The proposed test is useful for evaluating if there is a useful

trade rule to sell short one portfolio and buy another.

Let 1N be a N ×1 vector of ones and IN be a N ×N identity matrix. Assume Σ̂ = INσ2.

Following GRS, define µ1 = 1
N
1′

Nα̂, the average α, and µ2 = 1
N

α̂′α̂, the average α̂2. GRS

write, “One can view µ1 as a measure of the “average” misspecification across assets while

µ2 indicates the noncentral dispersion of the departures from the null ....” If µ1 → 0, the

standard test has no common mispecification (µ1 = 0), µ2 tests if the α’s are different from

each other. Unfortunately, there are two barriers to implementing a test where the α’s are

jointly different from each other. First, one must find a pricing factor that generates no

common mispecification; in light of the Roll critique, such a factor setup is problematic.

Second, the setup assumes that the Σ̂ is diagonal and constant across its diagonal terms;

these diagonal conditions rarely hold.

An alternative approach is to subtract returns from closely ranked portfolios. More for-

mally, let y1,y2,y2, ...,yN be the set of dependent-variable portfolios. Compute the difference

vectors d1 = y1 − y2,d2 = y2 − y3,d3 = y3 − y3, ...,dN−1 = yN−1 − yN . The multivariate

1The GRS paper is preceded by a number of papers that explored some of these same issues. See for
example Gibbons (1982), Jobson and Korkie (1982), MacKinlay (1987), and Stambaugh (1982).
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tests on this set of dependent variables asks whether the α’s are different from each other,

conditional on a risk-based model. Each of the di portfolios are “absolute return” strategies

that one hypothesizes will yield abnormal profits from the trade rule. If the closely-ranked

portfolio returns closely covary, it is likely that the test will have a substantially smaller

generalized variance and better power. The paper calls this design the “difference-return

test.” For empirical tests, the paper uses momentum and market-size sorts to organize the

dependent-variable portfolios and use CAPM and Fama and French 3-factor risk-based mod-

els.

Several papers use principal components for constructing a factor structure for pricing

risk (Connor and Korajczyk, 1986, 1988, 1995; and Grinblatt and Titman, 1985). Prin-

cipal component tests seek sets of factors that purge the system of common stock return

comovements. Tests assume that the error covariance matrix Σ̂ is approximately diagonal.

In contrast, most research assumes a specific risk-based model a priori, such as CAPM or the

Fama and French (1993) 3-factor model. For their CAPM tests, GRS show that portfolios

that rank near (far) each other have positively (negatively) correlated errors. That the Σ̂

matrix is not diagonal indicates that there are covariances that the risk-based model does

not pickup. The difference-return setup has a near diagonal matrix.

The paper uses the generalized variance to compare different risk-based models and dif-

ferent test designs. Call the generalized variance of the dependent variables as |Σ̂Y|. Call

the CAPM generalized variance |Σ̂CAPM| and call the Fama and French 3-factor general-

ized variance |Σ̂FF|. Then the ratio |Σ̂Y|−|Σ̂CAPM|
|Σ̂Y| is proportion of the generalized variance

explained by CAPM and |Σ̂y|−|Σ̂FF|
|Σ̂Y| is the proportion explained by the 3-factor model.2 The

generalized variance gives us to measure the additional precision from a change in the risk-

based model. Tests also use Wilks λ in a MANOVA setup for this question. The MANOVA

tests if the risk-based model shrinks the generalized variance of the errors. The MANOVA

framework allows us to compare the standard and difference-return test designs. Tests show

that the generalized variances of the difference-return tests is quite a bit smaller and do not

change too much across the two risk-based models. The difference-return setup picks up a

great deal, perhaps more, covariation than most complex risk-based models.

The remainder of the paper is organized as follows. Section 2 provides framework of the

difference return, multivariate asset pricing model. Section 3 states the data and methods.

2These multivariate regression summaries have, of course, univariate counterparts in terms of R2’s.
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Section 4 provide empirical tests. Section 5 concludes.

2 Setup

2.1 Notation

Let yi be a T × 1, vector of excess returns for dependent-variable portfolios i = 1, 2, 3, ..., N .

Let Y be a T × N matrix of dependent-variable portfolios,

Y =



y1,1 y2,1 y3,1 ... yN,1

y1,2 y2,2 y3,2 ... yN,2

y1,1 y2,3 y3,3 ... yN,3

. . . .

. . . .

. . . .

y1,T y2,T y3,T ... yN,T


=

[
y1 y2 y3 ... yN

]
.

Let X be a T × (K + 1) matrix where the first column is vector of ones and the second

through K + 1 columns are factors of the risk-based model. The multivariate regression is,

Y = XB̂ + Ê, (2)

with B̂ the performance measures and slopes on the factor and Ê is a T × N matrix of

errors. Assume that the errors are contemporaneously correlated, cov(ei,t, ej,t) = Σi,j; and

cov(ei,t, ej,s) = 0 ∀s �= t. Σ̂ has standard properties. MacKinlay and Richardson (1991)

note that contemporaneous correlations may be hetereoskedastic, but this problem is small

when T becomes large. The past literature typically does not make adjustments for the

lack of homoskedasticity and for autocorrelation. This paper does not make adjustments to

compare the results to those of other papers.

Assume standard multivariate theory. The vector of performance measures α̂ is dis-

tributed as,

α̂ ∼ MVN[0, T−1(1 + Θ̂)2Σ], (3)
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where

Θ̂ =
r̄m

sp

r̄m = the sample mean of the market portfolio return rm,t, and

s2
p = estimate of the variance of the market portfolio rm,t.

T (1 + Θ̂)2Σ follows a χ2 distribution with N degrees of freedom. Σ is not known a priori

and must be estimated. GRS use the W test statistic,

W = (1 + Θ̂2)−1α̂′Σ̂
−1

α̂. (4)

GRS find that

ΓGRS = [
T

T − K
][
T − N − 1

N
]W ∼ FN,T−N−1, (5)

where ΓGRS has a central F distrbution. Tests use ΓGRS.

2.2 The difference-return test design

The difference-return system is best explained by example. Rank all stocks by a characteristic

and form three portfolios, y1,y2,y3. Assume that there exists a risk-free rate and compute

the excess stock returns for each portfolio yi. In the standard test, one runs a multivariate

CAPM regression on the three portfolios,

y1 = α11T + β1rm + ν1

y2 = α21T + β2rm + ν2 (6)

y3 = α31T + β3rm + ν3,

where yi is a T × 1 vector of observed excess stock returns, αi is the performance measure,

βi is the slope on the market factor, rm is a T × 1 vector of excess returns of the market

factor, and νi is a T × 1 vector of residuals. A second option is to compute the difference

vectors, d1 = y1−y2 and d2 = y2−y3 and run the multivariate CAPM on the two difference

vectors,

d1 = a11T + b1rm + u1

d2 = a21T + b2rm + u2, (7)
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where the regression setup is similar to the above 3-equation model. For this 2×2 difference-

return setup, assume that the system is bivariate normal, such that Σ,

Σ =

[
σ2

1 σ1,2

σ1,2 σ2
2

]
,Σ−1 =

1

σ2
1σ

2
2 − (σ1,2)2

[
σ2

2 −σ1,2

−σ1,2 σ2
1

]
, (8)

where

σ2
1 =

1

T − 2
u′

1u1 =
1

T − 2
[ν ′

1ν1 + ν ′
2ν2 − 2ν ′

1ν2]

σ2
2 =

1

T − 2
u′

2u2 =
1

T − 2
[ν ′

2ν2 + ν ′
3ν3 − 2ν ′

2ν3] (9)

σ1,2 =
1

T − 2
u′

1u2 =
1

T − 2
[ν ′

1ν2 − ν ′
2ν2 − ν ′

1ν3 + ν ′
2ν3].

Recall that GRS report cross-correlations of the errors. They find that portfolios that are

rank close to each other have positively contemporaneously correlated errors and portfolios

that rank far a way from each other have negatively correlated errors. If ν ′
1ν2 > 0, and

ν ′
2ν3 > 0, then ν ′

1ν2 − ν ′
2ν2 − ν ′

1ν3 + ν ′
2ν3 ≈ 0. Further, both ν ′

1ν1 + ν ′
2ν2 − 2ν ′

1ν2 and

ν ′
2ν2 + ν ′

3ν3 − 2ν ′
2ν3 might be comparatively small. If so, the difference-return test Σ̂ is

likely to be approximately diagonal.

2.3 Spectral decomposition of Σ̂

The eigenvalues of Σ̂ are important and help us understand the behavior of the system. The

generalized variance is the sum of the eigenvalues. There is an additional benefit. For any

quadratic form α′Σ−1α,

α′Σ−1α =
1

λ1

(α′e1)
2 +

1

λ2

(α′e2)
2 +

1

λ3

(α′e3)
2 + ... +

1

λN

(α′eN)2, (10)

where λi is the ith eigenvalue and ei is its corresponding eigenvector. Tests multiply 1
λi

(α′ei)
2

term by a common multiplier, [ T
T−K

][T−N−1
N

](1 + Θ̂2)−1, for all the components so that the

sum the multiplied components is ΓGRS test statistic.

The spectral decomposition provides some insight into these tests. The eigenvalues are

ranked in the amount of variation. If the α̂’s load primarily eigenvalues that have little

variation, then the evidence suggests that the mispricing is connected with a nonrisk-based

explanation or market inefficiency.
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2.4 Power

GRS estimate the cross-sectional variances of the α̂’s and test for the relationship of the N

portfolios and T time series observations. They find that power is best when N is about

one third of T . MacKinlay (1987) makes two types of power tests. First, he ranks stocks

by their β̂’s, forms β̂-ranked portfolios, and tests if the an error in the risk-free rate can be

detected in CAPM. He finds power relatively poor. Second, he ranks stocks by market size

and tests how easily one might detect a market-size factor as a supplementary risk-based

factor to CAPM. He finds that the tests to detect missing factors have poor power.

GRS and MacKinlay (1987, 1995) use the following Σ pattern matrix. GRS use this

matrix to evaluate the power properties of multivariate asset pricing tests. In the pattern

matrix, ρ is the cross-correlation among the portfolios and is positive. For this matrix,

Σ = (1 − ρ)σ2IN + ρσ21N1′
N , (11)

or,

Σ =



σ2 ρσ2 ρσ2 ... ρσ2

ρσ2 σ2 ρσ2 ... ρσ2

ρσ2 ρσ2 σ2 ... ρσ2

. . . . .

. . . . .

ρσ2 ρσ2 ρσ2 . σ2


. (12)

The setup implies that

Σ−1 =
1

(1 − ρ)σ2
[IN − ρ

1 + (N − 1)ρ)
1N1′

N ]. (13)

The matrix is attractive because it is simple: its diagonal terms are positive constants and

the off-diagonal terms are constants that are smaller than the diagonal terms. As ρ → 0, the

third term on the right-hand side drops out, and the equation simplifies. Their test design

looks at the ratio of N to T , and they show that power is optimal when N is less than half

of T .

The paper runs a horse race between the standard and difference return test designs. If

such a pattern matrix holds, even approximately, then the difference return Σ̂ is approxi-
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mately diagonal and takes the approximate form,

Σ =



2(1 − ρ)σ2 0 0 ... 0

0 2(1 − ρ)σ2 0 ... 0

0 0 2(1 − ρ)σ2 ... 0

. . . . .

. . . . .

0 0 0 . 2(1 − ρ)σ2


, (14)

where ρ is positive and large and shrinks the diagonal terms.

For power tests, we use the empirically generated Σ̂’s. We assume that ᾱ = 0 and change

the VAR(α) to test for power. Tests use two periods. In each period, tests compute CAPM

and 3-factor tests for both the standard and difference-return test design.

2.5 Missing factor tests

Past papers focus on the use of principal components to generate a factor structure for

pricing risk (See Connor and Korajczyk, for example.) The central idea is to find pervasive

factors that explain the comovement of excess stock returns. One then breaks down their

covariances into those explained by principal component factors and those that firm specific.

The idea for principal components to explain risk is linked to the APT model of Ross (1977).

Assume first that CAPM holds for the first factor but there is also an additional factor

is necessary to price returns. MacKinlay (1987, 1995) argues that the additional factor must

(1) cause the α’s to vanish, (2) shrink the generalized variance of the errors (| ˆSigma|), and

(3) have a reasonably close Sharpe ratio to Sharpe ratio of the market portfolio. MacKinlay

tests the power of the test to identify a missing factor. For a large second factor, where the

difference between the high and low factor loadings is 12%, and the factor has a relatively

low variance, power to identify the factor is quite good. When the premium is smaller and

the variance of the factor larger, power falls off rapidly. He shows that if the missing factor

has Sharpe ratio that approximates that of the market portfolio, the missing factor will be

difficult to detect.

If the difference-return setup has more power, it is a better test for missing factors.
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3 Empirical setup: methods and data

We use CRSP data for NYSE and AMEX stocks from 1926 to 2007. We two risk-based

models, CAPM and the Fama and French 3-factor model. The data for SMB and HML are

from Ken French’s website. To sort stocks to form the dependent-variable portfolios, tests

use market size and past performance rankings over the past six months. The study spans

the period from July 1926 through December 2007. The study reports data for two periods,

August 1926 through December 1966 and January 1967 through June 2007.

For market-size rankings, at June 30 of each year, we rank stocks by market size (price

times shares outstanding) and form 10 portfolios. MV1 (MV10) is the smallest (largest)

market-size decile. Portfolios are equally-weighted.

For 6-month past-performance rankings, each month we sum stock returns for the last six

months and rank stocks and form 10 portfolios. P1 (P10) is the poorest (best) performing

portfolio. Tests skip one month and invest. The momentum strategy is the triple (J ,S,K)

where J are the months of the ranking period, S are the months skipped between the rank

and test periods, and K are the months of the holding period. Tests start at month t,

rank stocks by past performance, group firms into 10 past-performance groups, skip 1 month

between the ranking and test periods, and hold positions for the next 6 months. In this

(6,1,6) strategy, the momentum return is the sum of six different long-short portfolios, 1/6

formed one month prior, 1/6 formed two months prior, and so forth. Tests repeat the process

using month t + 1 as the portfolio formation date. Portfolios are equally-weighted.

Table I shows a comparison between the rebalanced and measurement-error-free returns.

Blume and Stambaugh (1983), Boynton and Oppenheimer (2006) Conrad and Kaul (1993),

Norman and Liu (2007), and Roll (1983) show that measurement errors may inflate portfolio

returns. The measurement-error bias comes from bid-ask spread bounce that will typically

inflate the portfolio returns of stocks that are small. Boynton and Oppenheimer and Norman

and Liu show that small market-size stocks are prone to measurement errors and that mea-

surement errors inflate the market-size premium and reduce the momentum premium. In

the measurement-error-free return, the setup forms portfolio wealth relatives and computes

monthly returns from adjacent monthly wealth relatives. Tests use the method of Boynton

and Oppenheimer for making the measurement-error corrections.

Table I shows that in August 1926 through December 1966, the MV1 return is 0.491 too
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high and the MV10 return is 0.021 too high. The rebalanced returns overstate the MV1-

MV10 premium by 0.470, or nearly by 6% per year. Similarly, the P1 rebalanced return is

0.290 per month too high and the P10 return is 0.021 per month too high. The rebalanced

returns understate the P10-P1 momentum premium by 0.097 per month ( or about 1% per

year). In January 1967 through June 2007, the results are similar. The rebalanced returns

overstate the MV10-MV1 premium by 0.556 (more than 6% per year) and understate the

P10-P1, momentum premium by 0.154 (close to 2% per year). These results are consistent

with those reported by Boynton and Oppenheimer and Norman and Liu. Because of these

results, we use measurement-error-free returns for multivariate tests.

[Insert Table I about here.]

4 Results

4.1 Multivariate market-size sorts

There is a large literature that shows that small stocks have returns that are too high

than that which we would predict by CAPM. Early papers include Banz (1981) and Rein-

ganum (1982).3 GRS and MacKinlay (1987, 1993) provide multivariate regression tests of

the market-size premium.

Table II compares the slopes and performance measures of the two designs for both the

CAPM and 3-factor risk-based models. Table II Panel A shows the standard parameter

estimates for August 1926 to December 1966 period and the January 1967 through June

2007. Panel B shows the difference-return α̂Σ̂−1α̂ parameter estimates. Note that the

difference-return α̂Σ̂−1α̂ parameters have smaller slopes on the factors and smaller perfor-

mance measures.

3Fama and French (1992) show that β does not price the market-size premium, and they argue that market
size and book-to-market are fundamental risk factors. Specific explanations for the small-firm premium
include incomplete information (Barry and Brown, 1984), poorer economic fundamentals, higher levels of
distress, and higher leverage (Chan and Chen, 1991), individual firm outliers in the smallest market-size decile
(Knez and Ready, 1997), an underlying January effect (Keim, 1983, 1989; Blume and Stambaugh, 1983),
transaction-cost frictions and higher bid-ask spreads (Stoll and Whaley, 1983 and Amihud and Mendelson,
1985), and a conditional asset pricing framework (Jagannathan and Wang, 1996).
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[Insert Table II about here.]

Table III compares the cross-correlations of the errors. The matrices are shown for the test

from August 1926 through June 2007. (Tests combine periods to save space; the subperiods

are similar.) Panel A shows the cross-correlations of the standard test. The upper triangular

matrix is the Fama and French 3-factor model and the lower matrix is CAPM. The Panel A

results are similar to those that are reported in the past. The Panel A results show that the

3-factor model modestly shrinks correlations relative to those of CAPM.

Panel B results shows the cross-correlations of the difference-return α̂Σ̂−1α̂ test. The

Panel B results show that the difference-return α̂Σ̂−1α̂ test has much smaller cross-correlations.

For these tests, almost all of the paired cross-correlations do not reject. Σ̂ is approximately

diagonal.

[Insert Table III about here.]

Each panel of Table IV shows two sets of is columns. The first set of five reports results

for August 1926 through December 1966. The second set of five reports results for January

1967 through June 2007. The setup requires some discussion.

Consider the first set of five columns. The first three report the eigenvalues of the Σ̂Y,

Σ̂CAPM, and Σ̂FF matrices. To simplify reporting, the table mulitplies the eigenvalues by

1,000. The sum of the eigevalues is the generalized variance of the system. In a MANOVA,

we also construct ratios of the generalized variances |Σ̂Y|, |Σ̂CAPM|, |Σ̂FF|, to test if the

risk-based shrinks the generalized variance. The table reports the ratios of the |Σ̂CAPM|
|Σ̂Y| and

|Σ̂FF|
|Σ̂Y| for tests of whether CAPM and the 3-factor model shrinks the variances.

In fourth and fifth columns, the table reports the GRS ΓCAPM and GammaFF multi-

variate test statistics on joint performance. The spectral decomposition follows equation (11)

but is multiplied by the [ T
T−K

][T−N−1
N

](1 + Θ̂2)−1 so that the sum of the components down

equals the ΓGRS test statistic for the multivariate joint test. To simplify reporting, the table

mulitplies the eigenvalues by 1,000. The spectral decomposition in fourth and fifth columns

is the loadings of the eigenvalueesystem on the α̂’s. The loadings show which components

have the highest contribution to abnormal performance and are useful for understanding

better what is driving the detecting abnormal performance.
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Table IV Panel A shows the results for the standard tests. Panel B shows the results for

the difference-return α̂Σ̂−1α̂ tests. Across all tests, the GRS test stastistic is too small to

reject the null of joint abnormal performance.

Table IV also shows that the generalized variance of the difference-return α̂Σ̂−1α̂ test is

substantially smaller. The test results indicate that it is likely that the new test design will

have better power.

[Insert Table IV about here.]

4.2 Momentum: rankings by 6-month, past performance

Jegadeesh and Titman (1993) were the first to show that recently ranked past winners

outperform past losers.4 Papers show that the momentum premium is not priced by standard

asset pricing models, such as the CAPM or the 3-factor model.

Table V Panel A shows the parameter estimates for CAPM and the Fama and French

3-factor models. Panel A1 shows the results for the August 1926 to December 1966 and

Panel A2 shows the results for the January 1967 through June 2007. The results are similar

to those of Table 2. While the standard test has large loadings on the market, SMB, and

HML factors, the difference-return α̂Σ̂−1α̂ test does not. Table V reports the GRS test

statistics.

[Insert Table V about here.]

Table VI shows the cross-correlations of the error terms. In the standard tests, errors

of closely ranked portfolios are positively correlated. In the difference-return α̂Σ̂−1α̂ shows

very small cross-correlations. The Σ̂ is close to diagonal.

[Insert Table VI about here.]

4Jegadeesh and Titman (2001), Fama and French (1996), and Grundy and Martin (2001) show that
momentum loses money in the U.S. pre-World War II era but earns money in the post-World War II era.
Griffen, Ji, and Martin (2003) and Rouwenhorst (1998) find momentum in international markets. All these
papers use univariate tests that go long in winners and short in losers.
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Table VII shows the eigenvalues and spectral decomposition of the α̂Σ̂−1α̂ quadratic form.

All test reject the null. The difference-return α̂Σ̂−1α̂ tests reject the null no joint differences

among the α’s. The standard tests reject the null of the α’s being jointly different from zero.

[Insert Table VII about here.]

5 Conclusion

Multivariate regression tests in asset pricing ask if the performance measures are jointly

different from zero. There are two related questions. First, we would like to know if there is

a sort that is useful to generate unpriced premia for trading stocks. If the trade rule is useful,

then an investor can sell the unprofitable position and buy a profitable one. Second, there

may be common unpriced premia across all the portfolios. This paper concerns constructing

a test that will help answer the question of making a test on whether the α’s are jointly

different from each other.

The proposed test computes the set of differences between two closely-ranked, dependent-

variable portfolios and exploits the cross-correlated properties of portfolios that are ranked

near each other. Tests find that these difference return portfolios generates a test with a

smaller generalized variance and thus better power. The results will show that the market-

size sort generates no abnormal in both types of risk-based tests and in both standard and

difference-return designs. Momentum sorts generate premia in both risk-based models and

test designs.
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Table I: Market Size and 6-Month Past-Performance Portfolios: Rebalanced and
Measurement-Error-Free Returns

Stock returns are from NYSE/AMEX from January 1926 through December 2007. Tests include all firms
except for those that are certificates, American Depository Receipts (ADR’s), units of beneficial interest,
companies outside the U.S., Americus Trust certificates, closed-end funds, and real estate trusts. (Tests
include stocks that have the share code classification of 10 or 11 on the CRSP file.) The setup ranks and
forms portfolios in two ways. First, for market-size rankings, tests rank stocks by market capitalization
(stock price times the number of shares) at June 30 each year, form 10 portfolios, and hold positions for July
through June. MV1 (MV10) is the smallest (largest) market-size decile. Second, for momentum tests, tests
rank stocks by 6-month past performance, skip one month, form portfolios, and hold stocks for the next
6 months. P1 (P10) is the worst (best) past-performing decile. All portfolios are equally-weighted. Panel
A shows the monthly returns from August 1926 through December 1965, and Panel B shows the monthly
returns from January 1967 through June 2007.

The table shows two types of returns. First, the table shows the rebalanced return, which are labelled
as “REBAL.” The rebalanced return is the cross-sectional average of the individual stock returns each
month and is the standard in the literature. Second, the table uses a measurement-error-free, which are
labelled as “MEF.” Measurement-error bias comes from bid-ask spread bounce that will typically inflate the
portfolio returns of stocks that are small. Thus, stocks that are small will have large spreads and rebalanced
returns will have upward bias. The measurement-error-free metric uses the methodology from Boynton and
Oppenheimer (2006). In the approach, the setup forms the time series of portfolio wealth relatives and
computes monthly returns from the adjacent monthly wealth relatives.

Panel A: August 1926 - December 1966

MV1 MV2 MV3 MV4 MV5 MV6 MV7 MV8 MV9 MV10

REBAL 1.624 0.817 0.803 0.779 0.817 0.755 0.787 0.740 0.679 0.522
MEF 1.132 0.808 0.831 0.793 0.814 0.762 0.770 0.715 0.652 0.501

Difference 0.491 0.010 -0.028 -0.014 0.003 -0.008 0.018 0.025 0.027 0.021

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

REBAL 1.417 1.214 1.159 1.157 1.140 1.121 1.130 1.211 1.297 1.543
MEF 1.128 1.071 1.046 1.066 1.044 1.038 1.046 1.126 1.205 1.350

Difference 0.290 0.143 0.113 0.091 0.096 0.082 0.083 0.084 0.092 0.193
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Panel B: January 1967 - June 2007

MV1 MV2 MV3 MV4 MV5 MV6 MV7 MV8 MV9 MV10

REBAL 2.359 1.581 1.338 1.227 1.123 1.131 1.022 0.930 0.930 0.754
MEF 1.798 1.331 1.214 1.183 1.079 1.118 1.046 0.922 0.933 0.749

Difference 0.561 0.251 0.124 0.045 0.044 0.013 -0.024 0.008 -0.003 0.005

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

REBAL 0.522 0.706 0.791 0.828 0.849 0.818 0.858 0.805 0.864 0.870
MEF 0.303 0.633 0.731 0.776 0.808 0.778 0.826 0.777 0.833 0.805

Difference 0.219 0.073 0.060 0.052 0.041 0.040 0.032 0.028 0.031 0.065
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Table II: Market-size Portfolios: Parameter Estimates For CAPM and Fama and French 3-Factor Regressions

Stock returns are from NYSE/AMEX stocks from January 1926 through June 2007. Tests include all firms except for those that are certificates, American Depository
Receipts (ADR’s), units of beneficial interest, companies outside the U.S., Americus Trust certificates, closed-end funds, and real estate trusts. (Tests include stocks
that have the share code classification of 10 or 11 on the CRSP file.) For market-size rankings, tests rank stocks by market capitalization (stock price times the
number of shares) at June 30 each year, and form 10 market-size-ranked portfolios. Tests assume that investors holds positions from July through next June. MV1
(MV10) is the smallest (largest) market-size decile. Tests use unconditional CAPM and the Fama and French 3-factor model and use measurement-error-free returns.

The purpose of the table is to describe the parameter estimates for the intercepts and slopes for the two different designs. Panel A shows the standard multivariate
regression with 10 portfolios. This test asks if the performance measures are jointly different from zero. Panel B shows the return difference test. The test asks if the
performance measures are jointly different from each other. The return-difference test computes differences, MV1-MV2 (shown as MV1-2 and so forth), MV2-MV3,
MV3-MV4,..., MV9-MV10, and regresses these differences on the chosen risk-based model. The joint test statistics on abnormal performance are reported in Table
IV.

Panel A: Standard Multivariate Tests

August 1926 through December 1966 January 1967 through June 2007

α̂ β̂ α̂ β̂ ŝ ĥ α̂ β̂ α̂ β̂ ŝ ĥ

MV1 0.486 1.624 0.227 0.878 1.863 1.062 0.611 1.059 0.001 0.916 1.523 0.678
MV2 0.115 1.504 -0.061 1.006 1.390 0.634 0.277 1.078 -0.246 0.968 1.261 0.592
MV3 0.070 1.417 -0.064 1.042 1.095 0.451 0.305 1.069 -0.181 0.987 1.100 0.565
MV4 0.122 1.313 0.003 0.979 0.936 0.423 0.238 1.127 -0.210 1.071 0.947 0.536
MV5 0.032 1.296 -0.052 1.065 0.737 0.244 0.258 1.130 -0.166 1.075 0.902 0.507
MV6 0.097 1.263 0.032 1.074 0.470 0.270 0.212 1.119 -0.184 1.111 0.688 0.507
MV7 0.094 1.178 0.043 1.036 0.435 0.160 0.251 1.053 -0.101 1.084 0.479 0.481
MV8 0.019 1.118 -0.011 1.031 0.210 0.129 0.208 1.032 -0.076 1.088 0.276 0.411
MV9 0.047 1.096 0.027 1.029 0.070 0.147 0.154 1.011 -0.080 1.094 0.098 0.369
MV10 -0.036 0.972 -0.032 0.980 0.000 0.980 0.044 0.928 -0.045 1.022 0.000 1.022

Average 0.105 1.278 0.011 1.012 0.721 0.450 0.256 1.061 -0.143 1.056 0.639 0.555

Panel B: Return-Difference Tests

August 1926 through December 1966 January 1967 through June 2007

α̂ β̂ α̂ β̂ ŝ ĥ α̂ β̂ α̂ β̂ ŝ ĥ
MV1-2 0.371 0.120 0.289 -0.128 0.473 0.428 0.334 -0.018 0.248 -0.052 0.261 0.085
MV2-3 0.046 0.088 0.003 -0.036 0.295 0.183 -0.027 0.009 -0.065 -0.019 0.162 0.027
MV3-4 -0.052 0.103 -0.067 0.063 0.159 0.028 0.067 -0.058 0.029 -0.084 0.152 0.029
MV4-5 0.089 0.017 0.055 -0.086 0.199 0.179 -0.020 -0.003 -0.044 -0.005 0.046 0.029
MV5-6 -0.065 0.033 -0.083 -0.009 0.267 -0.026 0.046 0.011 0.018 -0.036 0.214 0.000
MV6-7 0.003 0.085 -0.011 0.038 0.035 0.110 -0.040 0.066 -0.083 0.027 0.209 0.026
MV7-8 0.075 0.060 0.054 0.005 0.225 0.030 0.044 0.021 -0.025 -0.004 0.203 0.070
MV8-9 -0.029 0.022 -0.038 0.002 0.139 -0.017 0.053 0.021 0.004 -0.006 0.178 0.042
MV9-10 0.084 0.125 0.058 0.049 0.149 0.129 0.110 0.082 -0.035 0.072 0.279 0.180

Average 0.058 0.072 0.029 -0.011 0.216 0.116 0.063 0.015 0.005 -0.012 0.189 0.054
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Table III: Portfolios From Market Size Rankings: Contemporaneous Cross-Correlation of
Errors From CAPM and Fama and French 3-factor Regressions: August 1926 - June 2007

Stock returns are from NYSE/AMEX and stocks from January 1926 through June 2007. Tests include
all firms except for those that are certificates, American Depository Receipts (ADR’s), units of beneficial
interest, companies outside the U.S., Americus Trust certificates, closed-end funds, and real estate trusts.
(We include stocks that have the share code classification of 10 or 11 on the CRSP file.) Tests rank stocks by
market capitalization (stock price times the number of shares) at June 30 each year, form 10 portfolios, and
hold positions for July through June. MV1 (MV10) is the smallest (largest) market-size decile. Tests use the
unconditional CAPM (lower triangular matrix) and the Fama and French 3-factor model (upper triangular
matrix). Tests use measurement-error-free returns. (Tests with rebalanced returns are similar.)

There are two multivariate test designs. The first is the standard multivariate regression with 10 portfolios.
The test asks if the performance measures are jointly different from zero. The second is the difference-
return α̂Σ̂

−1
α̂ test that asks if the performance measures are jointly different from each other. This test

computes differences, MV1-MV2, MV2-MV3, MV3-MV4, ..., MV9-MV10, and regresses these differences on
the risk-based model.

Panel A: Standard Test Design: Crosscorrelations: CAPM lower triangular matrix; 3-factor upper triangular
matrix

MV1 MV2 MV3 MV4 MV5 MV6 MV7 MV8 MV9 MV10
(Small) (Large)

MV1 (Small) 0.61 0.39 0.12 -0.06 -0.13 -0.17 -0.16 -0.17 -0.02
MV2 0.86 0.43 0.21 0.04 -0.04 -0.12 -0.11 -0.12 0.03
MV3 0.81 0.87 0.34 0.24 0.19 0.07 0.11 0.06 0.15
MV4 0.73 0.80 0.85 0.31 0.36 0.27 0.24 0.19 0.17
MV5 0.67 0.76 0.83 0.86 0.50 0.39 0.44 0.35 0.24
MV6 0.60 0.69 0.76 0.82 0.84 0.52 0.52 0.39 0.27
MV7 0.53 0.62 0.68 0.76 0.77 0.80 0.57 0.47 0.26
MV8 0.41 0.48 0.56 0.61 0.67 0.70 0.73 0.57 0.32
MV9 0.25 0.31 0.37 0.41 0.46 0.49 0.55 0.63 0.34
MV10 (Large) -0.30 -0.31 0.15 -0.29 -0.26 -0.19 -0.18 -0.05 0.11

Panel B: Return-Difference Test Design: Crosscorrelations: CAPM lower triangular matrix; 3-factor upper
triangular matrix

MV1-2 MV2-3 MV3-4 MV4-5 MV5-6 MV6-7 MV7-8 MV8-9 MV9-10
MV1-2 -0.09 0.17 0.12 0.10 -0.02 0.02 -0.05 -0.14
MV2-3 -0.02 -0.21 0.06 0.06 -0.03 0.04 -0.07 -0.13
MV3-4 0.20 -0.13 -0.35 0.13 0.03 -0.05 -0.01 -0.14
MV4-5 0.16 0.12 -0.27 -0.36 0.00 0.06 -0.05 -0.07
MV5-6 0.15 0.13 0.18 -0.25 -0.42 -0.03 -0.09 -0.09
MV6-7 0.10 0.07 0.11 0.09 -0.23 -0.42 0.05 -0.10
MV7-8 0.14 0.13 0.05 0.15 0.14 -0.18 -0.40 -0.03
MV8-9 0.07 0.04 0.07 0.03 0.09 0.17 -0.14 -0.31
MV9-10 0.10 0.08 0.05 0.10 0.18 0.11 0.24 -0.01
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Table IV: Market-Size Tests: Eigenvalues of the Σ̂ and the Decomposition of the Gibbons,
Ross, Shanken Test Statistic: August 1926 - June 2007

Tests rank stocks by the market size at June 30, form 10 portfolios, and hold positions for the next 12
months. MV1 (MV10) is the portfolio of smallest (largest) stocks. Tests use unconditional CAPM and
the Fama and French 3-factor models and measurement-error-free returns. There are two periods, August
1926 through until December 1966 and January 1967 through June 2007. There are two multivariate test
designs. The first is the standard multivariate regression with 10 portfolios. The test asks if the performance
measures are jointly different from zero. The second is the difference-return test that evaluates if the α’s are
jointly different from each other. The difference-return test computes differences, MV1-MV2, MV2-MV3,
MV3-MV4, ..., MV9-MV10, and regresses these differences on the risk-based model.

GRS use the W test statistic, W = (1 + Θ̂2)−1α̂ Σ̂−1 α̂. GRS find that

ΓGRS = [
T

T − K
][

T − N − 1
N

]W ∼ FN,T−N−1,

where ΓGRS has a central F distrbution and this test statistic is used for tests.

One can use the spectral decomposition of any quadratic form α′Σ−1α is,

α′Σ−1α =
1
λ1

(α′e1)2 +
1
λ2

(α′e2)2 +
1
λ3

(α′e3)2 + ... +
1

λN
(α′eN )2.

where λi is the ith eigenvalue and ei is its corresponding eigenvector. We will use this decomposition in
empirical tests. One can multiply 1

λi
(α′ei)2 term by a common multiplier, [ T

T−K ][T−N−1
N ](1+ Θ̂2)−1, for all

the components. Then we sum the multiplied components for the ΓGRS test statistic.

Each panel shows the eigenvalues and the decomposition of the quadratic form. (The eigenvalues are all
multiplied by 1,000 to reduce clutter from zeros.) The table is organized as follows. The largest eigenvalues
are at the top of the table. The sum of the eigenvalues is the generalized variance. The smaller the generalized
variance, the greater the likelihood of improved power. The GRS test statistic is shown as well as the loadings
on each of the eigenvalues. The sum of these loadings equals the GRS W test statistic.

None of the GRS W statistics are not large enough to reject the null at p < .05.
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Panel A: Standard Test Design: 10 Market Size Portfolios

August 1926 to December 1966 January 1967 to June 2007

E ΣY ΣCAPM ΣFF ΓCAPM ΓFF ΣY ΣCAPM ΣFF ΓCAPM ΓFF

1 75.574 14.259 2.025 0.090 0.107 30.750 9.938 2.430 0.415 0.115
2 4.288 1.142 0.370 0.113 0.171 3.232 1.551 1.170 0.018 0.578
3 0.651 0.370 0.255 0.244 0.150 0.520 0.344 0.259 0.747 0.674
4 0.249 0.219 0.215 0.040 0.012 0.224 0.204 0.172 0.116 0.001
5 0.210 0.148 0.145 0.023 0.016 0.148 0.126 0.100 0.032 0.190
6 0.124 0.124 0.123 0.001 0.001 0.098 0.095 0.084 0.039 0.078
7 0.121 0.100 0.092 0.003 0.042 0.086 0.068 0.065 0.009 0.000
8 0.092 0.090 0.069 0.103 0.072 0.057 0.056 0.056 0.202 0.069
9 0.078 0.066 0.064 0.095 0.233 0.053 0.048 0.041 0.073 0.137
10 0.062 0.033 0.031 0.267 0.163 0.033 0.032 0.028 0.006 0.162

GV 81.449 16.551 3.388 0.978 0.967 35.200 12.463 4.405 1.656 2.004
79.7% 95.8% 64.6% 87.5%

GRS 0.978 0.967 1.656 2.004

Panel B: Return-Difference Test Design: Market Size Portfolios

August 1926 to December 1966 January 1967 to June 2007

E ΣY ΣCAPM ΣFF ΓCAPM ΓFF ΣY ΣCAPM ΣFF ΓCAPM ΓFF

1 2.376 2.270 1.587 0.338 0.273 0.890 0.890 0.772 0.685 0.404
2 0.799 0.797 0.726 0.007 0.045 0.405 0.403 0.376 0.074 0.090
3 0.498 0.441 0.391 0.134 0.080 0.335 0.333 0.324 0.005 0.004
4 0.356 0.319 0.295 0.004 0.005 0.250 0.231 0.217 0.142 0.060
5 0.265 0.254 0.206 0.000 0.025 0.215 0.212 0.170 0.005 0.017
6 0.217 0.210 0.200 0.159 0.148 0.174 0.170 0.121 0.000 0.002
7 0.189 0.184 0.118 0.001 0.000 0.121 0.121 0.083 0.080 0.156
8 0.096 0.092 0.081 0.016 0.263 0.086 0.085 0.073 0.492 0.078
9 0.087 0.080 0.010 0.229 0.005 0.073 0.072 0.026 0.001 0.949

GV 4.884 4.647 3.614 2.549 2.517 2.163
4.8% 26.0% 1.3% 15.2%

GRS 0.887 0.844 1.484 1.759
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Table IV: Momentum Portfolios: Parameter Estimates for Performance and Slopes

Stock returns are from NYSE/AMEX stocks from January 1926 through June 2007. Tests include all firms except for those that are certificates, American Depository
Receipts (ADR’s), units of beneficial interest, companies outside the U.S., Americus Trust certificates, closed-end funds, and real estate trusts. (Tests include stocks
that have the share code classification of 10 or 11 on the CRSP file.) Tests rank stocks by 6-month past performance (sum of the last 6 months of stock returns) each
month, and form 10 portfolios. The test assumes that the investor will skip a month between the ranking and test periods and hold positions for the next 6 months.
P1 (P10) is the portfolio of past losers (winners). Tests use unconditional CAPM and the Fama and French 3-factor model and use measurement-error-free returns.

The purpose of the table is to describe the parameter estimates for the intercepts and slopes for the two different designs. The first is the standard multivariate
regression with 10 portfolios, which tests if the performance measures are jointly different from zero. The second is the modified test proposed to test if the performance
measures are jointly different from each other. The modified test computes differences, P1-P2 (shown as P1-2), P2-P3, P3-P4, ..., P9-P10, and regresses these differences
on the risk-based model.

The joint test statistics on abnormal performance are reported in Table VIII.

Panel A: Standard Multivariate Tests

August 1926 through December 1966 January 1967 through June 2007

α̂ β̂ α̂ β̂ ŝ h α̂ β̂ α̂ β̂ ŝ ĥ
P1 -0.096 1.515 -0.255 1.040 1.280 0.627 -0.308 1.272 -0.761 1.170 1.161 0.555
P2 -0.078 1.422 -0.193 1.095 0.851 0.450 0.092 1.127 -0.314 1.100 0.815 0.549
P3 -0.025 1.327 -0.123 1.051 0.730 0.373 0.223 1.056 -0.161 1.058 0.673 0.541
P4 0.045 1.264 -0.035 1.035 0.612 0.307 0.297 0.999 -0.064 1.008 0.603 0.509
P5 0.048 1.233 -0.030 1.015 0.609 0.279 0.336 0.981 -0.028 1.002 0.572 0.524
P6 0.079 1.188 0.012 0.994 0.566 0.232 0.311 0.971 -0.036 0.994 0.535 0.498
P7 0.097 1.174 0.033 0.980 0.542 0.246 0.353 0.985 0.015 0.994 0.563 0.475
P8 0.177 1.175 0.112 0.986 0.578 0.213 0.291 1.012 -0.039 1.022 0.548 0.467
P9 0.225 1.214 0.150 0.995 0.673 0.245 0.319 1.070 -0.018 1.056 0.645 0.459
P10 0.289 1.313 0.184 0.999 0.002 0.999 0.236 1.183 -0.113 1.090 -0.001 1.090

Average 0.076 1.283 -0.014 1.049 0.611 0.567 0.215 1.066 -0.152 1.049 0.611 0.567

Panel B: Return-Difference Tests

August 1926 through December 1966 January 1967 through June 2007

α̂ β̂ α̂ β̂ ŝ h α̂ β̂ α̂ β̂ ŝ ĥ
P1-P2 -0.018 0.092 -0.071 -0.055 0.431 0.176 -0.400 0.145 -0.444 0.071 0.345 0.006
P2-P3 -0.052 0.096 -0.070 0.045 0.121 0.076 -0.132 0.071 -0.154 0.042 0.143 0.009
P3-P4 -0.070 0.063 -0.086 0.016 0.119 0.066 -0.073 0.057 -0.100 0.051 0.069 0.034
P4-P5 -0.003 0.031 -0.007 0.020 0.006 0.026 -0.040 0.018 -0.035 0.007 0.030 -0.015
P5-P6 -0.031 0.046 -0.039 0.020 0.042 0.048 0.025 0.010 0.005 0.009 0.038 0.027
P6-P7 -0.019 0.013 -0.019 0.014 0.025 -0.015 -0.042 -0.013 -0.052 0.000 -0.029 0.024
P7-P8 -0.079 -0.001 -0.080 -0.006 -0.037 0.034 0.062 -0.027 0.057 -0.029 0.017 0.006
P8-P9 -0.048 -0.038 -0.037 -0.008 -0.095 -0.032 -0.029 -0.058 -0.021 -0.034 -0.098 0.007
P9-P10 -0.064 -0.099 -0.030 -0.004 -0.290 -0.108 0.083 -0.114 0.093 -0.036 -0.297 0.043

Average -0.038 0.020 -0.049 0.005 0.036 0.030 -0.054 0.009 -0.072 0.009 0.024 0.016
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Table VI: Momentum: Contemporaneous Cross-Correlation of Errors: August 1926 - June
2007

Stock returns are from NYSE/AMEX stocks from January 1926 through June 2007. Tests include all firms
except for those that are certificates, American Depository Receipts (ADR’s), units of beneficial interest,
companies outside the U.S., Americus Trust certificates, closed-end funds, and real estate trusts. (Tests
include stocks that have the share code classification of 10 or 11 on the CRSP file.) For 6-month, past-
performance rankings, tests rank stocks by the sum of their 6 month past returns, form 10 past-performance-
ranked portfolios, skip one month and hold positions for the next 6 months. P1 (P10) is the portfolio of past
losers (winners). Tests use unconditional Capital Asset Pricing Theory and the Fama and French 3-factor
models. Tests use measurement-error-free returns.

There are two multivariate test designs. The first is the standard multivariate regression with 10 portfolios.
The test asks if the performance measures are jointly different from zero. The second is the difference-return
α̂Σ̂

−1
α̂ test that asks if the performance measures are jointly different from each other. This test computes

differences, P1-P2, P2-P3, P3-P4, ..., P9-P10, and regresses these differences on the risk-based model.

Panel A: Standard Test Design: Crosscorrelations: CAPM lower triangular matrix; 3-factor upper triangular
matrix

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
(Losers) (Winners)

P1 (Losers) 0.69 0.56 0.44 0.35 0.28 0.24 0.19 0.21 0.43
P2 0.91 0.79 0.71 0.64 0.53 0.46 0.34 0.25 0.24
P3 0.88 0.96 0.79 0.75 0.66 0.57 0.42 0.30 0.18
P4 0.85 0.94 0.96 0.76 0.73 0.64 0.53 0.36 0.18
P5 0.83 0.92 0.94 0.95 0.76 0.69 0.57 0.43 0.20
P6 0.81 0.89 0.92 0.94 0.95 0.76 0.69 0.52 0.26
P7 0.80 0.88 0.90 0.91 0.93 0.94 0.71 0.60 0.35
P8 0.80 0.86 0.87 0.89 0.91 0.93 0.94 0.73 0.47
P9 0.80 0.84 0.84 0.85 0.87 0.89 0.92 0.95 0.65
P10 (Winners) 0.84 0.81 0.79 0.80 0.80 0.82 0.85 0.88 0.91

Panel B: Return-Difference Test Design: Crosscorrelations: CAPM lower triangular matrix; 3-factor upper
triangular matrix

P1-2 P2-3 P3-4 P4-5 P5-6 P6-7 P7-8 P8-9 P9-10
P1-2 0.19 0.18 0.10 0.03 0.02 -0.06 -0.15 -0.50
P2-3 0.33 -0.14 0.14 0.10 0.03 -0.04 -0.07 -0.26
P3-4 0.28 -0.01 -0.33 0.20 0.00 0.13 -0.02 -0.07
P4-5 0.15 0.19 -0.27 -0.33 0.09 -0.01 0.03 -0.05
P5-6 0.10 0.16 0.22 -0.30 -0.30 0.13 0.07 0.04
P6-7 -0.01 0.02 -0.01 0.08 -0.30 -0.34 0.17 0.10
P7-8 -0.09 -0.06 0.09 -0.02 0.13 -0.33 -0.19 0.10
P8-9 -0.27 -0.19 -0.09 -0.03 -0.01 0.19 -0.17 0.09
P9-10 -0.59 -0.40 -0.21 -0.12 -0.07 0.12 0.11 0.22
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Table VII: Momentum: Eigenvalues and Gibbons, Ross, Shanken Test Statistics: August
1926 - June 2007

Tests rank stocks by the sum of the their returns in the last 6 months, form 10 portfolios, skip one month
and hold positions for the next 6 months. P1 (P10) is the portfolio of past losers (winners). Tests use
unconditional CAPM and the Fama and French 3-factor models and measurement-error-free returns. There
are two periods for tests. The first is from August 1926 through until December 1966. The second is
from January 1967 through June 2007. There are two multivariate test designs. The first is the standard
multivariate regression with 10 portfolios. The test asks if the performance measures are jointly different from
zero. The second is the difference-return test that evaluates if the α’s are jointly different from each other.
The modified test computes differences, P1-P2, P2-P3, P3-P4, ..., P9-P10, and regresses these differences on
the risk-based model.

GRS use the W test statistic, W = (1 + Θ̂2)−1α̂′Σ̂
−1

α̂. GRS find that

ΓGRS = [
T

T − K
][

T − N − 1
N

]W ∼ FN,T−N−1,

where ΓGRS has a central F distrbution and this test statistic is used for tests.

One can use the spectral decomposition of any quadratic form α′Σ−1α is,

α′Σ−1α =
1
λ1

(α′e1)2 +
1
λ2

(α′e2)2 +
1
λ3

(α′e3)2 + ... +
1

λN
(α′eN )2.

where λi is the ith eigenvalue and ei is its corresponding eigenvector. We will use this decomposition in
empirical tests. One can multiply 1

λi
(α′ei)2 term by a common multiplier, [ T

T−K ][T−N−1
N ](1+ Θ̂2)−1, for all

the components. Then we sum the multiplied components for the ΓGRS test statistic.

Each panel shows the eigenvalues and the decomposition of the quadratic form. (The eigenvalues are all
multiplied by 1,000 to reduce clutter from zeros.) The table is organized as follows. The largest eigenvalues
are at the top of the table. The sum of the eigenvalues is the generalized variance. The smaller the generalized
variance, the greater the likelihood of improved power. The GRS test statistic is shown as well as the loadings
on each of the eigenvalues. The sum of these loadings equals the GRS W test statistic.

All GRS are large enough to reject the null at p < .05.
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Panel A: Standard Test Design: 10 Momentum Portfolios

August 1926 to December 1966 January 1967 to June 2007

E ΣY ΣCAPM ΣFF ΓCAPM ΓFF ΣY ΣCAPM ΣFF ΓCAPM ΓFF

1 73.520 9.561 0.733 0.017 0.378 30.617 7.807 1.991 0.194 1.092
2 0.795 0.414 0.403 1.057 0.865 0.683 0.561 0.490 4.982 2.578
3 0.406 0.330 0.245 1.329 1.015 0.303 0.303 0.237 0.001 0.072
4 0.072 0.069 0.068 0.097 0.100 0.034 0.033 0.032 0.246 0.184
5 0.051 0.051 0.050 0.057 0.049 0.020 0.020 0.019 2.432 1.768
6 0.043 0.043 0.043 0.007 0.017 0.014 0.014 0.014 0.028 0.023
7 0.029 0.029 0.028 0.059 0.052 0.013 0.013 0.013 0.003 0.025
8 0.027 0.027 0.027 0.041 0.073 0.010 0.010 0.010 0.744 0.667
9 0.022 0.022 0.022 0.070 0.042 0.010 0.009 0.009 0.343 0.291
10 0.019 0.019 0.019 0.242 0.197 0.009 0.009 0.009 0.445 0.378

GV 74.984 10.565 1.637 31.712 8.779 2.824
85.9% 97.8% 72.3% 91.1%

GRS 2.976 2.788 9.417 7.078

Panel B: Return-Difference Test Design: Momentum Portfolios

August 1926 to December 1966 January 1967 to June 2007

E ΣY ΣCAPM ΣFF ΓCAPM ΓFF ΣY ΣCAPM ΣFF ΓCAPM ΓFF

1 0.981 0.883 0.478 0.001 0.016 0.676 0.589 0.363 1.441 3.222
2 0.215 0.210 0.196 0.062 0.092 0.084 0.082 0.070 1.503 0.883
3 0.134 0.106 0.097 0.006 0.027 0.050 0.049 0.049 0.453 0.282
4 0.090 0.090 0.087 0.087 0.077 0.040 0.038 0.036 0.210 0.528
5 0.082 0.080 0.075 0.004 0.009 0.037 0.037 0.036 0.552 0.436
6 0.071 0.071 0.068 0.505 0.493 0.030 0.027 0.026 0.484 0.930
7 0.053 0.046 0.038 1.161 1.984 0.021 0.021 0.021 0.006 0.001
8 0.029 0.028 0.026 0.117 0.028 0.016 0.015 0.014 0.000 0.030
9 0.022 0.022 0.022 0.062 0.123 0.012 0.012 0.012 2.104 1.523

GV 1.676 1.536 1.086 0.965 0.870 0.626
8.4% 35.2% 9.8% 35.1%

GRS 2.006 2.850 6.753 7.835
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