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Abstract

The violation of the random walk hypothesis is documented in an in-
creasing number of papers. This study provides additional evidence that
risk—adjusted monthly returns do not follow a random walk. The goals of
the paper are fourfold. It 1) documents the serial correlation displayed by
the monthly returns as well as risk—adjusted returns on size—sorted portfo-
lios, 2) determines its origins, 3) investigates its effects on the tests of asset
pricing models and mean—variance efficiency, and 4) explains why the pres-
ence of serial correlation in the risk—adjusted monthly returns on small firm
portfolios does not necessarily imply that the stock market is inefficient.



1 Introduction

The violation of the random walk hypothesis is documented in an increasing

number of papers. Fama and French (1988) present evidence that stock prices have

temporary components that are slowly eliminated. Long holding—period returns are

negatively serially correlated. Their results indicate that 25% to 40% of the varia-

tion of longer horizon returns is predictable from past returns. Lo and MacKinlay

(1987) reject the random walk hypothesis for weekly stock market returns. In con-

trast to the negative serial correlation found by Fama and French (1988) for longer

horizon returns, they find significant positive serial correlation. The rejections are

largely due to the behavior of small stocks. However, they conclude that there

is weak evidence against the random walk hypothesis using monthly data. There

seems to be an agreement that security monthly returns are not systematically

related to their past returns at least in the short run horizon.

The empirical evidence of Jegadeesh (1987) is one exception. He finds that

the monthly risk—adjusted returns of NYSE stocks are systematically related to

their history of returns as far as thirty six months. This paper provides additional

evidence that risk—adjusted monthly returns do not follow a random walk. The

risk—adjusted monthly returns on small firm portfolios exhibit statistically signif-

icant positive serial correlation. This contrasts with Lo and MacKinlay's (1987)

conclusion. The goals of the paper are fourfold. The paper 1) documents the serial

correlation displayed by the monthly returns as well as risk—adjusted returns on

size—sorted portfolios, 2) determines its origins, 3) investigates its effects on the

tests of mean—variance (MV) efficiency, and 4) explains why the presence of se-
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rial correlation in the risk—adjusted monthly returns on small firm portfolios is not

necessarily inconsistent with the market efficiency hypothesis.

Consistent with previous studies, the first—order serial correlation estimate is

found to be statistically insignificant for all the size—sorted portfolios. However, the

twelve—order serial correlation is positive and statistically significant. Further, the

twelve order serial correlation displayed by the monthly returns and risk—adjusted

returns on the size—sorted portfolios are decreasing with firm size. The serial corre-

lation is statistically significant for the smallest market value portfolios. Depending

on the market index, the point estimates are in the .30 to .40 bracket. The twelve—

order serial correlation is essentially related to the January seasonal.

The finding of serial correlation has important implications for the tests of MV

efficiency performed on size—sorted portfolios. In particular, the use of a maximum

likelihood estimator which accounts for the serial autocorrelation indicates that the

twelve order serial correlation biases the standard error estimates of the abnormal

excess returns, i.e., the intercept of the simple index model. After controlling for

the effects of autocorrelation, the OLS standard deviation estimates turn out to be

systematically underestimated. The underestimation is serious enough to reverse

inferences about the small firm effect.

The presence of twelve—order serial correlation in the risk—adjusted monthly

returns on small firm portfolios is not necessarily inconsistent with the efficient

market hypothesis. This presence is shown to be consistent with omitted risk factor

and more specifically with the violation of the assumption of a stationary return

generating process. When the non—stationarity induced by the January seasonal is

controlled for, most of the twelve order serial correlation disappears.
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The paper is organized as follows_ Section 2 presents the tests of MV efficiency

under the assumption of serially uncorrelated disturbances. Section 3 describes the

data and the portfolio formation process. Section 4 documents the serial correlation

displayed by the returns and the risk-adjusted returns on size-sorted portfolios.

The econometric implications of serial correlation for the tests of MV efficiency

are investigated in section 5. The origins of the twelve order serial correlation are

examined in Section 6. Section 7 concludes the paper.

2 Tests of MV efficiency under the hypothesis of
serially uncorrelated disturbances

The market model describes an asset return, 	 as a linear function of the

market return,

it = iTai +	 +	 t --= 1, • • . ,T,	 (1)

where, 22. is a (T x 1) vector of ones, i?it is the percent return of security i in month

t, it„„ is the percent return of the market in month t, cei is the market model

intercept, is the usual market beta or systematic risk of security i, and is an

idiosyncratic disturbance normally distributed with mean zero and variance 17 2 . It

is generally assumed that E(ec') = a2 I, where e is the (T x 1) vector of disturbances

and I is the (T x T) identity matrix. The market model written in terms of risk

premix becomes,

(flit RFt) = STa: (14nt RFt)13s jig) t = 1,	 , T,	 (2)

where RFt is the ex-ante riskless rate in period t.
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It is well-known that the Sharpe-Lintner (1964,1965) CAPM, which describes

a relation between expected return and risk,

E(kit) = RFt 	- Rpt)a„	 (3)

where E denotes the expected value operator, implies that a: in equation (2) is

equal to zero for each asset i. If there is a size anomaly relative to the Sharpe-

Lintner (1964,1965) CAPM, a' is related to firm size. Many studies such as those

of Banz (1981) and Reinganum (1981) find a negative relation between a: and size.

Further, the empirical evidence of Keim (1983) and Roll (1983) indicates that the

average risk-adjusted return to a portfolio of small firms is larger in January and

much smaller for the rest of the year. About 67% of the annual return differential

occurs in January and about 37% of the size effect occurs during the first trading

days of January.

To simplify the notation, the "tildes" are dropped from equation (2), and it is

rewritten as,

r,i = tra; + rmogi + fit, t = 1,	 , T,	 (4)

with rit (kit 140 and rme = — RFi). The intercept a, in (4) is equal to a:

in (2), which differs from a, in (1) by the constant 141 (1- j3i ). A test of the CAPM,

or more specifically, as shown by Roll (1977), a test of the mean-variance (MV)

efficiency of the proxy used as the market index, can be performed by examining the

estimates and the statitical significance of the abnormal excess returns, a i in (4),

obtained for each individual portfolio i. Univariate t or F-tests can be used for

that purpose. As Gibbons, Ross, and Shanken (1986) point out, it is difficult to

draw a proper joint inference across a number of univariate t tests for the statistics

may be highly dependent. A possible alternative to the univariate t or F test is
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the multivariate F statistic which enables one to test the joint hypothesis that the

abnormal excess returns of each portfolio are equal to zero.

Regardless of the statistical approach followed, i.e., univariate or multivariate,

the tests are generally performed on portfolios instead of individual securities to

obtain efficient estimates. Firm size is used as an instrumental variable in an in-

creasing number of papers. Power considerations justify the choice of firm size in

those tests. Firm size seems to be an adequate instrumental variable to simultane-

ously maximize estimation efficiency and the power of the tests.

3 Description of the data and the portfolio for-
mation process

Stock return data from January 1, 1963 through December 31, 1984 is extracted

from the CRSP 1985 daily data files. These returns are then compounded on a daily

basis to yield monthly stock returns. This yields a total of 264 monthly observations.

The value–weighted (VW) and equally–weighted (EW) monthly indices of NYSE

and AMEX listed stocks are used as market proxies.' To improve the precision of

the regression estimates, asset returns are grouped into twenty portfolios, based on

market value of equity at the end of the month. The portfolio formation procedure

is as follows. On the preceding month, asset returns are ranked according to the

market value of their equity. Those firms are then divided into 20 portfolios, each

containing an equal number of stocks. Portfolio 1cl contains the smallest firms

while P40 contains the largest companies. The returns for these portfolios are

'These two indices differ from the CRSP EW and VW monthly indices since the AMEX securities
are not included in the construction of the CRSP (monthly) indices.
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then collected for the current month. The firms are re—ranked every month and

the process is repeated for twenty two years. The tests are performed on four

subperiods and on the total period. For purposes of comparison, the subperiods

are those of Brown, Kleidon, and Marsh (1983). They extend from 1) January 1963

to December 1968, 2) January 1969 to December 1973, 3) January 1974 to June

1979, and 4) July 1979 to December 1984. They approximately correspond to four

subperiods of equal length.

It is of interest to compare the sample used here to the samples employed in

past studies. They differ with respect to 1) the characteristics of the firms, 2)

the rebalancing method, 3) the missing return requirement and 4) the indices used

as market proxies. Both NYSE and AMEX firms are employed to construct the

portfolios. The market value of small firm portfolios, especially P1 is, therefore,

smaller and the number of securities in each portfolio is larger than in past studies.

Also, the portfolios are rebalanced every month instead of being calculated only

once at the end of the previous subperiod. The market value of P 1 is likely to be

smaller for that reason. Further, the survivorship bias is less likely to be a serious

problem. Unlike past studies which require complete returns in each subperiod,

firms are only removed in the months that display a missing return. The smallest

firms are, therefore, not eliminated. Finally, the CRSP EW and VW monthly

return indices are recomputed to include both the NYSE and AMEX firms.'

2 The EW index is formed by first compounding the individual returns and then forming an equal
weighted portfolio.
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4 Tests for autocorrelated market model distur-
bances: Description of the tests and empirical
evidence

4.1 Description of the statistical tests

Two tests are suggested to detect autocorrelated disturbances of order p in the

stock return generating process. 3 The first test examines the sample autocorrela-

tion,
[mot=T-p
L...t=1	 Et fill,

P12 -	 ,^2
t=1

where the Et are the least squares residuals from the market model. It is well—known

that this test assumes that each E t converges in probability to the corresponding

Et , the true unobservable residual. In small samples, the e t 's will be correlated

even if the unobservable Et 's are not. Also, Malinvaud (1970) shows that pp exhibit

substantial small sample bias. This test yields, therefore, useful information only

if the sample is sufficiently large.

A Lagrange multiplier (LM) test can also be used. If the null hypothesis is

pp = 0, and the alternative hypothesis is the autoregressive AR(p) process ct

pp et_p rit , with pp � 0, then the LM test statistic Tpl, has a 41) distribution

asymptotically. For a more general alternative, such as et =	 rig in the

AR(p) case and the null hypothesis p1 = p2 = • • = pp = 0, the LM test statistic

T Er; 14 has a xfp) distribution asympotically. This suggests, 1) estimating the

autocorrelation of the residuals using (5) by letting p vary between, say, 1 and 12,

'It is assumed here that the disturbances follow an autoregressive process. More complicated
processes, such as moving average (MA) and autoregressive and moving average (ARMA) processes
are not examined.

(5)
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and 2) computing the LM statistic for the orders of the autocorrelation function

found significant.

The tests for autocorreled disturbances are applied to each of the 20 size—sorted

portfolios. Potential relationships between firm size and the deviations from uncor-

related disturbances can, therefore, be tested. Also, these statistics are computed

on a sample that successively includes and excludes the January observations. This

enables us to control for possible effects of the January seasonal on the violation of

the assumption of uncorrelated disturbances.

4.2 The empirical evidence

Table 1 displays the parameter estimates of the market model, as specified

in regression equation (4), obtained in the four subperiods examined by Brown,

Kleidon and Marsh (1983) and in the total period. The abnormal excess returns

estimates, i.e., the eti 's, turn out to be insignifiant in two of the subperiods and

in the total period using either the EW or the VW index. As in Brown, Kleidon,

and Marsh (1983), small firms earn negative, though insignificant, abnormal excess

returns in the second period. The small firm effect tends to be statistically more

significant with the VW index than with the EW index. Also, with the VW index,

large firms appear to earn significant negative abnormal excess returns in two of

the four subperiods and also in the total period. The empirical evidence supports

the existence of a "size effect". However, the abnormal excess returns are non—

stationary, i.e., vary over time, and are not always significant in the subperiods.

The autocorrelation function of the market model residuals obtained with both

market indices is computed using equation (5). Though not reported here, the
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autocorrelation functions indicate that O il is the only serial correlation parameter

estimate which displays a consistent pattern across portfolios and in the different

time periods, being always positive and generally significant. The results obtained

with the LM statistic, distributed as a 4 ) , testing the null hypothesis that /512 = 0

+ fit, with 1against the hypothesis that Et	 f= v12 -t-12	 0, are reported in table

2. The null hypothesis is rejected when the LM statistic is large. The probability

values appear in parentheses. Three important results concerning the autocorrela-

tion structure of the residuals of the market model appear in table 2. First, the

LM test is sensitive to sample size. The hypothesis of uncorrelated disturbances is

rejected for most portfolios in the total period but only for the smallest ones in the

subperiods. Second, the rejection is sharper for portfolios of small firms than for

portfolios of large firms in the total period. The p—values increase as the market

value of the portfolios increases. Third, the January seasonality totally accounts

for the autocorrelation observed at lag 12. Without the January observations, the

null hypothesis is neither rejected in the subperiods, nor in the total period, with

both indices.

It is surprising to find that the market model residuals mostly exhibit twelve

order autocorrelation. One would expect the market model residuals to display first

order autocorrelation as well. This would be consistent with Lo and MacKinlay's

(1987) rejection of the random walk hypothesis for size—sorted portfolios. To better

understand the lack of first order autocorrelation in the market model residuals,

the first order (p i) and twelve order (p12 ) sample autocorrelation estimates of 1)

the returns and 2) the market model residuals of the 20 size—sorted portfolios are

reported in table 3. The January observations are included in panel A and excluded
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in panel B. The standard deviation of the first and twelve order autocorrelation

estimates, denoted 80i and bow respectively, appear in the third column. Table 4

presents the sample autocorrelation estimates of the returns on the EW and VW

market indices.

Panels A.1 and B.1 of table 3 indicate that the returns on the size—sorted

portfolios do exhibit first order serial correlation. The estimate of first order auto-

correlation, AI , is significant for P1 and is decaying as the average market value of

the portfolio increases. This result holds in the total period as well as in the subpe-

riods. This is consistent with Lo and MacKinlay's (1987) finding. Though a sharp

decrease in the estimate of first order autocorrelation is observed when a four week

base interval replaces a one week interval, Lo and MacKinlay (1987) report a serial

correlation of 23% for the smallest quintile portfolio. In panel A.1 of table 3, the

estimate of first order autocorrelation is equal to .20 in the entire sample period.

Like Ai , Ai2 is positive. However, the twelve order autocorrelation estimates are

comparatively larger and more significant than the first order autocorrelation esti-

mates at least in the total period. For example, the estimate obtained for P1 , /5 12 is

equal to .34 versus .20 for Ai in the total period. The twelve order autocorrelation

estimates are also decaying as the average market value of the portfolios increases.

When the January observations are removed from the sample, the first order auto-

correlation estimates remain identical. The point estimates are even slightly larger

as panel B.1 of table 3 indicates. The twelve order autocorrelation totally vanishes,

however.

It is necessary to examine the sample first order and twelve order autocorrelation

estimates obtained for the market indices to understand why, unlike the twelve
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order autocorrelation, there are no traces of first order autocorrelation left in the

market model residuals. The first order autocorrelation estimates displayed by

the returns on the EW and VW market indices are similar to those obtained by

Lo and MacKinlay (1987). They report an estimate of 15% for the returns on

the EW index (with a base interval of four weeks), which is significant at the 5%

level. In the total sample period, table 4 indicates that pl is equal to .16. Also,

Lo and MacKinlay (1987) find that the rejection of the random walk hypothesis

is much weaker for the VW index. Consistent with their result, the first order

autocorrelation estimate obtained for the VW index turns out to be equal to .05 in

the total sample period. Also, table 4 shows that the twelve order autocorrelation

estimate is marginally significant for the returns on the EW index but insignificant

for the returns on the VW index.

It is important to notice, however, that the difference in the first order au-

tocorrelation estimates obtained for the returns on P 1 and on the EW index is

smaller than the difference in the twelve order autocorrelation estimates obtained

for the returns on P1 and on the EW index, namely (A 1 (P1 )– k i (EW)) < (Al2(P1)-

A l2 (EW)). In the total period, the two diferences are (.201-.046)=.155 and (.343-

.049)=.294, respectively. This is also true with the VW index. This difference is

critical to understand why, unlike twelve order autocorrelation, the residuals ob-

tained with the EW or VW index do not exhibit first order autocorrelation. This

result holds in the total sample period but is less apparent in the subperiods.
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5 Tests of MV efficiency in the presence of seri-
ally correlated disturbances

5.1 The econometric implications of serially correlated dis-
turbances

The econometric implications of serially correlated disturbances are well-known.

Autocorrelation implies that the OLS estimator is unbiased but inefficient. Also, the

OLS variance estimator is biased and consequently the usual OLS test statistics are

not valid. The direction of the bias is of great interest, especially for the problem

at hand. Nicholls and Pagan (1977) find that, when the errors follow an AR(1)

process, that understatement of the variance is the more likely situation provided

the autocorrelation is positive.*

An important issue is to determine if this result extends to higher order processes

and in particular to the AR(12) process found in the market model residuals. The

unbiased standard deviation estimates of the market model intercept and slope

coefficients are computed with a ML procedure that jointly estimates the AR(12)

autocorrelation coefficient and the regression parameters. For each portfolio, the

market model is rewritten as,

1 
rt = rwitP + Et

Et = PEI-12 + Tit, t = 1,	 ,T — 13,
(6)

with E(tit) = 0, E(n1) = 44, E(7707,) = 0 for t s and jp1 < 1. Here, ri is a

(T x 1) vector containing the observations on the excess returns obtained for each

portfolio i, r„,t is a (T x 2) matrix made of a vector of ones in the first column and

a vector containing the observations on the excess market returns in the second

'This result has been established under very specific conditions. Nicholls and Pagan (1977) assume
that there is only one explanatory variable.
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column, and # is a (2 x 1) row vector with the intercept and slope coefficients of the

market model in the first and second columns, respectively. The covariance matrix

E(EE) = is equal to a,72 * = 0,12 (41. 0 I) where Ws is of dimension (T/12 x T/12)

and has the same structure as the matrix obtained for an AR(1) process, I is the

identity matrix, and 0 designates the Kronecker product s The structure of %If is

such that E(E t e;_,) = 0 unless s is a multiple of 12 in which case it is equal to a?ph

with a? = tepTM2

The maximum likelihood estimates can be computed as follows. If y has a

multivariate normal distribution, its density is,

1(0 = (27r) =31 (a?I)-i ITO exp j (r rm13)1 l (r r.0) 
2a4	 ,	 (7)

and so for ML estimation, the log-likelihood is, apart from a constant,

(r - r„,#)4-'(r - r„,fl)Lo,w).	 log a2 - log14112	 " 2	 2a4

Conditional on 3 and W , the ML estimator for o is,

1a2 = (r - r„3).‘11-1(r - r„,#)
^ T

and substituting this into L and ignoring the constants gives the log-likelihood

function,
1

L(/30 Y) = 2 log [(r - r„J3)4 -1 (r - r,„.,3)] - -
2 log	 (10)

6 That is

410
1

1
p

P
2

p
1
p

p2

P
1

07-1
0T-2

PT
-3

1 —p2

/7-1 /7-2 pT-3	 1

(8)

(9)
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The maximum likelihood estimates of /3 and the unknown elements in 41 are those

values that maximize (10). After some rearrangings, these values are shown to be

equal to the values that maximize,

Sz,0, 119 = IT I*(r rnog) 'W-1 (r reX).

Equation (11) can be rewritten as,

SL (#,W) 140(r*- /„/3) s (r* -	 (12)

with r* = Pr and r;',, = Pr., and *- 1 = P.P. The ML estimates are found by

minimizing equation (12). The Generalized Least squares estimator is obtained by

minimizing,

S(13,40 = (r* - r:„M i (r" - r:03).	 (13)

Therefore, as shown in Judge and a!. (1985), the difference between the objective

function for the ML estimates and that for the GLS estimator is that the former

contains the eh root of the determinant of W.'

Also, though the market model residuals do not exhibit any systematic autocor-

relation at lag 1, the estimates obtained with the AR(12) process can be compared

to estimates obtained with an AR(1,12) process defined as,

re = r,,,tf3 + Et

Et =	 + P12fs-12 Tit, t = 1,	 , T - 13.
(14)

The ML estimates employ a Gauss-Marquardt algorithm to minimize the sum of

squares and maximize the log-likelihood function. Yule-Walker estimates are used

as starting values. The relevant optimization is performed simultaneously for both

the regression and AR(12) or AR(1,12) parameters.

°Hence, equation (12) can be rewritten aa Sk (fi, W) =	 W).
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5.2 The empirical evidence

Table 5 reports the results of the ML estimates of the market model computed

under the assumption that the residuals follow an AR(12) process. The regressions

and the autocorrelation parameters are estimated jointly. The January observations

are included in the estimation process in panel A and excluded in panel B.

The empirical evidence concerning the autocorrelation parameter at lag 12,

P12, is first examined. As displayed in panel A of table 5, 1112 is systematically

positive and is decreasing with firm size. In the total period, the point estimate

obtained for P1 is equal to .40 (.45) and to .25 (.15) for P20 with the EW (VW)

index. For porfolios of small firms, the point estimates tend to be larger with the

VW than with the EW index but the reverse is true for portfolios of large firms.

Most of these results hold in the total period and also in the subperiods. The

serial correlation parameter estimate, p12, is significant for portfolios of small firms,

generally insignificant for portfolios of medium size firms, and marginally significant

or insignificant depending on the market index for portfolios of large firms. Also, 112

is more significant in the total period than in the subperiods, and t—statistics greater

than 6 are not uncommon. Panel B of table 5 supports the empirical finding of

section 4 that the January seasonal is generating the twelve order serial correlation.

Once the January observations are removed, a sharp drop in the point estimate of

1112 is observed. For P1 , 1112 decreases from .40 (.45) with the January returns to .02

(.03) with the EW (VW) index in the total period. The autocorrelation coefficient is

also never significant in the subperiods after eliminating the January observations.

The autocorrelation coefficient, p 12 , is positive and significant. It is, therefore,

important to verify if the existence of a significant twelve order serial correlation
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parameter estimate implies, like an AR(1) process, a downward bias in the OLS

standard deviation estimates. First, the comparison of the OLS and ML point

estimates of the market model parameters reveals a small difference between the

two sets of estimates. This is especially true in the subperiods which suggests that

sample size might partly be responsible for the discrepancy. However, even in the

subperiods, no systematic pattern is observed. The ML estimates of the abnormal

excess returns are slightly higher or lower than their OLS counterparts.

The most important result concerns the ML standard deviation estimates of

the abnormal excess returns. They turn out to be systematically larger than their

OLS counterparts, and are larger the higher the autocorrelation coefficient. In the

total period, the t—statistic obtained for P1 decreases from 3.44 (3.56) with OLS

to 2.30 (2.07) with the ML estimator for the EW (VW) index. The probability

levels decrease from 1% with OLS to 5% with the ML estimator. In the third

subperiod, the ML estimates of the abnormal excess returns become insignificant.

The only subperiod that still displays positive abnormal excess returns estimates is

the first one. This, however, is not surprising since Al2 is only marginally significant

in that subperiod .7 The evidence reported in table 5 is consistent with the result

'The market model regression parameters obtained with the EW and VW indices, respectively, are
also estimated under the assumption that the errors follow an autoregressive process AR(1,12).
Though not reported, the results can be summarized as follows. The estimates of the parameter A/
are generally neither statistically significant in the subperiods nor in the total period. Portfolios of
small firms do not exhibit autocorrelated returns at lag 1. However, unlike small firms, portfolios
of large firms seem to display negative autocorrelated returns at lag 1. The coefficients are
statistically significant in the third and in the total period with the EW index but are never
significant with the VW index. The estimates of the parameter 0312 are similar to those reported
in table 5. Portfolios of small firms exhibit a large positive autocorrelation parameter estimate at
lag 12. This parameter is decaying with firm sire. It is finally interesting to note that the standard
deviation estimates of the abnormal excess returns are generally larger with the AR(1, 12) than
with the AR(12) process. This may reflect an overfitting of the model. The lack of significance of
the autoregressive parameter at lag 1 suggests that the simple AR(12) is adequate to account for
the autocorrelation in the market model residuals displayed by size—sorted portfolios.
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reported in the econometric literature that the OLS standard deviation estimates

are downward biased in presence of positive serial correlation.

The empirical findings of the two previous sections can be summarized as fol-

lows. The risk–adjusted returns on size–sorted portfolios display a systematic pos-

itive and significant autocorrelation estimate at lag 12. After controlling for the

effects of serial correlation, the OLS standard deviation estimates turn out to be

systematically underestimated. The underestimation is serious enough to reverse

inferences about the small firm effect in most subperiods. As found in section 4,

the main source of autocorrelation for the 20 size–sorted portfolios is the January

seasonal. Before concluding that the presence of serial correlation in the risk ad-

justed returns is inconsistent with the market efficiency hypothesis, it is necessary

to test whether the presence of twelve order serial correlation does not arise from

a misspecified return generating process. This issue is addressed in the following

section.

6 Origins of the serially correlated disturbances:
The January seasonal and the misspecification
of the return generating process

6.1 The January seasonal and the non—stationarity of the
return generating process

The empirical evidence in the previous sections indicates that the residuals of

the market model are serially correlated, and more so for portfolios of small firms

than for portfolios of large firms. This econometric problem may arise from a mis-

specification of the market model and in particular from non–stationarities in the
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return generating process. One obvious potential source of non-stationarity is the

January seasonal. The January returns may be generated by factors not accounted

for by the market model. As the empirical evidence of Kelm (1983) and Roll (1983)

indicates, the January seasonal is more pronounced for small than for large firms.

This might explain why the market model disturbances obtained for small firm

portfolios exhibit more serial correlation than those obtained for large firm portfo-

lios. The goal of this section is to investigate whether the econometric problems of

serially correlated disturbances vanish after controlling for non-stationarity.

Several recent papers have empirically examined the question of seasonality of

market risk. Using twenty years of daily data, Tinic and Rogalski (1986) investigate

the betas of NYSE and AMEX stocks. They find that the mean returns, betas,

and residual variances of the size portfolios are not equal across months. Morgan

and Morgan (1987) challenge the view that market risk is not constant throughout

the year. By accounting for seasonal heteroskedasticity with the Autoregressive

Conditional Heteroskedasticity (ARCH) model of Engle (1982), they conclude that

1) market risk does not rise in January and 2) all the apparent non-stationarity in

the estimates of systematic risk is dug to the heteroskedasticity of the market model

residuals. This conflict is partly resolved in Billion and Sirri (1987). They find that

except for the smallest firms, it is heteroskedasticity and not non-stationarity

that leads to an apparent seasonality in beta.

The dummy variable approach is a simple way to test whether the return gener-

ating process has time-varying parameters. In the subsequent analysis, the market

model parameters are hypothesized to shift only in January, and remain constant
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throughout the other 11 months.' In this case, the model tested for each portfolio

rig = Ira; + D.recci., + r nlQi + reaDJtAJ fit,
	 t= 1,...,T,	 (15)

where DA takes on the value 1 in January and 0 otherwise. This regression can be

also run without the shift in the January intercept. In that case, the model tested

for each portfolio becomes,

rit = srai +	 rmiDjtaij +1E4 ,	 t = 1, , T.	 (16)

The issue is to test if the serial correlation in the market model residuals dis-

appears after controlling for the non-stationary in the risk estimates, and more

generally in the return generating process, i.e., after specifying a market model

which let the intercept and slope coefficients vary in January. The LM test sug-

gested in section 4 to detect serial correlation is applied to the residuals of the

augmented market model, i.e., the disturbance terms of equations (15) and (16).

Also, to investigate the potential relation between non-stationarity and the

autocorrelation of the residuals, the parameters of the augmented market model

are estimated under the additional ‘assumption that the sit , with i = 1,.. . , K,

follow an autoregressive process of order p,

fit = Ppfit-p +	 t = 1, ,T - p - 1,

where nit , with i 1,...,K, is asssumed to be normally and independently dis-

tributed with a mean of 0 and a variance an. From the empirical evidence in

section 4, the order of the autoregressive process, i.e., p, is set equal to 12. The ML

'See Hillion and Sirri (1987) for alternative models.
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procedure described in the previous section is used to jointly estimate the regression

parameters and the AR(12) serial correlation coefficient, i.e., p12.

6.2 The empirical evidence

6.2.1 Estimates of the augmented market model under the assumption

of no serial correlation

Estimation of the parameters of the augmented market model is given in ta-

ble 6. The table results from running OLS regressions like (15) and (16), without

controlling for serially correlated disturbances. In panel A, both the intercept and

the slope coefficients are allowed to shift in January, as in equation (15), while in

panel B, only the slope coefficient is allowed to vary, as in equation (16). Panel A

shows that the beta of small firm rises significantly in January with the EW index

while the January beta of all firms rise with the VW index. The beta for P1 rises

from 1.21 to 1.61 in January with the EW index. It is particularly striking that the

VW P1 beta almost doubles, shifting from 1.13 to 2.13 in January. Since monthly

data are used, this effect is unlikely to be due to thin trading. Panel B shows that

the shift in beta is larger than in panel A when the intercept is not allowed to vary.

A possible reason for this is that the mean returns in January are higher than the

mean returns in other months. With the intercept constrained to be equal, the

beta may pick up the shift in the mean, as well as the covariance effects.

Given the conflicting empirical evidence of Tinic and Rogalski (1986) and Mor-

gan and Morgan (1987), table 6 also presents three different heteroskedastic— consis-

tent standard deviation estimates of the regression parameters. Corrected standard

errors are presented for the White (1980) covariance matrix (HC1), the MacKinnon
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and White (1985) jacknife estimator (HC2), and the weighted jacknife of Hinkley

(1977) (HC1).9 No difference for the beta coefficient, i.e., A, is apparent between

the three corrected standard error estimates, although for most portfolios, the OLS

covariance matrix underestimates the standard errors relative to the other three.

The results obtained for the standard error estimates of the January beta

dummy are more interesting. For the EW index, the standard errors of P1 in-

creases by 40%, and therefore the t-statistic drops from 3.63 to 2.75. The results

for other portfolios are similar, though less dramatic. The results obtained with

the VW index are even more pronounced. The standard errors for the MacKinnon

and White (1985) estimate are 2 times higher than the OLS estimate. The shift in

the P1 January beta from 1.13 to 2.13 becomes only marginally significant. 19 The

above results lend some support to the contention of Morgan and Morgan (1987)

that except for the smallest firms, it is heteroskedasticity and not non-stationarity

that leads to an apparent seasonality in beta.

From table 6, it also appears that the estimates of the non-January abnormal

excess returns are never significant for any of the 20 portfolios, including P 1 , and for

the two market indices used. The estimates of the January abnormal excess returns

9 The three het eroskedastic–consistentcovariance matrix estimators are asymptotically equivalent.
Their small sample properties differ, however. MacKinnon and White (1985) show that White
(1980) estimator only gives correct results asymptotically, and is biased in finite samples. MacKin-
non and White (1985) show that Hinkley's (1977) weighted jacknife estimator differs from White's
(1980) covariance matrix by a degree of freedom correction similar to the one conventionally used
to obtain unbiased estimates of 52 , the residual variance. Unfortunately, Hinkley's (1977) covari-
ance matrix estimator is also biased in the case of unbalanced data, though the degree of the bias
is less than previous estimators. MacKinnon and White (1985) develop an alternative jacknife
covariance matrix estimator which according to a Monte Carlo study appears to the least biased
in small samples.

"'This sharp increase in the standard error can be explained as follows. Since the variance of the
residuals are higher in January, a January dummy will be positively correlated with the residuals
squared. Thus, OLS standard errors are biased down as the bias depends on the correlation
between the variance of the individual residuals and the square of any column of the matrix of
explanatory variables. See Hillion (1988) chapter 3 and Hillion and Sirri (1987).
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are, however, high and extremely significant, positive for small firms but negative for

large firms. As displayed in tables 5.1 and 5.2, the January abnormal excess returns

estimates remain significant with the three heteroskedastic—consistent covariance

matrix estimators, though a sharp drop in the significance of ct, j is observed for

certain portfolios with the VW index.

6.2.2 Estimates of the augmented market model under the assumption

of twelve order serial correlation

Table 7 displays the results of the LM statistic testing for the presence of serially

correlated disturbances. Also, table 7 presents the parameters of the augmented

market model, as specified in equations (15) and (16), estimated under the assump-

tion that the residuals follow an autoregressive process of order 12, i.e., an AR(12)

process. The estimate of the autoregressive process, ;9'12 and the LM statistic dis-

tributed as a x2 with 1 degree of freedom, yield identical conclusions about the

impact of non—stationarity on the autocorrelation of the residuals. The relation

between non—stationarity and the autocorrelation of the residuals depends, on the

version of the augmented market model that is being tested. When only the inter-

cept is assumed to be stationary, as specified in regression equation (16), panel B of

table 7 displays a relatively modest decrease in the estimate of the autocorrelation

parameter /42, relative to its market model counterpart. The LM statistic confirms

this finding. The residuals remain serially correlated at lag 12 after controlling for

non—stationary risk estimates.

However, when both the intercept and the slope coefficients are assumed to be

non—stationary, as specified in regression equation (15), panel A of table 7 displays
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a sharp decrease in the point estimate of in, relative to its market model counter-

part. For example, with the EW index, the estimate of 012 obtained for P1 decreases

from .36 in the simple version of the market model to .14 in the dummy variable

augmented version of the market model as specified in (15). The estimates are .44

and .16 with the VW index, respectively. The autoregressive process becomes only

marginally significant. This result is also confirmed by the LM statistic which does

not reject the hypothesis of uncorrelated residuals at lag 12 at the 1% level for P1.

However, the hypothesis is still rejected at the 5% level for P1 , P2 and P20 with

the EW index and for P2 through P18 with the VW index. These results indicate

that the serially correlated disturbances originate mostly from a misspecificied re-

turn generating process. The serially correlated disturbances almost vanish after

controlling for the non—stationarities induced by the January seasonal.

The comparison of the parameters of the augmented market model, as specified

in (15) and in (16), estimated with and without the assumption that the residuals

follow an autoregressive process of order 12 is also very instructive. Tables 6 and 7

reveal that the point estimates and the significance of the slope and the slope

dummy are almost identical. It is particularly interesting to notice that in panels

A and B of table 7 that the estimate of the slope dummy obtained for P1 is not

driven to insignificance when the autoregressive parameter Al2 is jointly estimated

with the parameters of the augmented market model. This result holds regardless

1) of the market index, and 2) of the specification of the market model, namely

with a stationary or non—stationary intercept. However, the twelve order serial

correlation parameter estimate, i.e., An, is driven to insignificance after controlling
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for risk and intercept non-stationarity." These results hold only for P1 . For the

other portfolios, the beta dummy is insignificant but the autocorrelation parameter

estimate remains marginally significant. This is more consistent with Morgan and

Morgan's (1987) finding.

7 Conclusion

Monthly stock returns or risk-adjusted returns are believed to be serially uncor-

related. This paper shows that the risk-adjusted monthly returns on size-sorted

portfolios exhibit no or little first order serial correlation but displays positive

and significant twelve order serial correlation. Except for the paper of Jegadeesh

(1987), little research has been devoted to test the presence of high order serial

correlation in risk-adjusted returns and to assess its impact on the empirical tests

of MV efficiency.

This paper finds that twelve order serial correlation mostly affects the risk-

adjusted returns on small firms' securities. Depending on the market index, the

point estimates of the twelve order serial correlation parameter obtained for the

portolio of smallest firms are in the .30 to .40 bracket. Most, if not all, of the

twelve order serial correlation originates from the January seasonal. Is the presence

of serial correlation in the risk adjusted returns on small firm portfolios inconsistent

with the market efficiency hypothesis? The answer is negative. The twelve order

serial correlation is shown to arise from a misspecification of the return generating

process. When the return generating process is let to have time varying parameters,

11Therefore, unlike what happens during the estimation of the ARCH process of Morgan and Morgan
(1987), the slope dummy variable taking on the value of 1 in January is not driven to insignificance
when the autocorrelation of order 12 is introduced.
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i.e., when the intercept and slope coefficients are let to vary in January, most of

the twelve order serial correlation disappears. This result is obtained with a ML

procedure which jointly estimates the parameters of the return generating process

and the twelve order serial correlation parameter.

The presence of twelve order serial correlation in risk—adjusted returns has im-

portant implications for tests of MV ef ficiency. Autocorrelation implies that the

OLS variance estimator is biased and consequently the usual OLS test statistics

are not valid. This result is particularly important to assess the true statistical

significance of the intercept of the market model, i.e., to test the statistical signif-

icance of the abnormal excess returns estimates. After controlling for the effects

of serial correlation, the OLS standard deviation of the abnormal excess returns

estimates are found to be systematically underestimated. The underestimation is

serious enough to reverse inferences about the small firm effect in most subperiods.

Though most of the tests performed in this paper are based on univariate statistics,

serial correlation is also likely to affect multivariate tests of MV efficiency since they

are also based on the assumption that the market model disturbances are serially

uncorrelated. This point needs, however, to be empirically tested.

The presence of twelve order serial correlation in the risk adjusted returns on

small firm portfolios prevents from drawing valid inferences from univariate or mul-

tivariate tests of MV efficiency based on size—sorted portfolios. Fortunately, the

twelve order serial correlation disappears when the return generating process is

correctly specified. Therefore, valid inferences about the MV efficiency of a mar-

ket index can be drawn when an intercept dummy and a slope dummy variable

for the January observations are added to the market model. This is one alter-

25



native. A second alternative is to split the data into January and non-January

observations and to perform tests of conditional MV efficiency as opposed to tests

of unconditional MV efficiency. Which approach is preferable, i.e., should the re-

turn generating process be modified to have time-varying parameters or should the

observations be split according to a calendar criterion is an unanswered question

which deserves to be carefully investigated.

26



References

Banz, R., (1981), "The Relationship Between Return and Market Value of Common
stocks," Journal of Financial Economics, 9, 3-18.

Brown, P., Kleidon, A., and Marsh, T., (1983a),"New Evidence on the Nature of
Size-related Anomalies in Stock Prices," Journal of Financial Economics, 12,
33-56.

Efron, B., (1982), "The Jacknife, the Bootstrap and other Resampling Plans,"
Society for Industrial and Applied Mathematics, Philadelphia, PA.

Engle, R.F., (1982), "Autoregressive Conditional Heteroscedasticity with Estimates
of the Variance of the United Kingdom Inflations," Econometrica, 50, 987-1008.

Fama, E.F., and French, K.R., (1988), "Permanent and Temporary Components of
Stock Prices," Journal of Political Economy, 96, 246-273.

Gibbons, M., Ross, S., and Shanken, J., (1986), "A test of the Efficiency of a Given

Portfolio," Working Paper #853, Graduate School of Business, Stanford
University.

Hillion, P.H., (1988), "The Econometric Problems Associated with Size-Sorted
Portfolios in Empirical Tests of the Capital Asset Pricing Model," Unpublished
Dissertation, University of California, Los Angeles, Los Angeles, CA.

Hillion, P.H., and Sirri, E., (1987), "The Seasonality of Market Risk," Paper Pre-
sented at the Western Association Meetings, San Diego, USA.

Hinkley, D.V., (1977), "Jacknifing in Unbalanced Situations," Technometrics, 19,
285-292.

Jegadeesh, N., (1987), "Evidence of Predictable Behavior of Security Returns,"

Ph.D Dissertation, Columbia University, New York.

Judge, G.G., Griffiths, W.E., Hill, R.C., Liitkepohl, H., and T.C. Lee, (1985),

"The Theory and Practice of Econometrics," Wiley Series in Probability and

Statistics, Second Edition, J. Wiley and Sons, New York.

Keim, D.B., (1983), "Size-Related Anomalies and Stock Market Seasonality: Fur-

ther Empirical Evidence," Journal of Financial Economics, 12, 13-32.



Lintner, J., (1965), "Security Prices, Risk, and Maximal Gains from Diversifica-

tion," Journal of Finance, 20, 587-616.

Lo, A.W., and MacKinlay, A.C., (1987), "Stock Market Prices Do Not Follow
Random Walks: Evidence from a Simple Specification Test," Rodney L. White
Center for Financial Research WP #29-87.

MacKinnon, J.G., and White, H., (1985), "Some Heteroskedasticity-Consistent
Covariance Matrix Estimators with Improved Finite Sample Properties," Econo-

metrica, 50, 987-1008.

Malinvaud, E., (1970), "Statistical Methods in Econometrics," North-Holland,

Amsterdam.

Morgan, A., and Morgan, I., (1987), "Measurement of Abnormal Returns for Small

Firms," Journal of Business and Economic Statistics, 5, 121-129.

Nicholls, D.F., and A.R. Pagan (1977), "Specification of the Disturbance for Effi-
cient Estimation -An Extended Analysis," Econometrica, 45, 211-217.

Reinganum, M.R., (1981), "/Vfasspecification of Capital Asset Pricing: Empirical
Anomalies Based on Earnings' Yields and Market Values," Journal of Financial
Economics, 9, 19-46.

Roll, R., (1977), "A Critique of the Asset Pricing Theory's Tests-Part 1: On Past
and Potential Testability of the Theory," Journal of Financial Economics, 4,

129-176.

Roll, R., (1983), "Vas 1st Das? The Turn-of-the Year Effect and the Return Premia

of Small Firms," The Journal of Portfolio Management, 18-28.

Sharpe, W.F., (1964), "Capital Asset Prices: A Theory of Market Equilibrium

Under Conditions of Risk," Journal of Finance, September, 425-442.

Tinic, S.M, and Rogalski, RI., (1986), "The January Size Effect: Anomaly or Risk
Mismeasurement," Financial Analyst Journal, Nov-Dec, 63-70.

White, H., (1980), "A Heteroscedasticity-Consistent Covariance Matrix Estimator
and a Direct Test for Heteroscedasticity," Econometrica, 48, 817-838.



TABLE 1

The parameters of the market model,

rig = +raj+ rnitfii+	 t = 1, ...T.

The OLS solution.

INDEX EW INDEX VW INDEX
a (x103 ) t(a) p 1(p) a (x101) 1(a) p t(p)

P1 13.31 2.52 1.42 12.98 29.45 3.66 1.26 4.88
P3 4.95 I43 1.32 18.53 18.92 2.98 1.31 6.47

Sub 1 Pio -.12 -.11 1.06 46.86 8.76 2.74 1.34 13.12
Pie -2.30 -1.05 .58 12.71 .51 .52 .99 34.50
P20 -3.47 -1.44 .51 10.24 -1.66 -2.65 .96 47.75
Pi 2.98 .49 1.27 14.46 -7.31 -.77 1.47 6.91
P2 -.99 -.21 1.23 18.31 -10.83 -1.31 1.47 7.96

Sub 2 P10 -.43 -3.96 1.07 67.71 -11.98 -3.16 1.50 17.66
Plo 3.05 1.12 .66 16.63 -1.18 -.80 1.08 32.57
P30 5.30 1.85 .53 12.73 2.11 2.22 .93 43.51
Pi 16.26 2.21 1.62 16.60 37.76 2.75 1.49 5.49
P2 5.44 1.06 1.42 20.95 24.28 2.17 1.36 6.14

Sub 3 Pio .53 .39 1.00 56.18 13.32 2.50 1.22 11.55
Pio -6.44 -1.91 .62 13.79 .96 .76 1.03 40.76
P30 -8.56 -2.00 .50 8.89 -2.75 -2.59 .98 46.41
Pi 6.24 1.09 1.14 10.97 11.07 1.44 1.00 5.97
P2 4.06 .12 1.12 18.48 4.86 .85 1.05 8.50

Sub 4 P10 -2.35 -1.74 1.05 42.86 1.13 .40 1.17 19.03
P12 -1.90 -.82 .79 18.85 2.53 .20 1.00 37.38
P20 -2.89 -1.08 .74 14.99 -1.12 -1.44 .98 57.76
P1 10.59 3.44 1.41 28.58 18.02 3.56 1.34 11.51
P3 2.96 1.43 1.30 39.15 9.62 2.35 1.31 13.96

Sub 5 P10 -1.59 -2.59 ' 1.04 105.79 3.03 1.49 1.31 27.91
P12 -2.25 -1.67 .66 30.12 .02 .04 1.03 72.76
P30 -2.52 -1.59 .54 21.38 -.89 -2.02 .96 94.61

Remarlur
Subperiod 1: January 1963-December 1968 (T=72).
Subperiod 2: January 1969-Decembor 1973 (T=60).

Subperiod 3: January 1974-June 1979 (T=66).
Subperiod 4: July 1979-December 1984 (T=66).

Total period: January 1963-December 1984 (T=264).



TABLE 2

LM statistic testing for autocorrelation at lag 12.
p-values appear in parentheses.

anel A January observations included.
P1 Ps PI PA Pie Pia Pta Put Pan

Sub I 1.02 JO Ai .03 1.17 .66 .06 .44 .67
(>46 ) (>46 ) (>36 ) (>.16 ) (>.16 ) (>.15 ) (>46 ) (>.15 ) (>36 )

Sub 2 mos 17.31 441 2.14 5.52 643 3.44 4.17 2.27
(<.01 ) (<fas ) (<.01 ) (.111) Coos ) (.1oe) Gus ) (.0410) (.124 )

LW Index Sub 3 7.04 4.07 5.77 AS .03 144 4.06 4.66 2.41
(<.01 ) (.oes ) (Ale) (>.15) (>.11) (>.16 ) (.04) (.027) (.105)

Sub 4 3.73 11.12 3.64 .fo .02 3.28 4.30 5.00 Leo
(.064) (<.01 ) (.003 ) (.16) (>.16 ) (.13) (.036) (.022 ) (.018 )

Sub 5 113.62 34.54 14.21 2.05 .00 10.77 22.27 14.23 16.96
(<AI) (<41 ) (<01) (>.16 ) (>.16 ) (<.01 ) (4.01 ) (<.01 ) (<.01 )

Sub 1 4.09 2.61 2.84 1.54 241 6.07 .00 .10 .34
(.025 ) (.13 ) coos ) (.047) (.102 ) (.070 ) (>.16 ) (>A2 ) (>35 )

Sub 2 111.73 16.75 0.84 7.63 3.29 .5s 1.06 .40 3.36
(<.01 ) (<.01) (<.01 ) (<.01 ) (.066) (>36 ) (>.16) (>.15 ) (>36 )

VW lase: Sub S 12.06 13.02 13.08 7.04 6.00 6.12 2.07 .04 1.06
(<.01 ) (<.01 ) (<.01 ) (<.01 ) (<.01 ) (.023) (>.16 ) (>.11 ) (>.16 )

Sub 4 248 4.79 1.06 1.33 Ail .00 .01 .25 .16
(.606) (.asa) (>.15) (>.15 ) (>.18 ) (>.is ) (>.18 ) (>.16) (>.15 )

Sub 6 51.41 42.23 40.01 80.44 24.76 10.39 5.06 .00 846
(<.01) (-01) (<.01) (<.01 ) (<01 ) (.1.01 ) (.047) (>32) (>.15)

Panel Bz January observations excluded.
Pl Ps PA Ply r‘r. P,5 P15 P10 P20

Sub 1 .023 .43 .01 1.67 .00 .04 .13 .40 .62
(>.16) (>.11) (>.l6) (>.15) (>.11) (>.15) (>.16) (>.16 ) (>.16 )

Sub 2 1.11 2.00 .as .11 .85 .22 .29 1.03 .02
(>.16) (>.16) (>.15 ) (>.15 ) (>.15 ) (>.16) (>.16 ) (>.16 ) (>.15 )

LW Index Sub 3 2.00 4.71 2.65 Los 6.64 .01 6.09 .77 .47
(>.15) (.063) (.11 ) (>.16) (<.01) (>.26) (.012) (>.15) (>as )

Sub 4 .00 .43 .00 .00 .03 .00 .26 .62 0.66
(>.16) (>46) (>.15 ) (>.16 ) (>34 ) (>.15 ) (>.I1 ) (>.16 ) (<.01 )

Sub 5 .20 AS .02 .00 .014 144 43 .70 .44
(>.15 ) (>.11 ) (>36 ) (>32 ) (>.15 ) (>.16) (>.16) (>36 ) (>36 )

Sub I .00 1.27 .66 1.01 .03 .40 .00 .66 .11
(>.15) (>.14 ) (>.14) (>.16 ) (>.16 ) (>.16) (>36) (>.11 ) (>.15 )

Sub 2 .70 404 .13 .31 .00 2.44 .02 .5t .12
(>.16 ) (44 ) (>.15) (>.16) (>35) (.12) (>.11) (>.15) (>.16)

VW Judea Sub S .04 2.11 .15 .073 5.04 .01 .24 1.93 3.02
(>.16) (>.14 ) (>.15 ) (>.111) (.04 ) (>.16) (>.11) (>31) (2.16)

Sub 4 .06 Awl .034 .053 1.46 .61 .17 .51 1.02
(>36) (>36) (>36) (>.15 ) (>.16 ) (>.1e) (>36) (>.111) (>.16 )

Sub 6 .71 Alr 1.04 -WI AI .10 .61 .99 .06
(2.15) (>.16) (>36) (2.15) (>.15 ) (2.18) (2.16) (>.16) (2.15)

Ratnarks:
Sub 1: January 1963-Deeember 1988 (T=72).
Sub 2: January 1969-D6eernber 1973 (T=60).

Sub 3: January 1974-June 1979 (T=88).
Sub 4: July 1979•Dacember 1984 (T=86).

Sub 5: Total period January 1985-December 1984 (T=284).



TABLE 3
First and twelve order sample autocorrelatlon estbnates of the
30 else-sorted portfolio returns and market model residuals.

Fend A: January obesmations included.

Ferrel A.L Portfolio returns.

Sub jo Op(•) PI P2 Ps Pii Pio P11 P11 P10 P20
1 g1 .117 .223 .201 .244 .1gg .099 .064 .048 -.010 -.0501 3612 .111 .248 .170 .116 .160 -.006 -.070 -.043 -.102 -.0632 A y .120 .260 .214 .1166 .343 .227 .216 .036 .186 .0072 j12 .163 .326 .130 .126 .060 -.046 -.051 -.182 -.168 -.1033 A & .123 .101 .060 .034 -.006 .033 .077 .016 .064 -.0233 j12 .137 .445 .444 .401 .349 .115 .262 .230 .104 .147
4 h .123 .338 .130 .2114 .203 .1111 .106 .042 .046 -.015
4 j12 .140 -.119 -.110 -.182 -.142 -.211 -.167 -.139 -.0114 .022
a il .0112 .301 .183 .205 .144 .161 .11111 .063 .077 -.014
1 jra .036 .643 .317 .270 .219 .124 .061 .040 .014 .042

Panel AZ: Market model residuals obtained with the EW index

Sub j (.) ij(.) PI P2 Pa P& PIO P16 P111 P19 Pro
1 il .117 .073 .016 .048 .033 -.210 .097 .123 .109 .0771 gla .029 .143 -.010 ...ell .020 .127 .0311 -.027 -.080 .0952 h .129 7.027 -.100 -.033 .015 .071 -.067 -.094 -.137 -.1662 r13 •167 .446 .334 .337 .200 -166 .830 .203 .264 .190
II ii .123 .074 -.016 .034 -.030 -.104 .004 -.042 -.044 -.200
6 1;12 .112 .327 .249 .396 .021 -.016 .143 .240 .271 .1004 361 .123 .203 .051 .060 -.016 -.310 ..037 .013 -.109 -.103
• P12 .140 .237 .422 .207 .117 -.019 .138 .261 .276 .2011 i t .082 .040 -.057 .002 -.017 -.135 ..003 -.032 -.066 -.1305 h., .047 .357 .373 .2112 .088 -.002 .202 .224 .232 .244

panel A.3: Market model residuals obtained with the VW index.

Sub 38(.) :pi.) PI P2 Py Pa P10 P16 P18 PH, pro
1 ►1 .117 .240 .241 .124 .191 .378 .122 .0611 .219 -.0071 3612 .134 .268 .167 .100 .384 .103 .207 .009 -.087 -.0402 it .129 .023 -.024 -.013 -.001 -.036 .110 .313 .007 -.035
2 36 13 •153 .612 .118 .1106 .141 .236 .113 -.162 -.000 .1003 it .121 -.014 -.092 -.064 -.106 -.324 -.214 -143 -.107 ..041
I 4112 .163 .427 .427 .427 .324 .1130 .374 .177 -.026 .137
a it .123 .241 .040 .114 .049 -.087 .004 -.010 -.202 .022
4 36 13 .142 .19111 .280 .173 .142 .110 .007 -.013 .042 .0636 h .061 .073 .002 .067 -.020 ..021 -.086 -.054 -.019 .0196 h., .067 .441 .447 .406 .1130 .130 .270 .127 .003 .149

Sub 1. Jaguar, 11143-1,444sber Ills (T=72).
Sub 3: January 11140-Dete=b 48 1975 (T=110).

Sub= Jemmy 1974-Jose 19711 (T=48).
Sub = July 11179-0•=mber 1904 (T=1111).

Sub 6: Total period .183alasy 1943-13.8esabey 1064 (T=204).



TABLE 3 (Cont.)
First and twelve order sample autoeorrelation ',Ornate, of the
30 miss-sorted portfolio returns and market model residuals.

Panel B: January observations excluded.

Panel B.1: Portfolio returns.

S.b jo &F(•) P1 P2 P8 Pa Pim P16 P1111 P19 P20
1
1

h
ha

.123

.146
.833

..01111
.234
-.103

.212
.0411

.150

.007
.074

-.062
.021
-.011

.034
-.067

-.030
...OBS

-.039
-.049

2 h .137 .146 .140 .11111 .121 .126 .146 .044 .102 .014
2 ha .161 ..110 -.007 -.070 -.007 -.064 -.040 ..001 -.010 -.018
s h .120 .1131 .108 .113 .070 .099 .107 .035 .067 -.032
a h2 •1411 -.183 -.141 -.107 -.077 -.011 -.044 -.020 ...OM .018
4 h .147 .407 .236 .303 .218 .102 .080 .040 .024 -.060
• ha .162 -.004 -.OM -.170 -.172 -.170 -.206 -.1110 -.305 -.226
6 it .064 .254 .209 .232 .161 .146 .128 .053 .060 -.019
4 it% .072 -.070 -.066 -.046 ..044 -.039 -.086 -.006 -.023 -.029

Panel llj: Market model residuals obtained with the EW index.

Sub ij. ) 1,(.) P1 P2 Pa Pa P10 P15 P111 P19 P20
1 Pi .123 .1118 .047 .085 -.006 -.028 .009 .041 .074 .048
1 h2 •18111 -.024 -.103 .08• .0911 .01111 -.041 .0110 -.018 .032
2 p r .186 -.053 -.026 -.070 -.001 .030 -.029 -.069 -.040 -.081
2 h2 •179 -.096 -.1119 ..0811 .051 .007 -.166 -.015 .108 -.039
a ii .120 .040 -.010 .030 .027 -.124 -.043 -.074 .024 -.1491 012 .164 .018 -.146 ..045 .035 .196 .011 .209 -.113 -.111
4 h .138 .244 .0411 .043 ..007 ..307 -.162 .080 ..133 -.162
• ha .142 -.030 .124 .034 .037 -.175 .001 -.0511 -.091 -.129
a h .064 .126 .050 .054 .021 -.077 .009 .010 .039 -.040
a „a .2 .069 -.018 -.039 .006 .064 .045 .023 .044 -.010 -.018

?wee! 13.3s Market model re:lidos:Is obtained with the VW index.

Sub po 14(.1 Pi P2 Pa P6 P10 P16 P111 P19 P20
1 p, .123 .329 .245 .268 .151 .180 .029 -.042 .174 -.043
1 Pia .144 .015 -.065 .012 .106 .098 -.022 .084 .090 -.074
2 p i .135 .001 .017 -.008 -.015 .020 .121 .163 -.113 -.057
2 ha .188 -.118 -.143 l-.065 -.038 -.068 .038 .036 .099 .015
3 p, .129 .031 -.007 .044 -.071 -.118 -.119 -.193 -.028 .00
3 j i g .153 -.151 -.202 -.165 -.131 -.234 -.196 -.008 -.060 -.056
4 p i .128 .286 .089 .144 .051 -.172 -.013 -.083 -.291 -.020
4 ha .143 -.005 .101 .00 -.003 .021 -.128 .066 .116 -.396
5 h .064 .172 .114 .144 .052 .053 .008 -.068 -.079 .077
5 h2 .071 -.028 -.047 .010 .00 -.008 -.088 .047 .054 -.041

Sub 11 January 1963-December 1838 (T=73).
Sub 2: January 10410-Deconaber 1975 (T=40).

S.b	 January 1974-June 19711 (Tw11111).
Sub eis July 1070-December 1044 (Ts44).

Sub St Tat./ period January 10118-December 1834 (1 2S4).



TABLE 4

First and twelve order sample autoeorrelatlons of the
equally-weighted and value-weighted market market Indices.

Panel A: January observations Included.

EW INDEX VW INDEX
Subperiod h apt P12 di,, 01 8.} P12 0P12

Sub 1 .130 .118 .046 .131 -.027 .118 -.034 .133
Sub 2 .239 .129 -.028 .151 .121 .129 -.124 .143
Sub 3 .054 .123 .334 .136 .00 .123 .180 .137
Sub 4 .181 .123 -.199 .136 .038 .123 -.050 .134
Sub 5 .163 .062 .153 .064 .046 .062 .049 .064

Panel B: January observations excluded.

EW INDEX VW INDEX
Subperiod A l an P12 Om pi an P12 am

Sub 1 .114 .123 -.061 .135 -.037 .123 -.069 .137
Sub 2 .131 .135 -.054 .153 .093 .135 -.011 .147
Sub 3 .116 .129 -.062 .145 -.021 .129 -.002 .143
Sub 4 .167 .128 -.194 .142 .00 .128 -.217 .142
Sub 5 .164 .066 -.043 .067  .027 .064 -.038 .066

Remarks:
Sub 1: January 1963-December 1968 (T=72).
Sub 2: January 1969-December 1973 (T=60).

Sub 3: January 1974-June 1979 (T=66).
Sub 4: July 1979-December 1984 (T=86).

Sub 5: Total period January 1963-December 1984 (T=284).



TABLE
Maximum likelihood estimates of the market model parameters

under the assumption that the residuals follow an AR(12) process,

Tit = 'jai+ r.10;
l bit =	/6ig-12 + fUtt	 = ..... 13.

Panel A: January observations included and EW index.

INDEX EW INDEX
Portfolio Pt P2 Ps PA P10 PIA PIA PIA P20

eli .01487 .00468 .00406 -.00086 -.00026 -.00346 -.00103 -.00353 -.00224
(ir(ai )) (.00647) (.00546) (.00289) (.00204) (.00110) (.00110) (.00107) (.00268) (.00206)

Sub 1 111 ■ 1.34 1.53 1.22 1.21 1.04 .86 .43 .82 .67
WA:// (•M) (.074) (.069) (.041) (.022) (.036) (.042) (.050) (.045)
I) .288 .-011116 -.109 .048 .127 .046 -.027 .096 -.060
(.M) OW (.144) (.161) (.146) (.1111) (.120) (.120) (.120) (.120)
Iii -.00004 -.00372 -.00527 ..00544 -.00436 .00207 .00446 .00639 .006611
Wain (.00914) (.00744) (.00404) (40264) (.00067) (.90260) (.00620) (.00351) (.00330)

Sub 2 i i 1.16 1.16 1.18 1.15 1.06 .90 .77 .70 .66
(.00) (-067) (.046) (.047) (.060) (.016) (.024) (.036) (.067) (.041)
11 .853 .646 .406 .262 .358 .880 .203 .243 .104
(dr (t)) (.110) (.106) (.130) (.144) OW (.136) (.180) (.126) (.130)
a i .01040 .00776 .00115 .001114 .00054 ..002911 -.00473 -.00634 -.00496
(.(60) (.01074) (.00749) (.00440) (.00263) (.0011141) (.00221) (.00874) (.00407) (.00494)

Sub 4 a i 1.81 1.33 1.24 1.23 1.00 .113 .73 .64 .63
(.W) (AM) (.072) (.042) (.038) (.018) (.027) (.043) (.046) (.058)
i .476 .462 .466 .028 -.016 .142 .248 .271 .199
(.(i)) (.110) (.120) (.116) (.1511) (.126) (.126) (.122) (.121) (.123)
ii i .00486 -.00096 -.00067 -.00248 -.00235 -.00016 -.00054 -.00100 -.00209
(e (6 i )) (.00730) (.004115) (.00340) (.00337) (.00134) (.00192) (.00242) (.00286) (.00336)

Sub 4 pi 1.17 1.14 1.04 1.17 1.06 .91 .114 .76 .71
Whin (-0114) (.046) (.047) (.086) (.024) (.028) (.030 (.036) (.043)
ii .406 .446 .244 .143 -.010 .1041 .348 .276 .291
(. (in) (-129) (.121) (.136) (.146) (.124) (.124) (.122) (.121) (.121)
6 i .01061 .00303 .00099 -.00039 -.00160 -.00107 -.00106 -.00237 -.00346
frOsin (.00455) (.00521) (.00204) (.00117) (.00416) (.00107) (.00163) (.00167) (.00109)

Sub 6 ili 1.51 1.22 1.11 1.111 1.04 .84 .75 .46 .67
(•(&)) (.045) (.030) (.024) (.017) (.010) (.014) (.020) (.021) (.025)
i .307 .433 .303 .101 -.003 .202 .224 .232 .246
(.(0)) (.058) (.057) (.0111) (.044) (.043) (.041) (.060) (.040) (.060)

Remarks:
Subp.riod 1: Janhwy 1963-December 1983 (T=72).
Subpsriod 2: January 1989-December 1973 (T=60).

Subperiod 3: January 1974-June 1979 (T=88).
Subpariod 4: July 1979-Dezember 1054 (T=88).

Subperiod .5: January 1963-December 1984 (T=264).



TABLE 5 (Cont.)

Maximum likelihood estimates of the market model parameters
under the assumption that the residuals follow an AR(12) process,

/it = Sidi +	 lit

8:1 =	 = 1 	 13.

panel A: January observations included and VW index.

INDEX VW INDEX
Portfolio Pi P2 PR Ps Pile Pt& Pie PI 0 Pln

d i .02963 .01009 .01484 .01091 .001136 .00294 .00261 .00051 -.00161
(.(60) (.01046) (.00737) (.00702) (.00447) (.001171) (.00212) (.00116) (.00007) (.00060)

Sub 1 Jti 1.19 1.26 1.27 1.32 1.16 1.21 1.02 .90
(e (bi)) (.426) (.194) (.172) (.144) (.099) (.0511) (.0311) (.081) (.020)
i .343 .360 .246 .1136 .102 .206 .000 -.037 -.060
(.(j)) (.1n) (.136) (.136) (.137) (.134) (.118) (.118) (.M) (.120)
Iii -.01040 -.01388 -.01481 ...011102 ,01217 ..001142 -.00074 ..00119 .00234
(i(110) (.01398) (.01232) (.00979) (.007411) (.00484) (.002114) (.00167) (.00121) (.00111)

Sub 2 Ai 1.45 1.48 1.41 1.49 1.40 141 1.17 1.07 .93
(1,(0i)) (.164) (.132) (.133) (.110) (.019) (.053) (.030) (.038) (.020)
i .6113 .650 411 .200 .247 •1111 -.132 •1911
(.►)) (.117) (.116) (.121) (.1E0) (.128) (.181) (.1111) (.132) (.130)
di .03124 .02131 .01372 .01616 .01211 .00688 .004111 .00096 -.00268

Sub 3
(.(6j)
(li

(.02116)
1.20

(.01709)
1.17

(.01400)
1.28

(.01119),
1.23

(.006112)
1.17

(.003414►
1.11

(.002211)
1.09

(.00126)
1.02

(.00113)
.04

(w(fri)) (.240) (.192) (.168) (.162) (.099) (.041) (.030) (.026) (.021)
i 436 .672 .660 .432 .360 .2711 .177 -.026 .127
(*(i)) (.107) (.103) (.103) (.119) (.118) (.121) (.124) (.126) (.125)
di .00797 .00236 .00261 .00092 .00078 .00261 .00134 .00353 ..00109
(.(d i )) (.00954) (.00743) (.00611) (.00822) (.00312) (.00205) (.00167) (.00316) (.00031)

Sub 4 Si 1.16 1.10 1.10 1.13 1.20 1.04 1.02 1.00 .97
(. (OO) (.106) (.114) (.104) (.097) (.061.) (.044) (.034) (.027) (.017)
i .267 .814 .220 .178 .116 .007 -.012 .061 .063
(.(0)) (.136) (.120) (.137) (.144) (.126) (.124) (.126) (.126) (.126)
11: .01622 .00826 .00692 .00407 .00260 .00222 .00141 .00002 -.00040
(.( iii )) (.00782) (.00437) (.00514) (.00419) (.00270) (.00162) (.00002) (.00060) (.00061)

Sub 6 A; 1.29 1.27 1.20 1.81 1.30 1.17 1.09 1.03 .00
(.00) (.097) (.078) (.011111) (.060 (.043) (.020 (.010) (.014) (.010)
i .442 .460 .408 .341 .3110 .270 .122 .002 .149
(0(%)) (.0611) (.085) (.087) (.060) Ono (.060) (.041) (.042) (.061)

Remarks:
Subperiod 1: January 1963-D6camber 1968 (T=72).
Subperiod 2: January 1969-December 1973 (T=60).

Subperiod 3: January 1974-June 1979 (T=66).
Subperiod 4: July 1979-December 1984 (T=66).

Subperiod 5: January 1963-December 1984 (T=264).



TABLE 5 (Cont.)

Maximum likelihood estimates of the market model parameters
under the assumption that the residua& follow an AR(12) process,

{	
= sou + roa r; + tie

gig =	 014-12 + Mt.	 t =1,...,13.

panel B: -January observations excluded - EW Index.

IND= LW INDEX
Portfolio P1 P2 Pa PA No PIA p 1 a P10 P208€ .01018 .00329 .00234 -.00093 .00091 ..00121 -.00029 ...00146 -.00269

(6,(410) (.00477) (.00209) (.00267) (.00207) (.00107) (.00180) (.00202) (.00212) (.00340)
Sub 1 15i 1.26 1.29 1.22 1.16 1.07 .65 .66 .60 .53

(9(R)) (310 (.076) (.0117) (.041) (.025) (.037) (.044) (.050) (.054)
0 ..029 .389 .099 .170 .021 ..0311 .039 -.023 .040
Win (.148) (.136) (.338) (.164) (.142) (.150) (.144) (.139) (.137)
di ..0011011 -.00083 -.01039 -.00501 -.00561 .00520 .00321 .00634 .00013
(o(oi )) (.004111) (.00254) (.00279) (.002311) (.00113) (.00142) (.00342) (.00271) (.00244)

Sub 2 P 1.14 1.14 1.09 1.14 1.07 .92 .73 .60 .57
(*(//i)) (.060) (.051) (.043) (.032) (.017) (.026) (.097) (.036) (.037)
j -.115 -.253 .042 .009 -.211 ..0191 .134 -.043
(.(A) (.161) (.190) (.162) (.1111) (.119) (.164) (.175) (.161) (.159)
eki .00934 .00061 -.00162 .00056 .00001 -.00099 -.00174 -.00366 -.00519
(6(6,0) (.00679) (.00804) (.00277) (.00248) (.00167) (.00137) (.00277) (.00263) (.00330)

Sub 3 Ai 1.33 131 1.20 1.16 1.02 .77 .74 .66
(•(h)) (.116) (.0110) (.061) (.042) (.023) (.083) (.051) (.054) (.069)
; .024 -.137 ...CMS .035 in .016 -.170 -.114
C9(i)) (.151) (.140) (.133) (.147) (.1311) (.189) ciao (.137) (.137)
ai .00013 -.00340 -.00269 -.00415 -.00187 .00119 .00033 -.00017 -.00131
(.(e;)) (.00500) (.00344) (.00272) (.00202) (.00118) (.00173) (.00191) (.00210) (.00246)

Sub 4 Ili 1.07 1.08 1.06 1.10 1.07 .93 .36 .111 .73
(000) (AM) (.054) (.048) (.035) (.024) (.026) (.086) (.041) (.040)
; -.029 .124 .024 .037 -.174 .091 -.083 ..09I ..129
(.(j)) (.131) (.130) (.131) (.131) (.120) (.1111) (.131) (.131) (.130)

.00363 -.00162 -.00243 -.00364 -.00107 .00074 .00121 .00010 -.00006
WOO) (.00252) (.00174) (.00145) (.00103) (.00044) (.0001111) (.00122) (.00124) (.00146)

Sub 5 Oi 1.21 1.10 1.18 11.16 1.04 .119 .77 .71 .61
(•(0i )) (.040 (.082) (.024) (.016) (.011) (.015) (.021) (.022) (.027)
; -.017 -.039 .066 .043 .044 .026 .046 ...019 -.018
(.(A) (.045) (.065) (.065) (.065) (.095) (.005) (.060 (.006) (.065)

Remarks:
Subperiod 1: January 1963-Dezember 1968 (T=72).
Subperiod 2: January 1969-December 1973 (T=60).

Subperiod 3: January 1974-June 1979 (T=66).
Subperiod 4: July 1979-December 1984 (T=66).

Subperiod 6: January 1963-December 1984 (T=264).



TABLE 5 (Cont.)

Maximum likelihood estimates of the market model parameters
under the assumption that the residuals follow an AR(12) process,

{
Pie = tia; + r.tfti
f it	 /0:1:1-12 + 741,	 = 1,...,13.

Panel B: January observations excluded and VW index.

INDEX VW INDEX
Portfolio PI P2 Pa P& Pm PI& el a Pip P20

isi
(o(,11 ))

.02064
Como)

.01237
(.00662)

.01135
(.00520)

.00111111
(.00611)

.00400
Cameo)

.00300
(o0114)

.00333
(.00130)

.00062
(.00111)

-.00140
(.00565)

Sub 1 a i 1.06 1.21 1.33 1.21 1.20 1.17 1.02 MI .06
(400) (.244) (.200) (.174) (.144) (.um) (.044) (.040) (.034) (.021)
j .018 -.089 .014 .164 .121 -.0264 .094 .006 .088
(.(j)) (.146) (.147) (.144) (.154) (.141) (.136) (.114) (.134) (.136)
,fri -.02167 -.02301 -.02634 ..01644 -.01431 -.00510 -.00041 ..00063 .002811
(o(di)) (.00630 (.00634) (.00532) (.00434) (.00316) (.00346) (.00196) (.00146) (.00091)

Sub 2 Ai 1.42 1.44 1.41 1.51 1.60 1.63 1.14 1.07 .92
(.W) (.1150) (.139) (.126) (.114) (.074) (.082) (.042) (.032) (.020)
j -.142 -.191 -.083 -.044 -.034 .044 .073 .137 .017
(.(0)) (.150) (.145) (.163) (.1511) (.167) (.195) (.232) (.137) (.161)
fii .01610 .00717 .00437 .00666 .006211 .00234 .00393 .00034 -.00149
(.(di)) (.001174) (.00431) (.00179) (.00545) (.00816) (.00164) (.00196) (.00121) (.00003)

Sub II pi .96 .96 1.06 1.07 1.04 1.02 1.03 1.00 1.00
(1,00) (.316) (.174) (.144) (.134) (.085) (.086) (.052) (.028) (.021)
i -.162 -248 -.208 -.180 -.5311 -.0129 -.319 ..113 -.106
(•(i)) (.1u) (.141) (.140) (.160) (.137) (.146) (.141) (.133) (.163)
ari .00266 -.00131 -.00053 -.00200 .00 .00223 .00134 .00068 -.00091
(o(di )) (.00707) (.00401) (.00406) (.00443) (.00502) (.001117) (.00170 (.00144) (.00054)

Sub 4 pi .07 1.06 1.06 1.18 1.111 1.08 1.03 1.00 .97
(.00) (.152) (.116) (.104) (.005) (.043) (.045) (.035) (.027) (.014)
i -.006 .100 -.000 -.003 .021 -.127 .066 .116 -.396
Ce(A)) (.131) (.131) (.131) (.131) (.131) (.130) (.131) (.130) (.120)
ei .00470 ..00067 ..001$5 -.001112 -.00066 .00093 .00117 .00004 -.00026
(o(oi )) (.00307) (.00324) (.00205) (.00263) (.00183) (.00100) (.00034) (.00046) (.0040)

Sub 6 ,li i 1.13 1.17 1.19 1.24 1.26 1.14 1.07 1.02 .94
(•(P;)) (-097) (.030) (.049) (.042) (.044) (.027) (.010) (.015) (.010)
i -.026 -.047 .010 .001 -.007 -.088 .047 .054 -.040
(.W) (.046) (.064) (.046) (.065) (.045) (.046) (.066) (.046) (.065)

Remarks:
Subperiod 1: January 1983-December 1088 (T=72).
Subperiod 2: January 1989-December 1973 (T=60).

Subperiod 3: January 1974-June 1079 (T=68).
Subperiod 4: July 1979-December 1084 (T=88).

Subperiod 5: January 1083-December 1084 (T=284).



TABLE 6
Point estimates and heteroskedastic consistent standard error estimates for the

intercept of the augmented market model.

Panel A: Intercept dummy included.

rie = spa; +	 +	 r∎tartfio + fie, t = 1, ... ,T.
P1 P2 PA Pa P1(1 PI A, P1■ PIO P20of .00361 -.00106 -.00240 -.00240 -.00107 .00073 .001111 .00012 -.00004wi. (LS) .00256 .00104 .00119 .00105 .00063 .00013 .00111 .00127 .00163ei(liC) .00266 .00174 .00133 .00100 .00041 .00061 .00114 .00123 .00146vi(liC2) .002611 .00177 .00154 .00101 .00061 .00063 .00115 .00134 .00146ZW oi j .05537 .04207 .01610 -.00533 -.02113 -.02501 -.02007 -.02136

•ij (LS) .01126 .00700 .00601 .00416 .00306 .001160 .00603 .00640 .00640wi j (HO) .00052 .00764 .00652 .00873 .00251 .00247 .004114 .00151 .00763. w; IF (H02) .01046 .00532 .00622 .00432 .00261 .00264 .00601 .00610 .00561of .00464 -.00076 ..00164 -.00152 -.00046 .00090 .00115 .00004 -.00026ei(LS) .00425 .00557 .00305 .00276 .00195 .00122 .00054 .00064 .00044ei (RC) .00401 .00633 .00267 .00255 .00112 .00114 .00050 .00013 .00042vi(16C2) .00404 .00334 .00200 .00262 .00114 .00115 .00051 .00063 .00043VW eij .15470 .12140 .10023 .07600 .04320 .01770 .00460 -.00060 -.00761..,(LS) .01517 .01268 .01012 .00074 .00002 .00431 .00207 .00327 .00166wij, (21C) .01533 .016112 .01373 .01216 .00036 .00652 .00322 .00274 .00111w; 7 (HC2) _ .02003 .01790 _ .01413 .01327 _ .01010 .00643 .00364 _ .00396 .00206

Panel B; Intercept dummy excluded.

r„, = trot: + r.stfil +	 + on, t = 1,..., T.

PI PA Pa PA Pip P18 PIA P19 P204,
.(LS)

.00764

.00260
.00143
.00106

-.00006
.00143

-.00140
.00105

-.001117
.00061

•.00040
.00016

-.00043
.00122

-.00144
.00129

-.00141
.00184illi wi (MC) .00375 .00163 .00148 .00101 .00040 .00064 .00116 .00139 .00161w; (403) .00275 .00168 .00146 .00102 .00040 .00066 .00119 .00120 .00162a; .01604 .008111 .00434 .00430 .002711 .00231 .00168 .00000 -.00067ei (L5) .00466 .00897 .00387 .00218 .00200 .00121 .00081 .000111 .000NVW e; (MC) .00468 .00406 .00489 .0025* .00100 410119 .00076 .00043 .00044.; (NC') .00409 .00416 _ .00847 .001100 .00204 .00123 _	 .00040 .00042 . .00046

Remarks: M.) is the standard deviation estimate obtained with:
'(-)=LS • the least squares covariance matrix.

•(-HC • White (1980) covariance matrix.
•(-)=HC2' MacKinnon and White (1985)

jacknife covariance matrix.



TABLE 7
Parameters of the augmented market model under the assumption

that the residuals follow an autorevessive process AR(12).
Panel IV Intercept dummy included.

f Rig = tr.*: + air + R..ePti+	 +iii,
tie	 Plfeit- la + 7/ii	 I	 1, • • • , (T -- 12).

Index 1 Pi P2 ir, PA P10 P,6 PIA Pie P2o
ai .00540 -.00163 ..00243 -.00240 -.00103 .00074 .00123 .00019 .00004

(.00503) (.00333) (.0015 ) (.00106) (.00040) (.00066) (.0013 ) (.00142) (.00170)
a:.7 .07117 .06773 .0426 .0161 -.00524 -.02100 -.0203 -.02147 -.0292

(.01238) (.00194) (.00630) (.0044 ) (.003511) (.00363) (.0054 ) (.0053 ) (.0072 )
Pi 1.21 1.14 1.16 1.11 1.06 .19 .77 .71 .63

(.047 ) (.032 ) (.026) (.018 ) (.011 ) (.016 ) (.021 ) (.023 ) (.027 )
EW Ai., .360

(.111 )
.132

(.0744 )
.012

(.0143 )
.077

(.0424 )
■.089

(.0265 )
-.042

(.0344)
-.109

(.0498 )
-.114

(.0632 )
-.149

(.0440 )
112 Ass .103 .061 .002 .030 .042 .100 .114 .140

(.0616) (.0400) (.0410) (.0831 ) (.0421 ) (.0020 ) (.0617 ) (.0617 ) (.0414 )
TR2 4.66 1027 1.74 .00 .40 .47 3.11 3.46 5.49
(p-val) (.0277 ) (.00 33 ) (.144 ) (.07 ) (.63 ) (.49 ) (.071 ) (.063 ) (.015 )
ai .00419 -.00123 -.00193 -.00305 -.00017 .00077 .00116 .0004 -.00024

(.0049 ) (.0043 ) (.0034 ) (.0031 ) (.0033) (.0018) (.0006 ) (.0006 ) (.0005 )
0:1 .1667 .1221 .1007 .0772 .0435 .0173 .0040 -.0006 -.0074

(.0176) (.014 ) (.0137) (.0111 ) (.0035) (.0051 ) (.0032 ) (.0022 ) (.0016 )
Pi 2.16 1.19 1.20 1.24 1.27 1.16 1.07 1.02 .96

( .100) (.117) (•.043)
(.044 ) (.046 ) (•023 ) (.020 ) (.016 ) (.011

VW p, j .447 .447 .343 .412 .149 .114 .156 .036 .00
(.276 ) (.224 ) (.DS ) (.177) (.134 ) (.073 ) (.066) (.042 ) (.039 )

•12 .156 .207 .171 .159 .194 .167 .069 .006 .043
(.041 ) (.061 ) (.041 ) (.042 ) (.041 ) (.061 ) (.042 ) (.062 ) (.042 )

TR2 6.34 11.34 7.73 5.17 9.96 0.27 1.26 .004 1.05
(p•-V61) (.012 ) (.0007) (.0054 ) (.0229 ) (.0016 ) (.0023 ) (.026 ) (.93 ) (.31 )

Panel B: Intercept dummy excluded.

R. = Ira; + R.,10; +R.11),Pir + eii.
tie	 = /121i1-12	 t = 1,..., (T - 12).

index Pi P2 pi PE, P10 P15 Pt a P,0 P35
a i .00617 .00162 .00013 -.001411 -.00136 -.00019 -.0005 -.00162 -.00174

(.0033 ) (.0024 ) (.0017 ) (.0011 ) (.00050) (.00011 ) (.0014 ) (.0016 ) (.0016 )
I: 1.21 1.18 1.14 1.16 1.06 .38 .73 .72 .42

(.060 ) (.084 ) (OV ) (.010 ) (.011 ) (.018 ) (.022 ) (.023 ) (.028 )

EW
Pi, .3611

(.1055 )
.300

(.ora )
.224

(.0414 )
JIM

Gans )
-.044

(.0310 )
-.209

(.0487 )
-.161

(.049 )
-.204

(.0e47 )
-.223

(.0631 )
312 .100 .240 .145 .045 .031 .106 .168 .162 .175

(.0407) (.0400 ) (.0411 ) (.0619) (.0619) (.0410 ) (.0411 ) (.0618 ) (.0137 )
TR2 10.49 16.41 7.21 .14 .26 2.92 7.44 6.07 0.05
(a.--val) (.0012) (.00 ) (.0012) (.441 ) (AO* ) (.067 ) (.0064 ) (.0137 ) (.0045 )
ai .01413 .00825 .00404 .001541 .00265 .00317 .00162 .00 -.00063

(.0046 ) (.0017 ) (.0031 ) (.0010 ) (.0024 ) (.0015 ) (.00047) (.0004 ) (.0005 )
Pi 2.16 1.21 1.24 1.24 1.311 1.16 1.07 1.02 .07

(.104 ) (.064 ) (.074 ) (.067 ) (.046) (.029) (.020) (.015 ) (.011 )
PiJ .916 .614 .103 .604 .206 .143 .140 .016 -.017

VW (.260 ) (.314 ) (.201 ) (.114 ) (.124 ) (.076 ) (.054 ) (.041 ) (.039 )
Biz .340 .570 .344 .242 .261 .221 .074 .005 .134

(.014 ) (.057 ) (.044 ) (.040 ) (.050 ) (.040 ) (.041 ) (.042 ) (.041 )
TR2 $4.13 17.04 61.50 21.04 20.93 1540 1.44 .007 4.71
(r-val) (.60611) (.711610) (.1913-7) (.4466) (.4765) (.0002 ) (.2301 ) (.931 ) (.0299 )

Remark: The TR2 etat1etke 13 ahrtrIblated aa . 712 41•011evolles with 1 decree freadeae.
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