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ABSTRACT

This paper compares the performance of the Fama-French three-factor
model and the Capital Asset Pricing Model (CAPM) using two data sets. One set
of portfolios is formed on size and the book-to-market equity ratio and another
set is formed on industry. Using these two sets of portfolios, time series and
cross-sectional tests are conducted over two different periods. The tests cannot
unambiguously conclude that the three-factor model is better than the CAPM.

Moreover, different data sets and periods yield different test results.
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1 INTRODUCTION

People always search for new tools or better techniques that allow a job to
be completed faster and better. It applies to every field including the finance
field. Capital Asset Pricing Model (CAPM) is used to calculate the cost of capital
and measure portfolio performance since 1970s. In 1990s, Fama and French
show the CAPM is wrong and they propose a better three-factor model. One
would expect practitioners switching to the better asset pricing model
immediately. However, in a survey conducted by Graham and Harvey (2001),
73.5% of 392 U.S. CFOs relies to some extent on the CAPM when estimating the
cost of equity. Brounen, Abe de Jong and Koedijk (2004) conduct a similar
survey for 313 European firms and around 45% of on average relies on the
CAPM. Why practitioners do not rely on the three-factor model as Fama and
French (2004) claimed? There are many possible answers. The practitioners
may not know the three-factor model; or it is not cost effective to collect the extra
information required by the three-factor model; or the practitioners think the
three-factor model does not help much, i.e. the Fama-French three-factor model

is not always better than the CAPM.

The objective of this paper is to investigate the possibility of the third
answer. Time series tests and cross-sectional tests on two models are

conducted over two different time periods and two different portfolios sets. The

tests cannot unambiguously conclude that the three-factor model is better than



the CAPM. Moreover, different portfolios sets and time periods yield different

test results.

The CAPM is developed by Sharpe (1964) and Lintner (1965). The CAPM
asserts that the correct measure of riskiness is a measure called market beta,
and the risk premium per unit of riskiness is the same across all assets. The
CAPM states a linear relationship between the expected risk premium on
individual assets and their “systematic risk”, or market beta. According to the
CAPM, the expected returns vary across assets only because the assets’ market
betas are different. If the CAPM is true, the model has important implications for
problems in capital budgeting, cost benefit analysis, portfolio selection, and for
other economic problems requiring knowledge of the relation between risk and
return.

A number of empirical tests including Black, Jensen and Scholes (1972)
and Fama and MacBeth (1973) support the CAPM. According to the CAPM,
expected returns vary across assets only because the assets’ market betas are
different and there is a linear relationship between these two variables. Black,
Jensen and Scholes (1972) test the CAPM by investigating whether the
intercepts of the cross-sectional and time series regressions of excess return on
market beta are zero. The CAPM also predicts the differences in expected return
across securities are entirely explained by differences in market beta, other
variables should add nothing to the explanation of expected return. So another
way to test the CAPM is to check whether other asset-specific characteristics

which are unrelated to market beta can explain the cross-sectional returns.



Fama and MacBeth (1973) add two explanatory variables to the month-by-month
cross-sectional regressions of returns on market beta. The additional variables
are squared market beta and residual variances from regressions of returns on
the market. Squared market beta is used to test whether the relation between
expected return and market beta is linear. Residual variances are used to test
whether the market beta is the only measure of risk needed to explain expected
returns. The results show both variables are not useful in explaining the average
returns.

However, several deviations or “anomalies” from the CAPM were
discovered during the 1980s and 1990s. They are considered as challenges to
the validity of the CAPM by arguing market beta does not suffice to explain
expected stock returns. Some anomalies are listed here: earnings-price ratio,
size, leverage and the book-to-market equity ratio. Basu (1977) shows that when
common stocks are sorted on earnings-price ratios, E/P, future returns on high
E/P stocks are higher than those predicted by the CAPM. Banz (1981)
documents a size effect: stocks of small (low market-value) stocks earned a
higher return than predicted by the CAPM. Small stocks have higher betas and
higher average returns than large stocks, but the difference is higher than what
the CAPM predicted. Bhandari (1988) illustrates leverage is positively related to
expected stock returns. Leverage is measured as the book value of debt over
market value of equity. High debt-equity stocks have returns that are too high
relative to their market betas. Fama and French (1992) state the earlier findings

from other researchers: stocks with high book-to-market equity ratios (BE/ME,



the ratio of the book value of a common stock to its market value) have high
average returns that are not captured by their market betas. The above results
show some asset characteristics other than market beta have explanatory power
on expected returns and these anomalies lead to the challenges launched by
Fama and French later.

By using the cross-sectional regression approach Fama and MacBeth
(1973) used, Fama and French (1992) confirm that size, earning-price ratio, debt-
equity and the book-to-market equity ratio have explanatory power to stock
average returns. They also find market beta alone has no power to explain
average returns. Fama and French (1993, 1996) use time series approach to get
the same conclusion. Fama and French (1993) argue that though size and the
book-to-market equity ratio are not themselves state variables, higher average
returns on small stocks and high book-to-market stocks reflect unidentified state
variables other than market betas that price the undiversifiable risks in returns.

Fama and French (1993, 1996) propose a three-factor model for expected
returns. The factors include the return on a stock index, excess return on a
portfolio of small stocks over a portfolio of large stocks, and excess return on a
portfolio of high book-to-market stocks over a portfolio of low book-to-market
stocks. Fama and Frech (1996) state the empirical tests on portfolios formed on
size and the book-to-market equity ratio showing the average absolute pricing
errors of the CAPM are large, and they are three to five times those of the three-

factor model. Fama and French (1997) use portfolios formed on industry to test



two models and they do not revise their position on the superiority of the three-
factor model.

According to Fama and French, the three-factor model captures the
performance of stock portfolios grouped on size and the book-to-market equity
ratio. Fama and French (1993, 1996) have interpreted their three-factor model as
evidence for a risk premium, or a “distress premium”. Small stocks with high
book-to-market ratios are firms that have performed poorly and are vulnerable to
financial distress, and investors command a risk premium for this reason.

There is considerable debate about the power of the Fama-French three-
factor model. Some argue the “distress premium” found in the three-factor model
is the result of (i) survivor bias, (ii) data snooping. Kothari, Shanken, and Sloan
(1995) argue that average returns on high book-to-market portfolios are
overstated because the data set is more likely to include distressed firms that
survive and to miss distressed firms that fail. Other researchers argue that the
premium may be the result of data-snooping. Fama and French (1996) refute
these arguments.

Although Fama and French use empirical results to emphasis the
importance of their three-factor model, they do not explain why “distress risk” is
priced. Moreover, the model has difficulties to explain the continuation of short-
term returns (i.e. momentum effect). Fama and French (1996) do not attempt to
give a rational risk-based explanation for the momentum effect. Instead they

argue that it may be the result of data snooping or survivor bias.



In this paper the Fama-French three-factor model and the CAPM will be
examined using the same 25 portfolios formed én size and the book-to-market
equity ratio Fama and French (1993,1996) used and a 30 portfolios formed on
industries that are similar to the one used in Fama and French (1997) (They use
48 industry portfolios instead). Fama and French (1992) use the same analysis
tools Fama and MacBeth (1973) used but reach very different conclusion: the
1973 paper supports the CAPM while the 1992 paper does not. Fama and
French attribute the different conclusions to the different sample periods used in
the two studies. In this paper two periods (1926-2004 and 1963-2004) are used
to test whether the results are time specific or not. The comparison principals
used in this paper are the same average absolute pricing errors test, t-test and F
test Fama and French used in their papers.

The paper proceeds as follows. Section 2 gives theoretical background of
the CAPM and the Fama-French three-factor model. Section 3 describes the
empirical tests of the asset pricing models. Section 4 introduces the data sets

used. Section 5 presents the numerical results and Section 6 is the conclusions.



2 THEORY: THE CAPM AND THE FAMA-FRENCH
THREE-FACTOR MODEL

2.1 The CAPM

The CAPM is concerned with the pricing of assets in equilibrium. The
CAPM tells us how investors determine expected returns, and asset prices, as a
function of risk. The model bases on the idea that not all risks should affect
asset prices. In particular, a risk that can be diversified away when held along
with other investments in a portfolio is not a risk at all. Only those “systematic
risk” is counted when determining the price.

The Sharpe-Litner CAPM model is the extension of one period mean-
variance portfolio models of Markowitz (1959) and Tobin (1958) with the following
assumptions: (i) investors choose their investment portfolios on the basis of
expected return and variance of return over single period; (ii) investors have the
same estimates of mean, variance and covariance of all assets; (iii) the capitals
markets have no transaction costs; (iv) all assets are perfectly divisible; (v) no
restriction on short sales; (vi) investors can borrow and lend unlimited amount at
arisk free rate. Jensen (1972) shows a simple derivation of the model.

The CAPM equation (also known as the security market line) is
E(R)=R,+P(ER,)-R)) (1)
where E(R;)is expected return (or cost of equity) on asset i, R, is the risk free

rate, E(R,)is expected return on market portfolio and market beta g3, is the



cov(R,,R )
var(R )

measure of “systematic risk” of the asset i that defined as . Market

portfolio consists of an investment in every asset available in the world in
proportion to its value. The CAPM equation (1) shows expected return is related
to the covariance of asset with the market, or “systematic risk”. Given investors
are risk averse, high risk (high market beta) stock should have higher expected
return than low risk (low market beta) stocks. If the CAPM is true, the cost of

capital can be predicted from knowledge of market beta g,, market return R, and
the risk free rate R, . Market beta g, is measured as the slope in the regression of
excess return R, - R, on market's excess return R, -R,Market beta of the market

portfolio is equal to 1.

Notice that (1) can become
E(R)-R, =B (ERR,)-R)) (2)
When market beta of an asset is zero, excess returnis zero. Also when market

beta is one, excess return is the market premium. (2) actually forms the base of

the empirical tests that reviewed later.

2.2 The Fama-French three-factor model

Fama and French (1992) argue size and the book-to-market equity
ratio capture the cross-sectional variation in average stock returns
associated with size, the earning-price ratio, the book-to-market equity
ratio and leverage. The book-to-market equity ratio has stronger

explanatory power than size but the book-to-market equity ratio cannot



replace size in explaining average returns. Fama and French (1993,
1996) propose a three-factor model for expected returns in which the
variables including the return on a stock index, excess returns on a
portfolio of small stocks over a portfolio of large stocks, and excess return
on a portfolio of high book-to-market stocks over a portfolio of low book-to-
market stocks.

E(R)-R, = B (E(R,)- R )+ B, E(SMB) + B, E(HML) (3)

In the equation, SMB (small minus big) is the difference of the returns on small
and big stocks, HML (high minus low) is the difference of the returns on high and
low book-to-market equity ratio (BE/ME) stocks, and the betas are the factor
sensitivities of the state variables. These betas are the slopes in the multiple

regression of R, —R,onR,, —R,,SMB and HML,. Fama and French argue if

asset pricing is rational, size and BE/ME must proxy for risk. SMB captures the
risk factor in returns related to size, HML captures the risk factor in returns
related to the book-to-market equity and the excess market return,

R, — R, captures the market factor in stock returns.

It is possible the explanatory powers of size and the book-to-market equity
ratio are rooted from the correlation between these state variables and market
beta. However, Fama and French (1992) show that it is unlikely as they find
market betas alone has no power to explain average returns. They also find the
averages of the monthly cross-sectional correlations between market betas and

the values of these two state variables for individual stocks are all within 0.15.



Fama and French (1995) show weak firms with persistently low earnings
tend to have high BE/ME and positive slopes on HML ; and strong firms with
persistently high earnings have low BE/ME and negative slope on HML . They
suggest HML captures the variation of the risk factor that is related to relative
earnings performance. Stocks with low long-term returns (losers) tend to have
positive SMB and HML slopes (they are smaller and relatively financially
distressed) and higher future average returns. Conversely, stocks with high long-
term returns (winners) tend to have negative slopes on HML and low future
returns. Fama and French also show the existence of covariation in the returns
on small stocks that is not captured by the market betas and is compensated in
average returns. Fama and French (1993, 1996) have interpreted their three-
factor model as evidence for a “distress premium”. Small stocks with high book-
to-market ratios are firms that have performed poorly and are vulnerable to
financial distress, and hence investors command a risk premium.

However, the model cannot explain the momentum effect. Fama and
French report stocks that having low short short-term past returns tend to load
positively on HML and high short short-term past returns load negatively on HML .
The situations are just like long-term losers and long-term winners stated above.
The Fama-French three-factor model predicts the reversal of future returns for
short-term winners and losers. Hence, the continuation of short-term returns is

left unexplained by the model.
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3 TESTS'

The CAPM states a relation between the expected risk premium on
individual assets and their “systematic risk”. The expected excess return on a
particular asset is equal to the expected excess return on market portfolio
multiply by the systematic risk (market beta) of that particular asset. The risk
premium per unit of riskiness is the same across all assets. If expected returns
and market betas were known, the empirical test of the CAPM would be simple.
We just need to plot expected return against market beta. However, neither of
these is known. We have to form estimates of expected return and market beta.
The empirical tests of the Fama-French three-factor model also face the same
problem. To test the CAPM, and the three-factor model, we need to rely on the
assumption that the ex-post distribution from which returns are drawn is normally
distributed, i.e. we assume excess returns and residual terms are normally
distributed random variables.

The simplest test of the CAPM is to run a cross-sectional regression of
average excess return of a security on its market beta. If the model is correct,
the intercept term should be zero and the slope of market beta is the expected
value of the excess return of market portfolio. However, as market beta is
unknown, we need to use the estimated value of market beta. It introduces

measurement error problem as the ordinary least square estimators will be

! Professor Robert Grauer provides an excellent assignment notes regarding the tests of the
asset pricing models.
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biased. Moreover, the direct test by estimating excess return against market risk
premium of a security does not make use of the information available on a large
number of securities. We wish to group our securities such that the
measurement error can be solved (or at least reduced) and obtain the maximum
possible dispersion of market beta. However, we cannot just group the securities
on their estimated beta. Such a procedure would introduce a selection bias into
the tests. It is because high beta portfolio would tend to have positive
measurement errors in market betas. Black, Jensen and Scholes (1972)
propose a grouping solution to the measurement errors problem. An
instrumental variable, the previous period’s estimated beta, is used to group
security for the next year. Notice that if an asset model holds, there are no
grouping methods can make the intercepts of the regressions statistically
different from zero. Fama and French (1993) use the similar concept as what
Black, Jensen and Scholes (1972) suggested and introduce portfolios formed on
size and book-to-market equity ratio. Fama and French (1997) introduce industry
portfolios formed on the nature of the business. However, they do not discuss in
detail the theoretical supports for this type of grouping.

If we aggregate the data on a large number of securities, the residuals
are not cross-sectional independent. It is because the abnormal returns across
assets are varying considerably together. Fama and MacBeth (1973) purpose a
method to correct this problem in cross-sectional regressions. They have
combined the time series and cross-sectional steps to investigate whether the

risk premia of the state variables in the regression are zero.
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There was still a debate about the validity of the statistical inference of the
intercept terms in time series regressions. Gibbons, Ross and Shanken (1989)
provide a finite sample test to determine whether the intercepts of a set of time
series regressions are all zero. The F-test they suggested has exact small
sample properties.

Although time series regressions and cross-sectional regressions are
used to serve the same goal: testing the asset pricing models with empirical data,
the approaches are not the same. The difference is easier to explain in the
CAPM case as the model only involves one variable. In time series regressions,
a theoretical security market line is constructed in excess return-market beta
dimensions and the vertical distance between every asset (or portfolio) and the
security market line (i.e. the pricing error) is measured. In cross-sectional
regressions, a “best-fit” security market line is constructed by minimizing the
pricing errors of all assets (or portfolios) in least-squares.

Now the tests will be stated explicitly in equations form. Notice that the
tests apply to both the 25 portfolios formed on size and book-to-market equity
ratio and the 30 industry portfolios. Assume there are N assets (or portfolios)

and the time period has T observations.

13



3.1 The time series tests

Black, Jensen and Scholes (1972) introduce a test series test of the
CAPM. The test is based on the time series regressions of excess portfolio
return on excess market return

R,-R,=a;+p;(R,, —-R,)+e, (4)

mt
where R, is the rate of return on asset (or portfolio) j at time t, R, is the riskfree
rate of interest at time t, and R _,is the rate of return on the market portfolio at
time t. In total there are N time series regressions. The intercept «; is the

difference in the expected return of the asset (or portfolio) j estimated from its
time series average with the expected return predicted by the CAPM. So ¢;is
the measure of abnormal performance or the pricing error of asset (or portfolio) j.
If the CAPM describes expected returns and a correct market portfolio proxy is
selected, the regression intercepts of all assets (or portfolios) are zero.

To test the Fama-French three-factor model, Fama and French run the
regressions of excess asset (or portfolio) return on excess market

return®,, — R ., SMB and HML
R,-R,=a,+B,(R,, ~R,)+s,SMB, +h;HML, + e, (5)

where R, is the rate of return on asset (or portfolio) j at time t, R, is the riskfree

rate of interest at time t, R, is the rate of return on the market portfolio at time t,

SMB, (small minus big) is the difference of the returns on small and big assets (or

portfolios) at time t and AML, (high minus low) is the difference of the returns on

14



high and low BE/ME assets (or portfolios) at time t. The intercept «;in equation

(5) is the measure of abnormal performance or pricing error. In total there are N
time series regressions. |If the three factor model describes expected returns, the
regression intercepts are all equal to zero.

Notices that the asset model is true only when all the alphas in N time
series regressions are zero; not just some of them and not only the average is
zero. Hence looking at the individual regression t-test does not help. Moreover,
a finite sample joint test of all the alphas are zero is required. Other tests like
Wald, Lagrange Multiplier (LM) and Likelihood Ratio (LR) tests are only valid
asymptotically.

The Gibbons, Ross and Shanken F-test tests the joint significance of the

estimated value for «; across a finite sample of all N time series equations, i.e.
test the null hypothesis «, =0 for all jin (4) or (5). Let a =(«,,...,2,) and

¢, = (&, _&y,) be N-vectors containing the intercepts and error terms from (4).
Assume E(g,) =0,E(e,€,) = Z,cov(r,,,£,) =0 and ¢ are jointly normally

distributed. A test statistics J is constructed.

A -1

2 At A
J=(T—]]\;/1) 1+8n | 4 xg (6)

~

O_Z

m

A A

where u, and o, are the average excess return of the market portfolio proxy,

i.e. the market return minus the risk-free rate and the standard deviation of the

excess return of the market portfolio chosen.
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Gibbons, Ross and Shanken (1989) show that under the null hypothesis,
the J in equation (8) is unconditionally F distributed with N degrees of freedom in

the numerator and T-N-1 freedom in the denominator.

3.2 The cross-sectional tests

A simple cross-sectional regression is one regression of average excess
return on market beta across assets (or portfolios). Average excess return of
asset (or portfolio) j is the mean of its excess return in the defined period and
market beta B; is the slope in the time series regression of asset j excess return

R, - R, on the market's excess return R, — R, . However, this cross-sectional

regression does not do the trick as the residuals are not cross-sectional
independent. Fama and MacBeth suggest a way to get around the problem.

To test the CAPM, Fama-MacBeth run the monthly cross-sectional
regressions of excess return of the portfolio on the estimated beta

Rjt_Rﬁ=701+7ltBj+ejt (7)
where R, is the rate of return on asset (or portfolio) j at time t, R, is the riskfree
rate of interest at time t and the Bj is estimated from the time series regression
(4). In total there are T cross-sectional regressions. Notice that if the constant
Vi . from (4) is estimated from the full-period time series regression, the averages

of the y,’s (j = 0,1) are the same as those obtained by running a simple one

cross-sectional ordinary least square regression of average excess return on

market betas. Hence we can get the cross-sectional estimates and get around

16



the error terms correlation problem at the same time. Notice that if the CAPM is

true, the intercept, 7, , is zero and the average slope, y, , is the market portfolio’s

risk premium.
To test the Fama-French three-factor model, the same methodology is
applied. In each month, Fama-MacBeth run the cross-sectional regression of

excess return of the portfolio on the estimated beta, SMB and HML

~ A~

Rj,—Rﬁ=y0,+y”ﬂj+y2,hj+y3,§j+ej, (8)
where R, is the rate of return on asset (or portfolio) j at time t, R, is the riskfree
rate of interest at time t and the ﬂj };j, §;are estimated from the time series
regression equation (5). In total there are T cross-sectional regressions. Notice
that if the constant ﬂj };j, s, from (5) are estimated from the full-period time
series regression, the averages of the y ,'s (j = 0,1,2,3 ) are the same as those

obtained by running the cross-sectional ordinary least square regression of
average excess return on those variables.
The statistical inference can be done by using the Fama-Macbeth

adjusted t-statistic

—__

where Z and sd(y_j ) are the average and standard deviation of the y ,'sand T

is the number of time series observations.

17



4 DATA

All the variables are measured at monthly frequencies over the period
from July 1926 to November 2004. The one-month United States Treasury bill
rate is used as the risk free rate of interests. The excess return on the market,

Tt = Vs is the value-weight return on all NYSE, AMEX, and NASDAQ stocks

minus the one-month Treasury bill rate.

The stock market data and detailed description of the 25 portfolios, the 30
equal-weighted industry portfolios, size factor (SMB), book-to-market factor
(HML) and market excess retum are available on Kenneth French’s website?.
Below are the review of the formation of the portfolios and the variables.

The formations of the 25 size-BE/ME portfolios are as follows. Each year
NYSE, Amex, and NASDAQ stocks are allocated to five size quintiles. Size is
measured as the market equity, ME, (i.e. stock price times shares outstanding)
and NYSE size quintile breakpoints are formed at the end of June. Similarly,
NYSE quintile breakpoints for the book-to-market equity, BE/ME, are used to
allocate NYSE, Amex, and NASDAQ stocks to five book-to-market equity
quintiles. The book equity, BE, is the book value of stockholders’ equity, plus
balance sheet deferred taxes and investment tax credits, minus the book value of
preferred equity. The Book-to-market equity, BE/ME, for a stock is the BE for the

fiscal year ending in calendar year t-1, divided by ME at the end of December of

2 http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
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t-1. The 25 size-BE/ME portfolios are formed as the intersections of the five size
and the five BE/ME groups.

The 30 industry portfolios are formed as follows. Each NYSE, AMEX, and
NASDAQ stock is assigned to an industry portfolio at the end of June of year t
based on its four-digit SIC code at that time, then each industry return from July
of t to June of t+1 are computed. The detail definition of each industry is
available on Kenneth French'’s website.

The Fama-French factors in the three-factor model are constructed using
the 6 value-weight portfolios formed on size and the book-to-market equity ratio.
First, 2 groups of stocks (Small and Big) formed on size (i.e. the market equity,
ME). The size breakpoint for year t is the median NYSE market equity at the end
of June of year t. Second, 3 groups of stocks (Value, Neutral and Growth)
formed on the ratio of book equity to market equity (BE/ME). BE/ME of year t is
the book equity for the last fiscal year end in t-1 divided by ME for December of t-
1. The BE/ME breakpoints are the 30th and 70th NYSE percentiles. Then the 6
value-weight portfolios, which are constructed at the end of each June, are the
intersections of 2 portfolios formed on size and 3 portfolios formed on BE/ME.
Those six portfolios are labelled as Small Value, Small Neutral, Small Growth,
Big Value, Big Neutral and Big Growth.

SMB (Small Minus Big) is the average return on the three small portfolios minus
the average return on the three big portfolios,

SMB= 1/3 (Small Value + Small Neutral + Small Growth)

- 1/3 (Big Value + Big Neutral + Big Growth).
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HML (High Minus Low) is the average return on the two value portfolios minus
the average return on the two growth portfolios,

HML = 1/2 (Small Value + Big Value) - 1/2 (Small Growth + Big Growth).
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5 RESULTS

The CAPM and the Fama-French three-factor model are empirically tested
over two time periods: July 1926 to November 2004 and July 1963 to November
2004. In each period, two data sets are used: 1) The 25 portfolios formed on
size and the book-to-market ratio, and 2) the 30 industries formed on the nature
of the business. For each time-data set combination, the Black, Jansen and
Scholes time series average absolute pricing error test and the time series
Gibbons, Ross and Shanken F-test and the Fama-MacBeth cross-sectional test

are conducted.

5.1 The time series tests

For all t-tests the significance level of rejecting null hypothesis is 5%. The
critical value for a two-tailed t-test with over 120 df is 1.96. The results are
grouped into four tables (A1 to A4) that are attached in Appendix.

First the results generated from the 25 portfolios are reviewed. Table A1
shows the results of the Fama-French three-factor time series regressions for the
25 portfolios during 1926-2004 and 1963-2004. The absolute values of the
average of the intercepts, i.e. the absolute values of the average pricing error are
0.19 and 0.11 respectively. In 1926-2004 period, t tests reject the null hypothesis
of the intercept equals to zero in seven of the twenty-five regressions. In 1963-

2004 period, t tests reject the null hypothesis in eight of the twenty-five
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regressions. Table A2 shows the results of the CAPM time series regressions for
the 25 portfolios during 1926-2004 and 1963-2004. The absolute values of the
average of the intercepts are 0.24 and 0.31 respectively. In 1926-2004 period, t
tests reject the null hypothesis of the intercept equals to zero in twelve of the
twenty-five regressions. In 1963-2004 period, t tests reject the null hypothesis in
thirteen of the twenty-five regressions. In both periods, the average absolute
pricing errors of the Fama-French three-factor model are smaller than those of
the CAPM.

After reviewing the results generated from the 25 portfolios, same
exercises are done on the 30 industries. Table A3 shows the results of the
Fama-French three-factor time series regressions for 30 industries during 1926-
2004 and 1963-2004. The absolute values of the pricing error are 0.18 and 0.21
respectively. In 1926-2004 period, t tests reject the null hypothesis of the
intercept equals to zero in eight of the twenty-five regressions. In 1963-2004
period, t tests reject the null hypothesis in ten of the twenty-five regressions.
Table A4 shows the results of the CAPM time series regressions for the 30
industries during 1926-2004 and 1963-2004. The absolute values of the pricing
error are both equal to 0.14. In 1926-2004 period, t tests reject the null
hypothesis of the intercept equals to zero in three of the twenty-five regressions.
In 1963-2004 period, t tests reject the null hypothesis in two of the twenty-five
regressions. In both periods, the average absolute pricing errors of the CAPM
are smaller than those of the three-factor model. Table 1 below provides the

summary of the average absolute pricing errors of the time series regressions.
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The tests conclude that if we use the average absolute intercepts to
compare which model is better, the Fama-French three-factor model
outperformed the CAPM for the 25 portfolios in both time periods. This is exactly
what Fama and French claimed. Since the 30 Industries is just another way to
group the data, the three-factor model should also be better than the CAPM for
the 30 Industries. However, the results show the CAPM works better for the 30
industries in both time periods. Hence the time series tests based on average
absolute pricing error fails to support the three-factor model in general.

Notice that the individual t-tests cannot be used for statistical inference
purpose. In order to get proper statistical inference, another test is applied. The
Gibbons, Ross and Shanken (GRS) F-test is used to check whether the
intercepts of all time series regressions are zero in each portfolio-period
combination. Table 1 shows the GRS F statistics for the 25 portfolios and the 30
industries in two periods respectively. The F-statistic tests the hypothesis that
the regression intercepts for a set of portfolios (either formed by size and the
book-to-market value or industries) are all zero. For instance, under the 25
portfolios, GRS F-test tests whether the intercepts of all 25 regressions are zero.
If the model is true, F-statistics should not allow us to reject the null hypothesis.
The 5% critical value of F-test for the 25 portfolios and the 30 industries are 1.51
and 1.46 respectively. The results show no matter what data set is used, the F-
statistics convincingly reject the null hypothesis of the pricing error is equal to
zero for the Fama-French three-factor model. However, the statistics fails to

reject the null hypothesis of the pricing error is equal to zero for the CAPM with
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the 30 industries. If the magnitude of the F-statistics is used as a guideline to
show how strongly the empirical data supports the model, i.e. lower the statistics
implies greater support, the three-factor model works better for the 25 portfolios
and the CAPM works better for the 30 industries.

Table 1: Time series test of average absolute pricing errors and the Gibbons, Ross and

Shanken (GRS) F-statistics for the Fama-French three-factor model and the
CAPM

Panel A: July 1926- November 2004, 941 months

Three-factor CAPM
Abs. pricing error GRS F-statistics | Abs. pricing error GRS F-statistics
25 portfolios 0.19 3.24 0.24 342
30 industries 0.18 2.89 0.14 1.74

Panel B: July 1963- November 2004, 497 months
Three-factor CAPM
Abs. pricing error GRS F- statistics | Abs. pricing error GRS F- statistics

25 portfolios 0.1 3.34 0.31 4.30
30 industries 0.21 242 0.14 1.10

5.2 The cross-sectional tests

Now the results of the Fama-MacBeth cross-sectional test of the CAPM
and the Fama-French three-factor model are reviewed. In the period 1926-2004,
941 cross- sectional regressions across the 25 portfolios and the 30 industries
are run respectively. In the period of 1963-2004, 497 cross-sectional regressions
are run respectively. The complete results are in Table 2. Again simple t-
statistics are not used for statistical inference and instead Fama-MacBeth

adjusted t-statistics is used. For all Fama-MacBeth adjusted t-tests the
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significance level of rejecting null hypothesis is 5%. The critical value for a two-
tailed t-test with over 120 df is 1.96.
The values of the intercept terms of the two models are compared first.

Notice that if the model is true, the intercept, ¥, , should be zero. The results

show the Fama-French three-factor model does not win the battle. The three-
factor model lose its edge for the 25 portfolios as in both time periods the CAPM
intercepts terms are smaller than those of the three-factor model. For the 30
industries it is undecided. So if the value of intercept term is used a guideline of
which model is better, the CAPM is the better model for the 25 portfolios. This is
different from the results obtained from the time series tests. The time series
pricing error test supports the claim that the Fama-French three-factor model is
better than the CAPM for the 25 portfolios. However, the cross-sectional
intercept test yields the opposite result.

Now the Fama-MacBeth adjusted t-statistics are compared. The resuits

show the t-test fails to reject the null hypothesis of y,= 0 in two data set-period

combinations only: i) the CAPM with the 25 portfolios 1926 to 2004 and ii) the
Fama-French three-factor model with 30 industries from 1963-2004. For the
CAPM with 30 industries from 1963-2004, adjusted t-statistics is just 0.01 higher
than the critical value. In general the test fails to support the three-factor model.
The conclusion is similar to those obtained from the time series regressions F-
tests.

Although the Fama-MacBeth adjusted t-statistic shows the CAPM works

for the 25 portfolios from 1926-2004, the slope is only 0.21. Remember that the
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slope is the market portfolio’s risk premium if the CAPM is true. The average
market premium in this period is 0.647, which is much higher than the slope
(=0.21). For the Fama-French three-factor model for 30 industries from 1963-
2004, the coefficients of the state variables are very close to zero. It is difficult to

claim the three-factor model is working in this data set combination.

Table 2: Fama-MacBeth cross-sectional test for the Fama-French three-factor
model and the CAPM

Three factor test: =Ty = Vo B ¥ VS, H 1k ey CAPM test: re—ry=Ya 7B, te,

Panel A: July 1926- November 2004, 941 months

Three-factor CAPM

7o 7 7, o R w7 R

25 portfolios | 77y 202 031 0.30 0.57 0.60 0.21 0.01
617 (435 Q5D (2D (182)  (0.56)

30 industries | 66 0.10 -0.01 021 0.16 0.75 0.00 =0
G22) (03D (005  ¢LID 4.03)  (-0.02

Panel B: July 1963- November 2004, 497 months

Three-factor CAPM

7o 7, 2 2 R® 2 7, R®

25 portfolios | | 33 -0.83 0.21 0.48 0.78 1.32 -0.56 0.15
(435 (22D (1400 (3.54) (345  (-1.30)

30 industries | 60 0.00 -0.03 -0.10 0.06 0.54 0.03 =0
(178) 00D (01D (-0.58) 197D  0.09)

Note: The numbers in brackets are the Fama-MacBeth adjusted t-statistics

5.3 Compare with the results from the literature

The results shown definitely are disturbing and leaving a lot of
questions behind. Fama-French three-factor model is a well-known model

and there is a long list of research papers discussed and supported the
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model’. Why some simple econometric tests can raise doubt on the
validity of the three-factor model? |s it possible that the results presented
in this paper are wrong? In this section the results presented are
compared with those from the Fama and French papers and checked if
any contradictions are found.

This paper shows that under the 25 portfolios the average absolute
pricing error time series test stating the three-factor model is better. This
is exactly what Fama and French emphasized. However, the Gibbons,
Ross and Shanken (GRS) F-tests rejects both models when 25 portfolios
data set is used. In a time regression intercept test summary table listed
in Fama and French (1996, p.71 Table IX), with the data set is 25
portfolios and the period is from 1963 to 1993, the reported GRS F
statistics of the three-factor model and the CAPM are 1.97 and 2.76
respectively. In both cases the null hypothesis of the intercepts equal to
zero are rejected. Fama and French acknowledge this fact as in Fama
and French (1996, p.74) they state “..., where all models fail (the GRS
test), the CAPM is dominated by the three-factor model. The average
absolute pricing errors (intercepts) of the CAPM are large...,and they are
three to five times those of the three-factor model...” Hence the
conclusions draw from the time series tests in this paper and those from
Fama and French (1996) are the same. In Fama and French (1993), they
do not report the intercept and do not use the GRS test. They only state

the average slope of SMB and HML are useful as the majority of t-statistics

3 go to ECONLIT website and type “three factor model” will get a long list.
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from 25 time series regressions are high. The cross-sectional test review
is next.

It is actually impossible to compare the cross-sectional tests results
because Fama and French (1992) do not run the Fama-MacBeth cross-
sectional regressions using the same 25 portfolios (the portfolios they
used are formed on beta instead) and they do not use the same state
variables. However, information can still be drawn from Fama and French
(1992, p.439 Table Ill). In the table average slopes and Fama-MacBeth
adjusted t-statistics of market beta, In(ME), i.e. In(size)), and In(BE/ME)
are reported. Notice that only cross-sectional regressions of return on one
variable are run and the intercepts are not reported. Fama and French
(1992) states market beta alone has no explanation power, i.e. adjusted t-
statistic fails to reject the slope is equal to zero, and size and the book-to-
market equity ratio are useful as the slopes of size and the book-to-market
equity ratio in the cross-sectional regressions are significant. Similar
results are obtained in this paper. In Table 2, the slope of market beta in
the CAPM regressions are also statistically insignificant. With the
exception of the slope of size in panel B, the results in this paper also
show the slopes of size and the book-to-market equity ratio are significant.

Since the focus of Fama and French (1997) are on tackling the
problem of the variation of factor sensitivities over time and forecasting
power of both models, they do not elaborate the results of a full-period

time series regressions using the 48 industry portfolios from 1963 to 1994
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in details. The average absolute pricing error of the three-factor model
and the CAPM in Fama and French (1997, p.157 Table 2) are 0.23 and
0.15 respectively. This paper also reports the CAPM is better than the
three-factor model if the average absolute pricing error test is used.

The empirical results presented in this paper are basically in line
with those from the Fama and French papers. Although it does not imply
the results presented here are error-proof, they are not contradicted with

those generated by Fama and French.
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6 CONCLUSIONS

The objective of this paper is not questioning why the basic Capital
Asset Pricing Model (CAPM) lacking empirical support as Roll (1977)
points out the tests performed by using any portfolio other than the true
market portfolio are not test of CAPM but are tests of whether the proxy
portfolio is efficient or not. Also, the paper does not intend to apply any
econometric techniques other than ordinary least square linear
regressions. The main objective of the paper is to examine what Fama
and French claimed in Fama and French (2004, p.39): “the (three factor)
model captures much of the variation in average return for portfolios
formed on size, the book-to-market equity and other price ratios that
cause problems for the CAPM”. The main empirical support of their claim
is the intercepts (i.e. pricing error) in the time regressions of the CAPM are
three to five times larger than those of the three-factor model (Fama and
French (1993,1996)). If the three-factor model is true, it should hold no
matter how the assets are grouped into portfolios.

The results in this paper can be summarized into three points: the
Fama-French three-factor model may be portfolio specific, test specific
and period specific. First, the three-factor model may be better than the
CAPM with the 25 portfolios but definitely is not better than the CAPM with

the 30 industries. One could suggest the practitioners can still benefit
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from the new theory if they can covert the data set into the 25 portfolios.
However, there could be some problems in the 25 portfolios grouping.
Grauer and Janmaat (2004) shows that it is possible that even the Fama
and French 25 portfolios may not give the correct answer.

Second, the validity of the three-factor model depends on what test
is used. Only time series average absolute pricing errors tests render
support to the three-factor model with the 25 portfolios. Cross-sectional
tests support the CAPM with the 25 portfolios when the intercepts are
compared. If the Gibbons, Ross and Shanken F statistics is used, the
three-factor model is rejected in every portfolios-period combination.
Fama-MacBeth adjusted t-statistics of the intercepts give mixed results.
An interesting point is if only the Fama-MacBeth adjusted t-statistics of the
slopes in the cross-sectional regressions are compared, the three-factor
model has explanatory power but the CAPM has not.

Third, even referring to the only cross-sectional supportive case for
the three-factor model, i.e. for the 30 industries from 1963-2004, it shows
the model is period specific as the test rejects the model when the period
is 1926-2004. The evidences stated cannot convincingly support the
claim that the Fama-French three-factor model is better than the CAPM.

Although the paper shows the validity of the Fama-French three-
factor model is questionable, it does not imply individual state variables in

the model are not individually risk related. Further tests on whether
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individual state variable is related to the variance of expected return are
required.

This paper also does not examine other more complicated asset
pricing models, for instance the conditional CAPM and the intertemporal
CAPM. The Sharpe-Litner CAPM examined is based on the assumption
that all market participants share identical subjective expectations of two
moments distributions, i.e. mean and variance of return distributions, and
portfolio decision is exclusively based on these two moments. However, it
has been observed that return distribution varies over time and the
expectations of moments are random variables rather than constant as
assumed in the simple CAPM. As a result, the risk premia expected by
investors for holding the risky assets are time varying. In the conditional
CAPM, the investors share identical subjective expectations of moments
but these moments are conditional on the information at the time t. The
conditional CAPM could be useful to analysis the 30 industries data set.
Fama and French (1997) point out the industry risk loadings wander
through time. Merton (1973) introduces an intertemporal asset pricing
model and in the model individuals are solving lifetime consumption
decision in a multi-period setting. Merton shows returns on assets are not
only depending on the covariance of asset with the market but also the
covariance with changes in investment opportunity set. Future research
can be focused on the empirical support of these two asset pricing

models.
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APPENDIX

Table A1l: Fama-French three-factor time series regressions for monthly

excess returns on the 25 portfolios formed on size and the book-to-market
equity ratio. , _, -4 + 8 (s, —r,)+s,SMB, +h HML, +e,

Panel A: July 1926- November 2004, 941 months

Book-to-Market Equity (BE/ME) Quintiles

Size Low 2 3 4 High Low 2 3 4 High
a Ha)
Small 085 044 010 011 010 345 285 090 142 123
2 026 002 009 006 0.00 300 023 147 L1l 002
3 016 009 007 009 -0.12 240 152 107 143 -1.69
4 007 -0.03 007 -001 -019 130 054 107 008 -218
Big 007 003 -003 -018 -1.43 178 072 044 295 -3.80
Vo) t5)
Smail 133 118 109 098 099 2783  39.66 4888 63.14  60.62
2 107 103 09 098 106 6336 7716 7781 9585 81.66
3 L14 102 101 09 116 8548 8632 8428 8156 80.80
4 1.07 103 101 106 125 9784 89.88 8274 8167 7413
Big 104 096 098 106 123 13445 10353 8439 89.60 1671
s t(s)
Small 133 151 120 122 138 1735 3167 3375 4937 5268
2 105 098 08 081 091 3003 4580 4441 49.03  44.21
3 079 051 042 046 0350 3706 2695 21.68 2453  21.86
4 028 025 021 019 031 1583 1357 1101 933 1130
Big 015 -019 022 -017 -0.10 1231 -1261 1173 898 -0.85
h t(h)
Small 047 032 047 061 092 673 746 1468 2721 3886
2 027 018 038 055 083 1103 905 2111 3679 44.40
3 018 009 036 052 092 951 528 2089 3029 4432
4 03 015 031 062 102 2286 876 1779 33.06 4176
Big 025 001 033 071 107 2212 068 1927 4109 1006
R? s(e)
Smalil 065 081 086 092 093 746 465 347 242 255
2 089 093 093 09 095 263 209 193 160 2.0
3 093 092 092 09 09 209 185 187 184 224
4 093 092 091 092 092 171 178 190 202 264
Big 095 093 090 093 034 121 145 181 185 1145
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Table A1 (continued)
Panel B: July 1963- November 2004, 497 months
Book-to-Market Equity (BE/ME) Quintiles

Size Low 2 3 4 High Low 2 3 4 High
a ()
Small 045 002 005 021 0I5 414 030 075 335 238
2 019 011 009 007 001 241 <161 142 122 023
3 007 002 008 000 001 090 022 -1.08 007 0.l4
4 014 -018 -002 005 -0.09 197 220 032 071  -1.00
Big 020 -001 -003 -012 024 356 013 038 -171 237
e H5)
Small 1.07 097 093 090 098 4058 5040 6038 5840 61.70
2 LI2 104 099 099  1.09 5922 6130 6227 6658 7013
3 108 106 102 101  LI2 60.38 5503 5661 6020 57.35
4 105 110 108 104 1.8 59.80 5527 5624 5821 51.82
Big 096 104 099 101 107 6838 63.16 5105 59.85  43.06
s t(s)
Smaill 133 132 110 103 108 40.57 53.02 5539 5158  52.68
2 099 087 075 071 084 4056 3985 3682 3689 4178
3 073 051 042 039 052 3154 2052 1819 1790  20.56
4 037 020 016 020 025 1644 781 652 853 836
Big 02 022 023 022 -0.09 1428 -1052  -920 997 294
h t(h)
Small 032 007 030 046 069 814 252 1305 1986 28.80
2 039 018 042 059 078 1392 726 17.80 2656 33.65
3 045 023 051 067 084 1676 784 1889 2643  28.88
4 044 026 050 062 084 1676 884 1730 2320 2460
Big 038 014 029 062 078 1827 580 1016 2453 20.88
R s(e)
Small 092 094 095 094 094 233 170 136 136 140
2 095 094 093 0% 094 1.67 149 140 131 137
3 095 090 090 090 090 158 170 159 148 172
4 094 088 088 089  0.86 155 176 170 158 201
Big 093 090 085 08 079 124 146 170 148 219
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Table A2: The CAPM time series regressions for monthly excess returns on
the 25 portfolios formed on size and the book-to-market equity ratio.
ry=rp=a; + (1, —rﬂ)+eﬂ
Panel A: July 1926- November 2004, 941 months

Book-to-Market Equity (BE/ME) Quintiles

Size Low 2 3 4 High Low 2 3 4 High
a Ha)
Small -0.57  -0.19 0.16 0.42 0.53 -2.00  -0.85 0.91 2.54 2.65
2 -0.24 0.13 0.30 0.31 0.35 -1.71 1.07 247 261 2.32
3 -0.15 0.17 0.22 0.29 0.21 -1.34 2.09 2.56 3.00 1.53
4 -0.01 0.04 0.19 0.21 0.16 -0.20 0.58 247 2.10 1.08
Big -0.02 0.01 0.06 0.03 -1.10 -0.43 0.26 0.76 026 -2.79
v t(5)
Small 1.66 1.52 1.39 1.30 1.39 3183 3767 4281 4292 3839
2 1.24 1.25 1.19 1.22 1.35 4797 5499 5432 5657 48.87
3 1.28 1.13 1.14 1.12 1.38 6442 7676 7271 6291  54.25
4 1.08 1.09 1.09 1.18 1.45 78.85 91.12 7947 6497 53.12
Big 0.98 0.93 0.98 1.12 1.35 104.44 9890 7331 60.08 18.77
R? s(e)
Small 0.52 0.60 0.66 0.66 0.61 8.74 6.79 5.44 5.10 6.07
2 0.71 0.76 0.76 0.77 0.72 4.35 3.82 3.67 3.61 4.63
3 0.82 0.86 0.85 0.81 0.76 3.33 2.48 2.63 2.99 427
4 0.87 0.90 0.87 0.82 0.75 2.29 2.02 2.30 3.04 4.57
Big 0.92 091 0.85 0.79 0.27 1.57 1.57 2.24 312 12.04

Panel B: July 1963- November 2004, 497 months
Book-to-Market Equity (BE/ME) Quintiles

Size Low 2 3 4 High Low 2 3 4 High
a ()
Small 043 026 038 062 070 2186 129 231 396 4.10
2 027 012 044 051 0358 -1.56 088 352 409  3.89
3 022 022 027 044 057 2152 211 260 398 413
4 006 000 028 044 042 054 002 292 422 312
Big 005 004 011 021 0.9 069 053 113 189 139
Vg t(5)
Small 146 124 108 099 102 2831 2769 2946 2821 26.63
2 144 117 103 097 105 3742 3805 3663 3459 31.23
3 137 L1l 097 091 099 4252 47.12 4104 3661 3221
4 126 107 098 091  1.00 5239 5443 4487 39.28  32.89
Big 101 096 086 079  0.83 5848 5611 4121 3238  26.86
R? s(e)
Small 062 061 064 062 059 511 443 364 349 380
2 074 075 073 071 066 383 306 279 279 333
3 079 082 077 073 0.8 319 234 235 247 3.06
4 085 08 080 076  0.69 238 195 216 230 301
Big 087 08 077 068 059 171 169 206 241  3.08
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Table A3: Fama-French three-factor time series regressions for monthly

excess returns on the 30 portfolios formed on industries.

rj,

—ry=a;+p,(r, —r,)+s,SMB, +h,HML, +e,
Panel A: July 1926- November 2004, 941 months

Industry @ Ha) Ve t(5) s t(s) h t(h) R*

Food 0.21 2.38 0.78 4622 -0.13 473 0.05 1.89 0.72
Beer 0.21 121 087 2589 0.30 553 0.8 3.69 0.51
Smoke 0.46 295 0.8 239 -0.18 368  0.08 1.87 0.37
Games 14 087 128 4104 042 845 014 3.18 0.72
Books -0.05 037 099 4048 032 826  0.16 4.62 0.71
Hshid 0.16 162 090 4633 -0.03 105 019 -6.66 0.72
Clths -0.10 082 090 3800 042 11.05 0.7 4.8 0.70
Hith 0.32 289 091 4176 -0.11 300 017 -5.32 0.67
Chems 0.12 1.28 1.06 5804  -0.18 616  -0.01 -0.31 0.80
Txtls 0.29 238 099 4148 061 1595 035 10.10 0.77
Cnstr 0.12 136 108 66.14 026 991 0.1 4.59 0.86
Steel -0.34 274 1.22 5053 0.18 456  0.46 13.11 0.79
FabPr -0.11 -1.28 1.17 68.52 021 765 0.3 5.16 0.87
ElcEq 0.02 018 130 5697  0.10 288  -0.13 -3.93 0.80
Autos -0.02 -0.15 1.19 4469  -0.01 015 026 6.66 0.73
Carry -0.07 054 109 4165 023 555 035 9.28 0.73
Mines -0.05 029 085 2838 027 570 017 3.98 0.55
Coal 0.21 094  0.64 1473 035 505 021 3.35 0.28
Oil 0.14 120 0.89 3795 -0.23 606 024 7.12 0.65
Util -0.03 02 080 3555 -0.14 394 032 9.72 0.63
Telcm 0.17 173 070 3534 -0.09 273 014 4.8 0.59
Servs 0.66 224 08l 1411 045 484 047 -5.62 0.24
BusEq 0.31 2.95 1.08 S3.00 0.2 364 048 -16.13 0.78
Paper 0.13 132 096 49.64  -0.08 260 003 1.16 0.75
Trans -0.31 292 105 5072 0.19 564 0.1 16.93 0.81
Whisl -0.24 170 099 3603 0.52 1189 0.06 1.58 0.68
Rtail 0.14 137 097 4862 004 136 -0.12 -4.06 0.74
Meals 0.1 079 090 3390 033 782 -0.02 -0.55 0.63
Fin -0.04 050 111 68.10  -0.06 244 027 11.54 0.86
Other -0.12 098 097 4123 035 942 0.3 0.79 0.72

38



Table A3 (continued)

Panel B: July 1963- November 2004, 497 months

Industry @ ta) G t(5) s t(s) h t(h) R

Food 0.19 1.39 0.86 2528  -0.18 407 024 4.64 0.58
Beer 0.13 071 084 1885  -0.03 057 028 424 0.44
Smoke 0.52 210 086 1400  -0.21 265 032 3.51 0.29
Games 0.00 002 122 2783 045 799 008 1.18 0.70
Books 0.00 0.03 1.05 3128 019 447 023 4.67 0.71
Hshid 0.25 213 094 3282 022 600  -0.11 264 0.73
Clths 041 228 1.16 2615 043 743 0.54 8.11 0.64
Hith 0.46 321 0.85 2392 -0.28 610 -0.30 -5.57 0.62
Chems -0.18 -1.39 1.10 3505 -0.11 275 033 7.10 0.73
Txils -0.42 -2.48 1.02 2437 0.64 1195  0.60 9.60 0.65
Cnstr -0.24 214 1.18 4363 028 793 043 10.54 0.82
Steel -0.54 -3.03 1.20 27.66 029 519 053 8.08 0.65
FabPr -0.19 147 1.15 37.08 0.5 624 013 2.75 0.79
ElcEq 0.19 1.22 1.06 2737 0.35 699  -0.34 -5.84 0.74
Autos 042 233 116 2647 0.06 100 062 9.42 0.60
Carry -0.09 047 1.19 2608 0.19 314 044 6.35 0.62
Mines 0.26 102 095 15.44 0.4 553 045 4.86 0.40
Coal -0.12 039 105 1437 039 410 048 437 0.35
Qil 0.11 066 091 2165 024 447 029 457 0.49
util -0.20 152 074 257 -0.16 385 0.7 11.62 0.51
Telcm 0.07 042 0.2 2131 -0.18 357 -0.05 -0.83 0.53
Servs 0.20 1.61 118 3934 047 1202 -045 -9.89 0.86
BusEq 0.24 1.51 1.06 2765 021 432 058  -10.13 0.76
Paper 0.11 0.83 1.04 3282  -0.09 226 030 6.32 0.70
Trans -0.32 210 LI8 3182 0.24 511 0.45 8.04 0.71
Whisi -0.04 -0.35 111 3773 035 925  0.23 5.14 0.80
Rtail 0.07 0.47 1.06 2859  0.06 135 0.3 2.31 0.67
Meals -0.01 006 116 2597 0.34 581 0.8 4.12 0.64
Fin -0.09 092 L4 4749 012 383 043 11.85 0.83
Other -0.33 219 1.09 2981 032 686  0.36 6.58 0.70
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Table A4: The CAPM time series regressions for monthly excess returns
on the 30 portfolios formed on industries. ry=rg =+ B, (n —r) ve,

Panel A: July 1926- November 2004, 941 months

Industry a Ha) £ KB F Industty o« Ha) 4 KB F
Food 021 239 076 4788 071 Carry 006 043 118 4584 0.69
Beer 030 168 095 2983 049 Mines 004 023 093 3249 053
Smoke 047 300 065 2302 036 Coal 031 137 074 1793 025
Games 005 .032 138 4578  0.69 Oil 020 159 087 3853 0.6l
Books 004 028 108 4522 069 Uil 006 046 081 3685 059
Hshid 0.0 098 087 4703 0.70 Telem 012 120 066 3554 057
Clths 001 -006 101 4248 0.6 Servs 056 184 084 1527 020
Hith 026 229 086 4196 065 BusEq 0.17 143 105 4845 071
Chems 010 106 103 5912 079 Paper 0.13 134 095 5257 075
Txtls 012 086 116 4433 0.8 Trans 013 -1.08 116 5178 0.74
Cnstr 006 -062 115 7112 0.84 Whisl 017 -112 110 4021 063
Steel 018 -131 131 5338 075 Rtail 0.11 104 096 5149 0.74
FabPr 005 057 123 7411 085 Meals 0.13 095 096 37.86 0.60
ElcEq 001 -008 130 6077 0.80 Fin 004 043 113 69.88 0.84
Autos 006 043 122 4831 071 Other 008 -060 1.04 4566 0.69
Panel B: July 1963- November 2004, 497 months

Industry a HNa) 4 K5 F Industry o« o) 4 HB) R
Food 030 214 076 2394 054 Carry 019 100 111 2624 058
Beer 029 159 075 18.69 0.4l Mines 007 026 092 1612 034
Smoke 068 273 072 1299 025 Coal 021 071 100 1497 031
Games (11 057 130 3136 0.67 Oil 024 139 078 19.8%8 0.4
Books 017 121 102 3329 069 util 0.10 066 054 1615 035
Hshid 015 128 093 3503 071 Telcm 001 008 080 23.00 052
Ciths 004 022 110 2546 057 Servs 001 007 141 4175 078
Hith 025 171 087 2619 058 BusEq 007 038 127 3287 0.9
Chems 000 -002 098 3311 069 Paper 005 039 094 3169 067
Txtls 002 008 099 2251 051 Trans 003 -0.16 111 3128 066
Cnstr 005 040 112 4094 0.77 Whisl 0.14 109 112 3928 0.76
Steel 019 -1.04 112 2691 059 Rtail 0.15 104 104 3137 067
FabPr 008 060 117 4077 077 Meals 020 106 115 2795 0.6l
ElcEq 005 029 122 3262 068 Fin 0.14 123 099 40.10 076
Autos 005 028 100 23.66 0.53 Other 007 047 106 3038 0.65
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