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Abstract
A three-factor model regime has replaced the CAPM regime in academic research. The CAPM regime may be
said to have ended with Fama and French’s (1992) finding that market beta does not predict return. Strangely,
the three-factor model has not received scrutiny relative to the ability of the model to predict return and variation
in return for portfolios. In this paper we test the ability of the three-factor model to predict return and return
variation. We find that portfolios can be formed on the basis of the three-factor that vary with expectations in
terms of risk and return. We find, however, that the CAPM performs these goals with greater efficiency. In
particular expected returns for extreme portfolios are poor predictors of actual returns. Raising questions about
the use of the three-factor model to risk adjust. We dissect the three-factor model’s predictive ability and find
that inclusion of the systematic risk variable dealing with the book-to-market ratio distorts predictions and that a
model including the market beta and the factor loading dealing with firm size seems to predict more efficiently
than either the three-factor model or the CAPM.
Keywords: capital asset pricing model, beta, fama-french three-factor model, risk-adjusted return,
book-to-market ratio
JEL Classifications: G10, G11, G12.
1. Introduction
Modern Portfolio Theory as developed by Markowitz (1952) and others, asserts that investors need only to
assess systematic risk and may ignore idiosyncratic risk of an individual security when creating a
well-diversified portfolio. If the market is efficient, accurate modeling and measurement of systematic risk
allows for determination of expected portfolio return. Comparisons of actual return to the expected return based
on systematic risk in turn allows for measurement of risk-adjusted return and portfolio performance. One may
identify two regimes in the academic literature for the measurement of systematic risk and subsequent
measurement of risk-adjusted returns: the Capital Asset Pricing Model (CAPM) regime, which may be dated
from the Mid 1960s through the early 1990s, and the Fama-French three-factor model (FF-3FM) regime, which
may be dated from the early 1990s through the present day.
The CAPM, as developed by Sharpe (1964), Lintner (1965) and Mossin (1966), states that the systematic risk of
a security can be determined by a single variable, the security’s sensitivity to changes in the overall market, the
security’s market beta. Although difficulties existed with the application of the model (for example how to
measure total market return), during the CAPM regime expected return for a portfolio was measured as:

E ( R pt )   p  E ( Rmt )

(1)

Here the expected return of a portfolio in excess of the risk free return for a particular time period, E ( R pt ) , is
determined by the portfolio’s beta, and the expected return of the market in excess of the risk free return for the
same time period, E ( Rmt ) .
The CAPM provided a straightforward means of risk-adjusting returns and measuring the portfolio manager’s
performance. Under the CAPM regime the manager sought to earn a return in excess of the return predicted by
equation (1). That is, the portfolio manager attempted to earn a positive “alpha” as shown in equation (2):

R pt   p   p  R mt
34

(2)
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where the portfolio and market excess returns are the realized returns rather than the expected returns for a given
time period.
Empirical studies in support of the theoretically developed CAPM such as Black, Jensen and Scholes (1972) and
Fama and MacBeth (1973) found a positive relationship between portfolios betas determined in estimation
periods and portfolio returns in a subsequent test periods. These results sustained the use of the CAPM during
the extended regime of the model, but two lines of research developed which ultimately ended the CAPM regime.
First, the CAPM’s claim that beta risk was the sole determinant of the expected return for a well-diversified
portfolio was challenged by the discovery of a number of anomalies. For example, portfolios of small-firm
securities and portfolios of securities with high book-to-market (BtM) ratios were shown to earn higher returns
than justified by beta risk [see for example Banz (1981) and Rosenburg, Reid and Lanstein (1985)]. The second
line of research found temporal inconsistencies in the relationship between estimated portfolio betas and realized
portfolio returns. Reinganum (1981) found inconsistencies in the relationship between betas and returns across
years and Tinic and West (1984) found inconsistencies across months of the year, although Pettengill, Sundaram
and Mathur (1995) showed that these results followed from a failure to distinguish between up and down
markets in the test periods. These two lines of research blended in a seminal study that saw the end of the CAPM
regime.
The beginning of the end of the CAPM regime may be dated as the publication of the landmark study, Fama and
French (1992). In this study, Fama and French find that for securities firm size and BtM ratios explain returns
but beta does not. They argue that firm size and the BtM ratio must proxy for systematic risk but that beta
evidently does not. Fama and French (1993) introduce a three-factor model, FF-3FM, which explains the returns
for portfolios examined in their study. The model they introduced has widely supplanted the CAPM in
risk-adjusting returns in academic studies and in studies published in the practitioner literature. Because the
three-factor model has become dominant in research studies we may speak of the existence of a three-factor
model regime. The FF-3FM model is specified as:
E ( R pt )   pm  E ( M KTt )   ph  E ( H M Lt )   ps  E ( SM B t )

(3)

In this model the expected return in excess of the risk-free rate for a portfolio, E(Rpt), depends on the level of
three systematic risk factors and the portfolio’s exposure to each of these factors. The first factor (ironically
given the finding that the CAPM beta does not explain returns) duplicates the factor in the CAPM, ( Rm , now
denoted as MKT). The second factor, HML, measures the return of a zero-investment portfolio long in securities
with high BtM ratios (value securities) and short in securities with low BtM ratios (growth securities). The third
factor, SMB, measures the return of a zero-investment portfolio long in small-firm securities and short in
large-firm securities. The factor loadings of  pm ,  ph , and  ps measure portfolio p’s respective exposure to
each of these systematic risk factors.
The FF-3FM model has clearly replaced the CAPM in terms of risk-adjusting in research studies. The CAPM,
however, remains the dominant model in business applications (Note 1). And surprisingly there has not been, as
there was with the CAPM, studies of the ability of the FF-3FM to build portfolios which produce return variation
in accordance with model predictions. This lack of study is curious as it was in large part the failure of the
CAPM to meet this criterion, according to some studies, that led to the end of the CAPM regime.
Koch and Westheide (2010) study the relationship between the FF-3FM betas and future returns. They find that
all three factors have significant predictive ability for the returns for the twenty-five portfolios formed based on
BtM and size [as created by Fama and French (1993)] when markets are divided into up and down markets based
on these factor loadings. They find, however, that the factor loadings on SMB and MKT beta are not paid a risk
premium. Robustness tests for other portfolios formed on factors such as momentum provide additional
questions as to the predictive ability of the factor loadings of the three-factor model.
In this paper we provide a more direct test of the FF-3FM model by forming portfolios based on estimated
security returns as predicted by factor loadings and historic factor values. We seek to determine if portfolios
formed on this basis will show the risk-return profiles predicted by the FF-3FM. For comparison purposes we
include predictions based on the CAPM. The rest of the paper proceeds as follows. In Section II, we present the
methodology used to form the portfolios based on the FF-3FM and CAPM and report results of portfolio
performance. We find that the FF-3FM and CAPM both allow the creation of portfolios which exhibit expected
risk-return profiles. Indeed the results from these two models appear to be surprisingly similar. There are,
however, difficulties with the predictions of both models. In Section III, we dissect the FF-3FM to determine
which factor loadings are essential for accurate predictions. We find that a two-factor model including the size
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and market betas appears to provide superior predictions to the FF-3FM. We present our conclusions in Section
IV.
2. Predicting Returns and Risk: FF-3FM and CAPM
2.1 Methodology
For nearly two decades, the FF-3FM model has been the dominant model to risk-adjust return in research studies.
Perhaps because of the empirical nature of the FF-3FM, it has not been subject to the same type of testing of its
predictive power as was applied to the theoretical CAPM. In this paper we build portfolios using the FF-3FM
which should vary in terms of a risk-return continuum. For comparison purposes we apply identical sampling
procedures to the CAPM, building portfolios that should likewise experience differentiation along a risk-return
continuum.
Our methodology most closely follows the seminal work of Fama and MacBeth (1973) as applied to the CAPM.
We estimate security betas in a sample period, create portfolios at the end of the period and then monitor
portfolio performance in a subsequent one-year period. We estimate beta for securities with monthly return data
available in the CRSP dataset using three-year estimation periods. In our estimation process we include all
securities available on the CRSP tape with the exception of ETFs, Closed-End Funds and ADRs. We require that
each security included in the estimation process has at least 24 months of return data during the three-year
estimation period. For the FF-3FM we estimate three betas for security using equation (4):

Rit   im  MKTt   is  SMBt   ih  HMLt   it

(4)

and for the CAPM we estimate the single market beta using equation (5):

Rit   im  MKTt   it

(5)

where all variables are as defined for equations (3) and (2) except we have realized values instead of expected
values for each of the factors. In our estimation of MKT beta we use the CRSP value-weighted index to
determine market return. To determine the SMB beta and the HML beta, we acquire the returns for the two
zero-investment portfolios from Kenneth French’s website.
At the end of each three-year period we form ten portfolios based on estimated security betas. For the CAPM the
portfolio formation follows the procedure of the Fama and MacBeth (1973) methodology. We rank all securities
based on estimated market beta placing the ten percent of the securities with the highest beta into portfolio 1, and
so on, until the 10% of the securities with the lowest betas are placed into portfolio 10. The CAPM predicts that
Portfolio 1 should enjoy the highest realized return at the cost of the highest realized risk. Likewise, Portfolio 10
should enjoy the lowest realized risk at the cost of the lowest realized return.
We follow portfolio formation in the same spirit of the Fama and MacBeth (1973) procedure as we form
portfolios for the FF-3FM. We use the same three-year estimation periods and regress monthly security excess
returns against monthly values for all three factors. Thus, we gain three beta estimates for each security that we
will jointly use to create portfolios with a goal of producing outputs consistent with a risk-return tradeoff. When
creating portfolios based on the CAPM a single beta is used to create portfolios. When creating portfolios based
on the FF-3FM, three factor betas are used and the formation procedure cannot be a straight forward result of
beta values. The FF-3FM is an empirical rather than a theoretical model, and, as such, does not provide a
theoretical basis to combine the three betas to form total risk. Because the three betas measure the sensitivity of a
security’s return with respect to each of the three factors whose values are distinct, it is not meaningful to simply
add the three betas to determine total systematic risk. We can, however, use the model to predict expected return
in excess of the risk-free return. If the risk-return tradeoff holds and the FF-3FM accurately measures risk, those
securities with the higher expected return according to the model should also have the higher expected risk. Thus,
using the observed average value from the entire sample period for each factor we predict expected excess return
(Note 2) for each security at the end of each estimation period using equation (6).
∗

∗

∗

(6)

where all variables are as defined in equation (3) except that the factor values represent average values over the
entire sample period instead of expected values.
Based on these expected returns, we place each security in one of ten portfolios. As with the CAPM formation
process, Portfolio 1 contains the securities with the highest expected return and, by inference, the highest
expected risk. Portfolio 10 contains securities with the lowest expected return and by inference the lowest
expected risk.
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We hold portfolios for a one-year period including in the portfolio any security with a reported return for any
month during the holding period. We calculate the portfolio return for each month of the one-year holding period
as the equally-weighted return of all securities in the portfolio. We use overlapping sample periods to estimate
the betas and observe portfolio returns. The portfolios are rebalanced at the beginning of each estimation period.
Our first estimation period uses data from January 1927 through December 1929. Based upon these estimates we
form portfolios that are held for the period from January 1930 through December 1930. Our penultimate
estimation period uses data from January 2005 through December 2007. Based upon these estimates we form
portfolios that are held for the period from January 2008 through December 2008. Our final estimation period
uses data from January 2006 through December 2008. Based upon these estimates we form portfolios that are
held for the period January 2009 through December 2009. There are a total of 80 such estimation (and holding)
periods.
Our goal is to investigate if the FF-3FM can create portfolios with a risk-return profile consistent with the
model’s prediction and to compare the performance of the FF-3FM to the performance of the CAPM. If these
models effectively measure risk and the market rewards investors for assuming risk, for both models Portfolio 1
should achieve the highest average return and experience the highest risk. Portfolio 10 should experience the
lowest risk at the cost of the lowest average return. Moving across portfolios from Portfolio 1 to Portfolio 10
both realized returns and risk should decrease monotonically.
To achieve our goal of measuring the efficiency of the model in the creating portfolios that vary along a
risk-return continuum our methodology must differ from previous studies. Studies such as Fama and MacBeth
(1973), Tinic and West (1984), and Fama and French (1992) test the CAPM by comparing portfolio or security
betas to returns. There are two reasons why we must take a different tack on this study. First, while the CAPM
allows a test between a single beta and returns, the FF-3FM assumes a relationship between return and three
betas with no guidance as to how to combine the several betas into a single measure of risk. Second, we seek to
examine risk on an ex-post basis in which case the appropriate measure for risk becomes total risk not systematic
risk. Thus, we measure portfolio performance by computing the average monthly return for the portfolio across
the 80 sample holding periods and the standard deviation of monthly return across the 80 sample holding
periods.
Because the use of the standard deviation of return as a post-formation measure of risk may strike the reader as
inappropriate, we provide some additional clarification. We acknowledge that the standard deviation of monthly
returns is not an appropriate ex ante measure of risk for a security, because only systematic risk should be
considered in adding a security to a portfolio. On an ex ante basis one might measure a security’s covariance
with the market to determine that security’s addition to total portfolio risk. We are, however, examining risk
post-portfolio formation for the entire portfolio. On this ex post basis the variation in portfolio returns as
measured by standard deviations in monthly returns is the appropriate measure of realized risk. If we measure
return performance on an ex-post basis we should do the same for portfolio risk performance! Previous tests
have, for the most part, assumed that ex ante beta risk repeats. In their second stage of model test, Fama and
MacBeth (1973) implicitly test this assumption by examining whether the rank of portfolio betas follow the
ranking of the created betas. Because on an ex post basis the question for a portfolio manager is the total
variation in the portfolio, we directly examine risk on this basis.
2.2 Portfolio Performance: FF-3FM and CAPM
We have formed ten portfolios based on expected return and risk in accordance with factor loadings on the
FF-3FM. Portfolio 1 is built with securities which have the highest expected return and expected risk according
to the FF-3FM. We build nine additional portfolios each with a lower expected return and risk based on beta
loadings on the FF-3FM equation until we create Portfolio 10 which has the lowest expected return and risk. Our
goal is to test whether measuring risk using the FF-3FM could allow a portfolio manager to reliably build
portfolios along a risk-return continuum. Results reported in Panel A of Table 1 indicate the average monthly
return and standard deviation of monthly return for the ten FF-3FM portfolios. These results suggest that the
FF-3FM can be used to build portfolios tailored for an investor’s risk-return tradeoff. Portfolio 1 has the highest
realized average return among the ten portfolios and average returns generally fall across portfolios as ex ante
risk falls. Likewise, Portfolio 1 has the highest realized risk among the ten portfolios as measured by the
standard deviation in monthly returns. Thus ex post risk generally falls across portfolios as predicted by the
declining ex ante risk.
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Table 1. Portfolios sortedd by expected returns
Portfolios sorteed by expected retuurns from the highhest (1) to the low
west (10)
1

2

3

4

5

6

7

8

Spearman's Rank
9

10

Rho

P-value

((A) FF-3FMa
0.0216

0.00144

0.0117

0.0097

0.0082

0.0068

0.0055

0.0041

0.0024

-00.0017

---

---

R
Realized return

Expected return

0.0188

0.00166

0.0140

0.0145

0.01446

0.0121

0.0115

0.01133

0.0111

00.0130

0.8303

0.0022

S
Std Dev.

0.1111

0.00914

0.0814

0.0749

0.07002

0.0631

0.0556

0.05299

0.0521

00.0671

0.8788

0.0004

R
Return/Risk

0.1696

0.1812

0.1723

0.1929

0.2084

0.1923

0.2061

0.21344

0.2133

00.1937

-0.7818

0.0070

Expected return

0.0145

0.00108

0.0091

0.0079

0.00668

0.0059

0.0050

0.0041

0.0031

00.0012

---

---

Realized return

0.0167

0.00155

0.0153

0.0148

0.01332

0.0129

0.0118

0.01277

0.0115

00.0131

0.8667

0.0007

S
Std Dev.

0.1147

0.00979

0.0836

0.0801

0.0686

0.0633

0.0552

0.05600

0.0488

00.0528

0.9758

0c

R
Return/Risk

0.1456

0.1586

0.1830

0.1843

0.19227

0.2040

0.2131

0.22655

0.2367

00.2479

-1.0000
0

0

((B) CAPMb

a.

FF-3FM: Fama-Frenchh three-factor m
model. Stocks aare sorted by tthe estimated rreturns from thee following equ
uation:
,
where
are
tthe
estimated
betas
from
m
the
regrression
ˆi ' s

Rit   im  MKTt   is  SM
MBt   ih  HM
MLt   it during the three-year estimation periodss, and X is the mean of the X factor
(X=MKT, SM
MB, or HML) from
m the entire sampple period (1927--2009). The reporrted realized retuurn is the mean of the monthly portfolio
returns from the 80 holding peeriods after the estiimation periods.
b.

CAPM
M: Stocks are sorteed by the estimated returns from thee following equatiion:

beta from thee regression Rit

Eˆ ( Rit )  ˆim  MKT

, wheree ˆ is the estimated
im

t
  im  MKTt   it during the threee-year estimation periods. The repoorted realized retuurn is the mean of the

monthly porttfolio returns from
m the 80 holding peeriods after the estimation periods.
c.

These P-Values are nonnzero but small thaan 0.00005.

To providde a statisticall measuremennt of the abiliity of the FF--3FM to creatte portfolios ddelineated alo
ong a
risk-returnn continuum, we
w utilize the Spearman rannk order coeffi
ficient of correelation. Portfolio 1 is provid
ded a
rank of 100 in terms of exxpected return and so on witth Portfolio 10 receiving a raank of 1. Thesee ranks of expe
ected
return are matched withh rankings off actual returnns to determinne the Spearm
man coefficientt of correlatio
on. A
similar proocedure is folloowed with reggard to actual aand expected riisk levels. In bboth cases a siggnificantly possitive
correlationn would support the ability oof the FF-3FM to provide invvestment guidaance.
As shown in Panel A of
o Table 1 the formation proocess based onn FF-3FM creeates portfolioss that adhere to
t an
appropriatte risk-return tradeoffs.
t
The Spearman cooefficient of coorrelation betw
ween expectedd and actual return
rank is 0.88303 and the corresponding
c
p-value is a hiighly reliable 00.0022. The evvidence for a ppositive correlation
between ordering of exppected and actuual risk is evenn stronger withh a Spearman correlation cooefficient of 0.8788
with a p-vaalue of 0.00044.
Our resultss generally suppport the abilitty of the FF-3F
FM to guide innvestors in chooosing portfolioos with approp
priate
risk-returnn tradeoffs. In general, portffolios built witth high measuures of ex antee model risk pproduce high actual
a
risk and hhigh realized returns
r
and vicce versa. Theere are, howevver, several im
mportant questtions raised by
y our
results. In Panel A of Table
T
1, we repport average eexpected return
rns across the ten FF-3FM pportfolios base
ed on
sample esttimated betas and
a historic avverage for the three factors iincluded in thee model. Expeccted returns fo
or the
two extrem
me portfolios appear
a
unrealistic. Portfolio 10 has a negaative expectedd return. One w
would not expe
ected
investors tto accept negaative expected returns. Becauuse the valuess for each of thhe factors usedd to predict returns
are reliablly positive, neggative expecteed returns resuult from negative betas for oone or more oof the three fac
ctors.
Likewise tthe outsized vaalue for the exxpected excesss return for Poortfolio 1 suggeests inaccuratee return predic
ctions
from the F
FF-3FM. Portffolio 1 has andd average expeected monthlyy excess returnn of 2.16% givven estimated betas
b
and averagge factor loadiings. This expected monthlyy return is highh in an absolutte sense and aalso high relative to
predicted eexcess returns for other porttfolios. The avverage expecteed return for poortfolio 1 is 500% higher than the
average exxpected return for Portfolio 22.
Actual retturns for Portffolio 10 and P
Portfolio 1 arre more realisttic than the ppredicted valuees. Portfolio 1 has
realized reeturns that aree 13% higher than the nexxt riskiest porttfolio instead of 50% higheer as suggeste
ed by
expected rreturns. The avverage realizedd return for Poortfolio 10 is ppositive in conntrast to predicctions. The possitive
realized reeturn for Portfoolio 10 is com
mforting for an investor buildding a low-riskk portfolio based on the FF-3
3FM,
but it is diiscomforting for
f the accuraccy of the prediiction of the FF
F-3FM. The aaccuracy of thee predictions of
o the
FF-3FM iss further challlenged becausse the investorr building a loow-risk portfollio using the F
FF-3FM, how
wever,
38

www.ccsenet.org/ijef

International Journal of Economics and Finance

Vol. 5, No. 1; 2013

would be perplexed to find a realized risk level higher than four of the other portfolios. The relatively high
realized risk for Portfolio 10 would not be particularly comforting to the investor trying to build a low risk
portfolio. These inaccuracies suggest caution in the use of the FF-3FM in risk-adjusting returns using estimated
historic betas for securities.
These variations in risk and returns especially for Portfolio 10 suggest an investigation of the reward-to-risk ratio
for the ten portfolios in Panel A of Table 1. We calculate the reward-to-risk ratio by dividing the average
monthly return for each portfolio by the standard deviation of monthly returns for that portfolio. Modern
Portfolio Theory suggests that the market price of risk as given by the capital market line should provide equal
return to risk ratios for efficient portfolios. We have not attempted to build efficient portfolios in terms of the
capital market line, but we would expect to find an absence of a pattern in the risk-return tradeoff. That is, if the
allocation of risk and return is efficient we would have no reason to expect that the reward-to-risk ratio would
systematically increase or decrease across portfolios. Likewise we would not expect any portfolio to have a
reward-to-risk ratio significantly out of line with other portfolios.
We observe a general upward trend in the reward-to-risk ratio as expected return declines. To gauge the
significance of this trend we calculate the Spearman rank order coefficient in the same manner that we used
above. As shown by the low p-value the observed trend is statistically significant. Investors accepting higher risk
according to the FF-3FM received a lower reward for risk than investors accepting lower levels of risk.
Because the CAPM factor is included in the FF-3FM, the CAPM beta is included in the rankings created by the
FF-3FM. This inclusion raises the issue as to whether the successful predictions of the FF-3FM may be due to
the inclusion of the CAPM beta rather than model improvement of the FF-3FM and whether the discrepancies
found in the FF-3FM result from the CAPM factor. So, we repeat all of our model procedures using the CAPM
beta alone and report these results in Panel B of Table 1.
The CAPM is approximately as successful as the FF-3FM in building portfolios that will achieve an appropriate
risk-return tradeoff. Portfolio 1 has the highest realized average return and the highest realized risk. Both risk
and return generally fall across portfolios and a significant relationship exists between both expected and
realized return and expected and realized risk. As reported in Panel B of Table1, for actual and expected return
rankings the Spearman correlation coefficient is 0.8667 with a p-value of 0.0007. The CAPM is efficient in
predicting portfolio return rankings, slightly more efficient than the FF-3FM as measured by the sample
Spearman rank order coefficient. Also, for actual and expected risk rankings the Spearman correlation
coefficient of 0.9758 with a p-value of 0.0000, indicates a slightly superior sample result in predicting portfolio
risk.
Certainly, the similar performance of the CAPM and the FF-3FM does not support the desirability of the
FF-3FM regime given a general preference for simpler and theoretically based models. This assertion may seem
questionable because Fama and French (1992) find that MKT beta does not explain security returns. Therefore,
we seek to be careful not to overstep the conclusions from our results. Although our findings are consistent with
the market pricing risk as measured by MKT beta, we cannot assert that the market actually prices MKT beta risk.
There may be a spurious correlation between MKT betas and returns and between MKT betas and risk. Pettengill,
Sundaram and Mathur (2002) for U.S. stocks and Fletcher (1997) for U.K. stocks both show that a significant
relationship between MKT betas and returns disappear when the influence of size is included in the relevant
regressions. Nonetheless, MKT betas when considered on their own seem to have predictive power for future
portfolio return and risk regardless of causation.
Above we identified several concerns about the predictions of the FF-3FM to create portfolios with particular
risk-return properties. The expected return for Portfolio 10 according to the FF-3FM is negative, a high price to
pay for lower risk. The expected return for the CAPM Portfolio 10 is small but positive. Clearly the predicted
negative returns from the FF-3FM results from the inclusion of either the SMB or the HML beta or both. In a
similar concern we noted that the expected return for the FF-3FM Portfolio 1 seemed to be quite high relative to
expected returns for the other nine portfolios. The CAPM Portfolio 1 may also be viewed as an outlier, but the
expected return for the CAPM Portfolio 1 is only 34% higher than expected return for Portfolio 2 as compared to
the 50% differential in the case of the FF-3FM. We noted above the difference in actual returns between
Portfolio 1 and Portfolio 2 is less severe than the difference in expected returns for the FF-3FM. We note that
this difference reduces the disadvantage of the FF-3FM in terms of an investor making investment decision but it
suggests and advantage for using the CAPM alone in risk-adjusting. To illustrate, observe the values for the
average expected and average realized returns for Portfolio 1 as reported in Table 1 (Note 3). The expected
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return is 22.16% which iff used to find rrisk-adjusted rreturn based onn the average observed returrn would prov
vide a
negative riisk-adjusted reeturn, despite tthe highest aveerage return am
mong the ten poortfolios.
We also nnoted that the FF-3FM Porttfolio 10 has both higher rrealized returnns and risk rellative to portffolios
formed wiith higher expeected returns. A similar, if less severe prooblem, exists ffor the CAPM Portfolio 10 (Note
(
4). As withh the FF-3FM
M Portfolio 10, the CAPM Poortfolio 10 hass the sixth highhest realized rreturn. The rea
alized
level of risk, however, in
i terms of raanking is only 9th highest ass opposed to thhe ranking off 6th highest fo
or the
FF-3FM. T
Thus, the CAP
PM Portfolio 100 will have a hhigher reward--to-risk ratio thhan the FF-3FM
M Portfolio 10.
We do adddress the queestion of rewaard-to-risk acrooss portfolios for the CAPM
M portfolio aas we did with
h the
FF-3FM. A
As with the FF
F-3FM rewardd-to-risk ratioss vary systemaatically across the CAPM portfolios becoming
progressivvely higher witth lower levelss of expected risk. In the caase of the CAP
PM portfolios the Spearman rank
correlationn coefficient of
o -1.0000 ressulting in a pp-value of 0.00000. High M
MKT beta porttfolios seem to
t be
particularly disadvantaged with regardd to the rewardd-to-risk tradeoff. This resullts is consistennt with the find
dings
of Fletcherr (1997) and Pettengill,
P
Sunndarum and M
Mathur (2002) iindicating that the relationshhip between market
m
returns and MKT beta are
a not symmeetrical with reegard to up annd down markets in the pressence of size. This
deficiencyy, however, seeems to be only reduced rathher than eliminnated by the iinclusion of thhe SMB beta in
n the
FF-3FM.
c
Our initiall goal was to determine if an investor ccould rely on the FF-3FM in terms of itts ability to create
portfolios that provide results
r
consisteent with expecctations along a risk-return ccontinuum. W
We test this que
estion
by formingg portfolios baased on expeccted returns given expected returns for seccurities based on factor load
dings
and averagge factor valuees. We apply similar methoodology using the CAPM foor comparisonss purpose. We
e find
that the FF
F-3FM producces portfolios tthat achieve reeturn and risk rresults consistent with modeel expectationss. We
also find, however, thaat the FF-3FM
M is not clearlly superior too the CAPM iin this regard using our sample
methodoloogy. Further both
b
models ddisplay certainn deficiency iin meeting exxpectations. W
We summarize
e our
findings w
with graphical presentation
p
shhown in Figuree 1.
Panels A aand B of figurre 1 illustrate the comparatiive ability of tthe two modells to create coonsistent risk-return
tradeoffs bbased on expeccted returns. A
As shown in Panel A, both m
models producce portfolios w
where actual returns
across porrtfolios vary with
w perceived rrisk. For both models Portfoolio 10, which should have bboth the lowest risk
and returnn, has a higherr return than ssome of the otther portfolios. For the FF-33FM returns too Portfolio 1 and
a 2
seem especially large rellative to the otther portfolios suggesting that an investor seeking high rreturns may be
enefit
from inforrmation providded by the FF-33FM.

Figure 1B. Standardd Deviation

Figure 1A
A. Mean Returrns

Panel B shhows the realizzed risk for thhe FF-3FM and the CAPM. Both models show an expected variation with
realized risk falling withh expected riskk across portfoolios one throuugh ten. Indeeed, the risk levvel variation fo
or the
portfolios formed from both
b
models iss very similar. That is, Portfo
folio 1 of the F
FF-3FM producces risk levels very
similar to the risk level produced
p
by P
Portfolio 1 form
med using the CAPM. For bboth models Poortfolio 10 disp
plays
higher riskk than expectted consistentt with the higgher than exppected return. This is excepption is espec
cially
pronounceed for the FF-33FM, suggestinng a low rewarrd-to-risk ratio for this portfoolio.
Panel C shhows the rewaard-to-risk ratiios for both seets of portfolioos. Both modeels show a steaady increase in
n the
reward-to--risk ratio as expected porttfolio risk/retuurn increases. This effect iss especially ppronounced for the
CAPM. H
High return CA
APM investorrs get a smalller payment ffor risk than F
FF-3FM invesstors, but low
w risk
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investors uusing the CAP
PM model receeive a higher payment for risk. An investorr may use the F
FF-3FM to ach
hieve
an expecteed risk-return tradeoff,
t
but thhe results do noot appear to bee clearly superrior to what cann be achieved from
the CAPM
M.
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M
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Figure 1C. Return-to-Risk
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Figure 1D
D. Expected Reeturns

Other conssiderations seeem to favor thee CAPM. Paneel D shows exppected returns across portfoliios for the FF--3FM
and the CA
APM. The FF--3FM has stronnger outliers foor Portfolio 1 aand Portfolio 110. This may bbe seen as a be
enefit
for the higgh risk investoor, but for the low risk inveestor the prosppect of a negattive return cannnot be appetiizing.
Panels E aand F comparee the realized return with exxpected returnns for the portffolios formed by the two mo
odels
(Note 5). F
For the FF-3FM
M the outliers for the extrem
me portfolios arre moderated aand the range of portfolio returns
becomes ccloser for the two
t
models. T
The range of thhe expected exxcess returns fo
for the 10 portffolios formed from
the FF-3F
FM is 2.33% compared
c
to 11.33% for the CAPM portfo
folios. The rannge for the acctual returns across
portfolios is 0.58% for the FF-3FM ccompared to 00.36% for the CAPM. This moderation w
would be espec
cially
comfortingg for the low-rrisk investor seelecting to usee the FF-3FM, but these resuults suggest thaat the FF-3FM may
produce innefficiencies inn terms of rissk-adjustment procedures reesulting from iinconsistencies between rea
alized
and estimaated betas.
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Returns

Expected Returns

R
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Returns
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1
10

Return for CAP
PM
Figuree 1F. Expectedd vs Realized R

Figure 1E
E. Expected vss Realized Retuurn for 3-Factoor
Model

APM producees results that cconfirm to the results producced by the FF--3FM, the que
estion
To the exttent that the CA
arises as too whether the results
r
of the F
FF-3FM are deependent on thhe CAPM’s MK
KT beta. We aalso seek to ide
entify
the inconsistencies in the FF-3FM betas that createdd differences inn expected andd actual returnns especially fo
or the
extreme poortfolios. Furthher, we seek tto explore the cause of the ssuperior perforrmance of the high-risk FF--3FM
portfolio rrelative to thee high-risk CA
APM portfolioo and the moore consistent reward-to-riskk portfolios of the
FF-3FM. IIn the next secction we disseect the perform
mance of both models, beginnning with creeating returns for a
two-factorr Fama-Frenchh model.
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3. Dissecting Model Performance: FF-3FM and CAPM
In Section II we reported performance results for portfolios based on the FF-3FM and the CAPM. We find that
both of these models are efficient in creating portfolios that vary along a risk-return continuum. Because both
present certain deficiencies and because the CAPM MKT beta is included in the FF-3FM, we repeat our
portfolio formation procedure building portfolios based solely on the HML beta and the SMB beta. We
determine these betas values by applying the FF-3FM equation during the estimation period. We estimate
expected returns using the betas from the SMB and HML factors as shown in equation (7) and use these
expected returns to form ten portfolios which should vary on a risk-return continuum:
∗

∗

(7)

where all variables are as defined earlier.
As above, we hold the portfolios for a one-year period and record average returns and the standard deviation in
returns. We seek to determine if the MKT beta is a necessary input to achieve separation in risk and return across
portfolios. Further, we seek to identify which of the irregularities in results for the FF-3FM are dependent on the
inclusion of the MKT beta and whether other irregularities not found in the CAPM results are magnified with the
exclusion of the MKT beta.
Results for the two-factor HML-SMB beta model (2F-HSB model) are reported in Panel A of Table 2. The
results show that the MKT beta is not a necessary input to create portfolios which will produce average returns
whose ranks are consistent with rankings based on expected returns. The 2F-HSB model produces correlation in
expected and realized returns that is very consistent with the results produced by the FF-3FM and the CAPM. All
three models produce similar Spearman rank order coefficients for expected and realized portfolio return. These
range between 0.8182 for the 2F-HSB model, 0.8303for the FF-3FM, and 0.8667 for the CAPM. In all three
cases the results are significant at the 0.5% level or lower. These results are certainly inconsistent with the
theoretical contention of the CAPM that MKT beta is the only factor affecting expected returns for portfolios
large enough to eliminate non-systematic risk. Just as certainly, the results reported in Table 1 are inconsistent
with the argument that the MKT beta does not predict returns.
Both the FF-3FM and the CAPM produced portfolio segmentation whereby the portfolio with the lowest
expected return, Portfolio 10, had actual returns much higher than expected. This result could be due to the
impact of the MKT beta. Elimination of the MKT beta, however, does not cause Portfolio 10 to have a low
average return consistent with expectation. Portfolio 10 created with the 2F-HSB model has the fifth highest
return of all portfolios.
Elimination of the MKT beta had a more significant result on portfolio risk. If betas from the HML and SMB
factors measure risk, portfolios formed with higher betas ought to produce more variation in return. The
Spearman’s correlation between expected risk and realized standard deviation in 2F-HSB is much less than it is
for the FF-3FM which includes the MKT beta. More telling this correlation is much less than the predicted and
realized risk for the CAPM which only includes the MKT beta. The rank order correlation between expected and
realized risk for the 2F-HSB model is 0.5758 much lower than the rank order correlation of 0.9758 for the
CAPM portfolios. The correlation coefficient for the 2F-HSB model is not significant at the 5% level. To
determine portfolio risk MKT beta seems to be required or either the HML beta or SMB beta needs to be omitted.
Of special note investors who seek to manage risk should not consider the combined input from the HML betas
or SML betas. Portfolio 10 formed by the 2F-HSB which should have the lowest risk based on expected return
has the third highest risk of all ten portfolios and the lowest reward-to-risk for all ten portfolios.
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Table 2. Portfolios sortedd by expected returns
Portfolios sortedd by expected retuurns from the highest (1) to the loweest (10)
1

2

Spearman
n's Rank

3

4

5

6

7

8

9

110

Rho

P-value

(A) Two-Factoor Model (2F-HSB
B)a
Exp. return

0.0128

0.00069

0.0047

0.0033

0.00211

0.0011

0.00002

-0.0009

-0.0025

-0.00062

---

---

Realized return

0.0196

0.00155

0.0148

0.0145

0.01344

0.0125

0.00112

0.0111

0.0111

0.00138

0.8182

0.0031

Std Dev.

0.1073

0.00873

0.0730

0.0723

0.06533

0.0575

0.00559

0.0573

0.0627

0.00816

0.5758

0.0918

Return/Risk

0.1827

0.11769

0.2034

0.2005

0.20577

0.2181

0.22007

0.1935

0.1763

0.1697

0.2727

0.4721

(B) Single-Facttor Model - HML
Lb
Exp. return

0.0091

0.00050

0.0033

0.0020

0.00100

-2x10-6

-00.001

-0.0022

-0.0038

-0.00076

---

---

Realized return

0.0185

0.00172

0.0155

0.0149

0.01488

0.0123

0.00109

0.0113

0.0109

0.00114

0.9152

0.0001

Std Dev.

0.0971

0.00935

0.0764

0.0713

0.06733

0.0640

0.00602

0.0620

0.0660

0.00800

0.5758

0.0918

Return/Risk

0.1904

0.11840

0.2023

0.2082

0.22033

0.1917

0.1819

0.1816

0.1653

0.1421

0.6606

0.0413

(C) Single-Factor Model - SMB
B

c

Exp. return

0.0065

0.00042

0.0032

0.0026

0.00211

0.0016

0.00012

0.0008

0.0002

-0.00007

---

---

Realized return

0.0171

0.00168

0.0154

0.0148

0.01333

0.0130

0.00121

0.0118

0.0110

0.00123

0.9273

0d

Std Dev.

0.1115

0.00959

0.0845

0.0732

0.06755

0.0621

0.00561

0.0543

0.0509

0.00645

0.8788

0.0004

Return/Risk

0.1535

0.11748

0.1824

0.2017

0.19733

0.2095

0.22164

0.2171

0.2151

0.1907

-0.697

0.0269

a.

2F-HS
SB:

Stocks are sorted by the esttimated returns froom the following equation:

are the estim
mated betas from the regression Riti

  im  MKT
Tt   is  SMBt   ih  HMLt   it

where

ˆi ' s

during thhe three-year estim
mation

periods, and X is the mean off the X factor (X= SMB or HML) froom the entire sam
mple period (1927-2009). The reportted realized return
n is the
monthly portfolio returns from the 880 holding periods after the estimattion periods.
mean of the m
Singlee-Factor Model - HML: Stocks aree sorted by the estimated returns from the followinng equation: Eˆ ( Rit )  ˆih  HML, where
ˆ
m the regression Rit  ih  HMLt   it during the tthree-year estimattion periods. The reported realized return
 ih is the esttimated beta from

b.

is the mean oof the monthly porrtfolio returns from
m the 80 holding pperiods after the estimation periods..
c.

Singlee-Factor Model - SMB:
S
Stocks are ssorted by the estim
mated returns from
m the following eqquation: Eˆ ( Rit )  ˆis  SMB, wherre ˆ
is

is the estimatted beta from the regression
r

Rit  is  SMBt   it

during the three--year estimation periods. The reportted realized return
n is the

mean of the m
monthly portfolio returns from the 880 holding periods after the estimattion periods.
d.
These P-Values are nonnzero but small thaan 0.00005.

Ignoring thhe MKT beta of a security in portfolio fformation doess eliminate thee significant innverse trend in
n the
reward-to--risk ratio acrooss portfolios found for the CAPM and thhe FF-3FM poortfolios. If the MKT beta is not
consideredd in portfolio the Spearmann rank correlattion between expected risk and reward ffor risk turns from
significanttly negative to
t positive buut insignificannt. High MKT
T beta securitties seem in some sense to
t be
inadequateely compensateed for risk.
Eliminatioon of considerration of the MKT beta reesults in a porrtfolio formation process thhat still efficiently
predicts reelative return but
b does not prredict relative risk. This resuult suggests caaution in applyying the FF-3F
FM to
risk adjusttment procedurres. This caution is magnifieed by examinattion of the exppected excess rreturns provide
ed by
the 2F-HS
SB model. Withhout consideraation of the MKT beta the exxpected excesss returns for thhe three lowest risk
portfolios is negative. Of
O course, this is an absurd reesult and arguees for considerration of the C
CAPM’s MKT
T beta
in determiining expectedd return and in risk adjustmeent in empiricaal studies. For portfolios 8, 9 and 10, a possitive
risk-adjustted return can be achieved with a negativve return. This means that bbased on estim
mations using only
SMB and MKT betas appproximately 330% of the seccurities in the sample have nnegative expeccted excess retturns.
For these ssecurities if rissk-adjustment procedures are conducted using measuress of systematicc risk determined in
a sample pperiod, test peeriod positive risk-adjusted returns may rresult with neggative realizedd returns. It would
w
presumablly be of little satisfaction
s
forr an investor tto learn that thhe portfolio w
which is being held has a possitive
risk-adjustted return wheen the realizedd return is neggative. This tyype of perversse result occurs if the SMB
B and
HML betaas are considerred in risk-adjjustment and bbecomes a siggnificant resultt if the CAPM
M MKT beta is not
included. This result arrgues against the use of thhe HML and S
SMB betas annd by inferennce the FF-3FM
M in
risk-adjusttment procedures.
We have examined the efficiency off the MKT beeta alone in crreating portfollios with an eefficient risk-return
tradeoff, bbut we have had not considerred the efficienncy of the HML
L and the SMB
B betas in this regard. Becau
use of
the mixed results of usinng the 2F-HSB
B model we feeel obliged to innvestigate the rresult from usiing them singu
ularly
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as further decompositioon of the FF-33FM and as fu
further comparrison to the C
CAPM. We esstimate betas using
u
equations (8) and (9) as shown below:
∗

(8)

∗

(9)

where all vvariables are as
a defined earliier. We use ideentical portfoliio formation annd testing proccedures.
Panel B shhows the resultts of building risk-return porrtfolios based on security’s lloadings on thhe HML factor. The
results preesent strong coontrasts to resuults presented under previouus specificatioons. Building pportfolios base
ed on
the HML bbeta creates portfolios whosse ranked realiized returns vaary in order w
with rank expected return. Ju
ust as
the CAPM
M one-factor model will create portfolios whose rrealized returnns are ordereed consistent with
expectations, a one-factoor model based on the HML
L beta will do likewise. Indeeed, the orderinng using the single
factor loadding on the HM
ML factor is m
more efficient than the orderring created byy the FF-3FM
M, the CAPM or
o the
2F-HSB m
model. The Spearman rank oorder coefficieent between exxpected and reealized returnss for the one-ffactor
HML moddel is 0.9152. Of
O special note, Portfolio 100 which has reealized returns of between 1..30% and 1.38
8% in
the previous three modeels has realizedd returns of 1.14% for the H
HML one-facttor model. Thee HML beta seems
more efficcient than any other
o
factor loaading in identiifying securitiees that will havve high or low realized return
ns.
Portfolio m
managers mayy be able to reely on the HM
ML beta to forrm portfolios w
whose returns vary directly with
factor loadding, but the HML
H
beta doess not by itselff provide a reassonable predicction of the levvel of return. HML
H
Portfolios 6 through 10 have negative expected exceess returns. Thhat is accordinng to a single ffactor HML model,
m
approximaately 50% of the
t securities in the samplee are expected to have negaative excess reeturns. Because the
value for tthe HML factoor is on average positive, these negative exxpected values indicate negattive factor load
dings
on the HM
ML factor forr approximatelly half of thee securities. T
The results aree troubling onn several levels. If
responsiveeness to channges in the H
HML is a meeasure of sysstematic risk, what sense does it make
e for
approximaately half of thhe securities too have negativve risk premiuums based on eexposure to thhis systematic risk?
How can a negative facttor loading be stable if it im
mplies a negative expected reeturn? If the bbetas are not sttable,
how can thhese factor loaadings be used to adjust for rrisk based on tthe systematic risk of a portffolio. Finally, if
i the
negative bbetas are stablee then the porrtfolios formedd on the basis of this system
matic risk facttor cannot posssibly
associate w
with realized risk.
r
Consider the followingg: Assume thatt the portfolios with the possitive betas and the
portfolios with negative betas have thee same absolutte values alongg a continuum from high to llow absolute values.
Thus, Porttfolio 10 and Portfolio
P
1 willl have the sam
me absolute vaalue for the HM
ML beta, but ffor Portfolio 10 the
value is neegative and forr Portfolio 1 thhe value is positive. The sam
me would occuur for Portfolio 9 and Portfo
olio 2
and so on with Portfolioos 6 and 5 havving the same absolute valuee with differennt signs. In thiis case what would
w
we expect in terms of sttandard deviation if betas inn the sample peeriod and the eestimation perriod are consisstent?
Portfolios 10 and 1 withh the largest aabsolute valuees in HML bettas should havve the highest variation in return
although P
Portfolio 10’s return would be positive w
when Portfolioo’s 1 is negativve and vice versa. The stan
ndard
deviation iin returns wouuld reduce across portfolios pairs with Poortfolios 5 and 6 having the lowest variatio
on in
realized reeturn. Risk-adjjusting returnss based on a ssystematic riskk factor for w
which a significcant portion of
o the
securities have a negativve loading doees not seem loogical. We exaamine this dileemma further by first examining
the stabilitty of the HML
L betas and thenn by examininng the realized variation in reeturns for the H
HML portfolios.
Figure 2 shhows a compaarison betweenn realized and eexpected HML
L betas. The exxpected beta reeported in Figure 2
is derived by averagingg the expected beta for eachh portfolio from Portfolio 1 through Portffolio 10 across the
eighty sam
mple periods. The
T expected H
HML betas forr each sample period are sim
mply the averaage of the beta
as for
the individdual securities that comprise each portfolioo in a particulaar sample periood.

Beta for HML F
Factor
Figure 2. Esstimated Beta vs. Realized B
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The realizeed beta is determined by empploying equatiion (8) once aggain, but this tiime regressingg realized returrn for
each portffolio in each teest period agaiinst the HML factor. Thus, this regressionn holds 960 obbservations, tw
welve
monthly obbservations in each of the eigghty one-year test periods.
The resultts reported in Figure
F
2 are consistent withh both realizedd and expectedd returns reporrted in Panel (B
B) of
Table 2. N
Negative expeccted excess retuurns for Portfoolios 6 throughh 10 are consisttent with negaative expected betas
for Portfoolios 6 through 10. The poositive realizedd returns repoorted in Tablee 2 for all H
HML portfolios are
consistent with positive realized betass across all porrtfolios for thee HML betas eexcept for Porttfolio 10 wherre the
coefficientt is slightly neggative. These rresults may prove comfortinng for portfolioo managers whho would like to use
the HML bbeta to build loow-risk, but poositive return pportfolios, but the results agaain strongly arrgue against the use
of historicc HML betas in
i risk-adjustinng portfolio reeturns. Negativve factor loadings which whhen applied in
n risk
adjustmennt procedures suggest that a portfolio maanager could “beat the marrket” with retturns less than
n the
risk-free raate seem fundaamentally inapppropriate.
The relatioonship with exxpected risk ass measured byy the systematiic risk factor ffrom loading oon the HML factor
f
also fails to efficiently predict realizzed risk for tthe HML porrtfolios. Althouugh the sampple Spearman rank
correlationn coefficient between
b
expected risk andd realized riskk is positive, it is not statiistically signifficant
different ffrom zero. Porrtfolio 10 whicch should havee the lowest reealized risk haas the third higghest realized risk.
The Portfoolios with highh expected retuurns, achieve thhese returns w
without significcantly higher leevels of risk. Thus,
T
the significantly negativve correlation bbetween the reeward-to-risk rratio and expected return prooduced by both the
CAPM andd the FF-3FM
M is replaced byy a marginallyy significant poositive correlattion between eexpected return
n and
the rewardd-to-risk ratio.
To continuue our decom
mposition of thhe FF-3FM w
we examine thhe performancce of the SMB
B beta in forming
portfolios along a risk--return continuuum. Results reported in P
Panel C of Taable 2 show thhe performanc
ce of
portfolios formed on the SMB beta ffound using eqquation (9). T
Test and estimaation procedurres are identic
cal to
those usedd above. Thesee results show that any one oof the three facctor loadings uused in the FF
F-3FM by itself can
efficientlyy identify securrities to be plaaced in a returrn continuum. The SMB betta is more efficcient in identiffying
high and llow return seccurities than eiither the HML
L beta, MKT bbeta or the FF
F-3FM as it prroduces the hig
ghest
rank correelation betweenn actual and eexpected returrn. Unlike the HML beta, thhe SMB beta efficiently pre
edicts
realized risk variation baased on factorr risk loadings. Although thee SMB beta is not as efficiennt as the CAPM in
predicting realized risk. In particular P
Portfolio 10 shhows much higgher variation in return than expected base
ed on
its factor loading. The use of the SM
MB beta alonne greatly reduuces the creattion of portfolios with expe
ected
negative reeturns that weere found by thhe use of the H
HML beta aloone. Only Porttfolio 10 has a negative expe
ected
return. Sim
milar to the ressults for the H
HML beta, actuual returns for Portfolio 10 aare positive andd higher than other
portfolios with low expeected risk. Agaain the CAPM outperforms bboth the single--factor SMB m
model in this re
egard.
Also, similar to the results with thee CAPM, the single factorr SMB modell produces a significant inv
verse
relationshiip between exppected return and the risk-reeturn tradeoff,, although thiss relationship iis weaker than
n that
found for the CAPM. Because,
B
both tthe CAPM andd the single faactor SMB moodel outperform
m the single factor
f
HML moddel in terms off predicting rissk, we combinne the SMB beeta and the MK
KT beta into a two-factor model
m
and compaare results from
m this model too the results off previous moddels. As we didd with the 2F-H
HSB model we use
the beta esstimates deriveed from Equattion (6) to form
m the two-facttor MKT-SMB
B (2F-MSB). T
The same samp
pling
and test prrocedures are used
u
as with thhe other models. The results are reported inn Table 3.
Table 3. Portfolios sortedd by expected returns using MKT and SM
MB factors (2F--MSB model)
Portfolios sortedd by expected retuurns from the highhest (1) to the loweest (10)

Spearm
man's Rank

1

2

3

4

5

6

7

8

9

10

E
Expected return

0.0158

0.0114

0.0097

0.0084

0.00774

0.0064

00.0055

0.00466

0.0035

00.0013

---

---

R
Realized return

0.0173

0.0159

0.0141

0.0145

0.0135

0.0138

00.0115

0.01222

0.0115

00.0130

0.891

0.0002

S
Std Dev.

0.1089

0.09958

0.0822

0.0756

0.06993

0.0642

00.0569

0.0583

0.0505

00.0539

0.976

0*

R
Return/Risk

0.1593

0.16655

0.1720

0.1918

0.19449

0.2146

00.2029

0.20944

0.2276

00.2420

-0.964

0*

Stocks are soorted by the estim
mated returns from the following equation:
betas from thhe regression Rit

where

Rho

P-value

ˆi ' s are the estiimated

  im  MKTt   is  SMBt   ih  HMLt   it during the thrree-year estimatioon periods, and

X is the

mean of the X factor (X= SMB
B or HML) from thhe entire sample pperiod (1927-20099). The reported reealized return is thhe mean of the monthly
portfolio retuurns from the 80 holding
h
periods aftter the estimation periods.
*

These P-Values are nonnzero but small thaan 0.00005.
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The results for the two-factor SMB-MKT beta model compare favorably with the results for the FF-3FM. The
2F-MSB model produces more efficient separation in terms of both realized return and risk than does the
FF-3FM. The 2F-MSB model is more efficient than the CAPM in predicting realized return and as efficient as
the CAPM in predicting realized risk. The inclusion of the MKT beta with the SMB beta reduces the risk of
Portfolio 10 and eliminates the negative expected return of Portfolio 10 when the latter beta is used alone. The
inclusion of the MKT beta, however, increases the tendency for the reward-to-risk ratio to fall as expected return
increases. In some sense securities with high MKT betas appear to be inadequately compensated for risk.
Because the FF-3FM is an empirical rather than a theoretical model, one is hard pressed to argue for its
superiority to the 2F-MSB model.
4. Conclusion
We identify two regimes in the measurement of systematic risk during the era of modern portfolio theory. The
Capital Asset Pricing Model, CAPM, a theoretical based model, was replaced by the empirical, Fama-French
three-factor model, FF-3FM, in part based on the finding by Fama and French (1992) that a positive relationship
does not exist between a security’s covariance with the market and the security’s return. This same study
confirmed previous findings of a positive relationship between security’s book-to-market value and return, and a
security’s market value and return. Together these findings led to the creation of the FF-3FM. Although the
FF-3FM is widely used to measure systematic risk in academic studies, it has not been subjected to
out-of-sample testing to validate the model’s ability to measure systematic risk and predict return and its
variation.
In part the failure to study the relationship between systematic risk as measured by the FF-3FM and returns
results from the model’s failure to have a single measure for risk as does the CAPM. We study the relationship
between systematic risk and return by building portfolios based on expected risk as measured by the FF-3FM
and compare the realized return and risk of these portfolios. We find that the FF-3FM does accurately predict
variation along a risk-return continuum. Ironically, when we include the CAPM using the same procedures for
comparisons purpose we find that the CAPM is roughly as efficient as the FF-3FM in creating portfolios that
vary along a risk return continuum. Moreover, we find certain deficiencies in the FF-3FM, low-risk portfolios
are predicted to have negative excess returns and high risk portfolios have outsized expected returns. We find
that these deficiencies largely result from inclusion of the loading on the zero-investment portfolio associated
with the book to market ratio. We find that a two-factor model including the market beta and the size related beta
appears to be a more efficient predictor of returns and risk than the FF-3FM. Because the FF-3FM is not
theoretically based, it appears to be an open question as to why this model should be used to predict risk and
return. Further research should be conducted to provide answers to this question.
References
Banz, R. (1981). The relationship between return and market value of common stocks. Journal of Financial
Economics, 9, 3-18. http://dx.doi.org/10.1016/0304-405X(81)90018-0
Bartholdy, J., & Peare, P. (2005). Estimation of expected return: CAPM vs. Fama and French. International
Review of Financial Analysis, 14(4), 407. http://dx.doi.org/10.1016/j.irfa.2004.10.009
Black, F., Jensen, M., & Scholes, M. (1972). The capital asset pricing model: Some empirical tests. Studies in the
Theory of Capital Markets. Praeger, New York, 79-121.
Estrada, J. (2011). The Three‐Factor Model: A Practitioner's Guide. The Bank of America Journal of Applied
Corporate Finance, 23(2), 77-85. http://dx.doi.org/10.1111/j.1745-6622.2011.00329.x
Fama, E., & French, K. (1992). The cross-section of expected stock returns. Journal of Finance, 47, 427-465.
http://dx.doi.org/10.1111/j.1540-6261.1992.tb04398.x
Fama, E., & French, K. (1993). Common risk factors in the returns on stocks and bonds. Journal of Financial
Economics,33, 3-6. http://dx.doi.org/10.1016/0304-405X(93)90023-5
Fama, E., & MacBeth. (1973). Risk, return, and equilibrium: Empirical tests. Journal of Political Economy, 81,
607-636. http://dx.doi.org/10.1086/260061
Fletcher, J. (1997). An examination of the cross-sectional relationship of beta and returns: UK evidence. Journal
of Business and Economics, 49, 211-21. http://dx.doi.org/10.1016/S0148-6195(97)00006-4
Graham, J., & Harvey, C. (2001). The theory and practice of corporate finance: Evidence from the field. Journal
of Financial Economics, 60(2-3), 187-243. http://dx.doi.org/10.1016/S0304-405X(01)00044-7
Jegadeesh, N., & Titman, S. (1993). Returns to Buying Winners and Selling Losers: Implications for Stock
46

www.ccsenet.org/ijef

International Journal of Economics and Finance

Vol. 5, No. 1; 2013

Market Efficiency. Journal of Finance, 48, 65-91. http://dx.doi.org/10.1111/j.1540-6261.1993.tb04702.x
Koch S., & Westheide, C. (2010). The conditional relation between Fama-French betas and return. Working
paper, University of Bonn.
Lintner, J. (1965). The valuation of risk assets and the selection of risky investments in stock portfolios and
capital budgets. Review of Economics and Statistics, 47(13-37). http://dx.doi.org/10.2307/1924119
Markowits, H. (1952). Portfolio selection. Journal of Finance, 7, 77-91. http://dx.doi.org/10.2307/2975974
Mossin, J. (1966). Equilibrium
http://dx.doi.org/10.2307/1910098

in

a

capital

asset

market.

Econometrica,

34,

768-783.

Pettengill, G., Sundaram, S., & Mathur, I. (2002). Payment for risk: constant beta vs. dual-beta models.
Financial Review, 37, 123-136. http://dx.doi.org/10.1111/1540-6288.00008
Pettengill, G., Sundaram, S., & Mathur, I. (1995). The conditional relation between beta and return. Journal of
Financial and Quantitative Analysis, 30, 101-116. http://dx.doi.org/10.2307/2331255
Reinganum, M. (1981). A new empirical perspective on the CAPM. Journal of Financial and Quantitative
Analysis, 16, 439-462. http://dx.doi.org/10.2307/2330365
Rosenberg, B., Reid, K., & Lanstein, R. (1985). Pervasive evidence of market inefficiency. Journal of Portfolio
Management, 11, 9-17. http://dx.doi.org/10.3905/jpm.1985.409007
Sharpe, W. (1964). Capital asset prices: A theory of market equilibrium under conditions of risk. Journal of
Finance, 19, 425-442. http://dx.doi.org/10.2307/2977928
Tinic, S., & West, R. (1984). Risk and return: January vs. the rest of the year. Journal of Financial Economics,
13, 107-124.
Notes
Note 1. For instance the Wall Street Prep course in their training manual asserts that among several competing
asset-pricing models, “The most popular and commonly used in practice is the capital asset pricing model
(CAPM).” (p. 86) In addition, see Bartholdy and Peare (2005), Estrada (2011) and Graham and Harvey (2001).
Note 2. Notice that portfolio formation for the CAPM is also based on expected return as expected security
return is perfectly correlated with the MKT beta for the security.
Note 3. The authors wish to recognize a deficiency in the current draft. For convenience we have reported excess
expected returns and raw average returns. The difference between the two is the average monthly risk-free return
which is small for the sample. We further note that for the comparison at hand, the deficiency in the FF-3FM is
understated because of the difference in the reporting of actual and excess return.
Note 4. We test to see if the results for the low-risk portfolio results from our choice to build decile portfolios by
creating ventile and quintile portfolios. For the FF-3FM portfolios, when ventile portfolios are created, the
low-risk portfolio has the fourth highest realized return and the fourth highest realized risk. When quintile
portfolios are created the low-risk portfolio that should have the lowest realized return experienced the fifth
highest realized return and the fifth highest realized risk among the twenty portfolios. The CAPM portfolios had
identical results in terms of the quintile portfolios, but much less dramatic deviation from expectations with
regard to the ventile portfolios.
Note 5. Notice for both portfolios the average actual returns are larger than average expected returns. This is
consistent with previous literature. For instance see Jegadeesh and Titman (1993) which studies momentum
strategies showing the superior performance of winners to losers. Both portfolios of these extreme portfolios and
all other portfolios show higher average returns than historic returns to market indexes.
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