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Abstract

The objective of this study is to examine the modified Fama and French (1993) three-factor asset pricing model,
suggested by Cremers et al. (2012), in the UK equity market, over the period from October 1980 to June 2015. The
article follows the correct Lewellen et al. (2010) framework for evaluating asset pricing models. In contrast to Michou
et al. (2007) and Gregory et al. (2013), the results suggest the use of the modified Fama and French (1993) three-factor
asset pricing model in practical applications that require the estimation of expected returns in the UK equity market.
The results are robust using the same sample period in Gregory et al. (2013). Overall, the result suggests to follow the
correct Lewellen et al. (2010) framework for evaluating asset pricing models in pricing the UK equity market returns.
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1. Introduction

In response to the empirical evidence of the poor performance of the Sharpe (1964) - Lintner (1965) Capital Asset
Pricing Model (CAPM) and the Breeden (1979) Intertemporal Asset Pricing Model (ICAPM) in explaining the
cross-section of average returns on US common stocks, Fama and French (1993) identify three risk factors that explain
the cross-sectional variation in the US stock market returns, over the period from July 1963 to December 1991. These
are the market factor (MKT), the size factor (SMB), and the value factor (HML). MKT is the return to market portfolio,
SMB is the monthly difference between the average returns on the three small-stocks portfolios and the average returns
on the three big-stocks portfolios, and HML is the monthly difference between the average returns on the two high
book-to-market portfolios and the average returns on the two low book-to-market portfolios. The two components they
use in constructing each of the SMB and the HML are equally-weighted returns. Several studies dealing with UK equity
data use the Fama and French (1993) three-factor model, for instance, Miles and Timmerman (1996) use it to study the
properties of UK expected returns, Liu et al. (1999) evaluate the profitability of momentum strategies in the UK using it,
and Gregory et al. (2001) investigate whether the profitability of value strategies in the UK can be explained using the
three factor model.' Furthermore, Hussain et al. (2002) employ it to test for the existence of the size effect in the UK
stock market whilst replicating Fama and French (1996). Another study by AL-Horani et al. (2003) suggests that a
modification to the three factor model that take into account the Research and Development (RD) activity significantly
improve the explanatory power of the three factor model.

Recently, Michou et al. (2007) use the SMB and HML constructed in the aforementioned studies to examine the
robustness of the Fama and French (1993) three-factor asset pricing model in the UK equity market, for the period from
July 1980 to April 2003." They use the Fama and MacBeth (1973) two-pass cross-sectional regression methodology
and test the model on portfolios sorted on industry as suggested by Lo and MacKinlay (1990) and on portfolios sorted
on size and book-to-market plus industry portfolios suggested by Lewellen et al. (2010), and find that regardless of the
method used in constructing the SMB and HML, none lead to a priced risk-factors that reflect the size and
book-to-market effects in the UK equity market. More recently, Cremers et al. (2012) suggest modifications to the
formation of the SMB and HML factors in Fama and French (1993) to mitigate the non-zero performance of passive
indexes including the S&P 500 and Russell 2000 benchmarks." They use data that cover the period from 1980 to 2005,
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and find that the modified Fama and French (1993) three-factor asset pricing model performs better than the traditional
Fama and French (1993) three-factor model in providing lower tracking error volatility and in assigning zero
performance for size/value portfolios. Furthermore, Lewellen et al (2010) suggest not only expanding the test assets
beyond the size and book-to-market sorted portfolios using industry or volatility sorted portfolios, but also imposing
theoretical restrictions on the zero-beta rate and the risk-premia and using the Generalized Least Squares (GLS)
approach of the Fama and MacBeth (1973) cross-sectional regression methodology instead of the Ordinary Least
Squares (OLS), the Weighted Least Square (WLS), and the Stochastic Discount Factor/Generalized Method of
Moments of Hansen (1982) methods." They apply their suggestions to examine several prominent asset-pricing models
with macroeconomic and financial factors, and find, based on a set of simulations, evidence that these models do not
work as originally advertised compared to the results from the CAPM, the unconditional consumption CAPM , and the
Fama and French (1993) three-factor asset pricing benchmark models."

These findings motivate this article to examine the modified Fama and French (1993) three-factor asset pricing model,
suggested by Cremers et al. (2012), in the UK equity market.lIt follows the correct Lewellen et al. (2010) framework for
examining asset pricing models. Therefore, the model is required to price the cross-sectional variation in the excess
returns on the 25 portfolios sorted on size and book-to-market plus 25 portfolios sorted on volatility, as suggested by
Lewellen et al. (2010), in excess of the one-month UK Treasury bill rate, for the period from October 1980 to June
2015." It imposes the theoretical restrictions that the zero-beta rate is equal to the risk-free rate and the risk-premia is
equal to the factor expected excess returns, as recommended by Lewellen et al. (2010). To avoid the problems
associated with the cross-sectional regressions tests discussed in Shanken and Zhou (2007) and Lewellen et al. (2010),
the study use the GLS approach of the Fama and MacBeth (1973) two-pass cross-sectional regression methodology, as
suggested by Lewellen et al. (2010).""

This study extends the literature on evaluating the Fama and French (1993) three-factor asset pricing model in the UK
equity market. In contrast to Michou et al. (2007), the study finds that a modified Fama and French (1993) three-factor
asset pricing model, suggested by Cremers et al. (2012), is able to explain the cross-sectional variation in the UK equity
market excess returns.This is an out-of-sample evidence consistent with the Fama and French (1993) asset pricing
theory.

A close paper to this study is Gregory et al. (2013) who examine alternative versions of asset pricing theories, including
the modified Fama and French (1993) three-factor asset pricing model suggested by Cremers et al. (2012), in the UK
equity market, over the period from October 1980 to December 2010. They claim they consider Lewellen et al. (2010)
suggestions by testing the model on volatility sorted portfolios and imposing theoretical restrictions on the zero-beta
rate and the risk-premia. They use the Fama and MacBeth (1973) two-pass cross-sectional methodology - using either
an assumption of constant parameter estimates or rolling 60-monthly estimates of the parameters - and find, consistent
with the findings in Michou et al. (2007), that the modified Fama and French (1993) three-factor asset pricing model,
suggested by Cremers et al. (2012), is unable to explain the cross-sectional variation in the UK equity market excess
returns. The results in this study show that Gregory et al. (2013) conclusion is incorrect as they didn't apply the correct
Lewellen et al. (2010) framework for examining asset pricing models. Once this is done, the results suggest the use of
the modified Fama and French (1993) three-factor model, suggested by Cremers et al. (2012), in practical applications
that require the estimation of expected returns in the UK equity market.

As a robustness test, the study use the same sample period in Gregory et al. (2013). Hence, it considers a monthly
sub-sample that ends in December 2010. The main finding that the modified Fama and French (1993) three-factor asset
pricing model, suggested by Cremers et al. (2012), is able to explain the cross-sectional variation in the UK equity
market is robust using this sub-sample period. Overall, the result suggest the use of the correct Lewellen et al. (2010)
framework for evaluating asset pricing models in the UK equity market.

Up to my knowledge, this is the first study that applies the correct Lewellen et al. (2010) framework for evaluating asset
pricing models in UK equity market. Therefore this research will be valuable to all interested parties, provides updated
general results that can be used as a reference point in supporting academic purposes, investment professionals, and
individual investors.

The study is organized as follows: Section 2 contains the methodology. Section 3 describes the data and provides
summary statistics. Section 4 provides the empirical results and analysis. Section 5 is the robustness. Finally, Section 6
concludes.

2. Methodology

This article examines the modified version of the Fama and French (1993) three-factor asset pricing model suggested by
Cremers et al. (2012). The model is expressed as

RE = a; + by yxr MKT; + by sypSMB; + by HML, + €, (1)
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where, R is equal to the monthly excess return on portfolioiat time t (+ = 7,2,...,T, and T is the number of months).
The study use the 25 portfolios sorted on size and book-to-market plus 25 portfolios sorted on Volatility as a UK test
assets, as suggested by Lewellen et al. (2010). In addition to the market factor (MKT), the article use the Fama and
French (1993) size (SMB) and value (HML) value-weighted risk-factors, as suggested by Cremers et al. (2012). «; is
the pricing error of portfolio i, and b, ; are the beta coefficients j=MKT ,SMB, and HML respectively). el denotes
the residuals. The model states that expected returns are linear in betas,
Er(R®) = BEr(f), )
where,E(.) is the sample mean. f = [MKT,SMB,HML]. 3; is the K-vector of the beta coefficient of portfolio i. K
is number of factors. Comparing the model in (2) with the expectation of the time-series regression in (1), it shows that
the model has one and only one application to the data: all the regression intercepts «; should be zero. Given this fact,
Black, Jensen and Scholes (1972) and Fama and MacBeth (1973) suggest running the time-series regression in (1) for
each of the test assets. The estimate of the factor risk premium is equal to the sample mean of the factors,
Ars = Er(f). 3)
When testing the null hypothesis that all pricing errors are jointly equal to zero, the study use the GRS F-statistics of
Gibbons et al. (1989). This is a finite-sample F distribution assumes that errors eare normal as well as uncorrelated and
homoskedastic. It is expressed as follows,
T—N-K
(1+ET(f)~Q YEr(f)” gyt a~Fyr_n_x 4)

where, N |s the number of test assets, Er(f) is the sample mean of the
factors, 2 = - 1_, [f; — Er(DIf; — Er(f)]'andS = ;Zt 1 &4
In the secondT pass the article impose the theoretical restrictions that the zero-beta rate is equal to the risk-free rate and
the risk premia is equal to the factor expected excess returns, as recommended by Lewellen et al. (2010), and estimates
the factor risk premium A from a regression across the N test portfolios of average excess returns on the betas,
Ep(R{) = B +e;. )
where, E;(R¢) is the average excess return of portfolio i (i = 1,2,3,..,N). B';denotes the beta coefficients of
portfolio i obtained from the time-series regressions in (1). e; is the cross-sectional regression pricing errors. A is a
vector of a risk-premia on the K-factors. Following Cochrane (2005), the study defines B = [By, By, .., By]"& =
[et,e2,..,eM]\ur = [REL, RE?,..,ReN],and e = [ey, e, .., ey]. The pricing error e is given as,

e = ur — BA. (6)
The estimated risk-premia is the solution of the following minimization problem,
A = argming, (ug — B)'W (ug — BA) = (BWB) LW pig. (7)

To avoid the problems associated with the cross-sectional regression tests discussed in Shanken and Zhou (2007) and
Lewellen et al. (2010), the article use the Generalized Least Squares (GLS) approach as suggested by Lewellen et al.
(2010). The GLS uses W = £ = cov(g.s;), an (N x N) matrix denotes the estimated residuals covariance matrix.
To test the null hypothe5|s that the estimated factor risk-premial is statistically equal to zero, the study use the
asymptotic distribution of Adeveloped by Shanken (1992) who show that the usual Fama-MacBeth variance for 1 is
augmented by an adjustment that corrects for the estimation error in betas from the time-series regression in (1)
(errors-in-variables (EIV) problem). The variance of 1 is given as

var A== [(BZ B (14+2Q "A)+ qQ], (8)
whereX = cov(s.g,) is the variance-covariance matrix of the residuals and (1 +/1'§_1/1) denotes the Shanken
correction.Shanken (1992) t-ratio tg, is given as

tsn = T * (A;/cov(diag V(1)). (9)

To examine the validity of the model, the article use the asymptotic F-statistics of Shanken (1985) to test the null
hypothesis that the N pricing errors are jointly equal to zero. The test is given as

T-N—-K

—1
1+10° /1 1S e~ Fyrnks
( ) N, T-N—-K (10)

3. Data and Summary Statistics
The test assets and factors are from Gregory et al. (2013) and cover the period from October 1980 to June 2015. The
data are available on the website of Xfi Centre for Finance and Investment — University of Exeter.""

The monthly value-weighted excess returns on the 25 portfolios sorted on size and book-to-market are constructed
based on the intersections of 5 portfolios formed on size and 5 portfolios formed on the ratio of book equity to market
equity. The 25 Volatility portfolios are formed based on the standard deviation of prior 12-month returns. The article use
the return on the one-month UK Treasury bill rate as the risk-free rate. Table 1 reports the descriptive statistics for the
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test assets. The tendency within size portfolios is for excess returns to increase as book-to-market ratio increases,
although the effect is not monotonic in all of the size portfolios. The general pattern appears to be for skewness to be
more negative and kurtosis to be greater in the “growth” category than the “value” category within any size group, with
the exceptions being kurtosis in the second smallest and medium size portfolios. Although the effect is not monotonic,
the standard deviation of the portfolio returns increases as we move from low standard deviation portfolio (SD1) to high
standard deviation portfolio (SDzs). However, excess returns do not increase with standard deviation. For instance, SD2s
has a standard deviation of 11.06% with the lowest mean excess returns of 0.22%. This is not a violation of portfolio
theory given that higher risk portfolios have an offsetting effect from lower correlations with other assets (Gregory et al.,
2013). Finally, there is no general pattern for skewness and kurtosis.

The excess return on the market portfolio is equal to the excess return to the FTSE350 Index.™ Following Cremers et al.
(2012), the study use the approach of value-weighting the six portfolios from which the Fama and French (1993) size
(SMB) and value (HML) factors are formed as follows,

SMB = [SL*VsLI+[SM*Vsm|+[SH*VsH] [BL*VBL]+[BM*VBM]+[BH*VBH], (11)

VsLtVsm+VsH VBL+tVBM+VBH

SH+Vsy|+[BH*Vpy]  [SL*VgL]+[BLxVpy]
VsH+VBH VsL+VBL

HML ="

, (12)

where, “SL” is the small size-low book-to-market portfolio, “SM” is the small size-medium book-to-market portfolio,
“SH” is the small size-high book-to-market portfolio, “BL” is the big size-low book-to-market portfolio, “BM” is the
big size-medium book-to-market portfolio, “BH” is the big size-high book-to-market portfolio, and “Vxx” is the market
capitalisation of a particular portfolio (xx = SL, SM, SH, BL, BM, BH).

Table 1. Summary statistics for the excess returns on the 25 value-weighted portfolios sorted on size and
book-to-market plus 25 value-weighted portfolios sorted on volatility
Panel A

Mean (%) SDev (%)

Low 2 3 4 High Low 2 3 4 High

Small  0.57 0.65 0.78 0.85 093 Small 6.26 546 512 518 5.10
2 0.45 0.71 0.75 0.78 0.79 2 6.63 611 537 563 6.26
3 0.50 0.46 0.66 0.71 1.07 3 6.67 592 578 597 6.34
4 0.61 0.53 0.78 0.75 0.90 4 6.02 562 549 6.27 6.48
Big 0.42 0.36 0.53 0.65 0.71 Big 479 481 523 539 544

Skew Kurt

Low 2 3 4 High Low 2 3 4 High

Small -0.62 -0.36 -0.30 -052 -0.22 Small 6.00 493 583 633 6.92
2 -047 -087 -050 -0.35 0.07 2 591 543 521 494 829
3 -1.05 -064 -119 -044 -0.22 3 882 598 830 520 6.25
4 -0.50 -0.78 -0.71 -046 -0.41 4 841 786 587 535 599
Big -117 -096 -065 -0.77 -040 Big 10.18 6.90 537 6.68 4.72

Min (%) Max (%)

Low 2 3 4 High Low 2 3 4 High

Small -27.91 -25.17 -21.73 -23.35 -23.53 Small 25,51 18.12 2491 23.76 28.03
2 -28.51 -28.07 -23.69 -25.66 -28.57 2 29.56 20.32 22.01 18.80 35.75

3 -34.18 -29.86 -33.88 -27.02 -27.81 3 3295 2378 16.09 2193 32.42
4 -33.80 -32.55 -28.42 -28.09 -32.87 4 31.90 25.63 17.61 27.71 28.08
Big -35.22 -29.62 -25.11 -31.64 -21.19 Big 12.75 1410 1531 16.13 21.15
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Panel B

Portfolio  SD: SD:2 SDs SD4 SDs SDs SD+ SDs SDy SDiww  SDu  SDi2  SDais
Mean 060 074 079 040 063 054 064 031 058 099 057 050 0.64

(%)
SDev 436 439 449 501 481 532 493 584 551 576 543 590 598
(%)
Skew -0.50 -042 -097 -103 -055 -080 -040 -059 -105 -067 -0.54 -0.53 -0.18
Kurt 539 58 817 835 536 6.08 432 500 805 663 494 645 495
Min (%) -204 -231 -289 -334 -255 -291 -201 -259 -321 -29.1 -284 -275 -274

0 0 8 8 9 2 0 8 5 4 8 2 7
Max (%) 17.42 1558 1454 15.09 1414 18.15 16.33 18.25 2044 26.39 1594 2569 23.65
Portfolio SDi4s SDis SDis  SDiz  SDis  SDis  SD2 SD2i SD22 SD2z SD2s SDa2s

Mean 069 069 032 033 076 073 071 076 038 033 055 0.22
(%)

SDev 638 621 663 684 659 746 747 739 763 930 813 11.06
(%)

Skew -1.00 -048 -043 -044 -047 -080 007 -029 -023 038 -0.07 0.86
Kurt 705 626 488 440 471 572 555 501 402 557 510 9.63
Min (%) -37.7 -324 -315 -313 -291 -33.7 -332 -300 -261 -26.7 -295 -450

6 1 0 0 8 2 3 5 1 5 4 7

Max (%) 19.28 26.13 20.62 19.78 2359 2185 36.76 30.12 2296 47.99 3566 64.20

The table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market,
with small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25
portfolios sorted on Volatility. SD1 is the portfolio with the lowest prior 12-months standard deviation and SDzs is the
portfolio with the highest. Statistics reported are the Mean, Standard Deviation (SDev), Skewness (Skew), Kurtosis
(Kurt), Minimum (Min), and Maximum (Max).

Table 2 displays the descriptive statistics of the risk factors, including the monthly excess returns to the market (MKT)
and the modified Fama-French size (SMB) and value (HML) factors. MKT has the highest mean of 0.52% per month
with standard deviation equal to 4.5%. Both MKT and HML have a negative skewness with HML has the greatest
Kurtosis. SMB has the lowest minimum and the highest maximum.

Table 2. Summary statistics for the modified Fama and French (1993) three-factor asset pricing model risk factors

Factors MKT SMB HML
Mean (%) 0.525 0.155 0.305
SDev (%) 4.505 3.054 3.19
Skew -0.992 0.106 -0.539
Kurt 6.652 5.165 9.49
Min (%) -27.057 -11.476 -18.608
Max (%) 13.276 15.607 12.287

Statistics reported are the Mean, Standard Deviation (SDev), Skewness (Skew), Kurtosis (Kurt), Minimum (Min), and
Maximum (Max).

The correlations between the modified Fama and French (1993) three-factor asset pricing model risk factors are

summarized in Table 3. It shows low correlations between the monthly excess returns to MKT, SMB, and HML.
Furthermore, the SMB has a negative correlation with both the MKT and HML risk factors.
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Table 3. The Correlation Coefficients between the modified Fama and French (1993) three-factor asset pricing model
risk factors

MKT SMB HML
MKT 1
SMB -0.0008 1
HML 0.049 -0.0591 1

4. Empirical Results and Analysis
The results from the Fama and MacBeth (1973) first-stage time-series regression on the excess returns to the 25
value-weighted portfolios sorted on size and book-to-market plus 25 Volatility value-weighted portfolios are reported in
Table 4. As can be shown from the table, both the MKT and the HML are statistically significant, at 5% significance
level. The rmse is equal to 0.192%.

Table 4. Summary statistics for the Fama and MacBeth (1973) first-stage time-series regressions

MKT SMB HML rmse(%) F-stat p-value
Ars 0.53* 0.15 0.31* 0.192 1.241 0.137
t-stat 2.3688 0.976 1.7107

The table reports the estimated factor risk premium (100*A;s) and its corresponding t-statistics (t-stat) as well as the
root mean squared pricing errors (rmse) and its corresponding F-statistics (F-stat) of Gibbons et al. (1989) and
itsp-value. The study use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial
correlation in the residuals.(*) statistically significant at 5%.

The GRS F-statistics shows that the null hypothesis that all pricing errors are jointly equal to zero is not rejected. The
regression coefficients of the individual portfolios and its corresponding t-statistics are reported in Table Al in the
Appendix. The article shows a plot of actual versus predicted mean excess returns in Figure 1. The squared dots are the
time-series estimated factor risk premium As.

Fama and MacBeth (1973) 1*-stage
OLS time-series regression

001 T T =
.//-/
///
>
0.0} . -
/.-»
. s
0.008 . 5 Ve 5
« ~
Actual ) vy o g
ctua % e
T . s
Mean  000p . ¥R
Excess o *
), SO . " .
spocons 0008k ~ e > 4
Returns e
“./ . . L)
-
0.00p /// i
,//‘-
//
s’ ! | ! !
0 0.002 0.004 0.006 0.008 0.01 0.012

Predicted Mean Excess Returns

Figure 1. Actual versus predicted mean excess returns to the 25 portfolios ranked on size and book-to-market plus 25
\olatility portfolios, for the period from October 1980, to June 2015.

As can be seen from Panel A and Panel B in Table Al and Figure 1, the null hypothesis that the pricing error « is equal
to zero is rejected for 3 small/growth and 1 big/value, and for volatility sorted portfolio it is 4, each out of 50. Overall,
the results from the Fama and MacBeth (1973) first-stage time-series regression indicate that the modified Fama and
French (1993) three-factor asset pricing model, suggested by Cremers et al. (2012), is able to explain the time-series
variation in the UK equity market excess returns.

Next, the article presents the results from the Fama and MacBeth (1973) second-stage cross-sectional regression tests on
the 25 value-weighted portfolios sorted on size and book-to-market plus 25 Volatility value-weighted portfolios in Table
5. To avoid the problems in the cross-sectional regression tests discussed in Shanken and Zhou (2007) and Lewellen et
al. (2010), the study use the GLS approach as suggested by Lewellen et al. (2010). The results show that both the MKT
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and HML are statistically significant, at 5% significance level. The rmse is equal to 0.193%. The Shanken (1985)
F-statistics shows that the null hypothesis that all pricing errors are jointly equal to zero is not rejected.

Table 5. Summary statistics for the Fama and MacBeth (1973) second-stage cross-sectional regression

MKT SMB HML rmse(%) F-stat p-value
A 0.58* 0.131 0.378* 0.192 1.129 0.265
tsn 2.5959 0.8645 2.3775

The table reports the parameter estimates (100* A) and its corresponding t-ratio (tg,) of Shanken (1992) as well as the
root mean squared pricing errors (rmse) and its corresponding F-statistics (F-stat) of Shanken (1985) and its p-value.
The test corrects for the EIV problem. The study use one-lag Newey and West (1987) to correct for the effect of
hetroskedasticity and serial correlation in the residuals.(*) statistically significant at 5%.

The plot of actual versus predicted mean excess returns is in Figure 2. The squared dots are the GLS cross-sectional
estimated factor risk premia A. In contrast to Michou et al. (2007), the article finds that a modified Fama and French
(1993) three-factor asset pricing model, suggested by Cremers et al. (2012), is able to explain the cross-sectional
variation in the UK equity market excess returns. This is an out-of-sample evidence consistent with the Fama and
French (1993) asset pricing theory.

Fama and MacBeth (1973) 2™-stage
GLS cross-sectional regression

0.012 T T

0.01- . -
Actual
Mean r Lt 5w ol L. .
Excess 2 1
Returns s .

0.004 » .° % . |

0.002

| |
! 1

0.002 0.004 0.006 0.008 0.01 0.012
Predicted Mean Excess

Figure 2.Actual versus predicted mean excess returns to the 25 portfolios ranked on size and book-to-market plus 25
\olatility portfolios, for the period from October, 1980, to June, 2015.

Overall, the results indicates that Gregory et al. (2013) conclusions are incorrect as they didn't apply the correct
Lewellen et al. (2010) framework for examining asset pricing models. Once this is done, the study finds that a modified
Fama and French(1993) three-factor asset pricing model, suggested by Cremers et al. (2012), is able to explain the
cross-sectional variation in the UK equity market excess returns.

5. Robustness

It is reasonable to provide a robustness test using the same sample period in Gregory et al. (2013). Hence, the study
considers a monthly sub-sample that ends in December 2010. The descriptive statistics of the test assets and the risk
factors are in Tables 6 and 7, respectively. The article finds that descriptive statistics is not significantly affected. The
correlations between the alternative factors are in Table 8. The correlation between MKT and SMB is now positive.

The results for the first-stage time-series regressions are presented in Table 9. The significance of the MKT and HML is
robust. The regression coefficients of the individual portfolios are reported in Table A2 in the Appendix. The study
shows a plot of actual versus predicted mean excess returns in Figure 3.

The article notice from Panel A and Panel B in Table A2 and Figure 3, that the null hypothesis that the pricing error «
is equal to zero is now not rejected for the 1 big/value portfolio.
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Table 6. Summary statistics for the excess returns on the 25 value-weighted portfolios sorted on size and

book-to-market plus 25 value-weighted portfolios sorted on volatility / October 1980 to December 2010.

Panel A
Mean (%) SDev (%)
Low 2 3 4 High Low 2 3 4 High
Small 0.54 0.52 0.67 0.88 0.90 Small  6.53 5.61 5.26 5.37 5.29
2 0.42 0.60 0.60 0.75 0.72 2 6.96 6.27 5.59 5.85 6.49
3 0.38 0.39 0.60 0.59 1.09 3 7.00 6.17 5.95 6.18 6.55
4 0.56 0.44 0.75 0.74 0.89 4 6.28 5.84 5.69 6.49 6.64
Big 0.36 0.30 0.56 0.78 0.77 Big 4.98 5.04 5.38 5.45 5.66
Skew Kurt
Low 2 3 4 High Low 2 3 4 High
Small -0.60 -0.37 -0.27 -0.54 -0.21  Small 574 4.89 5.83 6.21 6.82
2 -0.44 -0.85 -0.45 -0.35 0.11 2 5.55 5.33 4.97 477  8.16
3 -1.01 -0.62 -1.26 -0.42 -0.21 3 8.26 5.73 8.28 5.08 6.16
4 -0.46 -0.76 -0.71 -0.47 -0.42 4 8.09 7.64 5.74 5.25 6.07
Big -1.17 -0.92 -0.67 -0.89 -0.43 Big 9.87 6.48 5.36 7.08 455
Min (%) Max (%)
Low 2 3 4 High Low 2 3 4 High
Small -2791 -251 -21.73 -23.35 -2353  Small 2551 1812 2491 2376 28.03
7
2 -2851  -28.0 -23.69 -25.66 -28.57 2 2956 2032 22.01 1880 35.75
7
3 -3418  -29.8 -33.88 -27.02 -27.81 3 3295 2378 16.09 2193 3242
6
4 -33.80 -325 -28.42 -28.09 -32.87 4 3190 2563 1761 27.71 28.08
5
Big -35.22  -29.6 -25.11 -31.64 -21.19 Big 1275 1410 1531 16.13 21.15
2
Panel B
Portfolio  SD1 SD2 SD4 SD5 SD  sSD7 SD8 SD9 SD10 SD11 sSbi12 SD13
6
Mean 0.57 0.72 0.34 0.60 05 0.60 0.25 0.50 1.00 0.64 0.44 0.59
(%) 8
SDev(%)  4.52 4.54 4.66 5.24 4.98 54 511 6.02 5.69 5.98 5.54 6.10 5.99
8
Skew -050 -0.42 -1.01 -1.04 -0.56 -0. -041 -060 -106 -067 -058 -053 -0.30
78
Kurt 5.24 5.80 7.98 5.24 59 4.20 4.92 7.95 6.46 5.04 6.37 4.84
8
Min (%) -204 -231 -289 -334 -25.59 -2 -201 -259 -321 -291 -284 -275 -274
0 0 8 9.1 0 8
2
Max (%) 1742 1558 1454 15.09 14.14 18. 1633 1825 2044 2639 1594 2569 21.87
15
Portfolio SD14 SD15 SD16 SD17 SD18 SD SD20 SD21 SD22 SD23 SD24 SD25
19
Mean 0.66 0.62 0.53 0.81 06 0.82 0.83 0.39 0.41 0.47 0.26
(%) 8
SDev(%) 6.56 6.34 6.82 6.74 76 7.54 7.42 7.72 9.57 8.33 1140
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Skew -1.05 -0.46 -0.39 -0.48 -0.51 -0. 007 -042 -023 041 -007 0.9
79

Kurt 7.09 6.41 4.75 4.62 4.79 56 5.65 511 4.05 5.54 511 9.59
0

Mini (%) -37.7 -324 -315 -313 -29.18 -3 -332 -300 -261 -26.7 -295 -45.0

6 1 0 0 3.7 3 5 1 5 4 7

2

Max (%) 19.28 26.13 20.62 19.78 23.59 21. 3676 3012 2296 4799 3566 64.20
85

The table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market,
with small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25
portfolios sorted on Volatility. SD: is the portfolio with the lowest prior 12-months standard deviation and SDas is the
portfolio with the highest. Statistics reported are the Mean, Standard Deviation (SDev), Skewness (Skew), Kurtosis
(Kurt), Minimum (Min), and Maximum (Max).

Table 7. Summary statistics for the modified Fama and French (1993) three-factor asset pricing model risk factors /
October 1980 to December 2010.

Factors MKT SMB HML
Mean (%) 0.51 0.08 0.39

SDev (%) 4.67 3.134 3.315
Skew -1.00 0.13 -0.60
Kurt 6.50 5.19 9.36

Min (%) -27.05 -11.47 -18.60
Max (%) 13.27 15.60 12.28

Statistics reported are the Mean, Standard Deviation (SDev), Skewness (Skew), Kurtosis (Kurt), Minimum (Min), and
Maximum (Max).

Table 8. The Correlation Coefficients between the modified Fama and French (1993) three-factor asset pricing model
risk factors / October 1980 to December 2010.

MKT SMB HML
MKT 1
SMB 0.0123 1
HML 0.025 -0.0627 1

Overall, the result that the modified Fama and French (1993) three-factor asset pricing model, suggested by Cremers et
al. (2012), explains the time-series variation in the UK equity market excess returns is robust using this sub-sample.

Table 9.Summary statistics for the Fama and MacBeth (1973) first-stage time-series regressions / October 1980 to
December 2010.

MKT SMB HML rmse(%) F-stat p-value
Ars 0.51* 0.09 0.39* 0.184 1.239 0.142
t-stat 2.0702 0.5004 1.9533

The table reports the estimated factor risk premium (100*A;s) and its corresponding t-statistics (t-stat) as well as the
root mean squared pricing errors (rmse) and its corresponding F-statistics (F-stat) of Gibbons et al. (1989) and its
p-value. The article use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity and serial
correlation in the residuals. (*) statistically significant at 5%.
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Figure 3. Actual versus predicted mean excess returns to the 25 portfolios ranked on size and book-to-market plus 25
\olatility portfolios, over the period from October 1980 to December 2010.

The results for the second-stage cross-sectional regression are in Table 10 and Figure 4. The significance of the MKT
and HML is robust. The rmse is now greater by 0.029%, however, the Shanken (1985) F-statistics shows that the null
hypothesis that all pricing errors are jointly equal to zero is not rejected.

Table 10. Summary statistics for the Fama and MacBeth (1973) second-stage cross-sectional regression / October 1980
to December 2010.

MKT SMB HML rmse(%) F-stat p-value
A 0.572* 0.059 0.467* 0.183 1.131 0.265
tsn 2.3072 0.3588 2.6422

The table reports the parameter estimates (100* Z) and its corresponding t-ratio (tg,) of Shanken (1992) as well as the
root mean squared pricing errors (rmse) and its corresponding F-statistics (F-stat) of Shanken (1985) and its p-value.
The test corrects for the EIV problem. The article use one-lag Newey and West (1987) to correct for the effect of
hetroskedasticity and serial correlation in the residuals.(*) statistically significant at 5%.
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Figure 4.Actual versus predicted mean excess returns to the 25 portfolios ranked on size and book-to-market plus 25
\olatility portfolios,over the period from October 1980 to December 2010.

To briefly summarise, the result that a modified Fama and French (1993) three-factor asset pricing model, suggested by
Cremers et al. (2012), explains the cross-sectional variation of the UK equity market excess returns is robust using this
sub-sample period. Overall, the results suggest the use of the correct Lewellen et al (2010) for evaluating asset pricing
models in the UK equity market.

6. Conclusions

Fama and French (1993) provided a unified general three-factor model for asset pricing. Recently, Cremers et al. (2012)

59



Applied Economics and Finance \ol. 3, No. 3; 2016

suggest a modification to the formation of the Fama and French (1993) size and book-to-market risk factors. More
Recently, Gregory et al. (2013) concerns that, compared to alternative asset pricing theories, the modified Fama and
French (1993) three-factor asset pricing model is unable to explain the cross-sectional variation in the UK equity market.
Using UK equity market data that covers the period from October, 1980, to June, 2015, this article shows that Gregory
et al. (2013) conclusion is incorrect as they did not apply the correct Lewellen et al. (2010) framework for examining
asset pricing models. Once this is done, the result suggest the use of the modified Fama and French (1993) three-factor
model, suggested by Cremers et al. (2012), in practical applications that require the estimation of expected returns in the
UK equity market. The result is robust using the same sample period in Gregory et al. (2013). Overall, the result
suggests to apply the correct Lewellen et al. (2010) framework for evaluating asset pricing models in the UK equity
market.

Acknowledgments: | am grateful to the Assistant Editor, Nikki Gibbs, and anonymous reviewers for their valuable
comments and suggestions which greatly improved this article.
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Appendix
Panel A

o(%) t-stat
Low 2 3 4 High Low 2 3 4 High
Small 0.04 0.15 0.19 0.19 0.23 Small 0.24 1.13 1.78 1.90 2.65
2 -0.04 0.05 0.12 0.09 -0.07 2 -0.25 0.31 0.85 0.68 -0.53
3 0.02 -0.15  -0.04 -0.07 0.21 3 0.14 -1.19 -0.33 -0.52 151
4 0.14 -0.10 0.10 -0.05 0.02 4 1.00 -0.77 0.82 -0.34 0.17
Big 0.16 -0.05 0.01 0.04 0.14 Big 1.72 -0.48 0.06 0.35 0.95

b; mxr t-stat
Low 2 3 4 High Low 2 3 4 High
Small 0.96 0.80 0.80 0.82 0.82 Small 29.11 27.17 33.15 36.70 42.77
2 1.04 1.00 0.87 0.92 1.00 2 29.88 29.88 27.67 30.85 33.75
3 1.09 1.07 1.04 1.04 1.05 3 33.97 39.68 36.10 35.13 34.40
4 1.08 1.05 1.02 1.15 1.15 4 35.09 35.49 36.19 36.48 37.46
Big 0.90 0.93 1.02 1.02 0.91 Big 42.84 38.10 38.09 36.89 28.93

b; sus t-stat
Low 2 3 4 High Low 2 3 4 High
Small 1.03 0.99 0.95 0.94 0.89 Small 21.30 22.85 26.96 28.24 31.53
2 0.91 0.91 0.72 0.82 0.88 2 17.74 18.40 15.50 18.62 20.01
3 0.85 0.75 0.67 0.65 0.80 3 17.87 18.81 15.88 14.94 17.79
4 0.44 0.41 0.38 0.52 0.50 4 9.69 9.39 8.99 11.13 11.09
Big -0.28 -021 -0.07 -0.13 -0.35 Big -9.19 -5.80 -1.69 -3.15 -7.55

b; umi t-stat
Low 2 3 4 High Low 2 3 4 High
Small -042  -0.25 0.06 0.26 0.42 Small -8.95 -5.92 1.89 8.29 15.38
2 -0.65  -0.02 0.19 0.26 0.64 2 -13.11 -0.34 421 6.20 15.27
3 -0.73  -0.25 0.19 0.44 0.61 3 -16.12 -6.49 4.72 10.41 14.22
4 -0.56 0.06 0.25 0.39 0.66 4 -12.77 1.36 6.16 8.70 15.32
Big -055 -0.15  -0.02 0.29 0.49 Big -18.48 -4.24 -0.43 7.28 11.02
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Panel B
Portfolio  SD: SD:2 SDs SDa4 SDs SDs SD+ SDs SDs SDiww SDu  SD12  SDus
a(%) 023 036 040 -0.07 018 001 014 -022 0.04 039 0.01 -0.12 0.09
t-stat 150 261 3.06 -050 131 0.07 1.02 -1.33 0.29 232 0.06 -0.72 0.52

b; yxT 066 075 079 091 087 093 089 106 098 100 099 1.03 1.05
t-stat 19.49 2454 2747 3012 2877 2729 2910 29.02 2771 26.76 30.37 28.01 27.55
b; smup 005 -0.02 -019 -014 -0.08 -005 013 013 013 024 011 036 0.33

t-stat 1.03 -062 -467 -322 -191 -102 297 248 257 444 233 6.67 5090
b; umi 0.02 -004 003 003 003 016 003 -012 -000 010 008 0.08 -0.15
t-stat 051 -09 074 083 072 341 070 -235 -017 191 174 166 -2.89
Portfolio SDis SDis SDis  SDiz  SDis  SDie SD2 SD2ac SD22  SD2s  SD2s SDzs
a(%) 0.10 -001 -045 -035 011 -001 -002 0.09 -035 -042 -010 -0.43
t-stat 051 -009 -242 -166 058 -003 -008 038 -139 -133 -036 -1.07

b; mxr 112 112 114 115 113 123 123 119 120 127 115 1.23
t-stat 26.67 30.40 28.02 2475 26.66 2504 2523 23.04 2180 1830 19.70 14.02
b; sup 026 036 05 046 049 071 072 059 062 113 100 150

t-stat 414 658 929 668 774 975 992 780 7.64 1097 1161 1156
b; it -0.10 020 027 0.01 -0.06 -004 -008 -014 000 -031 -036 -0.74
t-stat -162 390 465 019 -102 -065 -119 -197 0.05 -314 -439 -594

Table Al reports the intercept (100 * ar)and the beta coefficient of the market factor (b; yxr) and the modified Fama and
French (1993) size and value factors, suggested by Cremers et al. (2012), (b; syp) and (b; ), respectively, as well as
their correspondence t-ratio (t-stat), obtained from Fama and MacBeth (1973) first-stage time-series regressions tests of
the modified Fama and French (1993) three-factor asset pricing model, on the excess returns to the 25 value-weighted
portfolios formed on size and book-to-market plus 25 Volatility value-weighted portfolios, in excess of the one-month
UK Treasury bill rate, as suggested by Lewellen et al. (2010), over the period from October 1980 to June 2015. The
table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market, with
small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25
portfolios sorted on Volatility. SD: is the portfolio with the lowest prior 12-months standard deviation and SDzs is the
portfolio with the highest. The article use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity
and serial correlation in the residuals.
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Panel A
a(%) t-stat
Low 2 3 4 High Low 2 3 4 High
Small 0.11 0.11 0.16 0.27 0.23 Small 0.74 0.77 1.46 2.51 2.46
2 0.06 0.02 0.00 0.10 -0.13 2 0.36 0.10 0.01 0.65 -0.84
3 0.03 -0.14  -0.07 -0.18 0.24 3 0.19 -1.02 -0.49 -1.23 1.57
4 0.19 -0.17 0.09 -0.05 0.00 4 1.23 -1.11 0.64 -0.33 -0.02
Big 0.13 -0.12 0.04 0.17 0.13 Big 1.23 -0.96 0.33 1.30 0.82
b; uxr t-stat
Low 2 3 4 High Low 2 3 4 High
Small 0.98 0.80 0.81 0.84 0.83 Small 30.49 27.73 36.01 37.26 42.62
2 1.05 1.00 0.88 0.93 1.00 2 29.13 28.83 26.74 29.41 31.54
3 1.10 1.08 1.04 1.04 1.05 3 31.89 37.79 34.78 33.17 3251
4 1.08 1.06 1.02 1.14 1.14 4 3251 33.17 33.74 33.86 35.52
Big 0.90 0.95 1.02 1.01 0.92 Big 39.46 35.83 35.62 35.55 27.15
b; sup t-stat
Low 2 3 4 High Low 2 3 4 High
Small 1.05 0.99 0.96 0.92 0.91 Small 21.76 22.99 28.45 27.33 31.31
2 0.94 0.88 0.71 0.81 0.88 2 17.56 17.10 14.36 17.17 18.66
3 0.83 0.74 0.65 0.64 0.80 3 16.02 17.50 14.50 13.61 16.55
4 0.43 0.40 0.38 0.52 0.50 4 8.64 8.48 8.36 10.33 10.48
Big -029 -021 -005 -015 -0.35 Big -8.47 -5.32 -1.11 -3.54 -6.99
b; ymi t-stat
Low 2 3 4 High Low 2 3 4 High
Small -043  -0.23 0.04 0.26 0.43 Small -9.43 -5.67 1.41 8.16 15.79
2 -0.68  -0.03 0.20 0.27 0.66 2 -13.39 -0.52 4.38 6.06 14.67
3 -0.74  -0.24 0.21 0.46 0.63 3 -15.16 -5.96 4.88 10.44 13.93
4 -0.58 0.08 0.26 0.40 0.68 4 -12.39 1.82 6.10 8.29 15.03
Big -0.54 -0.12 -0.01 0.25 0.49 Big -16.71 -3.31 -0.37 6.28 10.23
Panel B
Portfolio SD:1 SD2 SDs SDs SDs SDs SD7 SDs SDs SDio SDu SDi2  SDis
a(%) 021 034 040 -0214 0214 003 010 -025 -001 041 009 -0.16 0.10
t-stat 120 226 279 -095 097 018 071 -141 -006 220 057 -0.89 0.59
b; mkr 066 075 079 093 08 094 089 105 097 101 098 1.03 1.03
t-stat 17.80 23.65 26.03 28.72 26.80 26.09 27.65 27.70 25.86 25.33 28.63 26.52 27.16
b; smp 0.0v -0.00 -0.17 -0.13 -0.06 -0.07 013 014 0213 026 010 038 0.31
t-stat 140 -0.07 -373 -275 -138 -145 277 251 230 440 198 6.50 548
b; ymi 0.04 -0.01 0.06 007 004 018 005 -010 -0.00 0.1 0.08 0.09 -0.17
t-stat 079 -043 143 153 087 364 115 -198 -0.08 206 168 178 -3.20
Portfolio SDis SDis SDis SDiz  SDis  SDis  SD2 SD22 SD22 SD2s SD2s SD2s
(%) 0.11 -0.06 -048 -006 021 0.02 019 027 -029 -020 -0.02 -0.19
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t-stat 055 -034 -243 -027 105 008 081 108 -110 -059 -0.08 -0.44
b; uxr 111 111 112 111 114 122 120 115 119 126 111 1.20
t-stat 2518 2896 26.98 23.75 26.82 23.23 24.03 21.92 2162 17.39 18.26 13.05
b; sus 023 034 057 046 048 070 076 060 069 115 1.03 1.52

t-stat 348 588 911 664 762 891 1018 761 836 10.63 11.35 11.03
b; ym1 -0.11 021 027 -005 -008 -008 -0.13 -0.22 0.01 -0.34 -043 -0.78
t-stat -1.79 395 469 -079 -141 -108 -192 -294 015 -332 -5.00 -6.01

Table A2 reports the intercept (100 = ar)and the beta coefficient of the market factor (b; yxr) and the modified Fama and
French (1993) size and value factors, suggested by Cremers et al. (2012), (b; syp) and (b; yuy), respectively, as well as
their correspondence t-ratio (t-stat), obtained from Fama and MacBeth (1973) first-stage time-series regressions tests of
the modified Fama and French (1993) three-factor asset pricing model, on the excess returns to the 25 value-weighted
portfolios formed on size and book-to-market plus 25 Volatility value-weighted portfolios, in excess of the one-month
UK Treasury bill rate, as suggested by Lewellen et al. (2010),over the period from October 1980 to December 2010.
The table is divided into two panels: Panel A is for the 25 value-weighted portfolios sorted on size and book-to-market,
with small to big size portfolios on the vertical side and low to high growth on the horizontal side. Panel B is for the 25
portfolios sorted on Volatility. SD1 is the portfolio with the lowest prior 12-months standard deviation and SD25 is the
portfolio with the highest. The article use one-lag Newey and West (1987) to correct for the effect of hetroskedasticity
and serial correlation in the residuals.

B
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' Severalstudies provide evidence for the profitability of value strategies in the UK, such as Gregory et al. (2001) and Dimson et al.
2003).

S They also use the SMB and HML in Fletcher (2001), Fletcher and Forbes (2002) and Fletcher and Kihanda (2005) who examine
the adequacy of various benchmark specifications, including the Fama and French (1993) three factor asset pricing model, in UK
trust performance evaluation

" Specifically, they argue that the Fama and French (1993) approach in which the two components they use in constructing each of
the SMB and the HML are equally-weighted returns gives a disproportionate weight to small value stocks. Instead, they suggest
constructing each of the SMB and the HML using value-weighted returns, i.e. based on the market capitalization of the six portfolios
used in constructing the factors.

v Shanken and Zhou (2007) compare the statistical properties of the OLS and the GLS approaches of the Fama-MacBeth beta
procedure, under the non-normality assumption, using the CAPM and the Fama and French (1993) three-factor asset pricing model,

and find that the GLS is more precise than the OLS.

v Their work is built on the work of Ferson et al. (1999) and Daniel and Titman (2005) who argue that asset pricing tests should be
more strict.

Y The article use Volatility sorted portfolios to avoid difficulties caused by certain industry changes in the UK. According to
Gregory et al. (2013), the privatizations of utilities and the rail industry have led to the emergence of significant new sectors. These

changes are essentially the result of political choices.

" All estimates and test statistics are obtained using Matlab.

YU http://business-school.exeter.ac.uk/research/areas/centres/xfi/research/famafrench/files/
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