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Abstract

Fama-French (Carhart) alphas of passive indices should be zero, but recent evidence shows
otherwise. Inaccuracies of factors in the performance measurement models have been put
forward as the main reason for this. Some computationally intensive solutions to factor
adjustment have been proposed, but are not applicable to all benchmark indices. We propose
an optimisation algorithm that makes minor adjustments to the market, size, value and
momentum factors to obtain zero alphas for any benchmark index. In the sample of 1281
active and 102 passive US equity mutual funds benchmarking against S&P500, our
adjustment leads to augmentation of fund performance upwards in periods of index
underperformance and downwards in periods of index outperformance. Overall, the adjusted
alphas of both groups of funds are significantly negative, signalling poor performance. This is
particularly pronounced for tracker funds, whose managers have not been successful in
enhancing returns adequately to make-up for the costs involved in any of the sub-periods
examined.
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1. Introduction

Fama and French (1993) three-factor model alpha and Carhart (1997) four-factor model alpha
have been accepted as standard measures of portfolio performance among both academics
and practitioners. However, a number of recent papers report non-zero three- and four-factor
alphas both for the general passive market indices as well as indices/portfolios corresponding
to some segments of the market, indicating the bias in the benchmark model. Nevertheless, if
the performance estimation model is correctly specified, a passive benchmark index should
not generate abnormal return. This is recognised by Chen and Knez (1996) who state that one
of the conditions an admissible performance measure should conform to is to generate no
out/under performance for all passive portfolio benchmarks that can be constructed. In this
paper, we revisit the question of non-zero alphas in passive indexes and demonstrate what we
believe is more intuitive and less-data intensive alternative methodology for assessing mutual

fund performance.

Fama and French (1993) in their seminal paper give an account of positive alphas of large
value portfolio (0.21% per month, t-value 3.17) and negative alphas of small cap growth
portfolio (-0.34% per month, t-value -3.14). More recently Chan, Dimmock and Lakonishok
(2009) report a significant Fama-French alpha of -4.74% for Russell 2000 Growth index over
a 13 year sample period. Moreover, they illustrate that using alternatives in performance
evaluation models leads to unacceptable performance differentials. For instance, Russell 2000
Value index abnormal return goes from 3.5% when estimated in a model with market and
value-weighted composite size and value factors (i.e. modifications of Fama-French factors)
to -3.18% using Wilshire size and style indices in Sharpe (1992) style model. Cremers,
Petajisto and Zitzewitz (2012), CPZ hereafter, document non-zero alphas in well diversified
passive US indices, such as S&P 500 and Russell 2000 among others. They find that growth
and general large cap indices exhibit significant outperformance, while value and general
small cap indices significantly underperform based on Carhart (1997) four factor model

alphas.

Fama and French (1993) state that the version of factors in their three-factor model is
“somewhat arbitrary”. A mounting body of recent evidence points that a misspecification of
Fama-French market, small minus large companies returns (SMB hereafter) and high minus
low book-to-market ratio company returns (HML hereafter) factors is the main reason behind

existence of non-zero index alphas and biased performance estimates of Fama-French-



Carhart models. The literature also suggests some methodological remedies for correcting
this bias. For instance, CPZ propose the redesign of the factors used in US equity mutual fund
performance evaluation in three aspects: 1) change the market portfolio to include US
equities only; 2) replace equally weighted to value weighted SMB and HML factors; 3)
following Moor and Sercu (2006) and similarly to Fama and French (2012), CPZ decompose
HML factors into value premium for big and small stocks separately; further, they introduce
size factors that resemble more closely size categories used in the industry: mid-cap minus
large-cap and small-cap minus mid cap. Introduction of these adjustments is found to reduce
alpha in the passive indices commonly used as benchmarks by US mutual funds. For a small
cap index however, Russell 2000, the negative alpha still persists after the CPZ model
amendments. CPZ acknowledge that although their modifications contribute towards
improving Fama-French-Carhart models and reducing alphas in passive indices, they should
not be regarded as the best possible alternative. Gregory, Tharayan and Christides (2013)
perform a test of the CPZ model with value weighted factors and CPZ models with
decomposed size and value factors (along standard three and four factor Fama-French-
Carhart models) in the UK. They provide evidence to show that value weighted CPZ model
with decomposed SMB and HML fares slightly better than other models when used to
explain cross-section of UK returns of larger firms or those with small momentum tilt.
Nevertheless, risk factors in any of the models, which are scrutinized in their unconditional
form in this paper, are not consistently priced. Fletcher (2014) finds that conditional
performance measures are more reliable than unconditional ones. The conditional CPZ seven
factor model together with conditional Carhart (1997) alpha model transpire as the most
reliable models in Fletcher (1994).

Another example of standard factor model alteration is in Huij and Verbeek (2009), who
report that Fama-French-Carhart models underestimate performance of value and loser stocks
and overestimate that of growth and winners. The authors find no evidence that such
estimation error is the result of time-varying betas, inappropriate cut-off points between
value/growth/small/large stocks in factor specification or differentials in expense ratios, but
attribute it to miscalculation of risk factors in the models. In their search for an improved
benchmark model, they suggest that error in risk factors is by and large mitigated if they are
calculated using mutual fund returns universe rather than individual stock returns. The

authors acknowledge that such factors are un-investable, but account for various trading



restrictions and expenses mutual funds face and thus may serve as a better benchmark for

mutual fund performance measurement.

Angelidis, Giamouridis and Thessaromatis (2013) propose a new, benchmark-adjusted four-
factor model alpha obtained by replacing excess return of a fund relative to the risk-free rate
with excess return relative to self-nominated benchmark in the standard Carhart four-factor
model. Alphas from the benchmark-adjusted model are less negative and less statistically

significant than the standard four-factor alphas.

We note several inefficiencies across the aforementioned studies. Firstly, alteration of factors
in some studies requires tedious reconstruction of factors for which the historical data on
equity fundamentals such as market capitalisation and book-to-market ratio is required. In
some mutual fund performance tests benchmarks are derived using holdings data (see CPZ
for instance). We believe that such heavy data and computational demands of altered models
will discourage large number of professional money managers from using them. Second,
even when those alterations are applied, alpha of passive indexes is reduced but it is not
eliminated; or reduced to a minimum in one type of index but not in another. Third, all the
models suggested in literature involve relatively large deviations from Fama-French-Carhart
factors which are accepted as an industry standard.

In this paper, our contribution is methodological. We propose an optimisation algorithm that
marginally alters the market, SMB, HML and momentum factor in an attempt to eliminate
alpha of the passive index against which the fund is benchmarked, over a period of time.
Thus, it can be viewed as a simple ‘correction’ of the Fama-French three factor (FF3
hereafter) or Carhart four factor model to eliminate alpha persistent in a passive index, which
is intuitively rather than theoretically motivated. Using optimisation, we ensure that while the
factor alterations are minimal they enable us to a) eliminate alpha of the passive benchmark
index, b) retain the same level of R-squared in the adjusted model to that of the standard
model and c) warrant that FF3 and Carhart factor betas have identical t-statistics to those in
the original model. We apply the algorithm for each time period we wish to evaluate the fund
performance and make period-specific adjustments to factors. We test the model on the most
commonly self-reported benchmark for the US long-only equity mutual funds in the
Morningstar database — the S&P 500 index. We make comparative analysis of our ‘zero-

alpha model’ to the standard FF3 and Carhart model alphas by assessing the performance of



1383 US equity mutual funds reporting this index as their benchmark. Our analysis splits
active funds (1281) and index trackers (102).

We believe that our adjustment of FF3 (Carhart) factors to obtain zero S&P500 alpha leads to
more accurate performance measurement of mutual funds. Specifically, in the periods of
positive FF3 (Carhart) index alphas, there is downward adjustment of active and passive fund
alphas. Upward adjustment of funds’ alphas occurs in the periods when S&P500 exhibits
negative FF3 (Carhart) alphas. In the overall period, the adjusted FF3 and Carhart alphas are
lower than alphas of the standard models for both tracker funds and active funds. The
adjustment leads to a greater change in alphas in the Carhart four factor model than in the
Fama-French three factor model. In terms of performance, index funds persistently
underperform in our model, generating negative adjusted alphas in the range of around 100bp
per year in earlier years of our sample to 10bp in later years. In the overall period, their
underperfomance is -0.6% per year according to both models, significant at 1%. The
performance of active funds is mixed over the subperiods. In the overall sample period active
funds produce negative adjusted FF3 (Carhart) alphas of 0.72% (0.79%) per year, significant
at 1% level. On the whole, these results demonstrate poor performance of US equity mutual

funds.

The remainder of the paper is organised as follows: Section 2 describes our data, Section 3
presents the methodology, Section 4 lays out the main results and Section 5 concludes the

paper.
2. Data description

The sample includes 1383 long-only US equity mutual funds. Out of this number, 1281 are
active and 102 tracker funds. The sample is free from survivorship bias, including both
surviving and non-surviving funds. Mutual funds data spans from January 1992 to October
2013. Mutual fund returns, assets under management, expense ratios, information on fund’s
self-reported benchmark and active/passive style are sourced from Morningstar database.
S&P 500 returns including dividends are from CRSP. Fama-French-Carhart factors, namely
the US market risk premium, the size factor (SMB), the value factor (HML) and the
momentum factor (MOM) and are obtained from Ken French’s web site’. Table 1 gives the

! http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
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average AUM, expense ratio, annualized returns, standard deviations, skewness and kurtosis
for all funds, tracker funds and active funds separately. Tracker funds in our sample are
almost twice as large (measured by their average AUM), have 0.42% lower annualized return
but 1.45% lower standard deviation p.a. than active funds. Their expense ratios are also
lower by 56bps. All fund returns are non-normally distributed with negative skew and

kurtosis less than three.

Table 1: Summary of funds characteristics

Table shows the average AUM (in $M), annualized returns (in %), standard deviations (in %), skewness and
kurtosis of: all funds in the sample, active and tracker funds in Panel A and all funds arranged by AUM quintiles
(from the highest (Q1) to the lowest (Q5)) in Panel B

Fund AUM ($M) Expense Ratio | Returnp.a. | St. Deviation p.a. Skewness | Kurtosis
group

All 740,547,746 1.88 5.18 17.96 -0.52 1.77
Active 685,441,300 1.92 521 18.06 -0.52 1.77
Trackers 1,431,539,361 1.36 4.80 16.61 -0.56 1.77

3. Methodology

The key contribution of this paper is in deriving and demonstrating the application of the
new, intuitive methodology for correction of Fama-French-Carhart factors that leads to more
accurate mutual fund performance measurement. The methodology comprises of several

steps.

In Step 1 we select the time period over which we intend to evaluate the performance of a
mutual fund, say period t. For that period t, we estimate the standard Fama-French three-
factor and Carhart four-factor alpha of S&P 500 index inclusive of dividends as in equation

(1) and (2) respectively:

R;t — Rpt = asgp + PuMKT; + BsypSMB, + Byy  HML, + e, 1)
And
Rt — Rpt = asgp + BuMKT; + BsypSMB: + By HML; + BromMOM, + e, (2)

Where R; . — Rp is excess return on the S&P500 index including dividends in period t, Ry is

the risk free rate, agqp is the Fama-French (Carhart) performance estimate for S&P500 index




for period t, MKT is the market risk premium, SMB and HML are Fama and French (1993)

size and value factors respectively, MOM is Carhart (1997) momentum factor.
In step 2, we allow the minor change in the factors MKT,, SMB,, HML, and MOM, from the
equations (1) and (2) by subtracting from them factor correction parameters (epsilons):

Exrr Esmpr Emy AN €40y, TESPECtively. Factor correction parameters are obtained from

optimisation process, under the following conditions: 1) adjusted FF3 (Carhart) alpha of the
benchmark has to be equal to zero with lowest possible t-statistics; 2) the sum of the squared
factor correction parameters is less than 10° (g2, + €2yp+ €2 + €5om < 1078) and

consequently 3) the R-squared of the model and t-test of factor betas ( Sy, ., Bsvssr Bame» and
Buow ;) emain the same as in the original models. The only parameter that is sensitive to the
change in factors described in this step is aqgp, . The Appendix lays out mathematical proof
of this method. One can verify, as shown in Appendix, that the intercept (as,p,) Of the

model after this small adjustment would be zero if and only if:

t t t
Osgpy t By tEvkr T /BSMB,IESMB + :BHML,tgHML =0 (3)
and

t t t t
Osgpy + By tEvkr T ﬂSMB,t€SMB +IBI-u\/u_,tngwL + Byiom tEmom = 0 4)

for Fama-French three-factor and Carhart four-factor models respectively.

In summary, step 2 solves the optimization problem in order to find the appropriate
corrections to Fama-French and Carhart factors that ensure zero index alpha. Note that the

solution to the optimization problem would assign either positive or negative values to
epsilons  &yrs Esuer Ermey ANd Epon - We  adjust  MKT,, SMB,, HML,and MOM, by
subtracting the corresponding &1, €svsr Erm, aNd &40 L0 Obtain zero S&P 500 alphas
for the period examined. For example, if the solution to the optimization problem in step 2
gives &g, =0.00001 and &, =-0.00003 , then we adjust SMB,by subtracting 0.00001
from it and adjust HML, by adding 0.00003.

In the final step, Step 3, we regress the adjusted factors (AMKT, ASMB, AHML and AMOM)
against the excess returns of mutual fund i in period t to obtain new adjusted FF3 and Carhart

four-factor model alpha :



Rit —Rpt =a;; + ﬁi,MAMKTt + ﬁASMB,tASMBt + ﬁAHML,tAHMLt + et (5)
And

Rit —Rpt =a;; + ﬁi,MAMKTt + ﬁASMB,tASMBt + ﬁAHML,tAHMLt + ﬁAMOM,tAMOMt t e
(6)

Where R; . — Rp ¢ is excess return of a mutual fund i in period t, a; ,is the new adjusted three-
factor (equation (5)) or four-factor (equation (6)) alpha, AMKT; ASMB; AHML; and AMOM;,
are Fama-French MKT, SMB HML and Carhart MOM factors adjusted by the values of
factor correction parameters (epsilons) for period t .

The methodology for eliminating alphas (steps 1-2) can be applied for any period t and any
index. The methodology for assessing performance with our zero-alpha adjusted model (step
3) can be utilised for measuring performance of any portfolio in that same period t. We
believe that our proposed methodology is not data or computationally intensive as for
instance the CPZ model augmentations, it is applicable to any portfolio performance

measurement setting and it leads to improved accuracy of performance evaluation.

4. Findings

4.1. Presence of non-zero alphas in the benchmark index

Figure 1 depicts the extent to which both FF3 and Carhart alphas of the S&P 500 index
deviate from zero over our sample period. The figure presents moving average of S&P 500
FF3 and Carhart alphas estimated for rolling 3 year periods from January 1992 to October
2013. All alphas are annualised and expressed in basis points (bp). The highest alpha
recorded is Carhart alpha, estimated for 1998-2000 period and being economically significant
at 2.35% per year. The lowest one is FF3 alpha of -0.76% in the period 2005-2007.

Figure 1: Moving Average Fama-French 3 factor (FF3) and Carhart Alpha for S&P 500
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Both FF3 and Carhart alphas of the S&P 500 index notably depart from zero in the period
preceding 2008, but they do not have consistent sign: they are positive up to 2004 and
negative from 2005 to 2008. In more recent years, after 2008, the deviations from zero are
not sizeable, implying that greater misspecification of the FF3 and Carhart model coincides
with earlier years in our sample which were mainly periods of index outperfomance. The
S&P 500 annualised FF3 alpha is 0.70% (significant at 10% level) in the period January
1992 to December 2004, and negative (-0.22%) albeit insignificant from January 2005 to the
end of our sample. Similar to this, CPZ report FF3 alpha of 0.72% p.a. and Carhart alpha of
0.82% p.a. for S&P 500 index in the period 1980-20052.

4.2.Adjustments of factors
Our adjustments to factors in either Fama-French or Carhart model are minimal, as illustrated
in Figures 2a) -2d). Figures show the standard Carhart vs. adjusted Carhart MKT (2a), SMB
(2b), HML (2c) and MOM (2d) factors®. Adjusted factors are obtained through optimisation
process and represent the factors that will bring the value of S&P 500 alpha to zero in the
given the estimation time period.

? We confirm their result for this period.
* The adjustment is minimal for FF3 model too, we do not present them here due to space considerations.



Figure 2: Carhart Risk factors adjustment

2a) Market and Adjusted Market Factor

2.0000%

-1.000!
-1.2508%
-1.5000%

0
N

e MIKT e MIKT_Adljusted

2b) SMB and Adjusted SMB Factor

1.5000%

1.2500%
1.0000%

0.7500%

0.5000%

0.2500%
0.0000%

-0.2500%
-0.5000% N
-0.7500%y >

O O > O

100 S & S O F PP LI FTFPILFS LD
00006 QT DT A AR AL A AP A A A A DA

——SMB ——SMB__Adjusted

2¢) HML and Adjusted HML Factor

POO0000O0RERRINNINNDW

oNUINoNUINONUINONUIND

OUIOUIOUIOUIOUIOUIOUIOUNIO

8828999909090 9000
o

———HML =——HML__ Adjusted

2d) MOM and Adjusted MOM Factor

000% o>
-0.7500% ,@o’ :
-1:0000%V &
-1.250Q% <O
-1.5000%

e MIOM === MOM _Adj




4.3. Assessment of US mutual fund performance: Adjusted FF3 and Carhart Alphas

Figures 3 and 4 summarise our main findings for FF3 model alpha adjustment for S&P 500
Index and for active and passive funds respectively. Figures 5 and 6 present effects of the
Carhart alpha adjustment. All figures are based on 3-year moving averages of alphas for
tracker and active funds group and S&P 500. All four figures draw to common conclusions.
Specifically, when we observe positive non-adjusted S&P 500 FF3 (Carhart) alpha, our
methodological adjustment to the factor models will: 1) reduce alpha of the index to zero and
2) adjust both active and passive mutual funds alphas downward. This is expected result as
mutual funds’ performance is exaggerated in the standard Fama-French (Carhart) model if the
index against the fund is benchmarked generates positive alpha in such model in the first
place. Inverse holds when negative non-adjusted S&P 500 Fama-French (Carhat) alphas are
recorded: while the index’s adjusted alpha is reduced to zero, both active and passive funds’
alpha is adjusted upward. This clearly shows that our proposed adjustment of Fama-French-
Carhart factors sheds new light to performance measurement and we believe leads to its

improved accuracy.

Figure 3: 3-year moving average FF3 alphas and Adjusted FF3 alphas for S&P 500 Index and
all Active funds

400 Active Fund
300
200 —
3-year MA S&P500 (FF3)
100 ——— A\ ~N S
0 TN TN T T N
Active Fund Adj
-100 o™ oR - S NS DX
S S S S WETS S S
S OV &
800 AN R M M I I 3-year MA S&P500 Adj
-400 (FF3)
Figure 4: 3-year moving average FF3 alphas and Adjusted FF3 alphas for S&P 500 Index and all
Index funds
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Figure 5: 3-year moving average Carhart alphas and Adjusted Carhart alphas for S&P 500

Index and all Active funds
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Figure 6: 3-year moving average Carhart alphas and Adjusted Carhart alphas for S&P 500
Index and all Index funds
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Table 2 corroborates these findings. Results presented in this table are obtained estimating a
fixed effects panel for standard and adjusted FF3 model (Panel A) and standard and adjusted
Carhart model (Panel B). Panels were estimated for each of the three-year non-overlapping
sub-periods and the full sample period®, for tracker funds and active funds separately. We
report the number of funds in each sub-period, annualised standard alphas, annualised
adjusted alphas, their difference, the MKT, SMB, HML (Panel A and B) and MOM (Panel B

only) coefficients from our adjusted model and R-squared of the adjusted model.

* Note that for the purpose of creating equal 3-year sub-sample periods, we do not use the last 9 months in the
sub-sample analysis. Hence, the sub-sample periods are Jan 1992-Dec 1994, Jan 1995-Dec1997, Jan 1998-Dec
2000, Jan 2001-Dec 2003, Jan 2004-Dec 2006, Jan 2007- Dec 2009, Jan 2010-Dec 2012 and the full sample
period is Jan 1992 — Oct 2013.



Table 2: Annualised Standard vs Adjusted FF3 and Carhart Alphas for US Equity Mutual Funds

The table reports results from the following fixed effects panel regressions:
and Ri,t - RF,L’ = ai‘t + ﬁl,MAMKTt + BASMB,I'ASMBL' + ﬂAHML,tAHMLt + ei‘t in Pan6| A, Ri,t - RF,t =
@it + Bu,eMKT: + BsupSMB: + Buy HMLy + ByoyMOM, + €, and R;; — Rp = ;¢ + BimAMKT; + Basup,: ASMB: + Banmi,t AHML + Bayon,: AMOM, + €;in Panel
B. R;: — Rr is excess return of a mutual fund i in period t, «;, is the Fama-French (Panel A) or Carhart (Panel B) performance estimate, MKT is the market risk premium,
SMB and HML are Fama and French (1993) size and value factors respectively, MOM is Carhart (1997) momentum factor; , a; .is the new Adjusted three factor (Panel A) or
four factor (Panel B) alpha, AMKT, ASMB; AHML, and AMOM; are Fama-French MKT, SMB HML and Carhart MOM factors adjusted by the values of corresponding

Ryt — Rpy = @i + Bu,:MKT; + BsupSMB; + By HML; + €,

factor correction parameters (epsilons) in period t. Superscript *indicate statistical significance at 0,01(***), 0,05 (**) and 0,10 (*) percent levels.

Panel A: FF3 Model Standard vs. Adjusted Annualised Alpha — Fixed effects panel model

Period Mutual Fund No. of Funds FF3 Alpha in % FF3 Adjusted Alphain % Alpha change AMKT ASMB AHML A_R-Squared
Group (t-test) (t-test) (in bp) (t-test) (t-test) (t-test)
Index Funds 20 -0.36 -0.75** -39 0.97*** -0.21*** 0.03*** 091
1992-1994 (-1.04) (-2.16) (84.80) (-18.74) (3.25)
Active Funds 294 0.52 0.17 -35 0.93*** 0.14%** 0.04*** 0.43
(1.56) (0.52) (85.31 (12.99) (3.72)
Index Funds 33 0.01 -0.70** -71 0.98*** -0.22%** 0.02** 0.96
1995-1997 (0.03) (-2.50) (130.89) (-31.96) (2.29)
Active Funds 427 2.33%** -2.93%** -60 0.92%** 0.15%** 0.07*** 0.50
(-6.62) (-8.26) (97.07) (16.87) (4.97)
Index Funds 52 0.49 -0.63** -112 0.95*** -0.18*** 0.05*** 0.95
1998-2000 (1.53) (-1.97) (146.84) (-30.45) (6.54)
Active Funds 603 2.56%** 1.45%** -112 0.98*** 0.09*** 0.19*** 0.51
(6.46) (3.65) (123.05) (12.79) (18.37)
Index Funds 82 -0.33 -1.06*** -73 0.99*** -0.11%** 0.04*** 0.97
2001-2003 (-1.56) (-5.00) (285.58) (-22.22) (7.83)
Active Funds 800 1.72%** -2.41%** -69 0.98*** 0.09 0.07 0.64
(-5.69) (-7.98) (195.98) (12.92) (10.35)
Index Funds 75 -1.05%** -0.55%** 50 1.01%** -0.15%** 0.03*** 0.96
2004-2006 (-8.90) (-4.76) (183.53) (-30.20) (5.91)
Active Funds 826 -0.64*** -0.20 44 0.97*** 0.16*** 0.07 0.51
(-3.24) (-1.00) (103.47) (18.08) (8.25)
Index Funds 67 -0.14 -0.09 5 1.01%** -0.14%** 9.03** 0.92
2007-2009 (-0.33) (-0.21) (141.79) (-8.79) (2.15)
Active Funds 782 1.24%** 1.27%** 3 1.04*** 0.04 -0.11%** 0.76
(5.15) (5.27) (257.08) (4.79) (-15.57)
Index Funds 60 -0.48 -0.43 5 1.02%** -0.12%** -0.006 091
2010-2012 (-1.33) (-1.18) (122.59) (-6.83) (-0.40)
Active Funds 724 -2.02%** -1.98*** 4 0.99*** 0.046*** -0.07*** 0.81
(-12.26) (-12.00) (260.13) (5.52) (-9.22)
Index Funds 102 0.34%** -0.59*** -25 0.99*** -0.16%** 0.065*** 0.94
Full Sample (-3.32) (-5.76) (516.60) (-63.17) (24.37)
Active Funds 1281 -0.49%** -0.72%** -23 0.96%** 0.063*** 0.0515*** 0.64
(-5.35) (-7.88) (554.88) (26.54) (21.29)




Panel B: Carhart Model Adjusted Alpha — Fixed effects panel model

Period Mutual Fund No. of Carhart Alpha in % Carhart Adjusted Alpha change AMKT ASMB AHML AMOM A_R-Squared
Group Funds (t-test) Alpha in % (t-test) (in bp) (t-test) (t-test) (t-test) (t-test)
Index Funds 20 -0.17 -0.90*** -73 0.98*** -0.20*** 0.04*** -0.03*** 0.91
1992-1994 (-0.48) (-2.58) (82.31) (-18.44) (3.74) (-2.80)
Active Funds 294 0.28 -0.36 -64 0.92%** 0.13*** 0.03*** 0.04*** 0.43
(0.73) (-0.95) (79.48) (12.35) (3.04) (3.61)
Index Funds 33 -0.01 -0.74** -73 0.98*** -0.22%** 0.02** 0.002 0.96
1995-1997 (-0.04) (-2.48) (130.84) (-29.62) (2.30) 0.27)
Active Funds 427 -2.59%** -3.20%** -61 0.92%** 0.16*** 0.07*** 0.03*** 0.50
(-5.62) (-6.91) (97.11) (16.66) (5.28) (2.62)
Index Funds 52 2.06*** -0.27 -232 0.94%** -0.16%** 0.01 -0.06*** 0.95
1998-2000 (6.03) (-0.78) (149.38) (-26.54) (1.55) (-10.77)
Active Funds 603 3.37%** 1.06%** -231 0.97*** 0.10%** 0.17*** -0.03*** 0.51
(7.27) (2.29) (120.81) (13.49) (14.78) (-4.28)
Index Funds 82 -0.41* -1.06*** -147 0.97*** -0.12%** 0.06*** -0.03*** 0.97
2001-2003 (-1.93) (-5.04) (208.57) (-23.66) (10.57) (-7.65)
Active Funds 800 -1.69%** -2.32%** -63 0.99*** 0.10%** 0.06*** 0.01** 0.64
(-5.56) (-7.68) (146.92) (13.14) (7.96) (2.54)
Index Funds 75 -1.09%** -0.58*** 51 1.01%** -0.15%** 0.04*** -0.01** 0.96
2004-2006 (-9.19) (-4.92) (183.54) (-24.81) (6.36) (-2.46)
Active Funds 826 -0.17 0.31 48 0.97*** 0.08*** 0.0007 0.11%** 0.52
(-0.83) (1.55) (104.25) (8.31) (0.07) (14.49)
Index Funds 67 -0.19 -0.18 1 1.01%** -0.14%** 0.02* -0.004 0.92
2007-2009 (-0.44) (-0.43) (130.99) (-8.81) (1.82) (-0.68)
Active Funds 782 0.95 0.97*** 2 1.03*** 0.04%** -0.13*** -0.02%** 0.76
(3.91) (3.98) (235.54) (4.01) (-17.01) (-7.03)
Index Funds 60 -0.63* -0.44 19 1.02%** -0.13*** -0.01 0.03%** 0.91
2010-2012 (-1.72) (-1.21) (122.21) (-7.13) (-0.76) (2.64)
Active Funds 724 -1.80*** -1.63*** 17 0.98*** 0.06*** -0.06*** -0.04*** 0.81
(-10.79) (-9.78) (257.66) (6.63) (-7.94) (-8.85)
Index Funds 102 -0.13 -0.56*** -43 0.98*** -0.16%** 0.058*** -0.025*** 0.94
Full Sample (-1.28) (-5.42) (479.66) (-61.00) (21.87) (-15.66)
Active Funds 1281 -0.39%** -0.79*** -40 0.95%** 0.065*** 0.048*** -0.012%** 0.64
(-4.26) (-8.56) (516.29) (27.26) (19.69) (-7.82)




The adjusted alphas in both Panel A and Panel B are lower than the standard alphas prior to
2004 and higher thereafter, coinciding with periods of S&P 500 outperformance and
underperfomance periods respectively. Therefore, adjusting the FF3 and Carhart model to
eliminate the S&P 500’s positive (negative) alphas up to the end of 2004 (from 2005) leads to
downgrade (upgrade) in performance of mutual funds, as shown in Figures 3-6. In the full
sample period, our adjustment leads to 43bp reduction in Carhart alpha (40bp FF3) of tracker
funds and 25bps reduction in Carhart alpha (23bp FF3 alpha) of active funds. The greatest
departure of adjusted from standard alphas occurs in the sub-period January 1998-December
2000, resulting in 1.1% lower FF3 adjusted alphas per year (Panel A) and 2.3% p.a. lower
Carhart adjusted alphas (Panel B) for all funds. Overall, the adjustment of the Carhart model
leads to larger change in alpha then the adjustment of FF3 model, in most of the sub-periods
and the full sample period. We also note that our adjusted alphas in majority of the cases
exhibit improved statistical significance. Further investigation into significance of alphas
estimated for each fund individually over the sample period® reveals that before the
adjustment there was 24 tracker funds (out of 102) with statistically significant alphas, which
increased by 75% to 42 significant funds’ alphas after the adjustment. The increase of
significant alphas for active funds after adjustment was 5% (from 332 pre- to 350 post-

adjustment out of 1281 funds), which considerably smaller than that for passive.

Reverting the analysis to US mutual fund performance, our adjusted alphas (both FF3 and
Carhart) in Figure 4, Figure 6 and Table 2 reveal that index tracking funds have persistently
underperformed, with negative adjusted alphas being statistically significant in five out of
seven sub-periods and the full sample period. This seems counterintuitive, as one would
expect passive tracker funds to have alphas of zero. However, tracker fund underperformance
we record is in line with the expense ratios of this group of funds over time and it has become
smaller in more recent time periods. This suggests that fund managers in US tracker funds
have not been successful in enhancing the returns of those funds adequately to make-up for
the costs involved. Active funds on the other hand exhibit periods of underperfomance (1995-
1997, 2001-2003 and 2010-2012) but also periods of outperformance (1997-1999 and 2007-
2009). Nevertheless, the negative adjusted alphas (both FF3 and Carhart) of active funds are
greater in magnitude than the positive ones. In the full sample period active funds
underperform by 0.72% (adjusted FF3 alpha) and 0.79% (adjusted Carhart alpha) per year.

® This set of results for 1383 funds separately is not reported here



This leads us to conclude that the performance of US equity mutual funds based on our

adjusted alphas is overall rather poor.

To highlight further how the misspecification of the standard FF3 or Carhart model can lead
to misevaluation of fund performance, we present Figure 7 which shows percentage of funds
whose FF3 alpha after the adjustment changes sign from positive to negative or vice versa in

each of the sub-periods and the whole sample period.

Figure 7: Percentage of Tracker and Active funds whose FF3 alphas change sign after the model

adjustment
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The figure illustrates that adjustment of the standard models has stronger impact on
interpretation of performance of tracker funds: in the earlier years in our sample, between
40% and 77% of index funds alphas changed sign after the model adjustment. What is more,
in most of the cases, the sign was changed from positive to negative. For active funds this
percentage of alphas changing signs is comparatively smaller (5.1-9.3% in the earlier sub-
periods and less than 1% in some later ones). This implies that error in performance
evaluation using standard models is of greater importance for passive funds: some funds that
appeared to perform better than the benchmark will turn to significant underperformers after

the adjustment.

Last but not least, the coefficients reported in Table 2 on the adjusted factors (AMKT,
ASMB, AHML in Panel A and B and AMOM in Panel B) are by and large highly statistically
significant. R-squared from the adjusted model is particularly high for index tracking funds
(over 0.9). This is further emphasising the suitability of our adjusted model for evaluating

fund performance.



5. Conclusions

Recent evidence from the US market points that Fama-French three-factor model alphas and
Carhart four-factor alphas, accepted as a fund management industry standard for performance
evaluation, are not zero when calculated for the general passive market indices. This is
clearly not in line with the definitions of passive benchmark characteristics used in
performance measurement. While a number of studies proposes corrections to the factors in
the standard Fama-French-Carhart models, those are data and computationally intensive and
are not designed to eliminate alphas for all indices. Furthermore, we believe that a simpler,
more intuitive approach may be more appealing for practitioners. Therefore, our contribution
in this paper is methodological. We propose optimising the market, size, value and
momentum factors for a given time period to a) reduce benchmark alpha to zero, b) to
maintain the same R-squared to that of the original model and c) to ensure the same statistical
significance of factors as in the original model. Therefore, our adjustments to the factors are
minimal and can be applied to any index and over any time period.

We apply this method to eliminate the alpha of the S&P 500 index over the period January
1992 to October 1992 and use the adjusted model to evaluate the performance of 1383 active
and passive US equity mutual funds benchmarking against this index in the same period. Our
findings show that our adjustment of Fama-French (Carhart) factors to obtain zero benchmark
alpha leads to improved fund performance measurement: downward adjustment of active and
passive fund alphas in the periods when Fama-French (Carhart) alphas of the S&P500 index
are positive and upward adjustment when the benchmark exhibits negative Fama-French
(Carhart) alphas. In the overall sample period, the adjusted alphas of both active and passive
funds are lower, have negative values and greater statistical significance than standard alphas.
This reveals significant underperformance of US equity funds in the sample period, primarily
driven by earlier years in our sample. Such underperformance is particularly pronounced

among tracker funds across the sub-sample periods and the full sample.

The study could be easily extended to measure performance of any fund/portfolio
benchmarking against any passive index over any period. For instance, applying the
methodology to revisit assessment of performance of funds in different areas of Morningstar
style box, by augmenting Fama-French-Carhart factors to eliminate alphas from relevant

corresponding style indices is one possible extension.
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Appendix

The following methodology is applicable to any finite dimensional multivariate regression
analysis for the given data Y, X,,..., X, €R", where Y is the dependent variable and
X,,--+, X, are the independent variables. n represents the number of data points that we

consider for the regression analysis. For clarity, we restrict ourselves by considering
multivariate regression with four independent variables from Carhart’s four-factor model. Let

(RS ept RH) be the dependent variable, in our case the risk premium of the S&P 500 index,
and MKT,SMB,, HML,, MOM, are the independent variables in Carhart four-factor model

for the given time period t. Let
RS&P,t - RF,t = &S&P,t +ﬂM ,tMKTt +ﬁSMB,t SMBt +BHML,’[ HML[ +ﬁMOM,t MOM’[

be the regression model and the optimal parameters that minimize the least square error for

the Euclidean norm

H(RS&P,t - RF,’[) - (&S&P,tl_'_ﬂM ,tMKTt +IBSMB,I SMBt +léHML,t HML[ +BMOM t MOMI)

2
2

are sgp s Pusr Bswsr Brmi and Byom £

It is known that

Asgpt

ﬂM t
ﬂSMB,t = (X X )71 X TY,
ﬂHML,t

_IBMOM t

where

X =[l MKT, SMB, HML, MOM,]eR"“ andY =(Rsep, —Re,) eR".



The optimization model for the above problem is:

(P){minH(RS&P,t - RF,t) _(dS&P,tl_'_ﬁM ,tMKTt +£SMB,tSMBt +:3HML,tHMLt +:6A)M0M ,tMOMt)
SUbjeCt to dS&P,t ! IBM t ﬂSMB,t ' ﬂHML,t ! ﬂMOM )t € SR
Let us perturb the given data MKT,, SMB,, HML,, MOM_ in order to amend the o, value

from the above optimization problem (P).

Let gt:(g;AKT,g;MB,gtHML,g;AOM)eiR“be the perturbation for the given four factors

(MKT,, SMB,, HML,, MOM, and the regression model is

Rsept—Re =OAls&P,t"‘:éM ,t((MKTt _glt\AKT1)+BSMB,t (SMBt_g;MBl)_héHML,t(HML[_gtHMLD
+BMOM 1t (MOMt_glt\/IOM 1)

The associated optimal parameters according to the least square error

2

(RS&P,I - RF,t) _{&S&P,tl"‘ BM t (MKT, - glt\AKT) + BSMB,t (SMB, - E;MB) + :éHML,t (HML, - gtHML)
+BMOM,t (MOM, _glt\/IOM )}

2

are

I Usgpy (€) |
By t ()
Baer(@) | = (X @) X (@) (X @)Y,
B (¢)
_,BMOM t (5)_

where

X(e) :[1 (MKT, —ewr)  (SMB, —&g61)  (HML ~ &3 D) (MOM, — &30, 1)]6 ROED,
and  Y=(R,—Rq,)eR"

The modified optimization problem for identifying the best parameters for the given ¢is



0 (RS&P,t - RF,t) _{(dS&P,t = Pu ,tglt\AKT - ﬂSMB,tE;MB _ﬂHML,IgIt-IML = Buom gtMOM 1+ By «MKT,
+ BswptSMB, + By HML, + Byon :MOM, }
Subject 10 Qsgpys B Bowsrr Bramer Buoms € R-

m
(P,)

It is easy to verify that the regression coefficients are intact due to the above perturbation and
the only variant due to the perturbation is the intercept of the regression (Gujarati, 2003). We

write this fact as the following lemmas.

Lemma 1: For the given data

B (&) =B s Bswier (&) = Bowerr P (€) = Bamir @nd Buowm +(€) = Buowm s

Note that :BM t (O) = ,BM 1 :BSMB,t (O) = ﬁSMB,t’ ﬁHML,t (O) = ﬁHML,t and ﬁMOM t (O) = ﬁMOM t

Lemma 2: Least square error for both Pand P, is the same.

Theorem 1: For the given By, ., Bsvsr» Buwr @d Byowr the agep (¢) =0if and only if

Asgpy 0)+ By t (O)SI\IIKT + ﬂSMB,t (O)SQMB + ﬂHML,t (O)ELML + Byiowm t (O)glt\/IOM =0.

Proof:

From Lemma 2,

(aS&P,t ), B\, t (0)1:BSMB,t (0)1:BHML,t (0), Byom 1 ) optimal for (P) =
(aS&P,t (€), Pu t (E)UBSMB,t (5)1:BHML,t (8)’ﬂMOM,t (€)) optimal for (P.).

So,

(RS&P,’[ - RF,t) - (aS&P,t 01+ B, 1 (O)MKT, + ﬂSMB,t (0)SMB,
+ Bam (OO HML, + Byom  (0)MOM,)

(RS&P,t - RF,t) —((@sep (&) - ﬂAM t (5)5:\/|KT - BSMB,t (5)5;MB - EHML(‘S‘)‘C":-IML - ﬁMOM (g)glt\/IOM )
+BM t (€)MKT, +IBSMB,t (¢)SMB, +BHML,t (e)HML, +BMOM,I (¢)MOM,)




But from Lemma 1,

B (€)= P 1 (0): Bowe: (€) = Pswiet (0): Brwi (€) = B, (0) @nd Sy (£) = Buom  (0)
AUsep (0) = Usep (€) = (Bu 0)emr + Bove: (0)€sms + Brwe 0w + Buom (0)mon ) and
Osep (£) = s (0) + (B O)bncr + Boves 0o + Brna Ot + Buows 0)iom):
So, ¢ that satisfies
s (0) + (B« O)enicr + Bswe (0)esue + Bt Ot + Buom 0)evom) =0
would give the required o, (g) =0 in the multivariate linear regression.
QED

Note that there are infinite number of solutions (&) for aggp(€) =0. It is important to identify
the ¢that gives the required regression with high statistical significance. Since t — statistic
and the associated p—value are depending on the e¢value, we solve the following
optimization problem in order to get the correction parameter ¢ that optimizes the statistical

significance of the regression. Let the t —statistic for o, () is t, .

Then,

t = |_(R5&P,t - RF,t) _ﬂM,t (g)MKTt _ﬁSMB,t (E)STBt_IBHML,t (5)HML[ _ﬁMOM,t (S)MOMtJ
¢ SE(asep (€))

Where SE(aggp(€)) represents the standard error of the coefficient aggo(g). Where

(Rsgp — Re ), MKT,, SMB,, HML, and MOM represent the mean  values  of
(Rsgp; — Re ), MKT,, SMB,, HML, and MOM, respectively over the ndata points of the time

period t.



91 (RS&P,I - RF,t)l
Let the vector §=| : |be the fitted values for y = : and nbe the number of

yn (RS&P,I - RF,t)n
data points used for the regression estimation during the time period t, then the variance-

covariance matrix V of (aS&P (€), Py t (g)lﬁSMB,t (8)7ﬂHML,t (g)lﬂMOM t (5)) is

i 1 C &2 T L
v =[n_4_1§(yi—yi) j(x ()X (#))

Since SE(asgpr(€)) =Vi, , the t—statistic for e (£) can be written as

t = [(RS&P,t - RF,t) _ﬂM,t (S)MKTt _ﬁSMB,t (E)WBt_ﬂHML,t (E)HMLt _ﬁMOM,t (S)MOMtJ

o ~

Vl,l

Finding the ¢ that ensures the agg,(&)be close to zero and insignificant is equivalent to

solving the following optimization problem that finds the corrections for Carhart factors:

{(RS&P,t —Re) =B (E)WTI — Pswed (E)SWBt — Prm (£)HML - Priowm s (E)MOMI}

Vl,l

subject 10 @ggp (0)+By ( (0)enicr +Bsmer (0)EsuatBim (0)€rmtBuom: (0)emow =0 and

(gltleT)z + (géms)z + (glt-|ML)2 + (8ltVIOM )2 <107,

min abs

Note that the second constraint in the above optimization is to ensure that the perturbations

are minute enough which is required for practical purposes.



