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Abstract

This paper investigates whether investment strategies using rankings based on
different portfolio performance measures lead to different future abnormal returns.
A set of 13 well known risk-adjusted performance measures is applied to a dataset
of US equity mutual funds over the period July 1970 to March 2014. The results
show some evidence of short-term performance persistence, suggesting that portfo-
lios formed on different performance measures ex ante can generate abnormal returns
er post. A strategy of investing in the top performing funds and shorting the poor
performing funds provides positive excess returns and five-factor alphas. However,
when adjusting for the momentum factor, the abnormal performance mostly disap-
pears. The results also show that overall there is little difference arising from the
use of different performance measures, with one notable exception, the Rachev ratio.
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1 Introduction

Portfolio performance evaluation is an important and highly debated subject in the
finance literature. Since the advent of modern portfolio theory and the Capital Asset
Pricing Model (CAPM) in the 1960s, many portfolio performance measures have been
proposed in the literature. Yet, there is no consensus on what risk measure is most
appropriate to be incorporated in performance measures and a discussion on whether
the choice of such measures matters or not is ongoing.

Traditionally, it is considered that use of the ubiquitous Sharpe ratio (Sharpe, 1966)
as the performance measure of choice requires that returns have a normal distribution,
investors have a quadratic utility function or otherwise accept volatility as the measure
of risk. More recent research, however, indicates that the Sharpe ratio is the appropriate
performance measure under much more general conditions, namely that returns follow
an elliptically symmetric distribution. Nonetheless, traditional performance measures do
not explicitly take into account the risk premia due to all higher moments or co-moments.
Research that has analyzed this issue may be divided into two groups. First, several
studies have extended standard portfolio theory to incorporate the effect of skewness
(Arditti, 1967; Arditti and Levy, 1975; Kraus and Litzenberger, 1976). Harvey and
Siddique (2000) develop an asset pricing model with conditional coskewness where risk
averse investors prefer positively skewed assets to negatively skewed assets. Assets that
decrease a portfolio’s skewness are less desired and thus should have higher expected
returns®. Additionally, Dittmar (2002) finds a preference for lower kurtosis. Assets that
increase a portfolio’s kurtosis are less desirable and should also have higher expected
returns. A second group of papers considers asymmetry in returns and focuses on risk
measures derived from the tails of the distribution. These measures have come to be
known as downside risk measures. Downside risk-adjusted performance measures are
considered theoretically more robust: they do not assume normality of returns and do
not rely on volatility as a measure of risk. They are widely used in portfolio performance
evaluation.

Recent studies have questioned whether the choice of performance measure (tradi-
tional or downside risk-adjusted) matters in practice. The empirical evidence is contro-
versial. Some studies show that the use of different risk-adjusted performance measures
does not seem to matter for investment fund decisions based on performance ranked
portfolios (Auer, 2015; Eling, 2008; Eling and Faust, 2010; Eling and Schuhmacher,
2007). This is because the empirical correlation between performance measures and the
Sharpe ratio is equal to or close to unity. Thus, there is no difference in fund rankings re-
sulting from the use of different performance measures. Others studies document that it
does matter at least for some of the performance measures under consideration (Adcock
et al., 2017; Carles et al., 2018; Ornelas et al., 2012; Zakamouline, 2011). In particular,

*Ding and Shawky (2007), Kostakis (2009) and Moreno and Rodriguez (2009) are examples of studies
that consider the Harvey and Siddique (2000) model to evaluate fund performance.



both Zakamouline (2011) and Ornelas et al. (2012) point out that fund rankings can vary
substantially depending on the performance measure used. In addition, as first pointed
out by Zakamouline (2011), many performance measures are monotonic functions of the
Sharpe ratio when computed using formulae based on the normal distribution. In such
cases, the correlation between a performance measure and the Sharpe ratio will be unity
or close to it (see for example Adcock et al., 2012). Furthermore, Schuhmacher and
Eling (2012), Adcock et al. (2012, 2017) and Guo and Xiao (2016) show that for a broad
class of probability distributions of portfolio returns, many performance measures that
have been reported in the literature are also monotonic functions of the Sharpe ratio.
Distributions that exhibit asymmetry as well as symmetric forms of non-normality are
included in this class. However, as reported in Zakamouline (2011) and Adcock et al.
(2017), monotonicity with respect to the Sharpe ratio can fail if returns follow different
distributions. From a practical perspective, this suggests that the usefulness of a given
performance measure for a set of funds depends on the homogeneity of the distributions
of returns.

The implications of the debate summarized in the previous paragraph are of signifi-
cant practical value to investors, who typically pay great attention to fund performance
rankings in their investment decisions (Capon et al., 1996), implicitly assuming perfor-
mance persistence. Nevertheless, if rankings of funds change according to the perfor-
mance measure used, portfolios formed on the basis of these rankings may lead to differ-
ent future performance. This is an important issue that requires further research. The
purpose of this paper is therefore to investigate whether there is any performance mea-
sure that is better able to detect performance persistence. Additionally, we investigate
whether the different ex ante performance measures generate different future portfolio
performance. Although there is extensive empirical evidence addressing the correlations
between different performance measures, these analyses are restricted to a static ap-
proach, thereby ignoring the possibility of time-varying correlations. If the correlations
between the different performance measures do vary over time, the use of alternative
measures may impact ez post performance results. By simulating investment strategies
over time, our analysis captures the dynamic nature of the correlations. Whether this
impact is relevant or not is mainly an empirical issue that this paper addresses.

The dataset consists of portfolios of US domestic equity funds over the period July
1970 to March 2014. Each month portfolios of funds are created based on rankings of
funds that result from applying a number of different risk-adjusted performance mea-
sures. The ex post performance of these portfolios of funds is measured using excess
returns, Carhart (1997) alphas and Fama and French (2015) alphas. In addition to the
Sharpe ratio, 12 other well known risk-adjusted performance measures are analyzed.
Most of the previous studies that investigate whether past performance is related to
future performance use a single or a very limited set of performance measures to rank
funds. For instance, Hendricks et al. (1993), Brown and Goetzmann (1995), Elton et al.
(1996, 2012), Carhart (1997) and Bollen and Busse (2005) document evidence of perfor-



mance persistence when ranking funds on the basis of raw returns and abnormal returns
(alphas). However, evidence of persistence is equivocal. Some authors find that perfor-
mance persistence is short-lived (see for example Hendricks et al., 1993 and Bollen and
Busse, 2005) while others observe performance persistence over periods longer than one
year (Elton et al., 1996, 2012). Furthermore, Carhart (1997) attributes the persistence
phenomenon to the momentum effect and observes that persistence is concentrated in
the poor performing funds.

We are not aware of studies that investigate performance persistence using downside-
risk based measures to rank fund performance. To the best of our knowledge this is also
the first study exploring the persistence of mutual fund performance in the context of
a range of performance measures, including downside risk-adjusted measures and also
a set of measures commonly used by practitioners. In addition to the detailed results
based on 13 risk-adjusted performance measures reported in this paper, a set of results
covering 82 performance measures is available on request.

The paper is structured as follows. In section two the risk-adjusted performance
measures are listed and the methodology used to assess ex post fund performance is de-
scribed. Section three presents the data. Section four reports and discusses the empirical
results. Section five concludes. Additional detailed supporting results are available from
the corresponding author.

2 Methods

2.1 Risk-adjusted performance measures used in ranking funds

We apply a set of risk-adjusted performance measures to analyze if investment strategies
using rankings based on these measures lead to different ex post performance results.
Each period fund performance is assessed using different risk-adjusted measures. The
use of some of these performance measures is strongly motivated by the finance liter-
ature and others are commonly used in practice by fund managers. The most known
risk-adjusted performance measure and probably the most used in practice is the tra-
ditional Sharpe ratio (Sharpe, 1966). In the context of modern portfolio theory, there
are also strong theoretical arguments for the use of the Appraisal ratio as a measure of
performance (Treynor and Black, 1973). More recently, Goetzmann et al. (2007) develop
an alternative to the traditional Sharpe ratio that they denominate as the Manipula-
tion Proof Performance Measure. As this measure captures the whole profile of the
returns distribution, Goetzmann et al. (2007) claim that it is immune to fund manager
manipulation that may occur when performance measures based only on the first two
moments are used. General difficulties associated with the use of the traditional per-
formance measures in the context of non-elliptically symmetric distributed returns also



motivated the development of an alternative downside risk measurement framework. In
addition, the early 1990’s witnessed an intensification of the ongoing debate about good
risk management practices. As a consequence, several alternative downside risk-adjusted
performance ratios were proposed. These ratios are mainly based on the Lower Partial
Moments (like the Modified Sortino and Farinelli-Tibiletti ratios) and on the Value at
Risk (Excess Return on Value at Risk, Excess Return on Conditional Value at Risk
and Rachev ratio). Over the years a set of performance measures based on drawdown
(Calmar ratio, Sterling ratio and Burke ratio) became very popular among practitioners
and therefore they are also often included in studies that aim the comparison of different
measures of performance. A brief description of each of these portfolio performance mea-
sures is presented below. The list and accompanying descriptions use the nomenclature
in Zakamouline (2011), which is also reported in Adcock et al. (2012).

Sharpe ratio (Sharpe, 1966)

—-r
Sharpe Ratio = u, (1)
o
where p represents the portfolio average returns, 7 is the risk free rate and o represents
the standard deviation of the returns.

Appraisal ratio (Treynor and Black, 1973)

e
AR = —, (2)
O¢
where o measures the abnormal return using the CAPM and o, measures the unsystem-
atic risk proxied by the standard deviation of the model residuals.

Manipulation Proof Performance Measure (Goetzmann et al., 2007)

T
MPPM = {At(1 — w)} Hog{T" > 7<)}, (3)
t=1

where {R;} represents a time series of fund returns, the scalar w denotes risk aversion
and At is the length of the time interval. Following both Goetzmann et al. (2007) and
Brown et al. (2010), a risk aversion coefficient of 3 is used as it is considered to be
representative of institutional investors.

The next two measures are based on Value at Risk (VaR) and Conditional Value
at Risk (CVaR). VaR is generally defined as the maximum expected loss over a given
horizon period at a given probability of 1 — a. CVaR is the expected loss under the
condition that VaR is exceeded.



Expected excess return to Value at Risk (Dowd, 2000)

(p—ry)
ERVaR = -~ 1/ 4
a VaR, )

Expected excess return to Conditional Value at Risk (Martin et al., 2003)

(w—ry)
E —
RCVaR CVaLL. (5)

In this paper VaR and CVaR are computed parametrically assuming a Normal-
GARCH model and also non-parametrically using historical returns and numerical inte-
gration. In practice, VaR and CVaR estimates are computed from a 10% to 0.1% loss
probability («), but the most commonly used probabilities are 5% and 1%. For monthly
data we consider that a probability of 5% is generally adequate.

The Rachev ratio is the conditional expected excess return in the right hand tail of
the distribution, divided by the conditional expected excess return in the left hand tail
of the distribution.

Rachev ratio (Rachev et al., 2007)

N CV&Rﬂ(Tf — $)
~ CVaRg(z —7y) (6)

RR(e, )

In this paper the RR is computed non-parametrically using the empirical distribution
of the returns. Following Zakamouline (2011), a combination of a = 0.05 and § = 0.05
is used to compute the ratio.

Next, several performance ratios based on upper and/or lower partial moments are
presented. Both lower and upper partial moments are defined with respect to a reference
point 7 which may take any real value

Ly(r) = [Lo(r —2)*f(2)dx (7)

Hy(r) = [7(x —7)*f(z)dz, (8)

where f(.) denotes the probability density function of portfolio returns. It is usually
assumed that w > 1. In practice usually w = k is an integer, typically equal to 1 or 2.

Modified Sortino ratio (Pedersen and Satchell, 2002)

Sp — (w—ry) (9)

VELa(ry)

6



where Lo is the lower partial moment of order 2.

Farinelli-Tibiletti ratio (Farinelli and Tibiletti, 2008)

_ {Ha(rp)}s
{Ls(rs)}?

where H, and Lg are, respectively, the upper and lower partial moments of any order
« and 8. There are other measures that are special cases of the F'T ratio. The Omega
measure (Keating and Shadwick, 2002) and Kappa measure (Kaplan and Knowles, 2004)
of order one plus one are equal to FT'(1,1). The Upside potential ratio (Sortino et al.,
1999) is equivalent to F'T(1,2). By considering FT'(1,1) and FT'(1,2), we are also able
to make inferences for those measures.

FT(a,pB) a, 8 >1, (10)

Finally, three measures most commonly used in practice and that are based on draw-
down, are presented.

Calmar ratio (Young, 1991)

p—ry
Cal = 11
almar D, (11)

where M D represents the lowest return in a given time series of returns.
Sterling ratio (Kestner, 1996)

gy

Sterling = —————, (12)
% sz\; —MD;
where N represents some predefined set of the largest drawdowns.
Burke ratio (Burke, 1994)
Burke = ——S (13)

——
\/ Zi:l 1\'/1137,2

Similarly to Eling and Schuhmacher (2007), N is set equal to 5 for the computation
of both the Sterling and the Burke ratios.

Overall, 13 performance measures are computed and analyzed in detail. These mea-
sures are part of a larger set of 82 performance measures that were computed, and whose
results are available upon request®.

5The additional measures consider probabilities of 0.1%, 0.5%, 1% and 2.5%, all combinations of
orders 1 to 5 for the F'T ratios, three additional AR, based on the three-factor model of Fama and
French (1993), the four-factor model of Carhart (1997) and the five factor model of Fama and French
(2015) and the MPPM with risk aversion coefficients of 2 and 4.



2.2 Constructing and evaluating portfolios

We analyze equally weighted and value weighted portfolios of mutual funds ranked ac-
cording to different risk-adjusted performance measures, as described in the previous
section. Every month we create portfolios based on deciles of funds ranked according
to their past performance — the rank portfolios. An estimation window of 60 months
(5 years) is used to compute estimates of performance. In each period the oldest ob-
servation is dropped and the most recent observation is added. For each rank portfolio

we end up with a time series of monthly portfolio returns (over the period July 1970 to
March 2014).

The ez post performance of these rank portfolios is evaluated by computing excess re-
turns, the four-factor alpha (Carhart, 1997) and the five-factor alpha (Fama and French,
2015). The motivation for using different performance measures in the ranking proce-
dure and in the ex post performance assessment follows from Carhart’s (1997) argument
that using different measures to sort funds and estimate ex post performance avoids
possible model biases. In addition, by controlling for additional sources of systematic
risk, the four- and five-factor model alphas capture solely the returns associated with
fund managers’ skills. It is worth noticing that the reward-to-risk ratios used ex-ante
do not control for multiple sources of risk and can seemingly generate the appearance of
abnormal performance that is simply due the returns associated to the omitted factor
loadings. Considering the Carhart (1997) four factor model, the performance measure
(alpha) is obtained by the following equation

ijt — ’r'f7t = Oép + /Bp(rm,t — ’I“f7t) + SPSMBt + thMLt +ppMOMt + Epﬂg, (14)

where 1, ; represents fund returns, ry; is the risk free rate, oy, represents the fund per-
formance measure, 7, ; represents market returns, SM B;, HM L; and M OM; represent
the size, value and momentum factors respectively. SM B, is the return on a diversified
portfolio of small stocks minus the return on a portfolio of big stocks, HM L; is the
return difference between portfolios of value stocks and growth stocks, and MOM; is
the return difference between high prior return portfolios and low prior return portfolios.

The performance measure based on the Fama and French (2015) five factor model
results from

Tpt —Tft = Op +/8p(rm,t — Tf7t) +SpSMBt + thMLt +7’pRMWt +CpCMAt +€p,t7 (15)

where RMW is the profitability factor, measured as the difference between the re-
turns on diversified portfolios of stocks with robust and weak profitability and C'M A
is the investment factor, measured as the difference between the returns on diversified
portfolios of stocks of low and high investment firms. The other variables are as defined
above.



We also compute two types of differences portfolios. The first one corresponds to
the difference in returns between the highest performance decile and the lowest perfor-
mance decile considering the same risk-adjusted performance measure. This differences
portfolio simulates the performance that results from a strategy of buying the top decile
and shorting the bottom decile portfolio (long-short strategy), thereby assessing the
profitability of exploring a performance persistence investment strategy. The second
one corresponds to the difference in returns between the different performance measures
within the same decile portfolio. The aim is to assess if the choice of a specific perfor-
mance measure, particularly at each of the extreme deciles (deciles 1 and 10), leads to
different ex post performance.

3 Data

The dataset consists of US domestic equity funds of different categories obtained from the
CRSP database. Returns with a monthly frequency are available from December 1961
onwards. Only funds with an objective code of EQC (Equity, Domestic and Cap-based)
and EQY (Equity, Domestic and Style) are considered. All funds classified as ETFs,
ETNs and Index funds are excluded. Funds with less than 60 months of observations are
also eliminated. In the case of funds with multiple share classes, only one is considered:
the one with the longest historic record and, if necessary, the one with the largest Total
Net Assets (TNA). To avoid the incubation bias (Evans, 2010)7 and the omission bias
(Elton et al., 2001)® the first three years of data and funds with less than $15 million in
TNA, respectively, are removed. This leads to a final dataset of 2238 funds. Figure 1
reports the number of funds with 60 months of history over the period December 1969
to March 2014. As can be observed, there is a considerable increase in the number of
funds throughout this period.

[Insert figure 1 here]

The first decile portfolios are formed in June 1970. Funds that disappear during
a particular month are included in the portfolios until they disappear and then the
portfolios weights are readjusted accordingly. The ex post performance of these decile
portfolios is then assessed considering the period July 1970 to March 2014 (a total of
525 monthly return observations). Fund returns are net of management expenses and

"Evans (2010) shows that there is an incubation bias in the CRSP mutual fund database. When funds
are included in the database for the first time, they bring all their past history (even if they were being
privately traded). Since only the most successful incubator funds will be publicly traded, this creates a
bias for the incubation period. Evans (2010) shows that an age filter effectively removes this bias.

8The omission bias arises due to the different frequencies of returns available on the CRSP database
(e.g. monthly or annual returns). To avoid this problem Elton et al. (2001) restrict the sample of funds
to contain only those funds that have over $15 million in TNA at the beginning of any observation period
as CRSP reports monthly data for most funds with over $15 million in TNA.



security-level transaction costs, but do not include load fees. The monthly risk free
rate as well as the monthly returns of the risk factors (market, size, value, momentum,
profitability and investment factors) over the same period were downloaded from the
Professor Kenneth French webpage.

4 Empirical results and discussion

4.1 Performance persistence with monthly portfolio rebalancing

In this section we analyze whether there is any performance measure that is better
able to detect performance persistence. The results consider a total of 13 different risk-
adjusted performance measures, as described in section 2.1. As previously mentioned,
the ERVaR and the ERCVaR are computed parametrically assuming a Normal-GARCH
model” and non-parametrically by using historical simulation; that is, using the empirical
distribution of past returns.

We start by analyzing equally weighted decile portfolios formed on the basis of the
different risk-adjusted performance measures. In each month, funds are ranked according
to their performance over the previous 60 months and decile portfolios of funds are
formed. These portfolios are then rebalanced monthly. Decile 1 corresponds to the
portfolio of the bottom performing funds and decile 10 corresponds to the portfolio of
the top performing funds. Value weighted decile portfolios are also analyzed. Fx post
portfolio performance is assessed using excess returns over the risk-free rate and the
benchmark, as well as alphas based on the Carhart (1997) and Fama and French (2015)
models.

Table 1 reports the mean excess returns over the market benchmark'® for the equally
weighted decile portfolios over the period from July 1970 to March 2014''. The results
show that the excess returns are all positive and statistically significant (at the 1% sig-
nificance level), ranging from 0.610% (decile 1) and 0.932% (decile 10) monthly excess
returns (or 7.3% and 11.2% annualized excess returns). For most risk-adjusted perfor-
mance measures there is a tendency for the highest performance deciles to present the
highest excess returns. The exception is observed mainly in relation to the RR, for which
there is no clear tendency of higher or lower excess returns across different deciles. In

9When VAR and CVaR are cumputed parametrically, assuming a Normal-GARCH model, ERVaR
and ERCVaR produce exactly the same rankings and therefore only the results for ERVaR (ERVaR-NG)
are reported.

10As the market benchmark we considered the US market return available on the Professor Kenneth
French webpage.

"We also analyzed other descriptive statistics for the decile portfolios excess return series. All the
decile portfolios exhibit negative skewness and positive excess kurtosis. In all cases we reject the hy-
pothesis of a normal distribution according to the Jarque-Bera test.

10



each decile excess returns are similar for the majority of the performance measures (11
out of the 13). The two exceptions are the RR and to a lesser extent the MPPM. Looking
at the unreported statistics of the excess returns over the risk free rate, the results are
alike.

[Insert Table 1 here]

Tables 2 and 3 present the ex post performance of the equally weighted decile port-
folios estimated by the Carhart (1997) four factor and the Fama and French (2015) five
factor models, respectively. The results on the four factor model (Table 2) show that
decile 1 (the lowest performance portfolio) alphas are mostly negative and statistically
significant (at the 5% level), ranging from -0.172% and -0.082%. We also observe a
tendency for alphas to increase from the bottom performing decile to the top performing
decile, with the exception of the RR, for which there is no clear tendency and even a
slightly more negative alpha for the top performing decile (-0.084%) than for the bottom
performing decile (-0.082%) is observed. The fact that the decile portfolios’ performance
increase almost monotonically is consistent with the existence of persistence of alphas.
All alphas of decile 10 are neutral, and excluding the one obtained using the RR, they
vary between -0.028% and 0.047%. With respect to the five-factor alphas (Table 3) the
results are similar. Decile 1 alphas are all negative and statistically significant, ranging
from -0.240% and -0.107%, while decile 10 alphas are all positive but not statistically
significant, ranging from 0.026% and 0.096%. It is worth pointing out that the evidence
of underperformance in decile 1 is stronger than that observed with the four factor model
as most of the negative alphas are statistically significant at the 1% level. Interestingly,
the monotonicity of the alphas with respect to the deciles is stronger numerically for the
four factor model than the five factor model.

[Insert Table 2 here]
[Insert Table 3 here]

Unreported results on the ex post performance of value weighted portfolios are similar
in terms of excess returns, either over the market benchmark and the risk free rate.
In relation to ex post alphas, those of the bottom portfolios are clearly less negative,
suggesting that the negative performance of the bottom decile portfolios may be driven
by smaller size funds'?.

1276 further investigate the relationship between portfolio performance and the ranking of the funds,
we run regressions of ex post portfolio performance on the different deciles as follows P, g = a+ 8d+€p. 4,
where P, q is the ez post performance from ex ante performance measure p in decile d. We have also
allowed the intercept of the regression (a) to vary according to ex ante performance measures. The
results show that there is a positive and statistically significant relation between ex post performance,
measured either by excess returns or four-factor and five-factor alphas, and the deciles. As expected,
when we exclude the portfolios based on the RR from this analysis both the slopes of the regressions
and the adjusted R-squareds increase.

11



Table 4 presents excess returns, four-factor alphas, and five-factor alphas of a port-
folio that corresponds to the differences between the top (10) and bottom (1) equally
weighted and value weighted deciles. This portfolio shows the returns that result from
a strategy of buying the top decile funds and shorting the bottom decile funds. As can
be observed, we find positive and statistically significant (at the 5% level) excess returns
and alphas in most of the differences portfolios formed on the basis of different measures
of performance. In the case of the differences portfolios formed on the RR and MPPM
there is far less evidence of statistically significant alphas. These results seem to suggest
that the RR and the MPPM do the worst job in predicting future performance. Further-
more, the evidence in favor of an outperformance of an investment strategy exploiting
performance persistence is stronger when we use returns and the five-factor alphas to
assess ez post performance, with most values exhibiting statistical significance at the 1%
level. However, the evidence of abnormal returns is scarce when the four factor model
is used either for equally or value weighted portfolios. For instance, in the case of value
weighted portfolios we find evidence of performance persistence (at the 5% level) only
for two of the measures (ERVaR-NG and AR-CAPM). The weaker evidence of a prof-
itable strategy exploiting performance persistence observed in the context of the Carhart
(1997) four factor model suggests that abnormal returns are mainly driven by short-term
momentum and raises the issue of whether the five factor model of Fama and French
(2015) does a good job in evaluating performance!®. Analysing in more detail the regres-
sions estimates we observe that the explanatory power of both models, measured by the
R-squareds, is similar and always above 90%. In the case of the four factor model, the
size and momentum are relevant risk factors. The size factor is statistically significant
across the different deciles and the different performance measures. The momentum
factor is positive and statistically significant for the top performing deciles, whereas it is
negative in some of the bottom performing deciles. In relation to the five factor model
the most relevant factors are size and profitability.

[Insert Table 4 here]

4.2 Implications of using different performance measures

Besides analyzing the ex post performance of an investment strategy that consists in se-
lecting funds according to a specific performance measure, it is also relevant to investigate
whether using different measures of performance to rank funds matters. In this section,
we focus on the latter issue by assessing whether there are differences in the performance
of decile portfolios formed on the basis of rankings of different risk-adjusted performance
measures. For each pair of performance measures, a portfolio that corresponds to the
return differences is formed. Then, the ex post performance of the differences portfolio

13See for example Barillas and Shanken (2018) for a comparison on alternative asset pricing models.
They show that the Fama and French (2015) five factor model is dominated by models that include a
momentum factor.
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for each pair of measures is computed using, as before, excess returns, four-factor al-
phas and five-factor alphas. Tables 5 to 8 report estimates of performance differences
of equally weighted portfolios (performance differences between portfolios formed using
measure in column minus measure in line). In the sake of brevity, we only report the
results for the extreme decile portfolios (decile 1 represents the bottom performing funds
and decile 10 represents the top performing funds) and based on excess returns and four-
factor alphas'®. The entries in these tables are derived from the corresponding cells in
tables 1 and 2.

Tables 5 and 6 report the results based on excess returns for deciles 1 and 10, re-
spectively. For the majority of the pairs of performance measures we do not observe
statistically significant differences (at the 5% level) in ez post excess returns. Only the
use of the RR seems to lead to significant return differences. For decile 1, the RR tends
to yield higher returns while for decile 10 it seems to generate lower returns. This seems
to indicate that this measure is not able to correctly identify the best and the worst
performing funds.

[Insert Table 5 here]
[Insert Table 6 here]

Tables 7 and 8 show the ex post performance differences (measured by four-factor
alphas) for each pair of performance measures for deciles 1 and 10, respectively. In the
case of decile 1, with one exception (the pair AR-CAPM, RR), all the reported alphas are
insignificant (at the 5% level). For decile 10 some pairs of performance measures show
statistically significant alphas. In general, the systematic use of the RR, in comparison
with the other performance measures, seems to lead to worse ex post performance.

[Insert Table 7 here]
[Insert Table 8 here]

Although not reported, we also analyze the ex post performance differences for each
pair of performance measures for value weighted portfolios. In general, the results are
similar in what concerns the fact that most of the alphas for the differences portfolios are
not different from zero. The majority of the performance measures under analysis seem
to lead to similar future performance results. When statistically significant differences
do occur, in general they are related with the use of the RR, the MPPM, the Calmar
and the Burke ratios. However, the impact of using these performance measures is not
clear, as the reported differences vary between positive and negative.

14The results across the other deciles are similar.
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4.3 Portfolio turnover and the impact of transaction costs

An important issue when analyzing the long-short investment strategy described above
(buying top performers and shorting bottom performers) is the frequency of trading and
the impact of transaction costs. In this section we investigate whether the evidence of
short term persistence can be exploited in practice by investors. For this purpose, port-
folio turnover is computed and the impact of transaction costs on portfolio performance
is analyzed. As our analysis focuses on portfolios of mutual funds we need to take into
account possible load fees they might charge. Load fees differ across funds. Some funds
have front end fees and/or back end fees. Usually, front end fees are waived and back
end fees vary according to the investment horizon. Considering the typical load fees
structure of US equity funds, we analyze the impact of transaction costs of 0.25% and
2%. For each portfolio, transaction costs (c) at time ¢ are equal to

N
Ct = CZ [wie — w; -, (16)
t=1

where 3"V | |w; ; — w; 4~ | is the portfolio turnover'®.

Table 9 reports the turnover of the equally weighted portfolios. Monthly turnover
ranges from around 8% to 15%. In general, the levels of portfolio turnover are lower
in the extreme deciles (with decile 10 exhibiting the lowest figures) and higher for the
middle ones. The same pattern is observed for value weighted porfolios, although in
this case the levels of turnover are higher, ranging between 12% and 30%. Anyhow, in
any decile, the turnover does not vary much as a result of performance measure choice.
Even the RR leads to similar values of this indicator. We also observe that some decile
portfolios formed on the basis of ERVaR-NG have a slightly higher turnover.

[Insert Table 9 here]

The net returns of the long-short strategy are computed as the difference in the re-
turns of the best (decile 10) and worst (decile 1) performing portfolios minus the sum
of the transaction costs associated with both portfolios. Table 10 shows the differences
in performance for equally weighted portfolios that arise from this long-short strategy
considering transaction costs of 0.25% and 2%. As expected, ex post performance de-
creases as transactions costs increase. For low values of transactions costs of 0.25%, the
results show that investors can profit from exploiting persistence strategies in terms of

15Portfolio turnover is computed as follows. On month t — 1 the ith fund has a given weight in the
portfolio denoted by w; -1, with ¢ = 1,..., N. The portfolio return is r,; = 2115\7:1 Wi —1Ti,¢, Where 744
is the return on the ith fund on month t. At moment ¢, just prior to rebalancing, the actual weight
of the ith fund in the portfolio is w; ;- = ws,t—1 lli:;’; The required rebalancing at time ¢ is equal to
wi,t — W, ;—, where w; ¢ is the new weight for fund i ﬁsing time ¢ information.
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excess returns and five-factor alphas. However, the abnormal returns disappear when the
momentum factor is accounted for. With transactions costs of 2%, long-short strategies
based on any of the ex ante performance measures lead to unprofitable results what-
ever performance measure is considered. Similar conclusions hold for value weighted
portfolios.

[Insert Table 10 here]

4.4 Alternative portfolio cut-offs and rebalancing periods

For robustness purposes we also form portfolios with different cut-offs: considering the
top 30%, the middle 40% and the bottom 30% performing funds. The results in Table
11 show that the differences between top performing and bottom performing funds are
lower compared with those obtained with the decile portfolios, as expected. Compared
with the results of Table 4, there is also slight less evidence of performance persistence
for equally weighted portfolios and almost no evidence of persistence in the case of value
weighted portfolios when using alphas from the four factor model.

[Insert Table 11 here]

So far, the results considered monthly rebalancing of the portfolios. We also analyze
the results obtained with an annual rebalancing strategy. Each year (end of June),
funds are ranked according to their performance over the previous 60 months and decile
portfolios of funds are formed. The composition of the portfolios is then maintained
until June of the following year. The ex post performance results (excess returns, four-
factor and five-factor alphas) of the differences portfolios between the top (decile 10)
and bottom (decile 1) performing funds, considering annual rebalancing, are reported in
Table 12.

[Insert Table 12 here]

Comparing the results in Table 12 with those reported in Table 4, we observe lower
excess returns and alphas and clearly much less evidence of abnormal returns from
investment strategies exploiting performance persistence. In fact, abnormal returns (at
the 5% level) hold mainly for the equally weighted portfolios and when performance
is measured with the four-factor alpha. For value weighted portfolios only ERVaR-NG
seems to exhibit predictive ability of future performance. These findings suggest that
performance persistence is more concentrated in smaller size funds. The fact that the
five-factor alphas are no longer statistically significant confirms that the evidence in
favor of performance persistence for monthly rebalancing with this model is mostly due
to the short-term momentum effect.

With regards to the question of whether using different risk-adjusted performance
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measures to rank funds is relevant, the unreported results for the extreme portfolios
(deciles 1 and 10) are similar to those obtained with monthly rebalancing, as in most
cases there are no statistically significant differences in performance for any pairs of
performance measures. The few cases in which such differences exist are associated with
the use of RR, AR-CAPM, MPPM and FT(1,1).

To further explore these results we also analyze the ex ante correlations over time
between the Sharpe ratio and the other performance measures. For each year (in June),
we test the null hypothesis that the correlation between the Sharpe ratio and other
performance measures is equal to one (Adcock et al., 2012) and also analyze the cor-
relation between the rankings produced by these performance measures. Unreported
results suggest that some performance measures are more stable than others as far as
the correlation with the Sharpe ratio is concerned. The null hypothesis of unit corre-
lation is rejected in all the years for the RR. With regards to the other measures, the
rejection of the null occurs occasionally. For the ranking correlations, the unreported
results show changes in rank ordering, which is consistent with the findings reported
by Zakamouline (2011) and Ornelas et al. (2012). It is worth mentioning that the RR
also presents the lowest rank correlation with the Sharpe ratio'®. The variability in the
exr ante correlations implies that fund selection will vary depending on the performance
measure used. Overall, however, the ex post performance is not that different for most
of the performance measures.

5 Conclusions

Several papers on the performance of investment portfolios report mixed results on
whether the choice of performance measure matters. In this paper, we investigate the
extent to which the ex ante use of a set of 13 well-known performance measures generates
abnormal ez post performance and whether the performance measure used makes any
difference. The study is based on a dataset of monthly returns of US equity mutual
funds from 1970 to 2014.

For each risk-adjusted performance measure, we analyze the ex post performance of
a strategy of holding decile portfolios formed using fund rankings on that performance
measure. We also investigate the results of a long-short strategy of buying top decile
and selling the bottom decile funds, thus simulating an investment strategy exploiting
persistence in fund performance. The estimates of the performance measures and hence
the constituents of the decile portfolios are recomputed each month. The results show
that decile portfolio performance increases almost monotonically from the worst decile

'8The low correlation between these measures has been documented in some previous studies (Adcock
et al., 2017; Eling et al., 2011), although the reasons pointed out by the authors for that do not fully
explain our results.
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to the best. This indicates that selecting the best funds according to the ex ante val-
ues of a performance measure leads to higher performance ex post. The results of the
long-short investment strategy show that investors exploiting a persistence strategy can
obtain abnormal returns. However, when adjusting for the momentum risk factor, this
outperformance disappears. These results suggest that short term performance persis-
tence is driven by the momentum effect. It is also worth mentioning that the measure
based on normal GARCH risk estimates seems to consistently provide more evidence of
persistence. When considering trading costs, the abnormal excess returns and five-factor
alphas are still observed, but only for the lowest level of transaction costs (0.25% round

trip).

The paper also presents a detailed analysis of the effect of different performance
measures on ex post performance. In general, the results show that the use of alternative
performance measures leads to very similar ex post performance. The main exception is
the Rachev ratio, which is unable to discriminate between the performance of funds in
the dataset used in this study. Portfolios formed using the bottom and top 30% rule and
portfolios formed with annual rebalancing show less evidence of performance persistence,
in particular for value weighted portfolios.

In sum, the results of this study suggest that ex post there is no reason to use any
performance measure other than the Sharpe ratio, even though ez ante there are often
considerable differences in the rankings. If anything, the results of the ERVaR-NG may
support using conditional volatility in a alternative form of the SR. This finding thus
complements those studies that report high correlation, often values of unity or close
to it, of performance measures with the Sharpe ratio. As this is an empirical study, it
is appropriate to note that different results could arise for different datasets of asset or
fund returns. It is well known, for example, that high or even unit correlations with the
Sharpe ratio arise as a result of theoretical properties of the return distributions. These
properties may be satisfied by US mutual funds collectively, but would not necessarily
be met by other datasets.
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Figure 1 — Number of funds per month over the period from December 1969 to March
2014
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Table 1 — Average excess returns over the market benchmark

1 2 3 4 5 6 7 8 9 10

Sharpe 0.6187 0.7147 0.7252 0.7477 0.7623 0.8046 0.8367 0.8536 0.8813 0.9318
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

ERVaR-HS(0.05) 0.6290 0.7143 0.7357 0.7304 0.7771 0.8150 0.8057 0.8552 0.8936 0.9186
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

ERVaR-NG(0.05) 0.6267 0.7081 0.7125 0.7525 0.7373 0.8235 0.8348 0.8558 0.9018 0.9176
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

ERCVaR-HS(0.05) 0.6173  0.7395 0.7222 0.7586 0.7765 0.7883 0.8334 0.8626 0.8455 0.9270
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

ModSortino 0.6254 0.7103 0.7342 0.7480 0.7627 0.8287 0.8254 0.8607 0.8548 0.9265
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00) (0.00)  (0.00)  (0.00)

FT(1,1) 0.6276 0.6964 0.7396 0.7562 0.7417 0.8167 0.8355 0.8711 0.8591  0.9300
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

FT(1,2) 0.6393  0.6850 0.7721 0.7695 0.7240 0.8234 0.8357 0.8615 0.8567 0.9055
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

RR(0.05,0.05) 0.7691 0.7724 0.8096 0.7566 0.7762 0.7953 0.7933 0.8279 0.7975 0.7713
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00) (0.00)  (0.00)  (0.00)

Calmar 0.6157 0.7150 0.7699 0.7566 0.7795 0.8158 0.8310 0.8878 0.8174 0.8869
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

Sterling 0.6200 0.7375 0.7128 0.7575 0.7716 0.8058 0.8137 0.8612 0.8683 0.9231
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

Burke 0.6147 0.7402 0.7183 0.7658 0.7679 0.8066 0.8325 0.8538 0.8598  0.9142
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

AR-CAPM 0.6101 0.6698 0.7058 0.7659 0.7782 0.8351 0.8631 0.8278 0.9091  0.9064
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

MPPM(3) 0.7041 0.7379 0.7211 0.7820 0.7756 0.7856 0.8240 0.8416 0.8407 0.8693

(0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)  (0.00)

This Table reports mean excess returns over the market benchmark and the corresponding p-values of the paired t-test of the mean
being equal to zero for equally weighted decile portfolios of funds ranked according to the different risk-adjusted performance measures.
The t-test is performed with heteroscedasticity and autocorrelation consistent standard errors following Newey and West (1987, 1994).
The market benchmark is US market return available on the Professor Kenneth French webpage. Portfolios are rebalanced monthly.
ERVaR-HS and ERCVaR-HS are computed on the basis of a VaR and CRVaR using historical returns and numerical integration; and
ERVaR-NG is computed based on parametric VaR using a normal-GARCH model. Decile 1 corresponds to the bottom performing
funds and decile 10 to the top performing funds. Both mean excess returns and p-values are expressed in percentage. Values reported
in bold are statistically significant at the 5% level.
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Table 2 — Four-factor alphas for equally weighted portfolios

1 2 3 4 5 6 7 8 9 10

Sharpe -0.1671 -0.1217 -0.1053 -0.0958 -0.0854 -0.0708 -0.0614  -0.0358  -0.0155  0.0467
(3.11)  (3.90)  (4.00) (5.65)  (3.38)  (12.12)  (17.85)  (44.12)  (76.00)  (34.82)

ERVaR-HS(0.05) -0.1574 -0.1128 -0.1097 -0.0990 -0.0762 -0.0550 -0.0921  -0.0219  -0.0121  0.0213
(4.52)  (4.72)  (3.15)  (3.56) (8.07)  (18.05) (5.07)  (61.75)  (81.56)  (67.70)

ERVaR-NG(0.05) -0.1636 -0.1320 -0.1236 -0.0912 -0.0987 -0.0616 -0.0674 -0.0268  0.0099  0.0380
(1.79)  (1.78)  (1.27)  (3.52)  (1.39)  (21.74)  (13.05)  (54.23)  (84.02)  (42.75)

ERCVaR-HS(0.05) -0.1616  -0.1051 -0.1138  -0.0775  -0.0654 -0.0879  -0.0495 -0.0431  -0.0532  0.0384
(3.89) (7.20)  (3.39)  (11.63)  (13.74)  (3.70)  (26.82)  (31.51)  (26.75)  (50.31)

ModSortino -0.1561 -0.1284 -0.1009 -0.0863 -0.0844 -0.0496 -0.0668 -0.0318  -0.0481  0.0398
(4.60)  (3.62)  (4.53) (8.88)  (4.02)  (30.21)  (13.38)  (46.63)  (32.11)  (46.26)

FT(1,1) -0.1539 -0.1355  -0.0926 -0.0818 -0.1130  -0.0535 -0.0674 -0.0170  -0.0361  0.0369
(4.90)  (3.02) (7.53)  (12.02)  (0.44)  (26.39)  (13.94)  (70.98)  (47.60)  (48.07)

FT(1,2) -0.1623 -0.1434  -0.0598  -0.0778 -0.1133  -0.0407 -0.0486  -0.0285  -0.0440  0.0052
(3.38)  (1.62)  (25.18) (11.37)  (0.60)  (38.90)  (26.94)  (52.36)  (32.03)  (92.95)

RR(0.05,0.05) -0.0815  -0.0820  -0.0375  -0.0791  -0.0625  -0.0643  -0.0639  -0.0574 -0.1083  -0.0835
(20.13)  (19.63)  (50.22) (9.28)  (21.47)  (18.45)  (21.01)  (26.66)  (1.82)  (19.60)

Calmar -0.1666 -0.1301  -0.0771  -0.0883 -0.0658 -0.0605 -0.0679  0.0020  -0.0696  0.0098
(2.59)  (3.43)  (15.41) (7.41)  (14.65)  (19.33) (9.90)  (96.47)  (12.91)  (86.85)

Sterling -0.1587  -0.1082 -0.1242  -0.0797  -0.0666  -0.0744  -0.0786  -0.0245  -0.0377  0.0361
(4.11) (7.17)  (0.97)  (13.34)  (11.07) (8.78) (7.38)  (56.99)  (42.23)  (49.99)

Burke -0.1636  -0.1081 -0.1172  -0.0691 -0.0780  -0.0767  -0.0495 -0.0405 -0.0454  0.0314
(3.32) (7.29)  (2.64)  (18.21) (7.88) (8.65)  (27.73)  (31.97)  (34.82)  (57.99)

AR-CAPM -0.1716 -0.1262 -0.1173  -0.0758 -0.0799  -0.0669  -0.0311  -0.0854  0.0147  0.0211
(0.48)  (3.25)  (2.31)  (17.72)  (11.34)  (17.91)  (54.34) (7.46)  (76.95)  (66.38)

MPPM(3) -0.1336  -0.0967 -0.1257  -0.0631  -0.0504  -0.0678  -0.0577  -0.0466  -0.0349  -0.0277
(10.39)  (13.88)  (2.31)  (19.54)  (24.95) (9.19)  (21.92)  (25.30)  (41.54)  (60.46)

This Table reports the Carhart (1997) four-factor alphas and the corresponding p-values of the t-test of alpha being equal to zero
for equally weighted decile portfolios of funds ranked according to the different risk-adjusted performance measures. The reported p-
values are based on standard errors corrected for the presence of autocorrelation and heteroscedasticity using the procedure suggested
by Newey and West (1987, 1994). Portfolios are rebalanced monthly. ERVaR-HS and ERCVaR-HS are computed on the basis of a
VaR and CRVaR using historical returns and numerical integration; and ERVaR-NG is computed based on parametric VaR using a
normal-GARCH model. Decile 1 corresponds to the bottom performing funds and decile 10 to the top performing funds. Both alphas
and p-values are expressed in percentage. Values reported in bold are statistically significant at the 5% level.
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Table 3 — Five-factor alphas for equally weighted portfolios

1 2 3 4 5 6 7 8 9 10

Sharpe -0.2150 -0.1328 -0.1249 -0.1334 -0.1013  -0.0645 -0.0686  -0.0415 -0.0142  0.0666
(0.13)  (1.34)  (0.29)  (0.31)  (0.97) (15.80) (15.09)  (39.07)  (79.51)  (22.90)

ERVaR-HS(0.05) -0.2060 -0.1169 -0.1321 -0.1218 -0.0727 -0.0777 -0.1031  -0.0383  -0.0230  0.0580
(0.07)  (1.76)  (0.20)  (0.63) (9.15) (6.97)  (3.52)  (43.64)  (67.23)  (29.59)

ERVaR-NG(0.05) -0.1644  -0.1080 -0.1258 -0.1191 -0.1281 -0.0702  -0.0847 -0.0517  -0.0081  0.0254
(1.69) (5.79)  (0.65)  (0.29)  (0.09)  (13.82) (6.76)  (29.24)  (88.09)  (64.75)

ERCVaR-HS(0.05) -0.2336 -0.1064 -0.1388 -0.1251 -0.0845 -0.0935 -0.0570  -0.0371  -0.0575  0.0962
(0.04) (3.12)  (0.15)  (0.57)  (4.47)  (2.36)  (20.84)  (45.43)  (26.85)  (11.67)

ModSortino -0.2156 -0.1408 -0.1266 -0.1433 -0.0997 -0.0592 -0.0673  -0.0300  -0.0440  0.0965
(0.10)  (0.73)  (0.24)  (0.14)  (0.82)  (2247) (15.78)  (54.63)  (41.75) (8.26)

FT(1,1) -0.2054 -0.1485 -0.1160 -0.1236 -0.1406 -0.0560 -0.0666  -0.0172  -0.0341  0.0762
(0.17)  (0.65)  (0.61)  (0.71)  (0.05)  (23.81) (15.61) (70.59)  (52.84)  (16.59)

FT(1,2) -0.2277 -0.1775 -0.0898 -0.1197 -0.1506 -0.0450 -0.0547 -0.0139  -0.0294  0.0763
(0.03)  (0.08)  (4.23)  (0.88)  (0.03) (31.92) (21.71)  (77.50)  (57.40)  (20.39)

RR(0.05,0.05) -0.1066 -0.1175 -0.0908 -0.1414 -0.1110 -0.1109 -0.1044  -0.0682 -0.0546  0.0694
(527)  (2.75)  (4.84)  (0.20) (1.86)  (1.07)  (1.70)  (13.48)  (19.24)  (20.88)

Calmar -0.2397 -0.1577 -0.1034 -0.1394 -0.0898 -0.0749 -0.0684  0.0073  -0.0505  0.0860

(0.03)  (0.18)  (2.18)  (0.28)  (2.31)  (10.54)  (14.40)  (87.36)  (31.42)  (17.47)

Sterling -0.2187 -0.1122 -0.1407 -0.1186 -0.0799 -0.0883 -0.0774 -0.0361  -0.0379  0.0745
(0.11)  (2.74)  (0.09)  (1.46) (5.08)  (4.09) (8.48)  (47.09)  (48.06)  (18.90)
Burke -0.2294 -0.1174 -0.1382 -0.1175 -0.0935 -0.0859 -0.0534  -0.0401  -0.0445  0.0857
(0.05)  (2.32)  (0.12)  (1.18)  (3.67)  (3.91) (25.77)  (38.08)  (40.06)  (15.59)
AR-CAPM -0.2189 -0.1646 -0.1481 -0.1201 -0.0953 -0.0571  -0.0224  -0.0797  0.0322  0.0411
(0.01)  (0.14)  (0.05)  (1.29)  (2.85)  (22.61)  (64.67)  (11.43)  (54.44)  (42.61)
MPPM(3) -0.1558 -0.1654 -0.1850 -0.1445 -0.1089 -0.0890 -0.0703  -0.0252  0.0080  0.1149

(2.51)  (0.95)  (0.02) (0.19)  (1.04) (1.62) (16.17)  (57.56)  (86.45) (5.50)

This Table reports the Fama and French (2015) five-factor alphas and the corresponding p-values of the t-test of alpha being equal to
zero for equally weighted decile portfolios of funds ranked according to the different risk-adjusted performance measures. The reported
p-values are based on standard errors corrected for the presence of autocorrelation and heteroscedasticity using the procedure suggested
by Newey and West (1987, 1994). Portfolios are rebalanced monthly. ERVaR-HS and ERCVaR-HS are computed on the basis of a
VaR and CRVaR using historical returns and numerical integration; and ERVaR-NG is computed based on parametric VaR using a
normal-GARCH model. Decile 1 corresponds to the bottom performing funds and decile 10 to the top performing funds. Both alphas
and p-values are expressed in percentage. Values reported in bold are statistically significant at the 5% level.

24



SH-HRADYUH Pu® SH-YBAMH “A[qjuouw pooue[eqol oIe SOI[0J}I0]

‘[9Ad] %G 911 e JuedYIUIIS A[[BD19S11e)S aIe p[Oq Ul
pejrodeix senjep -e3ejuediad ul pessaidxe ate senfea-d Surpuodseiliod I19y) pue seydle ‘suinjgel sseoxy ‘seyd[e 1070e]-Inol (LEET) 1IRYIR)) pue
seyde 1090e]-2AY (GTQZ) YOUSIL] PUR W, ‘SUINISI $S90X0 Aq painsesw s oouewiojrad gsod gy ‘[opow HOYVYH-Tewiou e Suisn e orrjowered
uo peseq pojnduiod st HN-YRAHH PU® ‘{UOIjeISojUl [RIIIOWINU PpUR SUINISI [BDIIIOISIY JUlsn YeAYD pPur YeA ® JO siseq oy} uo pajynduwod oie

‘seanseowr aduewLIojrod pajsnlpe-3ysi1 juaieyip oY) Surreprsuod (T(]) spunj

Surmrojred wrojjoq oYy pue (QTg) spuny Sururrojiaod doj a3 usemiaq soijojyiod seduaIsfIp o1} jo aoururiojiod jsod za oYy sjprodar o[qe], SIY,T,

(6g'c¥) €880°0 (zo'g) 80120 (Fe'81) TL¥TO (62'6)c  650T°0 (8%°'1) 0.2°0 (8%'IT) 29910
(L2'8) 98810 (¥1°0) €1TZO (,0'0) <g¥zTCTO (vz'z) LzZ6T'0 (IT°0) 009Z°0 (to'o) €962°0
86°CT  S€9T°0 (1e'0) ®¥62T'0 (9°'1) 90%Z0 (L6°G) 0S6T°0 (e1°0) TSIEO (T1°0) 9662°0
67 FT  6LST0 (L¥°'0) <0820 (92°'1) TZ¥TO (F1°9) 8¥6T°0 (61°0) T€6ZT'O (80°0) T€OE'0
$9'GT  TEST0 (0°0) og¥eo (61°2) €6TTO (F€'6) F9LT0 (¥1°0) 49C€0 (67°'0) 21420
$1°GL  86T0°0- (L¥'6) OFFT 0 (88'26) SL00°0- (82'8)6 0T0O00- (re'z) 0921°'0 (6£°16) €T000
g'gT  TI9¥T0 (60°0) TO0%°0 (zz'1) e66gz2°0 (0T°0)T SL9T°0 (zt'0) oO%0g°0 (gg'0) z99zZ0
PR S 2 AN (16'0) o¥ez0 (z9'1) <6120 (€9'9) 806T°0 (gg'0) L1820 (60°0) €z0€'0
LS°LT  TSPTO (T$¥'0) <gzTLT0 (¢6°'1) TTIECTO (LL8) 6S6T°0 (eT°0) TTIEO (ot'0) TTOEO
686 9TLT0 (80'0) ot1zg0 (48°0) 8920 (€2°g)  000Z°0 (60°0) 6220 (60°0) 60€2°0
(z8'1) 9€02°'0 (I¥'¥) 020Z'0 (61°0) 41820 (86'1) 9102°0 (Tz'g)  L68T0 (g1°'0) 6062°0
6£°GT  ISFIO (21°'1) €I%CO0 (8'0) e6¥PC0 (#8'9)  18LT°0 (6%'0) 6€92°0 (80°'0) 968%Z°'0
66°L L8910 (29°0) 1€SCT0 (g9'0) 66%Z°0 (89'z) 8g1TO (og'0) 91820 (v0'0) TEICO
seydre seydre seydre seydre

1030%3-1n03 (L66T)
jreqre) 1d-01d

1030®3-0AY (GT0T)
youoaig pue

ewred 1d-0TA

SUINGSI SSOIXD
ues]N TA-0TA

1030%3-110] (L66T)
jreqre) 1d-01d

1030®3-0AY (GT0T)
youoaig pue

rvwred 1d-0TA

SUINGSI SSOIXD
ues]N TA-0TA

sorjoj3rod palySrom anpep

so1[ojjiod pajy3tem A[renby

(e)INddIN
INAVD-HV
@M.HSMH

Surprelg

h,ﬁaﬁmo
(g0°0‘c0’0)¥Y
(z‘1)14

(1'1)34d
OUI}I0SPOIN
(50'0)SH-YBADYA
(S0°0)DON-HBAHH
(G0°0)SH-"eAHHd
adieyg

Sumueeqal Aqyjuowt :spunj Sururiogad (T() woljoq oy pue (O1(]) doy oY) usemjoq soueuriofrod 2sod To Ul S9OULIOPI(] — § O[qRL,

25



‘[9A9] %G oY} e JuedyruSis A[[edI3siye)s aIe poq ur pajroder senyep -ofejusoiad ur passardxe
are senyea-d pue seyde yjog ‘[opowr HOYYO-[euIou e Suisn e oujowered uo paseq pajndwod st HN-HBAYH PUR {UO0I}eISeIUl [€d[I0WNU PUR SUINJSI [BDII0ISIY SUlsn YeA D Pue HeA
e jo siseq oy} uo pajndwod are SH-HYRADYUH PUe SH-YBAMH A[yiuow padue[eqal aIe sol[0j1iod (V66T ‘L86T) 1S9A\ Pue AomoN SUIMO[[0] SIOLIS PIepUR)S JUIISISUOD UOIJR[SIIOD0INE pUR
£31019sRPads0Ia)ay Yym pauriojrad st 3s93-3 oy, "(T °[109p pajySrem A[renbs) spunj Surwiojrod wojjoq ayj SULISPISUOD (SUI] Ul INSBAW SNUIW UWN[OD Ul SINSBOUWI) sainsesw adoueuriojrod
jo ared yoee usamjoeq sorjojjiod sedualoyip o1} 10J oilsz o3 [enbe Jureq urew oYy} jo 3s03-3 paired oy jo senjea-d Surpuodsallod o1} pue SUINGDI SSEOX0 uwew oyj sjpiodoal a[qe], SIYJ,

(ov'6) - - - - - - - - - - -

0v60°0 NdVO-dV
(g2°L) (96°06) - - - - - - - - - -

¥680°0 9%00°0- oIng
(¢6°8) (¢e708) (te72e) - - - - - - - - -

0%¥80°0 00100~ €200°0- Surgresg
(6£°6) (68°88) (ev'v6) (96°gL) - - - - - - - -

£880°0 9500°0- 0100°0- £700°0 Teuwen
(18°08) (80°0) (z2'0) (g€'0) (92°0) - - - - - - -

0990°0- 06ST°0- PYSI0- 06%1°0- PEST 0 (50°0°c0°0) WY
(z0°22) (er'19) (08°8¢) (11°09) (L9°2¥%) (zg'0) - - - - - -

L¥90°0 26300~ 91300~ €6T0°0- 9£80°0- L6TT°0 (z‘1) T4
(90°01) (68'79) (tg'g¢) (86°L7) (95°29) (zv°0) (86°69) - - - - -

$920°0 9,700~ 62T0°0- 9.00°0- 61T0°0- PIPI0 L110°0 (T'1) T4
(e¥°01) (g0°02) (89°92) (12°09) (96°8%) (9%°0) (66°19) (80°€8) - - - -

18L0°0 €8T0°0- L010°0- £500°0- 16000~ LEVT'0 68100 €200°0 ou1110§POIN
(¥2'8) (¥6°98) (26°29) (g8°%%) (06°06) (z°0) (ev'¥¥) (91°1%) (¢z'6%) - - -

L980°0 2L00°0- 9200°0- 12000 9100°0- STIST'0 0220°0 €0T0°0 1800°0 (¢0°0) SH-YRAOHH
(69°11) (ve°69) (08°29) (¥1°89) (¥T°1L) (z8'0) (g802) (62°76) (69°76) (95°29) - -

¥LL0°0 9910°0- 0210°0- 9900°0- 60T0°0- vZYI0 L210°0 0100°0 £100°0- £600°0~ (50°0) DN-UeAUH
(te°11) (69°99) (¢1°€8) (86°1¢) (2%°29) (9g°0) (00°12) (¢%°26) (89°18) (82°1%) (99°06) -

15L0°0 6810°0- €V10°0- 6800°0- €€T0°0- T0¥1°0 £0T0°0 £100°0- 9€£00°0- L110°0- £200°0~ (50°0) SH-YeAMH
(¥9°9) (19°28) (¥¥-€L) (64°68) (e1°28) (2z°0) (8¢°¥¥) (8%°92) (e1°9%) (99°06) (15°99) (06°2¥)

7980°0 9800°0- 0%00°0- ¥100°0 0£00°0- $0ST0 1020°0 060070 1900°0 ¥100°0- 0800°0 €0T0°0 adreyg
(E)INddIN ~ INAVD oxang Surrelg rewe) (¢0°0°60°0)¥Y  (T)LdA (T'r)La  ounogpol  (g0°0)SH  (S0°0)ON  (S0°0)SH

av “HeADYH  -YeBAYH “HeAdH

(1) spunj Sururiogred wo))oq I0] sornseoswr souruLIojad Jo sired usom)aq so10§310d SEOUSIOPIP 1) JO STLINJOI SSIXO WD — G O[(R],

26



‘[OA9] %G O3 je JurOYIUSIS A[[edIjsije)s aie pjoq ul pejiodea senjep -o3ejusdiad ur pesserdxe
axe sanfea-d pue seydle yjog ‘[epow HOYVOH-[ewiou e Suisn e durpowrered uo paseq pajnduiod st HN-YEAHH PU®R {UOI1RISoJUl [EDLISWNU PUB SWIN}SI [BDIII0ISIY SUISN YeAYD PUe YeA
® jo siseq oy} uo pajndwod a1e SH-YRADYH PU® SH-HBAYH A[yiuouwl paour[eqal oI1e soI[0j1iod “(F¥66T ‘L86T) 1S9A PUeR AomoN SUIMO[[0] SIOIId PIRPUR]S JUIISISUOD UOIJR[OIIODOINE pUR
A310195@POOsS0I93eY [jim poawiojiad st 9s93-3 oy, (T o[109p poyyStem A[renbe) spunj Surmiojiod doj oY} SUIIOPISUOD (SUI] UI 9INSBOW SNUIWI UWN[OD Ul SINSBIUW) SOINSRIW oduewiojrod
jo ared yoee uoamyaq sorfojprod seouaIafIp oY} I0J oioz 0} [enbsa Sureq ueew oY) jo 31s99-) paired ayj jo sonyea-d Surpuodsallod oY) pPuUR SUWINJDI SSIOXD UeawW oY) syrodal a[qe], SIYJ,

(zgL8) - - - - - - - - - - -

1.£0°0- INdVO-9V
(¥9°02) (gg7€L) - - - - - - - - - -

0S70°0- 6,00°0~ asang
(60°LT) (19'1%) (PSv¥%) - - - - - - - - -

6£90°0- 8910°0~ 6800°0~ Suire)g
(95°29) (s5°29) (28'8) (9g°€1) - - - - - - - -

9L10°0- $610°0 £L20°0 29£0°0 Tewye)
(62°6) (87°2) (sv'1) (zo'1) (21'%) - - - - - - -

0860°0 09€T'0 (14 a] 8TST 0 9GTT 0 (50°0°60°0) ¥4
(69°2¢€) (11°86) (z6°5L) (12°09) (¢e'z9) (6%°0) - - - - - -

29£0°0- 8000°0 L800°0 9L10°0 9810°0- ZveT o- (‘1) 14
(g9°21) (86°61) (¢¥°07) (¥1°29) (8%°91) F1°1) (6L°8%) - - - - -

L090°0~ 9€20°0~ LE10°0- 8900°0~ 0€70°0~ 98ST1°0- 9200~ (1°7) 1.4
(gg701) (8z°e€) (8¢°81) (Lg7TL) (£2°9) (68°0) (98°8%) (29°28) - - - -

TLS0°0" 2020°0~ €210°0- $£00°0- 96£0°0~ ZgST 0" 0120°0~ $£00°0 our110gpPOIN
(t9'01) (9g°2v) (¥5°6) (69'9L) (68°'1) (zo'1) (L1°87) (22°68) (L1°96) - - -

L180°0- 1020°0- 8210°0- 6£00°0~ 10%0°0- LGST 0 G120°0~ 6200°0 G000°0~ (50°0) SH-YBADYH
(6%°62) (L1°99) (2%°06) (vg-z8) (12°6¢€) (22°2) (8g°22) (62°L¥) (8¥°€L) (90°92) - -

€870°0- T110°0- ££00°0- 9500°0 90€0°0~ Z9¥T'0- 0210°0~ $210°0 0600°0 $600°0 (50°0) DN-"dBAYH
(¢T°12) (69°29) (¥%°18) (ze¥vL) (e8°72) (¥6°1) (L1°89) (95°9%) (zz°09) (¥8°79) (¥9°96) -

£670°0- Te10°0- £700°0- 9%00°0 91€0°0~ eLYT 0" 1€10°0- F110°0 6,00°0 $800°0 0100°0~ (¢0°0) SH-YeAYH
(L9e1) (61°6T) (gL82) (6€°6%) (z8°6) (z9'1) (g0°2¥%) (8L°g8) (90°69) (9L°8L) (12°6%) (91°82)

8%90°0~ $520°0- GLTO0'0- 9800°0- 87700~ S091°0- £920°0- 81000~ £500°0- L%00°0- THT0°0- TET0°0- adreyg
(&)INddIN ~ INAVD oxang Suipaeg rewre) (60°0°60°0)9Y (T)Ld (T'T)La  ountogpoiN  (S0°0)SH (¢0°0)ON  (S0°0)SH

av “HEADYH  -"RAYH “HeAYH

(01@) spuny Sururiojred doy 10j seanseswr sourULIO}Ad Jo sited Usom)aq SOI[0J1I0d SEDUSISPIP O[] JO STINJAI SS9OX0 WS — 9 9[qR],

27



[9A9] %G oY1} e jueoyruSis A[[eo13sije)s a1e p[oq ul pajroder sonfep -o8ejuediod ur passardxs ore sonfea-d pue seydye yjog ‘[Ppow HOYVYOH-[BUWIOU
e Sursn ygeA oujewered uo paseq paindwod ST HN-YEAHH PUR ‘{U0rjeiSojul [edlIoWnU pue SWIngal [ed1103siy Suisn JYeAyD pue YeA © Jo siseq oY) uo pajndwod are SH-YRADYHH pue
SH-MBAMH ‘A[yiuow peoueeqal are sorojriod (7661 ‘L86T) 1S9M pue AomoN Aq poajseS3ns aunpodsord ayg Suisn £31011SePIOSOI9I9Y PUR UOIJR[III0D0INE JO 90U9saId 9Y} I10] PIJOII0D SIOLID
piepuels uo poseq are sonjea-d pejrodar oyJ, ‘(T o[op pojySrem A[enbs) spunj Surwrojred wojjoq 9yj SUIISPISUOD (SUI[ Ul SINSEBIW SNUIW UWN[OD Ul 9INSEBOW) SdINseow souewioyiad jo
ared yoes usomiaq sorjojprod s9OULISYIP 9Y) 10 019z 01 [enbe Suteq eydye oYy jo 1s99-3 oYy jo sonjea-d Surpuodsariod oYy pue seyd[e 1030e]-InoJ (LEGT) Ieyie) oyj syiodex o[qe], SIYT,

(0La¥) - - - - - - - - - - -

08€0°0 NdVO-dV
(18°8%) (80°18) - - - - - - - - - -

00£0°0 0800°0- oxIng
(9°¢9) (zg02) (s¥°1%) - - - - - - - - -

1520°0 62100~ 670070~ Suireyg
(e¥'v¥) (L0°88) (82°98) (Lg°19) - - - - - - - -

0€€0°0 0500°0- 0£00°0 6,00°0 Tewe)
(e¥°1%) (19'%) (92°01) (9¢°€1) (12°6) - - - - - - -

1250°0- 1060°0- 1280°0- TLLO 0 1680°0- (g0°0°60°0) ¥y
(£8°79) (67°08) (86°96) (10°68) (¢¥°L8) (81°9) - - - - - -

18200 £600°0- £100°0- 9€00°0 £700°0- 8080°0 (z‘1) 14
(z9°€9) (¥£°09) (62°8%) (06'99) (g0°6%) (12'%1) (62°1L) - - - - -

£0%0°0 LL10°0- 160070~ 8700°0- 1210°0- ¥2L0°0 ¥800°0- (1'1) 1A
(19°69) (L£°99) (P1°2¥%) (86'7L) (52°09) (2sv1) (L0°08) (¢9°18) - - - -

92200 GgT0°0- GL00°0- 9200°0- S0T00- 9v2.0°0 2900°0- 2g00'0 our1I0gpo
(98°09) (86°9L) (£5°92) (8€°89) (zLw2L) (zzTT) (68°L6) (£8°29) (12°99) - - -

0820°0 00T0°0- 0200°0- 6200°0 0200°0- 1080°0 10000~ LL00°0 G500°0 (¢0°0) SH-"RADYHA
(6£°9%) (L8°08) (88°66) (¥8°6L) (65°88) (¥8°6) (¥1°96) (g8°69) (82°12) (¢%°26) - -

00£0°0 0800°0~ 000070~ 8%00°0 0£00°0- 0T80°0 £€100°0 160070 $L00°0 0200°0 (50°0) DN-dBAYH
(91°29) (gL02) (¥6°09) (£6°06) (10°99) (zg's1) (e8'%8) (L9°22) (ze26) (z1°12) (e¥°LL) -

8€20°0 TV10°0- 2900°0- £100°0- %600°0- 68L0°0 6700°0- Q£00°0 £100°0 T¥00°0- 2900°0~ (50°0) SH-Y=AMH
(62°2¥) (ve-68) (00°92) (61°6€) (z2°L6) (¢€°6) (L8°€8) (g9°01) (¢9°21) (9£°99) (re-g8) (08°1%)

gE€0°0 8%00°0- S£00°0 #800°0 S000°0 98800 87000 ZE€10°0 01100 SS00°0 G£00°0 L600°0 adreyg
(E)INddIN ~ INAVD aang Burpierg rewe) (¢0°0°¢0'0)¥Y  (2'1)Ld (I'‘D)La ounaogpoiN  (20°0)SH (¢0'0)DN  (¢0°0)SH

v “HRADYH  -dRAYH “HRAbH

(1@) spunj Sururiojrad w0)j0q I0j sanseawt soueuLIofIad Jo sired Usam)aq sor[0j110d sedULISHIp oY) Jo seyd[e 1010v}J-IN0J (L66T) HeYIR)) — ), 9[qR],

28



[9A9] %G oY1} e jueoyruSis A[[eo13sije)s a1e p[oq ul pajroder sonfep -o8ejuediod ur passardxs ore sonfea-d pue seydye yjog ‘[Ppow HOYVYOH-[BUWIOU
e Sursn ygeA oujewered uo paseq paindwod ST HN-YEAHH PUR ‘{U0rjeiSojul [edlIoWnU pue SWIngal [ed1103siy Suisn JYeAyD pue YeA © Jo siseq oY) uo pajndwod are SH-YRADYHH pue
SH-MBAMH ‘A[yiuow peoueeqal are sorojriod (7661 ‘L86T) 1S9M pue AomoN Aq poajseS3ns aunpodsord ayg Suisn £31011SePIOSOI9I9Y PUR UOIJR[III0D0INE JO 90U9saId 9Y} I10] PIJOII0D SIOLID
plepue}s uo paseq oie senjea-d pejrodex oy, ‘(0T o[0op pojySom A[renbs) spunj Surmioyriod dojg oy SUIISPISUOD (SUI[ UI 9INSBOW SNUIW UWN[OD UI 9INSBOWI) sainsesaw souewiojrad jo
ared yoes usomiaq sorjojprod s9OULISYIP 9Y) 10 019z 01 [enbe Suteq eydye oYy jo 1s99-3 oYy jo sonjea-d Surpuodsariod oYy pue seyd[e 1030e]-InoJ (LEGT) Ieyie) oyj syiodex o[qe], SIYT,

(zz'61) - - - - - - - - - - -

8870°0- NdVO-dV
(tg'01) #9'v9) - - - - - - - - - -

1650°0~ €0T0°0- oxIng
(¥¥°8) (gg°g¥) (ge'12) - - - - - - - - -

8€90°0- 05100~ 970070~ Surresg
(8¢°1¢8) (£2°99) (e1°8) (gg'61T) - - - - - - - -

GLE0°0- £170°0 9120°0 2920°0 Tewe)
(0s°g€) (11°2) (z8'€) (o1'%) (65°6) - - - - - - -

8550°0 9¥01°0 6%1IT°0 96T1°0 £€60°0 (g0°0°60°0) ¥y
(81°9%) (,9°09) (00°z2) (¥8°22) (29°78) (89°9) - - - - - -

62£0°0- 69100 29200 60£0°0 97000 1880°0- (z‘1) 14
(65°9) (g9'18) (08°gL) (96°96) (82°62) (19'%) (zsve) - - - - -

L¥90°0- 89100~ §200°0- 6000°0- 1.20°0~ g0Z1°0- 81£0°0- (1°7) 1A
(19°9) (¥9°9¢) (cL718) (65°€L) (18'9) (86°'2) (g9'v1) (66°98) - - - -

G190°0~ 1810°0- £800°0- L€00°0- 66500~ £€T1I°0- €00~ 8200°0- ouIIogPOIN
(£%°9) (c¥ 97) (e¥'7%) (L¥'¥8) (¢8°9) (2g°8) (1%°81) (12°%6) (79°88) - - -

1990°0~ €LT0°0- 0L00°0- £200°0- 982070~ 61Z1'0- TE€E0°0- $100°0- $100°0 (50°0) SH-¥RADYH
(¢6°1T) (2z'cg) (ge°€8) (59°76) (92°2%) ¥1°9) (9%°L8) (85°96) (12°96) (¥1°66) - -

1590°0- 69100~ 990070~ 610070~ 28800~ gTTI 0~ 82€0°0- 1100°0~ 8100°0 #000°0 (50°0) DN-gBAYH
(6€°02) (0%°66) (91°99) (ge-ge) (¥z-oL) (0€°6) (1€°19) (1v°g¢€) (ve8e) (961%) (19°6%) -

06%0°0- 2000°0- %0100 87100 ¥110°0- S¥0T°0- 1910°0- LGT10°0 G810°0 1LT0°0 L910°0 (50°0) SH-Y=AMH
(68°%) (91°22) (68°6¢) (vg-8¥) (6¢°g1) (z6°€) (Lyv1) (g1°9¢) (2z°99) (92°%9) (e5°L9) (80°6)

P¥L0°0- 9920°0- €28T0°0- 9010°0- 69£0°0- Z0ET 0- ST170°0- 1600°0- 6900°0~ £800°0~ 1800°0- %520°0- adreyg
(E)INddIN ~ INAVD oxang Surresg rewe) (¢0°0°¢0'0)¥Y  (2'1)Ld (T‘1)La  ounytogpo  (S0°0)SH (¢0'0)DN  (¢0°0)SH

v “HRADYH  -dRAYH “HRAbH

(01@) spunj Sururiojred dojy 10J seansesw soueuLIo}ad Jo sired usamiaq sorjojprod sedusIPIP a3 Jo seydle 1030v]-MOJ (LEET) MeYIe) — § SR,

29



Table 9 — Turnover for equally weighted portfolios: monthly rebalancing

Sharpe
0.0919 0.1178 0.1344 0.1426 0.1425 0.1441 0.1374 0.1303 0.1086 0.0809

ERVaR-HS(0.05)
0.0951  0.1186  0.1380  0.1431 0.1423  0.1442  0.1383 01320  0.1114  0.0839

ERVaR-NG(0.05)
0.0990 0.1252 0.1408 0.1485 0.1466 0.1491 0.1428 0.1354 0.1172 0.0915

ERCVaR-HS(0.05)
0.0924 0.1180 0.1349 0.1430 0.1416 0.1444 0.1407 0.1291 0.1124 0.0834

ModSortino

0.0929 0.1166 0.1345 0.1429 0.1422 0.1439 0.1383 0.1299 0.1107 0.0812
FT(1,1)

0.0915 0.1176 0.1355 0.1415 0.1413 0.1435 0.1368 0.1284 0.1107 0.0805
FT(1,2)

0.0934 0.1179 0.1341 0.1419 0.1442 0.1451 0.1418 0.1308 0.1106 0.0842

RR(0.05,0.05)
0.0911 0.1180 0.1329 0.1347 0.1357 0.1342 0.1345 0.1268 0.1110 0.0866

Calmar

0.0933 0.1193 0.1363 0.1456 0.1434 0.1468 0.1391 0.1314 0.1129 0.0844
Sterling

0.0930 0.1174 0.1344 0.1407 0.1425 0.1438 0.1384 0.1299 0.1099 0.0826
Burke

0.0927 0.1177 0.1347 0.1421 0.1432 0.1433 0.1388 0.1294 0.1103 0.0835
AR-CAPM

0.0858 0.1103 0.1335 0.1429 0.1442 0.1489 0.1409 0.1303 0.1093 0.0809
MPPM(3)

0.0884 0.1141 0.1294 0.1383 0.1387 0.1428 0.1381 0.1268 0.1074 0.0799

This Table reports the average turnover for different deciles of equally weighted portfolios. Portfolios are rebalanced monthly. Decile 1
corresponds to the bottom performing funds and decile 10 to the top performing funds.
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