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Does the choice of fund performance measure matter?

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 commonly used risk-
adjusted performance measures is applied to a dataset of US equity mutual funds over the period
July 1970 to September 2019. The results show some evidence of short-term performance
persistence, suggesting that portfolios formed on different performance measures ex-ante can
generate abnormal returns ex-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, there is less evidence of abnormal performance. The results
also show that overall there is little difference arising from the use of different performance

measures, but with one notable exception: the Rachev ratio.

1 Introduction

Portfolio performance evaluation is an important and much 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.
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

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 higher moments or co-moments. Research into 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 & Levy, 1975; Kraus & 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 returnst. 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. They are considered theoretically more robust as 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. At the present time there is no consensus about which
risk measure is the most appropriate to incorporate in performance measures and there is an

ongoing debate about whether the choice of such measures matters.

Recent studies have questioned whether the choice of performance measure matters in practice.
The empirical evidence is equivocal. 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 & Faust, 2010; Eling & Schuhmacher, 2007
Eling, 2008). 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 resulting
from the use of different performance measures. Others studies document that it does matter for

some performance measures under consideration (Zakamouline, 2011; Ornelas, Silva Junior, &



Fernandes, 2012; Adcock et al., 2017; Grau-Carles, Doncel, & Sainz, 2019). In particular, both
Zakamouline (2011) and Ornelas, Silva Junior, and Fernandes (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. Such distributions are referred to as location-scale
distributions. The class includes distributions that exhibit asymmetry as well as symmetric forms
of non-normality. As reported in Zakamouline (2011) and Adcock et al. (2017), monotonicity with
respect to the Sharpe ratio can fail if returns follow different location-scale distributions. From a
practical perspective, 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 above are of significant practical importance. Investors
typically pay great attention to fund performance rankings in their investment decisions (Capon,
Fitzsimons, & Prince, 1996), implicitly assuming performance persistence. However, if the
ranking of funds changes according to the performance measure used, portfolios formed on the
basis of these rankings may lead to different future performance. As is well known, the
performance of a portfolio is often very different ex-post from that expected ex-ante. Thus, even
if two or more performance measures are highly correlated when a set of funds is ranked, there is

no guarantee that the ex-ante rankings will correspond to realized performance. In short, does the



similarity of ranking ex-ante lead to similarity of performance ex-post? If there are differences, an
investor would prefer to carry out the ex-ante ranking using a performance measure which led to
superior performance ex-post. This is an important issue that requires further research.
Furthermore, and to the best of our knowledge, this is the first study exploring the persistence of
mutual fund performance using a set of performance measures that are commonly used by

practitioners or reported in the literature or both.

The purpose of this paper is to investigate whether there is any performance measure that is better
able to detect performance persistence and whether different performance measures used ex-ante
result in different portfolio performance ex-post. Although there is extensive empirical evidence
addressing the correlations between different performance measures (for example Eling &
Schuhmacher, 2007), these analyses are static in approach. They ignore the possibility of time-
varying correlations and other changes in distribution and the consequences for ex-post
performance of ranking funds ex-ante. If correlations between the different performance measures
do vary over time, for example, the use of alternative measures may impact ex-post performance.
By simulating investment strategies over time and computing excess returns over benchmark, our
analysis captures the dynamic effect of changing correlations and of changing distributions of

returns.

In this paper, we report the results of a study based on the Sharpe ratio and twelve other
performance measures. According to Cogneau and Hibner (2009a,b) over one hundred
performance measures have been reported in the literature. The ones selected for inclusion in this
paper are a combination of measures that are well-known to practitioners and some that are widely
considered in the literature. As the results in Section 4 show, most of these measures lead to similar

performance characteristics ex-post. Inclusion of measures that are less well-known to



practitioners serves to remind that use of new or ostensibly different performance measures should
be done with care and after investigation. A second reason for covering a number of measures is
that 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 example,
Hendricks, Patel, and Zeckhauser (1993), Brown and Goetzmann (1995), Elton, Gruber, and Blake
(1996, 2012), Carhart (1997) and Bollen and Busse (2005) document evidence of performance
persistence when ranking funds on the basis of raw returns and abnormal returns (alphas). Some
of these authors find that performance persistence is short-lived (see for example Hendricks, Patel,
& Zeckhauser, 1993; Bollen & Busse, 2005) while others observe performance persistence over
periods longer than one year (Elton, Gruber, & Blake, 1996, 2012). Furthermore, Carhart (1997)
attributes the persistence phenomenon to the momentum effect and observes that persistence is

concentrated in the poor performing funds.

The dataset used in this paper consists of portfolios of US domestic equity funds over the period
July 1970 to September 2019. Each month portfolios of funds are created based on rankings of
funds that result from applying the different risk-adjusted performance measures. The ex-post
performance of these portfolios of funds is measured using excess returns, Carhart (1997) four-

factor alphas and Fama and French (2015) five-factor alphas.

The paper is structured as follows. In section two the risk-adjusted performance measures are
briefly presented and the methodology used to assess ex-post fund performance is described.
Section three presents the data. Section four reports and discusses the empirical results. Section
five concludes. Additional detailed supporting results, such as descriptive statistics, 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 literature and others are commonly
used in practice by fund managers. The best known risk-adjusted performance measure and
probably the most used in practice is the traditional 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 & Black, 1973). More recently, Goetzmann, Ingersoll,
Spiegel, and Welch (2007) develop an alternative to the traditional Sharpe ratio that they call as
the Manipulation 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 performance 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. The list of
measures and accompanying descriptions are presented in an appendix. We use the nomenclature

as in Zakamouline (2011) and Adcock et al. (2012).

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

upon request®.
2.2 Constructing and evaluating portfolios

We analyze equally weighted and value weighted portfolios of mutual funds ranked according 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 observation 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 September 2019).

The ex-post performance of these rank portfolios is evaluated by computing excess returns, the
four-factor alpha (Carhart, 1997) and the five-factor alpha (Fama & French, 2015). The motivation
for using different performance measures in the ranking procedure 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 to the returns associated with the omitted factor
loadings. Considering the Carhart (1997) four factor model, the performance measure (alpha) is

obtained from the following equation
Tpt — Tt = Ap + Bp(rme — 17¢) + S,SMBy + hyHM L, + p, MOM, + €, , (1)

where 1, . represents fund returns, 7, is the risk free rate, a, represents the fund performance
measure, r,,, . represents market returns, SMB,, HML, and MOM, 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, HML, is the return difference between portfolios of value
stocks and growth stocks, and MO M, 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 — 15t = Ap + Bp(Tme — 17¢) + S,SMB; + hyHML; + r,RMW, + c,CMA, + €, (2)

where RMW is the profitability factor, measured as the difference between the returns on
diversified portfolios of stocks with robust and weak profitability and CMA 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 performance 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 of the same decile portfolio. The aim is to assess if the choice of a specific
performance 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)* and the omission bias (Elton, Gruber, & Blake, 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 3966
funds. Figure 1 reports the number of funds with 60 months of history over the period December
1969 to September 2019. 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 September 2019 (a total of 591 monthly return observations). Fund returns are
net of management expenses and 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 listed in appendix. The ERVaR and ERCVaR are computed both 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. VValue weighted decile portfolios
are also analyzed. Ex-post portfolio performance is assessed using excess returns over the market

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 September 20198. The results show that, in
general, the excess returns are negative and statistically significant at the 5% level in the bottom
performing deciles (deciles 1 to 5). In decile 1, with the exception of the portfolios formed using
the RR, all the other portfolios present negative and statistically significant at the 5% level ranging
from -0.247% (for the portfolio formed using Sharpe ratio) to -0.087% (for the portfolio formed
using RR). Deciles 8 to 10 tend to present positive excess returns, although none is statistically
significant. For most risk-adjusted performance 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 each decile, excess returns are similar for the majority of the performance

measures, with the exception of the RR.
[Insert Table 1 here]

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 correlation 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 correlation 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. Differences when funds are ordered using the RR when compared
to the other performance measures means there is a failure of monotonicity with respect to the
Sharpe ratio. As reported in Table 1 there is a noticeable difference in the ex-post performance of
portfolios when the constituent funds are ranked using RR. A detailed analytical study of this
phenomenon is beyond the scope of this paper, but results reported in Adcock et al. (2017) provide
a demonstration that monotonicity is more likely to fail for the RR than for at least some of the
other performance measures. That paper also demonstrates that monotonicity failure is less likely
for ERVaR and ERCVaR. The other 8 performance measures reported in Table 1 are not amenable
to study by closed form analytical methods. However, the similarity of fund performance across
all deciles arising from their use suggests nonetheless that monotonicity of the other performance
measures with respect to the Sharpe ratio, and hence high correlation and similar fund rankings, is
preserved, although to some extend this is not the case for the MPPM?°, The variability in the ex-
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.

Tables 2 and 3 present the ex-post performance of the equally weighted decile portfolios 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 -0.196%
and -0.083%. 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 (-0.112%) than for the bottom

performing decile (-0.083%) 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 -0.021% and
0.052%. With respect to the five-factor alphas (Table 3) the results are similar. Decile 1 alphas are
all negative and statistically significant, ranging from -0.258% and -0.108%. In turn, decile 10
alphas are all positive, although only two are statistically significant (ModSortino and MPPM),
ranging from 0.035% and 0.123%. It is worth pointing out that the evidence of underperformance
in decile 1 is stronger than that observed with the four factor model as, with the exception of the
RR, all 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. In relation to ex-post alphas, those of the bottom portfolios are less negative,
suggesting that the negative performance of the bottom decile portfolios may be driven by smaller

size funds'?.

Table 4 presents excess returns, four-factor alphas, and five-factor alphas of a portfolio 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, to less extent, the 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. Furthermore, 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 ex-post performance, with most values exhibiting statistical
significance even at the 1% level. However, the evidence of abnormal returns is scarce when the
four factor model is used for value weighted portfolios. In fact, in the case of value weighted
portfolios we find evidence of performance persistence (at the 5% level) only for four of the
measures (Sharpe, ERVaR-NG, ERCVaR-HS and AR-CAPM). The weaker evidence of a
profitable strategy exploiting performance persistence observed in the context of the Carhart
(1997) four factor model suggests that abnormal returns are somewhat 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!2. Analyzing in more detail the regressions 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 selecting
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 for each pair of measures is computed using, as
before, excess returns, four-factor alphas 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, respectively. For the
majority of the pairs of performance measures we do not observe statistically significant
differences (at the 5% level) in ex-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, the results
are similar to those obtained with excess returns (Table 5). Once again, only the use of the RR
generates statistically significant performance differentials. For decile 10, the systematic use of
the RR, in comparison with the other ex-ante performance measures, leads to worse ex-post
performance as observed previously when measuring performance with excess returns.
Additionally, the use of the MPPM also leads to worse ex-post performance compared to some

other performance measures.

[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, the Sterling and the Burke ratios. However, the
impact of using these performance measures is not clear, as the reported differences vary between

positive and negative.

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, portfolio 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%,

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. Anyhow, in any
decile, the turnover does not vary much on the ex-ante performance measure chosen. Even the RR
leads to similar values of this indicator. A similar pattern is observed for value weighted portfolios,
although in this case the levels of turnover are higher, ranging between 12% and 35%, with all

decile portfolios formed using RR presenting the lowest values.
[Insert Table 9 here]

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 decreases as transactions costs increase. For low values of transactions costs of
0.25%, the results show that investors can profit from exploiting persistence strategies. However,
the evidence of abnormal returns is weaker 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 whatever ex-post performance measure is considered. For value



weighted portfolios, even for 0.25% transaction costs, there is no evidence of performance

persistence when ex-post performance is measured by four-factor alphas.

[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
slight less evidence of performance persistence for equally weighted portfolios. It is worth
mentioning that two of the ex-ante measures (Sharpe and ERCVaR-NG) seem to lead to persistent
abnormal returns whatever ex-post performance measure is used. This result is robust for

alternative portfolio cut-offs.

[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 less evidence of
abnormal returns from investment strategies exploiting performance persistence, particularly when
performance is measured with excess returns and five-factor alphas. 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 a few measures seem to exhibit predictive
ability of future performance: Sharpe, ERVaR-NG, ERVaR-HS, FT(1,2) and AR-CAPM ratios.
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 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 and FT(1,1).

5 Conclusions

In this paper, we investigate the extent to which the ex-ante use of a set of 13 commonly used
performance measures generates abnormal ex-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 2019. The paper 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. The main results of the study are as follows.

For each risk-adjusted performance measure, we analyze the ex-post performance of a strategy of
holding decile portfolios formed using fund rankings on the measure. We also investigate a long-
short strategy of buying the 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 to the best. This indicates that selecting the best funds according to the ex-ante values of a
performance measure leads to higher performance ex-post. That is, there is signal in the time series
of fund returns and in the derived time series of performance measures. The results of the long-
short investment strategy show that investors who exploit a persistence strategy can obtain
abnormal returns. However, when adjusting for the momentum risk factor, there is less evidence
of outperformance. These results suggest that short term performance persistence is partly driven
by momentum. When trading costs are deducted, abnormal performance is observed only at the
lowest level of transaction costs, 0.25% round trip. In the case of value weighted portfolios, the
evidence of outperformance measured by four-factor alphas does not survive even low transaction
costs. These results are robust to alternative portfolio cut-offs. Furthermore, the evidence of
outperformance measured by excess returns and five-factor alphas almost disappears with an
annual rebalancing investment strategy, suggesting that the evidence in favor of performance

persistence for monthly rebalancing is mostly due to the short-term momentum effect.

To summarize; the results of this study suggest that there is no reason to use any performance

measure other than the Sharpe ratio, even though ex-ante there can be considerable differences in



fund rankings. To the best of our knowledge this is the first study of the ex-post effect of different
performance measures. It complements other papers in the literature that report high correlation,
often values of unity or close to it, of performance measures with the Sharpe ratio. An interesting
albeit minor finding is that there is evidence to support the use of GARCH models for the
computations of estimates of volatility. To conclude, it is important to note that as this is an
empirical study based on data from the US market, different results could arise for datasets of asset
or fund returns from other markets. It is well known 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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Table 1 — Average excess returns over the market benchmark

1 2 3 4 5 6 7 8 9 10

Sharpe -0.2473  -0.1358 -0.1281 -0.1023 -0.0884 -0.0513 -0.0169 0.0036 0.0340 0.0778
0.06) (1.23) (055)  (3.39) (274) (2542) (73.48) (94.02) (50.25) (15.79)

ERVaR-HS(0.05) -0.2315 -0.1308 -0.1150 -0.1190 -0.0772 -0.0410 -0.0477 0.0015 0.0383  0.0662
(0.14)  (1.25) (1.80)  (0.91)  (7.03) (31.36) (31.73) (97.49) (47.57) (24.41)

ERVaR-NG(0.05) -0.2368 -0.1439 -0.1335 -0.0969 -0.1064 -0.0296 -0.0154 0.0012 0.0420  0.0598
(012)  (099) (0.41) (2.27) (081) (54.50) (74.83) (98.05) (41.54) (28.06)

ERCVaR-HS(0.05) 0.2435 -0.1123 -0.1287 -0.0917 -0.0787 -0.0633 -0.0222 0.0098 -0.0001  0.0716
(0.06)  (403) (079 (543) (7.12) (14.39) (63.74) (8343) (99.91) (22.17)

ModSortino -0.2385 -0.1374 -0.1218 -0.1018 -0.0888 -0.0304 -0.0289 0.0084 0.0117  0.0735
(011) (151 (0.86) (3.53) (2.64) (49.85) (5651) (86.08) (81.54) (18.26)

FT(1,1) 0.2386 -0.1510 -0.1161 -0.0936 -0.1071 -0.0387 -0.0205 00211 0.0122  0.0757
(0.09)  (0.69) (149) (3.91) (0.78) (39.48) (68.75) (6553) (80.81) (17.52)

FT(12) 0.2210 -0.1631 -0.0857 -0.0866 -0.1228 -0.0374 -0.0195 00120 0.0087  0.0576
(023) (0.41) (868)  (6.69)  (0.37) (40.04) (65.62) (80.47) (86.04) (29.80)

RR(0.05,0.05) -0.0869 -0.0756 -0.0431 -0.0942 -0.0729 -0.0549 -0.0575 -0.0225 -0.0605 -0.0923
(13.82) (20.74) (40.35)  (457) (1276) (23.28) (22.04) (65.52) (21.97)  (5.87)

Calmar -0.2455 -0.1365 -0.0857 -0.0963 -0.0705 -0.0405 -0.0238 0.0335 -0.0270  0.0372
(0.05)  (1.34) (961) (482) (1341) (36.85) (61.42) (44.01) (57.85) (51.54)

Sterling 0.2421 -0.1135 -0.1399 -0.0935 -0.0813 -0.0496 -0.0413 00107 0.0209  0.0707
(0.07)  (429) (0.28) (5.65)  (4.98) (23.55) (38.59) (81.59) (67.47) (20.43)

Burke -0.2464 -0.1109 -0.1350 -0.0853 -0.0863 -0.0472 -0.0244 0.0050 0.0123 0.0614
(0.05)  (5.03) (045) (856)  (470) (27.12) (61.55) (91.07) (80.52) (27.88)

AR-CAPM 0.2376  -0.1755 -0.1452 -0.0940 -0.0752 -0.0238 0.0046 -0.0238 0.0563  0.0553
(0.00)  (0.05) (0.17)  (6.88) (12.35) (63.29) (92.92) (65.66) (27.08) (28.48)

MPPM(3) 01726 -0.1160 -0.1292 -0.0682 -0.0765 -0.0657 -0.0303 -0.0090 -0.0098  0.0280

(361)  (6.32)  (1.07) (1468) (6.55) (8.84) (51.38) (83.62) (8229) (62.15)

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.



Table 2 — Four-factor alphas for equally weighted portfolios

1 2 3 4 5 6 7 8 9 10

Sharpe 01955 -0.1361 -0.1235 -0.1090 -0.0941 -0.0815 -0.0663 -0.0333 -0.0070  0.0521
(043) (091)  (0.71)  (1.25) (0.86)  (444)  (9.16) (42.10) (87.89) (25.34)

ERVaR-HS(0.05) 01752 -0.1196 -0.1189 -0.1135 -0.0909 -0.0659 -0.0969 -0.0298 -0.0122  0.0267
(1.12)  (L75)  (1.00)  (057)  (1.92)  (6.65)  (2.09) (44.67) (79.25) (56.21)

ERVaR-NG(0.05) 01928 -0.1513 -0.1352 -0.1013 -0.1023 -0.0652 -0.0667 -0.0321 0.0045  0.0441
(015  (0.19)  (0.19)  (1.08)  (0.34) (14.39)  (9.36) (41.92) (92.00) (31.67)

ERCVaR-HS(0.05) 01800 -0.1164 -0.1273 -0.0894 -0.0807 -0.0958 -0.0599 -0.0463 -0.0428  0.0387
(0.96) (233) (0.73) (435  (3.79)  (0.99) (12.94) (22.67) (31.29) (45.59)

ModSortino -0.1804 -0.1394 -0.1215 -0.0990 -0.0954 -0.0635 -0.0730 -0.0329 -0.0341  0.0450
(091)  (L06) (0.72) (271  (0.94) (13.82)  (6.44) (40.04) (41.82) (35.91)

FT(1,1) -0.1836 -0.1494 -0.1125 -0.0958 -0.1180 -0.0639 -0.0735 -0.0148 -0.0287  0.0443
079 (064) (157) (318  (0.07) (12.85)  (654) (7158) (52.97) (35.31)

FT(12) 01772 -0.1532 -0.0829 -0.0936 -0.1224 -0.0594 -0.0571 -0.0294 -0.0347  0.0148
(088) (0.36) (7.07) (347) (0.07) (16.14) (14.28) (46.09) (38.88) (77.57)

RR(0.05,0.05) -0.0825 -0.0796 -0.0451 -0.0888 -0.0697 -0.0726 -0.0716 -0.0616 -0.1175 -0.1115
(1515) (1594) (36.09) (3.92) (11.76)  (9.83) (12.18) (17.30)  (0.40)  (5.35)

Calmar 01850 -0.1433 -0.0921 -0.1008 -0.0754 -0.0718 -0.0738 -0.0053 -0.0620 0.0135
(051) (071) (568) (247) (6.26) (7.62)  (4.20) (89.63) (13.40) (80.15)

Sterling -0.1803 -0.1208 -0.1397 -0.0943 -0.0801 -0.0847 -0.0868 -0.0252 -0.0289  0.0427
(086) (224) (0.11) (434) (320) (2.60) (261) (50.50) (49.33) (37.67)

Burke -0.1837 -0.1189 -0.1348 -0.0816 -0.0918 -0.0858 -0.0623 -0.0389 -0.0359  0.0358
(0.67) (255) (0.47) (7.98)  (1.86) (3.20) (11.05) (28.40) (39.95) (48.51)

AR-CAPM 01870 -0.1359 -0.1321 -0.0982 -0.0930 -0.0773 -0.0400 -0.0822 0.0174  0.0292
005  (095) (0.39) (462) (421) (7.29) (37.74) (557) (69.97) (50.98)

MPPM(3) 01560 -0.1012 -0.1318 -0.0702 -0.0651 -0.0820 -0.0675 -0.0517 -0.0403 -0.0211

(320) (7.93) (0.80) (1052)  (9.49)  (1.94)  (9.28) (15.49) (29.93) (65.08)

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. VValues reported in
bold are statistically significant at the 5% level.



Table 3 — Five-factor alphas for equally weighted portfolios

1 2 3 4 5 6 7 8 9 10
Sharpe -0.2474 -0.1520 -0.1487 -0.1447 -0.1105 -0.0748 -0.0714 -0.0366 -0.0064 0.0738
(0.00)  (0.09) (0.01) (0.02) (0.16) (6.10) (8.62) (37.61) (89.59) (13.88)
ERVaR-HS(0.05) -0.2260 -0.1326 -0.1456 -0.1362 -0.0918 -0.0864 -0.1076 -0.0422 -0.0200 0.0665
0.00) (024) (0.01) (0.05) (142) (L75) (L14) (32.05) (67.13) (17.75)
ERVaR-NG(0.05) 01983 -0.1369 -0.1440 -0.1289 -0.1307 -0.0740 -0.0802 -0.0547 -0.0108  0.0350
(0.10) (064) (0.03) (0.02) (0.01) (7.54)  (4.44) (20.17) (82.05) (48.71)
ERCVaR-HS(0.05) -0.2531 -0.1235 -0.1552 -0.1363 -0.1008 -0.0994 -0.0640 -0.0426 -0.0474  0.0972
(0.00) (051) (0.00) (0.07) (0.63) (0.61) (10.44) (31.61) (31.25)  (7.25)
ModSortino -0.2427 -0.1576 -0.1498 -0.1551 -0.1115 -0.0714 -0.0726 -0.0317 -0.0303  0.1039
(0.00) (0.06) (0.01) (0.01) (0.08) (9.50)  (7.94) (46.81) (52.49)  (3.48)
FT(11) -0.2391 -0.1669 -0.1403 -0.1376 -0.1438 -0.0659 -0.0729 -0.0145 -0.0257  0.0862
(0.00)  (0.04) (0.02) (0.06) (0.01) (10.43) (7.73) (71.44) (59.10)  (7.68)
FT(12) -0.2395 -0.1924 -0.1162 -0.1364 -0.1580 -0.0659 -0.0634 -0.0161 -0.0204 0.0874
(0.00)  (0.00) (0.30) (0.08) (0.00) (9.93)  (9.87) (70.37) (66.46)  (9.87)
RR(0.05,0.05) 0.1078 -0.1181 -0.1013 -0.1512 -0.1205 -0.1156 -0.1106 -0.0674 -0.0647  0.0343
(2790 (1.03) (L39) (0.02) (037) (0.27)  (0.38) (9.33) (8.58) (50.76)
Calmar -0.2582 -0.1724 -0.1221 -0.1498 -0.0967 -0.0876 -0.0729 -0.0019 -0.0439  0.0859
(0.00) (0.01) (0.20) (0.03) (0.53) (276)  (658) (96.12) (33.16) (12.63)
Sterling -0.2420 -0.1317 -0.1619 -0.1306 -0.0963 -0.0964 -0.0859 -0.0357 -0.0275  0.0840
(0.00) (0.33)  (0.00) (0.21) (0.60)  (L10)  (2.84) (39.41) (56.31)  (9.54)
Burke -0.2505 -0.1342 -0.1591 -0.1310 -0.1087 -0.0917 -0.0651 -0.0394 -0.0341  0.0911
(0.00) (032) (0.00) (0.17) (048)  (1.25) (10.91) (33.32) (47.50)  (8.86)
AR-CAPM -0.2337 -0.1820 -0.1690 -0.1464 -0.1108 -0.0697 -0.0302 -0.0720 0.0399  0.0526
(0.00) (0.01) (0.00) (0.05 (0.38) (9.08) (48.77) (10.12) (40.09) (25.57)
MPPM(3) -0.1888 -0.1725 -0.1939 -0.1494 -0.1222 -0.1011 -0.0792 -0.0318 0.0053 0.1226

(025  (0.19)  (0.00) (0.02) (0.11) (0.16)  (6.14) (42.02) (89.96)  (2.35)

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.



Table 4 — Differences in ex-post performance between the top (D10) and the bottom (D1) performing funds: monthly

rebalancing
Equally weighted portfolios Value weighted portfolios
D10-D1 Mean D10-D1 Fama and D10-D1 Carhart D10-D1 Mean D10-D1 Fama and D10-D1 Carhart
excess returns French (2015) (1997) four-factor excess returns French (2015) (1997) four-factor
five-factor alphas alphas five-factor alphas alphas

Sharpe 0.3251  (0.00) 0.3212 (0.01) 0.2476  (0.43) 0.2684 (0.12) 0.2994 (0.03) 0.2092 (1.53)
ERVaR-HS(0.05) 0.2977  (0.01) 0.2925  (0.03) 0.2019  (2.05) 0.2481 (0.28) 0.2661 (0.13) 0.1676  (7.94)
ERVaR-NG(0.05) 0.2965 (0.03) 0.2333  (0.84) 0.2369 (0.22) 0.2813  (0.06) 0.2352 (0.92) 0.2337  (0.24)
ERCVaR-HS(0.05) 0.3151 (0.02) 0.3503  (0.00) 0.2188  (1.80) 0.2718 (0.18) 0.3364 (0.01) 0.1895 (4.10)
ModSortino 0.3120 (0.02) 0.3466  (0.00) 0.2253  (1.45) 0.2448 (0.58) 0.3070 (0.02) 0.1756 (7.12)
FT(1,1) 0.3143 (0.01) 0.3253  (0.01) 0.2279 (1.37) 0.2386  (0.38) 0.2808 (0.04) 0.1675 (6.86)
FT(1,2) 0.2786 (0.07) 0.3269 (0.01) 0.1920 (3.48) 0.2455 (0.42) 0.3157 (0.01) 0.1616  (7.57)
RR(0.05,0.05) -0.0055 (93.29) 0.1420  (5.64) -0.0291 (74.27) -0.0219 (77.51) 0.1053 (19.14) -0.0595 (50.43)
Calmar 0.2827 (0.12) 0.3442  (0.01) 0.1985 (3.52) 0.2367 (0.85) 0.3544 (0.00) 0.1680 (8.66)
Sterling 0.3129 (0.01) 0.3260 (0.01) 0.2230 (1.24) 0.2550  (0.33) 0.3119 (0.03) 0.1866 (5.67)
Burke 0.3078 (0.02) 0.3416  (0.01) 0.2194 (L.77) 0.2473  (0.56) 0.3143 (0.02) 0.1835  (5.51)
AR-CAPM 0.2929  (0.00) 0.2863  (0.01) 0.2162  (0.47) 0.2267 (0.02) 0.2421 (0.01) 0.1720  (0.96)
MPPM(3) 0.2006 (3.39) 0.3114 (0.14) 0.1349 (13.72) 0.1801  (7.09) 0.2582 (0.67) 0.1174 (23.18)

This Table reports the ex-post performance of the differences portfolios between the top performing funds (D10) and the bottom performing funds (D1) considering the different risk-adjusted performance
measures. 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. Ex-post performance is measured by excess returns, Fama and French (2015) five-factor alphas and Carhart (1997) four-factor alphas. Excess
returns, alphas and their corresponding p-values are expressed in percentage. Values reported in bold are statistically significant at the 5% level.



Table 5 — Mean excess returns of the differences portfolios between pairs of performance measures for bottom performing funds (D1)

ERVaR- ERVaR- ERCVaR- ModSortino FT(1,1) FT(1,2) RR(0.05,0.05) Calmar Sterling Burke AR-CAPM  MPPM(3)

HS(0.05) NG(0.05)  HS(0.05)
Sharpe 0.0158 0.0106 0.0038 0.0088 0.0087 0.0263 0.1604 0.0018 0.0052 0.0009 0.0097 0.0747
(18.66) (56.54) (73.49) (27.60) (22.32) (27.62) (0.05) (91.45) (59.83) (93.34) (78.45) (7.38)
ERVaR-HS(0.05) -0.0053 -0.0121 -0.0071 -0.0072 0.0105 0.1446 -0.0140 -0.0107 -0.0149 -0.0061 0.0589
- (78.48) (34.66) (61.07) (58.31) (67.29) (0.16) (50.90) (39.07) (25.59) (87.43) (17.21)
ERVaR-NG(0.05) -0.0068 -0.0018 -0.0019 0.0157 0.1499 -0.0087 -0.0054 -0.0096 -0.0009 0.0642
- - (73.49) (92.59) (89.23) (61.29) (0.32) (76.41) (76.16) (62.70) (98.26) (15.12)
ERCVaR-HS(0.05) 0.0050 0.0049 0.0225 0.1567 -0.0020 0.0014 -0.0029 0.0059 0.0709
- - - (56.70) (68.92) (37.88) (0.07) (87.47) (74.05) (44.90) (87.63) (11.82)
ModSortino -0.0001 0.0175 0.1517 -0.0070 -0.0036 -0.0079 0.0009 0.0659
- - - - (99.09) (48.48) (0.10) (58.98) (61.82) (36.48) (98.02) (13.30)
FT(1,1) 0.0176 0.1518 -0.0069 -0.0035 -0.0078 0.0010 0.0660
- - - - - (46.10) (0.09) (69.64) (74.52) (54.06) (97.73) (11.82)
FT(1,2) 0.1342 -0.0245 -0.0211 -0.0254 -0.0166 0.0484
- - - - - - (0.08) (35.45) (40.70) (31.63) (68.51) (31.49)
RR(0.05,0.05) -0.1586 -0.1553 -0.1595 -0.1508 -0.0857
- - - - - - - (0.06) (0.08) (0.05) (0.06) (14.68)
Calmar 0.0034 -0.0009 0.0079 0.0729
- - - - - - - - (79.37) (94.63) (83.42) (13.05)
Sterling -0.0043 0.0045 0.0695
- - - - - - - - - (38.65) (90.32) (12.21)
Burke 0.0088 0.0738
- - - - - - - - - - (81.54) (10.20)
AR-CAPM 0.0650
) ° . - ) ° . ° . . . (20.26)

This Table reports the mean excess returns and the corresponding p-values of the paired t-test of the mean being equal to zero for the differences portfolios between each pair of performance measures
(measure in column minus measure in line) considering the bottom performing funds (equally weighted decile 1). The t-test is performed with heteroscedasticity and autocorrelation consistent standard
errors following 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. Both alphas and p-values are expressed in percentage. Values reported in bold are statistically
significant at the 5% level.



Table 6 — Mean excess returns of the differences portfolios between pairs of performance measures for top performing funds (D10)

ERVaR- ERVaR- ERCVaR- ModSortino  FT(1,1)  FT(L2) RR(0.050.05)  Calmar  Sterling Burke ARCAPM MPPM(3)
HS(0.05) NG(0.05)  HS(0.05)

Sharpe -0.0116  -0.0180  -0.0062 -0.0043  -0.0021  -0.0202 01701  -0.0405  -0.0070  -0.0164  -0.0225  -0.0497
(3163)  (3531)  (70.09) (7214)  (8147)  (53.41) (0.47) (9.74)  (52.94)  (26.49) (1942)  (19.34)

ERVaR-HS(0.05) -0.0064 0.0054 00073  0.0095  -0.0086 01585  -0.0290 00045  -0.0048  -0.0109  -0.0382
- (77.04)  (75.90) (60.83)  (49.77)  (7652) (054)  (26.02)  (72.11)  (78.08) (58.01)  (27.46)

ERVaR-NG(0.05) 0.0118 00137 00159  -0.0022 01521  -0.0226 00109  0.0016  -0.0045  -0.0318
- - (68.40) (5751)  (34.19)  (95.38) (2.18)  (49.88)  (63.71)  (95.16) (85.02)  (45.11)

ERCVaR-HS(0.05) 00020  0.0041  -0.0140 01639  -0.0343  -00008  -0.0102  -0.0163  -0.0435
- - - (85.23)  (83.86)  (61.50) 0.27) (245)  (9475)  (16.04) (49.31)  (19.87)

ModSortino 00021  -0.0159 01658  -0.0363  -0.0028  -0.0121  -0.0182  -0.0455
- - - - (8797)  (56.17) (0.21) (5.84)  (76.22)  (12.08) (33.36)  (15.98)

FT(1,1) -0.0181 01680  -0.0384  -00049  -0.0142  -0.0204  -0.0476
- - - - - (5657) (032)  (17.31)  (73.33)  (40.64) (22.42)  (19.46)

FT(1,2) 01499  -0.0204 00131 00038  -0.0023  -0.0296
- - - - - - (0.07)  (43.95)  (66.70)  (88.31) (94.20)  (42.60)

RR(0.05,0.05) 01296 01631  0.1537 0.1476 0.1204
- - - - - - - (1.23) (0.24) (0.38) (0.71) (2.61)

Calmar 00335  0.0242 00180  -0.0092
- - - - - - - - (1330) (9.39) (52.02)  (78.91)

Sterling 0.0093  -0.0155  -0.0427
. ) - ; - ; ; ; - (38.83) (40.37)  (23.82)

Burke -0.0061  -0.0334
- - - - - - - - - - (7T731)  (31.30)

AR-CAPM -0.0272
- - - - - - - - - - (47.84)

This Table reports the mean excess returns and the corresponding p-values of the paired t-test of the mean being equal to zero for the differences portfolios between each pair of performance
measures (measure in column minus measure in line) considering the top performing funds (equally weighted decile 10). The t-test is performed with heteroscedasticity and autocorrelation consistent
standard errors following 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. Both alphas and p-values are expressed in percentage. Values reported in bold are
statistically significant at the 5% level.



Table 7 — Carhart (1997) four-factor alphas of the differences portfolios between pairs of performance measures for bottom

performing funds (D1)

ERVaR- ERVaR- ERCVaR- ModSortino FT(1,1) FT(1,2) RR(0.05,0.05) Calmar Sterling Burke ARCAPM  MPPM(3)
HS(0.05) NG(0.05)  HS(0.05)

Sharpe 0.0203 0.0027 0.0154 0.0151 0.0119 0.0183 0.1130 0.0105 0.0151 0.0118 0.0085 0.0394
(7.75) (88.60) (17.08) (3.17) (9.88) (40.31) (1.51) (53.24) 9.97) (27.12) (78.21) (30.86)
ERVaR-HS(0.05) -0.0176 -0.0048 -0.0052 -0.0084  -0.0020 0.0927 -0.0098 -0.0051 -0.0085 -0.0118 0.0192
- (40.74) (63.32) (66.54) (46.56) (92.85) (5.12) (61.06) (61.77) (43.77) (72.71) (62.33)
ERVaR-NG(0.05) 0.0128 0.0124 0.0092 0.0156 0.1103 0.0078 0.0125 0.0091 0.0058 0.0368
- - (54.72) (53.55) (61.07) (54.65) (1.85) (72.00) (51.89) (64.65) (84.67) (31.45)
ERCVaR-HS(0.05) -0.0003 -0.0035 0.0028 0.0976 -0.0049 -0.0003 -0.0036 -0.0070 0.0240
- - - (97.10) (78.27) (90.27) (3.43) (711.72) (96.27) (53.55) (83.06) (54.79)
ModSortino -0.0032 0.0032 0.0979 -0.0046 0.0000 -0.0033 -0.0066 0.0243
- - - - (71.95) (88.75) (3.60) (74.22) (99.71) (69.46) (83.49) (53.88)
FT(1,1) 0.0064 0.1011 -0.0014 0.0032 -0.0001 -0.0034 0.0275
- - - - - (77.12) (2.93) (93.27) (75.45) (99.41) (91.31) (48.39)
FT(1,2) 0.0947 -0.0078 -0.0031 -0.0065 -0.0098 0.0212
- - - - - - (1.57) (74.83) (89.14) (77.23) (78.31) (63.04)
RR(0.05,0.05) -0.1025 -0.0979 -0.1012 -0.1045 -0.0735
- - - - - - - (2.49) (3.48) (2.65) (1.39) (21.10)
Calmar 0.0047 0.0013 -0.0020 0.0290
- - - - - - - - (73.58) (92.51) (95.03) (47.88)
Sterling -0.0033 -0.0067 0.0243
- - - - - - - - - (53.57) (83.18) (54.24)
Burke -0.0033 0.0276
- - - - - - - - - - (91.48) (49.34)
AR-CAPM 0.0310
B B B ) ) . . . ) ) B (47.55)

This Table reports the Carhart (1997) four-factor alphas and the corresponding p-values of the t-test of the alpha being equal to zero for the differences portfolios between each pair of performance
measures (measure in column minus measure in line) considering the bottom performing funds (equally weighted decile 1). 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. Both alphas and p-values are expressed in
percentage. Values reported in bold are statistically significant at the 5% level.



Table 8 — Carhart (1997) four-factor alphas of the differences portfolios between pairs of performance measures for top performing
funds (D10)

ERVaR- ERVaR- ERCVaR- ModSortino FT(1,1) FT(1,2) RR(0.05,0.05) Calmar Sterling Burke ARCAPM  MPPM(3)
HS(0.05) NG(0.05)  HS(0.05)

Sharpe 00254 00081  -0.0134  -0.0072  -0.0078  -0.0374 01637  -0.0387  -00094  -0.0164  -0.0229  -0.0733
(6.05)  (68.46)  (40.68) (60.06)  (40.50)  (15.40) (0.90)  (11.24)  (45.99)  (30.54)  (21.63) (2.38)

ERVaR-HS(0.05) 0.0173 0.0120 00182 00176  -0.0120 01383  -0.0133 00160  0.0090 00025  -0.0479
- (4418)  (53.84) (34.69)  (25.15)  (68.24) (2.67)  (6361)  (26.43)  (66.76)  (90.31)  (16.39)

ERVaR-NG(0.05) -0.0053 00009 00002  -0.0293 -0.1556  -0.0306  -0.0014  -0.0083  -0.0149  -0.0652
- - (86.41) (97.28)  (99.20)  (38.44) (1.80)  (36.20)  (95.86)  (77.09)  (55.17) (7.30)

ERCVaR-HS(0.05) 00063  0.0056  -0.0240 01503  -0.0253 00040  -0.0030  -0.0095  -0.0599
- - - (51.76)  (76.06)  (29.30) (0.79) (6.60)  (72.16)  (72.32)  (67.34) (6.59)

ModSortino -0.0007  -0.0302 -0.1565  -0.0315  -0.0023  -0.0092  -0.0158  -0.0661
- - - - (96.27)  (15.48) (0.55) (3.90)  (81.95)  (21.26)  (43.85) (3.20)

FT(,1) -0.0295 -0.1558  -0.0308  -0.0016  -0.0085  -0.0151  -0.0654
- - - - - (24.30) (1.01)  (19.92)  (91.65)  (59.28)  (30.36) (3.49)

FT(1,2) 01263  -0.0013 00279  0.0210 00144  -0.0359
- - - - - - (0.98)  (94.99)  (24.41)  (28.03)  (60.85)  (34.95)

RR(0.05,0.05) 01250 01542  0.1473 0.1408 0.0904
- - - - - - - (1.96) (0.88) 0.72) (1.68)  (10.99)

Calmar 00292  0.0223 00158  -0.0346
; ) ) ] ; ; . - (12.94) (5.26)  (5342)  (30.67)

Sterling 00069  -0.0135  -0.0638
- - - - - - - - - (5362)  (45.93) (4.84)

Burke -0.0066  -0.0569
- - - - - - - - - - (75.44) (7.56)

AR-CAPM -0.0504
- - - - - - - - - - (12.79)

This Table reports the Carhart (1997) four-factor alphas and the corresponding p-values of the t-test of the alpha being equal to zero for the differences portfolios between each pair of performance
measures (measure in column minus measure in line) considering the top performing funds (equally weighted decile 10). 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 VVaR using a normal-GARCH model. Both alphas and p-values are
expressed in percentage. Values reported in bold are statistically significant at the 5% level.



Table 9 — Turnover for equally weighted portfolios: monthly rebalancing

1 2 3 4 5 6 7 8 9 10
Sharpe 0.0896 0.1138 0.1298 0.1379 0.1376 0.1389 0.1322 0.1253 0.1047 0.0789
ERVaR-HS(0.05) 0.0928 0.1153 0.1337 0.1387 0.1380 0.1395 0.1341 0.1277 0.1081 0.0829
ERVaR-NG(0.05) 0.0981 0.1234 0.1380 0.1454 0.1441 0.1466 0.1407 0.1339 0.1171 0.0929
ERCVaR-HS(0.05) 0.0900 0.1141 0.1304 0.1385 0.1375 0.1395 0.1358 0.1246 0.1085 0.0814
ModSortino 0.0904 01129 0.1299 0.1380 0.1374 0.1386 0.1332 0.1248 0.1066 0.0793
FT(1,1) 0.0893 0.1136 0.1307 0.1367 0.1365 0.1383 0.1321 0.1238 0.1070 0.0789
FT(1,2) 0.0909 0.1141 0.1296 0.1375 0.1394 0.1397 0.1362 0.1256 0.1068 0.0819
RR(0.05,0.05) 0.0891 0.1154 0.1294 0.1315 0.1324 0.1310 0.1309 0.1236 0.1092 0.0848
Calmar 0.0906 0.1154 0.1314 0.1410 0.1389 0.1415 0.1345 0.1268 0.1095 0.0829
Sterling 0.0905 0.1135 0.1300 0.1360 0.1378 0.1388 0.1332 0.1251 0.1063 0.0805
Burke 0.0904 0.1137 0.1302 0.1375 0.1385 0.1383 0.1338 0.1247 0.1066 0.0814
AR-CAPM 0.0839 0.1080 0.1298 0.1389 0.1397 0.1440 0.1359 0.1262 0.1057 0.0788
MPPM(3) 0.0864 0.1109 0.1257 0.1343 0.1347 0.1382 0.1336 0.1233 0.1053 0.0782

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.



Table 10 — Differences in ex-post performance between the top (D10) and the bottom (D1) performing funds: monthly rebalancing
with transaction costs of 0.25% and 2% for equally weighted portfolios

Transaction costs of 0.25% Transaction costs of 2%

D10-D1 Mean D10-D1 Fama and D10-D1 Carhart D10-D1 Mean D10-D1 Fama and D10-D1 Carhart

prces returns 0 P hnes S ™ s v Hh G S
Sharpe 0.2830  (0.04)  0.2790 (0.08) 0.2055 (1.79) -0.0119  (88.45) -0.0169  (84.13) -0.0895  (31.30)
ERVaR-HS(0.05) 0.2537  (0.11)  0.2485 (0.24) 0.1583  (6.99) -0.0538  (50.65) -0.0598  (47.98) -0.1476  (10.01)
ERVaR-NG(0.05) 0.2488  (0.25) 0.1855 (3.64) 0.1893 (1.47) -0.0855 (30.55) -0.1492 (10.43) -0.1441 (7.45)
ERCVaR-HS(0.05) 0.2722  (0.12) 0.3075 (0.03) 0.1762 (5.70) -0.0279 (74.88) 0.0081 (92.56) -0.1215 (19.49)
ModSortino 0.2696  (0.11) 0.3041 (0.03) 0.1831 (4.70) -0.0273 (74.90) 0.0071 (93.33) -0.1128 (22.57)
FT(1,1) 0.2722  (0.09) 0.2832 (0.08) 0.1860 (4.43) -0.0221 (79.14) -0.0112 (89.57) -0.1070 (25.52)
FT(1,2) 0.2354  (0.40) 0.2840 (0.05) 0.1490 (10.11) -0.0669 (42.42) -0.0165 (84.22) -0.1517 (9.93)
RR(0.05,0.05) -0.0489 (45.71)  0.0991 (18.11) -0.0722 (41.41) -0.3532 (0.00) -0.2010 (0.74) -0.3742 (0.00)
Calmar 0.2393  (0.60) 0.3007 (0.06) 0.1551 (9.96) -0.0643 (47.11) -0.0036 (96.77) -0.1481 (12.03)
Sterling 0.2701  (0.08) 0.2834 (0.05) 0.1807 (4.30) -0.0293 (72.38) -0.0148 (85.97) -0.1161 (20.38)
Burke 0.2649  (0.14) 0.2989 (0.05) 0.1768 (5.57) -0.0358 (67.47) 0.0004 (99.63) -0.1220 (19.55)
AR-CAPM 0.2522  (0.02) 0.2456 (0.05) 0.1759 (2.14) -0.0326 (63.96) -0.0393 (58.12) -0.1061 (17.68)
MPPM(3) 0.1595  (9.25) 0.2706 (0.53) 0.0941 (30.11) -0.1286 (18.31) -0.0146 (88.06) -0.1912 (4.12)

This Table reports the ex-post performance of the differences portfolios between the top performing funds (D10) and the bottom performing funds (D1) considering the different risk-adjusted performance
measures. Portfolios are rebalanced monthly. Results with transaction costs of 0.25% and 2% are reported. 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. Ex-post performance is measured by excess returns, Fama and French (2015)
five-factor alphas and Carhart (1997) four-factor alphas. Excess returns, alphas and their corresponding p-values are expressed in percentage. Values reported in bold are statistically significant at the 5%
level.



Table 11 — Differences in ex-post performance between the top (T3) and the bottom (T1) performing funds: monthly rebal -

ancing
Equally weighted portfolios Value weighted portfolios
che-:rsls l:gftfrr:ls -IIZ—_rBer;r clh F(;r(T)TSE;nd -(rl39$-)r71) ?:lzrr]fifratctor g—fce-:rsls 'r\gtelfrr;s ;ferT clh F(Zr(?f;;nd 2139;71) (lic?lzrr]-afr;ctor
five-factor alphas alphas five-factor alphas alphas
Sharpe 0.2103  (0.01) 0.1949  (0.07) 0.1572  (1.10) 0.1672 (0.28) 0.1645 (0.45) 0.1323  (3.63)
ERVaR-HS(0.05) 0.1960  (0.04) 0.1715 (0.33) 0.1343 (3.13) 0.1778 (0.21) 0.1499 (1.36) 0.1272  (3.98)
ERVaR-NG(0.05) 0.2064  (0.03) 0.1506  (1.56) 0.1659  (0.30) 0.1862 (0.10) 0.1312 (3.73) 0.1548  (0.44)
ERCVaR-HS(0.05) 0.1901  (0.08) 0.1820  (0.24) 0.1260  (5.40) 0.1683  (0.36) 0.1606 (0.83) 0.1166  (7.27)
ModSortino 0.1984  (0.03) 0.1994  (0.05) 0.1414  (2.70) 0.1624  (0.35) 01712 (0.24) 0.1184  (6.46)
FT(1,1) 0.2062 (0.02) 0.1988  (0.06) 0.1500  (1.98) 0.1715 (0.24) 0.1716 (0.24) 0.1329  (3.76)
FT(1,2) 0.1858  (0.17) 0.2028 (0.08) 0.1243  (5.94) 0.1603 (0.67) 0.1708 (0.33) 0.1087  (8.88)
RR(0.05,0.05) 0.0103  (81.69) 0.0761 (12.71) -0.0273  (62.96) -0.0238  (62.51) 0.0443  (41.60) -0.0625  (29.93)
Calmar 0.1722  (0.33) 0.2010 (0.04) 0.1242  (5.45) 0.1205 (3.97) 0.1514 (0.73) 0.0843  (15.88)
Sterling 0.2011  (0.03) 0.1877  (0.15) 0.1449  (2.20) 0.1712  (0.30) 0.1596  (0.73) 0.1229  (5.00)
Burke 0.1920  (0.06) 0.1897  (0.12) 0.1346  (3.66) 0.1499 (0.87) 0.1462  (1.54) 0.1031  (10.82)
AR-CAPM 0.2149  (0.00) 0.2014  (0.05) 0.1392  (1.91) 0.1610  (0.07) 0.1450  (0.73) 0.1014  (7.01)
MPPM(3) 0.1421 (2.15) 0.2181  (0.06) 0.0925  (12.35) 0.1254  (5.30) 0.1973  (0.22) 0.0747  (21.69)

This Table reports the ex-post performance of the differences portfolios between the top performing funds (T3, representing the top 30% performing funds) and the bottom performing funds (T1, representing
the bottom 30% performing funds) considering the different risk-adjusted performance measures. 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. Ex-post performance is measured by excess returns,
Fama and French (2015) five-factor a and Carhart (1997) four-factor alphas. Excess returns, alphas and their corresponding p-values are expressed in percentage. Values reported in bold are statistically
significant at the 5% level.



Table 12 — Differences in ex-post performance between the top (D10) and the bottom (D1) performing funds: annually
rebalancing

Equally weighted portfolios Value weighted portfolios

D10-D1 Fama and
French (2015)
five-factor alphas

D10-D1 Carhart
(1997) four-factor
alphas

D10-D1 Fama and
French (2015)
five-factor alphas

D10-D1 Carhart
(1997) four-factor
alphas

D10-D1 Mean
excess returns

D10-D1 Mean
excess returns

Sharpe 0.1664  (4.22) 01416 (12.14) 0.1907 (0.80) 0.0862 (33.53) 0.0777  (48.07) 0.1552 (2.67)
ERVaR-HS(0.05) 01521 (6.77) 0.0956  (33.54) 0.1602 (3.68) 00590 (54.19)  -0.0065 (96.05) 01225 (11.61)
ERVaR-NG(0.05) 0.1725 (2.08) 0.1007  (24.60) 0.1919 (0.76) 0.1196 (11.47) 0.0631 (45.32) 0.1651 (0.75)
ERCVaR-HS(0.05) 01610 (6.21) 01502 (12.28) 01941 (1.23) 0.0956 (27.38) 0.1124 (23.37) 0.1508 (3.13)
ModSortino 0.1515 (8.01) 0.1445 (13.23) 0.1872 (1.38) 0.0738 (44.11) 0.0837  (43.25) 0.1427 (5.19)
FT(,1) 0.1436  (8.86) 01078  (26.43) 01697 (1.92) 0.0507 (59.43) 0.0310 (79.45) 0.1210 (9.84)
FT(1,2) 0.1776  (4.45) 01834  (4.93) 0.2133 (1.04) 0.1250 (19.72) 01433  (12.79) 0.1715 (3.10)
RR(0.05,0.05) -0.0505 (48.28)  -0.0137  (84.11) 0.0030 (96.62) 0.0169 (83.16) 00213 (75.24) 0.0080 (91.69)
Calmar 0.1664  (5.83) 0.1661  (8.16) 0.1990 (1.03) 0.0937 (35.25) 01402 (13.93) 0.1563 (5.12)
Sterling 0.1633 (5.33) 0.1325  (17.46) 01929 (1.12) 00723 (42.73) 0.0584  (60.64) 0.1428 (5.41)
Burke 0.1494 (8.53) 0.1315  (18.60) 0.1845 (1.75) 0.0631 (51.43) 0.0560  (61.56) 0.1322 (7.59)
AR-CAPM 0.1538  (2.26) 01090  (19.29) 0.1640 (0.31) 0.0976 (11.03) 0.0675 (33.33) 0.1185 (1.33)
MPPM(3) 00842 (34.86)  0.1525  (5.36) 0.1506 (5.88) 0.0577 (56.04) 01411 (11.44) 0.1473 (7.48)

This Table reports the ex-post performance of the differences portfolios between the highest performing funds (D10) and the bottom performing funds (D1) considering the different risk-adjusted
performance measures. Portfolios are rebalanced annually. 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. Ex-post performance is measured by excess returns, Fama and French (2015) five-factor alphas and Carhart (1997) four-factor
alphas. Excess returns, alphas and their corresponding p-values are expressed in percentage. Values reported in bold are statistically significant at the 5% level.



Appendix — Ex-ante risk-adjusted performance measures

Performance measure Reference Formula
Sharpe ratio Sharpe (1966) SR = M

o

a

Appraisal ratio Treynor and Black AR =—

(1973) o,

Manipulation Proof

T
— _ -1 -1 (1-w)R
Performance Measure Goetzmann et al. (2007) MPPM = {At(1 — w)} tlog {T Z e f}

t=1
Expected excess return to Value (w—rv)
at Risk Dowd (2000) ERVaR = —Z1=
VaR,
Expected excess return to .
" i Martin, Rachev, and _(u—r)
Conditional Value at Risk Siboulet (2003) ERCVaR = TuRa
I CVaRg(rr — x
Rachev ratio Racheyv, Jasi¢, Stoyanov, RR(a, B) = B (rr )

and Fabozzi (2007) CVaR, (x —17)

1
inelli H,(rp)}e
Farinelli-Tibiletti ratio Farlnell(lza(ljrz%;l'lbllettl FT(a, f) = {He( f)}l Cap=1
{Lg(p)}F
o . . (m—ry)
Modified Sortino ratio Pedersen and Satchell sp=-—
(2002) L)
cal t Y 1991 Calmar = ity
almar ratio oung ( ) D,
— T
Sterling ratio Kestner (1996) Sterling = KTy
Nzliv=1 — MD;
— T
Burke = il

Burke ratio Burke (1994)
JZ%, MD}
Notes:

u represents the portfolio average returns;

7y is the risk free rate;

o represents the standard deviation of the returns;

a measures the abnormal return using the CAPM,;

0. measures the unsystematic risk proxied by the standard deviation of the model residuals;

{R,} represents a time series of fund returns;

w, a scalar, denotes risk aversion. Following both Goetzmann et al. (2007) and Brown, Kang, In, and Lee (2010), a risk aversion coefficient of 3 is
used as it is considered to be representative of institutional investors;

At is the length of the time interval;

VaR, is the value-at-risk, generally defined as the maximum expected loss over a given horizon period at a given probability of 1 — «;

CVaR, is the expected loss under the condition that VaR is exceeded;

CVaRg (1y — x) is the conditional expected excess return in the right hand tail of the distribution and CVaR, (x — 1) is the conditional expected
excess return in the left hand tail of the distribution. Following Zakamouline (2011), a combination of @ = 0.05 and g = 0.05 is used to compute
the Rachev ratio;

H, and Lg are, respectively, the upper and lower partial moments of any order a and 8. Both lower and upper partial moments are defined with
respect to a reference point T which may take any real value: L, () = ffw(r —x)“f(x)dx and H,(t) = frm(x —1)?f(x)dx, 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;

M D, represents the lowest return in a given time series of returns and N represents some predefined set of the largest drawdowns. Similarly to Eling
and Schuhmacher (2007), N is set equal to 5 for the computation of both the Sterling and the Burke ratios.



! 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.

2 In a different approach, Farinelli, Ferreira, Rosselo, Thoeny and Tibiletti (2008) develop an optimal asset allocations
framework based on different performance ratios. Overall, they conclude that management decisions should not be
based on a single performance ratio. Their study also shows the low forecast ability of the Sharpe ratio in contrast to
ratios based on downside-risk measures such as Sortino-Satchell, Generalized Rachev and Farinelli-Tibiletti ratios.

% The additional measures consider probabilities of 0.1%, 0.5%, 1% and 2.5%, all combinations of orders 1 to 5 for
the FT 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.

4 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.

5> The 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, Gruber, and Blake (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.

6 When VAR and CVaR are computed 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.

" As the market benchmark we considered the US market return available on the Professor Kenneth French webpage.
8 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 hypothesis of a normal distribution
according to the Jarque-Bera test.

% The unreported statistics of the excess returns over the risk free rate also show increasing excess returns from decile
1 to decile 10, which are positive and statistically significant in the top performing portfolios and positive but not
statistically significant in the bottom performing portfolios.

10 The low correlation between these measures has also been documented in Eling, Farinelli, Rosselo, and Tibiletti
(2011).

11 To 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, ; = a + fd + €, 4, Where P, 4 is
the ex-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.

12 See 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.

13 The results across the other deciles are similar.

14 For each portfolio, transaction costs (c) at time ¢ are equal to ¢, = ¢ X0~ | w; s — w; |, Where X, [ w;, — w; o~ |
is the portfolio turnover, computed as follows: on month t — 1 the ith fund has a given weight in the portfolio denoted
by wi¢_q, With i = 1,..., N. The portfolio return is r,,, = %, w; 4 11, Where r; 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;,- =

it The required rebalancing at time t is equal to w; ; — w; .-, where w; . is the new weight for fund i using

Wi ¢ .
Lt-1 1+Tp,t

time t information.
15 The net returns of the long-short strategy are computed as the difference in the returns of the best (decile 10) and
worst (decile 1) performing portfolios minus the sum of the transaction costs associated with both portfolios.



