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Abstract
There are many potential investment options for investors and they should be able to compare them on a
risk-adjusted basis. If investors rely only on pure return they can be exposed to a high risk. Therefore, many
investors rely on adequate performance measures to evaluate potential investment opportunities. In this paper,
we describe widely used risk-adjusted performance measures and add correlation through the M3 measure.
We apply described measures to real financial data in order to rank managers and compare rankings between
measures. We also look at the following year measures to compare the results with predictions.
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JEL classification G11, G17

Introduction

According to the Investment Company Insti-
tute (2018) in 2017 total net assets of worldwide
regulated open-end funds was more than $ 49
trillion and have more than doubled in the past
decade. Therefore, investors need instruments
to analyse and choose the best funds.

Investors rely on risk-adjusted measures. How-
ever, there are a lot of measures that can be used,
and it is not clear which ones are better or worse
since none of the investors uses the same measures.
In addition, such variety can be explained by inves-
tors not being able to define risk in such a way that
it would incorporate all necessary parameters. We
present several performance measures discussing
the advantages and disadvantages of each.

In addition, to giving different risk defini-
tions we will incorporate a correlation using
the M3 measure (see Muralidhar (2000)). Cor-
relation is an important parameter when one
wants to create a portfolio rather than investing
in a single stock. If we define risk as a standard
deviation of stock returns (as most investors
do) or some sort of standard deviation, then if
we have a portfolio of two or more stocks then
the combined standard deviation is not a sum
of single standard deviations. Instead, we have

a correlation term and a portfolio standard
deviation looks like this
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where o, and o, are standard deviations of
stocks A and B respectively, o, and o, are
weights invested om stocks A and B respectively,
P4 p is a correlation between stocks A and B.

It is clear from this equation that investors should
seek negative or small correlation to decrease the
portfolio risk. That is why it is important to be able to
select new investments not only by their returns but
also making an adjustment for correlation between
new stock and an existing portfolio.

Another way to incorporate correlation is to
use the approach that was proposed by Dowd
(2000). His method shows how to adjust for cor-
relation using the most popular and widely used
risk-adjusted measure — Sharpe ratio. Dowd’s
basic idea is the following: calculate the Sharpe
ratio before accepting new stock and calculate
on the stock was accepted a while ago, then we
can compare these two ratios and if it increased
then we would proceed with the deal. In this case,
we account for correlation when we calculate the
new Sharpe Ratio.
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In addition, in a recent research done by Or-
nelas, Silva Janior, and Fernandes (2010) shows
that performance ratios matter. Previously, Eling
(2008) showed that some measures have a very
high correlation in ranking with the Sharpe ratio
and it might be enough just to look at Sharpe Ratio.
However, Ornelas, Silva Jinior, and Fernandes
(2010) exploited other measures in their research
and agreed with Eling to some degree but not all
measures produced a high correlation. Therefore,
we should look at and compare measures and we
cannot use only the Sharpe Ratio.

Risk-Adjusted Performance Measures

As was mentioned previously there are many
risk-adjusted performance measures and their
variations. In this paper, we describe some of
the most commonly used measures and discuss
their advantages and disadvantages. More de-
tailed information can be found in Bacon (2013),
Dowd (2000), Goodwin (1998), Grinold and Khan
(1999), Harlow (1991), Lo (2002), Madgon-Ismail
and Atiya (2004), Modigliani and Modigliani
(1997), Muralidhar (2000, 2001, 2005), Papa-
georgiou (2005), Rollinger and Hoffman (2015),
Prokopczuk, Rachev, and Truck (2004), Sharpe
(1966, 1994), Sortino and van der Meer (1991)
and Young (1991). Table 1 shows some widely
used measure.

As we can see from Table 1 there are multiple
definitions of risk and it is almost impossible to
choose one. However, investors can choose the
one that suits their vision of the market the best.
We will apply all these measures to real-life finan-
cial data and later we will describe how investors
can incorporate correlation using Dowd’s (2000)
approach.

Fund case-studies
In this section, we describe the procedure that
was used to calculate all ratios and the way
funds were selected.

Article by Bill Harris ““The 10 Biggest Mutual
Funds: Are They Really Worth Your Money?” in
Forbs brought our attention and 8 out of 10 funds
presented were chosen for the illustration. Two
funds from this article were eliminated because
they are fixed income funds. To be able to compare
apples to apples they were not selected because
comparison would not be fair when we have to
select a benchmark.
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Monthly data was taken for the 11 years from
1/1/2006 up to 1/1/2017 for all 8 funds. First, ten
years were used to analyse the risk-adjusted per-
formance of all funds when the last year was used
to compare the results for the previous 10 years
and the following year. The data were obtained
for all funds and for the benchmark which was
chosen to be S&P500 because funds are different
by their nature and we need a common benchmark.
Also, one should note that the financial crisis of
2008-2010 was included in calculations. Therefore,
some returns were small however we decided they
are not outliers because it is a part of the risk of
investing in a market.

Sharpe Ratio

First, let’s show how the Sharpe Ratio can be ap-
plied to the 8 selected funds. As we know from
the definition of the Sharpe ratio we need an ap-
propriate risk-free rate. In this example, US 10
years T-Bond rate as of 12/31/2005 was chosen
and equal to 4.39%. 10 years T-Bonds were cho-
sen because we want to make sure we would
make more on our investments rather than in-
vesting in a risk-free rate and leaving money
there for 10 years. In Table 2 we can see the
Sharpe ratio and all the information needed for
all 8 funds:

As we can see from the Table 2 all funds pro-
duce positive returns and greater than the risk-free
rate. Therefore, it would be more beneficial for
investors in a long run to invest in any of these
funds rather than risk-free rate even though the
financial crisis of 2008-2010 are included in this
dataset.

Table 2 allows us to make the following con-
clusions:

If we compared pure return without adjusting
for risk, then the fund 3 would be the most attrac-
tive. Fund 3 was the best even after adjusting for
the risk (standard deviation) because its return
to risk had the best ratio.

Fund 6 produced a quite small annual return
over the last 10 years comparing to the risk they
took. They produced only 5.13% return per year,
but they took 22.05% of the risk, which was the
highest risk among all 8 funds.

In addition, maybe fund 5 did not produce the
highest return but its risk was relatively small
keeping in mind that the Financial Crisis period
was included and fund 5 got the 5" rank.
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Table 1

Risk-adjusted performance measures

Name Definition Advantages Disadvantages
- O is not always an
- Allows to compare and . .
appropriate risk measure
rank fund /managers . .
Sharpe -R . - O punishes companies for
. H—= ARy - Most of its advantages
Ratio SR = )
c and disadvantages are
Known upward momentum
- no interpretation of the
number
Information _ - Useful measure when - Not a complete statistic
; _ER the benchmark is carefully - Only maximizing IR can
Ratio IR = — ..
- chosen lead to wrong decisions
_ Adjust for correlation - Corrglatlon is not stable
M3 - Provide guidance on how over time
r(CAP)=ap+bR, +(1-a-b)R, : . - Hard to compare funds on
to build a portfolio .
the after-fee basis
- Accou_nts only fgr the - Does not account for
. downside deviation .
Sortino _R . correlation
. _ bRy - Accounts for risk better .
Ratio " TDD if the distribution is not - No guidance on how to
. build a portfolio
symmetric
- Shows a long-term
perspective - No easy way to change
Calmar - Shows the cumulative loss frequencies
Ratio Calmar = / investors can have - Needs a lot of time to
MDD - Not sensitive to reflect momentum changes
momentum changes
- Hard to determine Cost of
- Allows to compare Capital Rate
businesses with different - More accounting-based
RAROC RAROC =M sources of risk ratio

VaR - A powerful tool in asset
allocation and risk control

-Hard to calculate VaR if a
small number of returns are
present

Source: the authors.

Note:

n=E(R)==

T

1 T
ZRI — mean return
=1

c’ =%Z(R, —u)2 — variance of returns

t=1

the benchmark

1 T
ER Z_Z(RP -Ry ) — mean excess return over the benchmark, where R, — return of the portfolio, R — return of
T 1 t 1 t
-

~ 1 & —\2
c= \/HZ(ERT - ER) — standard deviation of excess return,where ER, =R, — R

t=1
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O; — standard deviation of stock i or portfolio

G p — standard deviation of the benchmark

S} (1_9%3)

o} (1_912,3)

— portion invested in a fund

c
b=prp —ac—lpl,B — portion invested in the benchmark
B

R, —target return

T
TDD :\/%Z(Mn(O,R, -R, ))2 — target downside deviation
=1

MDD - Through value - Peak value

Peak value

—VaR

— maximum drawdown

VaR : P(X < —VaR) =oo0r J‘ f(x)dx =0a —where X isarandom variable that the represents the profit and loss of

—00

the business.

Table 2
Sharpe ratio case-studies for 2006-2016
Fund Return Standard Deviation Sharpe Ratio Rank

F 4.39%
1 6.56% 14.15% 0.15313 VI
2 6.33% 21.33% 0.09116 VI
3 10.00% 18.77% 0.29881 I
4 9.29% 19.83% 0.24690 v
5 5.13% 4.54% 0.16248 v
6 5.51% 22.05% 0.05064 VI
7 9.13% 18.38% 0.25801 1l
8 9.60% 18.53% 0.28103 [l

Source: the authors.

As we can see Sharpe ratio gives different rank-
ing rather than a pure return. In addition, it allows
easy calculations and comparison between the
fund’s return and risk.

Now let’s compare the results for the follow-
ing year. Risk-free rate was chosen as 1-year US
rates of 0.89%.

As we can see from the Table 3 that all Sharpe
ratios increased because in the previous examples
Financial Crisis was included. Table 3 allows us
to make the following conclusions:

If we compare just pure annual returns, then
fund 2 would have the first place but fund 2 has

8

one of the highest risks among all 8 funds which
brings fund 2 to the 4 place.

Previous Sharpe Ratio ranked fund 6 as the
least attractive fund. However, as we can see from
its performance in the following year fund 6 got
one of the highest returns and one of the lowest
risks. That is why Sharpe ratio ranked fund 6 as
the first one.

Another big change was for fund 5. Even with
Financial Crisis fund 5 had the average annual re-
turn of 5.13%. However, in 2017 it returns dropped
to 2.4% which brought it to the last place even
though it has the lowest risk among all 8 funds.
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Table 3
Sharpe ratio case-studies for 2017

d R SO stpe e g e e
F 0.89% 0.00%
1 8.99% 3.83% 2.12 0.1531 Vi Vi Increase
2 24.63% 7.17% 3.31 0.0912 v il Increase
3 24.39% 9.15% 2.57 0.2988 \% I Increase
4 17.84% 8.94% 1.90 0.2469 il v Increase
5 2.39% 1.79% 0.84 0.1625 VIII \Y Increase
6 23.83% 4.42% 5.20 0.0506 I VI Increase
7 19.48% 4.33% 4.30 0.2580 [ [ Increase
8 18.98% 4.18% 4.33 0.2810 [l [l Increase
Source: the authors.
Table 4
Information ratio case-studies for 2006-2016
Fund Return/Excess Return Igte?/?:t?;: Information Ratio Rank
B 7.25% 18.74%
1 -0.69% 8.85% -0.0781 Vi
2 -0.91% 12.17% -0.0750 \
3 2.75% 10.18% 0.2702 1"
4 2.04% 8.50% 0.2399 v
5 -2.12% 18.30% -0.1158 Vi
6 -1.74% 11.95% -0.1456 VIII
7 1.88% 5.73% 0.3290 Il
8 2.35% 5.53% 0.4251 I

Source: the authors.

Information Ratio
First, let’s discuss how the benchmark was se-
lected and the details of these calculations.

Since funds that were selected have different
nature then it would be beneficial for all of them
to select a benchmark which is a whole market or
S&P500 since some of these funds are stock mar-
ket indexes, some are growth funds, etc. There-
fore, to be consistent, S&P500 was selected as a
benchmark.

As we know from the definition of the Infor-
mation ratio we need to have an average annual
excess return and standard deviation of the excess
return. Therefore, to obtain these values annual
returns for each fund were used then S&P500
annual returns were subtracted from the fund’s
returns. Further, the average was taken and the

standard deviation for each fund. Hence, we can
see the result of the calculations in Table 4.

As we can see from Table 4 not many funds
managed to produce a positive excess return over
the 10 years if the market (S&P500) was selected
as a benchmark.

Table 4 allows us to make the following con-
clusions:

As in the Sharpe ratio fund, 3 managed to pro-
duce the highest excess return. However, in the
relationship to a benchmark, this fund was ex-
posed to one of the highest risks among all 8 funds.

Fund 8 produced almost the same excess re-
turn as fund 3. However, fund 8 did not take as
much “extra” risk as fund 3. Therefore, now fund
8 has the highest Information ratio and the low-
est tracking error among all funds. It means that

9
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Table 5
Information ratio case-studies for 2017
Fund Return/Excess Staljda.rd Inform.ation Previous Ranking Previcr')us Increase/
Return Deviation Ratio IR Ranking Decrease
B 17.32% 5.68%
1 -12.64% 8.82% -1.4333 -0.0781 Vil \ Decrease
2 0.15% 10.65% 0.0137 -0.0750 I \Y Increase
3 -0.21% 13.23% -0.0160 0.2702 Il 11 Decrease
4 -5.54% 12.90% -0.4294 0.2399 v v Decrease
5 -17.90% 6.04% -2.9618 -0.1158 Vi VI Decrease
6 -0.39% 7.65% -0.0515 -0.1456 1 Vi Increase
7 -3.98% 8.09% -0.4923 0.3290 \% Il Decrease
8 -4.39% 7.88% -0.5569 0.4251 VI I Decrease
Source: the authors.
Table 6
M2 ratio case-studies for 2006-2016
Fund Return Standard Deviation d RAP Rank
F 4.39% 0.00%
B 7.25% 18.74%
1 6.56% 14.15% 0.3247 7.26% VI
2 6.33% 21.33% -0.1214 6.10% Vil
3 10.00% 18.77% -0.0015 9.99% [
4 9.29% 19.83% -0.0551 9.02% v
5 5.13% 4.54% 3.1264 743% \Y
6 5.51% 22.05% -0.1501 5.34% Vil
7 9.13% 18.38% 0.0196 9.22% [
8 9.60% 18.53% 0.0111 9.66% Il

Source: the authors.

funds 8 is more attractive for the investor rather
than funds 3 if we compare it to the Sharpe ratio.

As we compare Information Ratio ranking with
the Sharpe ratio overall there is a difference but
most of the funds are changed places by one rank-
ing. However, Information ratio allows us to com-
pare returns not only with a risk-free rate but it
can be interpreted as how much “additional” risk
each fund brings to the market risk.

Finally, if we use Grinold and Khan (1999) ap-
proach and compare Information ratio with 0.5, 0.75,
and 1.0 we can see that none of the funds produced
even “good” Information ratio over the 10 years period.

Now let’s compare the results for the follow-
ing year.
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There are few things could be noted from the
Table 5.

Almost all funds except for fund 2 had a nega-
tive excess return which means that all of them
did not manage to beat the benchmark for the
following year.

Fund 8 that was previously ranked the worst
fund now got the third rank and it is one of two
funds which information ratio increased even
though it is still negative.

Since almost all funds have negative informa-
tion ratio then based on the information ratio
investor shouldn’t invest in any of the funds. Even
fund 2 which have a positive information ratio
have a ratio of 0.01.
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Table 7

M2 ratio case-studies for 2017

g Rem St L e
F 0.89% 0.00%

B 17.32% 5.68%

1 8.99% 3.83% 0.4831 12.90% 7.26% VI Vi Increase
2 24.63% 7.17% -0.2086 19.68% 6.10% v Vil Increase
3 24.39% 9.15% -0.3798 15.46% 9.99% \% I Increase
4 17.84% 8.94% -0.3651 11.65% 9.02% Vi v Increase
5 2.39% 1.79% 2.1761 5.66% 743% Vi \% Decrease
6 23.83% 4.42% 0.2854 30.38% 5.34% I Vil Increase
7 19.48% 4.33% 0.3113 25.27% 9.22% I 1 Increase
8 18.98% 4.18% 0.3591 25.48% 9.66% Il [l Increase

Source: the authors.

M2 Ratio

As we know from the definition of M2 we need
a benchmark and a risk-free rate. Risk-free rate
and the benchmark were chosen the same way
and the same values as in Sharpe and Informa-
tion ratios. Results of the calculations can be
found in Table 6.

As we know from the nature of M2 measure it
produces the same ranking as a Sharpe Ratio but
instead of having a number which can be hard
or impossible to interpret (Sharpe ratio), RAP
gives investors a risk-adjusted return that was
calculated based on the leverage/deleverage of
the portfolio.

Table 6 allows us to make the following con-
clusions:

Funds 1, 5, 7, and 8 produced higher risk-ad-
justed return rather than a pure return. However,
funds 2, 3, 4, 6 produce a lower risk-adjusted re-
turn.

On a pure return fund, 5 did not look very
attractive to the investors. However, it was not
exposed to a lot of risks (just 4.54%) and af-
ter adjusting for risk fund 5 produced a 7.43%
return.

Fund 6 was exposed to the highest risk among
all funds which brought this fund to the 8™ place.

Now let’s compare the results with the fol-
lowing year:

There are few things could be noted from the
Table 7:

Fund 6 had the highest risk-adjusted return
of 30%.

Fund 5 had the only RAP measure that de-
creased for the following year in comparison to
the previous year. However, its risk-adjusted return
was 5.6% when the pure return was only 2.4%.

Fund 3 moved from the first place to the fifth
having a risk-adjusted return of 15.46% when the
pure return was 24.4%.

M3 Ratio

As we established, in the beginning, it is im-
portant to adjust for the correlation between
a benchmark and a fund’s return. One of the
measures that adjust for the correlation is M3. It
requires benchmark returns (S&P500), risk-free
rate (US T-Bond) and a target tracking error. For
the target tracking error was 7% selected. Which
corresponds to 0.9302 of the target correlation

0.07> : .
| ——————— . The choice of the tracking error

2x(0.1874)

was made based on the risk-free return and the re-
turn of a benchmark. Investors always should seek
a target return higher than a risk-free therefore it
is higher than 4.4% but it is lower than the market
because we want to be conservative and prepare
for a lower return of the market than in previous
years. Investors can choose any target tracking er-
ror, but calculations will be exactly the same.

Table 8 allows us to make the following con-
clusions:

Correlation influences ranking funds/manag-
ers. For example, the Sharpe ratio suggested that

11
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Table 8

M3 ratio case-studies for 2006-2016

Standard

Fund Return Deviation P1s d TE a b 1-a-b M3 Rank
F 4.39% 0.00% 0
B 7.25% 18.74% 1 100%
1 6.56% 14.15% 0.8921 132.47% 7.26% 1.0758 0.2057 -0.2815 7.31% VI
2 6.33% 21.33% 0.8231 8786% 6.10% 0.5678 0.3983 0.0339 6.63% VII
3 10.00% 18.77% 0.8526 99.85% 9.99% 0.7014 0.3313 -0.0327 9.27% 1l
4 9.29% 19.83% 09043 9449% 9.02% 0.8125 0.1526 0.0349 8.80% v
5 5.13% 4.54% 0.2155 412.64% 743% 1.5509 0.8492 -1.4001 7.96% Vv
6 5.51% 22.05% 0.8404 84.99% 5.34% 05755 0.3611 0.0634 6.06% VIl
7 9.13% 18.38% 0.9525 101.96% 9.22% 1.2292 -0.2182 -0.0110 9.60% Il
8 9.60% 18.53% 09560 101.11% 9.66% 1.2653 -0.2661 0.0008 10.22% I
Source: the authors.
Table 9
M3 ratio case-studies for 2017
Standard Previous Previous Increase/
Fund Return Deviation Prs d M3 M3 Rank Rank Decrease
F 0.89% 0.00% 0
B 17.32% 5.68% 1 100%
1 8.99% 3.83% -71.22% 148.31% 37.62% 7.31% I VI Increase
2 24.63% 7.17% -36.59% 79.14% 30.69% 6.63% VI VII Increase
3 24.39% 9.15% -56.96% 62.02% 33.09% 9.27% V 1l Increase
4 17.84% 8.94% -53.50% 63.49% 27.30% 8.80% VII Y Increase
5 2.39% 1.79% -5.61% 317.61% 10.36% 7.96% VIII V Increase
6 23.83% 4.42% -13.54% 128.54% 35.90% 6.06% [ VIII Increase
7 19.48% 4.33% -29.64% 131.13% 34.56% 9.60% 1l I Increase
8 18.98% 4.18% -26.33% 135.91% 33.92% 10.22% Y I Increase
Previous Previous Previous Previous
Fund a b 1-a-b a b 1-a-b TE TE
1 2.051 1.224 -2.276 1.076 0.206 -0.282 12.90% 7.26%
2 0.826 0.621 -0.447 0.568 0.398 0.034 19.68% 6.10%
3 0.733 0.912 -0.645 0.701 0.331 -0.033 15.46% 9.99%
4 0.730 0.854 -0.584 0.813 0.153 0.035 11.65% 9.02%
5 3.089 0.294 -2.382 1.551 0.849 -1.400 5.66% 7.43%
6 1.260 0.372 -0.632 0.576 0.361 0.063 30.38% 5.34%
7 1.333 0.541 -0.874 1.229 -0.218 -0.011 25.27% 9.22%
8 1.368 0.504 -0.872 1.265 -0.266 0.001 25.48% 9.66%

Source: the authors.
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Table 10
Sortino ratio case-studies for 2006-2016

Fund Return TDD Sortino Rank
B 4.39% 0.00%
1 6.56% 14.39% 0.1505 Vi
2 6.33% 20.13% 0.0966 \i
3 10.00% 17.07% 0.3285 I
4 9.29% 18.14% 0.2699 "
5 5.13% 3.35% 0.2203 \%
6 5.51% 21.84% 0.0511 VIII
7 9.13% 17.59% 0.2695 %
8 9.60% 17.05% 0.3054 [l

Source: the authors.

the most attractive fund for investments is fund 3.
However, if we adjust for the correlation the most
attractive fund will be 8 the same as Information
ratio suggested.

The M3 measure gives investors guidance
on how to build a portfolio out of risk-free rate,
benchmark and a fund. For example, if we used
the strategy that M3 suggests we would get 10.2%
of risk-adjusted return on fund 8. When its pure
return was only 9.6%.

Some funds outperform on an unadjusted
basis but underperform on an adjusted basis
and vice versa. For example, fund 3 had 10%
unadjusted return but only 9.3% adjusted return.

Fund 5 has one of the least attractive pure re-
turns for the investors. However, after adjusting
for risk and correlation it has the highest change
to M3 of 64.4%.

For the following year, target correlations
are calculated based on 7% which gives us
pr. g =23.9%. Now let’s compare the results:

As we can see from the Table 9 the following
conclusions can be drawn:

Fund 1 now has the first ranking most likely
due to the fact that it has a very strong negative
correlation with the benchmark for the follow-
ing year.

Fund 1 has one of the lowest pure returns, how-
ever, after the adjustment for correlation gives
it 37.62% of return after the correct allocation
of investments between fund, benchmark, and a
risk-free rate.

It makes sense that all ratio increased for the
following year because for the previous crisis years
of 2008-2010 was included. Therefore, return

adjusted for correlation is greater for the follow-
ing year.

Sortino Ratio

Next ratio is a Sortino ratio that uses the Target
Downside Deviation (TDD) as a risk measure. In
the formula of the TDD, we need to use the tar-
get required rate of return. As a target rate risk-
free rate was chosen because it is a minimum
return that investors should require from funds.

In Table 10 calculations are presented for all
8 funds:

Table 10 allows us to make the following con-
clusions:

Fund 6 as in most of the previous measures is
exposed to the highest risk among all 8 funds in
addition to having very low return it brings it to
the last place.

Fund 5 as in most of the previous measures
has the lowest risk of only 3.35%. When the ma-
jority of funds have more than 15% of the risk.
However, having a very low return gives fund 5
only the 5th place.

Fund 3 having the highest return among all 8
funds get the first place because it has a relatively
low risk comparing to the other funds.

Now let’s compare the results for the follow-
ing year:

As we can see from the Table 11 that there is
a big difference between previous Sortino ratio
and a current one. This difference is because dif-
ferent annualization method was used. Since it
was calculated only for a year monthly TDD was
calculated and then multiplied by J12. Therefore,
the comparison between ratios is not possible.

13
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Table 11

Sortino ratio case-studies for 2017

Fund Return TDD Sortino I:::’t'; L(')s Ranking PRrae::(ci):; :;::f::::
F 0.89% 0.00%
1 8.99% 1.60% 5.0665 0.1505 \% \ Increase
2 24.63% 2.14% 11.1075 0.0912 v \l Increase
3 24.39% 5.12% 45877 0.2988 \ I Increase
4 17.84% 5.56% 3.0471 0.2469 VIl [l Increase
5 2.39% 1.00% 1.5004 0.1625 Vil \% Increase
6 23.83% 0.61% 37.5334 0.0506 I VI Increase
7 19.48% 0.42% 44.5980 0.2580 I v Increase
8 18.98% 0.43% 42.2068 0.2810 Il [l Increase
Source: the authors.
Table 12
Calmar ratio case-studies for 2006-2016
Fund Return MDD Calmar Rank
F 4.39% 0.00%
1 6.56% 10.99% 0.1971 \
2 6.33% 19.49% 0.0998 Vi
3 10.00% 13.23% 0.4238 I
4 9.29% 20.29% 0.2413 v
5 5.13% 9.43% 0.0782 \
6 5.51% 23.21% 0.0481 VI
7 9.13% 9.14% 0.5185 [l
8 9.60% 10.02% 0.5199 I

Source: the authors.

However, we can compare rankings and make the
following conclusions:

Most of the funds have TDD around or less
than 1%. However, two funds 3 and 4 have a risk
higher than 5% and as we can see that the previous
Sortino ratio ranked them as top 3 funds.

Funds 7 and 8 have large Sortino ratios because
they have a high return comparing to a low risk
which brings them to the top two places.

Fund 6 which was the least attractive fund
based on past performance has the third rank in
the following year.

Calmar Ratio

In the Calmar ratio Maximum Drawdown (MDD)
is used as a risk measure. The basic idea of the
MDD is a maximum cumulative loss over the en-
tire period. Calculations are presented in Table 12.
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The following conclusions can be made from
Table 12:

Fund 5 again has the lowest risk among all 8
funds. However, as we can see from the ranking
the difference in risk is not significant enough
because the Calmar ratio gave it the 7th place.

Fund 3 losses it’s first place again because it
has 13.23% of risk which is not too high, however,
fund 8 has approximately the same return but
lower risk which brings fund 8 to the first place
and fund 3 to the 3rd.

Fund 6 has the highest risk and one of the low-
est returns among all 8 funds which bring it to
the 8th place again.

Now let’s compare the results for the follow-
ing year:

Like the Sortino ratio, we cannot compare the
previous and current Calmar ratio because pre-



Performance Analysis Based on Adequate Risk-Adjusted Measures

Table 13
Calmar ratio case-studies for 2017

Fund Return MDD Calmar  Previous Calmar Ranking Prew?us Increase/
Ranking Decrease
F 0.89% 0.00%
1 8.99% 1.29% 6.2839 0.1971 \ Vv Increase
2 24.63% 1.63% 14.5878 0.0998 \Y \ Increase
3 24.39% 5.03% 4.6755 0.4238 VI Il Increase
4 17.84% 5.48% 3.0953 0.2413 VII \Y Increase
5 2.39% 1.35% 1.1132 0.0782 VIII VII Increase
6 23.83% 0.54% 427174 0.0481 1l VI Increase
7 19.48% 0.34% 54.2476 0.5185 | 1] Increase
8 18.98% 0.35% 51.0389 0.5199 1] | Increase
Source: the authors.
Table 14
RAROC ratio case-studies for 2006-2016
Fund Return VaR RAROC Rank
1 0.50% -5.29% 0.0948 \Y
2 0.46% -9.04% 0.0505 VII
3 0.74% -6.72% 0.1104 Il
4 0.68% -712% 0.0959 1l
5 0.42% -1.43% 0.2909 |
6 0.40% -10.00% 0.0%396 VIII
7 0.69% -747% 0.0918 VI
8 0.73% -7.94% 0.0918 \Y,
Source: the authors.
vious Calmar was calculated over the last three RAROC

years but the current one only over the last year.
However, we can compare rankings which will
give us an idea of how funds did in comparison to
each other and make the following conclusions:

Almost all funds have a risk of around 1% when
funds 3 and 4 have a risk higher than 5% but in
the previous Calmar ratio, they were in the top
4 funds.

Funds 6-8 have large Calmar ratio because they
have a high return comparing to a very small risk
which allows them to get the first three positions
in the ranking. Also, if we compare their previous
ranks we will see that finds 7 and 8 were in the
top two, however, fund 6 was the last one.

Fund 1 did not change its ranking in compari-
son to other and fund 5 moved from the 7th posi-
tion to the last one.

As was discussed previously RAROC uses VaR
as a measure of risk. In order, to determine
VaR historical approach and monthly data was
used in order to obtain VaR because 10 years
are not enough to calculate the percentile
carefully. Also, the 5th percentile was used to
obtain Va R. Table 14 shows the calculations:

As we can see from Table 14 it gives very
different results compared to other measures
most likely because monthly data was used
and not yearly. However, we still can make the
following conclusions from Table 14.

All funds have negative VaR which means
that none of the funds produced positive re-
turns in the 5% of worst scenarios. Fund 6 has
the highest risk among all funds. However, pre-
viously fund 6 had a lot higher risk than other

15
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Table 15
RAROC ratio case-studies for 2017

Previous

Previous

Fund Return VaR RAROC RAROC Rank Rank Increase/Decrease

1 0.75%  -1.00% 0.7502 0.0948 VI v Increase

2 2.05%  -1.40% 1.4643 0.0505 v VI Increase

3 2.03%  -2.48% 0.8188 0.1104 \% Il Increase

4 149%  -2.63% 0.5660 0.0959 VI 1 Increase

5 0.20%  -0.48% 0.4119 0.2909 VI I Increase

6 1.99% 0.11% 18.1709 0.0396 I Vil Increase

7 1.62%  -0.05% 30.4743 0.0918 I Vi Increase

8 1.58%  -0.08% 19.9601 0.0918 [l \% Increase

Table 16
Putting all measures together for the previous 10 years

Fund Sharpe Information M2 M3 Sortino Calmar RAROC
1 Vi Vi Vi VI VI \Y %
2 \ \% \l i i Vi VI
3 I [l [ [l I [l [l
4 v v v v [l % [
5 \% VI \% \% \% VI |
6 VIII VI VI VI VI VIl VIII
7 I [l [l [l % [l Vi
8 Il I [ I [l I v

Source: the authors.

but using RAROC fund 2 has a risk almost as
high as the fund’s 6.

Fund 5 produced the lowest risk again and a
relatively high monthly return which brings fund
5 to the first place.

Now let’s compare the results for the follow-
ing year:

RAROC was calculated based on a monthly
basis because otherwise there is not enough data
to calculated 5th percentile. From Table 15 we can
draw the following conclusions:

Even though fund 6 has the third-ranking but
it is the only fund which VaR is positive meaning
that even the lowest 5% of returns is positive. That
is why it is supposed to be the most attractive
fund based on RAROC.

Fund 5 which had the first ranking before now
has the lowest and it is the least attractive fund
for investors.

If we compare the previous ranking and for the
following year we can notice that it has a very
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big difference. Previous ratios changed places for
fund just a little bit but RAROC brought some
funds from the top ranking to the lowest and
vice versa.

Putting All Ratios Together

Now, we would like to look at all the measures
together. It will provide an easier comparison
between measures and their rankings.

As we can see from the Table 16 all measures
have quite different results. However, RAROC has
the most distinct ranking most likely because it
used monthly data.

If we look at specific funds the following can
be noted:

All ratios ranked fund 6 as the least attractive
fund for the investments including RAROC.

All measures except RAROC put fund 5 on
places 5-7 (most of them gave it 6th place).
However, based on RAROC this fund got the
first place.
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Table 17
Putting all measures together for the following year

Fund Sharpe Information M2 M3 Sortino Calmar RAROC

1 \ \ \ I \% \Y VI
2 v I v Vi v v v
3 \% [l \% \% Vi Vi \Y
4 \i % Vil VI Vil VI VI
5 VIII VIl VIl VIII VIII VIII VI
6 I " I [l I [ [l
7 I v 11 11 I I I

8 Il Vi Il v Il [l Il

All measures agree that fund 3 must be at
the top of the list. However, only Sharpe, M2
and Sortino ratios put it on the first places.
Others gave it either second or third places.
Especially, if we look at M3 it gave it the third
place and we know that fund 3 underperforms
on a risk-adjusted basis if we add correlation
and benchmark into account and into the port-
folio. Therefore, fund 3 shouldn’t take the first
place.

An interesting observation is that all ratios
except for RAROC agreed on which funds take
places from 1-4, and 5-8. All ratios ranked funds 3,
4,7,and 8 as the top 4 funds out of 8. Even though
they had different rankings they all shared the
first half of the ranking.

Now let’s look at the following year measures
ranking:

From Table 16 and Table 17 we can make the
following conclusions:

As we can see from the Table 17 almost all
ratios agree that fund 7 and 8 should be on the
first 3-4 positions. It agrees with the ratios of the
previous 10 years. Almost all ratios gave funds 7
and 8 the top rankings.

The same as for the past 10 years all measures
agree on the worst fund which this year it happens

to be fund 5. Previously, all measures ranked fund
5 from 5-7th places except for RAROC which gave
it the 1 place.

It is also interesting that all ratios except for
M3 ranked fund 1 from 5-7th places. However,
M3 gave it the first place which shows how much
correlation affects the ranking. If we go back and
look at Table 9 (3.8) we will see that fund 1 had
the lowest negative correlation with the bench-
mark. Which proves our previous assumptions
about correlation: investors seek investments
with the negative correlation and the lower cor-
relation the better because it helps to diversify
the risk.

Conclusions

Risk-adjusted performance measures can play
an important role when choosing new invest-
ments. Ranking managers can help to determine
the best or the worst manager not only based on
pure return but also adjusting for risk.

These measures can be applied not only while
choosing new investments but also when hiring a
new manager. If a fund wants to hire a new man-
ager, they can calculate presented measures and
select manager that attract them the most based
on ratios between return and risk.
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AHHOmMayus. Ans IHBECTOPOB CYLLECTBYET MHOXXECTBO MHBECTULMOHHbIX PELUEHUMI, U Y HUX O0MKHA ObiTb
BO3MOXHOCTb CPAaBHMBATb UX 3MPEKTUBHOCTb C MOMOLLbI0 KOIMYECTBEHHbIX NMOKA3aTeNEeMN, YUMTbIBAKOLLMX PUCKM.
Ecnm MHBECTOp 0CHOBbIBAET CBOM BbIOOP MHBECTULMOHHOIO peLleHUs TONbKO Ha BEAUUYMHE JOXOLHOCTU, TO OH
NMoABEpraeTcs pUCKy HEBO3BpaTa €ro MHBECTULIMIA. BBUAY 3TOro 06CTOATENLCTBA MHBECTOPbI OCHOBbLIBAOTCS

Ha TakMX KONMYECTBEHHbIX NOKa3aTensax KayecTBa CBOEM MHBECTULLMOHHOM [eaTeNbHOCTH, KOTOPble OTPaXatoT
BO3HMKAOLLME NPY 3TOM PUCKU. B CcTaTbe JAOTCS pa3BepHYTble XapakTepUCTUMKM He TONIbKO WKMPOKO
pacnpoCTpaHeHHbIX NOKa3aTeei Takoro TMMa, Ho M NnokasaTtento M3, KOTopbli YYUTbIBAET KOPPENSALMIO aKTUBOB.
ApceHan 3TUX 1 Apyrux nokasatenen NpUMeEHSEeTCs K peanbHbiM GUHAHCOBbLIM AaHHbIM ANs 6onee afeKBaTHOrO
PaHXXMPOBAHMUS UHBECTULIMOHHbIX MEHEIXKEPOB, NO3BO/IAS NPU 3TOM CPABHMBATb NOJyYEHHbIE pe3y/bTaThl

C OAHOTOAMYHbBIM MPOrHO30M.

Kntodesoie cnosa: nHankaTopbl 3QPEKTUBHOCTU; KOPPENSLMS; PaHXUPOBAHNE MHBECTULLMOHHBIX MEHEKEPOB
JEL classification G11, G17
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