
Chapter 8

DEA Performance Assessment of Mutual
Funds

Antonella Basso and Stefania Funari

Abstract Theobjectives of this paper aremanyfold. Firstwe present a comprehensive

review of the literature of DEA models for the performance assessment of mutual

funds. Then we discuss the problem of the presence of negative returns in DEA

modeling for mutual funds and we identify a DEA model that is financially justified

and tackles the issue of negative returns in a natural way. Moreover, we present an

empirical application on real market data, considering different risk measures. We

consider also different holding periods, which include both a period of financial crisis

and one of financial recovery. Moreover, we compare the results of the DEA perfor-

mance measure with those obtained with traditional financial indicators.

Keywords DEA • Mutual fund performance evaluation • Negative data • Sharpe

index • Sortino index

8.1 Introduction

The applications of data envelopment analysis (DEA) to the assessment of the

performance of mutual funds have become more and more numerous in the last

years. If we consider the applications to conventional mutual funds, socially

responsible investment (SRI) mutual funds, Islamic funds, pension funds,

exchange-traded funds (ETFs), hedge funds, commodity trading advisors (CTAs)

and managed future funds, the number of papers published on international journals

and books totals about 100 (data referred to the end of 2014).

However, if we look at the performance indicators used in the financial practice

to compare mutual funds on the basis of their historical results, we find that the
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indicators most often used do not include any of the performance scores obtained

with a DEA model.

We may wonder what is the reason of this lack of “financial visibility” with both

practitioners and big data providers working in the financial market. In our opinion,

we may find two main reasons.

The first explanation is connected to the difficulty of providing a clear financial

interpretation of the DEA indicators which can be plainly grasped by financial

professionals.

A second possible explanation lies in the relative sophistication of the DEA

models, compared to some of the traditional financial indicators, such as the Sharpe,

Treynor and Sortino ratios. This is especially true for many of the advanced DEA

models proposed in the more recent literature.

We have to raise an issue that often affects the financial data on mutual funds and

can cause a drawback in DEA modeling: the presence of negative mean returns,

which is often observed, especially in periods of financial crisis, and requires the

usage of special devices in the formulation of the DEA models.

The main objectives of this paper are manyfold and may be summarized as

follows.

First, we present a comprehensive review of the literature of DEA models for the

evaluation of the performance of mutual funds (Sect. 8.2).

Secondly, we discuss the problem of the presence of negative returns in the DEA

modeling for mutual funds (Sect. 8.3).

Thirdly, we identify a DEAmodel that is financially well justified and tackles the

issue of negative returns in a natural way, being inspired by financial considerations

rather than derived from mathematical technicalities. At the same time, it relies on

one of the basic DEAmodels, so that it is relatively simple to implement (Sect. 8.4).

In Sect. 8.5 we outline some of the traditional indicators that are most widely

used in finance to evaluate the mutual fund performance; they also suffer from

serious drawbacks in presence of negative mean returns.

A fourth objective of this contribution is to present an empirical application of

the DEA model chosen on real market data, considering different risk measures.

The empirical investigation considers also different holding periods and is carried

out both on a period of financial crisis and on a period of financial recovery.

Moreover, we compare the results of the DEA performance measure with those

obtained with the traditional financial indicators (Sect. 8.6).

8.2 DEA Literature on Mutual Funds

The issue of the assessment of the performance of mutual funds was not among the

first applications of the DEA methodology. Indeed, the first contributions which

proposed a DEA model to study the performance of mutual funds were published

only a little more than 15 years ago. Among the pioneering papers we find Murthi

et al. (1997), McMullen and Strong (1998), Basso and Funari (2001), Choi and

Murthi (2001), Tarim and Karan (2001) and Galagadera and Silvapulle (2002).
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The number of papers published yearly on this subject begins to be considerable

starting from 2003, and becomes copious in the more recent years. The situation is

summarized in Fig. 8.1, which illustrates the number of papers published in scien-

tific journals or books that adopt a DEA model for the evaluation of the perfor-

mance of mutual funds by year of publication. The number of publications

considered in Fig. 8.1 includes the papers which focus on traditional mutual

funds, socially responsible investment (SRI) mutual funds and Islamic funds, but

also pension funds and exchange-traded funds (ETFs).

Along the same line, Fig. 8.2 displays the number of published papers that use a

DEA approach for the assessment of the performance of hedge funds, commodity

trading advisors (CTAs) and managed futures funds.

As can be seen from Figs. 8.1 and 8.2, the overall number of papers on DEA

assessment of mutual funds published up to now is quite relevant. Table 8.1 pre-

sents the various contributions in detail, reporting for each paper the kind of DEA

models proposed/used, a brief summary of the main features of the study and the

main characteristics of the empirical analysis carried out (the geographical area and

time period of the data and the number of funds considered).

Analogously, Table 8.2 presents the papers on the DEA performance evaluation

of socially responsible investment (SRI) mutual funds, which exploits the ability of

DEA to take into account not only the financial features but also a measure of the

degree of social responsibility of mutual funds.

Moreover, in the more recent years the DEA approach has been applied also to a

special kind of SRI funds: the funds that follow the rules of Islamic finance (Shariah

compliant); for a review of the contributions on Islamic mutual funds see Table 8.3.
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Fig. 8.1 Number of published papers on DEA models for the evaluation of the performance of

mutual funds (including SRI funds and Islamic funds), pension funds and ETFs by year of

publication
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Furthermore, the review of the literature on DEA models for pension funds is

presented in Table 8.4, while Table 8.5 considers the papers which try to apply

DEA to exchange-traded funds (ETFs). With regard to the applications of DEA to

ETFs, however, we must bear in mind that the aim of ETFs is to track a stock or a

bond index, rather than to beat the market.

Another field of application of the DEA methodology in finance is the assess-

ment of the performance of hedge funds. Table 8.6 displays the contributions of the

DEA literature on hedge funds.

In addition, Table 8.7 reports the contributions that apply DEA to measure the

performance of commodity trading advisors (CTAs) and managed futures funds.

On the other hand, mutual funds are actually stock and/or bond portfolios

managed by financial professionals. Therefore, some DEA models that have been

proposed for portfolio selection may also be useful for the performance evaluation

of mutual funds. Table 8.8 presents the papers which use the DEA methodology for

portfolio selection. As can be seen, the number of such papers has become consid-

erable mainly in the last years; see also Fig. 8.3, that displays the number of

published papers by year.

8.3 The Problem of Negative Returns in DEA Modeling

In classical DEA models it is common to assume that all the input and output values

are non negative. This is indeed a crucial assumption in the measurement of

performance with the DEA technique. However, it is far from being always satisfied
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Fig. 8.2 Number of published papers on DEA models for the evaluation of the performance of

hedge funds, CTAs and managed futures funds by year of publication
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ri
es
,
sa
le

co
st
s.
O
u
tp
u
ts
:
in
co
m
e,

o
p
er
at
in
g
p
ro
fi
t

Ir
an
,
2
0
0
1
–
2
0
0
7
,

co
m
p
an
ie
s

B
an
ih
as
h
em

i
S
.,
S
an
ei

M
.
(2
0
1
3
)

E
v
al
u
at
es

th
e
p
er
fo
rm

an
ce

o
f
p
o
rt
fo
li
o
s
an
d

as
se
t
al
lo
ca
ti
o
n
s
u
si
n
g
D
E
A
an
d
D
E
A
/A
H
P
(A

n
al
y
ti
c

H
ie
ra
rc
h
y
P
ro
ce
ss
)
ra
n
k
in
g
m
o
d
el
.
In
p
u
t:
v
ar
ia
n
ce
.

O
u
tp
u
t:
re
tu
rn

B
ra
n
d
a
M
.
(2
0
1
1
)

Q
u
ad
ra
ti
c

p
ro
g
ra
m
m
in
g

P
ro
p
o
se
s
m
o
d
el
s
re
la
te
d
to

th
e
th
ir
d
-d
eg
re
e
st
o
ch
as
ti
c

d
o
m
in
an
ce

(T
S
D
),
b
as
ed

o
n
n
ec
es
sa
ry

co
n
d
it
io
n
s
fo
r

T
S
D
an
d
o
n
re
la
te
d
m
ea
n
-r
is
k
m
o
d
el
s;
th
es
e
m
o
d
el
s

d
ra
w

th
ei
r
in
sp
ir
at
io
n
fr
o
m

th
e
D
E
A
m
et
h
o
d
o
lo
g
y
an
d

le
ad

to
q
u
ad
ra
ti
c
p
ro
g
ra
m
m
in
g
p
ro
b
le
m
s

W
o
rl
d
,
2
0
0
6
–
2
0
1
0
,

2
5
fi
n
an
ci
al

in
d
ic
es

B
ra
n
d
a
M
.
(2
0
1
3
a)

M
ix
ed
-i
n
te
g
er

li
n
ea
r

p
ro
g
ra
m
m
in
g

P
ro
p
o
se
s
ef
fi
ci
en
cy

m
o
d
el
s
w
h
ic
h
d
ra
w

th
ei
r
in
sp
ir
a-

ti
o
n
fr
o
m

th
e
D
E
A

m
et
h
o
d
o
lo
g
y
an
d
ta
k
e
in
to

ac
co
u
n
t

p
o
rt
fo
li
o
d
iv
er
si
fi
ca
ti
o
n
;
th
ey

le
ad

to
m
ix
ed
-i
n
te
g
er

li
n
ea
r
p
ro
g
ra
m
m
in
g
p
ro
b
le
m
s.
U
se
s
g
en
er
al

d
ev
ia
ti
o
n

m
ea
su
re
s
as

in
p
u
ts
an
d
re
tu
rn

m
ea
su
re
s
as

o
u
tp
u
ts

W
o
rl
d
,
2
0
0
6
–
2
0
1
0
,

2
5
fi
n
an
ci
al

in
d
ic
es

B
ra
n
d
a
M
.
(2
0
1
3
b
)

P
re
se
n
ts
n
u
m
er
ic
al
ly

tr
ac
ta
b
le

fo
rm

u
la
ti
o
n
s
o
f
th
e

d
iv
er
si
fi
ca
ti
o
n
-c
o
n
si
st
en
t
m
o
d
el
s
p
ro
p
o
se
d
in

o
th
er
s

co
n
tr
ib
u
ti
o
n
s
o
f
B
ra
n
d
a

U
S
,
2
0
0
2
–
2
0
1
1
,
4
6
in
d
u
s-

tr
ie
s
p
o
rt
fo
li
o
s

B
ra
n
d
a
M
.
(2
0
1
3
c)

S
am

e
m
o
d
el

u
se
d
in

B
ra
n
d
a
(2
0
1
3
a)

P
re
se
n
ts
a
p
ro
o
f
o
f
eq
u
iv
al
en
ce

B
ra
n
d
a
M
.,
K
o
p
a
M
.
(2
0
1
2
a)

C
R
S

C
o
m
p
ar
es

D
E
A
,
m
ea
n
-r
is
k
an
d
st
o
ch
as
ti
c
d
o
m
in
an
ce

o
n
a
se
t
o
f
fi
n
an
ci
al

in
d
ic
es
.
In
p
u
ts
:
se
v
er
al

ri
sk

m
ea
-

su
re
s.
O
u
tp
u
t:
re
tu
rn

W
o
rl
d
,
2
0
0
6
–
2
0
1
0
,

2
5
fi
n
an
ci
al

in
d
ic
es
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B
ra
n
d
a
M
.,
K
o
p
a
M
.
(2
0
1
2
b
)

C
R
S
,
V
R
S

C
o
m
p
ar
es

se
v
er
al

D
E
A
m
o
d
el
s
fo
r
p
o
rt
fo
li
o
ef
fi
ci
en
cy

an
d
a
d
iv
er
si
fi
ca
ti
o
n
-c
o
n
si
st
en
t
m
o
d
el
.
In
p
u
ts
:
se
v
er
al

ri
sk

m
ea
su
re
s.
O
u
tp
u
t:
re
tu
rn

U
S
,
1
9
8
2
–
2
0
1
1
,
4
8
in
d
u
s-

tr
ie
s
p
o
rt
fo
li
o
s

B
ra
n
d
a
M
.,
K
o
p
a
M
.
(2
0
1
4
)

C
R
S
,
V
R
S

E
m
p
ir
ic
al
ly

co
m
p
ar
es

C
R
S
an
d
V
R
S
D
E
A
m
o
d
el
s
an
d

d
iv
er
si
fi
ca
ti
o
n
-c
o
n
si
st
en
t
m
o
d
el
s.
In
p
u
ts
:
co
n
d
it
io
n
al

v
al
u
e
at
ri
sk

at
se
v
er
al
p
ro
b
ab
il
it
y
le
v
el
s.
O
u
tp
u
t:
re
tu
rn

U
S
,
1
9
8
2
–
2
0
1
1
,
4
8
in
d
u
s-

tr
ie
s
p
o
rt
fo
li
o
s

B
ri
ec

W
.,
K
er
st
en
s
K
.,
Jo
k
u
n
g
O
.
(2
0
0
7
)

S
h
o
rt
ag
e
fu
n
ct
io
n

E
x
te
n
d
s
th
e
sh
o
rt
ag
e
fu
n
ct
io
n
to

th
e
m
ea
n
-v
ar
ia
n
ce
-

sk
ew

n
es
s
sp
ac
e
to

ac
co
u
n
t
fo
r
a
p
re
fe
re
n
ce

fo
r
p
o
si
ti
v
e

sk
ew

n
es
s
in

ad
d
it
io
n
to

a
p
re
fe
re
n
ce

fo
r
re
tu
rn
s
an
d
an

av
er
si
o
n
to

ri
sk

1
9
9
7
–
1
9
9
9
,
3
5
as
se
ts

B
ri
ec

W
.,
K
er
st
en
s
K
.,
L
es
o
u
rd

J.
B
.
(2
0
0
4
)

S
h
o
rt
ag
e
fu
n
ct
io
n

S
tu
d
ie
s
ex
is
ti
n
g
n
o
n
p
ar
am

et
ri
c
ef
fi
ci
en
cy

m
ea
su
re
m
en
t

ap
p
ro
ac
h
es

fo
r
si
n
g
le

p
er
io
d
p
o
rt
fo
li
o
se
le
ct
io
n
fr
o
m

a

th
eo
re
ti
ca
l
p
er
sp
ec
ti
v
e
an
d
g
en
er
al
iz
es

cu
rr
en
tl
y
u
se
d

ef
fi
ci
en
cy

m
ea
su
re
s
in
to

th
e
m
ea
n
-v
ar
ia
n
ce

sp
ac
e

2
6
fu
n
d
s
an
al
y
ze
d
in

M
o
re
y
an
d
M
o
re
y
(1
9
9
9
)

C
h
en

H
.-
H
.
(2
0
0
8
)

U
se
s
D
E
A

to
co
n
st
ru
ct

st
o
ck

p
o
rt
fo
li
o
s

T
ai
w
an
,
st
o
ck
s

D
ia

M
.
(2
0
0
9
)

P
re
se
n
ts
a
fo
u
r-
st
ep

m
et
h
o
d
o
lo
g
y
fo
r
p
o
rt
fo
li
o
se
le
ct
io
n

b
as
ed

o
n
D
E
A

S
to
ck
s

D
in
g
H
.
Z
h
o
u
Z
.,
X
ia
o
H
.,
M
a
C
.,
L
iu

W
.
(2
0
1
4
)

B
C
C
-I
,
B
C
C
-O

D
ev
el
o
p
s
D
E
A
m
o
d
el
s
to

ev
al
u
at
e
th
e
p
er
fo
rm

an
ce

o
f

p
o
rt
fo
li
o
s
w
it
h
m
ar
g
in

re
q
u
ir
em

en
ts
;
th
e
B
C
C
fr
o
n
ti
er
s

ap
p
ro
x
im

at
e
th
e
ex
ac
t
fr
o
n
ti
er
.
In
p
u
t:
v
ar
ia
n
ce
.
O
u
tp
u
t:

ex
p
ec
te
d
re
tu
rn

S
im

u
la
ti
o
n
s

E
d
ir
is
in
g
h
e
N
.C
.P
.,
Z
h
an
g
X
.
(2
0
0
7
)

G
D
E
A

P
ro
p
o
se
s
a
g
en
er
al
iz
ed

D
E
A

ap
p
ro
ac
h
(G

D
E
A
)
fo
r

st
o
ck

p
o
rt
fo
li
o
s
in

w
h
ic
h
th
e
se
le
ct
io
n
o
f
in
p
u
ts
an
d

o
u
tp
u
ts
is
so
u
g
h
t
it
er
at
iv
el
y
.
P
o
te
n
ti
al

in
p
u
ts
an
d
o
u
t-

p
u
ts
:
1
8
fi
n
an
ci
al

p
ar
am

et
er
s
th
ro
u
g
h
a
ra
n
g
e
o
f
p
er
-

fo
rm

an
ce

p
er
sp
ec
ti
v
es

(p
ro
fi
ta
b
il
it
y
,
as
se
t
u
ti
li
za
ti
o
n
,

li
q
u
id
it
y
,
le
v
er
ag
e,
v
al
u
at
io
n
,
g
ro
w
th
)

U
S
,
1
9
9
6
–
2
0
0
2
,

2
3
0
st
o
ck
s

E
d
ir
is
in
g
h
e
N
.C
.P
.,
Z
h
an
g
X
.
(2
0
1
0
)

It
er
at
iv
e
tw
o
-s
ta
g
e

o
p
ti
m
iz
at
io
n

P
re
se
n
ts
a
m
et
h
o
d
o
lo
g
y
fo
r
se
le
ct
in
g
in
p
u
t
an
d
o
u
tp
u
t

v
ar
ia
b
le
s
en
d
o
g
en
o
u
sl
y
to

th
e
D
E
A
m
o
d
el

in
th
e
p
re
s-

en
ce

o
f
ex
p
er
t’
s
k
n
o
w
le
d
g
e

U
S
,
1
9
9
7
–
2
0
0
5
,

8
2
7
st
o
ck
s

(c
o
n
ti
n
u
ed
)
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T
a
b
le

8
.8

(c
o
n
ti
n
u
ed
)

P
ap
er

D
E
A

m
o
d
el
s

F
ea
tu
re
s

E
m
p
ir
ic
al

an
al
y
si
s

G
al
ag
ed
er
a
D
.U
.A
.
(2
0
1
3
)

C
C
R
,
cr
o
ss
-

ef
fi
ci
en
cy

E
st
im

at
es

th
e
cr
o
ss
-e
ffi
ci
en
cy

o
f
eq
u
it
y
m
ar
k
et
s
in

a

m
u
lt
i-
d
im

en
si
o
n
al

ri
sk
-a
d
ju
st
ed

re
tu
rn

fr
am

ew
o
rk
.

In
p
u
ts
:
st
an
d
ar
d
d
ev
ia
ti
o
n
,
b
et
a,
d
o
w
n
si
d
e
d
ev
ia
ti
o
n
.

O
u
tp
u
ts
:
tw
o
re
tu
rn

fa
ct
o
rs

(t
w
o
p
o
si
ti
v
e
v
ar
ia
b
le
s

b
as
ed

o
n
o
b
se
rv
ed

ex
ce
ss

re
tu
rn
s)

W
o
rl
d
,
2
0
0
3
–
2
0
1
1
,

4
0
eq
u
it
y
m
ar
k
et
s

G
n
an
as
ek
ar

I.
F
.,
A
ru
l
R
.
(2
0
1
3
)

C
as
e
st
u
d
y
o
n
fi
n
an
ci
al

ri
sk

to
le
ra
n
ce

u
si
n
g
D
E
A

G
n
an
as
ek
ar

I.
F
.,
A
ru
l
R
.
(2
0
1
4
)

S
tu
d
ie
s
th
e
ef
fi
ci
en
cy

o
f
p
o
rt
fo
li
o
in
v
es
to
rs
w
it
h
re
sp
ec
t

to
th
e
fi
n
an
ci
al

ri
sk

to
le
ra
n
ce

u
si
n
g
D
E
A

H
su

C
.-
M
.
(2
0
1
4
)

C
C
R

P
ro
p
o
se
s
an

in
te
g
ra
te
d
p
ro
ce
d
u
re

u
si
n
g
D
E
A
,
an
t
co
l-

o
n
y
o
p
ti
m
iz
at
io
n
fo
r
co
n
ti
n
u
o
u
s
d
o
m
ai
n
s
an
d
g
en
e

ex
p
re
ss
io
n
p
ro
g
ra
m
m
in
g
,
in

w
h
ic
h
D
E
A
is
u
se
d
to

se
le
ct

st
o
ck
s
in

th
e
fi
rs
t
st
ag
e.
In
p
u
ts
:
to
ta
l
as
se
ts
,
to
ta
l

eq
u
it
y
,
co
st
o
f
sa
le
s,
o
p
er
at
in
g
ex
p
en
se
s.
O
u
tp
u
ts
:
n
et

sa
le
s,
n
et

in
co
m
e

T
ai
w
an
,
2
0
0
7
–
2
0
1
1
,

4
8
st
o
ck
s

H
u
an
g
C
.-
Y
.,
C
h
io
u
C
.-
C
.,
W
u
T
.-
H
.,

Y
an
g
S
.-
C
.
(2
0
1
5
)

P
ro
p
o
se
s
an

in
te
g
ra
te
d
D
E
A
-M

O
D
M

m
et
h
o
d
fo
r
p
o
rt
-

fo
li
o
o
p
ti
m
iz
at
io
n
.U

se
s
D
E
A
to
se
le
ct
th
e
p
o
rt
fo
li
o
an
d

d
ev
el
o
p
s
a
m
u
lt
i-
o
b
je
ct
iv
e
d
ec
is
io
n
-m

ak
in
g
(M

O
D
M
)

m
o
d
el

to
d
et
er
m
in
e
th
e
al
lo
ca
ti
o
n
o
f
ca
p
it
al

to
ea
ch

st
o
ck

in
th
e
co
n
st
ru
ct
ed

p
o
rt
fo
li
o

T
ai
w
an

H
u
an
g
T
.H
.,
L
eu

Y
.H
.
(2
0
1
4
)

P
re
se
n
ts
a
m
et
h
o
d
to

co
n
st
ru
ct

a
p
ro
fi
ta
b
le

p
o
rt
fo
li
o
o
f

m
u
tu
al

fu
n
d
s.
In

th
e
fi
rs
t
st
ag
e,
th
e
D
E
A
,
S
h
ar
p
e
an
d

T
re
y
n
o
r
in
d
ic
es

an
d
th
e
m
o
n
th
ly
ra
te
s
o
f
re
tu
rn

ar
e
u
se
d

to
se
le
ct

a
m
u
tu
al

fu
n
d
p
o
rt
fo
li
o
.
In

th
e
se
co
n
d
st
ag
e,

th
e
li
n
ea
r
re
g
re
ss
io
n
m
o
d
el
,
th
e
fr
u
it
fl
y
o
p
ti
m
iz
at
io
n

al
g
o
ri
th
m
an
d
th
e
g
en
er
al
re
g
re
ss
io
n
n
eu
ra
l
n
et
w
o
rk

ar
e

u
se
d
to

co
n
st
ru
ct

a
p
re
d
ic
ti
o
n
m
o
d
el

Is
m
ai
l
M
.K
.A
.,
S
al
am

u
d
in

N
.,
R
ah
m
an

N
.

M
.N
.A
.,
K
am

ar
u
d
d
in

B
.H
.
(2
0
1
2
)

E
m
p
lo
y
s
D
E
A
to
ev
al
u
at
e
th
e
fi
rm

s’
ef
fi
ci
en
ci
es
,
w
h
ic
h

ar
e
th
en

u
se
d
to

fo
rm

a
p
o
rt
fo
li
o

M
al
ay
si
a,
2
0
0
4
–
2
0
0
5
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K
ad
o
y
a
S
.,
K
u
ro
k
o
T
.,
N
am

at
am

e

T
.
(2
0
0
8
)

D
E
A
,
in
v
er
te
d
D
E
A

P
ro
p
o
se
s
an

in
d
ex

fo
r
an

in
v
es
tm

en
t
st
ra
te
g
y
to

ca
p
tu
re

th
e
re
tu
rn
-r
ev
er
sa
l
ef
fe
ct

u
si
n
g
b
o
th

D
E
A
an
d
in
v
er
te
d

D
E
A
.
D
E
A

in
p
u
ts
(i
n
v
er
te
d
D
E
A
o
u
tp
u
ts
):
th
re
e
su
r-

p
ri
se

in
d
ic
es

ca
lc
u
la
te
d
u
si
n
g
sa
le
s,
o
p
er
at
in
g
p
ro
fi
t,

o
rd
in
ar
y
p
ro
fi
t.
D
E
A
o
u
tp
u
ts
(i
n
v
er
te
d
D
E
A
in
p
u
ts
):

1
y
ea
r
re
tu
rn
,
3
y
ea
r
re
tu
rn
,
5
y
ea
r
re
tu
rn

Ja
p
an
,
2
0
0
0
–
2
0
0
4
,
1
1
4
6

st
o
ck
s

K
u
m
ar

S
in
g
h
A
.,
S
ah
u
R
.,
B
h
ar
ad
w
aj

S
.
(2
0
1
0
)

C
C
R

C
o
m
p
ar
es

o
rd
er
ed

w
ei
g
h
te
d
av
er
ag
in
g
(O

W
A
)-

h
eu
ri
st
ic

al
g
o
ri
th
m

an
d
b
as
ic

D
E
A
fo
r
as
se
t
se
le
ct
io
n
.

In
p
u
t:
v
ar
ia
n
ce
.
O
u
tp
u
t:
re
tu
rn

In
d
ia
,
2
0
0
5
–
2
0
0
7
,

4
5
st
o
ck
s

L
im

S
.,
O
h
K
.W

.,
Z
h
u
,
J.
(2
0
1
4
)

U
se
s
D
E
A
cr
o
ss
-e
ffi
ci
en
cy

ev
al
u
at
io
n
in

p
o
rt
fo
li
o

se
le
ct
io
n
.
S
ix
te
en

fi
n
an
ci
al

m
et
ri
cs

w
it
h
in

v
ar
io
u
s
p
er
-

fo
rm

an
ce

p
er
sp
ec
ti
v
es

ar
e
u
se
d
as

in
p
u
t
an
d
o
u
tp
u
t

v
ar
ia
b
le
s.
In
p
u
t
p
er
sp
ec
ti
v
es
:
as
se
t
u
ti
li
za
ti
o
n
,
li
q
u
id
-

it
y
,
le
v
er
ag
e.
O
u
tp
u
t
p
er
sp
ec
ti
v
es
:
p
ro
fi
ta
b
il
it
y
,
g
ro
w
th

K
o
re
a,
2
0
0
2
–
2
0
1
1
,
st
o
ck
s

L
o
p
es

A
.,
L
an
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in the empirical applications to the performance evaluation of mutual funds

when, as is usual, an output variable is chosen as either the mean return or the

mean excess return.

On the other hand, it is well known in the literature that the DEA performance

measure may give non satisfactory results when some output variables may take

negative values; see for example Silva Portela et al. (2004). The reason can easily

be grasped from a quick analysis of the following stylized examples, in which we

consider a DEA model with constant returns to scale.

Let us consider the problem of evaluating the performance of four decision

making units (DMUs) U1, U2, U3, U4, with one input x and two outputs y1 and y2.
Let the values of the outputs of the four DMUs, normalized with respect to the input

value, be as follows:

U1 ¼ y11
x1

,
y21
x1

� �
¼ ð5, 1Þ ð8:1Þ

U2 ¼ y12
x2

,
y22
x2

� �
¼ ð3, 2Þ ð8:2Þ

U3 ¼ y13
x3

,
y23
x3

� �
¼ ð2, 3Þ ð8:3Þ

U4 ¼ y14
x4

,
y24
x4

� �
¼ ð�1, aÞ, ð8:4Þ

with a2R+.

In the CCR model with constant returns to scale, the DEA performance measure

for DMU j0, with j02 { 1, 2, 3, 4 }, is the optimal value of the following linear

fractional programming problem
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max
v, u1, u2

u1y1j0 þ u2y2j0
vxj0

ð8:5Þ

s.t.

u1y1j þ u2y2j
vxj

� 1 j ¼ 1, 2, 3, 4 ð8:6Þ

v, u1, u2 � ε, ð8:7Þ

where v, u1, u2 are the weights associated to the input and output variables, respec-

tively, and ε is a non-Archimedean constant. The optimal solution can be found by

solving the following equivalent output oriented linear program

min
v, u1, u2

vxj0 ð8:8Þ

s.t.

u1y1j0 þ u2y2j0 ¼ 1 ð8:9Þ
u1y1j þ u2y2j � vxj j ¼ 1, 2, 3, 4 ð8:10Þ

v, u1, u2 � ε, ð8:11Þ

which is equivalent to the following reduced linear problem

min
v, u1, u2

vxj0 ð8:12Þ

s.t.

u1
y1j0
xj0

þ u2
y2j0
xj0

¼ 1

xj0
ð8:13Þ

u1
y1j
xj

þ u2
y2j
xj

� v j ¼ 1, 2, 3, 4 ð8:14Þ

u1, u2 � ε: ð8:15Þ

If we restrict the analysis to the set of DMUs U1,U2,U3, we have a classical

DEA problem in which all the input and output values are positive. The efficiency

frontier of such an instance is represented in Fig. 8.4, where the cartesian axes

represent the normalized output values
y1j
xj

and
y2j
xj
.

The efficient frontier is the upper-right line which connects the efficient DMUs,

i.e. the DMUs with a DEA performance measure equal to 1. Figure 8.4 shows that

DMUs U1 and U3 are efficient, while U2 is inefficient and its DEA performance

measure is equal to
dist ðO,U2Þ
dist ðO,P2Þ ¼ 0:923. As is well known, the point P2 represents
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the virtual unit which has the same input and output orientation asU2 and lies on the

efficient frontier. This virtual unit suggests that unit U2 might improve its output

values while keeping the input value fixed, by moving along the dashed line OP2

towards the efficient frontier, till its reaches efficiency.

If we include in the analysis also DMU U4, which has a negative value of output

1, puzzling results can be obtained, so that the DEA fractional problem (8.5)–(8.7)

does not give a reasonable efficiency measure any longer. Table 8.9 displays the

values of the efficiency measure obtained for the four DMUs for different values of

the second output of U4, a; Figs. 8.5, 8.6, 8.7, and 8.8 show the efficient frontier

obtained in some relevant cases.

Fig. 8.4 Efficient frontier of the example with DMUs U1,U2,U3 (normalized output values)

Table 8.9 DEA efficiency scores for DMUs U1,U2,U3,U4 for different values of a2R+, the

second output of U4

a Score of U1 Score of U2 Score of U3 Score of U4

1 1.000 0.923 1.000 0.333

2 1.000 0.923 1.000 0.667

3 1.000 0.923 1.000 1.000

4 1.000 0.923 1.000 1.000

5 1.000 0.923 1.000 1.000

6 1.000 0.871 0.903 1.000

7 1.000 0.833 0.833 1.000

8 1.000 0.805 0.780 1.000

9 1.000 0.783 0.739 1.000

10 1.000 0.765 0.706 1.000
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As can be seen, in the cases with a� 3 the inclusion of U4 in the analysis does

not modify the part of the efficient frontier which envelops U1,U2,U3: this part is

exactly the same as in the case without U4; this is important because it entails that

the efficiency scores of U1,U2,U3 does not change either. For a< 3 (see Fig. 8.5)

U4 does not lie on the efficient frontier and therefore it is not efficient, while for

a¼ 3U4 reaches the efficient frontier, as shown in Fig. 8.6, and therefore it becomes

efficient.

In the cases with 3< a� 5, represented in Fig. 8.7, the displacement of U4

upwards does modify the efficient frontier; however this shift does not alter the

Fig. 8.5 Efficient frontier of the example with DMUs U1,U2,U3,U4 in the case U4 ¼ ð�1, 2Þ
(normalized output values)

Fig. 8.6 Efficient frontier of the example with DMUs U1,U2,U3,U4 in the case U4 ¼ ð�1, 3Þ
(normalized output values)
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section of the efficient frontier that determines the efficiency scores of U1,U2,U3,

so that their performance measures do not change. On the other hand, for a� 3 U4

lies on the efficient frontiers and hence it is efficient.

Figure 8.8 shows that for a> 5 the raising of U4 moves the efficient frontier

away from DMUs U2 and U3, causing a worsening of their efficiency scores; this

shift makes U3 become inefficient. Hence, a sufficiently high value of the second

output can compensate for the negative value of the first output, in such a way as to

make U4 become efficient when the value of the second output is high enough.

On the other hand, let us keep the values of both the input and the second output

constant while decreasing the value of the first (negative) output. In particular, let

us analyze the behavior of the efficiency score of U4 as the value of the negative

Fig. 8.7 Efficient frontier

of the example with DMUs

U1,U2,U3,U4 in the case

U4 ¼ ð�1, 4Þ (normalized

output values)

Fig. 8.8 Efficient frontier

of the example with DMUs

U1,U2,U3,U4 in the case

U4 ¼ ð�1, 6Þ (normalized

output values)
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output worsens. In such a case, a good performance measure should exhibit a

decreasing efficiency score for U4 as the negative output value worsens. However,

this is not what happens.

Actually, let us consider U4(�k, a) for 0< a� 3 as k> 0 increases; Fig. 8.9

shows the situation for k0 ¼ 1 and k00 ¼ 2, and a¼ 2. It is easy to see that the

Cartesian coordinates of the virtual unit P4 on the efficient frontier are the following

P4 � 3k

a
, 3

� �
, ð8:16Þ

so that the DEA efficiency score of U4 turns out to be constant and equal to

dist ðO,U4Þ
dist ðO,P4Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�kð Þ2 þ a2

q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
� 3k

a

� �2 þ 32
q ¼ a

3
, ð8:17Þ

no matter the value of the first output. This means that the efficiency measure of U4

is the same for all values of the first (negative) output, and thus the value of the

second output (besides that of the input) is the only thing that matters.

In the context of the measurement of the performance of mutual funds, this

fact has an unrealistic consequence, that does not satisfy the usual economic

assumptions on the investors preferences. Actually, if the first output represents

the average rate of return of the mutual fund (or its average excess return), this

entails that when the average rate of return is negative, its value is indifferent for

investors, whether it is only slightly less than zero or it entails a heavy loss. In this

case only the value of the second output would be relevant, which is clearly in

contrast with the economic principle that, all other things equal, a higher expected

value is always preferred.

Fig. 8.9 Distance from the efficient frontier of DMU U4(�k, a) for different values of k and

a¼ 2 (normalized output values)
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On the other hand, if we consider a single output that may take negative values

(and any number of inputs), things are not better. Actually, it can be easily seen

from the CCR-O model

min
u, v1, ..., vp

Xp
i¼1

vixij0 ð8:18Þ

s.t.

uyj0 ¼ 1 ð8:19Þ
Xp
i¼1

vixij � uyj j ¼ 1, 2, . . . , n ð8:20Þ

u, v1, v2, . . . , vp � ε, ð8:21Þ

that if yj0 is negative a solution does not even exist; in such a case the feasible region

is empty, since the first constraint (8.19) has no solution with u � ε.
Things only partially improve introducing variable returns to scale with a BCC

model. Indeed, a BCC-I model is translation invariant with respect to outputs (see

Pastor 1996), which means that the DEA efficiency measure is invariant for trans-

lations of the original output values consequent to an addition of a constant to the

original data. Therefore, with a BCC-I model the problem of negative returns

(or excess returns) can be easily overcome by adding a suitable constant (greater

than the absolute value of the lowest mean return) to the negative output; for an

overview on this subject see also Pastor and Ruiz (2007).

However, since the performance results depend on the orientation of the model,

the orientation should be carefully chosen on the basis of financial considerations.

In our opinion, the most appropriate orientation for the assessment of the perfor-

mance of mutual funds is the output orientation, since investors usually seek to

maximize the value of mean returns and (eventual) other output variables without

increasing the value of the input variables. But the BCC-O model is not translation

invariant with respect to outputs, so that with this model we face drawbacks

analogous to those encountered with CCR models; for further remarks see for

instance Silva Portela et al. (2004).

On the other hand, we could try to adopt a suitable DEA model which is

translation invariant (Ali and Seiford 1990; Lovell and Pastor 1995). In particular,

a well known DEA model with such a property is the additive model, and actually

this model is often used in order to tackle the problem of negative data in DEA

analyses. However, an additive DEA model discriminates between efficient and

inefficient DMUs, but it cannot gauge the depth of eventual inefficiencies: indeed,

the efficiency measure given by an additive model does not provide a radial

efficiency measure such as that given by the basic CCR and BCC models (for the

additive model see e.g. Cooper et al. 2011), and its financial interpretation is far

from being straightforward.
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Another approach, the range directional model proposed in Silva Portela

et al. (2004), treats the problem of negative data in DEA models by modifying

the efficiency measure used, but neither this approach is directly connected to

radial efficiency. Other contributions recently appeared in the literature propose

different approaches which modify, in one way or another, the efficiency measure.

Among them, we find the semi-oriented radial measure used by Emrouznejad

et al. (2010), a generalised proportional distance function used by Kerstens and

Van de Woestyne (2011), a shortage function adopted in Kerstens et al. (2012),

a probabilistic characterization of directional distances devised by Simar and

Vanhems (2012); Cheng et al. (2013) also proposes a way to deal with

negative data.

Notwithstanding, these methodologies make the efficiency measures difficult to

interpret, especially from a financial point of view. If we aim to assert the validity of

a DEA efficiency measure for the evaluation of the performance of mutual funds

and wish to spread its adoption in the financial practice, these approaches may well

be met with distrust in the financial world. For this reason, we need a model which

is at the same time simple, financially meaningful and able to deal with both

positive and negative returns.

Actually, only some of the DEA models used in the literature to assess the

performance of mutual funds can cope with the presence of negative mean returns.

Table 8.10 reports the papers on mutual and hedge funds that explicitly tackle this

problem and highlights the different solutions that they adopt to allow for the

presence of negative returns in the DEA models.

In addition, as can be seen looking at Tables 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, and 8.7,

even without making any remark on the problem of negative data, some of the

papers use either an input oriented BCC model or an additive model which are able

to handle the problem.

On the other hand, let us point out that the presence of negative mean returns

poses a problem not only in DEA modeling. Also most of the traditional indicators

used to evaluate the performance of mutual funds run into serious problems that

prevent a sensible usage in the presence of negative mean returns, as will be

discussed in Sect. 8.5.

8.4 A DEA Model for the Performance Assessment
in Periods of Financial Crisis

We adopt a performance measure recently proposed in Basso and Funari (2014a)

which is simple to implement, meaningful from a financial point of view and able to

deal with the negative returns characterising the periods of financial crisis. This

model is focused on the objectives of investors and takes the point of view of a

representative investor who has to pick the best mutual fund in the set {1, 2, . . ., n}
of mutual funds analyzed.
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Let Kj be the initial payout required by fund j to start with an initial capital equal
to 1, net of the initial fee cIj:

Kj ¼ 1

1� cIj
j ¼ 1, 2, . . . , n: ð8:22Þ

This is the first input variable of the model; in addition, we consider also one or

more risk measuresfq1j, q2j, . . . , qhjg that may shed light on different features of the

financial risk of fund j. For example, we may include widely used measures, such

as the historical volatility σj (the standard deviation of the returns of fund j) and the
β-coefficient βj (the ratio of the covariance between fund j and the market returns to

the variance of the market return), but also some of the other measures proposed in

the recent literature (see the review presented in Sect. 8.2).

As for the outputs, we consider a single output model in which the output

variable is the final value Mj of the investment, net of the exit fee cEj; more

precisely, Mj is defined as follows:

Mj ¼ ð1þ RjÞTð1� cEjÞ j ¼ 1, 2, . . . , n, ð8:23Þ
where Rj denotes the mean rate of return of fund j in the holding period of length

T considered, measured on an annual basis using the compound interest regime.

Table 8.10 Negative data

Paper Methodology adopted to allow for negative returns

Basso A., Funari S. (2005b) Uses the mean capitalization factor, which is always

positive, instead of mean return

Basso A., Funari S. (2008) Uses the mean capitalization factor, which is always

positive, instead of mean return

Basso A., Funari S. (2014a) Uses the final value of the investment, which is always

positive, instead of mean return

Basso A., Funari S. (2014b) Uses the final value of the investment, which is always

positive, instead of mean return

Basso A., Funari S. (2014c) Uses the final value of the investment, which is always

positive, instead of mean return

Basso A., Funari S. (2014d) Uses the mean capitalization factor, which is always

positive, instead of mean return

Gregoriou G.N., Zhu J. (2005) Uses a model that is translation invariant with respect to

outputs (BCC-I)

Hu J.-L., Yu H.-E., Wang Y.-T.

(2012)

Uses a model that is translation invariant with respect to

outputs (BCC-I)

Kumar U.D., Roy A., Saranga H.,

Singal K. (2010)

Uses slack-based models

Lozano S., Gutiérrez E. (2008a) Uses an additive model

Lozano S., Gutiérrez E. (2008b) Uses an additive model

Simar L., Vanhems A., Wilson

P.W. (2012)

Uses a model with directional distance and an input

oriented VRS model

Tavakoli Baghdadabad M.R., Noori

Houshyar A. (2014)

Uses the mean capitalization factor, which is always

positive, instead of mean return
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Equivalently, we may compute the final value Mj using the continuous law of

interest; as a matter of fact, this is the choice adopted in the empirical analysis that

is presented in Sect. 8.6. In such a case, Rj denotes the mean instantaneous rate of

return, measured on an annual basis using the continuous compounding, andMj can

be written as:

Mj ¼ eRjTð1� cEjÞ j ¼ 1, 2, . . . , n: ð8:24Þ

Note that the final valuesMj computedwith formulas (8.23) and (8.24) coincide, since

the instantaneous rate of return used in formula (8.24) is equal to the natural logarithm

of 1 plus the compound rate of return of formula (8.23). Note also that either of the

two methods to compute the rate of return, compound or continuous capitalization,

may be used in the computation of the risk measures fq1j, q2j, . . . , qhjg.
We point out that the output variable is a measure of the overall profitability of

the investment and, as such, depends heavily on the choice of the holding period.

On the other hand, we haveMj� 08 j, independently of the phase of the business
cycle, so that the model can easily be used also in the presence of negative mean

returns.

Let us also observe that this choice of the input and output variables enables the

model to take into account the initial and exit fees without the need to include them

directly as input variables. We may thus avoid the problem of assessing a fund as

efficient only because it has low fees.

As we have seen in Sect. 8.2, in the literature on mutual funds we find instances

of both models with constant returns to scale (CRS) and others with variable returns

to scale (VRS). We formulate both a constant returns to scale model, which will be

denoted by DEA-C, and a variable returns to scale model, denoted by DEA-V.

In order to write the DEA-C model, which is a “plain vanilla” CCR model, let us

begin with its formulation as a fractional programming problem:

max
fu, vig

uMo

v1Ko þ
Xhþ1

i¼2

viqio

ð8:25Þ

subject to

uMj

v1Kj þ
Xhþ1

i¼2

viqij

� 1 j ¼ 1, 2, . . . , n ð8:26Þ

u � ε, ð8:27Þ
vi � ε i ¼ 1, 2, . . . , hþ 1 ð8:28Þ

where u is the weight assigned to the final valueMj, v1 is the weight assigned to the
initial payout Kj, v2, v3, . . . , vhþ1 are the weights assigned to the h risk measures and
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ε is a non-Archimedean constant. As usual in the data envelopment analysis, the

optimal value of the objective function (8.25) gives the efficiency score of mutual

fund o2 { 1, 2, . . ., n}.
As is well known, model (8.25)–(8.28) can be transformed into an equivalent

linear programming problem. We may distinguish the case Mo¼ 0 from the case

Mo> 0. When Mo¼ 0 the efficiency score is clearly equal to 0. When Mo> 0 we

can adopt the output orientation and write the following equivalent linear program:

min
fu, vig

v1Ko þ
Xhþ1

i¼2

viqio ð8:29Þ

subject to

uMo ¼ 1 ð8:30Þ

�uMj þ v1Kj þ
Xhþ1

i¼2

viqij � 0 j ¼ 1, 2, . . . , n ð8:31Þ

u � ε ð8:32Þ
vi � ε i ¼ 1, 2, . . . , hþ 1 ð8:33Þ

In this single output model we may observe that constraint (8.30) makes con-

straint (8.32) redundant.

We may also consider the dual of problem (8.29)–(8.33):

max z0 þ εsþ þ
Xhþ1

i¼1

εs�i ð8:34Þ

subject to

Moz0 �
Xn
j¼1

Mjλj þ sþ ¼ 0 ð8:35Þ

Xn
j¼1

Kjλj þ s�1 ¼ Ko ð8:36Þ

Xn
j¼1

qijλj þ s�i ¼ qio i ¼ 2, 3, . . . , hþ 1 ð8:37Þ

λj � 0 j ¼ 1, 2, . . . , n ð8:38Þ
sþ � 0 ð8:39Þ

s�i � 0 i ¼ 1, 2, . . . , hþ 1, ð8:40Þ
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where z0 is the dual variable associated with the equality constraint (8.30), λj are the
dual variables associated with the mutual funds constraints (8.31) and s1

+ and si
� are

the dual variables connected with the output and input weight constraints (8.32)

and (8.33), respectively.

It is known that one of the advantages of the DEA methodology is that it gives

further information to the inefficient units, with the indication of the so called

“virtual unit”, which is a combination of efficient units (the “peers”) that is efficient

with the inefficient unit’s weights. The financial interpretation of the virtual unit is

interesting, since it may be seen as an efficient benchmark portfolio with a similar

profile, which the inefficient fund can strive to imitate (see Basso and Funari 2001).

This benchmark portfolio is defined as the linear combination of the peers with

coefficients given by the optimal values λ∗j of the dual variables λj and has inputs

Xn
j¼1

λ∗j Kj ð8:41Þ

and

Xn
j¼1

λ∗j qij i ¼ 2, 3, . . . , hþ 1 ð8:42Þ

and output

Xn
j¼1

λ∗j Mj: ð8:43Þ

Let us now consider a convexity constraint on the “production possibility set”

(see Banker et al. 1984); in our analysis of mutual funds, this means that we restrict

the set of benchmark portfolios that can be considered to the convex hull of the

funds analyzed, so that only convex combinations of the existing funds are allowed.

This is obtained by adding the following convexity constraint

Xn
j¼1

λj ¼ 1 ð8:44Þ

to the dual program (8.34)–(8.40). We obtain in this way the corresponding BCC

model with variable returns to scale, namely model DEA-V:

max z0 þ εsþ þ
Xhþ1

i¼1

εs�i ð8:45Þ

subject to
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Moz0 �
Xn
j¼1

Mjλj þ sþ ¼ 0 ð8:46Þ

Xn
j¼1

Kjλj þ s�1 ¼ Ko ð8:47Þ

Xn
j¼1

qijλj þ s�i ¼ qio i ¼ 2, 3, . . . , hþ 1 ð8:48Þ

Xn
j¼1

λj ¼ 1 ð8:49Þ

λj � 0 j ¼ 1, 2, . . . , n ð8:50Þ
sþ � 0 ð8:51Þ

s�i � 0 i ¼ 1, 2, . . . , hþ 1, ð8:52Þ

With the addition of constraint (8.44), the primal program associated to the dual

program (8.45)–(8.52) requires an additional variable, free in sign, whose sign

allows one to perform a local analysis of the returns to scale for the points on the

efficient frontier, telling whether they are increasing, constant or decreasing (see

Banker et al. 1984).

8.5 More Traditional Indicators of Mutual
Fund Performance

Various traditional indicators often used in finance to assess the performance of

mutual funds either refer to ratios of the expected value of the excess return over a

measure of the risk of the investment or are derived fromwell known financial models

such as the Capital Asset PricingModel (CAPM). Here the excess return is defined as

the difference between the return of the fund and the return of a riskless asset.

As a matter of fact, since the expected values are not known, it is usual to

compare the performance of mutual funds over a past period of time by replacing

the (ex ante) expected return and the (unknown) value of the risk measure with the

mean return Rj and the value of the risk measure computed ex post on the historical

data in the period considered.

The most popular indicator defined as a ratio is probably the Sharpe index

(see Sharpe 1994). Let rj1, rj2, . . . , rjT be the rates of return obtained by fund j in
the periods 1, 2, . . .,T; for example, we could consider the monthly rates of return

of the last 3 years. Analogously, let rf1, rf2, . . . , rfT be the risk-free rates of return

in the same periods. The Sharpe index can be computed as follows:
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Ij,Sharpe ¼ Rj � Rfffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var½rj � rf �

p , ð8:53Þ

where Rj and Rf are the mean return of fund j and the mean risk-free rate in the

holding period [0, T], respectively, andVar½rj � rf � is the variance of the differences
rjt � rf t.

Note that the Sharpe index, as well as the other traditional indicators, does not

take into account the initial and exit fees required by the mutual fund.

The standard deviation used as risk measure in the Sharpe index is appropriate

when the fund returns are normally distributed and the investor does not possess

other risky assets.

When the investor possesses a well diversified portfolio of assets, a more

suitable risk measure is the beta coefficient βj; this is the risk measure used by

the Treynor index (see Treynor 1965), which is defined as the ratio:

Ij,Treynor ¼ Rj � Rf

βj
: ð8:54Þ

When the fund returns are not normally distributed, risk measures other than the

standard deviation may better describe the risk. Among them, it is worth citing the

downside risk DR, defined as the lower semi-deviation of the returns from a target

value m (also called minimum acceptable return, Sortino and van der Meer 1991):

DRj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

T

XT
t¼1

ðmin½rjt � m, 0�Þ2
vuut : ð8:55Þ

This measure of risk translates the statement of fact that investors consider as

unfavourable only the returns lower than the target value, not those that exceed it.

The downside risk is used by the Sortino index to define another risk adjusted

indicator which is similar to the Sharpe ratio but measures the risk with the

downside risk:

Ij,Sortino ¼ Rj � m

DRj
: ð8:56Þ

When the target is not chosen as a fix predetermined value but as the return of a

benchmark, such as for example the return of a riskless asset, the Sortino index may

be adjusted by computing the downside risk as follows:

DRj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

T

XT
t¼1

ðmin½rjt � rf t, 0�Þ2
vuut ð8:57Þ
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and writing:

Ij,Sortino ¼ Rj � Rf

DRj
: ð8:58Þ

On the other hand, for the funds that exhibit a negative mean excess return, these

traditional indicators can give misleading results.

The situation is well depicted in Fig. 8.10 for the Sharpe ratio, but the same

drawback is exhibited also by the Treynor and Sortino indices. This figure shows

the behavior of the Sharpe ratio as the excess return Rj � Rf and the standard

deviation
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var½rj � rf �

p
vary.

It can be noticed that when the excess return is positive, the value of the Sharpe

index decreases with the standard deviation, as we expect for a performance

indicator. However, when the excess return is negative, the Sharpe index exhibits

the opposite behavior as its value increases with the standard deviation. This means

that if we compare two mutual funds with a same negative value of the excess return

(hence with a rate of return lower than the riskless interest rate), the Sharpe index

leads to choose the fund with the highest standard deviation, i.e. that with the

highest risk.

Other traditional performance indicators derive from the theory of the well

known Capital Asset Pricing Model. The progenitor of these indicators, and still

the most widely used among them, is Jensen’s alpha index (see Jensen 1968), which
measures the portfolio performance through the intercept αj of the CAPM regres-

sion line and can be computed as follows:

αj ¼ ðRj � Rf Þ � βjðRm � Rf Þ, ð8:59Þ

where Rm is the mean return of the so called “market portfolio” (see Jensen 1968).

Fig. 8.10 Behavior of the Sharpe ratio as the excess return and the standard deviation vary
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Note that the alpha index can be computed and effectively used regardless of the

phase of the business cycle. A positive value of αj indicates that fund j outperformed

the market portfolio in the holding period considered, while a negative value

denotes that the management of fund j was not able to obtain returns on the line

to the market portfolio, once the risk is properly taken into account through the beta

coefficient.

8.6 An Empirical Investigation on Different
Holding Periods

In order to see how the DEA-V model handles the different phases of the business

cycle and to compare the performance scores obtained with this model to the values

obtained with the more traditional performance indices, we have carried out an

empirical analysis on a large set of European mutual funds from different countries.

To this aim, the investigation is conducted on different holding periods, and the

performance measures are computed first on a holding period of 7 years, ranging

from 30/11/2006 to 30/11/2013. Then the analysis is performed on two different

3-year subperiods, the first and the last 3 years of the time horizon considered: the

first holding period, [0, 3], ranges from 30/11/2006 to 30/11/2009 and is character-

ized by a negative trend of the economy, the second, [4, 7], ranges from 30/11/2010

to 30/11/2013 and is characterized by a positive trend.

The 312 mutual funds analyzed have been randomly chosen among the mutual

funds domiciled in Western Europe; their distribution by country is presented in

Table 8.11. Table 8.11 shows also the average values by country of the initial and

exit fees and the mean instantaneous return measured on an annual basis.

The rate of returns rj1, rj2, . . . , rjT have been computed as monthly total returns,

accumulating the dividends paid in the holding period considered, and they have

been calculated from the fund’s net asset value (NAV) extracted from the

Bloomberg database, expressed as a per-share amount in euros.

In the analysis we consider three different risk measures, namely the historical

volatility σj, the β-coefficient βj computed with respect to the STOXX Europe Total

Market Index (TMI, which represents a market portfolio for the Western Europe

region), and the downside risk DRj computed with respect to the 12 month

Euribor rate.

Table 8.11 shows all the average values by country and by holding period. Let us

remark that the different length of the holding periods affects the final value Mj in

different ways.

First, of course the mean return Rj is related to the holding period considered;

with regard to this, note that the average value (computed on all the European funds

considered) is heavily negative in the holding period [0, 3] ( � 0. 0987, i.e. around

� 10% per year), while it is strongly positive in the holding period [4, 7] (9% per

year); on the whole time interval [0, 7] the overall return is low but positive
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Table 8.11 Average values of the fundamental data for the European mutual funds analyzed by

country of domicile and by holding period

Country

No.

funds cI cE

β-
coeff.

Standard

dev.

Downside

risk

Mean

return

% negative

mean ret.

Holding period [0,7]

Austria 16 0.0400 0.0000 0.9499 0.1872 0.1532 �0.0070 62.5

Belgium 10 0.0300 0.0000 1.0239 0.1913 0.1533 0.0034 40.0

Germany 11 0.0223 0.0023 0.9028 0.1782 0.1405 0.0153 36.4

France 74 0.0307 0.0033 1.0195 0.1858 0.1466 0.0047 37.8

Great

Britain

44 0.0232 0.0018 0.8787 0.1871 0.1441 0.0266 13.6

Ireland 11 0.0348 0.0109 0.9464 0.1831 0.1409 0.0312 9.1

Luxembourg 91 0.0231 0.0035 0.9205 0.1828 0.1431 0.0214 19.8

Norway 16 0.0064 0.0013 0.9992 0.1904 0.1487 0.0317 6.3

Sweden 17 0.0065 0.0012 0.9397 0.1826 0.1350 0.0361 11.8

Others 22 0.0111 0.0058 0.7765 0.1593 0.1230 0.0175 27.3

Western

Europe

312 0.0238 0.0031 0.9381 0.1832 0.1432 0.0173 25.6

Holding period [0,3]

Austria 16 0.0400 0.0000 1.0180 0.2356 0.2060 �0.1148 100.0

Belgium 10 0.0300 0.0000 1.0800 0.2383 0.2040 �0.1080 100.0

Germany 11 0.0223 0.0023 0.9388 0.2155 0.1864 �0.1183 100.0

France 74 0.0307 0.0033 1.0159 0.2203 0.1849 �0.0927 100.0

Great

Britain

44 0.0232 0.0018 0.9397 0.2327 0.1972 �0.1329 97.7

Ireland 11 0.0348 0.0109 1.0187 0.2278 0.1901 �0.0979 90.9

Luxembourg 91 0.0231 0.0035 0.9703 0.2245 0.1899 �0.0893 96.7

Norway 16 0.0064 0.0013 1.0737 0.2425 0.2031 �0.0790 93.8

Sweden 17 0.0065 0.0012 0.9989 0.2243 0.1808 �0.0916 100.0

Others 22 0.0111 0.0058 0.7888 0.1893 0.1587 �0.0832 100.0

Western

Europe

312 0.0238 0.0031 0.9774 0.2239 0.1889 �0.0987 98.1

Holding period [4,7]

Austria 16 0.0400 0.0000 0.8479 0.1397 0.1014 0.0577 12.5

Belgium 10 0.0300 0.0000 0.9265 0.1421 0.1029 0.0743 10.0

Germany 11 0.0223 0.0023 0.8153 0.1369 0.0934 0.1051 0.0

France 74 0.0307 0.0033 1.0484 0.1537 0.1119 0.0793 1.4

Great

Britain

44 0.0232 0.0018 0.7531 0.1345 0.0894 0.1261 0.0

Ireland 11 0.0348 0.0109 0.8168 0.1334 0.0888 0.1083 9.1

Luxembourg 91 0.0231 0.0035 0.8407 0.1381 0.0957 0.0866 8.8

Norway 16 0.0064 0.0013 0.8888 0.1347 0.0913 0.0866 6.3

Sweden 17 0.0065 0.0012 0.8604 0.1387 0.0912 0.0970 0.0

Others 22 0.0111 0.0058 0.7718 0.1276 0.0889 0.0784 9.1

Western

Europe

312 0.0238 0.0031 0.8777 0.1404 0.0979 0.0900 5.1
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(0. 0173). From the last column of Table 8.11 we may observe the presence of a non

negligible percentage of funds with a negative mean return even in the “good”

periods; for example, in the holding period [0, 7] this is observed in as many as one

fund in four (25. 6% of the mutual funds considered).

Secondly, the effect of the initial and exit fees on the yearly returns is lessened as

the length of the holding period increases. On the other hand, the compounding of

interests accentuates the effect of the yearly rate of return on the final value Mj as

the length of the holding period increases.

The performance analysis is carried out computing the performance scores with

the DEA-V model discussed in Sect. 8.4 and the traditional performance indicators

presented in Sect. 8.5. As for the choice of the risk measures to include in the

DEA-V model, we have considered primarily the β-coefficient, in order to take into
account investors with a well diversified portfolio. In addition, we have also

included a dispersion measure, in order to take into consideration also investors

without a diversified portfolio.

Table 8.12 shows the values of the correlation coefficients of the performance

scores obtained with the DEA-V model by considering only the β-coefficient
(model DEA-Vβ), βj and the volatilityσj (modelDEA-Vβ,σ) and βj and the downside
risk DRj (model DEA-Vβ,DR). All the values are close to 1 (greater than 0. 99), so

that their results are similar. In the following we analyze more in detail the results

obtained with the DEA-Vβ,DR model.

The average results obtained with the different performance measures by coun-

try and by holding period are shown in Table 8.13, while Table 8.14 displays the

values of their correlation coefficients.

We have seen in Sect. 8.5 that the usage of the traditional Sharpe, Treynor and

Sortino indicators should be averted in the presence of negative mean excess returns

since they can lead to misleading results. Well, as can be seen from Table 8.13, in

the holding period [0, 3] the mean excess return is negative for almost all mutual

funds (99. 4% of funds): this is evidently a period of financial crisis. As for the

holding period [4, 7], this is clearly a period of financial recovery; nonetheless, the

mean excess return is still negative for a small number of funds (6. 4%). On the

whole, in the 7-year holding period [0, 7] a good 60% (more precisely, 60. 3%) of

mutual funds exhibit a negative mean excess return, with marked differences

among the countries.

From Table 8.14 we may see that the values of the correlation coefficients

among the Sharpe, Treynor and Sortino ratios are very high (greater than 0. 98 in

Table 8.12 Correlation coefficients of the performance scores

obtained with the DEA-V model using different risk measures (models

DEA-Vβ, DEA-Vβ,σ and DEA-Vβ,DR) in the holding period [0, 7]

DEA-Vβ DEA-Vβ,σ DEA-Vβ,DR

DEA-Vβ 1

DEA-Vβ,σ 0.991 1

DEA-Vβ,DR 0.996 0.997 1
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Table 8.13 Average values of the performance measures obtained with the DEA-Vβ,DR model

and the Sharpe, Treynor, Sortino and alpha indices by country of domicile and by holding period;

the mean excess return is also reported

Country

Mean

excess

ret.

% negative

excess ret.

Sharpe

index

Treynor

index

Sortino

index

Alpha

index

DEA-

Vβ,DR

score

Holding period [0,7]

Austria �0.0299 93.8 �0.1482 �0.0291 �0.1811 0.0016 0.4689

Belgium �0.0194 70.0 �0.0933 �0.0181 �0.1102 0.0146 0.5227

Germany �0.0076 72.7 �0.0095 0.0019 �0.0051 0.0224 0.5995

France �0.0181 79.7 �0.0903 �0.0163 �0.1098 0.0157 0.5243

Great

Britain

0.0038 52.3 0.0229 0.0029 0.0368 0.0329 0.6346

Ireland 0.0083 18.2 0.0484 0.0098 0.0672 0.0397 0.6126

Luxembourg �0.0014 54.9 �0.0012 0.0006 0.0073 0.0291 0.6158

Norway 0.0088 31.3 0.0521 0.0095 0.0716 0.0420 0.6736

Sweden 0.0132 29.4 0.0613 0.0103 0.0886 0.0444 0.7018

Others �0.0053 63.6 �0.0227 0.0003 �0.0154 0.0204 0.6388

Western

Europe

�0.0055 60.3 �0.0233 �0.0038 �0.0219 0.0256 0.5948

Holding period [0,3]

Austria �0.1512 100.0 �0.6553 �0.1515 �0.7534 0.0171 0.6362

Belgium �0.1444 100.0 �0.6294 �0.1390 �0.7340 0.0341 0.6563

Germany �0.1547 100.0 �0.6963 �0.1629 �0.8081 0.0005 0.6801

France �0.1291 100.0 �0.5890 �0.1288 �0.7028 0.0389 0.6973

Great

Britain

�0.1693 100.0 �0.7357 �0.1925 �0.8596 �0.0139 0.6475

Ireland �0.1343 100.0 �0.5882 �0.1307 �0.6997 0.0341 0.6866

Luxembourg �0.1257 97.8 �0.5853 �0.1354 �0.6902 0.0347 0.7282

Norway �0.1154 100.0 �0.5138 �0.1139 �0.6139 0.0621 0.7725

Sweden �0.1280 100.0 �0.6056 �0.1396 �0.7372 0.0372 0.7549

Others �0.1196 100.0 �0.6559 �0.1677 �0.7904 0.0108 0.7938

Western

Europe

�0.1351 99.4 �0.6188 �0.1450 �0.7319 0.0265 0.7077

Holding period [4,7]

Austria 0.0453 12.5 0.3668 0.0601 0.5335 �0.0060 0.5849

Belgium 0.0618 10.0 0.4615 0.0707 0.6870 0.0058 0.6285

Germany 0.0927 0.0 0.7421 0.1493 1.1730 0.0434 0.7484

France 0.0669 4.1 0.4609 0.0695 0.6662 0.0035 0.6367

Great

Britain

0.1137 0.0 0.8698 0.1717 1.3404 0.0682 0.7637

Ireland 0.0959 9.1 0.7404 0.1200 1.1884 0.0465 0.7042

Luxembourg 0.0742 11.0 0.5914 0.1020 0.9477 0.0234 0.6841

Norway 0.0742 6.3 0.6242 0.0936 0.9603 0.0205 0.6955

Sweden 0.0846 0.0 0.6585 0.1090 1.0361 0.0325 0.7178

Others 0.0660 9.1 0.5785 0.1121 0.9293 0.0193 0.6934

Western

Europe

0.0776 6.4 0.5990 0.1040 0.9273 0.0245 0.6833
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the holding period [0, 7]) and they are only slightly lower for the correlation

between these ratios and the Jensen’s alpha index (greater than 0. 92 in the holding

period [0, 7]). As for the scores obtained with the DEA-V model, it is interesting to

note that the correlations involving the DEA-Vβ,DR score are higher with the

Sharpe, Treynor and Sortino ratios (greater than 0. 9 in [0, 7]) and slightly lower

with the alpha index (0. 855 in [0, 7]). This may be due to the fact that the DEA

scores are expressed as ratios.

Figures 8.11 and 8.12 show in more detail the relationship between the

DEA-Vβ,DR score and the value of the Sharpe, Treynor and Sortino indices; more

precisely, these figures display the scatter plots of all the mutual funds analyzed

with respect to these performance measures for the holding periods [0, 3] (Fig. 8.11)

and [4, 7] (Fig. 8.12). The comparison between the scatter plots in the two holding

periods highlights the higher dispersion of the performance results obtained for the

mutual funds with the DEA model and a traditional indicator in the holding period

of financial crisis.

A similar behavior is observed in Fig. 8.13 for the relationship between the

DEA-Vβ,DR score and the value of the Jensen’s alpha index in the two holding

periods.

Table 8.14 Correlation coefficients of the performance measures obtained with the DEA-Vβ,DR

model and the Sharpe, Treynor, Sortino and alpha indices by holding period

Sharpe

index

Treynor

index

Sortino

index

Alpha

index

DEA-Vβ,DR

score

Holding period [0,7]

Sharpe index 1

Treynor index 0.980 1

Sortino index 0.996 0.983 1

Alpha index 0.948 0.921 0.934 1

DEA-Vβ,DR

score

0.921 0.902 0.924 0.855 1

Holding period [0,3]

Sharpe index 1

Treynor index 0.856 1

Sortino index 0.993 0.848 1

Alpha index 0.928 0.933 0.926 1

DEA-Vβ,DR

score

0.625 0.481 0.584 0.522 1

Holding period [4,7]

Sharpe index 1

Treynor index 0.871 1

Sortino index 0.977 0.904 1

Alpha index 0.963 0.898 0.943 1

DEA-Vβ,DR

score

0.877 0.886 0.872 0.892 1
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Fig. 8.11 Scatter plots of all mutual funds with respect to the DEA-Vβ,DR score and the Sharpe,

Treynor and Sortino indices, respectively, in the holding period [0, 3]
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Fig. 8.12 Scatter plots of all mutual funds with respect to the DEA-Vβ,DR score and the Sharpe,

Treynor and Sortino indices, respectively, in the holding period [4, 7]
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