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1. Introduction
Profitability of investment strategies based on technical analysis is one of

the basic practical problems in asset management. Standard multifactor
models of portfolio returns in current use are based mainly on a combination
of fundamental factors (e.g. Fama and French model [1996]), a momentum
factor (see e.g. [Jegadeesh and Titman, 2001]) and asset class type factors
[Sharpe, 1992]. Except the momentum factor these factors have no direct
links to technical analysis. Two areas of investigation seem therefore impor-
tant: the examination of profitability of technical portfolios i.e. portfolios of
assets formed using criteria based on technical analysis with the existing
multifactor models, and the construction of technical factors i.e. benchmark
technical portfolios, for possible inclusion in factor models.

A further interesting problem related to the factor models is the frequency
of portfolio rebalancing. While Fama and French use annual rebalancing, it
may be argued that more frequent rebalancing could be more appropriate to
incorporate information arrival (e.g. quarterly company reports).

In our earlier paper [Grabowski et al., 2011] we initiated the investigation
of the returns of the technical portfolios and factors on an emerging market,
the Warsaw Stock Exchange (WSE). We examined five technical factors
formed using Fama and French methodology as well as the returns on portfo-
lios of stocks formed using technical indicators with the standard four-factor
model. The main results obtained were the following: the factors and over-
sold portfolios exhibited negative relationship with the momentum factor;
both oversold and overbought portfolios were positively related to the re-
turns of the SMB and market factors. We hypothesized that factor construc-
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tion based on more frequent rebalancing could help analyze the nature of
technical portfolios. Below we present some results of such research.

2. Data and methods
We investigated technical factors and portfolios as well as Fama and

French factors based on monthly rather than annual rebalancing for the pe-
riod July 1999—April 2009.

The Fama and French SMB and HML factors were formed using the stan-
dard procedure at the end of each month rather than annually and returns for
the month following the portfolio rebalancing were computed to obtain the
series of returns on the monthly factors SMBM and HMLM. The WML factor
was computed using the standard procedure (see [Jegadeesh and Titman,
2001]).

Using the methods and data described in our earlier paper for the annual
factors [Grabowski et al., 2011] the monthly technical factors FACTM were
constructed here at the end of each month, using five technical indicators
FACT (see e.g. [Pring, 1991]): 20-day moving average (FACT = SR), 20-day vol-
ume-adjusted moving average (FACT = SRVOL), 14-day RSI (FACT = RSI),
14-day ROC (FACT = ROC) and the Stochastic indicator (3-day average of
5-day %K line, FACT = STS). Similarly, technical sorted portfolios FACTx, x =
1, …, 5, were formed at the end of each month using the same indicators with
20% stocks with the lowest value of FACT in the FACT1 portfolio (the oversold
portfolio) and 20% of stocks with the highest values of FACT in the FACT5
portfolio (the overbought portfolio). FACTx portfolios were further adjusted
with the risk-free rate to obtain FACTxR series of monthly returns.

We examined the descriptive statistics of the returns on the monthly
rebalanced Fama and French and technical factors and technical portfolios.
Next, we investigated the returns of the oversold and the overbought portfo-
lios using two versions of the four-factor model: first, using the standard an-
nually rebalanced Fama and French SMB and HML factors and then using
the monthly-rebalanced factors SMBM and HMLM:

Model A (x = 1, …, 5):
FACTxR MKT SMB HML WMLt MKT t SMB t HML t WML t t� � � � � �� � � � � �

Model B (x = 1, …, 5 ):
FACTxR MKT SMBM HMLM WMLt MKT t SMBM t HMLM t WML t� � � � � �� � � � � � t

3. Results
The descriptive statistics and correlations for the monthly factors are pre-

sented in Tables 1 and 2. Of particular interest is the difference between the
features of the monthly and the standard annual Fama and French factors.
The average return on the monthly SMBM factor is 5.43% and is almost double
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the 2.27% return on the standard SMB factor. The HMLM and HML returns are
similar. This means that the high capitalization premium on the WSE visible
in the standard factor is even much higher if monthly rebalancing is per-
formed. The variability of the returns is much higher for the monthly factors.
The SMBM and HMLM correlations with each other and with the market fac-
tor are lower and the correlations with the WML factor are higher in absolute
value than for the SMB and HML. As with the annual technical factors, there
are no technical premiums on the WSE based on the indicators we analyzed,
and the basic statistics are surprisingly similar for the monthly and annual
factors.

Table 1.
Descriptive statistics for the monthly rebalanced fundamental and technical factor monthly
returns for the stocks listed on the Warsaw Stock Exchange in the period July 1999—April
2009, 118 observations

Variable Mean Std. Dev. Min Max

MKT –.0010216 .0733501 –.196344 .212919

SMBM .0543363 .1312888 –.2211451 .736746

HMLM .0058593 .1235562 –.4769552 .4512902

WML .0131528 .0716653 –.2920572 .2569392

SRVOLFM –.0098212 .052157 –.2078265 .1462448

RSIFM –.008195 .0545727 –.2858765 .1958323

ROCFM –.0096184 .0488219 –.1387257 .1344242

SRFM –.0077597 .0533654 –.1776527 .204128

STSFM –.0018484 .0404403 –.0795717 .1348425

Table 2.
Correlations for the monthly rebalanced fundamental and technical factor monthly returns
for the stocks listed on the Warsaw Stock Exchange in the period July 1999—April 2009, 118
observations

MKT SMBM HMLM WML SRVOLFM RSIFM ROCFM SRFM STSFM

MKT 1.0000

SMBM 0.0485 1.0000

HMLM 0.0844 0.0954 1.0000

WML –0.2638 0.0975 –0.2600 1.0000

SRVOLFM 0.1152 –0.0954 0.2350 –0.2929 1.0000

RSIFM 0.0872 0.0363 0.3205 –0.3126 0.8139 1.0000

ROCFM 0.1144 0.0108 0.2325 –0.3394 0.7165 0.7651 1.0000

SRFM 0.1163 –0.0079 0.2327 –0.2619 0.9072 0.8841 0.8471 1.0000

STSFM 0.3617 –0.0441 0.1332 –0.2822 0.6091 0.5267 0.4410 0.5772 1.0000
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The descriptive statistics for the sorted portfolios FACTx, x = 1, …, 5 are
presented in Table 3. In contrast to the annual portfolios investigated earlier,
the monthly technical portfolios, except STSx, exhibit visible monotonicity,
with the mean returns on the oversold portfolios much lower than the mean
returns on the overbought portfolios. The range for mean returns of the over-
bought portfolios FACT5 is 1.5–2.35% indicating a high premium.

Table 3.
Descriptive statistics for the monthly rebalanced technical portfolio monthly returns for the
stocks listed on the Warsaw Stock Exchange in the period July 1999—April 2009, 118
observations

Variable Mean Std. Dev. Min Max

STSM1 .0140565 .0884406 –.2247235 .2928759

STSM2 .0122623 .0830388 –.2068436 .2564633

STSM3 .0156827 .086524 –.2027445 .2800661

STSM4 .0129925 .0802807 –.1857708 .2311417

STSM5 .0150738 .0772844 –.2103485 .2345908

SRM1 .0126305 .0915065 –.1872605 .2579206

SRM2 .0088251 .0828403 –.2443223 .2124323

SRM3 .0135215 .0806314 –.229133 .2631404

SRM4 .0164761 .0809885 –.1786165 .3167551

SRM5 .0186381 .0872224 –.1862518 .2615703

SRVOLM1 .0098299 .0923253 –.1987159 .2520334

SRVOLM2 .0108418 .083459 –.2299089 .239977

SRVOLM3 .0156065 .0818626 –.2415549 .2607979

SRVOLM4 .0142202 .0781077 –.1697022 .3103639

SRVOLM5 .0191641 .0857764 –.1851312 .2321063

RSIM1 .008643 .0858095 –.2043555 .2251747

RSIM2 .0123922 .0853331 –.2275489 .2926697

RSIM3 .011422 .0823214 –.2480392 .2392936

RSIM4 .0162908 .0858121 –.1549967 .3314438

RSIM5 .0210153 .0811077 –.1898277 .2515488

ROCM1 .0099921 .0921716 –.2059404 .3013406

ROCM2 .0096211 .0851617 –.2418664 .2428901

ROCM3 .0117335 .077488 –.2255789 .2541948

ROCM4 .0151746 .0792596 –.1829881 .2892096

ROCM5 .0235773 .088947 –.1703412 .2879431
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We estimated Models A and B for the monthly technical factors. In con-
trast to the annual factors, which were found earlier to be significantly re-
lated to both the market factor and the WML factor, the monthly factor regres-
sions proved to be weak with only some evidence for the negative relation-
ship with the WML factor and in the case of STSM a low positive relationship
with the market.

We examined further the Models A and B for the monthly sorted technical
portfolios FACTxR, x = 1, …, 5. The estimates for the oversold portfolios
FACT1R and the overbought portfolios FACT5R for Model A and B are pre-
sented in Tables 4 and 5 respectively.

In Model A the WML factor turned out to be largely insignificant in
contrast to the standard Fama and French factors. The relationship with the
market factor appears to be positive but slightly weaker for overbought
portfolios than for the oversold ones and the relationship with the SMB factor
was also positive but weaker for the oversold portfolios. The HML coefficient
was positive but lower than for the first two factors. The SMB and HML coeffi-
cients were largely lower than for the annually sorted technical portfolios.

In Model B the relationship with the market factor was similar to Model A.
The coefficients at the SMBM factor were also highly significant and positive
but about half in value compared to Model A. The coefficients at HMLM were
significant and positive only for the oversold portfolios. The coefficient at
WML was negative and significant for the oversold portfolios for the RSI, ROC
and SRVOL factors.

While the standard Fama and French model performs surprisingly well
for the monthly sorted technical portfolios it is clear from the estimations
that the relationship between technical returns and fundamental ones be-
comes more complex as we examine the returns with more finely tuned mod-
els. In Model B we find that the oversold and overbought portfolio behavior
differs considerably from each other. The four-factor model captures the dy-
namics of the oversold portfolios, while the overbought portfolios seem inde-
pendent from the HMLM and WML factors. Thus for different technical port-
folios the dependence on the basic factors may be strikingly different.

To gain more insight into the relationships between fundamental and
technical factors an analysis at the level of selected decile/quantile sorted
portfolios and not full factors may be appropriate.

4. Conclusion
We have constructed monthly rebalanced size and value factors as well as

selected monthly rebalanced technical factors and portfolios with the WSE
data from the period 1999–2009 and estimated four-factor models of the tech-
nical portfolios with both monthly and annually rebalanced factors. The stan-
dard Fama and French model captured the behavior of the oversold and
overbought technical portfolios quite well exposing possible links between
fundamental and technical investment methods. The four-factor model based

ekonomia 27 193

W. Grabowski, K. Rotuski, K. Skrzypczak Four-Factor Models of Technical Portfolio…



194 ekonomia 27

Komentarze i komunikaty
T

a
b

le
4
.

T
h

e
re

su
lt

s
of

th
e

es
ti

m
at

io
n

of
th

e
fo

u
r-

fa
ct

or
m

od
el

w
it

h
st

an
d

ar
d

fa
ct

or
s

fo
r

th
e

ov
er

so
ld

an
d

ov
er

b
ou

gh
t

p
or

tf
ol

io
s

on
th

e
W

ar
sa

w
S

to
ck

E
x

ch
an

ge

Co
ef

.
RS

I1
R

RS
I5

R
RO

C1
R

RO
C5

R
ST

S1
R

ST
S5

R
SR

1R
SR

5R
SR

VO
L1

R
SR

VO
L5

R

�
M

KT
.8

37
55

1*
**

(0
.0

00
)

.7
89

96
**

*
(0

.0
00

)
.8

95
96

7*
**

(0
.0

00
)

.8
46

60
5*

**
(0

.0
00

)
.9

02
77

**
*

(0
.0

00
)

.7
23

28
6*

**
(0

.0
00

)
.9

04
03

2*
**

(0
.0

00
)

.8
10

79
8*

**
(0

.0
00

)
.9

17
07

1*
**

(0
.0

00
)

.8
33

54
9*

**
(0

.0
00

)

�
SM

B
.3

31
20

2*
**

(0
.0

00
)

.4
35

80
4*

**
(0

.0
00

)
.3

25
42

9*
**

(0
.0

01
)

.4
34

35
3*

**
(0

.0
00

)
.3

89
20

1*
**

(0
.0

00
)

.3
87

28
1*

**
(0

.0
00

)
.3

55
99

4*
**

(0
.0

00
)

.4
88

42
3*

**
(0

.0
00

)
.3

96
96

7*
**

(0
.0

00
)

.4
26

63
6*

**
(0

.0
00

)

�
HM

L
.2

49
46

67
**

(0
.0

12
)

.1
13

11
2

(0
.2

15
)

.2
17

67
64

*
(0

.0
61

)
.1

82
95

54
*

(0
.0

97
)

.1
73

16
31

*
(0

.0
70

)
.2

02
59

85
**

(0
.0

14
)

.2
09

62
65

**
(0

.0
48

)
.1

95
50

8*
(0

.0
72

)
.1

78
43

45
*

(0
.0

77
)

.2
00

09
43

*
(0

.0
58

)

�
W

M
L

–.
19

78
07

9*
*

(0
.0

23
)

.1
48

47
34

(0
.1

49
)

–.
15

72
32

5
(0

.1
34

)
.1

34
48

03
(0

.2
49

)
–.

14
47

91
3

(0
.2

00
)

–.
00

43
33

5
(0

.9
65

)
–.

12
22

01
8

(0
.2

71
)

.1
38

82
97

(0
.2

35
)

–.
17

17
65

9
(0

.1
20

)
.1

06
30

18
(0

.3
50

)

�
–.

00
37

18
1

(0
.4

35
)

.0
02

58
38

(0
.6

13
)

–.
00

24
97

8
(0

.6
73

)
.0

04
95

15
(0

.3
89

)
.0

00
25

58
(0

.9
52

)
–.

00
09

11
6

(0
.8

46
)

–.
00

09
54

3
(0

.8
57

)
–.

00
13

97
9

(0
.7

95
)

–.
00

38
13

8
(0

.4
77

)
.0

00
95

62
(0

.8
68

)

F
st

at
is

tic
46

.6
5*

**
(0

.0
00

0)
38

.5
5*

**
(0

.0
00

0)
37

.8
3*

**
(0

.0
00

0)
36

.3
0*

**
(0

.0
00

0)
54

.9
3*

**
(0

.0
00

0)
30

.8
5*

**
(0

.0
00

0)
49

.1
4*

**
(0

.0
00

0)
35

.5
9*

**
(0

.0
00

0)
66

.9
3*

**
(0

.0
00

0)
26

.0
4*

**
(0

.0
00

0)

T
h

e
re

su
lt

s
o

f
th

e
es

ti
m

at
io

n
of

th
e

fo
u

r-
fa

ct
o

r
M

o
d

el
A

,w
h

er
e

th
e

d
ep

en
d

en
t

va
ri

ab
le

s
ar

e
F

A
C

T
1R

an
d

F
A

C
T

5R
,t

h
e

ri
sk

-f
re

e
ra

te
ad

-
ju

st
ed

m
o

n
th

ly
re

tu
rn

s
o

n
F

A
C

T
1

(o
ve

rs
ol

d
)

a
n

d
F

A
C

T
5

(o
ve

rb
o

u
gh

t)
p

o
rt

fo
li

o
s

fo
r

F
A

C
T

=
R

S
I,

R
O

C
,S

T
S

,S
R

an
d

S
R

V
O

L
.T

h
e

S
M

B
an

d
H

M
L

fa
ct

o
rs

ar
e

re
b

al
an

ce
d

an
n

u
al

ly
.T

h
e

ta
b

le
s

p
re

se
n

t
th

e
re

gr
es

si
o

n
co

ef
fi

ci
en

ts
an

d
in

te
rc

ep
ts

as
w

el
l

as
F

st
at

is
ti

cs
fo

r
th

e
in

d
iv

id
-

u
al

eq
u

at
io

n
s,

to
ge

th
er

w
it

h
p

-v
al

u
es

b
el

o
w

.
A

ll
st

an
d

ar
d

er
ro

rs
ar

e
es

ti
m

at
ed

u
si

n
g

th
e

N
ew

ey
-W

es
t

co
rr

ec
ti

o
n

fo
r

h
e

te
ro

sk
e

d
a

st
ic

it
y

an
d

au
to

co
rr

el
at

io
n

.T
h

e
d

at
a

ar
e

fr
o

m
th

e
p

er
io

d
Ju

ly
19

99
—

A
p

ri
l

20
09

,1
18

m
o

n
th

ly
ob

se
rv

at
io

n
s.

T
h

e
co

ef
fi

ci
en

t
si

gn
if

ic
an

ce
at

1%
,5

%
an

d
10

%
le

ve
l

is
d

en
ot

ed
b

y
**

*,
**

an
d

*
re

sp
ec

ti
ve

ly
.F

or
fu

rt
h

er
d

et
ai

ls
se

e
th

e
m

ai
n

te
xt

.



ekonomia 27 195

W. Grabowski, K. Rotuski, K. Skrzypczak Four-Factor Models of Technical Portfolio…
T

a
b

le
5
.

T
h

e
re

su
lt

s
of

th
e

es
ti

m
at

io
n

of
th

e
fo

u
r-

fa
ct

or
m

od
el

w
it

h
m

on
th

ly
re

b
al

an
ce

d
fa

ct
or

s
fo

r
th

e
ov

er
so

ld
an

d
ov

er
b

ou
gh

t
p

or
tf

ol
io

s
on

th
e

W
ar

sa
w

S
to

ck
E

x
ch

an
ge

Co
ef

.
RS

I1
R

RS
I5

R
RO

C1
R

RO
C5

R
ST

S1
R

ST
S5

R
SR

1R
SR

5R
SR

VO
L1

R
SR

VO
L5

R

�
M

KT
.8

47
10

63
**

*
(0

.0
00

)
.8

43
38

42
**

*
(0

.0
00

)
.9

05
37

65
**

*
(0

.0
00

)
.8

84
11

69
**

*
(0

.0
00

)
.9

36
36

26
**

*
(0

.0
00

)
.7

51
06

63
**

*
(0

.0
00

)
.9

21
58

21
**

*
(0

.0
00

)
.8

56
09

15
**

*
(0

.0
00

)
.9

51
27

87
**

*
(0

.0
00

)
.8

68
67

84
**

*
(0

.0
00

)

�
SM

BM
.1

63
32

94
**

*
(0

.0
00

)
.1

97
77

94
**

*
(0

.0
14

.1
93

25
08

**
*

(0
.0

00
)

.2
29

57
33

**
*

(0
.0

26
)

.1
78

32
78

**
*

(0
.0

00
)

.1
91

22
42

**
*

(0
.0

02
)

.1
88

57
74

**
*

(0
.0

00
)

.2
40

85
46

**
(0

.0
13

)
.1

78
32

96
**

*
(0

.0
00

)
.2

07
05

89
**

(0
.0

22
)

�
HM

LM
.0

91
39

87
**

(0
.0

33
)

.0
15

68
54

(0
.6

87
)

.0
83

53
49

(0
.1

29
)

–.
00

05
73

4
(0

.9
92

)
.0

83
85

09
**

(0
.0

27
)

.0
37

71
6

(0
.3

46
)

.1
15

49
5*

**
(0

.0
09

)
.0

35
69

63
(0

.4
19

)
.0

94
67

96
**

(0
.0

23
)

.0
34

10
74

(0
.5

04
)

�
W

M
L

–.
16

19
46

**
*

(0
.0

07
)

.1
36

45
14

(0
.1

64
)

–.
13

40
21

3*
*

(0
.0

41
)

.1
13

81
32

(0
.2

84
)

–.
11

94
72

6
(0

.1
47

)
.0

00
09

76
(0

.9
99

)
–.

08
34

63
2

(0
.2

17
)

.1
34

55
58

(0
.1

87
)

–.
14

09
93

7*
(0

.0
67

)
.1

06
87

67
(0

.3
02

)

�
–.

00
43

67
3

(0
.3

90
)

.0
02

64
82

(0
.6

34
)

–.
00

49
05

6
(0

.4
42

)
.0

03
91

73
(0

.5
27

)
–.

00
01

92
(0

.9
63

)
–.

00
13

67
1

(0
.8

10
)

–.
00

28
49

(0
.5

92
)

–.
00

21
48

9
(0

.7
18

)
–.

00
41

83
9

(0
.4

58
)

.0
00

59
97

(0
.9

23
)

F
st

at
is

tic
62

.0
9*

**
(0

.0
00

0)
27

.1
8*

**
(0

.0
00

0)
53

.8
5*

**
(0

.0
00

0)
23

.9
9*

**
(0

.0
00

0)
99

.3
7*

**
(0

.0
00

0)
22

.3
7*

**
(0

.0
00

0)
88

.8
4*

**
(0

.0
00

0)
27

.2
8*

**
(0

.0
00

0)
94

.6
2*

**
(0

.0
00

0)
24

.4
2*

**
(0

.0
00

0)

T
h

e
re

su
lt

s
o

f
th

e
es

ti
m

at
io

n
of

th
e

fo
u

r-
fa

ct
o

r
M

o
d

el
B

,w
h

er
e

th
e

d
ep

en
d

en
t

va
ri

ab
le

s
ar

e
F

A
C

T
1R

an
d

F
A

C
T

5R
,t

h
e

ri
sk

-f
re

e
ra

te
ad

-
ju

st
ed

m
o

n
th

ly
re

tu
rn

s
o

n
F

A
C

T
1

(o
ve

rs
o

ld
)a

n
d

F
A

C
T

5
(o

ve
rb

o
u

gh
t)

p
o

rt
fo

li
o

s
fo

r
F

A
C

T
=

R
S

I,
R

O
C

,S
T

S
,S

R
an

d
S

R
V

O
L

.T
h

e
S

M
B

M
an

d
H

M
L

M
fa

ct
o

rs
ar

e
re

b
al

an
ce

d
m

o
n

th
ly

.T
h

e
ta

b
le

s
p

re
se

n
t

th
e

re
gr

es
si

o
n

co
ef

fi
ci

en
ts

an
d

in
te

rc
ep

ts
as

w
el

la
s

F
st

at
is

ti
cs

fo
r

th
e

in
d

iv
id

-
u

al
eq

u
at

io
n

s,
to

ge
th

er
w

it
h

p
-v

al
u

es
b

el
o

w
.

A
ll

st
an

d
ar

d
er

ro
rs

ar
e

es
ti

m
at

ed
u

si
n

g
th

e
N

ew
ey

-W
es

t
co

rr
ec

ti
o

n
fo

r
h

e
te

ro
sk

e
d

a
st

ic
it

y
an

d
au

to
co

rr
el

at
io

n
.T

h
e

d
at

a
ar

e
fr

o
m

th
e

p
er

io
d

Ju
ly

19
99

—
A

p
ri

l
20

09
,1

18
m

o
n

th
ly

ob
se

rv
at

io
n

s.
T

h
e

co
ef

fi
ci

en
t

si
gn

if
ic

an
ce

at
1%

,5
%

an
d

10
%

le
ve

l
is

d
en

ot
ed

b
y

**
*,

**
an

d
*

re
sp

ec
ti

ve
ly

.F
or

fu
rt

h
er

d
et

ai
ls

se
e

th
e

m
ai

n
te

xt
.



on monthly rebalanced factors uncovered differences between the oversold
and overbought portfolios. While for the former relationships with all four
factors were evident, the latter were linked only to the market and size fac-
tors. In addition to being independent of the value and momentum factors the
overbought portfolios were found to exhibit a large return premium in the
sample period.
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