Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KA1S.2016.17.10.635
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 17, No. 10 pp. 635-646, 2016

FHA HE=aE #HadsP] F7 FYANEd g

O|FE!, old=", eME

'St L BlttiSlm ERICA ZIMTRE LTS ST MIE]

—o

Jon

m &zt

Development of the Housing Business Model to Minimize the
Fluctuation Risk of the Housing Market

Younghoon Lee', Sanghyo Lee”, Jaejun Kim!'
'Department of Architectural Engineering, Hanyang University
’Innovative Durable Building and Infrastructure Research Center, Hanyang University ERICA

& ox
2
a=t
b
il

o £l
)
ol
ol
2
r>~
e
oS
2
b
ol
ol
=
>
Mo
o2
i
o

N o
>
jina
i
g,
F—O

ox Ml X oo rfu ot B

rl

il
Ach
fo
o

flste] vhais]
e} 72
P FEALg R e

[e)
=
AAELE A A B uje} 5

Mz
2
kok
=)
i
ol g
ol

1%

N glo N
it
oo
_O|L
2
o
Hr
o
it}
o
[al
2
2
i
ot L
N
oX
_O|L
N
o
ﬁOﬂ
£
Hr
o2
it}
ot
tlo qot
iih)
ol
ﬁOﬂ
fr
=
AC)
g
x

L

A

1 M m
[
2
il

2
ro
ot M
& 4

S i

[e]

=
o
o
ut
2

)
R
4
ut
X
1
2
N
)

N

4 e

il
(2ot
2L oo

QL

38

- 0
t
rob
ll
2
ot

o, lo N 1N’

e
(o}
-4
o
2
2
o fo
3,
4N 12

|

ot Moo

o
o
Jm
ox
tjo
=
of
e
%
rO
o
=
i)
Zo
o
[Shs
r)"
SO
pusy
tjo
X,
o
)
s
v
> O

=2
>~
2
-0,
_QL
rlr
N
il
>
>
s
o
1,
o
N
e
2
ro,
12
1
SN
)
>

N
b
E
oft
[
]
=2,
B
2
o
fil
=
olo
i
N
I yo
o
> o2
a

B
|o o
oft

S

>

00:{1

>~

>,

2o
frtt
re
i
1w
tjo

Abstract This paper proposes a housing business model, where the presale and Chonsei housing are supplied under
a presale system at the same time based on the characteristic correlation between the housing presale market and
Chonsei market in Korea. Markowitz portfolio theory was used to review the risk diversification effects from the
changes in the ratio between the presale housing supply and the Chonsei housing supply. The housing sale price
indicator was used as a proxy variable to determine the presale housing supply. The housing Chonsei price indicator
was used as a proxy variable to determine the Chonsei housing supply. The proposed housing business model was
applied to major areas in Korea to examine the risk diversification effect. Comparisons of the regional portfolio
analyses showed that the flexibility of the proposed housing business model can be quite effective because each
regional housing market exhibits different characteristics. Market participants, such as developers, construction
companies, consumers, and government, can expect various effects through the proposed housing business model.
Nevertheless, policy support is necessary for practical applications of the proposed housing business model. In
particular, public funds from the government need to be introduced.

Keywords : Housing Business Model, Presale Market, Chonsei Market, FDW model, Markowitz portfolio theory

o] =2 20159 E A (WSl AdeR AT ATe] A ds wol F3H 7] 2 ATA 2 (No. 2015R1D1ATA01059286)
*Corresponding Author : Sanghyo, Lee(Hanyang Univ ERICA)

Tel: +82-31-400-3741 email: mir0903@hanyang.ac.kr

Received August 17, 2016 Revised (Ist September 12, 2016, 2nd September 22, 2016, 3rd October 6, 2016)
Accepted October 7, 2016 Published October 31, 2016

635



H =W, A= AdJAES 289

I

7}

=

o

32 Aloll, AN 427k AF R W

S

371
AR ZEE

s

o4 A%}

=
al

. ME
ek FETE A £ A Farke) e

[e)
T

A7) &t El =) AT A0E, 2016

gl

k]

sl

7 A4 A

=

5o ALY
FggozA AAYAS) Ty 58

4l

Z

1

9]
1

L
kel

gl

= SolsH

=

2l

A

EEs=R Rk

A obE AR QI o A3 1997 oFAJo} <]

2171 4 2007

}

ke
el

=

spol Sl A4

S

e 7] o

2tz 2y

SHAl =

o] =AY

50

g

]

91712 770 w9ieh2). o

2 AN G} o)

who.

3< 7l

WA FDW H3

L
L

RO ARIHE-S FUshe slo] oYX Wil 3

efjell A Abglo] 1ol uh

\

)
o

KO

T

A

o] 7]

N

P}

jild

o
o

REESEE

25

=

=
=

715

Z
<!

=i
=

T2 FUAANEAFE FESAL,

191 AR 4

~

1% Al A%
P

ozg

)

SRSl Y

L

ZM, 19993 1945E 20159 12€

kex
T

trom, EAdelH

°

IMF 2|39]7] ]
ERE

= o el 49,

Kl
r
Rl
M)

4 H &) A

E
=

ool e}

636

oV Ade

7 AAASE W A A AARE
2



= A
portfolio

=
F Ao A}

=24 =2

PR Re A
Q3

EEAL

°

9

%l
o] 2(Markowitz

FA71 3] ol A

o]

o

EPS R

=

=

1

=
3

pid

Ea

o

L

W5
2.2 ORI = ZEZZ|L 0|29 I

7[R zA e o] 85

theory) 7}

(2001)& A5}

ZA

T
fil

£

o

Aolg
. 314
Hel ek

A

]

kil
AZA QA7) oltE EFE A

=
=

(713} AR} 9]

o 71

7F A&E 6], AAEAR gl 1At

No

i
-

o ¥

i

<

BN

Al2g) Tholu}

FH%(2002)=

A (1)

[e)

=

Holti14].
742l E

A
iR RE]

pid

.
=
sk

kel

1

IEEEERE
Y iwB(R))
o ZhEARdel]
s ARl

n

J

3o

o] WrolA Al Hr, @A =

3]
=

149 9l

o

|

9o

A 9

FaL
o
7}A 3

3

S
&
T

=

=

lEopgtel w7
W

L
L

tjel]

#A0] tkrg A7)

L

L

}.

°

]

j8

S} ofst
ol QlotA FeNg WS

-
it
-

L

3

-

ksl

1

S
<l

[}

=

T2006)E 7AAZEAA
A= AR

A)
=

~,

ok HE7 9 1%(2001) FHA]

oA AAAEA 2E3

o)
A
o] HAeA dAz d3d

selah

°
=

b

;L

hil
s

a2

ERV)

o

IERRT

) @7 Aol g FAFA] Mg w,,

.

)

T

)

A
pu

[e]

=

)
(G

i

o
el

g 4 )9 ol

ARkl o

2 2 2 2
{Ttop +wyay + Zwmwycov(rm, ry)
2

xr> Jy

2

ap
9w,
Ao

w,), @TAARE 2] T2 cou(r,,,))ell ol

_?/]

1=}

=

(e}

RUN

=i
471

1%

=4

tof Aj=

¢

(3

E9] 7|t
A%
s}

(e}

RN

F o)

pad

3 TH13]. A7

S

38l og

k<

=
=

o]

5, ool o

)7} Feefuio]

5714
A AEE =2 B A B
] uful
71 g7t gakelojol] 7hs
o] wjujd

o
.

=
=
=

Kol w4y

A

Z
ez

h=)
H21(2002)

A8zt

X
Zﬂ
<
H

ol
2l
I

ox

G

ol

o7
o
o

e

637



46

X et

2 atel 7l
4 0)

o

EZYL

e

dl,

L

L

= E[(Tf - E(Rm))(rz/ N E(Ry))]

A7) &t El =) AT A0E, 2016

cov(r, ,ry)

gl

k]

(3)¥} #o] AH

T
I

BN

]_

ol HHel wE Ay, wt

¢

3]

s

o] e

0

o] ZAA

5|

&

£

P71l QEA 2 =il A

[

Fisher-DiPasquale-Wheaton (FDW) =
}it}. FDW

Feapr e AR
]

S HE

4 ()

(correlation coefficient) =
e A @)l o] gelHr,

of

BjK
A

<

of

=
-

|

A

iR

3
gul

b A A1 Apolo)

market)©] 12,
market) .2 7|EAL] S AARA]

Arozaiel A

ZH(asset

A7F 52013

%)= 44
T

S A
2]

=]

o

L

=
2 2, 22
w0, twyo, +2w,w,0.0.0.,

olel w4 (2)

2

op

AR}

} 5= 9lth. FDW 21L& 7]

AFEREETE

BjK

——
o
ca

2] & A3MA(combination line)e]t}. E

1o
-

oF

—_

ol
Jo

o
N
<

A=

ol A

+

XO

3 A

Qo o

!

AN A ] ol we) H5ake)

S

ke

2] 2(MVP : minimum variance portfolio)ghil

Cxis

B

L 3z
RIS

2 o] Fo)A]

10

<
N

A =W, F-5ake] ApkozA o] 7pA|7}

S

7}
Gl

¢}

87k 5

o~
T

.

=
=

a4 2t

©)°ll °Js

Al
&

[e]

X} ve 7

o] QlojuA] Ho} B71qow

ks

12 235

A

]

=

of

A=

]

e}

=13
=

3} o] AABAIAEF

=4

o

a2

7] &

2000 % ©]F 7] 4571, 2008
7

$907 o %

638



FEAF MFE A3 g Haslkely] g FEAGRE N
AsHAl HA AdAY, S Al FEae] Ws B dnh & U Ed e A5TE, 28 59
SHAl ok o 28 1904 A F R0l AABA B B Sl e Eekal AAAG A wiulA]
W37l EH(A-B)EHAl HW, £5FE, dEdSed FoR Fox Hdlo] o]RoAA ge e FHIHA
Sol @otaiel et IR, S AFadEe] 4R st JHAIRMTe WA= Gkl w9 =27] wiEolth
& S oA g B2 dAle] FEd ol Tk FuA7I7L AASH HY FErtA skt
s AR gk o R AAAGdA A SFel g3 de Sl AFTNE FEE F e
2 e BASHA] oAl HH wjujAldel A el HAAG e R FaxtEe] HEHEnh oo whE v dol
7HAE sl "ok FErkA s dAPAES o sk A7 el 2715 dAguES A
A5t AAEES ARAIA HH, ol A5 FEAL AETFSR uESHA HWH AR A RFFoR
TS FaATA "k AR AXNAATE A FEB 0 e 29 A "k
A H9, & B, A55E @ 5ol nie
Auzeisee] s Hu olgdont Fe o)
& AFENFL} FAA Ho} FeEHA e Al e N bt Deramiaton
i, ol AAERFS FTMA, FEALES FSA TN,
717 Aot LR o
Price $ Stock (sq 1)
P
Asset Markel: Properly Market: P = el S=C-asis=LX,
Valuation Rent Determination = Cooets) S
p=? Asset Markol: Property Market:
DR, Economy} = § Consiruction Stock Adjusiment
Construction (sq 1)
Price s Stock (sg 1) Fig. 2. Inconsistency in switching of consumers between
the chonsei and sale markets
P = Glosts) ss=c-asis =5
3.2 FEIAIHEZE F|ot
Assc.'uarlkm. Pmpcvly_uarkc!: B ~ B e
ST @5 SIS AR] ok B e MBS ke
Fig. 1. Change in rental demand with macroeconomic FEAR o] Mo ad 4 glepd AARIAl ] A
fluctuations A ol AL B8R 4= oS Aolu) o3 B
B eRde fe FuAgel 724 548 e
SHARE 2 T 2008\ AZAF AANGA FA o] o mepag A aE wlad) kAo gledt 2
F, 4o 21t dEAAVIE A FUA g zagdnas gosarg d
FToRE olofAA st gtk ey WA FDW  ynopw seA Qutgel Faagirae thg 1
2 ool M ARy v a9 29 Ak S A4l B} g 39 2.
G2 A717F 34B-A)HHe s ARAREE A 72
7]?_] i7]' %7HC*>D)6‘]’O:1 ‘2[‘2“7]'7310] 9-5]34 6‘}%]—6‘]'71] Ropayment Construction
Lender — Developer n— Construction
i, ol Axw APEY SR A4HA Kot 74 L=ty -y e COmPAY
cost.
Aol 2 WEo] glolA7 B Aolth, 2 Fela e
% AAel 37 elolAA el ww et v . perand
Z o =7 s ok AlTFalLako] Ao g =
Axow Srteord Artgudel dAH o STt Fig. 3. General housing business model in the presale
3R kA "ol whEh A EEe] EE Aol A% system
A,
olglat AAL 1AW, = AAAF st Ao A ARFALE sl A= ARINEFA7E tiA) 9] 2f-2
aAEo] dultaz AESA) €] el Ao e % YPRES Sushd 233 $A9 Rl s

639



=0l
Al

R Al

o o

b 7
Qx

©

AFA
H7]

2l

2~
L
OF u
=

i
9

L

a2}
T8
ol Al
AN

=]

=

A7)l

A
7H ez A

]

SRR
A AU 2

3]
A7

F 71 AAGLA)
So] F

171 i
o] 71&

SEREE

L

=
5

=
=

sho] Aol FAAFE AA)

°

SHAl = A

L

6]
6]

B

[¢)

Q=

Aol fA A AA o

o] ZAAA el v

ald
8t

2~
T

2~
T

=9 AAA == 21d 99 AAA

=
=

}
A

K
yal

Aol A
dAl el o

b A4

°

_Z'__
t}. oo ujz} 7]&
dmeo] oA BRE 2T
=8

AR Lol A H A= 2 A el 7]
7} oz ukay

<!
s

AA7EA 0] F=E7EA 2] 100%e] S8

=
o

=
-

s
(o)}
H

o% 04

ol Ao

L

ot

At

0]

qog &

O AFNLFA A HAIT

oA ARINEFEAE Aede &
7H] 2k 80% L=

2h]-g-0]
R o] A

_/l:
8

S

s

3

[e]
5

]

-
o
=

[°)
=

E
=]
T
%3 7

[e)
2

AEBE
_h?_ﬂ

%
w0l glo] A1)
Aol

7N

=13

L

=

=

SHAl HH, ol A&

S

=
=
=

=

a

S

3 AFAANEFAE AEA9A

\=]
-

5]

O
H
T Atk ARIAEFAE Az
=

7he nelste] RorhAe] A

o ol 27 AAHE LYrHAe] FUa

o
=

=
==

2oL FEleaat
FE v Ak sg FaAtE

=

=

7HAe) oF 80
§ REon At

o

2]
EN

=
T

A

al

gt Atz AR 1RE Sl

L

Ae71&e e =g A AlTd A0E, 2016

A 2EE ARGH]

A

%

QT
=
5

k]

]

o FEe] oAk FEvbA el 10%
of utet Fg71HA s 2

o] A

HE7IHC2RE ARHIE O
5 QlEtel oAl A

Heb o] 2l §71]

)
=

(e}
e

%
=

—

i)

o A= ArgAde] efshett. o]

&57] T

e
S|

Injecting
Public funds

-—
—

9|
-
el

0
s

el

?_

O
=

2k

Construction
Company
=

Government
L EA o A

°
el

Construction
—
—

Construction
cost
=

Public: tunds
Q)

withdrawing

¥
L]

]_

REE R

|

+

|
Demand

Jeonse
Demand
v
Developer

E

D712

[y
rights
[
Ownership Payment Housing
L4
o

Chonsei payment Housing

A

B9 el vpUARE A

R

T

F=ol] A
+o]

pal

S

ke

Lender
(bank)

Aol olele 4

@A
Al el A

el of

Fig. 4. Proposed housing business model
A

[<3]

]
640

L

L

]_

Foll A

]____

il

[

spel 24

7o) 714

Ly
a

S

—L
1=}

]

o
=

Fepln

£ls

gt B =Rl A AR

15

il

EER
7] 717 39 V)% ARGA

o]

=

B AER9e 3 eol

Hl &) AAl=dS FAld A1l &
=]

71E FUAI R A2

CESNEERIE



FreARY A

pil

9

24837 9]

=

=

23
57

=)
)54

HEe
a

o

1=

t}
EEEQ 2447

oM = AR
| 3]slAME Al HAYS Aol A

3]

}

)|

x

A =,
T'\i__

AV

L

f‘ij
(Sharpe ratio)E A3 K,

epih 9

=
=

2]

‘:X]

=

2 RS W, o =2 AR

T

I

Iz X

AF
7gH

E

=

L
L

ol A

ez}

e

T A At

et

o

o

KIO

-

L

o %
grae

0.01138%,
A4 042692 UERITE T A

St

A
L

0.01329%,

)

0.00507%, 2=

A GE 0445302 E}

100%=

A4 0.45352 L}

)

T

&
A

3L

0.01339, Ak

3L

L

7} 0.5245%% 7 =4 YERSTE Ae RS

=

0.00567%, Ak

AF

e}

kS|
=

SEEEL
3 EA A

(3]
=4

)

ke
pal

v

=

3L

L
— —

s of

)

e

et

41 2
g

o

Fepjue e AR
A 5w, A ole)

0|

o))
i

=
o
2l
P

3t
=

100%=

0.01118%, &=L

el
o
A

0
]

A FE 045358 1}

i

0.00647, Ak

L
L

0.5995%% 71 =4 et

R

s A

Hof gl AANAS

S

dl 28

she

xg

o
=

ARHlE-

1‘5_]-.

=]
H

g

o

o~

0.01016%,

A 5= 045352 7MY =& 9

B

3L

& o

1.

a1
=4

0.00594, AF

L
L

ool mhz} A&+

A=
1 3 5] of of

x
641

} IMF 9]

had

2M, 1999 1¥935E 20159 REMA=E

ke

=13
=

of upe} Eexitk. o] &
°]

ke
T

)
1917] o]

kel

gl

gl



A7 &8 3= A Al7dE A0E, 2016

642

@ 000620 @ 000660
&
e |3
9 9 0.00650
2 H
< 0.00600 / < /
/ 000640 [
0.00630
0.00580 ‘
/ 0.00620 *
0.00560 0.00610 \
{ 0.00600
0.00540 \
\ 0.00590 \
0.00520 000580
\ 000570
0.00500 0.00560
000000 000200 000400 000600 000800 001000 001200 0.01400 0.01600 000000 000200 000400 000600 000800 001000 001200 001400
Standard Deviation Standard Deviation
(a) Seoul Gangbuk (b) Seoul Gangnam
@ 000700 @ 000560
& 3
© @
[ _/ g 000550
Z 000600 2
0.00500 0.00530
0.00520 /
0.00400 000510 /
0.00300 000500 /
000490 1
0.00200 0.00480 \
0.00470
0.00100 N
0.00460
0.00000 0.00450
0.00950 0.01000 0.01050 0.01100 0.01150 0.01200 000700 000720 000740 000760 000780 000800 000820 000840
Standard Deviation Standard Deviation
(c) Seoul Metropolitan (d) Pusan
@ 0.00700 @ 0.00700
H e
g (3
& 0.00600 // Z 0.00600 /A
0.00500 $ 0.00500 {
0.00400 0.00400
0.00300 0.00300
0.00200 0.00200
0.00100 0.00100
0.00000 0.00000
000000 000200  0.00400  0.00600 000800 001000  0.01200 0.00000 0.00200 0.00400 0.00600 0.00800 0.01000 0.01200 0.01400
Standard Deviation Standard Deviation
(e) Daegu (f) Incheon
@ 000600 @ 0.00700
3 3
g o
2 S
< 0.00500 & 0.00600 /
0.00500
0.00400 {
0.00400 e
0.00300
0.00300
0.00200
0.00200
0.00100 000100
0.00000 0.00000
0.00570 0.00580 0.00590 0.00600 0.00610 0.00620 0.00630 0.00640 0.00650 0.00660 0.00000 0.00200 0.00400 0.00600 0.00800 0.01000 0.01200 0.01400
Standard Deviation Standard Deviation
(g) Kwangju (h) Daejeon
Fig. 5. EDF calculation process




&
i
i~

fo o Jy e K
ol o AN &

N
R

ot

e Poriml{ﬁn%ﬂm{u
'S}
Ach

e
>
(o
u

2
rlo
Mz
o2
it

r
B
19
2
o,
=2
il
ko
B
19
&

7v 2 99 ) o2
% 40%E A W 1 2L

s v

ol A 7 A T8 A EAE GA 7 A
oAzl ejsf FEHAPG SAdo] Agolgtel e} o] 17
slof QPA e ARlE NPT 4 9l Wkl B8
< vehdnt o3 dxdolAM Ak FEpAp e
AEAR] FRHEFEAANAM Dtz AR ofurt
Slckar e

ofep 2 TEZE|Q ¥4 duts Fehd, WA £
AT ARFE A&7k FEARI R S] 7] 9]
Fedare EAsks Ao gAY BE 2 =
o TEZYS 4 dike 2PHQ 2RAE des
& wto g ARAow FAF AL ok x|t
AR AAAEE T AT B, DA
el Ak A ] A dA mep At E
g Y5 £ 05S ¥ wEE T A9 F e
W, ol A A&7be FEAIEEe] 24 7

Table 1. Portfolio analysis of the sustainable housing business model

Division

Presale rate(%)

0 10 20 30 40 50 60 70 80 90 100

Portfolio risk | 0.01339 | 0.01263 | 0.01195 | 0.01138 | 0.01093 | 0.01062 | 0.01046 | 0.01046 | 0.01062 | 0.01093 | 0.01138

Seoul Portfolio 0.00607 | 0.00597 | 0.00587 | 0.00577 | 0.00567 | 0.00557 | 0.00547 | 0.00537 | 0.00527 | 0.00517 | 0.00507
Gangbuk profitability

Sharpe Ratio | 0.45350 | 0.47310 | 0.49150 | 0.50730 | 0.51890 | 0.52450 | 0.52280 | 0.51320 | 0.49600 | 0.47280 | 0.44530

Portfolio risk | 0.01118 | 0.01079 | 0.01053 | 0.01041 | 0.01044 | 0.01061 | 0.01092 | 0.01136 | 0.01191 | 0.01256 | 0.01329

Seoul Portfolio 0.00647 | 0.00639 | 0.00631 | 0.00623 | 0.00615 | 0.00607 | 0.00599 | 0.00591 | 0.00583 | 0.00575 | 0.00567
Gangnam profitability

Sharpe Ratio | 0.57880 | 0.59240 | 0.59950 | 0.59870 | 0.58940 | 0.57230 | 0.54870 | 0.52060 | 0.48980 | 0.45820 | 0.42690

Portfolio risk | 0.01158 | 0.01102 | 0.01054 | 0.01016 | 0.00989 | 0.00974 | 0.00971 | 0.00981 | 0.01002 | 0.01036 | 0.01079

Seoul Portfolio 0.00643 | 0.00626 | 0.00610 | 0.00594 | 0.00577 | 0.00561 | 0.00544 | 0.00528 | 0.00511 | 0.00495 | 0.00479
Metropolitan profitability

Sharpe Ratio | 0.55520 | 0.56860 | 0.57870 | 0.58410 | 0.58340 | 0.57570 | 0.56050 | 0.53820 | 0.51020 | 0.47800 | 0.44360

Portfolio risk | 0.00832 | 0.00804 | 0.00780 | 0.00759 | 0.00741 | 0.00726 | 0.00716 | 0.00709 | 0.00707 | 0.00709 | 0.00715

Pusan Portfolio 0.00554 | 0.00545 | 0.00536 | 0.00527 | 0.00518 | 0.00509 | 0.00500 | 0.00491 | 0.00482 | 0.00473 | 0.00464
profitability

Sharpe Ratio | 0.66650 | 0.67790 | 0.68760 | 0.69500 | 0.69970 | 0.70120 | 0.69890 | 0.69270 | 0.68230 | 0.66800 | 0.64990

Portfolio risk | 0.00962 | 0.00923 | 0.00888 | 0.00856 | 0.00829 | 0.00806 | 0.00789 | 0.00776 | 0.00770 | 0.00769 | 0.00774
Portfoli

Dacgu ortfolio 0.00606 | 0.00595 | 0.00583 | 0.00571 | 0.00559 | 0.00547 | 0.00535 | 0.00523 | 0.00512 | 0.00500 | 0.00488
profitability

Sharpe Ratio | 0.63030 | 0.64390 | 0.65620 | 0.66650 | 0.67420 | 0.67850 | 0.67870 | 0.67420 | 0.66470 | 0.65000 | 0.63060

Portfolio risk | 0.01262 | 0.01194 | 0.01132 | 0.01076 | 0.01027 | 0.00988 | 0.00958 | 0.00939 | 0.00931 | 0.00934 | 0.00950

Incheon Portfolio 0.00611 | 0.00592 | 0.00573 | 0.00554 | 0.00534 | 0.00515 | 0.00496 | 0.00477 | 0.00458 | 0.00439 | 0.00419
profitability

Sharpe Ratio | 0.48410 | 0.49560 | 0.50600 | 0.51450 | 0.52010 | 0.52160 | 0.51790 | 0.50820 | 0.49190 | 0.46950 | 0.44180

Portfolio risk | 0.00656 | 0.00635 | 0.00616 | 0.00601 | 0.00589 | 0.00581 | 0.00576 | 0.00575 | 0.00578 | 0.00584 | 0.00594

Kwangju pli,)(;‘g:zllll(l)ty 0.00478 | 0.00463 | 0.00448 | 0.00433 | 0.00419 | 0.00404 | 0.00389 | 0.00374 | 0.00360 | 0.00345 | 0.00330

Sharpe Ratio | 0.72850 | 0.72940 | 0.72710 | 0.72100 | 0.71050 | 0.69540 | 0.67550 | 0.65100 | 0.62230 | 0.59020 | 0.55540

Portfolio risk | 0.01265 | 0.01196 | 0.01133 | 0.01078 | 0.01031 | 0.00995 | 0.00969 | 0.00955 | 0.00954 | 0.00966 | 0.00989

Dacjeon Portfolio 0.00598 | 0.00577 | 0.00557 | 0.00536 | 0.00515 | 0.00495 | 0.00474 | 0.00453 | 0.00433 | 0.00412 | 0.00391
profitability

Sharpe Ratio | 0.47270 | 0.48270 | 0.49120 | 0.49720 | 0.49960 | 0.49720 | 0.48900 | 0.47440 | 0.45330 | 0.42660 | 0.39560
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