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[Abstract]

This study verifies the diversification effect when digital assets such as Bitcoin, which have recently become a major area of
interest for both investors and media, are included in a portfolio of traditional assets such as stocks and bonds in the domestic
securities market. Traditional portfolio with stock, bond, and gold and expanded portfolio including Bitcoin were analyzed from
January 2011 to April 2021. The empirical results are as follows. First, Bitcoin portfolios showed high risk and return. Second,
the portfolio performance indexes, which consider risk and return, were higher in Bitcoin portfolios, indicating that Bitcoin’s
diversification effect exists in the domestic market. Third, the performance indexes of the proposed asset allocation strategies
compared to the benchmark strategy were higher. The empirical analysis of the study found academic significance in that the
domestic market also has a portfolio diversification effect, and showed that market participants can improve the performance of
traditional assets portfolios by using Bitcoin.
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Y EZZQ FAEA A7 (portfolio diversification effect)
d# o] Mo 2uo] 35 w2 e] ARle % sk id e
2A, AT e o2 ARl EAREARE S Tk 9
AL UE T e ustt) 1] XEEDQ iR A) o] 2
= AASH} AR Markowitz(1952)7) 0] 22 ET|E Aot
stglon, Ues] X EZT| QO] AS) T4 N sHE XEE
o4& HoFATH2). A= et ofu 2} &
Q) AT Bk Al AHEARS] A A A GA
EZYQ a7t vebdS BolFar i3] HZolle= HlES
ol} Z+-e theket v E AFrl(digital assets)S E38HE EE
2] 2.9 TAHFAF EAE WE A L QATH4-7].

H| E 57212 2009'd Nakamoto”} E-3-A|<](blockchain) 7]&
ol 7]Wksle] JHrek o)A e 319 (digital currency)©]th. HIE L
Qlo] #ed S| ArkI7bol] thek A A =k 8 Bl o =
ekl HIESRIS A Al deste A AelA T2
hshAl A A Th8,9]. HIEFLIS MsAd%E A3 A
o Fheke] ARkARl TR vlEo] F714 FAAE
o] AL 7HA AL drkar & = SITH10].
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=] SAAPGNA AR B3} AEAE A
ot 9] FAAG I G| Y3 T 5 ofrlof FAA T
ol A= ek 917 Wo] Ut 55 WRITH4]. Kajtazi and
Moro(2019)+= W=, -3} &5 SAAGNA v ESRS A
Y3t TEET| Lo e AT A 23, v EFQS AHY
oA 92 LEZT BT, f], T SAAINA BF
T4 A3t M EE HolF=ATH6]. Kim et al.(2021)2 S
FAA A HEZF} F(gold)2] ZEZE] S 9d ¥t &
5 FAg A v ESIE ok w9 99 2t a7 34
YRS Bt 7). HEZRIY] X EZE|Q Y] av= X E
ET 9 T ES TTHITIARE SAlol T2 A8 T STHAIA,
As LEZP] Q AFFAF @7t izt o] vrehaL QT 7.
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dostH o] I 7he] FkAoletal g 4= drk o] wet
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al glom 71 24 7| (fundamental value)= RITH11]. BIEFS]
o] g9l Fo)EN Wedo] thE adun w2 o a3
(day-of-the-week effect)”} YEFATH12]. HIEZRIS dldo=
Sz AEo] YA BIESR] d&o] MiEAdo] Trskar 9l
TH13]. BFst 71 A8 2ol QISA s BES o]-8ate] 1
EzQle] mgf 7S o &k AqE0] o] FolA|aL ik 14].
TEol EXHENE 1M A4S Sl HIEFRIC] 7S of
= = 9152 HOlFItH15]. 71&4 B4 58 o]8ste] )
EF1Q1 A} dgre] ol o] 93ks B TRl 16,17).

H|EFQ1E = FAAEe] 57k« FTSEC! tizl EA|
BIE HoJFU18]. HIEZQLS: SR F§917] oA
b ukA] A3hE SFITH19] HIESRIS T A A
2|3} AgE A Ao FEZE] e a¥E vERIT20]. A7}
] of] 3k =Aol = E-5}3L Glaser et al.(2014) = A 54
TAE F8l M EFQl] A& tolepr| ks FU14 Fab
Aprke] dA o] Aatrkal skl 21]. HIESRIS 7HA|=
FR.9} el whet Wk 54 02 Qlef goluh 23 22
& (commodity)2] A% 714 L JTH22].
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Ao FAAPGANA HIEFRIS A
Al ehe] i) opalofelsEoF A
oA Zgk X &t s HolFAHS] Kajtazi and
Moro(2019)+= 11, F-9, &= SAA A v EFRLS 3
she XEEE Q.9 AHE WA g Ay, v EFQS x3kehd
FEZ QO A= NES HolFiehe]. 1y ] &
= A o] ARt FoEe] Skl 7IR1g Aaetal 5
A3TH6). Kim et al.(2021)& Z3 ZAA 4ol A F3} e
FR10] XEET Q. AHRA &35 AT wAS A4R H|ER
BT o] HAHFAL a7 AR S HAFATHTL

Platanakis and Urquhart(2020)= V]2 SAA ol A 243}
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A& fla dEH ARtz 54, A, &, tAE Ao
= HIESRIE AR o= MBSt 57t Ahss A=)
29 $8F 2491 KOSP200 F7HA1, Al AAE 385

43 A A HAVE] o] MKF 51444

EERDEEDE ISR BN

R TR

oﬂ A T8tk = 7t
A Aok HIESR] 7HA A 380 9Fs 248 Sl
of stz MEsto] =olES ARtelginh 54, A, 5, HIE
F1-2 717} KOSPI200, MKF, Gold, Bitcoin &= ~#-3] &
71k AFEA= 2011 1958 20219 497142 12470129
4l 7L AR o

Qo HER

7] flate] WA F2, A,
M X E %] Q(Traditional Portfolio;
7lske] S22 , A, & v ERQIo R 1B
2(Expanded Portfolio; EP)E ©]|-8-3H}.
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FEZYL TS AT A vl Ak veg A Y H
23} BYP7HA] B2 A7} o] Fo X L QITH25,26]. &+ Al
A B2 2R i AR v 2

) BT 2y

- Hmean-variance; MV) 2.3 Markowitz(1952)7}F

Aorsl 28 0 ZA] EXAIEL YT} 4] Alo]e] A=A
2R A4 58S FSelES ¥ EE 08 Ut
[2]. MV B3-& 2] (1)} o] g ojet 4= 9}

A
max U=X"pu— EXTEX7 U is utility function,

n
s.t. EI]

i=1

(M

=1, z;, 20, for asset class i =1,2,--+,n,

X is vector of portfolio weights,

1 is vector of expected returns,

A\ is investor s relative risk aversion,
2 is covariance matrix.

88 Ue 91839 H(risk-averse) FAAF] A3 %21
BEIEA A3 A A7F EFF BRI FAAE 1
ol &3, o] A7} Zold 5 FA AR TR} o2t
33 Qlth MV BES A T2 A-geRd 9
tiH] 71o] el Eo] 2 A F2o HS) vlgo] JEEe A

Y 3f(corner solution) ALt 1 ¥l Iz XEET| Q.
HY Hgo] WEshz wAZEC] X4 AL o271,

2) Hjo|2-FERQ] F4AFY 2
MV B&e] HA FEZZQ M)A teh= F
%0]7] 918} Jorion(1986)L H|o] =7
Q1 %4~ (Bayes-Stein shrinkage estimation; BS) %3

4 919

(estimation risk)=- 7

RS AR

}oﬂ T[28], o]F WE FEZE o 248} A4 BS 20|
43 ATH252629]. FAFAH BS EHE 443 7))

O Wl 1) SF B AL B9 & A @51 Lk

@

tips=(1=g)p+gu,

g is shrinkage factor(0 < g < 1),

n+2
(n+2) + T(p— ) "2 (n— ) 7
1y %5 expected return of minimum
variance portfolio, T is estimation period.

g=

117
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4 @A T 71150 B3t B B (e, T
HsE shs T B8N AH5 A9S B BS
73]

R ]

o] FEZ T A vl &S A gk

3) B =Y

MV B8 A =241 483w | wlEo] 54 F
2of| }F T A7 F A A gL o)== Al el A] ke o)
A FEENE 7Y FES FAsHE HgolA s
4 ollgjo]l 7]213It}. Black and Litterman(1992)& ©]2]3F &
AR E BaAA FAAE] ZF 2Rk ol ol g A=
Z 2k o mElo] FyA o7 weet 4= 9l Bel-gE vt
(Black-Litterman; BL) =.3- #l|QFa}A TH30].
APkt E WA Z=344=2) E(implied excess returns) WE [T+
A7V TEZLQE 7|FE TEZL 07 B8l 4 (3)3}
o] ZERITH25,26].

my o

I=\3X", 3)
X" is vector of reference portfolio weights.

BL 22] 7|60l W) (1) 2] ()2} o] FETH28).

ppr = +7XP0+7PXPY ' [Q— P, @)

P is binary matrizwith 1's in diagonal elements,
Q is investor's views,
2 is reliability measure for views and estimated as

n= %PEP T
npxjuko 2 BL,
T3,

Bge] FEAt R A (5)9F 2ol

Yo =2+(r2) '+ PT P! (5)

4) MAwl= 2y

AR ARk wll i Ao A9 vl al A WX vl 2
EZZ] 9= Y 715 (equally-weighted; EW) B3-S &H-8-31c}
[25,26]. EW R.&-2 7]32Q1 ZPak vlja Hef o 2 A, 7} A hhr
of tigh T2} vl&-5 BA FAlshes X EZE| olth & =
o] 2prbE A vlE2 2 (6)3) Atk

1
x. =—, for asset class i =1,2,---,n (6)
Lo

3-3 Y sY xE

ARE R A Eke] A A A e A el g
SIA ZH-E ALFsk= AR H]E(Sharpe Ratio)©] <43 54
A F &2 Z-25 31 gt} Sharpe Ratio= &S 123 TEZ

o,
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tlo

Q0] FA} A} A EA, Z370] E(excess return)

L= U] 2] (7)3 2ol Akt
Sharpe Ratio = ——, (7
Op

Rpis portfolio average return,
R, is risk— free rate,
opis portfolio standard deviation.

A4 © 2 Sharpe Ratio’} sUHH 4 0.2 919 djv] &

EE| 0] FrolEo] 7 ujitol T2 47} 578k ARt vl
& Agfoleta & 4= Ut} 121} Sharpe Ratio= =2 A2 ¥
gk oe} oA e EFEHEA] gl 913 o R Q15
SHAHE 7HA AL ek A4 oA = FAREE o] 4
taiA et Y13 o R Qs Ao 8l7] wliel] &4 A
TS o R 1A EhE A ER TR AT A A2E e
H]-&(Sortino Ratio)©] 7= $ATH32]. Sortino Ratio= FA} 9|
AR XEFY L 75 BFHA AR Al 4]
tlo]E)= wj L 3P 93 (downside risk)TF ©]-8-3te] 2] (8)}
o] Alhkgttt,

£ 2

. . I
Sortino Ratio = 7DRP R (8)

Rpis portfolio average return,
Ry is risk— free rate,

DR, = \/XT] [min (0.R, = R,)*/n

ev FEEYQ o) Eo| A EE wEA etk |
2}, 22} EHEE- o] -8-8]= Sharpe Ratiot} Sortino Ratio 5=
gk At A EA AHEHA] 85 UTH33) AA Al
A A= 20l F L AR IR U FE - 1E(fat-tailed) B
X5 HoJFa1 9t} Keating and Shadwick(2002) 25 ¥
2 7MEA o ok REEZA] adjdhs A RS FEE
212 47} H7t X320 2H7} B]E(Omega Ratio) S #|9tskaL
[34], 2] (9)} o] A 2lelA T . Omega Ratio= AF-H o2+
£=0]H] &(gain-loss ratio)®] £}l = SHc

1 &
T E max((),Rpﬁt — Rf)
t=1 '

[ Z &)
—Emax((),Rf*RpAt)
= ’ i

Omega Ratio =

4-1 Xat eoiE2 7l SAHE
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Y oS ARgtete] Ak A 20 Sexcess

retums) 2155 ARSI A #4717k 124709 B9re] 2
AEES) ol 714 BAFE F 13} e

HEFQle] XI5 EH 9.641%=A A4 2k
o] Auat o) E T H 4 53uloll A Ao 1,767 7HA] =)
Uehta 9o, 913 SAsHE At JA] FH A 7vljol
A o 858714 Al e AL lek sl v ESQIAPO]
A A v, §9, T ARS8 Kajtazi and
Moro(2019) A A ket A A]8kaL QlrHe). 82 ARkl 24
7} A FNEY HEE (1), 3 HIEFRISY 5= (HE B
Sk B A E 7179E 918 Jarque-Bera FAIFS 2
W a gES Al A s 71748kl vk 5
F9 0] At o] A YERaL 9]

) EES| JHATE BT Tk
Art 701 E Aol o] AT =

. 53], v EFQ1 HEA
2o R HAEH A XE

e FEZel BATA w7}

n

o)

2, 1~}j'
5

o
o
to Ml 1o

3
0

E 1. 98 x0j50l80| J|& EHZHH: %)
Table 1. Descriptive Statistics on Monthly Excess
Returns(unit: %)

KOSPI200 MKF Gold Bitcoin
Average | 0.179 0.107 0.005 9.641
St. Dev. | 4.585 0.292 4.405 32.966
Max 13.968 1.241 12.326 173.686
Min -14.428 -1.106 -12.179 -50.773
Skew -0.274 -0.218 0.158 1.689
Kurtosis | 1.361 1.093 0.277 6.374
B 1113|7451 0915 268.859"
St. Dev.: Standard Deviation, J-B: Jarque-Bera
***: significant at p<0.01, **: significant at p<0.05
E 2. &Y EnQEo| A
Table 2. Correlation Coefficients on Monthly Excess

Returns

KOSPI200 | MKF Gold Bitcoin

KOSPI200 —0.174" |-0.114 0.086
MKF -0.174" 0.308"" |-0.155"
Gold -0.114 0.308""* -0.051
Bitcoin 0.086 —0.155" -0.051

Hokok

*
: significant at p<0.01, : significant at p<0.10
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CIXE RHte| ZEE2|2

4-2 HIEZQI2| XEF2|@ BLEA =1 E4

Sl AN 4, A, 59 22 AEHRA AREE
2 ool X EZY o HIESRIS et EAFAF &
H7h oA vepdA] 4 starat gtk FEZE Q. 7AE 9
g A2k vl ek MV, BS, BL 2.8 Foln, WXt ek
2 EW E3jolth 3 3 wilx|uta i efe] TPS}EP XEET Q.
of tigk 714 1 A3k A 35 BolFar gl

Zf 2k A\ S-S Y B 1m BAMEAF X E
Ze]9.9] A4, HIEFRIS X331 4 A XEEZ] S TP
A5 3 AP ZEZE] Q EP U] €3 &2 27w 5
7¥etA Rt EEAANE 3 S7bel] 21X A glof, FAF Ak A%
1 Sharpe Ratiot= 5.78 57}tz ltt. g+,
1.19) o]} Z7138133 a1, downside riskE HF3314= Sortino Ratio
9wl o]} 7Vt 7P & Fom v d s L vk A A}
AR LEZE] Qo H{EFRLS Frlste] 45 X ER
FA Y9 EE HEFRIY] & HEd oz Qe FrskRt
Bt ol ol vl 2 F o7 FULsHHA FAk A A mEe] A
Al PAEAT 27 18 WX et xEZE] ] o] 4
(Equity Curve)= R o541 Q)

I 47 FAERR] A 913 89 ol| e v E S]] A

Y HES BT 9l

ols

Omega Ratio=

[o)¥e)
=

]

=

E 3. WX[of3 M2k EW ZEo| Mnt
Table 3. Performance on Benchmark Strategy EW

TP EP Change
Average 0.088% 2.476% 27.2
St. Dev. 2.011% 8.406% 3.2
Sharpe Ratio 0.044 0.295 5.7
Sortino Ratio 0.076 0.772 9.2
Omega Ratio 1.123 2.367 1.1

St. Dev: Standard Deviation, TP: Traditional Portfolio, EP: Expanded Portfolio

E 4. AR iR M2 HIEZQI HEl H|E

Table 4. Bitcoin Weights for Asset Allocation Strategies
Risk Aversion MV BS BL

A=2 44.0% 27.9% 30.9%
A=5 17.7% 11.3% 19.3%
A=10 9.0% 5.7% 15.5%

JA 918l 3] =5= Platanakis and Urquhart(2020)S %31
ste] A=2 AR e 3AA B Jeh A=5 3
AR TR ek, 28] A=10 AER FE& Bl
A2} A 5 3 1F 0% vl A eI 25].

Z] o

giee] =

[}
=
=
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Equity Curve on EW
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Fig. 1. Equity Curve on Benchmark Strategy EW

AAA oz FAA FAAp ek v EFQle] Q) v]Eo]
27.9%014 44.0%7HA] 528 WHAH, B Fxpap Heko] 74-
EHEFNY] T2} B]E-E 5.7% 4 15.5% ALz W Ho)
t}. o] HIEFRIS] 31918, 1549] P25 2 ket 9l
a1 8 = Qi ARb il depd e BAEE, MV 28] -
HEzele] 4 #Y Hl&S F44 9 FAALY] 44.0%°1 4
AR TRk 9.0%714] ®iglstar Qlek BS 2o 75
27.9%014 5.7%7H4], BL 58 €] 30.9%°114] 15.5%7}4] Sto}]
31 lok HAAoZ BL BE o] A9 HlERIS] AY H|Eo]
FApALe] 913 3]9] ol upE x}o] 7} 4] gtk

MV 28 9] 739 T150ke] B Aol X459l 5o] F}
2o tigh AY HlE-e] 00] = 7Y 3l EAI7F UERETE MV

al
%
A
R

t

b N

S Nt 22k F4 FA%BS By % I &) i
HlZzs Al ear Qlek Tt Aol A 53 H| EFRLe)

MEAF E3E 1)al 2493 Kim et al.(2021)2] Aol ME 2
Ae] Aol W E v EFQIH @8] w0 MAFRAL &
W7o A ehdar QITh7). 8, BL B3l = xibE A
& H)Eo] A3] Ak AR IS HolFear 9l

£S5, %6, X7 FAA] 919 g %o ul2 | EFRIS]
HAHEAF 7} Apo 7 LA E HolF=aL ik

339 Hxmla Ae EW 23} i 62 A 9 598
FE2zbl gk 243t 5.3 MV, BS, BL B89] 21 A %= 1]
W3 HH, W EFRIS] HY H|E0] 25% = 1 -2 WIX|n}=L EW
3jo] it FolEo] A el dANE XEE .9 ¢
S7HA] e slis A X Foll M= 2357 E 62 MV, BS, BL &
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Table 5. Performance on Aggressive Investors(\ =2)

TP EP Change
Monthly Return 0.104% 4.289% 40.240
St. Dev. 1.141% 14.481% 11.692
Mv Sharpe Ratio 0.091 0.296 2.253
Sortino Ratio 0.159 0.805 4.063
Omega Ratio 1.270 2.421 0.906
Monthly Return 0.081% 2.742% 32.852
St. Dev. 3.730% 9.143% 1.451
BS Sharpe Ratio 0.218 0.300 0.376
Sortino Ratio 0.383 0.819 1.138
Omega Ratio 1.771 2.453 0.385
Monthly Return 0.083% 3.022% 35.410
St. Dev. 1.368% 10.203% 6.458
BL Sharpe Ratio 0.061 0.296 3.852
Sortino Ratio 0.106 0.800 6.547
Omega Ratio 1.175 2.395 1.038
E 6. gz SARte FAF MM\ =5)

Table 6. Performance on Moderate Investors(\ =75)

TP EP Change
Monthly Return 0.090% 1.774% 18.711
St. Dev. 0.570% 5.803% 9.181
Mv Sharpe Ratio 0.158 0.306 0.937
Sortino Ratio 0.293 0.840 1.867
Omega Ratio 1.503 2.503 0.665
Monthly Return 0.081% 1.155% 13.259
St. Dev. 0.373% 3.674% 8.850
BS Sharpe Ratio 0.218 0.314 0.440
Sortino Ratio 0.383 0.871 1.274
Omega Ratio 1.771 2.577 0.455
Monthly Return 0.084% 1.922% 21.881
St. Dev. 1.164% 6.395% 4.494
BL Sharpe Ratio 0.072 0.300 3.167
Sortino Ratio 0.126 0.810 5.429
Omega Ratio 1.213 2.427 1.001
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Table 7. Performance on Conservative Investors(A = 10)

TP EP Change
Monthly Return 0.086% 0.936% 9.884
St. Dev. 0.430% 2.920% 5.791
Mv Sharpe Ratio 0.199 0.320 0.608
Sortino Ratio 0.365 0.891 1.441
Omega Ratio 1.666 2.628 0.577
Monthly Return 0.081% 0.626% 6.728
St. Dev. 0.372% 1.864% 4.011
BS Sharpe Ratio 0.217 0.336 0.548
Sortino Ratio 0.382 0.942 1.466
Omega Ratio 1.772 2.744 0.549
Monthly Return 0.085% 1.555% 17.294
St. Dev. 1.098% 5.130% 3.672
BL Sharpe Ratio 0.077 0.303 2.935
Sortino Ratio 0.134 0.815 5.082
Omega Ratio 1.230 2.447 0.989
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