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Al FUARIES df REEYQ o229 AT 03**01] et oS e ofAlot
a8H71(1997), ol= A18%71(2008) & =AA AlFed ARKIS EE2|Q Ad=io]Zo wet
S AAFEOIAIE et %‘EJ =2 2SS PRIt S84l
o] ujef BaHAo] fet YARAS YT FRF SALTOR ELEZO RAEAS o]§e
o} REZ2]Q HAIEXR= Markowitz (1999), Rubinstein (2002) 50| 9&3Fs Shakespeare®]
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+ A o]9] Jhs/de Z7IsHofRt sttt &, SAg|mlet ojels|ryel AE Aol }1—5, =
SAAIGA R Hiet 987 = d2] 2d2{x Qi Mandelbrot,
1963; Fama, 1965). 2] =S| st 2ol EAI R} YR|GH=
oz AFA0 APAoR JFS At 2 fER RO FR HejRFo] o 7|t4
°lg9] Hats d9g = A

2014; Eom and Park, 2020). a0]&720] me|f7of zotd &0l 7|t g it
daclol =7] faiMe, 2 &7d0] AAN HAAAA] ofdH HIAAA AdJXFE A
QUL ok & Aqts ZEEDQ FAMRAE &0 ZEEYQ Q&R WR
3 S AEKoZ RAlsH= Zlo] 2A&o]lct
SeAAIRAIROAA HIReHA WA= H5H AdS(stylized facts, Cont, 2001) FfA 4
8310 T/AL w7t tjmAo|ct Mandelbrot (1963), Fama (1965) 5& ZAl40lF0] Al
wR2E OlEoA THESke et B, w29 SRR H0 =il 29 1R
Bt #Aw EAS Aete e B30 ol2lst 22X EAS Stable distributions 085}
95ttt Mantegna and Stanley (1995)= U%/\]ﬁﬂ@‘x}g_q JVARIRE S S0l8ALE 2 Hehe}
+ ARIEIA(time-scale)?] Watof] Tt £olE72E Aolst B Zete Ja Bt
%, ARI=At&(high frequency)o] tsh folE72E 1S 7% W25 ZA|T ¥l =Atg(low
frequency)ol]l tigt £olERFEZ= U FAR W29 EAS Eelth Praetz  (1972),
Blattberg and Gonedes (1974) 5-& W X}SLoA] S/4& #H2]S 7P Student's t
distribution”} 01 89] ASA FuzRy WAHE EAS A 249 & Jdoe AZ AL,
Peiro (1994)+= #8 AX=Z(0]=, 4, =9 )9 FAA R st 2089 454 #
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(behavioral finance models)?] 7|tjClE0] gt FAMAL 7_*D‘ﬂE =2 UH2 ZJ%E%. FOE

wAo] We]RFo] xetd =

A HA’gtof SRttt &, AlgEa] Al7]o] HAYsh #CHEK}E%Q EHTL

2] 2o YRR, 5§ ZopollA]l S TR 7S}

th olE S0, gAolE 2

st = ASE 8 1 (cumulative distribution)ofA] E%
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YRSt A EAIRY] A &E2 o]&sto] AEshe AFFFGXIoITt. ABFFR| WA oA
Kalley and Jiang (2014)+= Hill (1975)0] A|QFSt Hill estimatoro]] =75}o]

geidom x4E mel9lEe] aolo] J|rjiolEe] WstE gojxon Awsl
Eom and Park (20202 Tversky and Kahnaman (1992)%] EXXI HRAFLE
(representativeness bias)o]] 2Jst A Tto]&(prospect theory)?] 7}x]ZAA(Barberis, Mukherjee,
and Wang, 2016)0] 20l8410] S48 melRo] ojo] Qe @S Ak SAE A5}
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S4e 2eAlS UEHos AR A7k A olch ZEZe AFe AN 2B vIA
A Sz FHED). ZEFAlS LSS $9) EEE0R TSI ALAAS] WA

H ode R AARDL 2E0] 713 AAR 2l@ste] dech. YT 2 AN A
sxtel EEEelor AR YRl oat JIciaBe) Wate Myt wepy mEZe|o
1

A

AEALETe] AEYHS AUSREY P ()9 T RRo] ot $A9 walHe
wERos meluR Tad ABSYS AET 4 9 A

B A7E EEZQ RPAEAN] g3 ZEZ2Q YPYA o4 £olEREE| HelHR
z3 FA 1wl 9ol FAHLA| ofRE AAICE ol EEZQ PAEAS S
o) 2olgREO] WalRRd] U3t £ HEY Uk oiRES AAFosA WelRRd T 9
P42 AEIACE EFF 2 LEO G+) DYREL () RYREA IR F7189] Wshje
2 W AR JIEATAN B A7 AEUES AR Al A7) ojwct. met ARsA
2 95 # A0l 1Ok Fa AFHAS AV ket 2o

A, SR of(+) DYREY S(-) Hejpro] Ofgt £Ag Y= WP SYA|2
ey, 4o REe] HelRRo] gxIZ AARSS WMSH WS o I0A Jizwate]
o

ot = =
It A2 =AY ARg g FatolA Hoidt A=z o] diwol, 4
9l o3kS u|XIc}t. Eom, Kaizoji
and Scalas (2019)2 £AEAIR9] Bl B RoA H2]HEEo] ATHA ¥k (relative frequency)s
o] g5to] F+)/&(-) rFol et FAZ9] KJE% é"éﬁf?‘iﬂr. ﬁ?% _E%EJR AR

o T

’5‘017] EHTOH lﬂ?—ﬁr o theh F4&{(tail fatness, TF) HIEHA = ettt TF"‘*‘P}
we] Yol FFX 92 T 4 A=Al oF+= Hill (1975)9] Hill estimator(H7)574 A1} Kelly
and Jiang (2014)9] w2l d(tail risk, TR)ESAX|t0] HWA S Esf &Qlsict ASHMH 2 xpo ¢
9] xS 55 AL WS Zt= BExEs AT £ 9= Student’s t distributiong
Al=df|o]dolct.

=M. sERNE FAete A YHoRRH FEH ilfAl(eigenvalues)E 0|83, 49
g0 neyye] TPY JBSH 1 FAA oug mARICH F§ RololH, 48R

e S
e AR o= i%ﬂ% AR HHer 2/dE2A(principal
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components analysis, PCA)o] o
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ARG Bl gl A £8e wth Eom, Jung,

o] 59 WHE 7|dipdEo] oigt =
Kaizoji and Kim (2009)2 #H22 F/dsk= FA19] Ao #Aglo] 7P & 1/Al= ALl
o] £44& 7=t A& BEilst, EE%EJ g Mok @"4 2E¥51 FEGH VG 2 U A

Park (2017), Eom (2017), Eom and Park (2018) =9] 04%7]— Qit}. &, =2 7FS 7k= 78X
S 52009 FAIA oulE Zh=th TEtA 2 Aqle ALRA1Y :’719} AFA] 229 TFE
AR Y] TAIE &It} AR R] F71b TFEAA] ol (+)] dHtie =2 ds #Ae 1L
FAIESE, AGA] F2E TR HAE Ze 4] b= S Aulsht) =2 wE Ae A
FRE2 558009 AN &4 27] gieoll, £AERRY AR NYRE2 3E8%0Y &
Ae mhithty 2 5 ity A&zl 7S 96 Normal distribution, Student’s t
distribution, and Stable distribution®] 37}X] o|2d BEx =2 2E Zt7F A= ULXtg S o]
&sto] 3L A5 AlEdoldE it oleA REs aEREY RY W I EAS &
Q 25 Bl AT & UAT, FAXNGR AEEsS Soll ARl £ AR 2ot FAA
&S ZIsHA] 7] giwol, sANCR Ut WHorRE 2&5H IRAIS ol 8ZA|ZE &
Bt e d5ELE B Zojtt. Eom, et al. (2019)9] A5 A5t /HERA 05
At 2RE O]2A FRE59 RasS AN FASHL, 24 Z42RH BYY dRRtRE ol&

L $FAClel S9E BAT SOIFNRE o3led folggas] meleea] i %%ﬂ
210]

al
He Bl 558909 &4 7= 4"4%”5&} %%R?_IQ

s40] gl 28R hN ERE AN 5 mEZelo BUSA auo] PFPHS 5Y
st Agsitth 19kt ¥WhHS  Random Matrix  Theory (RMT)?} Singular Value
gHolth. RMTQF SVD= PCAS} U5l 54 £4=

22 AP Slsto] SUsl Lol TQUEIS o] &ate Wolch RMTE A%

$
of mYY FEAUY £AIZ PSP SVDE BYH F5RU 24 olgsto] TERUA
=

Decomposition (SVD)E Zgtst

&4 molno] oot 27bx] Y0 4018AIRE AT Jeln 2§39 208AtRS
olgste], LEZe]Q BAEA] ofat 0lFREO| Y+t ()0 WelRuo] chet TFEA

= =
A5ttt §AAESC] REEL R FAEALS AHste olfw nl Sl oiek =24 &4
7Fe/dS Fashks Zlol 8 FAolal, o2t 542 Hgut 2] wAlo| mep S5 o]
o] 7hs/d2 sAIF ot ottt IRIY|, FARPE A FA4F FAM 2EEQ| QS HRSdoE 24
sk, =AIE AGSY ARIE2 SRRSOl w2 &4 oP|ith &, ZEZYR o]y 4%
870l tieh QA2 TEt 2 d4ts ZEEDQ FAMEARES SOl wEE aERE )
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3 2(-)9] malRRo] that TFEAAQ] Wt WEe AAs|ue} ojols|Ae] AE A oA
ARG} o2 9jsto] aAlslmel ololslAle] ASWAE ALSAIIE SHAE oK =,
P/ L ratioo]tt. mEZ2]00] 2Als]me} o]o}s| Aol

o
WRAS|CE HERA EAZRE WY £ b 3TA 2ue

- T

ottt Ao LEEDQ FAREA] oot SAs|mel o]l Aio] EtAlE AIAIGA Al
e dFE e & 7] iz, 7Itols i H(rolling-sample)of] oJst ikt 5H7IZHE o]
Rl

2 A9 20 F5ENE QofstH thaat gt 25729 () 3(-)Y AR o
st HAEXR]| 2 A&t TFEAR]= Kelly and Jiang (2014)9] TRZE7AX]|Q} Hill (1975)°] HE
F7A0] tisto] =2 JUIAIE Aett &, £AEFEY S+ () w2|REo] digt TR
F4A = Y FHA] I . nEELQ FANRAE &8 TFEAAQ HahH2
$O 520 nefRRo mobd YFE/do] & o Qs AAA HdY &£ At
Ag HolEd. &, ZEEQ HAEAE &l 2572 TR WeRE S AAER|
A=ttt SO A2 2AERREY )t 3(-)Y wejR2o] tist TFEAX] Halulglo] ]
didAolgt= Aot &, »oEw20] H+) 1R tigt TFEEAl = REEQ /34
AP S7retel met dAanels o X|gh 3(-) YRR tigt TFEEAl: JouEs Bl
tf 2 Ae SAERRY AR BREo] AAAN Ao &4 2, REELQ FAMEAL
S &3 G+ ZH-)9 e RRof gt £AF0] Hehlglo] v|tjdAlolete S AE HEA
o7 ARsh= 5AE AR A, AR YH(PCA)Lz2RE F&5H ILRA|E o]&ste 49
Ex0 me|RFo] mdw ALHS Aldst 454 Qstd, =2 W2 Av LaRYe S
T ARA] 220 YRR WOy FR dIdo] ot FApQIEAIR 2 RE 2EH =2 WS
e AFAIES 558009 AR oulE Z7] fizof, 8720 FAR Ao $R|et
Aesd =2 W= Av 17A19 5580 &4 xdsittl = 4 o shd, o|2A Ex=
HE Y deAtRE o839t d5Ave ARAl Z7|°t ARA] 29 He|HEo) it TFE

olgRE0] WelnE &4o] Eash] $50Q £4u Lo S it Zg w5
FTERQY HHUS e 20IBARES ol8Y AP RETC BAEAES S5 od F5Zu
oM Eelel solgRmo] SAL WelnRol AAN 2ol 44 2n, FHHT ()] AL
WelRo] fgh WalEo] vtk Molek 2 SISl SRIT TERY 440] gl 2o
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A=Al B8] EAkbSo] J|dists 2uslue] antE Q7] M Bot e oloslgel it
2 AISSIL itk BlchR wAlY 542 Btk olge AZAm: EEZe Bilsxiol
AR PAES AFMoR UBSH: S0t ER EASe] & Byl ExlY EEEes
Dot Pxjeke, 2olEREO] &(-)9 MejRio] it £ASL FEs| Hasta 2P| G2
o, AFEN AZIZ lold &S 242 At olfE AFHOE MYshe S0l ¥ A
of wrg 2AZ EEZe BASAtave] A9 ARS Aot FF AP Jlchich

B A7 2L cheut Zok AR olo] kg A AFWA ol§H AR 71T A
gtk 3oIAE APEA) wet A3 AEAYES AN AT oAl FoH AE
AT Qopln AES AA
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I Aok A, ZRFAAGS 20019 4%?—'51 2018 6477%]4 71@(712110” 4573)011*1 7
2jel 3.8147] FAlE FolA Shanghai exchangeoA #eliE= FAIEC] 7FARJEE 0|85,
=M, FEFAAG2 1986 14978 2018 697HX]2] ZIKKHAZ Y4 7,983)0ll4] 72l 5,581
N FAE FoA Tokyo exchangeolA] 72liel= £A59] 7MAQ RS o] &stal, AR, =32
A2 19861 195E 2018 6E7HAY] ZITHAZLD S 7,980)014 A2l 2,970 &A= &
oA Korea exchangeoAl 72liE = FA59 7HAPES o &stil, YA, TiRRRAIAG2 1993
1458 20189 697HR|9] 7IRHAG 4 6,038)014 A2lie 2,31471 FAlE oA Cretai
exchangeolAl A2li== FAEQ] 7HARE S o] &gttt AAAS7IRIoA A=Al Tt 2
g 7Azuolo] sloy|7ide nE JpAXEE FAZ AdEiste] Ao o] &gt} 53]
Ate A 7IEE FEsH] fsto] 2008d 949] n]= Al89)7]er 22 8719 7]
2 AS2 I TR 7ol tigt 452 ok £8F B4 APl OE 4541
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ol oA Yutsog 7PJEl= normal distribution, 22|31 £0lE8A 0] H5A Fx2 EAS
AH5t=r] o]8&= Student’s t distributiony} Stable distributiono]t}. Zb o]2A& Bio] &t
et 58 Uasd AUGH oZ3t 2tk Normal distributionof] thgh S-Edwdta

(f (zlp,o))olct.

A9 =euEdp o 2 2989 (WU EEHAHo)olth  Student's t

F(U+1)
flazlv) = i L 12 — (2)
F(g) \/E (1+l_) 2

distribution®] &&YU =34 f(kla,B.y.0))0lc}. o] Bx= s rghpo] st Uebs 21271 ¢l
A]gk, Ponta, Trinh, Raberto, Scalas, and Cincotti (2017), Nolan (2018) =of 9JsF EAgt

(characteristic function)g UERNH Al(3)xt ZTt.

eXp(—’Ya|l€|ﬂ[1+iﬁ(tan%(sign k)((M&D' ™ =1)]+i0k) ,a = 1

f(K‘a7ﬂ7776) - E[GXD (“‘7 )] = 2
ex[(—Alkll1 +iﬁ;(sign K)1n (A1) +i6k) ,a=1

AolA o (0 < a < 2)= tail index B20]1, 3 (—1< B=+1)= E20] 9= (skewness) B3
o], v (0<y<+ )¢ § (-0 <§<+ o)== 77t scaled}t location 2o}t B A=
Eom et al. (2019)2] ZZwHol| Z7sto] 371X o] @A Rx2HE daxas gt &, 4
MZe] FAAONA HeljEls JNERAS] 2ol EAIR ZEE] o] 2A] Fx0| WAE X

e Bapg olgsto] ZF fERAe] folEAtR lgshe dpAlR S BT A4, 2 A+
© VN FAAEE EFAY] polEAtEer Ut RS e oA wEY URAtEE 4

Sagoll Al o] &Sttt

1) B A7 UA AEzAle] solgatzzRe 7} ol
statistical toolbox©f = fitdist m-3t5S o] 235



FAEREE TR Wl S 2= Zes d7A Q)

Mantegna and Stanley, 1995). Eom et al. (2019)= $Q&8239] ﬂEJ—t.'—l"ﬁ_— | st —?—7713_]

g Uil =(relative frequency)g ©]&sto] sty BESH £ EAME(x,)E 0|85t
0

of fojgRme| 99% FARES uoll: ¥%

047]’\1 HFHE SO EALREE £ S0M HHWS Wl o8 BFEHAIR Us ook g
dlel % 0.5% me|Rro] m3te AlERAKs), f17)E B AERAN/ N2 Uk Polth &
)
negative tail: 7F" ; where fi ) = flz, =—2.58) (4)
T
f,(-+)
positive tail: 7F™") = ji where fU) = f(z. =+2.58) (5)
T

Al et §0)e] Dol I YO Wk TPRFAI, TR} ARRA
L & 4 YA oiRE J|EATAN LAT BARE APEAAY HlLES S3 Halgic,
© @RE HIl (19799 AEARAL Kelly and Jiang (2010°] TRARAIZ olgTch A
(1975, p.2846)cll 9lstol Aot HESR (o) Che 2.

P(X,>xz)=x “L(z) for z =0

HE= Zln )71, where X(j) = X(p) = ... = X 41 6)
n i=1 (k +1)

1
TR= o, = X k211n( u

71M, 1t u,= YAR|(critical values)2 TFEZYR|Q}F 5YUst 7|Fo= BESH AfgolA &
AFAE 99%9] BAIRIQ! -2.583 +2.580|tt. X, @F Ry= AAXIE Hlold STXE UEHL, &,
(i=1,2,....,k,)% K,
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Jiang (2014)9] TREZAIE S+AEERY HREo] FAS4S w2 we 2, Hill (1975)9]
HEERA s U822 HRgo] A, S A2 U2 HAeth & d70lM AEd 1775
ARlE sz BP0l TASSE w2 U2 et U2ty I S8R 1Y ol
He Wie oSt 2o TPEERIS TREA] ole SN SEUAS. TFEEXIS HES
A olle e BEEAIS, 133 TREZAI%} HEéﬁil {}Oﬂ% %(—)91 FHHAE ol
Jtth. F5A 0= Figure 10 At} A5ty

At&(random data)g o]&3tt}. #2O] W0l ALFE= 3~53 HoflA 0.5% F7FAIZICE o
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VA4S BEE ge NS SN FFREel TEITL P

2 S = Hsll SE°t Atm AL
(100,00070)5 2= dpAteS 4 AHg=E= 1008 vhs Ay4gsk, 222 A5l ol&eitt.
AE2s IR B FEAIR A AARIth &, () i RFEak S(-)Yf e R=o
QoA TFE7JR|= Figure l(a) and 1(d)oll, TRE’§X]= Figure 1(b) and 1(e)oll, 12|11 HE
= ) and 1(f)oll AAIgIT2) 2o XH2 AbRes YEUL, Y& ZF Ak

A X]= Figure 1(c
CHE vhE 549 100719] F5Axo] oist Hatgholot

[Figure 1, insert here]

AzAuel Jotd, TPERAL AoERES BARE it YASYAZ 0§ 2 Ak &
IEREO| Y+ S(-)9 TalRRO] WAl TFEPAE ASEI S 1) S g 2T
Aro.

BA
20, AREI 2 ) 2 L Rk & TREPA] Ot TRESAY HER
o]

Ale F(+)/(-) TeREol thsl 86.98%/80.33%}F ~96.79%/-96.37%0lc}. B, TRERXe
] +)Ik &(-)0] malREo] tfs) 717k -84.19%¢} ~82.19%o|ct. e}

T )
AETEO Y+ AR () R Aol digt #4239 AZFPA=Z
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Figure Z(a)% %%@ A A)%H(2001.07~2018.06), Figure 2(b)e LEZFAIA17%42000.07~2018.06),
Figure 2(c)2  $=5A1A1%42000.07~2018.06), 2] Figure 2(d)e  CHRRRAAA
(2000.07~2018.06)°]l tigt &5Zuto]ct.

[Figure 2, insert here]

Azl ostel, IR0 FANA] WAl YelFl ZEZeIe RARAANS A 4
k. 5, ZEZelo TYFNY AP} F710) wet ZEB2Q Solgo] AFEWAL RYs
Zashe WHS Holn, YR 2AP} 207) A BUF ZamHe AAle, Ay 2F
o] 235 e (flat pattern}2 BOICh AW, LEBAQ HAFLEO )T} S(-) HelLof
et TFEA n =

(o]
EZ2|Q0] FdFA APE S7tdol T2t S7Hj®(increasing pattern)& Holil, Udg4E9
TFAL A 2070) SRl A mRlE WOl Teba polsR o] &(-) mejRiEo tigh
TFE7ZRY ) mefi =5t A

Bo] thst 7FERX|7} B} 3o} 47)2 RAIXALO 2 BE
A2 Aide ZJ%E}.
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Figure 1. Risk measures on the tails of the Student’s t distribution

The figures show the changes of risk measures according to increasing the degree of freedom (DoF) in Student’s t distribution.
The risk measures consist of tail fatness (TF; a, d), tail risk (TR; b, e) suggested by Kelly and Jiang (2014) and Hill estimator
(HE,; c, f) suggested by Hill (1975). The positive and negative tails in the distribution are divided into upper (a, b, ¢) and lower
(d, e, f) figures, respectively. The results are average values of 100 risk measures repeatedly calculated using random data with
a data number of 100,000 following Student’s t distribution with each DoF within the range of 3 to 53 in 0.5 increments. The
X-axis indicates DoF, and the Y-axis indicates values of risk measures.
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Figure 2. Portfolio diversification effect by portfolio risk and tail fatness (TF) in the return distribution

The figures show the portfolio diversification effect according to increasing number of stocks in a portfolio from the perspectives of the portfolio risk (upper figures) and tail fatness (TF) in
the portfolio return distribution (lower figures), respectively. Portfolio risk is measured by the standard deviation of returns. The tail fatness is quantified by the TF measures on the positive
and negative tails of the return distribution. Tails are defined as the area beyond the 99% central part of the distribution. The results consist of four countries: China (a), Japan (b), Korea (c),
and Taiwan (d). The X-axis indicates the number of stocks in a portfolio within the range of 2 to 50, and the Y-axis presents the average values of portfolio risk and the TF measures calculated
from 100 iterated simulations for each portfolio constructed by randomly selected stocks in each stock market under a condition of sampling without replacement. The vertical line is located
in the portfolio comprised of 20 stocks based on Elton and Gruber (1975).
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Table 1. Relationship between the eigenvalues’ magnitude and tail fatness (TF) in the eigenvalue distribution

The table shows the results on the relationship between the magnitude of eigenvalues and the tail fatness (TF) in the distribution

using an eigenvalue time series. The relationship is quantified by correlation coefficient. The tail fatness is quantified by the

TF measures on the positive and negative tails of the return distribution. Tails are defined as the area beyond the 99% central
part of the distribution. Eigenvalue and its time series data are generated from principal components analysis (PCA) using
stock returns traded in each stock market of China (Panel A), Japan (Panel B), Korea (Panel C) and Taiwan (Panel D) for each
sub-period (P1, P2, P3, and P4). Three-type random data from three theoretical distributions, the Normal distribution, Student’s
t distribution, and the Stable distribution, are generated using key parameters that are directly estimated from each stock traded

in the stock markets of four countries over the whole periods (P1). The results are separately presented for negative and positive
tails using all eigenvalues with and without the largest eigenvalue, respectively.

Negative tail

Positive tail

# of stocks /

duration With

1% Eigenvalue

Without

1% Eigenvalue

With

1% Eigenvalue

Without

1% Eigenvalue

Panel A: the Chinese stock market

P stock returns

P1:2001.07~2018.06 491/4,185 0.2996 0.5271 0.0401 0.5737
P2:2001.07~2007.06 504 /1,506 0.0944 0.4442 0.0739 0.5144
P3:2007.07~2011.06 720/976 0.2586 0.4290 0.0228 0.4407
P4:2011.07~2018.06 760 /1,703 0.2016 0.5335 0.0815 0.6085
» random data using parameters estimated from stock returns

Normal distribution P1 0.0325 0.0354 0.0093 0.0133
Student’ t distribution Pl -0.1394 -0.1468 -0.1430 -0.1311
Stable distribution Pl -0.2225 -0.2279 -0.2237 -0.2380
Panel B: the Japanese stock market

P stock returns

P1:2000.07~2018.06 2,051 /4,409 0.1899 0.5434 0.1141 0.6206
P2:2000.07~2007.06 2,358 /1,715 - - - -
P3:2007.07~2011.06 2,929/977 - - - -
P4:2011.07~2018.06 2,811/1,717 - - - -
» random data using parameters estimated from stock returns

Normal distribution P1 0.0118 0.0036 -0.0118 -0.0047
Student’ t distribution Pl -0.0607 -0.0890 -0.0605 -0.0890
Stable distribution Pl -0.2125 -0.2213 -0.2110 -0.2204
Panel C: the Korean stock market

P stock returns

P1:2000.07~2018.06 416/ 4,440 0.3944 0.3233 0.0922 0.3926
P2:2000.07~2007.06 492 /1,719 0.3263 0.3954 0.1277 0.4795
P3:2007.07~2011.06 622 /999 0.2956 0.3727 0.1759 0.4209
P4:2011.07~2018.06 717/1,722 0.3863 0.4316 0.2332 0.5589
» random data using parameters estimated from stock returns

Normal distribution P1 0.0341 0.0022 0.0539 0.0426
Student’ t distribution Pl -0.2987 -0.3474 -0.3001 -0.3612
Stable distribution Pl -0.2632 -0.2684 -0.2694 -0.2731
Panel D: the Taiwanese stock market

P stock returns

P1:2000.07~2018.06 276 /4,288 0.4044 -0.0205 0.1187 -0.0223
P2:2000.07~2007.06 285/1,674 0.2189 0.1554 0.1614 0.2281
P3:2007.07~2011.06 668 /962 0.2818 0.3762 0.0547 0.2610
P4:2011.07~2018.06 729 /1,652 0.2789 0.3089 0.1026 0.3474
» random data using parameters estimated from stock returns

Normal distribution Pl 0.0025 0.0010 0.0518 0.0490
Student’ t distribution Pl -0.2257 -0.3636 -0.2327 -0.4094
Stable distribution Pl -0.2268 -0.2814 -0.2329 -0.2928
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Figure 3. Relationship between eigenvalues and tail fatness (TF) in the eigenvalue distribution: Japan

The figures show the results for the relationship between the magnitude of eigenvalues and the tail fatness (TF) in the
distribution using an eigenvalue time series generated by principle components analysis (PCA) using 2,051 stocks traded in
the Japanese stock market over the period from July 2000 to June 2018. The tail fatness is quantified by the TF measures on
the positive and negative tails of the return distribution. Tails are defined as the area beyond the 99% central part of the
distribution. In the scatter-plot, the X-axis indicates the magnitude of the eigenvalues and the Y-axis denotes the TF measures
on the positive and negative tails of the eigenvalue distribution. Figures 3(a) and 3(b) show the negative tail; Figures 3(c) and
3(d) show the positive tail. In addition, to control for the influence of the largest eigenvalue (%) on the results, Figures 3(a)
and 3(c) show the results for the case in which the largest eigenvalue is included, using a double-log plot; Figures 3(b) and
3(d) show the results for the case in which the largest eigenvalue is excluded.
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Figure 4. Relationship between eigenvalues and tail fatness (TF) in the eigenvalue distribution: Random data

The figures show the results for the relationship between the magnitude of eigenvalues and the tail fatness (TF) in the
distribution using an eigenvalue time series generated by principle components analysis (PCA) using each of the stock returns
and theoretical random data. Stock data is for 2,051 stocks traded in the Japanese stock market over the period from July 2000
to June 2018. Three-type random data from three theoretical distributions, the Normal distribution, Student’s t distribution,
and the Stable distribution, are generated using key parameters that are directly estimated from each stock traded in the
Japanese stock market over the same period. The tail fatness is quantified by the TF measures on the positive and negative
tails of the return distribution. Tails are defined as the area beyond the 99% central part of the distribution. The results are
divided into the negative tail part (a) and positive tail part (b). The X-axis indicates eigenvalues that are standardized by
subtracting the average value and dividing the standard deviation, and the Y-axis indicates the TF measures on the positive and
negative tails of the eigenvalue distribution. The markers indicate stock returns (%), random data from the Normal distribution
(0), Student’s t distribution (V) and the Stable distribution (o), and the filled markers indicate the largest eigenvalue.
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Figure 5. Portfolio diversification by tail fatness (TF) from return data with common factors’ properties

The figures show the results for the portfolio diversification effect according to increasing the number of stocks in a portfolio
from the perspective of the tail fatness (TF) measured from the distribution using return data with the properties of common
factors. The tail fatness is quantified by the TF measures on the positive and negative tails of the return distribution. Tails are
defined as the area beyond the 99% central part of the distribution. The results are divided using the two types of return data,
i.e., original return data (o, o in Figure 2), and controlled return data (m, @) having the properties of the common factors. The
negative (O, m) and positive (0, @) tails in the portfolio return distribution are separately presented. The figures are separately
presented for the results of four countries, China (a), Japan (b), Korea (c), and Taiwan (d), using all stocks over the whole
period. The X-axis denotes the number of stocks in the portfolio from 2 to 50 and the Y-axis indicates the average values of
the TF measures calculated from 100 simulations in each portfolio. The vertical line is located in the portfolio comprised of
20 stocks based on Elton and Gruber (1975).
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Figure 6. Portfolio diversification by tail fatness (TF) from return data without common factors’ properties

The figures show the results for the portfolio diversification effect according to increasing the number of stocks in a portfolio
from the perspective of the tail fatness (TF) measured from the distribution using return data without the properties of common
factors. The tail fatness is quantified by the TF measures on positive and negative tails of the return distribution. Tails are
defined as the area beyond the 99% central part of the distribution. The results are divided using the two types of return data,
i.e., original return data (O, o in Figure 2), and controlled return data (m, ®) without the properties of the common factors. The
negative (O, m) and positive (o, @) tails in the portfolio return distribution are separately presented. The figures are separately
presented for the results of four countries, China (a), Japan (b), Korea (c), and Taiwan (d), using all stocks over the whole
period. The X-axis denotes the number of stocks in the portfolio from 2 to 50 and the Y-axis indicates the average values of
the TF measures calculated from 100 simulations in each portfolio. The vertical line is located in the portfolio comprised of
20 stocks based on Elton and Gruber (1975).
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Table 2. Comparison on profit/loss (P/L) ratio in the portfolio and stocks

The table presents the results for tail fatness (TF) and the P/L ratio for four countries, China (Panel A), Japan (Panel B), Korea
(Panel C), and Taiwan (Panel D), using all stocks over the whole period. TF is quantified by the TF measures on the positive
and negative tails of the return distribution. Tails are defined as the area beyond the 99% central part of the distribution. The
P/L ratio is calculated by dividing the PR measure for profit sacrifice by the LR measure for loss avoidance. Compared to
investing in stocks that comprise a portfolio, the LR measure indicates the ratio of high losses reduced by investment in the
portfolio, and the PR measure represents the ratio of high profits sacrificed from investment in the portfolio. The results are
separately reported for the TF measures on the positive and negative tails in the return distribution of portfolio (P) and stock
(S) returns, for the difference S-P between the TF measures of stock and portfolio distribution, and for the P/L ratio based on
maximum and minimum (max/min) values and values located in the 95% and 5% percentiles (95%/5%). Values in parentheses
are t-statistics.

TF: portfolio, P TF: stock, S TF difference S-P P/L ratio
negative positive negative positive negative positive max/min 95%/5%
Panel A: the Chinese stock market
0.020193 0.007476 0.014537 0.015431 -0.005655 0.007956 2.4590 1.1544
(12.74) (12.32) (14.26) (21.32) (-5.03) (12.09) (10.82) (12.47)
Panel B: the Japanese stock market
0.013930 0.007333 0.009928 0.015004 -0.004002 0.007671 2.2343 0.8389
(15.04) (12.47) (52.68) (36.36) (-4.53) (12.62) (12.62) (11.37)
Panel C: the Korean stock market
0.016399 0.007635 0.009367 0.017672 -0.007032 0.010036 3.5696 1.4064
(29.26) (15.14) (26.16) (47.69) (-17.90) (4.43) (18.17) (15.08)
Panel D: the Taiwanese stock market
0.017100 0.009129 0.008790 0.012544 -0.008311 0.003416 4.4288 1.7144
(14.72) (15.17) (14.84) (11.78) (-9.65) (2.24) (9.71) (17.41)
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Figure 7. Comparison on the distribution of the profit/loss (P/L) ratio in the portfolio and stocks

The figures show the results for the distribution of tail fatness (TF) in stock and portfolio return distributions and the P/L ratio
through the box-plot method using stock data traded in the Japanese stock market over the period from July 2000 to June 2018.
The tail fatness is quantified by the TF measures on the positive and negative tails of the return distribution. Tails are defined
as the area beyond the 99% central part of the distribution. The P/L ratio is calculated by dividing the PR measure for profit
sacrifice by the LR measure for loss avoidance. Compared to investment on stocks that comprise a portfolio, the LR measure
indicates the ratio of high losses reduced from investment in the portfolio, and the PR measure represents the ratio of high
profits sacrificed from investment in the portfolio. The results are separately presented for the TF measure (a) and the P/L ratio
(b). In Figure (a), the X-axis denotes the negative and positive tails for each portfolio and stock, and the Y-axis indicates the
distribution of the TF measures for all sub-periods. In Figure (b), the X-axis denotes two-type comparative basis value of
maximum and minimum (max/min) and 95% and 5% percentiles (95%/5%), and the Y-axis indicates the distribution of the
P/L ratios for all sub-periods.
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