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7138 AR (vector autoregressive model), THAZF Awt 217139 2 Fo| &4 R
(multivariate generalized autoregressive conditional heteroscedasticity model) T+
of F R 2T FH RIE ol&F S HASIT (Baele, 2005
Dungey et al., 2005; Forbes and Rigobon, 2002, Karolyi, 1995, King et al., 1994
Fzx). olok tEo] A 59 ZE T (copula) ZFI 71E thF Yo mEE
A3 e g wak F5A1R ke AIE BAeke b AFEEo] ¢t} (Garcia
and Tsafack, 2011; Lee and Long, 2009; Rodriguez, 2007 5 &%).1D

23e] FANGE o] BAS BAT W), 71 o] ATEE 245l OE
Hel FHSES B o Ha 1 £U8E 9 RISS Adtn ok
aeht FSE A 7199 Ak nek AENE £ gRe

Al FiEARl 2R YT wtdstng, o|E Atete I elA A HAS &
219l tigh FEe] &S FAF oz FHksit) o F 0], 2006 49 2743
2007 449 599 S&P500 A4 2a5E2 0.33%9 0.30% 24 Al T4
itk <(Figure 1) 922 ad Exto] S&P500 AFE A8t AA E F71

S 9 SE REE Uehit #F U5 958 ANT U2 TS

1) Patton (2013) oA Awsla Qlze], F F2AA ] #AE &
A9 PPe thest Bk $A 24 TN TS o
909) mag olgele] Ha MEAE maSa o F Fol mEe 4 %—7}% % o)
Eo ®F3td A} (standardized residual) B2 IAE ZEe} RIog w3t} o|uf
Clayton, Gumbel, Frank, Gaussian Z12]aL Student’s t copula 5
A Age ZEE At

42
i mf‘ﬂ_[
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)
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_Or
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25 AR ol Ee] AY ol Bt F 7Rt Add v s EE
o gl 232 A tE s &A= vk 2006 49 2749 ml= 4
Aol Wgdeol 241 B A Exo] melw AN AT w7 A7l vl
THAFOZRE g FAAFCRE Hde = e dA0s bs o= o4
=, (Figure 1)¢] &% a#jxodA thad KOSPI A& 77335k /I F7F
o] 7o & T/t AAR dAd] v s HEYE F Atk FTHF FIETS
ol &3l ml= FHAFOERY T FAAIFC RS Ho|EIE AT e o
21gk 2fol & RbgakA] Eole @AV ok B =859 F8 AT Fle AT
T BAUGeR Ak wio] o3t dAE FESI FTRAFE st WA
NE 771 E9] A& FJvhH E3E (cross-sectional distribution) S 383l F-2]A]
7 3t BASE HolguE EAshe Aot

(Figure 1) Examples of Cross-Sectional Daily Stock Return Distributions

(a) NYSE stocks daily returns (b) KRX stocks dally returns
0 . —Apiil 27th, 2006 0 —— Apri 28th, 2006
o April 5th, 2007 == April 6th, 2007

30 b 30
20 . 20
10 | 10 7\
0 | iy . M, | 0 el e

015 041 005 0 005 01 015 015 01 005 0 005 01 015

Notes: The left panel exhibits probability density functions of daily returns of the individual
stocks constituting the S&P 500 at April 27th, 2006 (solid line) and April 5th, 2007
(dashed line). The right panel shows probability density functions of daily returns of the
individual stocks constituting the KOSPI at the following days.

2) 2006\ 49 270l dFete B EE e AMoR, 2007d 42 590 et 2E
ve e FAHo g g3s9deh. ou 718 ¥x 3% (kernel density estimation) &
gotgion, drdre] A F4 WE-E 3,28 AviE 2 ok

g4 KOSPL Al$5 745k A /i F7Hee] di 4289 &
A% SR 2006 49 2893 2007 49 6Y0)] A¥E xS zhzt
RSl 2 ghre] Haw BARe % 3 y 7

ol

&L
[

i
i
2
-
o
S}
B
S
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B A= KOSPI (Korea Composite Stock Price Index) A15+¢F S&P500 A4S
Tste A H F7F A ESS] I FXY AAIEE o]&ste] g A
o TR Y] HAE AFH R EAThY B =R 24 tide] g9 2
Z AAE, = T FHE 7K AAIGel7] wiEdl ol & wA sk flete] 3
2 3)9 (functional regression) 28-S A83lx tf B =52 A 200593 1

YHE 201349 1297049] 717HS 228 269171 71220073 8€ 1958 2009

39 31970) 3 56917 A5 7IRbER o] £4ska 9lem, KOSPI Al
¢} S&P500 A5 Atk BE W T2 FdEES Edsto] dA 2271
Bt 47 % 1,589,91870¢) 1,073, 525709 #SAE AHgstal gich

T AN Y] BAIE AT o] 71E dFEe] Jdd ASA 5 T
A F7RAFE o] 83l & W, E =2 /E U FUEEY FUd B AHA
£ 249 dde® sta e Ae] 7P FElg 5o d=3) vl= A 3
o] A IARY S AHES FT FAL B =RollA AHoR o]|FoA= A
o2 AgFEth, Kim and Kim (2010) @ Park and Qian (2012) T3l 32 39 =2
P o] &3t = vlar AN 2] BAIE At o, AN Ut 5
EEe] I EX7) o} oFF Bt AdHe —7‘79]3::9] Se T 24
oj&e| X 7&-04 HAE T AollA] Aol 7} qith ToA Agshe A
29l #Ae] WHE-2 Bosq (2000), Park and Qian (2012), Hu et al. (2016) ©llA]
=old BA 2 AZFAAGH o] 7|vke T Utk 53] Hu et al. (2016) &
A 2713l 2 (functional  autoregressive model) A EEIRe] AE
(moment) 2} 212]8}HE (tail probability) &) 48t ] (dynamics) & A5 A=
TAETES AXlsta e, 7 d7e ol BAETES &4 34 29
o Agste] W= FAAFeRTE = FAAIG R Ho] E 3 (spillover effect)
£ A5t ith

2 AT T8 FAATE v 2ok AA, old 7] ghar T A AE
| FoE Jud Bxo] B4 S FAARe] MEAS Ad 7] s T2
1)

=y} n=o) FR G £9E ko] WA g A7 EE) AP=o] gon, AT
Hwang et al. (2013), @ﬂ#@ow), ARAS - 2HE (2017) 52 =3 v FAAP A}

3 AAY F5307] ol Bt

E B4 A3 38971 ©l

T
>,
o,
b
_V_ll
o
i
N
xo;
t
N

—L

= =
o ARYE A28 =252 Ik ¥ Lee and Yu (2018) oA
T =23 FJE7} Zo]E Ao
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Aol gt theh £4& Hudth aga A VA Ao Zdee AAgTh

Aol dag /gt W E deiAw 3k Al

o BxE Ueille gEUEdTEY AALS 47 (g (f,) = sk
T B34 AAIY (distributional time series) = 4 AlAIE (functional time
series) & FHE FEEZAT (compact subset) A AFste] AR 7153 (square
integrable) 52| 71l AW E FZFH(Hilbert space) L) LA(Cy) oA 3k
random variable) & | 33tt}h, &2 W< (functional variable) €1
(g)¢ (f,)= F3F 2 (infinite dimensional) old, IHE FIto] BE v, we
HO WA = [ v@e)is B, ()9 ()0 B
(stationary) 2= 714 SlellA 2t B8 AAEe] H Ege H, % Efe 0,0l &
gt B AAT TE2A AL HE HAE BPsete 4 9 =Y

e e 2o

o
AL
fr
b
W
rE
B
Q

m, = Aw, +¢,(t=1,2,---, T) (1)

ANM m, =g,—Bg, w,=f,—Efol, (m,)% (w,)E 22 H, ={vE LX)
|f x)dz=0, f z)dz < o} 7} H,= {uEL ()] | v(x)de=0, /02u

(a:)dx < co }ol|A] w% TRIYS) 6,5 Hi oM #E st A Udgs 224

5 =& W& A K1 BEA AAL A o8 B g, =ct Af,+e= LT
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2~ (functional white noise process) ©]Th
F 358 dERATF (my) 9 (w,) 8 FAHEEEAE il o 2ol o)y

™
Q=Ew,®w,),P=E(w,Qm,), W=E(m,m,),

o371 @ = "X F (tensor product) -2 F ¥WE ve H, 9} ve H,2] AIMF(v@u)
= 28 we B0 3l (v®@u)w = {u,wyvE WEHsh= ArtApolth 2] (1) 9] &

ol w, & JMEsta 71Hge Ao ofgfe NS d& + Utk

o]ZEE 3|9 AR A4E A=pPQ 'E FIYs] Yaixe Qo JArA
(inverse operator) 7} @ e3altl, z8u & deA A A 3|9 ndo] Lot
2FQ4] (infinite dimensionality) W&ol JAXAL Q' 7F H, AA F7rolA 2 32
HA] &= A (ill-posed inverse problem) 7} E41 3} (Bosq, 2000 &%), ©] A
of A= dukEQl WS A7) Heols= FHE H,9 f3ket HE3 3 (finite
subset) 2.2 A|@sh= Zolth. Q& A7HlaE (self-adjoint) 0] 3L £o] ohH
(nonnegative), YWFA © 2 (w7} non-degenerate]®) ¥ (strictly positive) ©| 2.2 o}

=
e} e ~HEHG F7] (spectral representation) 7} 7Fssch

o
o

:

W

Q= kgl)\k (51«@51«)

AZIM N > N\, >-> 08 QO Fakela, &, -2 ] gkl di-sst

E nfuEelt o] 3 A7l bg 2 wfdtel e A7he e} A

ALt 471 e H oA & 2 81854 (nonrandom) 24
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N (span) 3= 3 Vet AL &, Ve 548 F4E 54 (functional
principal component analysis) = &3l B2 (w,)e] K7 FA& 28 A== &
Ztolt} 6 Hi F3F V.22l AFY (projection) & I8k 3Fal Qp =11, Q112
), Vv, FAAY] QO] dAiAl @ & thad 2ol Feolgith

Q= ZAk (6®&).
ol2 o83l v, Bl ATE 37 A 4,5 T go] 7 & 9k,

AK:PQ;:’

IR N k7 AR wheh aste] 0o TR RR, Vo] A (k) ©] St
ol whet 4,7F 45 Y-S 2 2ARE Zlejga 7 = vk a2 AA glo]
HE 75 B4 AIAES o83 4 ﬁ:ﬂ 23E FHtuAt sk A
(g) % (f) € Az #aEA ek aee

2 A8 I ASAZ5E ¥ R2FA (nonparametric) WS o]8ato] gE2
=3l IR F4H(g,) T (F,)E Tk o]F #¥Ad] ARg@t) Park and
st A & % &F (sample analogue estimator) &

Sote] 371 AdkAte] LA 4 F (consistent estimator) & A& T UES HIrh

ool A= *7& Oﬂ 289 BE FHFES TAR LR oAYA HolsteAlol Hat

6) FAE AL doly o Wk (variation) = W3 RESIHA A& FJuele A2 7]#<]
JES 2 ke BEES A3 dAdBAo] Qe Axkge] e RE o7 W)
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Park and Qian(2012) & F©H £EXE Fg317] fl8] AHgsle T B=X]9]
M Nol AAIG #FA] THT FiA o R FEe] 2 o, IukARl 2Us 5t
A A7t AR oR 93] FHH(| A~ Al -,

Utk FahA 7hg 2 F3 o] Ao vk S-S Park and Qian (2012) & 3ars}

7] Hhei,
2. 2% Zbe| 2| =MET

A 39 BYoA 39 AR 45 FET F o] & B2 d S| o] &
T e Wk ofye} o] & o] gate] T FEo| Ao el Bk gt FAE &
% 9t} Hu et al (2016) & <2 2713 H2E (functional autoregressive
model) A FEA AIALL] A8 BAE FA st S A=, & =i

74 M= Hu et al. (2016) & &4 =752 4 39 2 A&sta sk

8

JEEEN

)

O SkA
tSet

r

RE ye g o tale], XA AAL (m,) % v WA <v,mt>=f o(z)
G
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m, (z)dzE (m,)e v¥do 2ol HF I (coordinate process) ©|2kal 7] gic,
2 (1) 9] el ve 7, E WAFe RN (w,)7h ZEIE (v, m, ) ol VIXE JF
< A8 4 9ok

Coymy Y= (v, Aw, Y+ (v, 6, )= (A v, w, )+ ¢, (v) 2

= A9 4k A} (adjoint operator) ©] AL (ef)lf: 27 e e WAzt
@M o), w, o AEE A9 o f2 dEr 4= (Dirac delta function) 4,
0l FA A%, (om)E (470,0,)= ) skt meb
AWE w,ol W& (v, m,) 2] BHS3H4 (response function) 2L 814 & &= 3l
21 (2) & ol &3 m, 2 7 A& (moment) E°] w,ll tHall AGA WFg-&}=A]
£ B4 & vk AAF poll el o, B o, (z) = 2"} 2ol sk, v=,%

we] 2} (2) 9] FHEe

x

<Lp,mt>=/ xPm, (x)dx
Cl
83, ol (m)9 p AES UehaTh ) et Qole £ (o )e e
A= AT = 55 0, g B SR, 2] (28] S A e 183 o]
a2 5 ok

(A Lp,w,> Zcpq/ z'w, (z)dz,

ol (w,)o ZE HES9 A9 2%

tlo

e, Andow A (2) 2 thewt 2

7) AR EAlAE A (1)

Lo

* 1
pael =o'~ [ () S pasea, o 24

Copmy )= (tmy = C(uyg,)—E 1,9, 74 BRsta °]E e U= (g)9 pAt AE
o] g2 W% (random fluctuation) < ¢Jn| g},



)

ol& ol&stol (m,)el pak A&l (w,)e] A& el LA West=xE 4

7] AFEHAE (m,) el A& o= & melgdEso] oA9A et

Az BA3l=, ol& $l8l-+= AA &< (indicator function) v(x) = Iy(z)E ©]

42 T Ik v(@)=Lp(@) L W (v,m, )= / my (z)de = (m,)e T3t Bl 3
E
ol ddg &ES nFth. WA, gy e (my) el 0.05 £ (quantile) 2} 3L

E=(—00,q)% A831H (m,) 5% 9% 7112]3HE (left tail probability) ©] w,
o] ¥gle] & g WgeteAE AW E & Uth PRVEAR ¢ g5 (m,) 9]
0.95 ¥915et sl E=(gyg50)S A& 22% w285 (right tail

probability) ] W85 T8 4= Qlth
2) AR W Mo|=zat X[

Hu et al. (2016) & (v, m, ) 9] #At] (w,)o] AEES] Akl oa] A==
H|F& #4HE3 (variance decomposition) & B3l EAsh= W Eg AAStTh
ol& ¢, v T S wEEE kA vk (polynomial) €1
(normalized moment basis) u,E H,(k=1,2...)5 <] 3}

(1,u;,>=0

(uyy Qugy=1if p=gq,and 0 if p> ¢ for all p and q.

u,(k=1,2...) 4gutsld  TgF-0|E I (generalized  Gram-Schumidt
procedure) & B3 A= 4 Uth (u)= WA Q> st 2w FA3
(orthonormal set) 1™ L*(Cy)E A/Wske A&l 714 (orthonormal basis) ©]
o} 8 wEbA kxk oAl Bt AE V1A e (w,) 9 FrskE kA A5 A4
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e R = 5 3den, oo AuAdE oldehd tad 2ol & 5 itk

(4 vw)= 3 (4" Qu) Cupw)= 3 (0, AQuy) o),

[e'e}

oo 2
BCA v0)” = B 33 (oA Quo) Cuppn | = 23 0 Quy) B ()’

Eupw, )’ w9 kA A8 (upw, ) o AR JEMA, E(upw, )’ =

I~

(ug, Quiy= 101tk AHAHCZ (v, m, )] it e 52 #AYE 2= F
At

E(v,m, ) = E<A*v,wt>2+E<v,et>2 = i (v, AQuy)* +E (v,e,>* (3)
k=1

2 (3) 9] AAMZ =E3EL Hu et al. (2016) 2] 4. 27 #AA= o} Sk

4 Q)RR (o,m,) 2 B F (w,)9] AEE] Bl sla) AEe 5L
R= Addsta, Ameke we A& F w4 S8 Bl 2 s

(v,m, )] Ak Ml 7, (k) 2 o) gieh

E (v,€,) = (v, AQuy)
P — 1 = k) f k)= ———————— 4
” E (oo, )2 kglﬂv( ) for 7, (k) E oo 4)
o]l g YA FHFE a3 2tk
= (v iv> ~ <U7/A1K@Uk>2
R2:1_’—A (k)==—— s h
v <U, W) and W'}( ) <v, W ) where

8) ATAE 714 () B elg3tel, ofd veHd HHAE A'v =35 (A0, Qu)uy =
221 (0, AQuy yu 2 FERE 5= 3tk



1NAE A (1) 9] R2E IS FAARA @ FANFo R 2t A5 Aol
a3 A2 ARty g, o]= Kim and Kim (2010) o] Ho|au=s Bxo] 7
& w232 Foe 2T Ak A oW RIS A 7S WAH R Flo]

A
w2712 el 4 9l

rr

2} o] 9] 1:].

o L

PI
o
9
>

-

T @3 =] FAANGES] A 39 BPS A skt A
EﬂO]EiS’Jr 2y o] AFAQ H S Attt AA 4 717 20059 185
E] 2013\ 12971A]e|n, o5 Z2H F897] 71 F6907] AFe) 7)E
throl 248 Zlolth. = wlm FAAge] i F7RA4l KOSPISt
S&P500 AFE Fdshs AA ME F7HEe] ¥ FE BEE A9 te
2 Akt ALE-3k dloElE Data Streamel|A Algste A B3tz A9 7|9
W F7Hp,,) ol AAE dlole2M, ole o #5329 7t A de B
8 ddo|ty. FTHRIFE PSR MY TR 522 7|99 A 4%
HAol| we} GepA| =H Data Stream-= ©] & ¢ & T2 78Alslo] A|lFeit) &
AN E 7 B71Ee] 555 7|FoR ao 274 ﬁﬂé
TFEHAAE T 9l FUHE AFE AE Tt
g Al AR =3 A&y, = logp;, —logp;, )=
17t B KOSPIS} S&P500S ?W ks M F7tRRE Ak FolE ASA =
77k & 1,589, 918709} 1, 073, 5257001t di-g-8hs @Ate] Apm7t gAlel EAs)
A e 73%01]% A A<t 9

.

|
o mg

N
Oiﬂ

{

o] *é o‘ WP o @ 1238 glolEle] WAl U 2=
78F 735.77M, W= FAAEE] A% 499, 5700tk
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(Figure 2)& I=AIZHS 71502 F FAAIRL] AL (regular trading
hours) = WERATE 100 SLZA|7HS 7|0 B ¢ — 199 23 11:305E 49 oA
6:0070A] vl FAA ol A A7 o] FoiRl o] & k= FAAIO A the] A

7} o] FolRith, mEhA] & =X s nla FAAPGC] FolEe] WA AdEa o
AE7} g FAAA dEFS vAE AL HAFeZ =y Hsted, 2] (1)
Al ofge] A 37 BES aEgth

4
NINJ

i)

m, = Aw, | +¢€ (5)

AN m, = t7 q
719 Bt AAD B)5F FAA) Guw Bxolth. of

2
AN SolE BE} BYRS UIF FANY olE $E0] FFE 014
) g o

T
o
=]
o
N
Y
o
ro
o
N
>
%
o (
aY
ra
M
32!
o,
!
kS
|
s
T

<Figure 2) Regular Trading Hours of NYSE and KRX

Date t- Date t
I I I
I I I
23 :30 06:00 09:00 15:00
NYSE Open NYSE Close KRX Open KRX Close

Notes: The figure represents regular trading hours of the New York Stock Exchange (NYSE)
and the Korea Exchange (KRX) based on Korea Standard Time. During the daylight
saving time in the United States, the regular trading hours of the New York Stock
Exchange (NYSE) is changed, and it becomes from 22:30 to 05:00 on the following day.
From 1st August 2016, the Korea Exchange (KRX) extended the closing time to 15:30

while maintaining the opening time.

<

2 Apelre A BES ZRY F8907] 713 o2 A5 T1te
o] 4o 2 A3t ule} Astehe F F4A1 7te] W)
o ] >

8971 713Hs FAFo R U FT A

10) F=7H2KRX) & 2016\ 8¢ 1L97E AGAEE adiz fA19 A #7%
2 30% Al mE S FAAGE At A AvEd 7]zt @%AIZ}P_
22:3078 o2 05:00=2 7€,



$7 HA DAL o 8% G vT FAAGe] YUW BE 7] W BY 19
g A% 71 el Qo ABA Qg deud s AFEAN 2w
el

TE971 71EE F467] 9% AFA 29 (econometric model) & A ete 4
oA AfFFe] 7HdHE T} (Baur, 2012). Filardo et al. (2010) & =A|2A]-23] (The
Bank for International Settlements) EIA A F§H7] 717HE 4GA (initial
financial turmoil, sharp financial market deterioration, macroeconomic deterioration,
stabilization and tentative signs of recovery) & Vo] Asl1, o] & 229 A
SAE FE917] 71teR Aejahn 2007 38715E 2009 12717MA] = WA S

9tk Taylor and Williams (2008) & 2007d 8€< F891717F AlZE Al7]=
ARt e, ol o] A7l BlEgele] 548 dsor WrlfEdol o)
Hol TS AT Fo feds Al FAsia, FARAQ1 Bear
Stearns®] F 39| &x] H=r} gtkete] o™, BNP Paribase 271A4] A= SjE
TEEI7] Witk wEtA B AFellMe olF dAFtellA A E 2007d 8L H-E
20099 3€7HAE H897] 7172 Aofsta A2 legssitt 1

=
o] N F7t FAEER 7 2BAIFES Alktsla REVIIPERE O 7|25 AEE
o] itz Fote] (Table Dol AXBITE F F2Ae] i Fof& HdS
229 F8971 7kl &) 9 @& 7= W, 22 S8 Fele
F+) 9] g2 7RI FE97] olddl= s FAA ] el Eo] na FAAG
of FJEHY P ow wUW v, F597] olF AA} sFEE Allele
n|a FAAAe] FolEe] Ht Aoz o Erh Jdd ASAE] B4k A 7]
b BT wE FAAGEG ga FAAGAA A e, F AR B8
og FEH F897] 7|3t #ite] Al Sk S E1E F Urk

53] vl FAAFAE B Al719} skl 59171 713t o E B
Ahke] 4u) ZHF ST, A 9F%CZ HX (left skewed) HoW M=

11) & =59 387} 4go)d Bag Are 22 897 olF 717+ 20099 4LFE 2013
W 12972 At B8 Arfolt). 23714 A A (robustness check) & $18t] 849
7] 01F9] 7|17k 2011 12972 F3 B3 e BERoA Avlshke Aol dHe
2 2] gkt

12) AA BZH F o4 (outlier) S AL 2+ 99. 99% 9+ 99. 95% 2] =+ F2A AT} v F2]A]
ol 4 §9 & dlolHE B4 AM-sITh
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(kurtosis) B3+ 714 &

e A 67H A2

s ellE T FAAge] Jdd BES 34T F 71k Fd XS AX
dhzdl, 71 B £¥9] 5HEL (Table 1] W&ol F3atar Sick

(Table 1) Descriptive Statistics on Cross-Sectional Daily Returns

Pre-crisis
(Jan 2005-Jul 2007)

(Aug 2007-Mar 2009)

Post-crisis
(Apr 2009-Dec 2013)

Korea U.S. Korea U.S. Korea U.S.
Mean 0.0015 0. 0004 -0. 0013 -0. 0021 0. 0002 0. 0009
Variance 0. 0009 0. 0002 0.0012 0. 0009 0. 0008 0. 0002
Skewness 0. 7425 0. 1355 0.4714 -0. 3635 0.5793 0. 1099
Kurtosis 9. 8543 11. 6964 8.2695 13.4376 11. 3514 12. 4630
Min -0. 1423 -0. 0744 -0. 1521 -0. 1602 -0. 1465 -0. 0796
Max 0. 1391 0. 0758 0. 1406 0.1323 0.1388 0. 0825
#. obs 705 499. 6 745.6 499. 4 756. 6 499. 6

Notes: The data are collected from January 1, 2005 to December 31, 2013. Full sample period

is devided into three sub-periods (pre-crisis, crisis, post-crisis). Descriptive statistics on
cross-sectional daily returns for each date used for further analysis are calculated, and
their average values over each subsample are represented in the table. #. obs is the

number of stocks for the KOSPI index or the S&P500 index.

s

< 35 Uk IS AT AAE AZE (support) 2 7Y, AAl S5 - A

Folo| A Ty = ArstrsE = X EVZF FAQ (unbounded) 73-%-
] FYE (compact) 3 H-& A ¢ FES] A SIS o,

U2 dES 1%(0) %"Zlfq ﬂ‘/t\‘

= ml= AR

MEER AAs90

A—

_

>~

, ol 2= [*O. 2720, 0. 2182]9} (-0. 3732, 0.3502) ]t}
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(Figure 3) Estimated Cross-Sectional Distributions of KRX and
NYSE Stocks Daily Returns

(a) Densities (KRX) (b) Densities (NYSE)

-0.2

(c) Demeaned densities (KRX) (d) Demeaned densities (NYSE)

-20

N T = N T g
A A — b N
BT WY 0\,\\ P 02 @AY R o2
qp Q. N~ 0 rLQ = AT~ — 0
USSR 02 SN BN 0.2
Ll Ll

Notes: The left panels present, respectively, the densities and demeaned densities of the
cross-sectional distributions obtained from daily returns of stocks constituting the KOSPI.
The right panels present, respectively, the densities and demeaned densities of the
cross-sectional distributions obtained from daily returns of stocks constituting the
S&P500. To make the demeaned densities, the mean density for the corresponding
period is subtracted from the time series of the densities.

(Figure 4) Mean Densities for Each Period

(a) Mean densities (KRX) (b) Mean densities (NYSE)
251 --- Pre-crisis | 25 I -~ Pre-crisis
== Crisis n = Crisis

20 — Post-crisis 20 ,,‘ b —— Post-crisis
15 15
10 10

5 5

0 — = 0 e 2 NS

-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2

Notes: The left and right panels represent mean densities of the time series of cross-sectional
distributions obtained from daily returns of stocks constituting the KOSPI and S&P500,
respectively. They present time average of the estimated densities at each three period.



o
&
2
toty
Y
td
oflt
tlo
o
o
o
rok
A
o
=)
A
P
>
cizé
oot
.
g
M
B
d
1o
r 4
)
M
£
[\)
(8]

= doMe 4 6 £8d F4 39 Bge FYoke AFAd e A
gath A AAAQ ALk FH AEFgrEE dolEd

/}J'

A =
(wavelet) & o] &3t 1037702] 71AgFz HAZTE 16 7|A TS o] &8 1037 =}
< (dimension) & W2 Fdd Aol FE %

of gel3l A%

o
(@}

(@}

-

o,
5

o

z
rr
=°L;
oft
_OL
rir
i)
1
o
o)

—~
(@)
o
D
=
Q.
D
=3
N~—
o
o,
i)
e
ol
e
o
2
2l
=
=
o
jon]
@
(@}
-
ED

39 A 4,5 3 230N =oas, 3T Adtate] 34 2gelA
£ 93l FA%E A (pricipal component

analysis) = ©] 8¢ 2H F4o] IS ARh S BAF diAte] A (@)
& K79 FEe] AdMete FAtelA AEA oo za 39 dikrte] 4%
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(Figure 6)2 7z} 7172 ~32] Z2 (scree plot) & 1Y AHo|H, 2719 FHEE
& A A HEA (total variation) & 94.1%, 84.9% 12]1 88.8 2,

Horvath and Kokoszka (2012) & 85% <] FAAAEF4L vl &S 489 M4E 2
ke AR o2 AAEISTE 39 AAkRRe] e bk At e W &
e AL H B2 FEE o] & 5 dvhe ofe] o, F 3 7o Fd B

AE BasHl BAlstaat she S4de FgeA] Gt

(Figure b) Forecast Errors

(a) Pre-crisis (b) Crisis (c) Post-crisis
D, deviation D, deviation D, deviation
0.55 078 076
| _
0.545 076 072
\
0.54 0.74 0.68 V
I —
0.535 072 0.64
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Kolmogorov-Smirnov deviation Kolmogorov-Smirnov deviation Kalmogorov-Smirnov deviation
0.095 T 0.16 0.098
009 //\.,/ 0.155 009 \
\ / 0.15
0093 \// 009 \ m‘
0.145
0.092 ' ' ' ' ' ' ! ' 0.086 ' ' ' ' '
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Notes: One-step-ahead rolling window forecasting for 88 business days is performed for the
regression operator estimated with different A(=1,2...9) in each subsample. Forecast
errors, deviations of the prqdicted values from observed values, are measured using

={f(f(z)—f(2))%dz}? that is based on the density functions and D, (=
supxlﬁ(x) — F(z)|) that is based on the distribution functions. The figures represent

the average forecast errors according to the choice of A at each subsample period.

(Figure 6) Scree Plots for Cross-Sectional Distributions of NYSE Stocks Dailly Returns

(a) Pre-crisis (b) Crisis (c) Post-crisis
06 06
05 05
04 04
03 03
02 02
0.1 0.1
0 0 e

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 4 5 6 7 8 9

Notes: The nine largest eigenvalues of the sample variance operator for the cross-sectional
densities of the NYSE stock returns are presented in descending order.
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(Figure 7) Sample Path of the Index Return and The Mean from
Estimated Density Functions

(a) Daily returns of KOSPI (b) The Means of Return Distributions (KRX)
0.1 0.1
0.05 0.05

ik "
ot ﬁ WWWW o
|
0.05 -0.05
-0.1 -0.1
o o
,LQQGJ ,LQQB '1001 ,lQQ% ,LQQg ,lg“\o ,LQ'\ ,LQ'\(L Q'\?’ ,LQQE) '7«“06 ,LQQ" 'LQQ% ,LQQQJ ,LQ'\Q ,lg’\ ,LQ’\'?’ 0\%

(c) Daily returns of S&P500 (d) The Means of Return Distributions (NYSE)

0.1 0.1

0.05 ‘ 0.05

i
i

-0.05

-0.1 0.1

N O o o
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Notes: The left two panels show daily log returns of the KOSPI index (upper panel) and the
S&P500 index (lower panel). The right two panels present means of cross-sectional
distributions obtained from daily returns of stocks constituting the KOSPI index (upper
panel) and the S&P500 index (lower panel).

18) F7HA% AR AHEEE 1FAE AE T 2080 $E Fo U FES peishe
A% JFseht, AFA7k ARt ek Wab] wEd] o8 B wda] ofele] B =Rl

= 71 95 (weighted return) < ©]-&844] &sith
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7% AFEANE TN MEL B8 TS 58] WELS ol
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TS AN FE Tk 5o BEY Bt mR AU T vle] T4

J (volatility) & YERE A & (measure) ©]t}h. (Figure 82 Z+ F2A)7%9]
Yot Fxol A MY X4 sluel VKOSPI A4} VIX 2|45 A|Als)
3 Atk VKOSPI A5+ KOSPI200 #]59] 5A7H &M =E5 = WA 4

Hzdolt), zF A ohd Byxo] Bk YA EAdo] AR 28YS
= AL #Qle & v}y 7 TR 2RI % (high frequency) AFEES
W =X (realized volatility) ZHE B wdl] Bokor), oA Byo] Bake A

=
9] 2AYH g AR Ao YETh

(Figure 8) Sample Path of the Volatility Index and The Variance from
Estimated Density Functions

(a) VKOSPI and the Variances of Return Distributions (KRX) %1073
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(b) VIX and the Variances of Return Distributions (NYSE) «1073
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Notes: The upper panel shows variances of cross-sectional distributions obtained from daily
returns of stocks constituting KOSPI (solid line) and volatility index, VKOSPI (dashed
line). The lower panel shows variances of cross-sectional distributions obtained from daily
returns of stocks constituting S&P500 (solid line) and volatility index, VIX (dashed line).
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(Figure 9> Impulse Responses and Variance Decompositions for Moments of
Cross-Sectional Distributions of KRX Stocks Daily Returns

(a) First Moment

Response Function Variance Decompose
0.04 -~ Pre-crisis 0.08 IlPre-crisis
i -=-Crisis Bl Crisis

0.02 L — Post-crisis IlPost-crisis
3 0.06
0.04
0.02
0

-0.2 0.1 0 0.1 0.2 1 2 3 4 5 6

(b) Second Moment

%1073 Response Function Variance Decompose
- - --Pre-crisis 0.08 Il Pre-crisis
5 -==-Crisis Bl Crisis
——Post-crisis Il Post-crisis
0.06

0.04

0.02 L
0 [ e —mlll j
2 3 4 5 6

-0.2 -0.1 0 0.1 02 1

Notes: The left two panels plot respectively the responses of the first moment (upper panel) and
the second moment (lower panel) of the current distribution of the KRX stocks daily
returns to Dirac-impulses to the last day’'s NYSE density function at different levels of
return. The right two panels depict respectively the proportions of variances in the first
moment (upper panel) and in the second moment (lower panel) of the current
distribution of the KRX stocks daily returns that are explained by the variances of the first
six moments of the last day’s NYSE stocks return distribution.
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(Table 2) R-squared in the Moments Analysis

Pre-crisis Crisis Post-crisis
(Jan 2005-Jul 2007)  (Aug 2007-Mar 2009) (Apr 2009-Dec 2013)
1st moment 0. 0850 0. 1039 0. 0987
2nd moment 0. 0352 0. 1607 0. 1250

Notes: The table represents the proportions of the variances of the current first and second
moments of cross-sectional distributions of KRX stocks daily returns that are explained by
the variances of the previous moments of cross-sectional distributions of NYSE stocks
daily returns.

(Table 2)= =1 FAAE T £ & 39 12 A EF 23 A E9 24
e BTt RIS T®E AAISEAL Sith (Table 25 B9, RS g5 AHAI7F
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ZF= (financial supervision) 2 ¢1& 2] (risk management) =Hol|A F23lt) o]
Ao e &4 39 BPS ol o TN e eolE S| me B
o vl=r FAAE FTH felE B 7R #AAE A% 29E Agh 9%
e TEVIPE Hit BEg5Y 5% w9 otk FUEES Egeta, Hi)
2 QER mele 95% AT oY FUEES etk 7 HEI|R wet

(Figure 10) Impulse Responses and Variance Decompositions for Tail Probabilities of
Cross-Sectional Distributions of KRX Stocks Daily Returns

(a) Left Tail Probability

Response Function Variance Decompose
0.2 -~ Pre-crisis 0.08 Il Pre-crisis
- Crisis Il Crisis
—Post-crisis Il Post-crisis
0.06
0.04
0.02
0
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(b) Right Tail Probability

Response Function Variance Decompose
0.2 ==~ Pre-crisis 0.08 IlPre-crisis
=== Crisis Il Crisis
——Post-crisis Il Post-crisis
0.06
0.04
0.02
-0.2
0
-0.2 -0.1 0 0.1 0.2 1 2 3 4 5 6

Notes: The left two panels plot respectively the impulse responses of the left tail probability
(upper panel) and the right tail probability (lower panel) of the current distribution of the
KRX stocks daily returns to Dirac-impulses to the last day’s NYSE density function at
different levels of return. The right two panels depict respectively the proportions of
variances in the left tail probability (upper panel) and in the right tail probability (lower
panel) of the current distribution of the KRX stocks daily returns that are explained by
the variances of the first six moments of the last day’s NYSE stocks return distribution.
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(Table 3) R-squared in the Tail Probabilities Analysis

Post-crisis
(Apr 2009-Dec 2013)

Crisis

(Aug 2007-Mar 2009)

Pre-crisis
(Jan 2005-Jul 2007)

0.1081
0.1225

0.1277

0.1017

0.0738
0. 0205

Left tail probability
Right tail probability

Notes: The table represents the proportions of the variances of the current left and right tail

probabilities of cross-sectional distributions of KRX stocks daily returns that are explained

by the variances of the previous moments of cross-sectional distributions of NYSE stocks

daily returns.
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Distributional Relationship between the Korean and the
U.S. Stock Markets Analyzed by a Functional

Regression Approach*
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Abstract

This paper investigates spillover effects from the U.S. stock market to the
Korean stock market by considering a functional regression model. Instead of
using stock market indices, we consider cross-sectional distributions of all
stock returns that comprise the KOSPI index and the S&P 500 index. We use
daily data from January 2005 to December 2013 and consider three
subsamples: pre-crisis, crisis and post-crisis period. We estimate a functional
regression model and adopt novel econometric tools recently proposed by Hu
et al. (2016) to analyze the relationship between cross-sectional distributions
of two stock markets. We use response functions to examine how each
moment and tail probability of the Korean stock market distribution react to
shocks in the US stock market distribution. We also conduct variance
decomposition and provide interpretations on spillover effect from the U.S.
stock market to the Korean stock market. The spillover effects to mean,
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variance and left tail probability were higher in the post-crisis period than in
the pre-crisis period and were the highest during the crisis period. On the
contrary, the spillover effect to right tail probability was the highest in the
post-crisis period.

Key Words: functional regression, cross-sectional distribution, stock market linkage,
spillover effect
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