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MAZHM s2=3t0] 2ot

(20094 10 T4, 20104 4 AHEH)

O Ok
2 ATe FANGE B AAAAY 23} A4S AFACR JdFE] AT st AR fEver
KOSPI, 504 9& #3152 DOWS} NASDAQ, 0}/\]0} Aoy dre] NIKKEI, SHA Y =
DAX & =9 F7HA5 A ALEAEE —’F A & VARD?ﬂ" o] g3te] AT YAA LY BEAANL 4
317 ?fﬂ FAEAAGR WEste] £4% o 2RSS v 2tk AA, fElve el ES 3 3
7VE9 FIRAF4dE elle FAFCE folgt °J4Jr*é (causality)o] ZA15tcy. 4], AR AR T2 AF
22018 7+o] 3 g7} (Feedback effect) 7} ZAISHATE. AR, 57 2R 54908 AL 7to] 4719 AR B

7b A= ek A, SANE B4 AT A8 AAD 2] SAT} vl Hl3) &5 FIRA e Ee] v A
T g Ade A tiet whgo] dA o stk 2AS FAT 5 Ak AEHOE ZIAe4olE
9] Fz3} #(synchronization)& F3SHA BEF L, olo] whe} ofrjols ol Hul, FHAH FAA &7
Wslol] wel fASE AgHs L fevEtel A s A ol ElE it wheba] olej g AIA AR T3}l o
o ot ohdeta AR e AdTEe] A3 o] FoA ok S & 4 Ak

FQE0I: FANY, FIRLSUE, S2816IL, VARDE.

Y SR fEvet FAAFE O<ed] gl AAGE Tho] HidE o Wslels A2 ofth 7
e obAlol AAlel £ A Wel vlF FRAlS) AAA waeh FA0l arhz Aol A7) o
2 FFS AL Yo ol trgst HUkE 2ol AHE, A SdAE 243 4

3}(synchronization)= FH-F41T} vjtjoie] W 53] AUl e wet st et WA FAAEE
o] thekst AR Eo| SAHoR AL 7] ufE ]1:]-‘ T FH T FE3] AAFL Ja, ANAR Fat
Hi Y AT ol AV AR AR ot ARA 7R FAH R T o]F o] Edal 3
of mhet & vhete] AAA §17143 o] 1 AAE FA 4 fEuEtE bRe 2R AAA 7R
Ad= = 43e] A&7 W24 Zelth. FAAGE B3l FAAR 523} A4S 4F5HCE AES
AFEE Tl o EAgTE. T AFY ol vl FAAGY 9ol thE vk F4
Al G mRthE YgS thEUT (Eundt Shim, 1989; Hamao 5, 1990; Eun3} Jang, 1994;
Campbell?} Hamao, 1992; Engle¥} Susmel, 1994; Daly, 2003). 28|31 AR A|Z 3} ofr]o} AEF
SAF 7] AAARL BAT AFE (Wei 5, 1995; Park¥} Fatemi, 1993; 818 7E3F, 1997;

1(135-080) M€ A g7 945 730, 2 0AY 5497 Y, AT Y. E-mail: rohsy@kab.co.kr
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H 2.1, HAAMALY VZEANY D D e dHAn

T& KOSPI DOW NASDAQ NIKKEI DAX

Mean 1,044.0 10,498.2 2,196.1 12,798.2 5,321.2

Std.Dev. 407.7 1,470.9 674.7 3,164.2 1,461.7
Skewness 0.6 0.2 1.6 0.3 0.1
Kurtosis 2.3 2.8 6.2 2.1 2.0

Jarque-Bera 301.62 23.79 3002.29 190.91 163.78

Observations 3,497 3,497 3,497 3,497 3,497

2ol @A, 1998; BRI, 2008)0] Ut} AZEA| o]f§H AFERIELS FE VAR(Vector
Auto-Regression) 28-S &-83F AFLEF (Eund} Shim, 1989; Park3} Fatemi, 1993; F& -8, 1996;
i]—‘ﬂ“ 013} @ M7, 1998; Hsiao 5, 2003; Daly, 2003), ECM(Error Correction Model)& &-83F 91
& (Campbell¥} Hamao, 1992; FE]%-2} 71535, 1997) 28|21 GARCH(Generalized Autoregressive
Conditional Heteroskedasticity)® 23S 83t J+E (Hamao 5, 1990; Wei 5, 1995)2 &
g 2= 9t} o]# 3 AFLEL AAMA A B AL % $2lvel KOSPI(The Korea Composite Stock
Price Index)°ll 93-S v|X|3 Yot AE &= HxHQ A=AIF FIALER, BujA oA u=
9] DOWA|4=2} NASDAQ(National Association of Securltles Dealers Automated Quotations) &<
S, opxJolR]F oA dE 2] NIKKEI(Nihon Keizai) A|5E, FHA G ELe] DAXA|¢E A =3}
Z+ et 9 s AAE Y] AAA BB 7 A FIERGe whed o] FH o] £7A e EL
< 311, old wet et R4 dES] MEd fo8 4TS FEAE VAREHY
TSRS Bl 2ARBH BT

FFI mk?L

2. BAMXI2
2 ATE s 2000 19 4YFE 2009 79 3197HA] & 349770 A7 AALD AERE AN
t}.

S22 KOSPIA 4] W5 40] d@e vd 0% dass 22 9% 2444 252 By
2 tiEsto] v T DOW % NASDAQA|4:9} obAlobg HiEsto] U NIKKEIAS: 2el51 §3
2 tiEste] S99 DAXA4E 445k AXALe] A4 (Normality) & FEF Jarque-Bera?

ALL ARk Avkdh(Platykurtic) 2328 stal glok (£2.13=2).

AANALY AL A 9 AA (unit root test) S B4 AET 4 Y=, 2 ARESA S
ol DF(Dickey-Fuller, 1979) =+ ADF(Augmented Dickey-Fuller, Said and Dickey, 1984) ©]£] 9]
PP (Phillips-Peron, 1988), KPSS(KWlatkowskl—Phllhps—Schmldt—Shln 1992), ERS(Elliot, Rothen-
berg 18] 11 Stock, 1996), NP(Ng-Perron, 2001) 52 &8 4 9t} o|F £ Ayolix+= ADFZEA
7 KPSSHAS E83th AALY Aol thek ADF#} KPSS A% 7Hd& A™str] flsf ¢4 Al
AL yoll thek ok 22 9 AR(1) IS 7188 24

Y = pye—1 + 2,0 + €. (2.1)

AT §94F 1%5IA] A A Do) AFREE I ARAAL AAH Ak Z, oA 4K AA

AARE BE AFETE o4 i A0A) HAAL S4L Bk oA A 1A 37

71 A 7180 ARFHA gonz YAAEAFEES W OLS(Ordinary Least Squares) 28

og2rs A9 7t vk 283 =Tt 0BT A SRV I BEE Sk, J =7 3HTE 2 NAS-

DAQE &Kt WE3H(Leptokurtic) 325 Sh= HHdo), 3Ht}h 22 KOSPIE v]&3 the Al
ok (

o] W] z;= 45 (constant) = A (Trend)E HH3 e 5= = A 87 2] XS] 7] & (optional exoge-
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]

T 2.2, FIXILAIAL Uit ADFeF KPSS &4t
& KOSPI DOW NASDAQ NIKKEI DAX
ADF-test stat. —2.841 —1.995 —2.496 —2.006 —1.600
A Az include 1% Level —3.960
. trend & 5% Level —3.411
(Mackinnon, 1996) .
intercept  10% Level —3.127
LM-test stat. 0.602 0.602 0.912 0.849 1.166
A g include 1% Level 0.216
trend & 5% Level 0.146
(KPSS, 1992) ,
intercept  10% Level 0.119

nous regressors) 131, pS} 5 FAAFeIH, & WA E(white noise) & FLF UL B |pf > 1]
W A AL A7) BESE gro] Z7she] uhikE = BobgEt XA dola, Wk [p| < 1o]w SHAA
/\]ﬁlcﬂo]r’z}i Al ADFAAS A (2.1)9) AL y 2 WM A (22)9] Ho:a = 0(H : a <
0)S FHrlsk= Aolx, o)& Hrt} 7tdds3stA #H7ksk= KPSS LM(Lagrange Multiplier) 34732 Al
(2.1)0) W8+ Ho : p < 1(Hy : p = 1)ol] th3t F7}o] ),

Ay = ays—1 + 10 + €. (2.2)
ARBAT IMAARFTAZ ] F+F 1% dAZRE 27] afZel “AlAde] A elt’ek= Ho7t
Aol 71Z4=1 AHRAH oz BE F7A|G A A o] E9HY (non-stationary) A|AEYS & 5 Ut} 2
HHo g FAWR GAALEARTES FTREE A& o5 B ohet EF A AALGA S &
Stk (% 229%)
HE B A AR E X gE Wk FHE A (Cointegration Test) S T3l W45 ol AA
2ol A7) APAA A FAR BA7F £A)3chH VECM(Vector Error Correction Model)S 53 W
TE Y ATAAE BAE 5 vk 2eu EAZT QAAEE Dole FAZLE Y5 3R
AAZE AR ekA] gkt wEbs] Aol 8357 AsiA AAAL (y)= A (2.3)0l 3 FAAG (A
£22))4E5H4(CRy, %) & W33
CR¢ =100 x In(1 4+ R:) =100 x In (yyt ) =100 x [In(y:) — In(ys—1)], (2.3)
t—1

71N Ri2 deEFAdE, In()2 AAZRIAZE UERdTE. FUMAEAE AAEY 725 AR
Jarque-Bera A4 AR AL AAALET Zo] A5 AALE AFE2E A ¢, A=+ 35
o A AFEEZEOE BES B E 3l glu}. a] =7}t 0Eh e KOSPI®F NASDAQ =1
2]7 NIKKEI®] 49§28 =0z 71meE 2 Hr} 2 DOWS DAXE &0 71melE 7t
= BEE ot th (& 2.3¥=x). k& Tﬂﬂf FoEY EFEAAE AHE 4 e "B
NASDAQE A2t DOW, NIKKEI, DAX X4==9& u]3] KOSPIA|$ ol o] Aujd e
(29 2.138%). $AEAAQY AN E A& B7) 3 ADF} KPSSAAR A, AA

AR TE Zrol Ho7bd o] Agiw o] BE 7 Ao Eo] SAA AlA Aol A= At (
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F
M
N
A

°lE Z0[(°00.1.4 ~’09.7.31)

N A0
T T =

I 2.3. AUBAAL JIzENE W A AX At

T CR_KOSPI CR_-DOW CR_NASDAQ CR_NIKKEI CR_DAX
Mean 0.011 —0.005 —0.019 —0.017 —0.006
Std. Dev. 1.558 1.183 1.717 1.308 1.413
Skewness —0.625 0.059 —0.161 —0.642 0.059
Kurtosis 10.835 39.570 17.094 10.366 10.408
Jarque-Bera 9,171.0 194,809.7 28,949.2 8,144.2 7,995.0
Observations 3,496 3,496 3,496 3,496 3,496

F

I 2.4, ZILAISAIAL0 St ADFQF KPSS ZA A}

e CR_-KOSPI CR.-DOW CR-NASDAQ CR-NIKKEI CR-DAX
ADF-test stat. —59.127 —68.184 —62.548 —61.171 —60.839
1% Level —2.566
Al zk no intercept % Leve
. 5% Level —1.941
(Mackinnon, 1996) | & no trend
10% Level -1.617
LM-test stat. 0.208 0.080 0.221 0.196 0.182
1% Level 0.739
A7k include % Leve
(KPSS, 1992) int ¢ 5% Level 0.463
inter
’ TEPE110% Level 0.347

o] B E AEdof 3lc}. o] 93 ZAF Johansen & & E 77 (Johansen Cointegration test)2 43}
=], Johansen (1988, 1991, 1992)3} Johansen3} Juselius (1990)2 &8 FA4] 72t 3o

24 (parameter) 52 MLE(Maximum Likelihood estimate)2 F7A3}3 AR 3= WS AlAIGICH
o] ML DFS] the AAL thigke] Aoz oulslst A7} 2o}

Aye = (p1 = Dyi-1 + €. (3.1)

00]9H y, 7} A& 2t ZAAE n/f AEA AL 9F 4,7} VAR(1) €
At} o] A T'el $14=(rank) 7} 00 y,2] BE AAIEES Z &
1 3o BE AAGES g4 AFo] " webA I'y
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FANIEO] £01F HO|2 AT MAZA SZsio

n
9.ﬂ
O\>1

AF7E0 < r < nlZE v v o APAFC] FFAJA A BE Y y ot vl FHE BA
& Zeoa 4t 239892 Johansen AA qi}oﬂfﬂ n7le] HEAIAE HE y. 9] VAR(p)H7
< 2 (3.3)3 o] XA 4] (3.2)F K} dukslate] 4 (3.4)¢F o] HEd 4= Ut
Ayr = (A1 = Dys—1 +ur = Dye1 + e, (3.2)
yr = Arye1 + Asyr o + - + Apyr—p + Bt + €, (3.3)
p—1
Ay =Ty + ZF Ayi—i + By + €, (3.4)

=1

P
M=) A -1, Ti=- Y A

i=1 j=i+1
Granger] tizxA o] oatd, vk AL 119 A¢(r)7 r < no 2 —.%«ilﬂu}\ﬂj, 344 re Zhe
kExr g a9t g7t AT 2eA I = « - f'ola, By 1(0)olth mebA r2 FAE
F(FAR fg)ela g 7 A2 FAE WEZL "t Johansen (1995)2 &%

7} 2ol Al ANz AT

(1) meoll 2H FAZF L 34 BAANE ZHTo] Qe 37,

N

(3) wol ARFA7} 3 FAR WRAE BHFo] U= A9,

(4) zeoll AFFAZE QAL FAE A= AFFAt AAFo] A= B,

H*(r) : yi—1 4+ Bz = a(B'ye—1 + po + p1t) + a1 yo (3.8)
(5) meoll 23k AEAM7Y Qo FAE A= AP2AL} DA ] e B Solth
H(r) : Mys—1 + Bzt = a(B'ys—1 + po + p1t) + a1 (o + 71t). (3.9)

o714 aiv FAE BA wlA EAeks 28 A FA P (deterministic terms)S YERHIL, a -
ai = 0ot VAR P IukHog AAG 7] AAAL AEALE FA8tL, olHe AAAA &
Aol oAl uade] 54 S48 EA6] fAsiA o] &hrk VAR(p)E FElH2r 4 (3.3)%%

O

2ol A 5 %lttﬂ ol y,= WAHRPEE kHE, 2= JAUTEY d¥E 0|, Ay,..., 4, 17
1 BE =Ad o & FBAS s ]Uq’ 6= dF9] colxmo]A (1nnovat10n) e gy AT £ 9
o} olxuo]d ME T FAAHANAE AAEAE AUAT AE th2 AR XAk (lagged values)E
ol Aol g, Byo] $28o] BE hET AWl EAeHA ke 54 A W o).

E(er) =0,  BEleic)) = 2, iti=j (3.10)
0, if i#3j.
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o
0
Ho

Al (3.3)= Thaat 2ol Mg 4 ity ‘Ed27] #3)(Cholesky Decomposition)’ = ‘47t d#
3f] (triangularization)’ 2t &R o] W37 e] 7|8 ofolt]ol= (n x m)A-YL] vH|So|3d PE 4]
(3.3)°l FH= y: o] FFBA FRol& FTFE VAR Gervhe Aoltt. WA PE FHZA ol 19]
I PQP'E Yz 4 (diagonal matrix) 2 == APYAFZHS)E (upper triangular matrix) 2kl 7143}
o] A (3.3)o P& FotH 4 (3.11)3} Zt}.

Pyt = PAlyt,1 =+ PAgytfg + -+ PApyt,p + PBx: + Pe: (3.11)
oju WMEHE & HME uy = P a2 EE zheth ook A3 HE = 0ot 73k
AwS dslaly] 98] o|WEk VAR(1)EES 4 (3.12)9) (3.13)2 2 B RA}

Y1t = At1yi,e—1 + A12y2,e—1 + €1, (3.12)
Yot = A21Y2,t—1 + A22y2,t—1 + €2, (3.13)
ofuj
€ = lere, €] (3.14)
E(eiey) =Q (3.15)

oty ok A (3.16)2 E3f AE AE y =
£ g3 el yo A4S A AelEhd 4] (3.17)3 2t

0-6 €
)= ( 1,21,, 2 t>’ (3.16)
0oy
1 Al A _ ¢
Yi,t _ 11 12 Yi,t—1 + €1,t ) (3.17)
01 Y2t Ao Az Y2,6—1 €2,¢

Al (317)& E3lA A (3.18)F o]l AT £ 9N, wo] 7 AL AT AuTgE LAFger 4
(3.15) 5 wHEsich

g € €
Covi(e1,t + Neai)eay] = Oler pens) — (7( Lt Q’t)) 0'622,t =0. (3.19)

ezt

Lot
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3o o]H et AT PAAE Ao E
Function; IRF)& #%3l9 54
AeAE B4 4= 9ty VAREH S FH3to] d2 FE4E2 gut
€12 € 78 tAIFANA AR FEAAE B 5 Utk S AALGRREY 40| e AlAL o)
ujgfol] ojd A2 F3E vF AAVE 24 ??:0“ QoIA AJAE Tholl tAI AL AHAATE glod H|
o] o2 AAIGY W7 27100 wAst 34 ZRA 71Ae AFHEIAAA] tA1ZB L] ATdA 2
RHEFARIA] FL2317] o2 A7 #1822 - EaAE A A Y8 2413 HHE 4
HAAgo] gl A% HEHE WEete thed 22 A ettt o] tiAA SRS
Zaa7] Balol 8l A (3.21)7) 2.

AUtk ol=? VAREES %‘H
|2

Zu-g-3= (Impulse Response
sk o9 57 =]

AA Ll o d IS v

Ol' to —{)
S
Oi'ﬂ
32

T,
o
o
u
)
N
N
osl
i
o
o
i
d
fu

’ 1.1 ’
®=A0A = AQ02Q2 A’ = DD/, (3.21)
o714 Ax shitZdEid e ool 1013 QF thido|rt. d A9 APLS A3 A2
(nx 1) AE y= 4 (3.22)9 Zth
u = A e, (3.22)

€7t AHA0) AR} 3 he AALe A gt A
Atk 3 WBE 1,9 TALLE 7HE ABAo] ks 2

E (wu;) = (A7) E (a€)) (A—l)’:(A—l)Q(A—l)’:(A—l)AQA’ A =q (3.23)

werd o] (i, ) 24t
A AALDAA ¢S ot AT
s=1,2,...9 di3te] AxF A5 (Orthogonalized IRF; OIRF

r{E
%
2
Lo
S
b
it
S UNE
e
o
2
s
it
:3>>
1o
_—
%
32

rlr
>,

Ao X AR AIAIEELS B A2 T8 392 S3HE 497 Bons o9s Z}
=3 %01‘6]-71] Sl ‘:}H’&] 2 3= AKXte= 1 #F#A X (Standard error; Se) A7|WHEoE £74
FA3= Zlo] a&Fo|t). o]& HdlAE VARLAES 4] (3.25

H
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N

N

e

4
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©
N
o,
E R

OJA| v;,+9] S T ST w7 1SeTHE F7F
o] ¢ OIRF+ 4 (3.26)3} Zo] FolH)
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j(Casuality) o] EAe=AE Lot 7] f8) Gran-
EAIRAL, & 4.13 Zo] Akt

ger 994 AR S +AT AWE 29 415 2o
EAENE e KOSPIF &S FHOR A, Sehtet 24499 £988 93 2744
BT 4T WRT ATS AUD YTk S T FHe) FAAF W} et 7
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r;\:
N,
P
(2~5) N

O3 4.1. FIRSLAE 29| QIR E(&2F 22 AlRH

H, Lag =1 Lag=2 Lag =3 Lag =4 Lag =5

F P F P F P F P F P
CR_-DOW = CR_-DAX 68.560 0.000 37.528 0.000 27.475 0.000 22.350 0.000 18.388 0.000
CR.-DAX % CR_-DOW 16.275 0.000 12.675 0.000 9.035 0.000 6.982 0.000 5.971 0.000
CR_KOSPI # CR_DAX 0.781 0.377 0.517 0.596 0.944 0.418 1.123 0.344 1.024 0.402
CR.DAX % CR_KOSPI 181.530 0.000 97.651 0.000 77.874 0.000 58.622 0.000 47.725 0.000
CR.NASDAQ # CR_DAX 75.435 0.000 41.627 0.000 33.141 0.000 25.059 0.000 20.472 0.000
CR-DAX # CR-NASDAQ 0.474 0.491 0.473 0.623 0.772 0.510 0.814 0.516 0.691 0.630
CR-NIKKEI # CR_-DAX 0.003 0.957 0.019 0.981 0.598 0.617 1.207 0.306 0.989 0.423
CR-DAX # CR_NIKKEI 385.322 0.000 193.021 0.000 143.314 0.000 108.208 0.000 86.796 0.000
CR.KOSPI % CR_.DOW 2.465 0.117 2.882 0.056 3.322 0.019 5.768 0.000 4.286 0.001
CR.DOW =% CR_KOSPI 196.971 0.000 110.197 0.000 103.589 0.000 78.876 0.000 64.165 0.000
CR_NASDAQ % CR.DOW 2.559 0.110 3.433 0.032 2.888 0.034 2.639 0.032 2.170 0.055
CR.DOW % CR_NASDAQ 0.034 0.853 1.613 0.200 1.965 0.117 1.395 0.233 1.140 0.337
CR-NIKKEI # CR_-DOW 0.020 0.888 0.335 0.715 0.762 0.515 2.268 0.060 1.617 0.152

CR-DOW = CR_NIKKEI 374.412 0.000 190.414 0.000 151.827 0.000 114.770 0.000 93.999 0.000
CR_-NASDAQ % CR_KOSPI 231.783 0.000 123.667 0.000 107.756 0.000 81.492 0.000 67.615 0.000
CR_KOSPI # CR_NASDAQ 0.044 0.834 2.434 0.088 2.228 0.083 3.406 0.009 2.280 0.044
CR_NIKKEI % CR_KOSPI 0.340 0.560 2.775 0.062 4.086 0.007 3.059 0.016 2.554 0.026
CR_KOSPI # CR_NIKKEI 28.975 0.000 14.203 0.000 10.816 0.000 8.010 0.000 6.304 0.000
CR.NIKKEI # CR_NASDAQ 0.800 0.371 0.527 0.590 0.149 0.931 1.219 0.301 0.496 0.779
CR-NASDAQ # CR_NIKKEI 379.853 0.000 190.968 0.000 151.214 0.000 115.529 0.000 93.169 0.000

>
>
ol
2

FFe AL, FEuvet A O] dEAR ¥ T Ao EAHET of2® Alak
SIS REPAPA AL IS EREI RTREPY Zrol = 78 5} (feedback effect) 7} A 5}14]
FAA B AFEIe SASA FdTE FAARl Y F
T@H o] o]FolA= Aol 7|Zto] AlAFE 52 AT F Johansen HAS HT AHE 2

57k AR Rl thet 25 AE AEs B AAE WH| 2AA FA7F fla &
Aol flv AAEEIAA 0.05% FelTEolAl 4748 38R AAZ AT (&
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BAR AATANA 42D WA BAR AS(E 45)9 WAt ZAAS(E 16)5S BRI 7
BAR BAAY FARSEL F2T AT B 4744103 2Th VARG)RHES 243 ¥, 977
AAgs) B 1BEWA(1) A4S 22 u), KOSPIAF4 B0l o d JF nAeAE &
915}7] 9131 Cholesky %AW s85jo] 1 4.291 22 ATE Aek. ATolA Holze AR
F7hE 209 24T WLE FolA B3] 2 F7h5] 0] B v 2N WG] A
oz geA BAET Pee FAF & At
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]

4.2. Johansen Cointegration Test Summary(Information Criteria by Rank and Model)

Fi

Data Trend None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log Likelihood by Rank(rows) and Model(columns)
0 —29,361.8 —29,361.8 —29,361.8 —29,361.8 —29,361.8
1 —28,957.1 —28,956.9 —28,956.9 —28,956.9 —28,956.8
2 ~28,595.1 ~98,504.8 ~28.,594.8 ~28,594.7 ~28,594.7
3 —28,279.6 —28,279.0 —28,279.0 —28,277.8 —28,277.8
4 —27,987.3 —27,985.6 —27,985.6 —27,984.2 —27,984.2
5 —97,741.2 —27.739.5 —27.739.5 —27.737.7 —97,737.7
Akaike Information Criteria by Rank(rows) and Model(columns)
0 16.898 16.898 16.901 16.901 16.904
1 16.672 16.672 16.674 16.675 16.677
2 16.470 16.471 16.473 16.474 16.475
3 16.295 16.296 16.297 16.298 16.300
4 16.133 16.134 16.135 16.137 16.137
5 15.998* 16.000 16.000 16.002 16.002
Schwarz Criteria by Rank(rows) and Model(columns)
0 17.118 17.118 17.130 17.130 17.142
1 16.910 16.912 16.921 16.924 16.933
2 16.726 16.730 16.737 16.742 16.749
3 16.568 16.575 16.580 16.586 16.591
4 16.424 16.433 16.435 16.444 16.446
5 16.307* 16.317 16.317 16.328 16.328
Z: 1) *: Critical value based on MacKinnon-Haug-Michelis (1999) p-values

i 4.3. Unrestricted Cointegration Rank Test (Trace)

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical Value Prob.**
None* 0.206978 3241.277 60.06141 1.0000

At most 1* 0.18735 2431.929 40.17493 0.0000

At most 2* 0.1654 1707.911 24.27596 1.0000

At most 3* 0.154237 1076.909 12.3209 1.0000

At most 4* 0.131558 492.279 4.12991 0.0000

: 1) *: denotes rejection of the hypothesis at the 0.05 level
2) **: MacKinnon-Haug-Michelis (1999) p-values

i 4.4. Unrestricted Cointegrating Coefficients(normalized by b’S11b=I)

Hypothesized No. of CE(s) Eigenvalue Max-Eigen Statistic 0.05 Critical Value Prob.**

None* 0.206978 809.3475 30.43961 0.0001
At most 1* 0.18735 724.0182 24.15921 0.0001
At most 2* 0.1654 631.0015 17.7973 0.0001
At most 3* 0.154237 584.6308 11.2248 0.0001
At most 4* 0.131558 492.2785 4.12991 0.0001

Z: 1) *: denotes rejection of the hypothesis at the 0.05 level
2) **: MacKinnon-Haug-Michelis (1999) p-values
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i 4.5. Unrestricted Cointegrating Coefficients(normalized by b’*S11*b = I)

CR_KOSPI CR_-DOW CR_NASDAQ CR_NIKKEI CR_DAX
—0.376499 1.872243 1.453225 —0.65324 —1.7095
—1.12824 —1.52242 0.410971 —0.91572 2.34013
—0.038108 —3.03409 1.715542 0.875349 —0.26272
—1.564919 0.734085 —0.23759 2.304676 —0.03266
—0.81415 —0.26345 —0.21186 0.18103 —0.94167
H 4.6. Unrestricted Adjustment Coefficients(alpha)
D(CR-KOSPT) 0.291438 0.456272 —0.12363 0.196005
D(CR-DOW) —0.23691 0.065105 0.196779 —0.17794
D(CR_-NASDAQ) —0.4379 —0.0627 —0.30424 —0.11592
D(CR-NIKKEI) 0.261911 0.278443 —0.18687 —0.31804
D(CR-DAX) 0.21068 —0.23148 0.042784 —0.10492
I 4.7. 1 Cointegrating Equation(s)(Log likelihood = —28,957.1)
Normalized cointegrating coefficients(standard error in parentheses)
CR-KOSPI CR_DOW CR_-NASDAQ CR_NIKKEI CR_DAX
1 —4.97277 —3.85984 1.735046 4.540513
(0.34921) (0.20264) (0.21613) (0.26579)
Adjustment coefficients(standard error in parentheses)
D(CR-KOSPI) —0.10973 (0.01005)
D(CR-DOW) 0.089198 (0.00789)
D(CR_-NASDAQ) 0.164867 (0.0115)
D(CR-NIKKEI) —0.09861 (0.00819)
D(CR.DAX) —0.07932 (0.00946)
i 4.8. 2 Cointegrating Equation(s)(Log likelihood = —28,595.1)
Normalized cointegrating coefficients(standard error in parentheses)
CR_KOSPI CR_DOW CR_NASDAQ CR-_NIKKEI CR_DAX
1 0 —1.11034 1.008726 —0.66234
(0.06663) (0.07575) (0.08204)
0.55291 —0.14606 —1.04627
0 1
(0.03182) (0.03617) (0.03917)
Adjustment coefficients(standard error in parentheses)
D(CR_KOSPI) —0.62451 —0.14899
(0.03039) (0.06165)
D(CR_DOW) 0.015743 —0.54268
(0.02489) (0.05049)
D(CR_NASDAQ) 0.235606 —0.7244
(0.03632) (0.07368)
D(CR_NIKKEI) —0.41276 0.066456
(0.02524) (0.05121)
0.181841 0.74685

D(CR.DAX
( ) (0.02952) (0.05989)
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i 4.9. 3 Cointegrating Equation(s)(Log likelihood = —28,279.6)

Normalized cointegrating coefficients(standard error in parentheses)

CR-KOSPI CR_-DOW CR-NASDAQ CR_NIKKEI CR-DAX
1 0 0 1.164677 —1.80967
(0.07923) (0.07311)
—0.22372 —0.47494
0 1 0
(0.02351) (0.02169)
0 0 1 0.140453 —1.03331
(0.04219) (0.03893)
Adjustment coefficients(standard error in parentheses)
—0.6198 0.226114 0.398947
D(CR-KOSPT) (0.0303) (0.0987) (0.05819)
D(CR_DOW) 0.008244 —1.13972 0.020051
(0.02458) (0.08007) (0.04721)
D(CR.NASDAQ) 0.247201 0.198704 —1.18407
(0.03581) (0.11667) (0.06878)
D(CR_NIKKEI) —0.40564 0.633434 0.174466
(0.02497) (0.08134) (0.04796)
D(CR_DAX) 0.180211 0.617038 0.284433
(0.02952) (0.09618) (0.0567)

EI

4.10. 4 Cointegrating Equation(s)(Log likelihood = —27,987.3)

Normalized cointegrating coefficients(standard error in parentheses)

CR_KOSPI CR_DOW CR_-NASDAQ CR_NIKKEI CR_DAX

1 0 0 0 —1.06601

(0.03928)

0 1 0 0 —0.61779

(0.01783)

0 0 1 0 —0.94363

(0.03114)

0 0 0 1 —0.63851

(0.02879)

D(CR_KOSPI) —0.92653 0.369999 0.352378 —0.26469

(0.04962) (0.09959) (0.05800) (0.06840)

0.286712 —1.27035 0.062328 —0.14271

D(CR-DOW) (0.04017) (0.08062) (0.04695) (0.05537)

D(CR,NASDAQ) 0.42861 0.113607 —1.15653 —0.19002

(0.05904) (0.11848) (0.06900) (0.08137)

D(CR_NIKKEI) 0.092069 0.399965 0.250029 —1.32262

(0.03986) (0.07999) (0.04659) (0.05494)

D(CR_DAX) 0.344403 0.540018 0.309361 —0.13001

(0.04865) (0.09763) (0.05686) (0.06705)

5. A&
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Response to Cholesky One S.D. Innovations -2 S.E.

Response of CR_KOSPI lo CR_NASDAQ

Response of CR_KOSP! to CR_NIKKEI

Response of CR_KOSPI 1o CR_DAX
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Response of CR_DAX to CR_KOSPI

2 4 6 s 10

Response of CR_DAX to CR_NIKKEI
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4.2. Cholesky impulse response
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Abstract
This study is an empirical research of the stock markets to prove the synchronization phenomenon of the
world economy. For this research I analyzed Korea’s KOSPI, USA’s DOW & NASDAQ reflecting stock
markets in North America, Japan’s NIKKEI in Asia, and Germany’s DAX in Europe. Because the raw
series are not stationary, they are to be transformed to returns series. The results of the study are follows:
First of all, there are significant causalities between KOSPI’s returns and those of other indices. Second,
feedback effects are found between the market returns with several time lags. Third, there are 4 cointegrating
equations which embody the relation of the five returns series. And forth, KOSPI reacts more sensitively to
impacts from the foreign indices compared to the other indices do when they got impacts from each other
except KOSPI. On conclusion, there exists a clear evidence for the synchronization phenomenon in returns
of the stock indices, and we can expect Korea market may get similar changes depending on the economic
changes of North America, Europe, or Asia. Therefore more closing researches should be conducted about

the world economy synchronization in various fields as soon as possible.
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