1. M8

AR(autoregressive)©| .} ARMA (autoregressive/moving-average) 9} @& A8 3 8 2 (linear
stochastic) R F5& 2] Eofollr A} F4E olslstn s)Msl7] st BH Y5
ol &5 gtoey tREe HA AAHLYEL WHYFHY EHL AAD Utk weyq =Y
AE w2 A4 olsfE s HAH¥ AlA D(nonlinear time series)oll 3t dF7} A3
ol gtom, HIo SolHE FATeU F98 FololM vNE A 2y FEH o
o] o] &0z ItHTong, 1990; Farmer®} Sidorowich, 1987).

2 d7FdMe AAAA] Z1EANE FAAA 25E gairt A4 A ste dYn(E
Nifo) 49 4=E Yetlle odg 742 A5FoA 714 gutxgoez Algss GwAER
4*(SOI, Southern Oscillation Index) ztE ol e B4 L AA3tgct. =, SOI 227} om AlA
48 4 7HA AertE BAstd HAHI FAGEH 2y FASPT £ 2y
HYAY 58 B Fol, 1 AE7 AT Je AE FL nAFHQ EA g 7
4 T HHEG JEFRYEY FEHARE BUEY

ol€ flsl SOI A|AEE ¥ Z¥U ARMA E¥o] HAGAz F 7]&9 SAH 7'M ACF
9} Porte Manteau test® ©]-&3lo] 1 P4 R E BAUHPos, M2 FA7IH BDS §
AE Fal 2 HPAE AR E HFsluch 3 SOl AAde E4E Fotslr] sty AHE
d EYe dAstdent tes 549 sheAe] e A2z @EHo| Close Returns Test 7]
Y& o8, SOI AAIde 7122 B4 ARE FESNHDG. HFHoz HNY FA%Y 2y
o] H82 s ARCH(autoregression conditional heteroscedasticity) .ol th3l SOI AlAF ¢
S Ao sM HHEI Y FEHARE dusdn, 4 d7dm e dF 28
3l reFelAl v)Estd



Aol gatolol et £ AW dune 1726dRE AR 154 #74(Cane,
198302 e ohd AYzmtx AEd gul HFdte dsed 27t getvte AEA

o)l EqozA uutEe 257} LelrbE ALY vitidlM EnVHIE GhE ARe2 o] & 38}
T oH7b Rol Y 4L waTh a2y HZ SolAdt 2 Aldel wHA dARE T
B AxAue S5 57 Fdro 05C ol wobdE d4E Av=d a2, v
GZ 05ColA $e Aol ‘datolol'd Eo] Fikla Nin)E FETh £ AR,
GENE x9de] HeE g HIoe HFE Al ¢E Aol ok AT Aol A
s A M7 A o 19 kmo] @dle) wAlste W & 7R V1 ol o= g2 A D
Ath.

AU mst ASA HE b 2 998 uge Aoz deid itk gl Ed |
A HB(EAE)0] BXoA MEoT BASH 1 AU MAH G 45T ot B o]
walM Mejgoke] mulAlol Ate FEH
NasA B gaid MugEge AAANeE vwgd 2= M 2 AN = gk
Ju] At ME MZoE 27 vEL B33 AsA vt A a7t
zolo 2 S&(upwelling B4l YojudA siFe =7 WobAA He iy & 2ol
wasA "ok gy dun sele wigel ZE7h sAN wief digel WA &,
MelHeEo g ol Sate WMED utEe) $AYe oaAa, oo wet FHE I ey
2330] A HE B2 7td® GED wotEe] FAH =9 o7t ke
dum Aol YojubA He Rolth ol g siF &= Wake Fdol MHBY Ao 3
HEE goeNds $2oZ o FAAMN FHHYG BT VIghE o= sk ol A el 3
of Bzol 7|9t AAAA Hol el AR ol 3IIFEE oFlshe o] HE Zoltt. & A
o HZE0] dunyt 2o Bel A7 713 2 R A4 ddHd g2 Rl B el
g 0.0y(Q A A, Teleconnection) o] thg A7t ALHeoz AYP3 gk

oo 7]Ar8tArel Walker(1923) A&l A oot el B3 A7E Y3 7 R
o AEES ZFste BAshd Fo| ¢S (Sourthen Oscillation) 843 wAsAT &
Axole MR del g eF3)E(Tahit)4] 3 e2Eddejot K5 thobd(Darwin) 2] o ol A
W AlEE 719e) Al A(Seasaw) BT 0.2 E}BIEIS) 7)%ko] &bl crebd el Ystel wropA] 1L,
Wiz BeEe 7|gte] Yol W tholflel vigte] gEirtE @S wIETH Walker2] 70
% 24do] A|1bA Bjerknes(1966)0] o3l @A E o] dy=ddT LA AT Aol A

©

b

2

_4 -



oz g

gutA o 2 el el JutzlE A4S ENSO(E! Nifio/Southern Oscillation)&}ir 3} o
olAE AFHoFT A F£33F o] SOIZA ol €¥W=Z 777t ¥ F3)(standardization)d E} 3] E]
9 7Itell A theldel VIS wWFLEMN FE 4 YA BTHAEA, 1997). FE 4dolA
7~8d Atolql Ao U A Yv dYke] AT tha] 1900 o] FHE 1991d 7} 2] 9
SOI 28 & £AM8Rd AF7A F 2139 dykrt DT 202 ZAME A THRopelewskig}
Halpert, 1987; Chu, 1995).

E dFAME 1932d 99 RE 1998d 5971 3 789719 ¥ SOIE o] &8l AL 4
At 1y2.12 BEAYAAITY 98 SOIE =A% oz N &)Y gz AAFE I
Uke Axrt A8E gujsted, dusrt 489 1982~83d ot 1997~981d 2] H %o
S(eg e BYFa UL S ¢ 7 U

mE aF 228 SOI AAde diidr 39 2FHEY(power spectrum) O £=0.0127~
0.0203(1/months)oll H HFgg 71AE & + AcH olg F71E F4kstd =k 49704 ~797)
424 gdvryoz 4o dYyky FUIQL 4~7dS # wrgsn ok dey HEghe o
HolFole 5ET F717t Aol A9 FAf(random)F 54 ZE AAES] FEE HAF
I AT ¢ & U Berge 5(1984)0 w2 W 7t 29 Hovt “mtg AHEYO] HF &
Aole B7ER d&Ho2 HA X o & AAEY A28 EFTE KA 02
2 €@ grojmg 1Y 2014 S019 #¢ 2HEfc] ALAH FHE Hole 540 Ued
& m23le] B AFo)AE Close Returns Test(Gilmore, 1993a; 1993b)& o] &3ld 7} 2 B4
A A A

o
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Southern Oscillation Index

Power spectrum
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3.1 ARMA 29

SOIo didt FAIstE &2 ol AFE Chugt Katz(1985)o] oaf xojx u} o).
IEL 19359 1¥HE 1983 8¥ 7129 SOI AlAIE ARE o] &34 98 ARMA &
I AEE ARMA Y& FH3Y HE&7ts4 S HES v 2tk 53] €98 ARMA 5§
o A¥e BolsAE ARMA(LTDY A5E 7MAE X, =¢ X, +&:X, 1 +a+ ba,,

>

2yol AL oz HAAFHJEH, A7IM  ¢=1011, ¢=0.115 ¢ =-0.680°]4,

afe BT 03 EFHA 0,24 a,=[0, 05190 WA 3e(white noise)o]w g2=1.4810]c}.
£ A7 E Chul Katz(1985)9] 9} 22 Wy oz SOl )3t ARMA T3 ol 3
£ NEstH

nA A mHFY aAeE AASZ] Aste] 27)/4 3 ¥ S (autocorrelation  function,
ACF)2} 2} 7] 2 &4 (partial autocorrelation function, PACF)E 2% 3.1 2 32¢] T Ast
At

2713 BFT AT R B EE AAEES ARP)FH MA@QY 57}
7}z 102t9}k 321 ol Ao g werE Ut wetA Zhztel oM -G x4+5 A3
71 98td Schwarz(1978)7} A|¢tal . Chu $} Katz(1985)7F R & 24 AAst7] 98}
o] Al&3 ™ BIC(Bayesian Information Criterion)E 2 7oA E =38 Ao 7Foz
ol &3ttt 4 (3.hHT o] HolH= BICE BIC(pq)7t H4a7h € we] pst q5 A es)
AN RFE g AR ST

BIC(p ; q)=In[(%)%]+ 0l @3.1)

n

A7A (9)2E 029 %% (maximum likelihood)ol®), 7= p+q+1& ZHM ALLEHE b

o] =8 Jepdt

E 313 go| 7zte) A4e] tjsl BICE Agsigon, o8 £ BIC/ 713 AL ke
HolE ARMA(LD) 280 H¥d Ao ey
£ FAHo2 Fd ARY nHY 1YL U6 BAH ARMA EHL ol gaAn. =,

Aol M MAHE ARMA(LD 282l EAL Ao wizlr)zx e dola el 1zl AR
(A A 3, 4, .., 9L F713 G HChus} Katz, 1985).
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AUTOCORRELATION
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E 3.1 ARMA(p ; q) 2o X% AN

pla BIC WN(A | p | q BIC WN( %)
1 | 2101.652 | 0.8331 0 | 1877.339 | 0.6052
02| 2009568 | 07356 | |1 1882.419 | 0.6055
3| 1963.072 | 0.6885 2 | 1882.284 | 0.6019
10| 1925398 | 0.6657 3 | 1884.061 | 0.5998
3| 0.6074 0 | 1872951 | 0.5982
2 | 1865.001 | 0.6074 1 | 1865862 | 0.5892
3 | 1869466 | 06068 | _ | 2 | 1870672 | 0589
0 | 1878.038' | 0.6220 3 | 1874.454 | 0.5891
1 | 1865.246 | 0.6076 0 | 1870.336 | 0.5927
2 3 1870220 | 06073 g | 1] 1869942 | 05889
3 | 1875.146 | 0.6072 2 | 1873964 | 0.5887
0 | 1870.135 | 0.6114 3 | 1878342 | 0.5888
5 L1 1869.781 | 0.6070 0 | 1873203 | 05914
2 | 1875.166 | 0.6073 1| 1877.794 | 0.5916
3 | 1879992 | 0.6073 ® 2 1878172 | 05887
0 | 1869.616 | 0.6069 3 | 1882545 | 0.5889
R 1873546 | 06060 0 | 1873.782 | 0.5886
2 | 1878.710 | 0.6063 1 | 1878533 | 0.5890
3 | 1864.560 | 05917 0 T 181568 | 05881
0 | 1872907 | 0.6055 3 | 1885915 | 0.5883
1 | 1877.931 | 0.6057
> 5[ 1881362 | 06047
3 | 1869.164 | 0.5918
I 3.2 ARMA(1,p; 1) 2H9| x+HH
p q BIC WN( &%)
3 1 1864.476 0.6070
4 1 1863.983 0.6066
5 1 1865.043 0.6074
6 1 1862.187 0.6052
7 1 1849.333 0.5954
0.5952
9 1 1852.958 0.5981




A /YR FENSO) X2l 28 o

A

ol®A #7b® ARG] wet YoM o] BICE st E32e] vehjREd wE®
ARMA(;DE &) uls] W4 HopxE BICY GES 22T & Atk 53 73 F& s2olA
o}z T ABE UYL, B0 U @ Hole st AZHoe AFAUT ol
ARMA(LE1) T ¥Ae) E718 913te) ARMA(LpDE EAS7)2 ek

gatd, 24 2HE ARMAGLED Z¥ols 4 328k o] vehd & itk

X, = dx,o+ exi_s+ art O1a (32)

o 7]A] wj7®4=e] 22 Hannan ¥} Rissanen(1982)9] W& ol &3l om, 48 oji/ids

$,=0.9613, ¢3=-00768, 6,=-0.5852, a,~N(,c%)°lt}. o|&d ARMA(18;1) ZF & £ 3

fr

Ho 9 SoI= 1L A 89 SOI8t F29] 3 (random noise term)<] AFPAQN 2R

w8o HAPANL AESE WYe Pak(residual)®] F-2H$] 4 (randomness) o F& BT
e Aog Rapz} WAl S (white noise)F o] fAsHA FAASTGE O 2P AP
AAE Rolth o3 Hate) TN ARE BEste AL A FrHA EHel UG-
A 2xbe] ) ABEEACEH D B/ ABEFPACHE AATFE ZE A A ag)ol A
ACE 2 PACE7} 23] 0ol 717487t8 &dsiA] wrefol F%3] 00 b ake 54
9% oy APH 2¥& AYF RAoldn

E %= Porte Manteau test2A AR EA T QE A(3.3)7 o] AP
Q= n(n+2)g“7%/(n—k) (3.3)

714 n& ARMA =9 MA] % RgFolm, rie NA kA Zate] A7)FdA T
oln K FEaA & AAzA YwHoE KeysE Aedth wef AR “HRD
ARMA Z3o| A7 Al Qe SAMH g ARE7E (K-p-gdd x*(Chi-squares)
g Bk #e ghg shAA "o

AR ARMA(LS]) 289 HPA RS Bosir] st QoM AFT FrHA A

- 10 -



FEED- 1

T 25 A&tk WA 2xte] ACF ¥ PACFE 1¢ 33 ¥ 349 o] 2Astd A8ty
<l 2% F83] 04 /M7t g& Uelz &S ¢ 4 9ok E3 Porte Manteau testE 9
$A Qs ghg UHIALH Q=17, 1=208 AL + UNEH Q< Folmz HYPF Ao
2 oA

we}X ACF % PACF$} Porte Manteau testS £3) 2319 2294 Hoy 4 o,
°]& T3 AP ARMA(LE) Z¥o] HPFS & & AU

0.4
i
Z |
Q 02 | \
g |
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0 i - —I - e S e e ——
4 I | 1 'JJ L
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x T LN LI Tr T
& L | | AL
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o
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0.4 g e - e ] T ;
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08 3.3 T x7jAHES
0.4 B — .
|
|
P4 i {
© 02 |
= j ‘
:(J < 95% Confidence Limit
o ‘ S o .
- 00 - J J, ,J, - l,,.,_ U B | I 1 s .a_ 21
m m L ' L B ) ‘r"'l‘ l' T
zx L} , | l] -
aQ 95% Confidence Limit
e
o -0.2
<
-0.4
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o /YR SENSO) XIFel 28 2 ol

4. BDS 87

Azel EAYMES0] HHWA BE AALY vdE4de AAd £ e BDS T
(BrockS  1987)% A} ¥ % E(correlation integral)ol] 7] %%t Agur oz A AAE AE7}
iid(independently and identically distributed)® wEThE 7Hd9] AT 234 #ge F3AY o
BE Axgsts wyolth B3], o WP RAAF AAGARS et FAGH WY
Ag Frated o §88 FAHEAT

Packard S(1980)] w2 W A]ZbA| A4 (method of delays) (4] 4.HE FI)E o &ste] =%
gh(scalar) A|A|EE maY FH3e] FEiME X (state vector poin)E = ek 5 Sl

B=H

- m
Xi= (xt’ Xty X420 o s xt-}-(m-l)z'd)s xiER (41)

714 1y = AA AlZH(delay time), m = m3}%(embedding dimension)

maesh AAGL ojx A A ZTHdelay time) 7N E ACFE 09 Holth AHEE 7.1
o Ao ACFE 0 Aolv}, e AALY FRUY AR E Basy] Al A 4
GNE o8& wo] = 18 ASEdE 2HE Holmg JADE e Zol AT T
AA A

2= (Xp Xpsys Xrw2, oo s xt+(m—l))’ x,ER" (4.2)

BDS EAZ 913 ABHEL oo AuwE H& FALE AT AN otell e %
gElE HESo £8 AN gozA @3 go] vekd 5 ATHGrassberger 9} Procaccia,
1983).

-2 =
C{m,N, )= M=) IS;SM@(Y llx;— 2D, 70 4.3)

&a)=0, if a0
Ma)=1, if a=0
o714 N=Atg® A8 4, M=N-(m-1)& m3}¢l(embedding dimension) FA A e E

59 Folt



AAD AR} FAAG LS wETE 48kl mo12) 299 BDS AL o 2L
Hog ushd U

M

BDS(m, M, ») =—6[C(m, M r—C"(1,M, ) 4.4

o 7IM
& (m, M, ) =4 m(m—1)C*"" (K~ C*) + K"~ C*"

) =1 : .
+9 ’Z[ CZ:(Km—z_ CZ(m—z)) _ mCZ(m—:)(K_ CZ)] (4.5)

KOm, M0 = T D= 1ot 07— [E= KD > 0Cr= |5, = ZD] 46)

A @A VM Cm, M, 9)—C™(1, M, 7)]& moody HFF 0 A 7FE E(normal
distribution)2 A HI o)W FFREL] Bol 4 4.5 o(m M, roln, 4 1.6
S8 Aol Bag K& AHgsiA doh

2](44)2) BDS A= A&7 XA (nonlinear deterministic system)9} F A sH3 8] H & A
(nonlinear stochastic system)& T2 Fv Yo, 7l FA8 A AP AZEE B4 E
AALY B2 NAE AEE FEE £ doH, olAL JEY FANYE] WA &3}
= AAge] 244 dRE BIY 5 e obF FEE =Folnh

Al FHEH ANALRZA FAASA AT 71EY FAVELZ EAY o RAHIT
v A7E HAFE Logistic map A EE BDS SAZ Aoy, ¥ 4194 o] 95% &
AFFE(-1.96~1.96) A 71ZtE & gh& P, mebA Logistic mape] F-29% 54
@& AAdolets A& BDS BARo] Wila AL 4 4 UtkBrock F, 1991). 3 1
F29j 0] &1 Gaussian noise®] A -$-v BDS FAME FA g sivie 7hio] wolgo
S BolF3 k. BDS BAIE AASH7l AsiM od mge 2<m<59 ulsje] AHFHghol,
18 050 ~20 Aol o]l HHE WA FHEH (Brock T, 1991, 1996), A7 o &
g9l FFEHAoITh wEtA B AFdAE m=2, 3,4, 5 ? =050, 100, 155, 2005 A
kel Zhziel 9o ois BDS FAIAE 2SI SOI AlAIY Agek Fate] s 2Hg
¥ BDS EAAE X 420 FE3Pon 95% FolFFow st ARG RE BTG
cd, b4 S0I9] Aol BE Aol dojAM st Auixle gro] A HAL, At 7
5 m=2, =050 W & A43lie BE Bl 7hdel AuisEE glo]l AR A

FASS

tio

- 13 -



AL /SR SENSO) XIe] 28 ¢ ofF
# 41 BDS SAe vl HE
Embedding Logistic map Gaussian noise
r dimension | yajye of Null Of‘ Value of Null Of.
(m) statistic }-I(yapg(t)}.]oe 55)15 statistic I-}yap=o(t)l.10ess)1 s
2 199.66 Rejected 0.1879 Accepted
100 3 190.73 Rejected 0.6013 Accepted
4 182.45 Rejected 0.3538 Accepted
[95% &5 (a=0.05) : -1.96~1.96]
I 4.2 BDS SH 0 o5t HEHDt
Embedding SOI de;\t}a — Residual Sa;;a f
r | dimension | Value of ut O | Value of us ot
(m) statistic ﬁyapggﬁgg;s statistic H(Yapgg_‘oe;)‘s
2 24.0512 Rejected 1.5745 Accepted
05 3 26.7669 Rejected 2.3484 Rejected
~9 4 204167 | Rejected | 26349 | Rejected
5 31.7034 Rejected 4.1547 Rejected
2 23.5987 Rejected 1.9746 Rejected
10 3 25.8505 Rejected 2.5409 Rejected
e 4 275752 | Rejected | 27861 | Rejected
5 29.1348 Rejected 2.6752 Rejected
2 22.5198 Rejected 2.1932 Rejected
15 3 241542 Rejected 2.6637 Rejected
P o 4 249882 | Rejected | 29192 | Rejected
5 25.5016 Rejected 2.8808 Rejected
2 22.2353 Rejected 2.7024 Rejected
20 3 23.6704 Rejected 2.9521 Rejected
e 4 238717 | Reiected | 3.2617 | Rejected
5 23.5495 Rejected 3.1440 Rejected

= BDS ¥AE Fa14 SOl L ARMA 28l a7t 2398 548 /HAA gE

[95% &% F(a=0.05) : -1.96~1.96)

e

2 Jehgsd], o|Re SOl Ag7E 7HAE Bl S4d 71 Reg HolH, meby

k]

e

- 14 -

=78t % & (linear stochastic model)?] ARMA & 2 A89 Agole
o

e

e %



5. Close Returns Test

a3le FYA (dissipative dynamic system)7} 712X A%X S Holm 1 AlAawle 94

o

Zboll o] 3t o E @) ¥{(strange attractor)E 7} A Frho] A4+, 1994). Gilmore(1993a, 1993b)o]]
o8] A|¢tA Close Returns Testy= Bl 418 Eod8tA|o|A] o]Alsl oJEAES 27)23 a3l
Sge A HEugo A AAALY HYe FP Edes £AE S GAE A7
g9 7t EAS gobd F7t qlow, wd Aoz & e e He o

ARE ol&alAM Bag g A &+ Jdde F
sgel SOIE MARAHY B4 2D ULE ¥ + ANSU A8 H(stochastic) E 47

&4 & % (deterministic) £4F o= SAE /AR JeAe Bdd F Ak wakA sort

it

ol 3

7FAe FAIEA  u] A3 A(stochastic  nonlinearity) F-& 232 d] A& A (deterministic
nonlinearity), & 7}Q 2 (Chaos)e] EA AR E BEsl7l 98t Close Returns TestE A A3+
o

5.1 Close Returns Plot(CRP)

ol4% oEHHY Fad 54 BAAY F7)9 Axhis)EZ AU AdokE A,
H H(trajectory)o] ol gt HAEE Fo FUE o} F A stk Hod, B AR A
2 o 2N HF2ZA "o o] AL oA AAIYGAAN Fr1Y Ao FolxA W}
9 2ARE AAQAAE olHE B4 wolA Wi

AAGE ol W xh BUHY Fole AxaHe) AABHY, Asse g PE=
AFHQ WAkl o3 AHo] BoAAE wANE ARSA HEA Bk wer o] ¥
PP E F7]9] ARTH FEI LMFe viEF Qdd, 238 HGE A T/ AW %

of xo @A HEok Helth ol F9ol ¥ ) A 6=lx,—x,, A5 AEAY @ i

O

oA v 22 g 7HE oy, o)L (UMY HES i9 THo] EAFOZA BHoA
T ATk o]F aYeX Frige AL FHAHoR B JMES 1Y o, makA
Close Returns Plot(CRP)o| A 3o 8 Fojx]l= Mo ZAFTE Fa] 2A8H E47 7
23 548 FEY & AT Aolth Ao Z r=001~-0.19 %L 7HAH r=0052tH o] &
0.05(xmax - xmin)3 el # T}

aY 518 7o 548 7HAE AIAIE<) Hennon map #F& o thaled r=005 3 0.19a)
o] CRPE EAF ZogA, 302 Folxe Aol BiHsd 24T #AT + Yo
Bl o]2% 3| CRP7} 7t A8 54& widde ¢ 5 Aok

b

- 15 -
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5.2 SOloll o st

AHRW Ztzte] Ao st FHe s FolA
w2}A] CRPE Taa|® w SOIx 7t 545

by »=0.1

2! 5.1 Hennon mape| Close Returns Plot
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e
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A /HEIEENSO) Xxol 28 & ol E

6. ARCH Z3io| HE
4|4 BDS 5AE o|§§ #4 Aol wzW SOI AAE

B, ARMASH 2 4% 2488 pdoze F4Y 4 282 ¢ & Ak TekA v
98 #AH B30 A% F A& 2P ARCHR Y =¥

g fo 3

A¥ FASH 2¥o Fojd AAY ARE ARAIE B M F8F HEFS 3§

e @atse] ®abo] Alzrel wel B4 YA sithe Aolth %, ¥ 4h(homoscedastio) S
oF

o
rir
2
o
+
£
=
X
e
3
&
O

Sol 2o Agdo] BolxA B rhEngel, 1982). HEF
2o B S5 A%e wise] d&3n dagky A7 Fol kA @A HE
= ALolE old T FAHAYE A&l

ARCH £9¢] B8 olgf3 o|2aes mesta AN & & RPozA, 239 ¢
o WA pEPSe AT HNFYS ez HPSHE ARCH RFo] Alxoln, o1& ¢
5} 5 GARCH(Generalized ARCH) 238 % GARCH 3]#ARE Fo] itk

olg 3 o] BAAEE MEEly] 9T =¥ F JuEH<Q 2¥e] ot 2 GARCH AR

e

-1>
e

ve=x8+ 1 (6.1)

w=e— -1 — @ml-m (6.2)

Et:m * € (6.3)

hy=w+ 2aiet2_i + 2 rihe o (64)
1= i=

e.~IID, N(0,1) (6.5)

2 (6.1)¢] GARCH 3 ARE L a7t mat Ar|sAeARd g var S 2449 24
o] GARCH(p, q) 24+2 8¢ mWEx GARCH 2% FollA 7b4 durA ]l AR(m)-GARCH(p, q)
Aot

o] =8 Zold 7} 71ErE HEje] 2¥o] ARCH 28224 GARCH(p, q) EFIA p=0
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rO

A% ARCH(@ ®3olztn @tk Ed p-0olW Hol= s} o|4hsl ARCH w89} uj)
M 00] obojok @tk &, po00]® q00]c).
GARCH R8& RE we] a5 AZUS ol Bote] $ug 4
©)3 % (long memory process)2] 4ol Mo}, p=03l %99 ARCH@ ©He 713 Hzo
el BAES] AFUE ookl S AUslnE T]7]l 3 W (short memory process)d]
B5o Agsic,

£ A7elAt ol2g ARm)-GARCH(p, o) 2HL SOI AADe] 488 AABIT o]
28 p=1, =120 AR(m)-GARCH(l, 1) &3} p-0, g=22] AR(m)-ARCH(Q2) =8-S 7}43tdch.
wg HEHoz myel 442 A9 AsiA ARZ e A4 me BDS SAE o £5ha
S, me) WHE 3RS vhRAAE 1~9% W AN BDS A Azl 98 g A

oL
fu
N
f
)
N
N

E 6.1 BDS SHZ 0|83 AR(M)-GARCH(p, q) B89 X5 ZHXN

o AR(1) AR(2) AR(3)
ARCH(2) | GARCH(1,1) | ARCH(2) | GARCH(1,1) | ARCH(2) | GARCH(1,1)
2 | 05122 | 10429 | 2200 2.2332 2.6136 2.4931
5| 3 ' 1.9918 3.6605 3.5996 3.9721 3.939
057 2.1462 4.5556 4.4586 3.9289 41141
5 2.4365 3.9140 3.8610 4.0032 4.6078
. AR(4) AR(5) AR(6)
ARCH(2) | GARCH(1,1) | ARCH(2) | GARCH(L1) | ARCH(2) | GARCH(1, 1)
2 | 20758 2.1006 2.0091 20599 | 19478 | 18733
05l 3 | 2998 3.0340 2.7708 2.8461 2.8380 2.6556
4 | 33025 3.4476 3.0796 3.1492 2.9712 2.8281
5 | 35429 3.7454 3.6451 3.5505 3.2722 2.9843
N AR(7) AR(8) AR(9)
ARCH(2) | GARCH(1,1) | ARCH(2) | GARCH(1,1) | ARCH(2) | GARCH(1,1)
2 | 17840 | 17765 13969 | 14322 | 11146 | 10%4
05l 3 | 22116 2.2083 2.2025 21704 1.9059 18698
T4 19729 2.0034 22704 2.2731 2.2034 2.3085
5 | 12869 | 11176 | 23114 2.3575 2.2404 2.5278

[95% FA4F(a=0.05) : -1.96~1.96]
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ool pe EAL T3 dojd BDS 54 2FHE F 610 FHiAedl, 2 A sl
F Ao

BDS E72 o]&slA ZAH AR(1)-ARCHQ) Z& 9] wh7hdsE ZAA37) #5to] SASETS
Tzage Agsgon, olg ofdd AW RFY diEFe AR J1-06411 «a
1=0.0583, ¢2=006252 ZA=ch wetd HFHez AAE SO AA LA g wdg F
Aty 2y 4 (6.6)% 2ot

Jo
Lo
4
AN
tilo
d
-l N
o
fr
(i)
X
fiju
2
)
QL
fr
>.
flo
>
=
>
o
0
Z
©
[z
2&
ul
tifo
2
).

ye=—0.1877+n, (6.6)
o 714

V= &~ bebio) 6.7)

e=Vh, -e (6.8)

h,=0.5829 + eyl + 2yei 2 (6.9)

e.~1ID, N(0,1) (6.10)

o7 F2E AR()-ARCHQ) 2¥& 2Age A/38g AXNAA SHHIA R34,
Dy 2A% 24 B4 vl AADY F4E B4 £ Advhe AL uPTh

- 20 -



7. ENSO 0i§=2d

£ ZolAMe A AAHSRZ AFH AT e ENSO 4F 2FE xregatA aristazt
gith, B denddg FATEH R¥og TG o Ak FAEH 2y o o=
ol He¥ & AT Aotk FANH o dndYE HFAIN A e o] HA
A Foly obd B FAEL ol Haly of&& AVign e dFoltt. & AFidMx
BAE FAGH REE o83t delxdA s A3 nA stdoH, vidd ¥ S 753
Aok deix "o dste vy A8 Z¥E T o ol EAsn AR gk}
olo the Al oF T3 =T A2V} USACE FuHo B FrMe A AT
AR e AFRHE Aestnx gt

AZ 742 ENSO8ZE o F3l7] 9t /s e By 34 A/A gz qEd
F Aen O VIHELS o 2o

R WAe FAE 7o 2 CCA(canonical correlation analysis; Graham 5, 1987a, b; Xu$}

3o

von Storch, 1990, Barnston3 Ropelewski, 1992), POPs(principal oscillation patterns; Xu%} von
Storch, 1990), linear inverse modeling (Penland®} Magorian, 1993), constructed analogue model
(Van den Dool, 1994), singular spectrum analysis-maximum entropy method(KeppenneZ} Ghil,
1992).

F OHARE 713 AYY 2¥0 $3T 93 ZF 22 the hybrid coupled modelo] UTh
(Barnett 3, 1993, Balmaseda et al., 1994).

vlxjuto g Fosty 2y ¥Eg Ea3 Z¥(Cane 5, 1986; Zebiak® Cane, 1987;
Kleeman, 1993)3} the fully coupled ocean and atmosphere general circulation models(GCMs, Latif
%, 1991, 1993; Ji 5, 1994a, b; Kirtman %, 1996, 1997) 5] it}
dudYE 457 AT xgde gL FAsd A3 AF JdFoln YoM FAG
PHEEE oleid =99 Aijolty. ey BYEE wabM A} Dy 5] EAEY
of theh vlw &4 A2 7PHES] Wde] A7 Fo Ao

0
b

I

i
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*0
2
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it

ne W

=
B APdAE dymel A5F Ul SO AR ofw AALH S4E AT Jes)

wAslel AWe FA%E BYe THSAT £ ¥ HTY ARE FUNRE Fo,
AR AAD Qe HF Fe AR S44 o dote Fi) e Lo Fee
2 # AW

(1) SOl A8 o|gdlad XMy FANY 2¥o AYAY dRE FEFT ZF ARMA(L81)
20| 7} H§ o2 AHHUS

(2) 7%5 ARMA(1,8;1) 23¢9] F=xto] g ACF, PACF ¥4 % Porte Manteau test 23}
dMe FAAEE YE A

(3) 22, SOI Az 8k ARMA(L8;1) 282l Zzato] s BDS BAl &ty F2HstA
orthe Ayt ARFYes, ole SOl Aurt sHAE HIAHAFHA 54 ¥ Ae=
noEch wetA SOl AFgd] i ARMA 23 e HAHSA ¢ES ¢+ AU

@) AAge] 7tAE FHEH e EA /FFE BLT F e Close Retums Tests
E3 A SOl Az7} 7122 EAE /AL AA 45E ¢ F AU

() HIAE FAsH =HEA ARCH 79 =Z¥o] SOl AAIE HIAA Hew,
AR(m)-ARCH(2) = 80| #gs 3o BAHUO

6) olAte] o) mzw Auxe] £ SOI Az U AF2FE 74 9
& 2783 =& (nonlinear stochastic model)& H&she Zo] wiFAY Rog HTH,
olo] g A& A7}t FAFojo & e AlgdT

H) A

rir
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