£+ AE A R

VA % 85 30k 1A 7 AR AR A
A 7 Ik &

REAE

REEE

B3 MM AR TR R

(PERBELHAFLA=+HKH : LA+ BERD

]

L3

R BHAWBEI RS ( ARMA ) K 78R 5047 8 05 iR e RS ] R 44k » AT o Chu and
Katz ( 1985 ) DI#4## A RMA BIXAE Tahiti 3% Darwin SIMEZMH HIRUIBE( S O 1 ) BRF IS4 18
WAR(3) BRAEMHAESO I ML » LB RESOL o ARF AU ARMA BIRIEWrig
ht ( 1975 ) 2SO WEEMFFISN » BRAR(2) MEEMMRZSO 1 2R M4 o IR AR ( 2
YHBIRMETSO 1 2 HHM» HEERMChu and Katz ( 1985 ) ZRABERLRIT o

A HE— L S8 R RF SRR B0tk A RMA BS54 Tahiti 3 Darwin @ E2EMH SO1 KK
FREEEA » P ARPERARE > MRAEKPERKRESEE S RES BRI ERRRE » LETSO 1
THH o B SO WAMMAEHZARMA (156 ;5 1 )#R, SO RpMABHMARMA (1, 25 1)
BRSO I ARMEFEGARMA(CL » 25 1 )BR o iGUEREFURS O 1 » HEEL » KM
HEEOF A » MRREERS o HEEE » A EE RS HALEHSO THE, MSO1 2%
HAGA R R ~ BRI A S BRI BIR o 26T £ » KRR ARAIER » T A EIHR AR
AR o DIFTE A2 BERHEFTS O 1 Z M » #RMURMAHE G ES O | XBRUERLBHARRSO 1

BEMEAMES O 1 RBEH KL o

BRgE R S SRR R FURN ~ TR - BB ~ AR e

— R

il

SRR AR » BHEZER D P RA
B R AR IR R E B KEE—DE ¥ ERiE
B LA RENEBELE  BIES RERE TRE
( Walker, 1923-24 ; Bjerknes, 1969 ; Weare,
1982 ; Horel and Wallace» 1981 ; Kousky et
, 1984 ; Wright, 1985 ) o RifH IR¥®7E
SEERRBRSR LAMHHAEE - BHREBXR
MRBB R AL ENEKEE—HEENERRE

al,

R 51595 %) ( Berlage, 1957 ) o Fig BRH
ARBENERFEALREE,/ BH > BNNERN
By > MBS R S E AR @S o ( Ra-
smusson and Carpenter, 1982 ; Horel and

Wallace, 1981 ; Mitchum, 1987 ; Heddinghaus,
and Krueger, 1981 ; Wright, 1985 ) LIR#ER
HHEMETZRFRE,/ BH - BFENNERE
MR R AR R AR5 A #E ( Philan-
der, 1983 ; Cane and Zebiak, 1985 ) o H7fiE
AEHREANRERE  YERPLFITN\EAD
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BHMABEL Nino o EI Nino HYRB4EIMEH Ik
WA EEMEDWE , %88 EL Nifio / So-
uthern Oscillation ( ENSO) o

HRENS O 2% RTHER G &F 54
SITAE AR th A M FE— AR A & B BBt ( Nich-
olls, 1979 ; Chen 1984 ) o —HN IR REES
A7 o i v 5 2 g D 9 L A R o AE R PO 4
72 88 BIE] B A Bl IR BUE Rl B8 E B9 R R
A WE-AEHESEAIRYE R B
BT RENE SR R ENE B
DI AR ROVAE L E R EL Nino B ARy BLH -

ARMA ( Autoregression moving average
) BER — M s ER A e ] FF S a9 » FE T B
REBEEH - H—-BEHWARMA SXEHFERHE
FIHERANBEERREN 2o AEH ( Chu and
Katz, 1985, 1987 ) » g (& F I — M B K
» 64 v B R B8 IR B R 9 (B AR RE > T DARE A &
AR o TERBHET B R RE B PG F
FI#IX 1k ( Tiao and Box, 1981 ) BIF]sH#HiE
B o Chu ( 1988 ) BHT | EMEHRRRFTE
RIS » Tiig R DHAA o A R0 i R isE B &
» FIAS BERHF FI ey TIERHEFENS O
B HAE T IR IS RE A o

=N S
a) B WRETH FF 51 554

HHBERULMAKREZETRENS OfyikiE » #
B IR ISR ( Southern Oscillation In-
dex , SO ) o FHh EIEM st mFE -
BSRAL ~ WG > EREGEE KK
W SRR - 5 BUR R E s Y
S ME ( Quinn and Burt, 1972 ; Trenberth,
1984 ; Horel and Wallace, 1981 ; Chen,
1982 ; Rasmusson and Carpenter, 1982 )
o Tahiti FiDarwin st D FLREKE
R B O DU R IR B 7 25 R R OIS BE
#EYIRREN S ORI » H 35 H1m5

A B+ LHE =Y

RN 7T A Bl & » TL T sb 2 s EB
@74 77 ( Chen, 1982 ) » Fr i Tahiti
M Dar wan fySUE B EH HAMER &5 IR s
B B4 Wright (1975 ) £ & B MBS EH K
B R Gh e SRR » B — AR
Fitk B U SEEIE I T BB R IERS
B AT Z E B RE BASE] » FIE#LE) Ta-

hiti i Darwin MM S O 1 4171/ 4EHIHE
REARBARENER WESERARESS
#HEHE ( Wu and Hastenrath, 1986 ) o &
SCEN &R E AL 3 0 v 1 S 1T B —
fBIFF FIB 2 5347 HBK o 8 FIEY A (D) IERALEY
Tahiti & Dar win By 2 EMHEF > 1935

1983 4F o (2)Wright ( 1975 ) Z S EFHE
TR B 1851-1974 o

(b) 2% 38 Qe ] i 51 53 47

2 BB SR » FRERREN S 2K
B A [E] BARRE » ARl » RFIRGER R
HARMABNK TR BEEEEHHESF
fli ( anomaly ) o fF—FHEMBRERHFS
8> BB, HREHERL o K3hfH
B9F A 1%(1) Tahiti 3 Darwin  HF 55K
1948-1978 o QR AT HE AL BEE (
SST) o BE¥BAFEE - 2° N» 170° - 90°
Ws 2° N- 6° S5 180° - 90° W» 6° -
10° S» 150° - 110° W ZZF¥ o 1947 -
1978 o (3)h K FE R M2 i 17 H 4398 5 »
¥ B5° N- 7° S» 150° E- 150° W2
¥ 1949-1978 - (2)3) REEKFEECOADS
( Comprehensive Ocean- Atmospheric
Data Set) RA-)EKFHEZAFBEKE
» BEAFEABRNG ZFBME > 1949 -
1978 o & ¥ Hastenrath HIFATR L o

=~ BEFSIER

(e AL B8 g R ) P 2 B
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HR—BREMEE5 oMRERMFEs » XL
ARMA (p>» q)BfE%ER -
Xe=0i Xy 1t tép Xy p tag 053

- 0qa1-q

A X, B XE tREZE x, -, BXTE
v B2 (8, a RFHRZEE, ERIRD
i ( White noise ) » P10 HIFFAR ( Au-
) S®EFM A ( Moving aver-
age ) BEAHBE, BEBEHEHRE, HE2
RER—REFAX (t )Et REZE 7]
X I LR ¢ REfERD ¢ e R D iy 2 B
2838 ( Random forcing ) $E o LR
BE:

toregression

_ 6(B)

6(B)* X, =0(B)-a, K xl—m- a

Hep®d (B )R (B) RBMApHMqELEH

lel

Ko BREBEIT 8 b= 1

#(B)

MMM ( transfer function ) o
BEEFFHMEAA RMAMRE , AFM55 5
LR 1 71 &9 B AR BN ORI 1) B RE M B (
Box and Jenkins, 1976 ) o SHEAARMA
2 B v i ARl IR 3 6 AE R Ao
R o WEH A RMABEE ALSFEN
Btk ( Stationarity) FAJagitt (Inver-
tibility ) o HEAMABAHBEWE X
BRI FR] o MR EIFEES R
B —REEBIREBERNAD o HR/DHY
BE(JRBLERE, o B4 ) HELS —
BEARRBEERR  ERNR TR E+ o
o (et A BERHO - MEAKRKWRER
0 » MBAEWBBERA » BT DIETTR
B FMHAPBRURRERBANESTBE
Box and Jenkins ( 1976 ) o

(b)% B8 ks [ i FHER

HR—HBEMFBBR 0 HRAF 5, BR
HERBE > WLl ARMASER (
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Tiao and Box, 1981) o[t A RM A B &
SH G LA — A RM A BB
1 7 8 5 B L — B L i — K x KR B 9
BEAR @

X = ( Xy Xogs e s Xi)
9p(B)=1—,B—6,B —... —¢,B°
gq(B): 1 *ng*osz —-.‘.~9qu

$p(B), 04(B) THK * K HyE[E o

B BB RTINS B  HEmket
» A ETT IR R2EAEE 8% Tiao and
Box ( 1981 )

S PG iR B R RS R 5

B DU ik s M eR A ks g
WP Z W fTE » Chu and Katz ( 1985 , 1987 )
BGET—RIZKR SREHFEHRETHE
BEMNGREEZHEE ML FRER o Chu and Katz (
1985 ) %747t Tahiti @ Darwin FELE%BEEZE »
BRA RO A EEH R iR B 5B
(F—) » ML 1935- 1982 B RAYZRI BT 17 AUBE R,
» FAK R 1982 B K% 1984 (£ & KAV 5 ik
HE SRHEERF (1 ) o BN 1983 F£LX
IREUAYEL Nifio 41 » # T HE HREATRE -

#— TahitigDarwin®E g F BIE(E
ARMA (p,q) Zo*fH
p q " (p,q)
0 0 3.279
1 0 1.689
2 0 1.696
1 1 1.710
3 0 1.505
2 1 1.662
1 2 1.537
4 0 1.484
5 0 1.468

Tahiti #Darwin §{REEME 5 IRBEE
BAR FRFE R B 0 AREE » T Wright (1975
VHE S RBRBANUHRLRRENES -
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Bl1 A ESEHEMH A AR Q) BXF 4 Tahiti & Darwinfu & £ 2 $d 7 k& 158 (
SOI1 )AL R o SUB2 A7 1982 %> W183 A7 1983 8% » T i
TARRAE 0 B TR 0 42 BT 95 %65 T fEME o Chu and Katz ( 1985 )
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M2 AREEEHEHMAMNAR QB 1EWright ( 1975) FhFhBIEKZ RS R
» F—FAT1973 FAEF > SHE > BAAFHL o



t+ANEAA 2B H

T2 7 b WM R 7 IR B e WA RE R L e
B RMEM 7 Chu and Katz ( 1985 ) BISH7
» FIRAEETT T H Wright ( 1975 ) g HiRiig M
1851-1974 FRE i1 SIBI B S0 4T o KT m B
Wright Z B igiE A R MABRSHE R o
HHE & B AR (#52 AR (3) 5 38 & 5 v 85 55 35 14
FE My BE 1L o T ELBY KM 47 38 2% # Tahiti
Darwin SRR ik 8 FEMB R A T R 19 VB
% (F—) o WS RMURRRE 7 7 B A BE% Wright
2 5 R e W BB Y i o
AR@EIR X, =¢,X_; +¢2X_2 +a,

¢,=0.6101, ¢,=0.1696 (1)
PR HETT 1973 £ £ 1974 £ ER » &5 R0t
2PN o W1973 (B FE 1974 FEHEBHZ /R
0.5 AR » ¥ 1974 FEHMEHAO RS, HER Ko
{HY3MChu and Katz ( 1985 ) ¥ Tahiti &
Darwin SO1 #3 2 #RAE °

%= HuWrightZ SOT{FARMA
(p, Q)EB 2o fH ©
P q o* (p,q)
1 0 0.574673
0 1 0.573730
1 1 0.573523
1 2 0.560520
2 1 0.550305
2 0 0.549441
3 0 0.550557
4 0 0.547121

A~ BHIREZ S REEFRFSIER

5 R R KB — R TEAEIBR A ( Wright,
1985 ) » fEESRE J5 1w 15 BUAY 56 R BREE A1 3L fth K SR
W2 B LA o Wyrtki (1975 )18
HEl Nifo 84 §is A AR K F & BENRR
ARG RE SR B R KEARNFELR &
AT PR M a5 » A 15 B[R] RE DR s » 35 (A

e & % 215

IR s EEE DR R A E N MRS
PER AR R AFH » Wia T RN » (L
El NifiofR & o 7—J7l» WEBENT G, A8
B P EEE Hb 14 S R BB B9 W25 ( Webster 1981
) o FIE GBS Mg — AR BB B4 W
BRI 2 B e I 2 A 8 g R ] e 1L
A5 57 AR R EHE MERTE o

S e M 7 B ) B A RM A BRI
s TR MR [ 16 o TLRRSRE9 1° 5 ( Chi-sar
uare test ) ( Tiao and Box , 1981 ) X2 =X
(ad? /JE) o HPpdBEM, ERHAEHEK X2
B & R R S A % & AN > IREX
MR o

) #3101 E B 1 5 e 4

WHIEE (SST) B HHREBH (SO 1
) IR R I E R K = o i R= W] HIFELE
RR1R 6K, FRAX E SEREARMA

#= SOT1®SS TR [ KK H
# Z chi-square test{H o
Lag chi-sq test

1 283.07
2 6.28
3 1.80
4 2.62
5 4.89
6 16.42
7 2.26
} 8 3.42
( 9 . 4.65
| 10 214
11 1.75
12 5.79
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(1,651 Y8R Z2LTARMA(IL»
6 ;1 )BAMTF:

Xe=¢ X1 ¢ Xpgtag —0iap et (2)
Hp
0611 -0.058 0.009 0.013
= [ ] ¢ = [
—1.027 0914 0.303 -0.133
—0.337 0.020
[ —'—[ ] X:= SOI, Xf = SST
0.729 0.311

Bl WSOl @EfE

- 0.058 X?

X! = 0611 X! :

-1

+0.009 X! ,

+0.013 X2 ¢ —a! + 0337 al | —0.020 a? ,.(3)

MESS TS
X2=-1.027X! [ +0.914X*  +0.303X! ¢
~0.133X} ; +a? ~0.729a! | —0.311a% | ...(4)
6. —

ANECR SR

CRNCEE L

HELF RS O 1 FHHEA—EHAS O I HH#ES
SR AHI > ANBLERS O 1 A BARAAYIT MY » T
WSS TME» TERM—MEAZS S THIEHNEK
15, BRURT S S T2t » —Fatuns
RS IR s B AR . B S S TR
—MEARAMEAGZS O | HE K IEAISK 7 HEEK »
BEAS RARUR, /£S S THEI&H BB B%,
MR des» T AEEBROIHA G - FROTER
s EtFRF & Wyrtki (1975 ) (fyfEZ o SOI &
SST WA E EEN » L LB HE
o
FIAHEKWIES O 1 ZFEl» &5 Emidt 3 A
R o TR 1t 51 G BRAEAE B 09 I o BUR— RSB A
Hi9S S THESOI SO I FHENHEBRED

o

SO1I

%3

Month

AAHGTHEHEK (SOOI DAk FEERE AN EARMA(CL » 651

DX ESOl 2HRER §—@AATI978F1 F » i » BsLAR B

1 o

(b) ik [rg M 53 52 g 7 i 1 B

KPR EESE S O 1 ] » Nl ke Zx

HE M HEHETRECRB I B2 RERKZ
e L BEARMA (L » 251 ) BEEy
ARMA (1, 2; 1)8XWMF:
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W™ {ES O I 988 mE * L A F A HE XK= Xpa ¢ X ot a —0va g oo (5
ful BB & chi-square testf§ o Fch
‘ 0.361 0461 0.109 -0.152
Lag chi-sq test P [ } , :[ J
~0.367 —0.004 0.026  0.224
1 112.22
0006 -0.426 X! : s0l
2 28.0 0 =[ ] o
801 0.271 -0.185 X2 g [) B
3 3.41 L
LSO LIME
‘ 2.2 X!= 0361 X!_, ~0461 X2 | +0.109X] ,
> 8.03 _0.152X?, —al +0.006 41| +0.4262} ;. .(6)
6 0.84 A R TS
7 7.99 X2= 0367 X! | ~0.004 X} | +0.026 X! ,
8 6.78 +0.224 X} , +al - 02701 a} | +0.185 al ...
9 2.85 HETRSO I e —MA SO 1 2E A
10 10.86 HEHS O I 2HBBRAFE - Zdi—MEA Ry H
11 6.66 BAERIS O 1 o 55> ki BOEZ AT —EH &9 &
" 3 3 ) B TR » WU AR () R 2 B B4 > TR
' BEy ER 2 —EHA2SO 1 B ai— @A
S. - T T i
. | J
3. F
2.
1.
o o r
2]
-1' -
-2, F
-3. 1
_q. b
-5. L 1t 1 1 [ TR 1
0. 1. 2. 3. 4. . 6 7. 8 9. 10 11
Month
B4 RAHGTREFBEHB(SOL )AFAFEEGRAMZGEARMA (152;1)

BMAPEZSO ] FR&X > F—@ALF 1978 F1 1 > M HEAM1 o



218

>

B 4 > 8 D0 SRR ) HUEEE 4 ( Anomaly ) ik
ERMWyrtki ( 1975 ) Z8¥—Ho
FIRH2R0Q) #ITSO 1 2HEE &EMK
BEYE2EE 4 AL RFEECRGEASST
ARE—MAZS O I KM SO 1 23505

Ko

VC) o ACBR 1 7 i i3

PRI EAKE S O | AEER A X2 {E
RER - AR JHELR 1 H2BEARKKZY
iy HCEBARMA (1, 2 ;1 )8E#E »#EIT

ARMAC(C 1, 2; 1)K ¢

Xp=® X+, Xt ar—fiaq ..o (8)

Hep
0.814 +0.107
o |

0909 0.883
-0.539 +0.194

0,= [
—1.120  0.262

SO1

|

X}

X

0.034 ;0.105]
-0.426 0.112
SOI

RAIN

B

B+ E =9k

#£ 'S O 1 8 RaintE F [F FF e
4] BE 2 chi-square test

Lag chi-sq test
1 337.42
2 17..08
3 10.20
4 9.38
5 6.45
6 1.61
7 8.69
8 3.24
9 6.70
10 7.25
11 8.03
i2 0.24
4
I 1
8, 10. U
Month

W5 AARFHEEER(SOI DAFAFFEXRETHZHAEARMA (1,2;51)
BAMESOl stk » F—MBAKRT 1978 F1 A » MLARE1 o



4+ NENH SOBH
LSOl mME
Xi= 0.814X! | +0.107X? | +0.034 X! ,
—-0.105X? , ~a!+0.5390a!  -0.194a2 . (9)
X2= 0.909 X! |, +0.883 X? | ~0.426 X! , +
0'“2X12 2+af+l.l20aLI -0.262 a? o (10)

1

HEITRSO I Ra ~MAKNSO THSO Iy
SEME AN R Z RIS LERD o MEEAR
Al— 18 A B8 K A R SR N o HURME A A S th
B > MEARG-—EARARBEABNS O I
IR SRR 25 SO B8 KL ERE K
O BT WkAR AR K » MMTSE HdEA R & SO 1 Aol
o fEI T DUE MR K TR 2 I o

FAHFBERGHWS O 1 2R\ » HRERAKE
Ho BB 5 » Fi 4 MHIE  RAELDEEHSOL
B—a B SSTRSOI RERIRE=ME
K o HLAERIE R » 10 BUE R I KR HE R R KR
T M iy S o 7 AT A 1 U B B K AT K
SOI A&y ¥ o

7 BER B

DEMMEGEE ( ARMA ) B/EHEE
RER R FIS 47 » FERSR I HER RS o W s iR
PRI RIS Chu and Katz (1985 , 1987 ) F
FA B — B BT A A 3R T IR B R TSR b Y R (
1985) 7% J7 v BB - &9 w] FHIRAE( 1987 ) » K
R S B 4 » S0 O IR) T o 48 e B 1)
B bR R R EE /) » R E— D A8 Y
W SR Bl A RMA S ( Tiao &
Box, 1981 ) #£RaS 05 ik AL K R g 33 (E [El it
Fe s EBE R 35k b A9 RR B > ARG HUKE R EI M S ik
HBORH L o

Chu and Katz ( 1985 ) E2&E+EH Tahitidf
Darwin ZEJ & MEELL AR Q)R R aE s ik K
M, hECESNHEFHYS O 1 EHB - K8
HWwright ( 1975 ) Z i H#BEHAILI AR ()8
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KBS i Wright 2B/ 5 SR dd 15 B2 B R
e LLZHEFTS O 1 Z BAS R T o IILHUR
Wright > S O 1 L E B HET L A9 B fn o] 18
BE o

2 e s BGE MEt T TR > et
BRBAHE HRA > fE% R L HoE F RUBIBHER « &
AR HKER SIS T iR 2 % » ERMENES
IRUMAGEENEMAR 2 TREEEERE TR
o It B FHE FIE i 5 IR BBV o K
f# fH Tahiti — Darwin A F 55 ER T E B
W KPR EEEERS » hRFERFRN
At (] 0 OB <P DL % 78 K 2P B R I ZKBE 28 1 4 B B RE
Ry S1a 47 » 43 IS Sk 7 e g 18 BUER s 2 T (R
MZARMA (15 6; 1 )8R, @HkEEH
R BEZARMA (15 251 )BKS &K
EHR B ENEEEEZARMA (15 2 ;
1) B o G RIULNUREEBE » i,
DL B A b st B Hoa BRSO IR e o R
M0 /e 77 45 i U4 BAMA B JE MpE > E RS R AT RAE A
FEIORRE » KEEA A BMMER » Mk
9 TENIE R AR B B » B K 60 2 S R BB 9 S B
» BN F BB YRR > FERRET Eth/REARE » B
BREE » ¥ TE URAE DA M ACHR A BT Ay IERYE > M)
BORAIE © AR RBUS §H IRBRFIRE L69—@
TR KR A R SRE (A ) e
SERH — BYRERE » 1T A (e S ) B S AR o SEAS R
B, El Nifio Z#4 nREE MBS EEHRESE
B# o Nitta and Motoki ( 1988 ) g El Niho
AR KE A A BB AN o Lau et al
( 1989 ) fBH El Nino #§4R130-50 Kk #4.2 B
BHW o E LR EEESEE— PR o

BB EEHFRMLHENS O 2%
(Meehl , 1987 ) » tho] B34 B e TIER
INLABLHE » A R T 30 P IR 5t ©

AT a9 A R MA B 7T R 5 1R 4B
BEER > SRBALISO ] HANEERBARE
WM @RS O 1 iMEKBEES O I X HHIMTF
» (BRIBLS O 1 HHEHS O 1 25K » M
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ARiRX 2R » BRH P REHRZ RIEH
KRG SIS/ NAAEFTF REM S mHE) 0 AR
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ABSTRACT

The purpose of this study is to apply auto-regression - moving-average (ARMA) time series models in order
to analyze the characteristics of the Southern Oscillation on the time domain and to execute forecasting. Chu
and Katz (1985) in applying the single variable ARMA models on the Southern Oscillation index (SOI) of Tahiti
minus Darwin Sea level pressure, found that the AR(3) model might describe the variation of the seasonai SOI
properly. This paper in applying the single variable ARMA model on the seasonal SOI of Wright (1965) points
out that the AR(2) model is the best for describing the characteristics of the SOI on the time domain. Applying
the constructed AR(2) model to the SOI forecasting, the results indicate that they are as good as those of Chu
and Katz (1985).

Furthermore, this paper applies the multiple variate time series model, the vector ARMA model, to analyze
the feedback processes between the monthly SOI of the Tahiti minus Darwin sea level pressure and several
components of the Southern Oscillation, e.g. eastern Pacific sea surface temperature (SST), central Pacific

meridional wind component, and western Pacific precipitation (rainfall), and to execute the SOI forecasting.

As a result, the ARMA (1,6;1) model of the SOI and the SST, the ARMA (1,2;1) model of the SOI and the
zonal wind component, and the ARMA (1,2;1) model of the SOI and the rainfall are obtained. The results also
indicate that the SOI, SST, and precipitation all possess some persistence. This property is not for the zonal wind
component. Variations of SST, zonal wind, and rainfall are all influenced significantly by the preceding SOIL
However, the variations of the SOI influenced by the preceding SST, zonal wind, and rainfall are not significant.
From a statistical point of view, the forcing of the atmosphere on the ocean is obvious. However, the feedback of
the ocean is not significant. Applying the constructed models to the SOI forecasting, the results indicate that for

the SOI forecasting it is better to use SST and SOI than zonal wind and SOI, or rainfall and SOL.

Keywords: multiple variate time series model, southern oscillation, feedback process, forecasting.



