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LONG-TERM FLUCTUATION CHARACTERISTICS
OF SOUTHERN OSCILLATION
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Southern Oscillation (SO) is an atmospheric see-saw phenomenon in tropical Pacific sea level
pressure between the eastern and western hemispheres associated with the El Nifio and La Nifia
oceanographic features. The oscillation can be characterized by Southern Oscillation Index (SOI) which
is derived from values of the monthly mean sea level pressure difference between Tahiti and Darwin,
Australia. The impacts of SO on climate are widespread and extend far beyond the tropical Pacific, a

phenomenon known as teleconnection.

In this study, long-term fluctuation characteristics of SO are presented as guidance when using SOI
for other analyses. The results show SO intensity (i.e., cross-correlation of Tahiti and Darwin pres sure
deviations) is increasing almost constantly since around 1900. The reasons of increase of SO intensity are

also investigated statistically in detail.

Key Words : Southern Oscillation, long-term fluctuation, Tahiti, Darwin , correlation,

SOI, mean sea level pressure

1. FL®HIZ

A HEE) (Southern Oscillation) 1%, AEFEFREHOR
B FEBIZBNT, [UEDFEDPSDRENS—FHTEL
BEE 3 —HTIHEL RDENWIHETH b, 201
X UGilbert WalkedlllZ X h RN =", ZOmAR
i, BEATEERES (~OV—ihh S HSEERT
) BT EIKEESRETH I NV —=3 - T
S VIRBEEBECBELTWHSY D L BAET, W
BHZ—ROERTH D LFHINTEY, NHDFXLE
% PV /=ENSO(E] Nifio - Southern Oscillation) & )5 #4Hi]
T, TV axryar 2@ U RSO ERESR
REHESTEEISNTNEY D,

B B DARAEIXFE S IREHESL (Southem Oscillation
Index, DL FSOIXERT) WL bt hTnd GEL
IEWR3) 2BH) . 7 A ASREOEREERR
T (NOAA) T, MEKEF—% L Hizsorz A3
Z LIZ L WENSOHE DY 217> T3P . SOLE R
ZEDKXKRREF L ORI DWW TR N FEhs

FonTna (BIZIE, i) ~9NBH) . EESHE
ZNETIZ, SOIXERIZBIT 2K - [iRE ORI
DWTHFEERIToTNEO ™ |

=, HUIKIRHE L & ENSOM & ORI E MY D,
1976- 774 2 o 1= A EERBEO SR B IZ L D
ENSOBRZE D 7 MIBET 2 KURYIEIF 7 M7 ik
B BELELTWS, L L, FHESDFNERD,
SOID 76 & 12 B RIET —% SO1Z D & D DRERFRAT
BRI BREINTVWRNWLATH D, ZITEEDS
&, SOIZFAWBHEOERRNNY I 750 RigHE
B3 &2 HKIE LT, SOIFRSIDH CHEE®X
AR N VFHEB L O A R DWTREL?Y, £
=P eF, H— 1 BT AEEESET—Y O
FEIEIRL, # DR, SO1Z2 2D REXIZLD Y
W—T{ U E OFEFRERE B LU R D0
TR RfT>CERED O,

AT, 51T, SOIDE L 22 HiEIHRA D
FHIZEBIRIES L OF K 2 AURYREK Ttz <K

BHUICERTY B 2 LR ERE LTV, BAERIITIE, F

T eF BRI 4 UilirlZ B B HESEES

- 103 -



BESEFERE (hPa)

1976 1981

1986

1991

1971 2001
=3
-1 SEeFBILPF—0 1 o OAEGEHIEDZ D& ABOFEHERS D
TRZERFERII(19714E1H ~20005E12H ).
N ; 2. BAIREAR O RPEE
§ t . ! R=-040
e e ) —
e . (1) BWEREF—%
2 et ARB Y VO BRI, BATEDS BB —
= . o ‘?:g'f m' . (FEFR1496%, FIfE175IE) LA —2 +5 U PIEO
g .:'.,w"' YN Y-y (FAEI309E, Mil124)%) MHROSUE
R 1507 G F—HIZ LD FREND. FiE0HEEHAET—
L ORI AL ¥ P F U, 198SELIATC DUV TIRRADIFERIC & DETIE
Jluig_? . NS :‘p';": S0 DS 2D, UL, ZhbidRopelewski er al
1% ' A U Allan eral P2 E>TEE L <RI TH Y, BETR
N I 18664570 & DERET — % ¥ LTRIFTE™, FRHTIC
ot ; W3 ETHREIIRWEEZ S, AFUd, rAIRE
A 1 OEIAFEER 2R T2 2 L ICHREEN TS
!

S B B R
5 FERRENE B TIEN 5 ORE (hFa)
K-2 KE—10o%4aK.

FEMRZEDIEFOMBHRE (FEARERE L IT.8) 2%
FPgRICEE L. FORR, mAIRERREDE 21
KT DHEAIH 2 T EBRME N, FIZENSORE DY
7 M LTHIS TN B 1970 LED~®, Z o
EAEIDEEEI R > TN B LR R LD T I IS
T2HDTHD. LT, ZORRNEHEHIRT TS
=8, FeFBIUY—r 1 20 AEEHSTEOREDY
BEIRHEIZOWTEEL ST RT > T 5.

8, (SHEMEDE TR & WD FE R CHTHAR 2 1935524
BlchRET 22 &, 1866FE1H M S2000E12HET
D16200 H (1354E/) ks U= A S8 SE T —
ZEMEE VT TOR 27> T3, £oT, T
BRIZOVWTHFD I LIZEESIhE.

(2) BHIRESE

K—1iE, #eFBLty—r 1 UHisicBidF5H
SEHEESEOMEER, FO&AE (1H~12H) 0¥y
B 5E USIWERZERSRY 2 530/ (197141H
MPE2000E12H) HMZOWTRLTNWSEDD, ZoX &
h, —HOHEDREIEIL D&k e, o
RIS L 0 ELRAHEaNE - S h EROEND.
Z DAL, Gibert WalkerlillZ & b BRI W HREIX

- 104 -



0.0

i
=
-0 4} — — : , ;
— EBhesREAa U :
------------ SEFEyBBLEBE j B
0.5 ; : P : i ; ; i z
1890 1900 10 20 30 40 50 60 10 80 90 2000
&
E—-3 mAREREORHKEE).

E 5 T ;ﬁ\ 5 —
W . R=-014 ] M4r ; R = -0 4
£ ; 1 v 7 L
S .o S ....1”
g 2 . ' ..l’:p .i::s'.: -: : . El 2 ) s ' '.'.'i.l:’ os*"T.' ¢
B R A N 2 ﬁ l ‘e "..*":"0‘ it
m o '3."3 "Jl ,'N e m v » *. 4
A gk,__q_t.;__tu J._!.:, ,,,,,,,, I || S ¢~.Is. ,‘._n_ _________
S SN Hontd -0 S A S o 1Y
B - ' ."l . - }tu ’ oo
K AL UHE ® D) )} '
= e Ry, & [ I‘ A% '.‘o
ﬁ—z ¢ Y 1@'2 o % ‘o'“o .
g_ o vy e g_ !
E 3 v e =3 J e
AN - . T-ﬂf
N | !
£ 1 £ L
et At S A A A R Y S N S Pt et e e A A D SN B B

5L FRTBARENE A FHEN > ORE (hP4)

K—4 [K—30DHAICBIT 284X,

2T SNEELREZTH Y. K- 23R - 1 DR
ERZVNOBAREZTR LTS, ZO%E DMK
X-040CTH 0, EHIREOMERE (FEHRERE)
ZOHDIZZIEE RN EDHHZOD, UL,
THBHREIZ0OTH B L WS IRERSID S & THEH
RREERITT DL, 00IBLU FE WS ERUKETZ
OIFERFUIESNXNS. 2% h, ZOMHEBERKIIED
TEBETHDHLERS.

5 FAFIBEREDE A FEN S DfRE (ha)

H—-5 K-30/HACIBIT28AK.

(3) mAIREHREDRIANZEE)

X~ 3DARKRE, 189547 520008 F T DEE064F)
WL, ZFOEDBIIVEROREHRAEL2EE LK
mUEHDTHD. 0FE[ZHEAT HHEHIL, WMO
(RSB TlE, 300EDTEHER FEHE €5
LTWBZLBEBERLEEDTHBZD. MhFZIE
19004EDMEIZ18714ED 5 1900EDIVERI D S HRENHE
BRLUTWS. &8, 2 COMBERIL, BETHER
KEIDTHEBTHD. FEH-3ITBNT, MR
Y—r14 v DF—F B 1N FES B BEOEAHIRED

- 105 -



140

0 %141,
- B2ZR
O ®m3gR L 0

AY

0010 10 30 40 50 60 70 &0 80 2000
=

K—6 ¥ bFBLUY—0 1 L OHFRBERTEDS
DA EOHARICBIT %, BRROMER D~
T b,

MRIRBE R LTHD, BRI, YeFor—4%
1A HESEEHEEOMBERER LTS,
K—-3&LD, WThol&ad, HEREIIEDE T
HIZ—-BUTRELRZMEANIH D L3005, KT,
ENSOIRZE DY 7 b & UL THI S N B 1970 FEREIZLUEZ
OEEANFEEZ L o> T\ 5. Tibb, ERGIRERR
IR AEAS RS NS, FEEKILD, 19204
REZLXFTIY e F21HAES B -GEEREIZED
RKEWD, FNLIEEZY—D 1 L 21O HES BREE
DIDHEPRDRELR>TNE I BN 5.

CCTR—- 41, BRFREEER URNEEIIONWT,
BN & o 21873 ED B IIREE THFT—F
EHWESS (B— 305HA) OBHEXKIEZERLTNWS.
7=, MHEHREDSEARDEBORAXIZR— 2 LIFE A
CEUTHE. B—5iF, K—3DHTHEDHEEIKE
WS (B—3DC) OBAXZERLTWS. FHEEIR
BH014TH R —4DRHNER— 2 LTS &,
K— 4 1ZAEKICIZSONTNB I 005, £, ©
—5OBARER -2 LT 2L, K—-5ER—-2 L&
DHESITPVVEBICHPEE - TE D, HBEIRED-
05125 72>TWW5.

3. FEFRUY -7 1 ViBEKEDOEEFE

(1) BgsESET — % OREESHE

X — 3 DR AHRERREDIRE < A BIEAEREHICH
NDEOIZ, EIRHEZZ R L RVWARBEIREEERY] CK
) T AEIERIC OWTERETT S, Thbb, Y

‘R’L{Eﬁ?ﬁ:(hPa)

. SUERE(hPa)

g e e D e pes a3

ey
=
=
<
—
=
<>
=
<
=
oy
=
—_—
=
P

X —7 30EREPHY LA BGBERTORARRS
(@& EF, GF—r1) .

FHIVY - 1 O HEEREEKED S HESER S
DIRAED, BBIZIED S FAZRORERIC D L D25
fizL, EEFNIIFH IS EBLLTHBZ00%
A7z B — 6 IZBZROMEE GBEI0ERDI60fH)
BIEBEIZEELZBORRT. COXLD, BEhlk
BIAOHBEZE L TWDIZ Eh 5, SRKIZE245
[ROEEMSENZ L5 5. SHIREOBER60E DK
RiE, FIYT2 & HEIIRRITKISOME, FE24RRITH
210D L TN 5.

Wz, X— 3O HIRBIOMEIIER LTS %
K— 60558 T 2L, 19604E AT 1ZE DR
(K—6DHA) MWL, ZDIE23GRDOME
(Bl @HH) DLW, ZOERI9I0EEE T
B ZROEEII IR EED RS s, ZHuR
— 3 OEHREFRED AT L TN S &I
BLTWbEEZIOND, ZLC, B— 3BT 2iEE
DB HIRERE DAL, K- 6128115538
FROBEEDNEAD U, FDOHDE2HBITKATLI=0TH
LEEZDLILIPTESL, DENIIFEE, —20LD
IR AR DHEERT 7= 25— 4 ARSI DS
HSEAEDR S DIREF LR LU TWS 2 EDFERRERTH
rEZIHNS.

K- 7%, PeFBLOY—0 1 > OHERFESTE
D HEHED & DIRZAEZVFEREFEY LS DTH
. B=7@d&b, FeFITonTd, 1910FLHTIZH
0.1(hPa)FEE D o 1= IRAED, 1930FEHE E TIZ0mPayl T/
L, %OE%I980FEHEE CldomPa) % I T L TW5.

- 106 -



20 S R S R S S

1890 10 30 30 10 90

1800 20 49 60 80 1000
F

X—8 30FRMEIF Ul A FIHE SUEZERERS.

Z UTIAER, 01@PaHEE TRD LTH D, 24K
2% b F O F EERBHESEDE 2B H 2 Z &5
S
KZR—TO)ED, =1 AZIN0FHE TKED
PPLELTWZHOD, ZORIMOEEE THAD L,
TOELFEFIOFERHTE T HITHP LTS, FLTR
FEREDTOE R TR/IND025MPa) & I o =8 —#x L

T ERRHET, BAETIZ020Pa)TEICETEL TV S.

Tixbb, HEY—U 1 COHEERSEIE L L
FLTNWBZ D05, LibdD, R—3D70FR0E
305 O A IREFEE DN, ¥ e FOEORDE
F—2 4 vDFNDIFIGERLTWSEEZLD.

(2) SeFEF—v 1 P OREEOREETESE
WEEY e FOHESRERRIEE Y — Y 1 VDFNRLD
HEVREEICH 2D V0T, B—TIIREND LI,
5 e FOHFEBESIEN FHL, ¥—7 1 L OZFND
TEFHTHEAICHZ NI ERDPS, YeF Ly —
D4 > O H EEEE RS Z D ® OHLET & L L TN
IoTCETNDEEZOND. K—8iF, FeF&
5—7 4 O HFSEE R ARVEREE L8 D
EZRUTWS. COXED, 1970 AN T
28(0Pa)d o ZRITEAED, FOHA24WPa)IZE THD L
TWBZ eHiE»Eh RTENS.

(3) SOlDEHALENFE

-8RIy, FEL)=Z—=3F% (SOIDA
DIREE) BRIV FZ L m> TS EHRITEZDT,
SOIDZEEEEIZ DONWTHRTALD.

eF =04 o OHEEBRSKTDZE L SOIE D
BIEE AP DS T5-0, SOIDEERZRT. Troup
DI B INLD, HDEy, HDBAmm=1H~12H)
IZBF 280Iy,m)DIEFRATREENS.
SOI(y,m)=[{Pr(y,m)-Pp(y,m)}-Mso(m))/Szo(m) (1)

0.3

0.2} -

0.4

S0l

-0 14 -

R : : : : : ; ; ; ‘

1890 10 30 5 1 90

1900 20 40 60 80 2000
F

®—9 SOIDEBEELIFRY.

ZZIZ, Pdym), Polym) : TNW2NY ©F KOS —7 4
IBIT B A EEREESUE(DPa), Maim), Sxlm) @ Zh
ZNABEHIRIB0OER 19510 519806F) I2BIF 3, H
ZAMINT 27 e F ¥ —2 1 O EEHAT A
DEHHHE(hPa) B L VIR (WPa) TH S, R(1)H 5
L EDIZ, SOILIZFYeFLy—T 1 v OHEE
WBHEXTEOZER Y 0, SBUIEEELE DL LT
zXhs.

Xl— S IZSOIDI0FERELFIRERY B R Y. ZOX &L
D, SOLZEEMIZADRIZIRNTIE Y, ZOffi%1970
FEAPTFE TEBLF01 50HEOBTCEEH LTS,
TOEARMHIII—HIEDANCHIRN =18, FhLIBEIED %
BelF, IEROIMHEICETELTWA D SD 5. 7
DHITER, SOIDEMEDANIRE BEhTEHED,
PRty = —=atfaicd 3. Lre, o)b=—
ZalBZDHDOIAFRE IR >TETND I L HRE
XND., BE, 1982F~19834F 5 L UN1997HE~19984F 12
WFTC, 0ROV ——a g I > T
W5,

4. L3V

KFCTIE, MARBORHAERER L UZ DL
Bz HRHEP SIS P T2 EICTHREE
WTHET T, UTIEEshE TR rRY.

BEAREIIRSIE, FOMED—8 LU TERT 2
H2 NSRRI EE LTS 2 EER L.
K2, ENSOBZ DY 7 b & UTHIS T B1970F4K
HIZLEZF OMADERE TH S, £i=, 1920FEREL
FTI, YeFeihAESREGEEDRE M KRE
holh, FRLEIY—T 4 L EUHHES B=5E
HHHEID RS KE L R>TW3. B, ¥— 1 %1
FHES B GE0OMBEIZ-05%-Z T\,

- 107 -



W, FeFBIVOY—Y 1 OB ESEDS
ANEED S DIREDSAIRGL, B LUSVEREFEER;
RO LD RIAEE ZF-HR, BAREREEKOR
i, £AEMIZIES v EBRKRED TR
TV, EEOEIMIBELTX, ¥—2 1 L DH¥Y
BHSTEDO LRI IEEBPRTCHELELD.

X5IZ, FeFey—7 1 L OHFEBESIFEDR,
LB X USOIDEME TEHAICH B LRz L. §
bbb, EERTIVZ—= 3 S OE L EENHHICK
ELRBERICH B LRI NS,

KX TH SN EREOYFKGHBIZONWTE,
1976 71T C - KL O SR E O, =)
=3 - TR BERICL D, KEF OGRS,
JEQFLENTBEDFEE L, ZhIIES BEOESE - &S
ES#DBY 7 N2 EICERT 2 EE L 5N 35978,
FELWC SRR TIITIETH v, SBOMFEEET
H2LEZD.

&k
1) SEE - FHEAERR . ol —= = SRR, AR
HEEE, 1999,

2) ROERHE : TV o—Z aBROFHICNTC, ORCRE
2RIETHHORR, HARRRFHEEIER, pp3s-
57,1998.

3) Kawamura, A, McKerchar, A1, Spigel, RH. and Jinno, K. :
Chaotic characteristics of the Southem Oscillation Index time
series, Journal of Hydrology, No.204, pp.168-181, 1998.

4) Ropelewski, CF. and Halpert, M.S. : Global and regional scale
precipitation patterns associated with the El Nifio/Southem
Oscillation, Monthly Weather Review, Vol115, pp.1606-1626,
1987.

5) Halpert, M.S. and Ropelewski, CF. : Surface temperature
patterns associated with the Southern Oscillation, Journal of
Climate, Vol.5, pp.577-593,1992.

6) Moss, M.E,, Pearson, CP. and McKerchar, Al : The Southem
Oscillation index as a predictor of the probability of low
streamflows in New Zealand. Water Resources Research, Vol.30,
No.10, pp.2717-2723, 1994.

7) Uvo, CB, Repelli CA, Zebiak SE. and Kushnir, Y. : The
relationships between tropical Pacific and Atantic SST and
northeast Brazil monthly precipitation, Journal of Climate, Vol 11,
pp.551-562, 1998.

8) McKerchar, AL, Pearson, CP. and Fiizharris, B.B. : Dependency
of summer lake inflows and precipitation on spring SOI, Journal
of Hydrology, Vol.205, pp.66-80, 1998,

9) HEUE TV - = 2 BR L HEO B RAKEDBIRIC

DN, PHUERE T AREAIIE S SRR SRR

8, pp90-91,1999.

Kawamura, A., Bguchi, S. and Jinno, K. : Cross-Correlation

Between Southem Oscillation Index and Precipitation in Fukuoka,

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

26)

- 108 -

Japan, Supplement to EOS, Transactions, American Geophysical
Union, Vol.81, No.22, p.WP57, 2000.

VLUIER—BR, FIAHE, whlipf— : BSIREHER(SOD L 18
R A SRR & DB DWT, 7K « KEHREE20004E0F
FRISHEEE, pp.120-121,2000.

Kawamura, A, Eguchi, S. and Jinno, K. : Cross-Correlation
Between Southem Oscillation Index and Precipitation /
Temperature in Fukuoka, Japan, Proc. of Fresh Perspectives
Symposium 2000, Christchurch, New Zealand, 2000.

WA B, VOOER—ER, WEMEC : BESIRE) T AR
IKEDMBBIRICDONT, TAZRFE, No69l/11-57,
pp-153-158, 2001.

Trenberth, K.E. and Hoar, T.J. : The 1990-1995 El Nifio Southern
Oscillation event: Longest on record, Geophysical Reseach
Letters, No.23, pp.57-60, 1996,

Harrison, D.E. and Larkin, N.K.: Darwin sea level pressure, 1876 -
1996: Evidence for climate change?, Geophysical Reseach
Letters, No 24, pp.1779-1782, 1997.

Zhang, Y., Wallace, IM. and RBattisti, D S. : ENSO-ike
interdecadal variability : 190093, Jowrnal of Climate, No.10,
pp-1004-1020, 1997.

Chao, Y., Ghil, M. and McWilliams, J.C. : Pacific interdecadal
variability in this century’s sea surface temperatures, Geophysical
Reseach Letters, No.27, pp.2261-2264, 2000.

Wang, B. and An, S.1.: Why the properties of El Nifto changed
during the late 1970s, Geophysical Reseach Letters, No28,
pp-3709-3712, 2001.

A B, TLORR—HE, R msiREEER(son B
LVEDRET—F DIEHIREC DN T, KTFREE,
BE45%, pp.169-174, 2001.

Kawamura, A, Eguchi, S., Jinno, K. and McKerchar, AL :
Statistical characteristics of Southern oscillation Index and it’s
barometric pressure data, Journal of Hydroscience and Hydraulic
Engineering, 2001 (submitted).

Ropelewski, CF. and Jones, PD. : An extension of the Tahiti-
Darwin Southem Oscillation index, Monthly Weather Review,
No.115, pp.2161-2165, 1987.

Allan, R.J., Nicholls, N., Jones, P.D. and Butterworth, I1J. : A
further extension of the Tahiti-Darwin SOI, early ENSO events
and Darwin pressure, Journal of Climate, No 4, pp.743-749, 1991.
VIR B, _REEHE, wEHET  BKRESREO RIS
B — U EEORNT, TARPRWE, a5 /114,
pp155-164, 1985.

Troup, AJ. : The "southern oscillation". Quarterly Journal of the
Rayal Meteorological Society, Vol91, No.390, pp. 490-506, 1965.
McBride, J.L. and Nicholls, N.:  Seasonal relationships between
Australian rainfall and the Southern Oscillation. Monthly Weather
Review, No.111, pp.1998-2004, 1983.

(2001. 10. 1541)



