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Abstract

In the frame-work of linear dynamics, sea-level displacement is given by the superposi-
tion of the wind forcings at various locations. In order to investigate zonal distribution of
the contributions for the annual harmonic of the sea-level displacement at the equator, the
linear model is forced by the wind stress which is non-zero at a specific longitude.

The zonal variations of amplitude and phase of the annual cycle sea-level displacement
by the linear model are characterized by amplitude maxima between 160°E and 150°W and
around 90°W, amplitude minima and corresponding about 180° phase jumps at 140°E and 120°
Ww. '

From the analysis of the contributions of the wind forcing, it is found that direct waves
account for the major features of the zonal variations of amplitude and phase for the annual
harmonic of the sea-level displacement. The broad maximum in the sea-level displacement
from 160°E to 150°W is a consequence of the in-phase contributions from two wind stress
maxima centered about 140°E and from 160°W to 100°W ; the latter wind stress region also
causes another sea-level maximum at 90°W. The amplitude minima and about 180° phase
jumps at 140°E and 120°W are due to wind stress maxima at these longitudes which excite
Kelvin and long Rossby waves those are 180° out of phase for the sea-level displacement at
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the equator.
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FEMETEREE L L > TERESMCRBERESELE CEELES (Matsuno, 1966), % Z
THLBEFBEIHRANC Lo TEL TV 00, EHOBN - HSBLANck>TEL
TWw2O0RBET S LPEETH S, AR TE, BT VIcETE, KFROFRELD
b 5 REDERIEEAMES 25 SR T, RIEHOFSOEBEIHERD Iz,

BREOEE L U THEEAIES2RAXZOE, BERAFRECBOTRD LRI THLSE
BEEO—D2TH Y, ELBERCRAS M- EEAMEES 2B T Vcl o THERATES
EBRHISNT WS (e g., Busalacchi et al., 1983 ; McPhaden et al., 1983) 7:®ThH 3, Zhd
DEFNTE, BEAUEBZESHOEHCE > TET S, #FE, €7 NVERKNEENE
WCETH, ZOETFATEUTWIREER, 2F 0 H2HACE WL ETTIBMO DB 235
DAMEEIZ DL REERILTWED, 2ZRUZORIFER TR 2L 2 MEEE S
o REESEREGEET DO RETH > /2,

BETMCBWTRE, BEKMESES £ REMCE L BB & o TET 5 KAEE)
DEREDE L LTRREINED, #o7C, HIHICEHIBIETICE > ClIDOHZFICET 27K
MEBERD 5 2 L& o T, AMUEBNICKT 2 BB L ERNLZAETOS 52 EENIC
RDBZENBTER, ZD&SRERBNBRFSOFE & - ¢, FERAAKUEEOIRIE & AIFHD
HEELREDISI LTI 3N TWELETANEDEEFEOHNTH 2,

U, EFTLEXDFER

FPRTHVSNEET VL, KRB L EEMEAOIREETVT, 4 DOMEET—F 2Rb,
‘Florida State University (FSU) T{ERR & 177 1966 S£~1989 EDEEHF—4 + £y b L DK
D BNIRERSIOFRPRSICE >TSS hs, ZORBHT—5 1k, BMOBEHREZ0D
F—sY—RELTEHED, F—F OEFKFHIEZ Goldenberg and O'Brien (1981) RSN T
3, 4 DDMEE~ FONHBEDOMABEE I a=2.9m/s, &=1.6m/s, a=1.0m/s, ¢=0.76
m/s TH 5, ETNVEEOREICUET 5HARTFFRCTFITE L, BES L BRI IZRE
T2, SOEREMS & UHLBIE McCreary (1981) 2§ - T/$5 2 —F{EL, B 1HBEE—FicBL
Tl/e CBETIREE 2HICBRR, %7, KPNEELXELEBIIERT 2, FABR 0T
NVDTDIA L AT —NED BB EPIECOTEREMSERETE, €7 VOEH I Kelvin
# & Rossby iz k- T#FE a3 (Gill and Clarke, 1974 ; Cane and Sarachik, 1976), %7z,
HEDEFIC B 1) % REIFE O K4 i3 Cane and Sarachik (1981) K Lo TRE W HEC LT
Koohd, EFTVOFHLOAETE L CEBTRZBORDFCoWTE, RELMA (1988) %
BRANTIZV,
Figure 1 12 2°S #» & 2°N TR % B 7z EBH O BRI/ OIRIE & Mt 2R3, A
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DR OIFR & MHHBRATERESI NS,

%= R A(x,y)eiwi+o@m] (1)

X TxyRERE LA REL T 5HH, oRBAERTCo=21/5F, AZEIE, o3, tid
1182 ¥ ¥ 2RETH 5, Figurel XV, BOABHOERBER/FOZOOEENH 3 2
EDREND,—DI3 135E OBEAFEICBTTHD, 5 —21F 100W 225 160°W OHAFE
H¥Thd, ZOZDODOHEHIZ, Lukasand Firing (1985) ik o CHERMI T3, £/ 100°
W 5 160°E  COMMIRIZIZT—ELHAOENERLTWS (c f., Meyers, 1979),

Figure2 1z, E7F NV TEBRINIHREICB T 2 KEEE &, FREMED WL D2»0ETERIS
nizAKiZE (Wyrtki and Leslie, 1980) OFEHOAE L REE R T, FFETHE SN AHEIZ
BRHIOZAERBO—BERL T3, RIBEIAEL DA CEBEOKRE I TRH Y, ZOZEHM
RHEEERPREL > T3, T VORIBOEAEEIZ, 160E 225 150W & 90W fHiEco=
DIRBOK & ZFEEK &, 40E L 120W fHE TOIRBOB/INC & » TR 5h 5, i
BERE OBIMERL TWBE, IRBOB/INE ko Tvb 120W {4351 & 140°E BT, 1FiF 180°
DAFEORAERELE R T 5, FAEORKERE, RAEOHEACORORHE 2EL LIFEITHE
shTw3 (Fig.2), 20z &id, KUZEBOIRIE & HORBELO EELFHIT, BEEHK
FoTHEEZLNTWVWAIERRLTVWS,

I, 7KAIZEEHIZX T BB S DMEMNT & ¢ DR

BEx, CBIAKNMNEEPC DL I RHELRIZLUTWENETEARD DI, EFNVERD
& 3 w4 CEENT 5,

8 (xr—2x) T (x,¥), (2)

ITORT 4 Ty 7 DOMEYR,  IXEAEBRIGHOEFHRS (5(x,9)=A(x,y)e’**D TH 5,
(A&qbi#b’”ﬁq@iﬁ%ﬁ@?ﬁ?iﬁ%%i?‘ Db 5,) T5L, BEx ORI &> TREE
xe AT B L TOWEAMER KD &> RSN D,

£ (xe,%7) = ]: "G (e, v, 9s) T (%,s) dys | (3)

CERANEEEETH Y EAIRBEARE D OXiL, ZITIHRE—EHID ORI
2 AMZE R mm TET), G,y x,y) ZETFND Green B TH 5, KUEBHEEL L, Fig
QTR EINTWBLEROALHC L2 EFNVOEE7L FROBHRER D,

7o) = [ e, %7) (4)

T Txs Ex0 BBEOREHOERDOMETH 5,
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Fig.1 Phase (dashed line) and amplitude (solid line) of the annual zonal wind
stress harmonic averaged between 2°N and 2°S. Zero phase corresponds
to positive eastward wind stress on 1 January.
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Fig. 2 Phase (upper) and amplitude (lower) of the annual harmonic of sea-
level displacement at the equator. Cross marks are observations at
islands near the equator. The dashed line indicates the response without
reflected waves. And the real line indicates the response including
reflected waves. Zero phase corresponds to positive maximum elevation
on 1 Janeary.
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Figure 3 12§ (xe,x) DA Hi 2T T . R (4) TRENB LBY, Fig3nlex. x—E L LTy
DFENCFIEE - - f55RH Fig. 2 ThH - T, Fig. 3 Dx. —E DL TIZ 7 DRE DAL TN
TB3HEEDHFNx, DB LTRENT WS, —Fx, B—EDR LTI, ZORBREZE  AG
T8, EDX S BAMEFEER DREC I LT wE by OBME L TRENT WS, x.
>x; DERBTIE, AZEE LD SFE TR S 2 Kelvin # &, Kelvin EOAS & > TRET
K&+ % Rossby 08, KUBEBBEIZFSL T3, BB & 512, REFEOFS I3ITIZE
HTE&, £/ Flg. 3R ONDEN (xe BEMT 2 M) ELCONTREFTED B 5 KD[E
Erod, Tw KelviniRic &k - TEHRPEGEEINTHBE I E2RLTWS, —FHx.<xy DERT
DKEEENERE I, EWKMIEE L D bR THRS N LR Rossby iz k> TR0, Thidf~
HELWONT (e VBT 25M) REIPREFFED KEEL THws I e —HLTWw53, KA
B2 BRI & > TEAGET 2 Kelvin ¥ & lAEET 3 B Rossby BRI h 2
28, FREETOAUEE ORI Kelvin 2 & 5 & D I13J&E & FfAH, Rossby iz k3 b iz
180° MMIAHIC R B, ZDBMEGET 2EDBELEF NI L bR D AHDE VDS, Fig.3Dx,=
Ko DD Xr=Xer BV THRIB L UAHIZ “TRU” 2b725TDTC, xr=x. DR LETREE L UHOT
FEEBELCTWS,

Figure 3 12 1%, KN EIEEDREZ R ZDODHEHN 130°E< x,<106°E £ 160°W < x,<100°W 2 5
b, 5 Fig LiomRS M RERISH OIRIBOKX & 2HEBICHEL Tw %, Figure 2 T 160°
E 5 150W iz 8\ TXMEBORIESRKRERRE> T30, The D OO TORIGS
X B2EEDOMEE—BLTWE-HTH2, ZDO0HH» 5 DFSOMBB—HL T30,
FhoDBEGHDOBADME & Z Z CORGIDOMEDE, B & UEH» 5K 2 Rossby H 437
5<% Kelvin g & D dAAHEEIE W LBFEBLTwE, BBINS ZDODFTORGID
MR AR I, Fig. 1o R S Wiz IS OGO FER & ORI £ > TEL TV 3,150W &
D HEICHED D L ARKUEBOEIEL/NE { 25 DI, 160W 2 5 100°W (@ < RIS DEE28,
HIZHED S DN Tre=xr D% 2 TFH iz Rossby WITHE S h 248E» & Kelvin iz 8
BNBEFAEBY, FEOAMHEN 180" BT 572012, 135E 25 160°E 2@ < B 1DFS
LFBHELDI LR N TH S, ARREERT, 160E i 5 BAKMEBOIRBIZHRI LT
W3, 2T, FNETICONT 135E 2 5 160°E TO AR DESH Kelvin ez s h 3
#EIK > & Rossby WICHE I WA EBABITL TWE0DTH 5, £7- Fig.3» 5, 90W 550K
REEOBRCEET 2ALHOEEE, 160W 25 100W 2812 b D53 160W O 5D
FELDHRBZPEKEVDT, ZOKEIEEDOBKAIZ 160W 225 100W OIS & o> TR
BEALTWBILSbhrs, |

Bricii <7z Fig. 2 w B & 2 AIEB O MO FEGH 2R L Z et RIBO®B/NE, L
BD Kelvin # & Rossby iz & 3 BIGHT DOFSOAELS 180° Hic kb Z &, B4& VR D
WEEBOIR & (B2 SE LU T w5, Figure3 0 140°W < x.<100°'W, x,< xe DFIRDOKGIZEENE
Eix, FE#EKelvinifiz k> TaEES N, EZEGHT LBMETH S, —FH, B Lx. OEHED
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Fig.3 Amplitude and phase of contributions of ¢, the sea-level density at the
longitude of elevation (x.) forced by a “§-function” wind along the longi-
tude (x,). Amplitude is indicated by contours and by arrow length
according to the scale at the top of the figure. No arrow is plotted when
the amplitude is less than 1/10 of the full scale (0.1 mm/degree). Phase
is indicated by the arrow direction. An arrow pointing upward indicates
a maximum sea-level displacement on 1 January ; an arrow pointing to
the left designates a maximum of 1 April, and so on. The contour
interval is 0.2 mm/degree.

Xr < xe DFEB T, Rosshby i k- TEEI N T 57801, AMEEBIEBEOMRIZEGH &
RIHEE o T3, R 140W 25 1000W ~BI» T < & (e 23803 3 A5M), FhicohT
#INY 2 B Kelvin § 12 & 2 FS5HRIEOB & AAHO~180° DZ L% 120W fHific3| &2
T, %72 124E 0 & 160E CRREBEOEED T DIT, xe=xr ZHX TOFEDOAME L 180° 12
2o TWIRWAS, Rk D EEE Kelvin 3 & &3 Rossby #£12 & - TEZ S L3 BT OS50
#1215 T UOE (HEOREOB/NGES LT3, |
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AT, RECIESBREE L, REOBHRIIMEELE L TR HoTe, ek
BEORBAMDAEM U, CHEEREECHEL, %7 AMIEEEEORILAE 2L
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