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Abstrnct 
R:l~ed on the rOG.\-TAO buoy chai n obs<::lVed data in the equatorial Pacific and the assllnibt ion analysis results from 

::;ODAlsimpil:: oceal! dma assimila tion al\aJy~is}. the role of the llleriJional cells in the sub~urface (lfthe [TDPIC:!! Pnci!1c 

W,\~ di!'Cu s~ed. It \\;1S found that, the S<;!:J.sonal \,[rying directiun ofEUC(lh.:: quatorial Undcrcum:nt)in Ih.:: Pcacific is 

westwards ocginll ing li"Om Ihe e:)stenl cgualori::11 Pacific in Ih.:: boreal spring. The meridion~l cell ~oulh orlhe equator 

plny~ impOl1:l11l rok un this s.::m;onal ch:mge <Jf EUC.On lite otllt~r h:llld. nllhough Ihe varying dir.;elion 1$ \~estwnrds, 

the SCaS{J11'11 varia lion Oflemperoturc in lhe sam" region gets ils minimLlIll values in Ihe boreal nUtllnlfl beginning from 

the ea~lem ,:qu.lwrinl Pacific.The meridional eel1north of the equator is most resl'un~iblc lor the sea$ona l temperalur ... 

v:J.rintion 111 the ellsten! ... quatorilll Pacitk whIle Ihe meridiunal cell suuth ufthe equ.1tor mninly contr<Jls Ihe seasonnl 

temperatur.; change in the centra! Pacilic. It is probably tme that the asymm<:try by Ille equntor is an importmll t:1clor in­

fluencing lhe ~e(lsorlal.;yclc of EUC and I~mperolure in Ihe tropic:11 Padtic. 

Key ,\ords: the Irupical P:lcific, Equ~torial UlId.::rcurrcnt. seasonal v~ri:llions, meridion:!1 cell 

lntroduction 

The happl!n ing time of EN SO t:vcm is lre ­

quently rd:lIed with the phase lock of st:<l:;onal 

cycl.:. Predictability uf ENSO C:111 exhibi t sea­

sonal depcndenct:(Canc el nL 1986; \Yeb~ter, 

1994). Nonlinear interaction ortlle :l1lnual cycle 
.md the coup led ENSO mode lead~ to ENSO 

ehaos in the intennediate and simple model~ 

IJin, 1996: Tziperman et [II., (994). Th",ories of 

F.NSO hn\it: nmde grem progresses in the past 
decades beginning fi·om the hypothesis by 

Bjerknes( 1969). The essence oflhe Bjerknes' s 

postulate is tl13t ENSO arises as a self:sustained 

cycle in which anomalies of SST in the Paci fic 

cause the trade \\rinds strengthening or slacken­
ing. and the wind in tum drives the ocenn cirnl­
lalion changing the nnomalous SST. Numerous 

cb.:mlcterisli<:s were studied in the zonal ocean­

atmosphere interactions, e.g., the role ofwester­

Iy burst in the western tropicnl Paeific. Ihe un­

st:lble coupled waves, the delayed oscillator or 

the vanishing orlhe EUC Oil the equator during 

an EI Nino ( Philandl!r et a1.. ! 984: Schopf and 

Suarez. 1988; McPhnden c t al.. (998). The fact 

of phase lock of ENSO with annual cycle im-

, 
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plies that, the sea."Oll'll cycle il<,~lf I' <Ill impor­

lant background In the formntlol1 (If L!'SO 

c\-ent 

The seasonal \"arlaliol1 of SST has long 

Ix=c:n anal)7.c:d in the c:rrlyperiod ofEr-iSO stud 
ie!>_ Figure I gives its fundament;]] fe3turel> llwl 

the dilc!ction of ~easonal change in the In)picill 

I>acific is westward. The warmt'S\ SSTs in till.' 

cold tongue OCCUi' in boreal spring. :md the 

coolest SSTs occur in boreal autul11n(HorcL 

1%2; Reynolcl~ <lnd Smith. 1995 J. Thl' wcsl~ 
ward progrt:s,>ion orlhe 31l1lU:J1 cycl!! of SST a­

long the equator ill the Pacific is r ... I;l!ecl 10 the: 

westward progrc .. "jol1 in the zonal wiElds (Xic. 
1994: Chang. 19(4). The zonal \n:-.\warc! (f"de 

wind over n larg ... ;Irc::r (If tht' Bopical Pacific 

leads \0 an asymmetriC" distribution oflempcm­

Illr!;: a long Ihe eqU:llor: in Ihe eastem tropical 

Pacific. the mean lhennocline depth is much 

shallo\\'~-r th:m that in Ih.:: w~Slem tropical Pa­

cific, Previous studics(Delcroix and I-h:nin, 

1989: Kessle:r, 1990: Ke:ssle:r and h l cCre~'r)'. 

1993) have de:scribed the ~I:!asonn l cycle of up­

per oc!;'an Illennfll stn.lcltlrc based on the ely­

n"mic~ ofEbnan plUlI['ling:md Ross!'!y waves. 

rig. I. The dislribmion of Ihe lropicall'acifit SO:J 

surface IcmreraUirc ~nd il" sCJS\lllalt:h:mgc 

dir.:eli('n Jafler HOr.ll( I l)1\:! II 

The me:lll S(':lsnnal cycle oflhe FUC\the 

EqlJOlIOI ial Underclirlent)in the tropical P,lcilk 

has been descrihed in ma ny studic.s ( Halphcrn. 

1987: Mc Phaden and 'kenrty. 19()2: McC'm1y 

lind McPhaden, 1 CjqJ: \Veisherg.:tn<lll1yc~, 

1995, McPhaden et :1!.. 199!:i). -I he LU i~ lo­

cated ill the upper thermocline, Th.: 11111'(imul11 

core of lhe Fl Ie is found at grl:ater deplh ... in the 

\\ 1..'..;lth:tn in Iht: ea-.I. The "t::I<;(1I1al appearance 

limt' I" "l'ellllllgly in bClreal "pring at alll:HilUd('~ 

(t-.1cPhaclt:11 el ttl.. 1998). 

The \\idlh oflhe Eue is aboul :!OO ~1l1 cen­

lel"l!d on Ihccqu:l1or, at the depth of the order of 

100 :!OO lll. \\'[ller in the c(lre h:ls bL:cn dCh!CI..:d 

\0 COIll!! from subtropical gyres( Fine et a l., 198 I : 
Fme: et aI., (1)87; Tsuchiya et ai, 1989). In:t cli ­

agno!)lie model resu lts(Brydenand Brady 1985), 

Ihe linkage between Ihe EUe and the high Inli· 

rude W;IS illuminnted . The potenti,,1 vorticity 

principiul11 was fir~t used 10 illum inate Ihe dy­

namic;; oflh\! El Ie uncl:1 reasomlhle velot"ity 01"­

dn W;l~ estimated hy FofonofTand t\ 10ntgomcry 

(1 ()95l. (,I..:al progrt'~s was made in ""lllcrti:ll 

Iht'(lI")' of tht' LquatO!bl Undercurrent (Ped-

10"l..y, 1987, 1996). A long the equatoreastwal"d. 

Ihe gathering of strc:lml ine and the shallowing 

of the tht."mlOciinc \\"t:re shown 10 increase the 

speed of EIJe in the inertial theory. 

In Ihe <;Iudy of ENSO dynamics, the se:l­

son:I) incn'::lsc of SST in the equatorial Pacific in 

Spl inglilllc i;; rel:lIt:d w ith the reversal fl o\\ ing 

of the South Equatori[ll Currem(ll:llperno 1987) 

re~ulh;:d from :mnua l rel 3xation of Iht' Imel t: 

wind~(Chao :lnd Phi!allder.1991 : ,'u ct a 1., 19C"J7). 

'I he: relation bctwt!en tlte seasona l de­

crt:ClSe of SST in the equaloria l Pflcilic <lnd the 

circulation h,,~ nOI yel wel1 discussed. Ndlher is 

eliscu<;sed Ih..: ~t':I"Ol1<t1 apIXflrance of mfl'(il11Ul1\ 

\clo.:il)' 111 Iht' annual cycle of the FUC' W,tng 
(:1 al.(::!O(l1 h~:ln' the sca ... onal varifl tions of th..:: 

n (' at 130 E. Pu tot fll,(200 1 )had studied the 

\olum\! Ir,m-.port h) the eql'"Iori:l1 currents, hut 

thdr \\orl; di<;cII<;<:ed little on Ihe mechanism of 

the -:l':"\<;onal \-,Ir;alioll of the rue. In tht: '\C('ond 

sectIOn of this p,IP"::1 the d:lta u<;ed in th..: ana 1)­

sis wil1 lx' introduced In {he: th ird seclion the 

ch'lr:lcleri~tir-. ofsea ... onal cycle oftcmpO;-r:llllfe 

and the Ft -{ , :llong: the equ,ltor will be dcscrihed 

and 111 the- 1"01l11h sC.:lion , Ihc rebtions:llllonr 

Ihe s..::asonal cycle ol"t('mpcrature,lhe Ft'(' (lnd 

the meridian!!! ct' ll in the upper l:l)'er willlw d is-

• 
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cll~scd . 

2 Oal:l description 

(I) Daily ob~er\':Hion;l1 ADCP d:u:I from 

TOOA-TA O lasted from 198810200 I. Thl! ob ­

servational periods nt 165 0 E. 170° . 1400 and 

llOo W nre ~t1 !l: round 10 a from depth at 30 to 

250 In bdlow sea surf;'c\:!. 

At longitude I ~7° E. the obsen;llioua l pe­

(iod between depths 50 and ~50 m is round 
6-9 n. Thus the averaged n:suh in these depths 

ca n represent mor~ information of the EVe. 

(2) Monthlymcan temperature and \-l!loc i­

t)' provided by a simple ocean data :J;,:>similalion 

(SODA) :l1la l),sis(Carton ct ;11.. 2000).Thc grid 
interval in the product is 1 ill lonal direction 

:md v.triable in meridional direction. In ord .... r 10 

compare the assim ilated data with the obsenu­

tions by TOG A-T AO,dnt:l from 1988 \0 200 ! 

were studied. 

3 The seasonal variations in the C~lst('rll c­

qll;llorial Pacilic 

In the TOGA-TAO AOCP ubservations, 

on ly4 buuys lasted around 10 :1(see Fig.:!). SC:1-

sonal v:1riations of tcmpemtur<! :1nd curro!l1l in 

the equa torial Pleilic \\Quld be discussed al 

these 4 sites, namely, al 110°, 140", 170" \v nnd 

165"E. 

3. 1 The EUe 

The seasonal variations orzona! cum.:nt:1I 

4 sitl!s llong the equltor were shown in Fig. 3. It 

is obvious that. there arc annual Ina.xirnum \c­

locit i!.!s of the EVe at :111 thes!.! longitudes. i\t 
11 0" and 140"\V, the sl:1ge wilh maximum Vl!­

locity is persisted during Mlrch and June, the 

ve locity at 140" W is a lillie larger th"n that at 

11 00W.At l70 " \V , lhe persisting tim!'! with 

max imum \'elocity in the EVe appears much 

laterthan that 10cated:II 110" and 140"\V. The 

latest site with maximum velocity in the EVe is 

165 E, from June \0 August. Along the equator, 

the velocities of the FUC incren~cd eastward 

froml65"Etu 140~W, as the monthly resll!!" 
derived from ClLrrentmeter (Mc Phaden et a l.. 

1998). According to the inert ial thcOlY ofEUe, 
the slower orvc1ocity at II O"W(see Figs 2.:1 and 

b)than that I>lOo\V (.s<:e Figs 2c :lnd d)implks 

that thl! shadow zone(Pedlosky, 1996) in the P.:I­

cilk Imy he between 140" and 11 O"\V. East of 

170' W. the minimum d..:pths from the EL:C 

core to the surface nre also at the pcrsbting peri­

od of maximum velocity. In the eastern equato­

rial P:l(,; jfic, this pcrsistl!nt lime corresponds to 

Ihi: annu:lltmde \vlnd rei;l:\ali('If} <;1.:I£e. 

J.2 The temperature 

Figure.3 gives seasonal temperature varia­

lions at 4 sites a long the equator. It IS clear that 

the ampl itlldes or seasonal v:lriations in the east­
ern tropical Pacifi c arc larger than those in the 

westem regions. The lowest SST appears in 
September at !!O cW, in November at 1400W 
and in February at 170" \V.The s.'1me seasonal 

vari:l tions frOIll the assimilated results in FigA 

ekarly show thaL a lthough ~l\emged from 1988 

to 200 1, the main St"asonal v:l ri<lt;on5 of te mpcr­

:l lure cycle !i'Ollllhe d:11a set o f SODA are quite 

si milar wi th those offrOIn TOGA-TAO. As the 

:lssimilated data can present more dyn amical 

massage, it will be convenient to use the dala 

from SODA instead of ;)Iher lonely obser"..:d 
dam to discuss the possib le mechanisms intlu­

cncing [he seasonal varintions. 

It can be observed from Figs 2 .:lrld 3 lhat, 

the annu:II c)c les o r temperature , Illaximum Vt:­

locity a nd depths of EUe core to th e surface 

didn't in phase wilh each other. What do these 

phase differences determine? [finertial equato­

rial undercurrent theory was being lIsed ill ex­

planation (P('dlosky, (996), the s..:a~on:l! varia­

tion of meridional ceJilllllsl be di~cussed first. 

The assim ilated results frO Il1 SODA are well 

l'I.:prescn led the main ~('asonal cyclonic charnc-

• 
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Fig. 2. Time-depth crosv.SI..'(; l ion.~ of 14 a o.vcmgcd curn:nl(CIn s) along the equator ~lbscr\ed from ADCP of TO 

GA·TAO and assimilated by SOD.\:1I IIO~ \\' (a, b),:11 140?W(c. til, at 1-0 W (c. t I and al 165°E (g. h). Value!> 

bellow 0 is dOlled. Llcking orobser\'alion~ is shown a~ CI"O'iS lincd . 

teristics as TOGA-TAD observations except 

the slowncssofEUC a1 J65 °E.The slower in the 

assimil ated data than the observed velocily of 

the EVe may result from Ihe lack of 1l1CSS<lgC 

along the equalor. 

3.3 The merid ional mass transports 

The width of EVe i s approximately 

• 
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(d'tshcd lines) and :assimilated by SOD,-\ (solid lines) at llOcW (a). a t 140 W (b), at 170'',1,' (e) nnd at I (,SvE (d). 

200 kill centered on the equator (Pedlosky, 
1996). Locations around I ~N or I "'S will be best 
givc the experience of how much water can be 
feed into the EVe. 

The volu me transport in Ihe upper layer at 
edges of lhe EVe is shown in Fig.4. It can be 
seen that. corresponding 10 the relaxing oftmde 
wi nd in boreal spring, pole-ward transport in 
both hemisphere reached minimum(see Figs 4c 

and d). During this time the equatur-ward trans­
pori at norlh edge of the EVe was also get its 
10we:.1 value oftranspon(see Fig.4a). II \vas on­
ly in FigAb thm. the lowest equator-ward lrans­
port appeared in August. While in boreal spring 
Ihe transport:H Ihe soulh edge of the EUe got its 
maximum va lue inslend. 

Althe norlh edge of the FUC. most amoun t 
of water flow equator-ward was :u the longi­
tudes of 140 'E:.H1d from! SO E to 115 W, \\ hill! 
nlthe south edge,most amount ofwmer flowe­

quator-ward was al lhe longiwdes from! 75' E 

to!40"W. 

"' The influence of' the mel'idional cUrrent" 
1I1)(Ut the seaso nal cycle of' the 11.'111/>(,1':1-

lurcand the EVe 

Figure 5 gives the s~asonnl cycles:u 4 sites 
along the edge of the EUe in both hemispheres. 
It is obvious that. at I IOoW north of tile equator. 

there is a s tronge~1 meridion.31 current during 
August and September corresponding 10 lhe 

minimum SST during the same period (see Figs 
4a, c and d, and Fig. Sa). At 170- W soulh orthe 

equator. there is.3 ~tronge't meridiona l current 
appeared in Febntary corresponding. to the min­
imum SST during the same pel i(><.I (see Fig. S .... ). 

At 1400W nooh of the equator, there :tlso exists 

a strongest meridional transport eon-esponding 
to the minimum temperature in No .. embl::r ( ~ce 
fig.5c). 

The polc-\ ... :lTd Ekman tr;tn:;p0rl:::, are re­
spunsib le for the SSTs in the lropienl oceans 



56 SUN Jilin c\ al. Ad"On" IIIIQ{Qgit"uSilric<l 2004 . Vol. 23. No. 1. p. 51- 6O 

lal 

No\ , 

Scp. 

Ju l. 

~13y. 

Mar. 

hn. 
120' 1<" If. EHI"W 160' , ... 120' '00 

.,. 

~. 120' 140' 160 EI8O' ''''I60' 1010 120 100' SO' 

Fig. 4, Longitude -lime section ofcqui\lor- ward (a.b) nonh\\ ardc(c) and solllhwnrd(d) monthly mean transportation in 

Ihe upper 300 m layer at 1.352 3°N (c,::I) and at J.352°S(b,d) (values less lhull - 0.5 are doned (b,c).) 

(Wynki and Koblinsky, 1984). The upwelling 

in the equatorial ocean decreased the tempera­

ture in the upper layer. especially in the eastern 

tropical ocean.But the equator-ward meridional 

lranspons contributed to the seasonal cycle dif­

ferentl y. It can be realize that the Ekman effect 
represented by the meridional cell in the upper 
ocean can be the important innuencc on the de­

crease of SST in the region of the equator.At 

1100W is in September. al l70D W in Febmal)' 

and at 1400W in November. Thus it can be con­

cluded Ihal, the meridional cell driven by the 

Ekman transport is the main affection in deter­

mining the mini mum SST in annual cycle. 

It can be noted from Figs 2 and 3 that , the 

vertical temperature gradients are strengthened 

when the EUC reached its annual maxi mum. 

More stratification in the surface layer of ocean 

prevented the EUC from losing of momentum 

in the subsurface layer,which can favor the in­

creaseofvclocity in the EUe. 
Ca lculations and comparisons were made 

in the zonal veloc ity gradient along equator and 

meridional velocity gradient in the polar-ward 

direclion (fi gurcs were omitted ) . It was found 

that, va lues of zon:ll velocity gradient are one 

order less than valucs of meridional ve \ocit) 

gradients. Thus the meridional convergence 

may be regardcd as the main factor affected Ihc 

strength of EUC. 

• 



SUN Jilin ~[;)1. 1\ "luOCC(IIloJ/agil '(/SilliclI 2004. Vol. 23, No. I. p.5J - 60 57 

400 

'00 

Fig. S. Time-depth sections o f 111cridiof1(l1 componeni o f vclocily{cm/s) along 1.352 3 ~N (left P:lllc!S) nnd along 

1.352 ]CS (right pilnels)(Neg:Jrive v;) lue~ ilfC dOlled). Al [ lOo\V(:I,b), :1\ 140~W (c,d).;u 1 iO~W (c,f) and 011 165°E(g.h). 

• 



58 SUr-. Jilm c\ al. ,!"/I,()("fwwl"b'h'/ISIIU'fI 2QO..1. Vol. 23, No. l. p.51--60 

As for the maximum in the annual cycle of 

EVe. Iransport in Ihe subsurface layer 10 the e­

quator seems 10 affect a great extent at 1700W 

(see Fig. 4b). This concl usion can be true at this 

longitude because a5 discllssed in Section 3. the 

intensified equator-ward fl ow appears in its 

nenrby, especially from the Southern Hemi ­

sphere. East oflh is location, at 140" and I 10°\\' , 

thc zonal current wi!! be affectcd by the merid­

ional tran~port from the distances paralle l a long 

the equator. All l0"W, a strengthen ing of 

meridional flo w from the sOUlh of eq uator in 

Febmary may cause the increasing of the EUe. 

]fwe look into the longi tude west o f 1400W in 

Fi g. 4 in March, the relation between the inten­

sity o f zonal current and the meridional conver­

gence maybe easily explained. 

5 Discussion and concllLc,ions 

The analysis in the previous sections 

showed that the seasonal cycle of the lempew­

ture and the EUe in the equatorial Pacific have 

dillerent affections. The cycle oftemperatufc is 

affected by the intensity of meridional ccll in 

upper laycr.By influencing the upper di ver­

gence, the wind-driven Ekman transportation 

C:Hl .:lffect the SST directly.The meridional e­

quator-w.:lrd fl ow in the subsurfhce SOll thern 

Hemisphere is not in phase with the di vergence 

in the upper layer, this implies remote forcing in 

the south Pacific may take affection in seasonal 

cycle temperature and the strength of EVe. A 

simpli fied mechanism can bc presented to ex­

plain the seasonal minimum value of SST and 

maximum value of EVe in the following 

schematic diagrams. 

Since the intensificat ion o f meridional cell 

ha"e different special and tcmporal at norch or 

south oflhe equator, thus from the characteris­

tics rcvealed in Fig.6. It can be concluded thai, 

:11 140oW, the decrease of SST in the seasonnl 

cycle is mainly in fluenced by the meridional 

cell non h of the equator while the inlensifica­

tion of lhe EUe is controlled by the meridiona l 

flow from south of the equator. This implies that 

the south Pacific may take imponant roles in the 

climate change becau~e Ihe transportat ion of 

water mOly take affections on the water tempera­

turc in the equatorial eastern Pacific in longtimc 

range(Gu and Philander, 1997) . At the central 

Paci fi c of 170c W, the situation is quite contrary 

with that at 140oW. From Fig.7. the decrease of 

temperature in the seasonal cycle is mostly af­

fected by the meridional fl ow soulh of the equa­

tor whi le Ihe increase of the. EVe there is much 

affected by the meridional flow north of tile e­

quator. 

The study in this work supports the under­

current theory presellted by Pedlosky (1996) in 

two chamcteriSlics ;the increase o f velocity a­

long the equator and the max imum velocity ap.­

pear at the siage with shallow depth from Ihe 

eore to the sea surface. 

It can be induced that, as discussion for the 

atmosphere -ocean coupled system (Jin et 011., 

1994), the meridional cell may have some aficc­

lion on the irregularity ofEI Nino. Now that the 

meridiona l ce ll controls the seasonal cycle of 

temperature and EUC in the tropical Pacific, 

why can 't it be affect the happenillg ofEI Nino'! 

If this thought is proved to be true, then the trop­

ical atm05phcre-ocean coupled system will be 

no longer an isolated system as the system de­

scribed by Cane e t al. ( 1986). The characleris­

tics of affections that the meridional transports 

_ _ S(s\rOn~.SI.,(- Fip 4d,Sd) 

t 
N(luOIIg.s« F,~ 4a,x)---iI> <Of-­

• 

Fig. 6. Schematic diagram forc:lusingscasonal minimum 

SST(a)anrlmox imum EUC (b)3\140"W. 
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Fig. 7. SChcliMlic .li'l)!r;om IIll \'a ll ~mg ,cll,onnl 

n1L1lil\lu11\ ~S Il.I):ll1d 1ll,]\lllllllll (b)al 170' \v. 

:Irrl!CI thl! tropical ocean dunng the El Nino ;md 

La Nina e\"(~nts \\ ill h< discussed in uur further 

work. 
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