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RE ET-NESEAFESERINFEREDGNERR, BIHELT HBEH
Lagrange A MAIM BB RAEFRNEANREERARELAFTBRA. SR,
THHFERS A SFNWEREBESATE—RAR, HBEN TR LREHEEERRTS
BAW AW, FEARYE RFHRART Lagrange $1F 23) 5 WM H M IERMIB A M.
i B B B K B AR I B Lagrange RMH — BB EASENBESIAANEE S S M.
MR, TEFRE B 3 GRS EE RS, BMA = AENH, BT \/E A B ER
2 A ER 338 F15h, B R BB Sh AT P A E R

X@iE  FEENEY FERKMEHNFEER B Lagrange K EXUBE BE
i

ENFES P7312

FERFTREFEHNEBEENRIFEFFEALBNEZHERZ —, EFFIE
B 9% 5 1 YL 3 R Y HE P 5 Eh R G IR R BT A LM M SE B PRI IR R R Y B ) SR AR,
[E o, FREEH S5 ENSO IR R R E . R KRR SSTHEFREZ FEESE
BABUNHRR, MUARERER, ERESR. KK, AEEESI IR R, &
BEENEE LIRARFENSG I REMNERMIES D 5K P B RERE KT
WY SR F 2 XU RE g A0 #H T SR B 4 E i B A Y (Hansen er al, 1984;
Bryden et al, 1989; Luther e al, 1990). X EREFFEBHFEHF I IBFHPEEE
AMEAKBABEENETENTRIER. R EXHEANRRERERSE IS, W
R EHFTHBITHEHRAT S —RIFE. B, BIRKREREAL R R GERF
WA SSTAAKI TRIER, TR A EBEARRI ¥ AL GERNFRBEEEES
BEAFHER, BEFEENH 28 CAHEIBME.

E A 14 W57 I 3l 3 i T 3R B B 30 33 TR PE ) B9 BF X 4K (Hansen ez al, 1984;
Bryden et al, 1989; Luther et al, 1990; Hebert et al, 1991; Thompson et al, 1993;
Graef et al, 1994), H KZ RT3 247 3F H UL Euler RIMAE AW HEFRF A ABL. BHE,
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BAKH HTS5HE. REBEANFRESHEIBRAE—E, RIFR LA HEE EEHF
AR F Euler £, AW ARETE 2K T Euler £, 1248 T Ui A b B e 4 28 BE 4 7
¥, B0 Fri8 Lagrange ¥ B & (Longuet-Higgins, 1969; Zimmerman, 1979; Cheng et dal,
1982; Feng et al, 1986). F¥5IR, EHELZERMKH T HREGHEREIZHT -1 HIEEHE
& (EMN%,1998). HELABEXKERLAS, LRFAMTEHFERIANAKARE SRR
FIFBHmA £ R (B %, 1988); IR A E W B & BRI B X B BRA T B4R (H
W #RZ X Lagrange &), F AWM AN E A AHENFRGHHYRE-FEHTE. B
Lagrange R MR M E SHE M AR GHEAR L inEEBEEHSHE, & Lagrange
FHWEEME, RKBFRIEEFEBRMYE R PR EIENI N EHERREERX
HEHN, LRLEMN,

7E Lagrange M S E A b, BFR B PR S s B = £ SRR AT R Y K
WS ENEEEAR, HP I EEREBYHARTEARALRE (B L% 1992), &
KR T/EB > (Longuet-Higgins, 1969; Moore, 1970; Thompson et al, 1993),
4t %} #tly bR TR E 4 R RIRE.

R, EFEEAREBFERINPERUINERZTRAERCENSEL (ENLE,
1998). ABFFHTE LS S1HHELR b, #tE B BAKBY Lagrange A WAR M BB R
KFREAFBA, AT N R ERBARFAELCHSERM. #HM, MR ERE
Lagrange & it ) — it R X R W4 BT H 3 2R,

1 EEBRAFEEFEMNSIEREN N FER

& T B sh R ERERE BN REST, BRI RE S ERE I ERYE

RA- N FERETFRRN (£ %, 1998)

Veu=90

U+ €@ Vu)—yv+p,= (yu),

v+ e V) +yu+p, = (rv), )
p.= —p

p.+ e Vo) + wp, = (kp),
HREH: z=0, yu,=71, yv,=7, kp,=qw=0
z= —-D, yuu=yv,=0, p=0, w=20
R, uovow ARG E. SAMERTE: p HBKER: y o FRREEMRY BR
¥ o g ABIHEEES . SRR RERENRE, BRINEHKE. o NF
RERABE, phEHS BN FERS: LESHTRESEAEZ LHMEMRAFEES
EREABEEHREMEAZEAUE, RUHEEER, T EEHE - ZAERSAHR
WAREETE, AN 02—03, M —BEKERK(EN%,1998). HHBLEERENT
BRI
a=d"+¢ea + e’ +o0(&) Q)
A, a. P IREFAETERHE n MERKRE.
BRI EHAIFEAQ)MERKREHEE.
V=0
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u— B+ pt = (yu),
Py -

1

v, + Py’ + —p, = (v V), (3)
Py

p:= —p%

2
Pl =Py W= (e,
AR & z=0, yul=17, pwl=17, kpl=¢q, w'=0
z= -D, yul=p1'=0,p°=0, w'=0
—Br R
Vei'=0
W= B+ pl= o+ (rud),

0

Vo Byt + S pl = Fl b (r v, @
Py
1 1

pP.= —p&

2
pi—pof w' = F) + (xp)),
N R &M z=0, yul=0, y/ =0, ko, =0, w' =0
z= =D, yu;=yv,=0,p'=0,w' =0

1/2
R, Fl= 0% Vi, Fl= —a®+ V), Fl= — &%+ Vp% N, = ( —-,;ip&) H
Brunt-Viisalaffi & (7% J1 50 %) '

FYTBUL T MR T SRR S R U, TR (3) B S B R A
30 s 2 U 0 06 £ AR 0 — BB 93 TR o B AR 0 1 T AR P
B, BT BTG RHE RIS T2 FERER. BHR
1 1 5 196 LRAEHR A4 T Ptk 2 T IR A — Y B S AU,

2 B3 Lagrange X MM SMBEEXFEA

I 120 5, A A 8 B B B B9 B T8 P59 72 X Lagrange A,

s
i, = G, + &0,9) (5)
o, () = [T U RBEEET = (& 0, O FRIRBE LB TH n 5

R AR EAHK.

" h T BB Lagrange -3 3B # BUKC Bt B R BE FR 0 16 R o 4 R T TR 4RI 3, 36 X
4 Lagrange R, X BEEREBABRKRIYHR T E, ERAUFHHNE THREB K
PLug ik, LEBEERZFAMBELSE n MNERAYPENEBRIES 581 — 1M
FMEWMABREZL NHRE OW = 103+ %,1988). XEMTFREOM) <%
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BR& TR AR A RBERELHEEKE T, 0, Bled 1071, AR R R &R F 2
B #4 B 1] < BE B2/ T 100 M AHE. IRAR N RREA LRSI+ KRB, METITHE K
[ B A BE A i 4 B SR AR AR BR8] P 3 R R, 7R SE AR 44T, % A 0 FA o B IR P 7E X A
# Tayler B ERBESNRR Q)#HAR(S), \THE LB Lagrange FHEERER, HPRME
r Lagrange &I u, B1 W FR 5 4 AL, Eﬂ

U (6)
(& V', f)) X Stokes ER EEF, X B

=0+
He,u, = = (&' (%, t))%‘l%ﬁl"“Euler?ﬁi g =
BB E = J,“ (x, DL

R (6) FXH, IFEAERKHME X L, Lagrange FHHEE 5 Fuler FHEF 2 B tHMEET
— RN E i
B PR = . Longuet-Higgins(1969)F5 X B & M b ) i 2 B, EAIMY
R4 [E) AR AR R 4K

MT u,BWeUREN  IHEHARBr EERGTRER L, MUHAREREK
B, TERERTFHEERX, BI5ENRBZRERGBEARN 50ecm/ s, Bz 44 10cm/ s,
HEFHREMEMY (Halpern, 1987, E L%, 1999). Z2XEMRZRMH AERBAR WK
5 B ) 3 HERE B AU E R T BB

MEHER Q)M R @) M AR EEER, FMNAXRERK(6), TURBWT
ERE—-BEXTHYEHEEERBENSFETREA, 7B A /E N ERER M
THRAFEBFERBRFTFROEATEHA, HARKELXNT (EE, A KR p B #ER
AHHp,). '

Veu,=0 (7a)
— By, = — )+ (yu), + 7, (7b)
Bru, = ~ p'),+ (yv,), + =, (7c)

(p"
(o= —-LLg (7d)
NZ
- = (Kp")), + (& + V(xp)).) (7e)

REM: 2= 0, yuu=—<; > <£0 > <(0r>
R CIA S R GIL = BY G AR

®

z=—-D, yu_ =1, =0,$p") =0, w, =0
K, m=m, + 7, +n, +7, m,= "+ 7, + 7, + 7, ®

s, G )= (& a%)( (E T ) m= s ma = - (o0
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te <(%£° + n_v") yie + (52 + % nﬁ) ' +Vy-. 5°u2>~;
7, = <(§ n,+ ES) y:+ (ni +%¢’;’) yu; + Ve E°v2>z;

me= = (8 V() - <E§,- (ya2)2x> -3 <£,, (ya;’)>;
A GRACEE <£2,- (ya2>zy> -3 <5,3m_, - (ya;’>>

He, (n, ) BETENEROERERE, EFBATRERAOER, B AR N
“WBES. GEBRANIERATEREER A EEIFROES, AR, ERERZ
B R S R R T, SRR PR AEALE, B T IR R A R B i TR XU A7 R iR SR8
A, B ABE SN EREBES WA A EEFR. IR REREEE S, HFHAE
BERAMBIESE, MABHEE THEERRNTE.

FRAN—OWEXNEET, EAETESFERAE AR KA AMEET RNE
Lagrange RA M B, RAELHRBE X EWRBEBHEIBFEARRER. X Q)RH, KK
HMFRGEEERESEEERAMEAMBHIERERESEERT,

BB BUA ST AR BR (9) T I, & — T IE T AR GE B AR R AR 4z
B.ORERCMNN IR, IXPEIARGFEEEBKRT Lagrange Ll iE8 5 R G
WIE RSB, HBEA AR, BEAREETOTEME R EFY.: (1)
KA EERBENIERERE (r,,7,); QQBEMBESKFEERENFERERS
(my m,)5 () RIB B ECHEBE 5 IR R OB B MR RIERE (m, + 7 7, + 7). HoOF,
R BEETRS, ERME R EEIES.

3 BREMFEKH Lagrange RMHIKAE

AFFFAGTIEARE R B EE, R S1E5MNRERTFHIE. NRGHETR, RE
REFEERIAZT. BHRE (). (7e)BEAH:

Npw, = (1p')) , + (& V(ip)).) (10)
BHEARF Q) RERN:
z2=0, yu, =0, yv,=0, {p) =0, w,=0 (11

m

FIAREYy() = K2) = A/N;(z) (M4t 4 R —HH), H A McCreary(1980) EH T {™
ORI (xp) B4 Fickian B3R (ko) J5» &R ATRF NI T ARA BER

a= Sawo, | pi= Soon K= Tane (12

WL A v a0 V) £ b AR (o) B d Fe B, (% T EL M

Blyn=0,1,2, - ), B R Stunn—Liouvillefl‘w’fﬁE{EI‘f‘J)E(—Alﬂ‘ wnz) + % ¥, =0(3H
=0, - DUy, = 0) KEFEE RO, 3 WKBJ I B ¥ b
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[ e
¥.(2) = Az)cos —= ~ cosniiN (13)
J’ J Ndz N,G) 172
K e, =——, . R(NFBRETT Z2(2) =( ) Rz WRERE
Nde N{0)
#Eﬁ?ﬁlu&mmﬁiﬁ—w%ﬁwwﬂm=U%ﬁﬁ,%mw>owdm}
n=0,1,2, =" YHEXRREZR. MR (B LTHEELRYERESLEN M LIFIERT

EBEEZBRF . n=0NESHEELENEEES n> 0 5T RE n rEHEER, ¢, hizE
ANENFEE McCreary, 1980). ZYEBASE n {EESLHRE, W a,.5,8 d,(n =

<) M KPS T B R R
Upet Vy + W, = 0
%%-wm=—wn+m a4
f‘gvh + pyu,, = — <p1),,y + 7,

n

A
Wb‘ = -67 <p1>n + 71'3"

n

o (1 /., 1,
[ B A G GO
X8, (r,7,)="———, 1, =4 z —— = \R9),
w"dz wﬂ2dz

7,0 10, 0 & A L ER A 0 o, B R IB 5 3 h
- ( S S )T m = - S s+ T AR a9

i+j=n |i~jl=n i+j= n J li—=jl= n J

= _Z 5 0}, 0 0 l 0

<42 (3G e (3]

_4 _l__l l 2 0 R 0 l 0

Z( P Gas ) (530

Eo VH”, ((.)u‘.) é_:(.“VHuj0 [?u}o
A L2

l+j==n c,' c]

f,,, ,.:1 f:;x Ayl W B EEN
1+/=" Il Jl=n j j ¢

( >+ > )<5.~° " Vb))

i+j=n li=jl=n

Al-—-
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- - Sacla) e 3 sHes) 18)

i+j= n li—jl=n

11 5 .
Z( ) l(eedn) - (e )s)
A 1 1)1 0.5 0 0
-z,.-,.|=n(:,.—-,.):,<(fw+z%)vf (g m)e) ®
Y v?°

43 A1) @ vp°>-—<;°p°>) @

Jln,j:

KA —QDRYW, FHWIHE i j IR EESHIESER SRR LS i+ B
i —j R ERSEREE, TR —PEHMMAXNKRABRTE i+ HNE
|i—jl BrRHEEER. B4R, Lagrange RN EELEZWEAR TEFH RN EE LW,

KB Bd (14) 538 v, MR T

A c

(- cfvb,yy + By, ~ e, + /M j‘ﬁvm = F, 22)
4 4 4
c’l A CVI cﬂ
He, F, = ] Ty — Pyrm, + ? T, — i Tyt Cﬁnw - Byr,,. (23)

T Y B sh B AR E Ry, B e AT DUR L = A R R R E Y, E”?ﬁ’%&fmvb, =0.
EWHRAT, TR QK y RSBk, HENTE N

= D v D9, 1, =
/s

HA EZR5E &8 Hermite BBUK {@,}(m =0, 1, 2, +=- - YRR Weber T v, + (a,, —
- )"’
y) v=0(lim v = ) HFE BB, ,, = 2m+ | AHERRHIEME. ¢.0) = Salli

HI3—ALH m B Hermite eR¥ R HE B m B ERETHSEEH. v, By

24

d""

E% mEREE EWEE, EMRERNTRA
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A ¢
-, topay, v, — Z,Bvbm =F, (25
cn

"o n

H F, = j F.g dn. RQSHWETF v, (W HERBEFRRERBA TR, 1
%

_ C,
v, (X = (€"[F,e *"dx— e**[F,e™**dx) Tt Ce'™ + C e (26)

1 2

Hea AZ%JEIC(25)E*Jﬁmﬁﬁﬂﬂw/\ﬁiﬁﬂﬂzﬁﬁ%xlﬁmwﬁﬁﬁ,ﬁ%iﬁiﬁ%
B B ﬂa
L2 2A v c6

n

FRC =C,=0WE limv, < cofAFREKMA. X RXQOFHHEE F,—FH

| 4~ o0
LR AR A DU ER4Y , NTTIE B BB Lagrange AWM= TRH B MR HAE. B0 C
HHEERL RBHER 26)RAR (25) BN HE.

K& v, &, MFEANHTHHIRE u, . w,. ") BT HRAMRE

= a + b(m) @27

u u

In Inm
woo |G ) =D )| Y | (28)
m=0
", -
AT —4
ﬁ I# ’ u[llm = 74- ec" J.Fllﬂme C ,[Funme dx
| af 4+ ~Ax . 4
<p >nm = ; e IF,,,,me “ dx—e & IFpnme dx (29)

R0, = [ gdn; G HHERE

B\ [m+1 B\ [m
=\//Z[(1_2A2> Tvlnm+l+( ZAZ)\/:Vznm—l]+

c m+1 Cp
+ A ,Bcn b(m + 1) 2 vlnm+1 b(m - 1) 2 an 1 + n-lnm + :Z 7T3nmx;

— B [m+1 B\ m
an=Cn ,BC,, I:(I—ZAZ) 2 anm+l 2A2 \/%vb:m—l +
ct m+1 ¢
-~ VBe, [b(m+1),/——2 Vimsy = bm = 1) 2 Vim1 | ™ T ™ G 30)

, C,
Kb,y (0 =" [F,e " dx+ e‘f‘fF,,,,,e‘il"dx)/l R
1

2
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B2 (12). (24). (28) 30, & 4 I A0 B [B] 7 9 K 38 i 4% 28 1) 7 22 1) 254 43 51 bh A R AR
SHEMRSREEEHG R, K PRE TN EEESHBRE Y E B8 2 A4SE,

SHEBS BT, t X (13) M AE A 4 15 805 &, & A K R RE cn/ﬂ@
s Al —RERS EE MBS T, R w585 %, 3 B Y X F R Ex

B, BBEXTRER R B (26). (27). (29) 0, &4 WA I 8] F 2 FE 3R 6 4 1 45 4
ZRE. S RBESU RFRHBL A E WM, 15, i (23), o)A, EXBRT F,. F,,. F,

unm™ £ pnm

HEHENRER T, EATRKETN S REN XERASZHEESHERE
%,
4 HZie
ARAREEERAFEBHFRIMNBHTEREI I ERAER, X THREEY
Lagrange R AN B EEB. NEFRNENNREBERFHELAFTRA, 204H
A, ZMHREHS B BHEREBEU L —-NAR, HEGXN TRELEBREE Y
R ERATARE, EBAMKTEREEHKRT Lagrange Ll Esh 5 ML
HREBE., B FREREK Lagrange KB — BB EZI L EZENENARNWETESL
EEET N
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A WEAKLY NON-LINEAR MODEL OF THE EQUATORIAL
WAVE-INDUCED LAGRANGIAN RESIDUAL CURRENT
AND ITS SOLUTIONS

WANG Fan

( Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

WU De—xing, FENG Shi—zuo, SHI Mao—chong
(Marine Enviromental College, Ocean University of Qingdao, Qingdao, 266003)

Abstract To establish a dynamic theory of wave-induced residual circulation and the associated
long term material transport in the tropical ocean on the basis of the Lagrangian average concept in
order to understand the contribution of the equatorial wave to distribution and variation of
climatological circulation and sea surface temperature in the tropical ocean, a set of equations of the
wave~driven and wind—drven residual circulation of the tropical ocean satisfied by the lowest order
Lagrangian residual current were set up, based on a weakly non-linear dynamic system of the
equatorial wave in the continuously. stratified ocean. The model showed that the non-linear coupling
of the first order equatorial wave generates secondary residual current of not negligible importance to
the quasi-steady upper tropical circulation. Generation of the wave—induced circulation is closely
related to the non—linear coupling between the Lagrangian locus and velocity. The general solution
of the lowest Lagrangian equatorial wave—induced residual current with different vertical and
meridional structures from those of the wave was derived. The results above revealed that, in the
continuously stratified ocean with dominant equatorial waves, the steady circulation could be driven
by the periodic movement of wave as well as the wind stress and the thermohaline force.

Key words Equatorial oceanic waves Weakly non—linear model Lagrangian wave—induced
residual current Non-linear coupling Ocean circulation

Subject classification number P731.2



