Eo2k EI3W | R ¥ W Vol. 52, No. 3
1994 4£ 8 A ACTA METEOROLOGICA SINICA Aug. , 1994

MAHERIRE RS HEEE AR
KAK Ray

(hFEB2ER KSR, L3, 100080) (EHXBEFREHRBM B O3, 100081)

I

AR H A S E A AR RN A SBALET it . MUE—#,EX4t
BARAP, BETRMERETHE SRR, RS T FITE £ 8 Rossby # . HLTH
SHEAERE . BRofrid . EMeRAPFEFROMBHFRED . REFEH LR,

B FOAR BT () P A% 0, 3F B T R G0 SOM LA I B X UrF Rossby 3 A 313K 5 T 18 ik 4 4
A LLETE SRR MRS R R AR, KBRS MRS, RIEBEHEF BEEE<HE
ERBBRAEERM B SUMARARMRE . R— M RBEFRERKRI, A —MREER
ERMLEABEHKY. SHELERARR, AREMKENAREHFHANERER
BX. B EXHRREREHEY BHEABRBEAREH - ENDBER GRS -,
KA W, WAOHEEM. B,

1 5 75

Philander | I E T EX BT R IRSRAKRIFT THHE,. SRRE, BT
WAMEAER , ARERD TR AREHE. Yamagata™ F Hirst A E & EHIERA T %X
ZEFAEEIERBERE T RFRBRE REFRRENTS, TR E TREN
#RIE Kelvin TSI, BLFMKARZH - A EHRTESBERA, ERSH
BWHH AR L Kelvin BT . B UM QR EHLER BT REFER RSN
AR, H TR 7RSI/ HEE ENSO HAEH RN/, NER BT
ENSO HA4Hte it BR—XEHELERAMEILE.

FER LT ARVF RS, BB TEMK

Iv,  du F
dx dy ax?

H fARBESE w v RRIRSF 2 fy T EED B b ARIFRE—FE
BHR®SEE, g FENIEE B FEAT WOX, BB 7 ETYES IR LB
8 » X B 5 T AR T8 X PRAN SN PR M A AR RSB T, LR A B T viF i
AR P BB AE R (1K BER B M2 T 51 8 T skl (0L, T ZE R R R 9 4 IR
BAEBKHER . FI, 2308 A A K (DX BRI, 610 R0 SO B 4F 1
B

dv, du,

7
+ a—yz)h., M

%g(

* 19924 10 A 15 HWHIPIW.19934F 4 A 9o HKBIBREBHMW.



3 AR MR ARE SR ARG 351

2 B K
BHECER(1 ], T RREEE NBERAESES T EAN
dh, g Fh., Pg

fuo.=—g5 =& 7 — Fh, @
fva=—g%—}:—§% @
(30 “

fu =83~ iy D ©®

dh, = ~ | du, AT

§+ATzDa Z—*—g =0 D)
Q = Ah, (8
@,1) = 7(u,,v,) €))

o H, AR FEN R R Y TR —E S AEE, B H,=400m™ o, fl v, 53
B 2 My T EE S B A A E A E R, AT, KR B
SRKETRENE,  HIEKREKRY.D WREEGERE.© M1 o 238 KS/EAT
WEREAE =My 5 B.Q ARBT.AMY HEB HERZHNHDA=10"%",Y=5X10"°
ms ™' X B AR BEY F ScER[1].

BERX(—O,7EH

+ g2 L

F _F _ flyan, _
(axz ay Cf)a_t dx —(,—‘fAh’ (10)
F o F Sk, g9k _ ¥f(dv _du
(axﬁayz Cf)at t B " Dglaz 3y 1D

H i Co=(gH)'"*,C.= (gAT.De)'* A} HI KRS HIMG R B S B0, R (O AN (3O T
G

ﬂ_%)

B i Bg 9 h,
91 ay - g(alz + ayz)ha _+_ (12)

S
fo 3y
Hr fomlﬁiﬁ'ﬁ,%Elttjb?ﬁﬁ?ﬂkﬂ‘]ﬁuﬁ(12)52:?1‘5}52735}&%77‘%'—33&(1)7[:@,Eﬂ?ﬁ
Bl bEtl, ME— e BE L AR TS BHER.
B¥RADDRAKRQD, 51 #EHRE B FEE A 5 X1 RN EBEAE R, 78
TRERERAESHEGTEA
(2o 2 - )2y 1 2k et

e __ AL L2
at 2¢2 3 x 4 yh, (13

F & ¥k, | €723k, YT| & F Y  3h,
[e( PP ayz) - Aa‘: 72 9z 3(52 * a—yz)’l« Y 2f.De 3y

Hee=C./C., T=QRC) ™ . FRBADH QO I AT ERRHEEAFRE,

14



352 = %= % # 52 %
3 HEKRM®
XTFEHFBAH QDM AD, BEYIER N
(hey b)) =[O (y), RO (3)] « exp[itkz — at)] (15)
/?.(\
R (y) = D h&D(y) (16)
B (y) = > hD(y/ VE) = D, D> kP a,D, () an

=0 n=0 M=0

R D) K n Y RAERE T a. HIE D.(y/ V&) AERN vy HHY R R H
D, (y) BITETH R B HRA Ky

Ay =

D,(y/ ¥ €)Du(y) d (18)
= | Do/ SOD ay

BRA5H—ADRAFBAGDM 1), HEFFNE n=2008 M, EED D.()WIERE
BLE&NEBIMTHHEA:

[( l + kz) g ?/z ]h;g) +1 EZAT (ay; + aoo)h(O)

2e
+ ¢ Ezﬂ (aos + 5ag; + 2a0)hs’ = 0 a9
EZAT
[ 5 +#]o+ s 0+ 4T G+ awdhs? (20)
|:( i —+ kz) o+ 2:1 ]hﬁ?’ + 1 EZAT (az + aZO)hx((?)
+i EZAT (az + 5az; + 2a;)hs’ =0 (¢2D)
_ Tl 2} 1@ . 7w T, o
{ D‘( 4 +k)h,,o +l4foD€”2 hy + 1 ZDh"Z
_+_ 1 + kz e1/2 h(o) i 2 i/Z h(O) _ ( )
> € a—}—7lzaoo,o+ 2+ek a+2 Qo =0 22
_ 4 o _ E 3 2| o . 4 )
t 4fODE”Zha° 1 D\ 1 + £ )hal + ¢ ZfoDEl/z ha
1/2
+ [( % + ek |0 + %k}auhf{” =0 @3
. yT . 4 7T
4Dh;3) - af, Af . Dev? h:f) — '5( % + kz)h:g)
1/ 1/2
+ [( + ekt + —k]azoh(‘” + |: + k) + —k]azzh,‘;” -0 @

ML E B 5RO ER AR X TR 2 FEKIS AR AFHF AL T —F
KX FFIESR R o AT 04T .

4 FRIEBRIT



3 KARSE: XA RE R EAE R ot - 353

FEAXEWSHEER MEFBAQD—COPRA=0/MY=0,NHHTF64
FRAEAR R
1 k
O =— —ig ———— (n=0,1,2) (25)
26" 4 T %

1/2
6m=_%+ (71=09].,2) (26)

& +n+ 2

A& K (25)F1(26) 53 B R K S FIMHE 1) 76 1% A9 9RIE Rossby 3 . By L] 40, X BT 45
B ESBRSEAR 09—V, ifﬁé?ﬁ%ﬂ&imﬁﬁ#*ﬁTﬁ‘&ﬁﬁ?&&ﬂ@
#RJE Rossby I MG .

R A9D—24), [ REBAFMAEHE . B 145 T XMFER R LT 2%, B+
6] B SR 48 H T 4 BB n=0. 10 28 K S0 B b 7 18 Rossby 3 945 638 40 47 . th I L
AIE N FARE o405 M 0, BB KX FHYHRIE Rossby 3, (EXBHESERN—IMBE
G, RS R0 H 78 1% s 3 FAB B 01, 00 F1 o3 BT M HE P Y IRIE Rossby 3%, BREA]
R H P HRIE Rossby Wi A F S MM AEAEHBE HARFRME, Y EEB T ESAHEE
AR ERKERAFEBEEN, X= MBI 1 MR E8 5, T2 B BREN, 5 3h5
], R R AR A .

HEBHELOR, N FBUE o.M o0 L EX TR o0 M o, EAITRE AR E . EH28

&1 HAAD—COFTHE HPFAERREMEEL LIRS FIB n=0,
1A 206 S G 400 7 M (BT 40D RSB Rossby 3 I RFIESR K
CTH r RREH,s AFMHE o REXD



354 E{‘ i 5_5 jﬁ 52#
T R R R 5 . s L2
0o T o B o TR R 89 U B R R

34

g
0
0.
0,

- 0.

B3 BNESRR A MREREERE o EHHZ W

0, 4

0.3

0.2

0.1

.
4
3

2

;//

1

0

* N
\
L \“'“05] Ji

Gll

I 1k

0.5

|

|

f

!

!
L 00 1 02 1
li

|

B o fll o, HRBE osF oY BRI 2 RYF4L

CFhr i R EH

1.0

(a. Ay=1.5X10"®ms~%; b. Av=1.0X 10 ®ms~—2;
c. Ay=0.5X10"%ms™?)

\
\\b\
L

\

L\

\

\ ad

\ .

\\\
\

\

A

\\

C

K4 BSEORE A MITBERBABE 9 EH
(EL) ABEGHRRYE o MER B W

0.5

(a. Ay=1.5X10"%ms"%; b. Ay=1.0X 10" ®ms "~ 2;
c. Ay=0.5X10"%ms™2)

L
1.0k

BEMK M o.M o BF X RV 84 3 B B
EAREER X T AREM KR
o5, AE2E I RBE B3 £ BB
T R 0, 24 R & 3 KR £ 8 0. 09
B, BB T PR T AR ER
KBk o, A EM KRR £
B KB E D B, Kk
RICEAREN. S5 M F R EH
KB o, HE 1R 50, MU <
0. 298, % 11 FR AL U L T 24 £>>0. 29
B, e, AR T R AR B . B
AT H, X BT o) B X R /Y 1] 79 5% 1) 2R
R EFESHEERK. HBEER
BEE MREMKEMEEPHK
i8 Rossby ¥, &S HEER )G,
AEEEERERENARERS
.

HU BB E B, 4 XY A
S8R 12)XEMEL)E,
BT HSXMOIIAEHLE R BIBRT
— MR AR EHKI, SHH
P SHEERBEER KB K
BERNENtRAE A REN.

E3g it TSRS RY A X8
o LW EmW. IEHLYEIHE
fE RSB ET, MR EH AR E BT
M BREEE R ESH THESHE
B RBEE, AR EM K o o,
BRI e T T B UEX
AHEAE B3 3R AT , 18 3k o, MR oY
AREHKERTR, FAEHAR
ERB TR B R R K.

5 FFIER B AT R AR E B
TR



3 AR xR REE S THEERHR R 355

5.1 BERBIH

BIS&H T B k=1 30F, REER I o Fl o MR IER BT W& W, X T A58 €
KA o, (B52) , KEMBHE TS EGHILERMM, RRXGMEER S Z HBA &
BB IE AR S T X T R e HR A8 B 0. (B5b) , KSR B S5 A0 8 ¥ B 35 2 18] Y 2 AR
XERGHE EFHE R, lE BRI, KSXGREFER S Z RN BAEE XX

FEI6%5 T 2B k=0. 04Rt, X B F BB AR B ool o (AR TE R B AT B X T
BEHRH AR MK o (H6a) , KSHEHMEREEHZRINHEXX R SRAN IR
ERK PRI, B B B A R AR, T RS RSH AN PR3 Z TR AR E B B R A ¢
EXE ;M TARENEHAERY oo (BH6b), KRR HEREHZ BIHMHEXX R LS RBH
AREERBEFHR, BAHBHEMEXER, MAKRGMEER S Z FEAFEH
SR BTN, BRAREHS BN RERAA TSR YHEER.
5.2 ARENLERH

HATH TSRS EY, SRR RS SHEER B SN XM
RA—HH,. TARIDEAAMT— T ARETENLERME.

HABRAOMAD, B 53N ASMSENERTE

mllS] (5] e

— é?—,jzmy%,,hg —— §<y2h,,@> @7

Falls] 5]+ em]

:_£<f(3_’;_z—‘; h,>=—l%<e,,h» (28)
st O = [ wdy[ ede Ly e MR 6 = | 52 — 52 WA

AT HAFRHEESERE REPABREHLELN HAEXSIEREY TR, &R

FHARPERREHLREME.
BRCDAEH  HFERSERRE, KL BRGR
(hQ) = Al{hh,) <O (29

B KSR B b, SN S B E S b AR, BB EL (>0 Q<O KK
b (R, <O I (Q>0) HL b, l FRAITMAKSHANKR B ERBRKE R HE.H
i, R COERRESS S, A SR H, XFERE RO B 2 5 AR
HXE, REBRAXSKABRENLEERMEF.
BB h,oc — f€,, &, KPR I I, DU o v 7 R R I B AR A AT

(&E) >0 (30)
B ASRIGHRE & ERERGHRE & EMAX.RCONYREENRESGER . B
?&?%EEDE~E‘J$%E@§%$9MEMJ,%kﬁm%ﬁﬁﬁﬁﬁﬁi%i&ﬁmﬁ%w,iﬁ
o KUSE Ve B T PR I R DR, S BORRRGE 2, M R R RS, 2 RE .



356 = % =4 14 52 %
350 ——— 7 350
i o
0.00F - S 0.00{
- 3.50 / o - 3.50
1.75 T T 1.75

-1.75 1

b

0.00

B5  BA=1.38, X R F o (a)F o, (b)Y HFE o J 5 A
(EEIRS, FEENEEGER YRR ES , 5 LT 5 R
HOBKITFRAKA)

0.00

—3.50

. =0.11=—0.0
n.;) —_,

(VA
. - H - A
/

S0

1.75

0.00

0,00~

ré

1.75 I . | 1 i L L

78.51 0.0 211 1.83

e  k=0.048f, N FHEAREM KB os O MBS LE M
0 (b) F R 1iE B B4 A6 GLERIE S



3 AR xR RRE B AR 357

BT T KSMEELS AR AREHLERN, ﬁﬁXﬂ:?&’E\ﬂA%é}ﬁ HAREW
VB RGN B X (291 Qo) FFE R E B A KRG B E Goc— hey MK (30X 1,
GRS

(hh,> >0 31
HiL , SR Ee ZAENARELERXREFTER
(-2
Hpo j%l—ttf?"]lil? RRHAESHEERENARERE, AUBRT A 5 A XX

£ ERRT 5 5E SR BF R A,

SNBSS TR 0, 08 O L 4 R B P 7 B R
ShR 29 B B b 15 b, S BT S  0A BE RSUR BE S AT T A
ot - S M FESE N BB AT, 21 £ 70 SRS BN ST A A o B K
AT AR IR SR Rossby B 89 BURAREEE 34 IEHUR B M SR T A
K IR 5 7 Pt SRR LR A R ek GO B A 55, TE
FISG L0 T M B TR 20 U LA e AR 0 B 0
IE AE TSR 417 4 B S0 A A0 AR 46 5K 508 9% i Rossy
et R A

hh,) >0 (32)

6 45 %

A ES T, RATER T U TS

BWHRMKIPE B HRIE Rossby PG5, ERFESRERETEEE LR
B, — R EBR B, T 5 — L N B RB X FRB RS SHEE R B Gl EEE
A I BT B Y AL A% O T TR T A 38 4 B S B L 7, LA O 1 1) T L S [ AR
R HBRT B I B RE B 0 A LA PSR B ) 24 . 24 0 SOA L P A R, R A%
A9 38 9 s 5 B 201D 8 BT 1 BB B L X B 1) FRAE Y AT F Kelvin 3, B R B FRAM
MR FRIE Rossby BAH TR &5 B 7 AL 1 o 1) T 0 [6] 2R 4% B A3 9 H 38 SOM EL 40 D OB
WA ARRGE SR A OF ELR BRI 2 M SO L AR AT M 2 4 R AR A
Hamat, AR R REBAK,

X 0 SR ¥ UM LA PO, AR 3B O 1o ] VY, 5 8 SR B AR A R RS i o
iE Rossby AP #H0L HAEF KB KM B BREEN, WA R REAR KA . L ESHEE
RN, AREHRKRAR, AREBT AN BEBEEBEK,

L5 AT AR B AR A, WX T S RSB M SOM LA A O, AR R e
PEEMYER GRS BN KRS EA EER WA RS, EER ST YEIRY
) 29, T = SR 3 ) £ 52 K R b Wy B AR Y ) 249 . ey MU U6 B T 8 ¥ P Y iR IE Rossby i
ERFHIBS RANKRYPIRPREEEEEMNEM.

KT A WA IAE B B AE ENSO Bl s fE A, Xk (11 B4 T 491
R XEABREL AR S ORISR BT, X F AR g KA <A E



358 5 % % % 52 %

¥, WEMERRA G+ AER, WA T RSO TR RPLERTEZEZWAK
BB A — DI HBE L BNBRCARR XY W ST R AN ER AET &
PR BT .

EACHRBEIED, RITHE TR 7 E, IXESMFERTE —ENE
W o ELDA SCRR (6 18 BB T 45 R R BT 2 T ¥k X A A 32 T R K, B BB A8 T LASE S
RBEER TR IE R

&% 30k

[1] Chao Jiping and Zhang Renhe. The air-sea interaction waves in the tropics and their instabilities. ACTA METEO-
ROLOGICA SINICA. 1988, 3: 275—287.

{2] Philander S G H. Yamagata T and Pacanowski R C. Unstable air-sea interaction in the tropics. J Atmos Sci 1984,
41: 604—613.

[3] Yamagata T. Stability of a simple air-sea coupled model in the tropics. in Couped Ocean-Atmosphere Model. ed. ]
C J Nihoul, Amsterdam. 1985. 767pp.

[4] Hirst A C. Unstable and damped modes in simple atmosphere-ocean coupled models. J Atmos Sci, 1986. 43: 606—
630.

(5] Gill A E. Some simple solutions for heat-induced tropical circulation. Quart J R Met Soc, 1980, 106: 447 —462.

{6] Zhang Renhe and Chao Jiping. Numerical experiments on the tropical air-sea interaction waves. ACTA METEORO-
LOGICA SINICA, 1992. 6: 148—158.

AN IMPROVEMENT ON THE TROPICAL UNSTABLE
AIR-SEA INTERACTION MODEL

Zhang Renhe
(Institute of Atmospheric Physics. Academia Sinica. Beijing. 100080)

Chao Jiping
(National Research Center for Martne Environmental Forecasts. State Oceanic Administration, Beijing, 100081)

Abstract

An improvement on the parametrization of wind stress is made to the tropical air-sea in-
teraction model formerly proposed by Chao and Zhang: In this air-sea coupled model. the
inertial-gravity waves are filtered out and only the equatorial Rossby waves are reserved in
both the atmosphere and the ocean. Results indicate that after the air-sea interaction, two
kinds of waves appear in the coupled model. one is of high-frequency and another is of low-
frequency. The properties of the low-frequency waves are similar to those in Ref. [1]. The
different results from those in Ref. [1] are that besides the low-frequency unstable waves,
the high-frequency waves are unstable in the scope of comparatively long wavelengths. The
stronger the air-sea interaction. the larger the amplifying rate and wider the scope in which
the unstable high-frequency waves appear. This paper also proves that the physical condi-
tions for the producing of the low-frequency and high-frequency unstable waves are differ-
ent.

Key words: Tropical belt, Air-sea interaction. Model.



