Fom (K555 R B ER 5

RE A RBARBER

W OR

AZCFIFH NCAR $2UL SN G RIHRIARL DR B R R 22 R (R
o YFTTRRE A SRR S EfE s, - COM2 By QTCML » SRSk (RS T
ERD £ L en g b g A e N o b Tl e R R 3 e

EEERSITEET - i KRR BTN TEA =52 - EMdLE RS
1 < AT - SRR R BASHB AT W RSB R - FAECHERE O - SANAR
FESRAERR - B~ AR S RIERR LIRS K - (B

SRR - QTCMY BRI ZER MR AR R &

ETEHE RLY - BRERETEEE

FHEREERSSI ¢ coM2 ARAERUASREHEATMIES R MR R EEAIT N

TRRAHIT - ARG ZER -

—-Hlg

AR BRI TR R AR RS -
BENIRE - B - 2B LR R RETRR
SHHRAMRE IR - BT L - SRRt
BEEEESBE T RMBAEMRENTEER

{ ENsO EIE—EEEEIRIT) » RAEBIEREN

JEMED) (wind stress) ZREBEMEEE - et lhE
RS ~ AR R AR R R A R
e - B SR SRR A SRR R A
BhEHEEhE  EMIEEE - BFNEEEERER
EEE  HelaHfERtmEmHEE e
B HHCEREREIRRREL - sl
AR AR 2 R -

TR THEESIEE K ARRERE

( Battisti 1988 ; Latif et al. 1990 .

Syu and Neelin 1995 %) - BWEATILIAER
PR TR (CoCMs) - BREERAYE
WS AR R ENSO BSRIE B
il » DMESRIRIETEEA O - AR
S n el e S S R e et s ek S
THESEHRIE IR - LARERREEC S G2 THITRE] - LU
TEES RGN Bt -

AL R AR R 2 R R R
TR . B TR E P R kS

SoMiER | BIUEEEHEH R R
HHEY B A A TR -

. ERRIE - #ET G B EAR
2.1 ERERIFIEE

AIRMEBREZE AFAL L (National
» fiR
NCAR) $RELS SR R (f87# OLR ) At B
MR 1981 F 1994 fFEH-HPUass SHE B aa
K EREENERITES 2.5 ° X 2.5 7 RB4ERD
STPTERIR 30°S-30°N/100°E-60°W =

S5 ATRAIRE T I A KR
& ( 7OF ) BR - BLIRE Rk S R - 25

Center for Atmospheric Research

Bl

115

2.2 PfEfs,

AIIRA NCAR PSR FARRLEE THR
{ Community Ciimate Model »i5ffccm2 ) -
FEERMMNAERERENT ( UCLa ) S ¥
B REBERBEERE MW ( Quasi-
Equilibrium

Trepical Circulation

Model - 8§ OTCM1 ) - FREAISESEHETE
WIPEARE - AR A SRR -



BESEIERSEL  IAERAE coM2 BREEEN
JEBLsl » SR QTCML VS EHNT « HAMER
£i7 CPU E{EANSH AT » OTCMI {5 com2 B+
3 AT R R R T E - oTaMl
Rl A E R R BRI - PRt
CEEAUEEIE R » (R Hack et al (1994) -
Meelin et al (1997} ABF—ZIRF -

# A CCM2 QTCM
£ #
|4 F i 3R R HIMR# 4
P 2.8° x 7.8° @wd4 5.62° x3.75° mug
gl HH HIRES HERH
Fr PRitfo B AE)
TRl R ¥ A B4 ¥
i x Hack(1994) Batts-Miller(1986)
ay| BRI A S AT M ERSOR
it o BEREE
#2411 Hack et al(1993) |Hashvanden et al(1337)
| FEAWAE - ash | AR IR LkR
E o | Rk ook 459
R Holislag and Bovillel
-3 ( 1993 ) £ & &
%= *ik
bk A R AL MR E A LTS
| (g - )| A AR HER
. HE\ABTHESHEN| AT AER 2K
1 TR ¥ % 8
Ml R E R iR RS B
| hetia 20 1

g5 1CCM2 B2 QTOML B BB A
2‘% o

= Bk R

AR B R R P R R
AR - L AR L4
S MR R R T I A - T
IEARET I - AP R P AR
ORI AR A R 2T
e -

3.1 FREREN -

S AT B B AR
B AS BN (OLR ) TREMIIUTIE
THS » EREEE B R AR » BAT
FEEHE OLR PERMABREKS « (FRSELREAATY i
FE - TE— T S T L A A
RIS MR - R LABER FOF

116

BISEEREE 40.36 % o HZEAmLIERS
M= e i 57 2 7 e TR v e e
i FEEPTIEIR - SFERTPER AR
THE 5% SR AN AT 2 Bl i PhEE
BiTERT Y SE © EOF2 FREIEETR 11.22% - F
K EH - TR AL
I84F ninod ML (BIARED - BAZEEE) -
It ECF2 A BRI il R PR B S
EOF3 AEFESHE 6,81 % - Bt A LI
APHERARE D - BACREES - BIMRERHES

(a) EOF1(SCI) OLR{Real)
o R -t S e e S B S S
‘

2 BY 2
o)

.V CiTny
CINTOUR FROM —2 T

120K 120% BOW

[ — - SR A TR KR 4 -
M FETHEIE EOFL ~ EOF2 £ EOF3 24
A& FTELEE B BRSO . 4 Bl -
R SRR A O L 4 By - SHEERRE
B 0.2 -

180 1607

NGNS - HIR{E . EOF {ESMAIER
RS R RSR - BT Bor] TR
HEE 42,81 % - HZHEOMEIR SEREETIE
EOFZ AMHEER » FEERD LY ninod
W EOF2 fiffEstBlme) 24 .62 % - Ha=ioEe
FREFRZRETL, EOr3 AREERA - Frhui et
FRBEH - BAE b 2 PRRCETTRMT  EOE3
RS TIE 9. 45 % > TSI PR
i -




y (n) EOF1(SCR) OLR(Real}

LERSE A S B e

FRSEN
o ‘~.‘__|._2‘

1 [Sen. L 1
CONTOUR FROW -2 TO 2 BY .2
24 827

S Ed
5

.t 3
CONTQUE FROM -2 Ta 2 BY 2
1208 150F 18a 150% i2ow 0% (24

B 1 R RS TR 2 [k 22 3l -
fE FE 538 EOF1 ~ EOF2 B EOF3 2
IS - PR ETRER TR AR 0. 6 M@
I PR BT RRRIE N -0 . 6 TSRS
CHEREERRS 0.2 o

EE LRI AR - AR R
TE{IEFERIE R - MR RRTE R
I NoAA FRE SRS IR AR R (S A
EE - SR KRR T R -

3.2 QrcmMl FBEEg -

HF oTOM HEEEANTS 2 K EEE EOF ST
=P O SR ETE s Rk filE - B BoFl B
EOFZ Z A R EDRIE35.67% fl14.67% -
WS 7 2o 2 - AL o IR
Nz eory ZifsEAHE o LB R RN
FEEETATERTR I PRRE R - EOF3 I hpsEE
B 11.34 % HEEEIEENIZ BOr3 SHifRE R
T R R AR R -

NGFREE RS - EOF1 - EOF2 & EOF3
o R RIES 37 .78% ~ 18.58% K 6.96
% 0 FEDYA]L) - BRSO RER ERE TR A R
FHESEF » TERE DRI R - ER
OTCM AR IR PRI EEME
By -

i bt AR IR PP o] ARG - QTCML
MEHNFERUENZIERT - I EREE
HEIREIRBE S - ¥ BB R PR R
ﬂ{ o

117

Precipitation (QTCM)

A

RE e St
i s AR N DI, ..

a8 CONTOUR FROU =3 TO 3 BY 2
L2aE 150F, 100 150w iaor saw oaw

T= 0 QTCML 1RSSR Ee R Al
FFze o hi] - F L 3E 4388 EOF1 - ECFZ
F EOF3 ORI » FIER AR IaA
0.4 BVER - RUERERI BRI s
0.6 IERE » SHEfRIERS 0.2 -

{a) BOF1(sCR)  Precipitalion {QTCM) 57.78%
N T ‘.:-j T T :7‘ x & ri[ T c T Y I. T

TN Ll
FROM -3 T0 3 DY 2

S LR . 1
CONTOLUR FROM -3 TO 3 AY .2
120E 1508 ie0Q 150w 120K aow sow

B 0 QroMl FEEEAMRETRIL Y AR K
HEzes il - i B2 T50ilR EOF1 - EOF2
B EOF3 [ Z4MAIETE - FIENSR B RHIRECR
FY 0.4 B BRI RS a R -
0.6 B » SRR 0.2 -

3.3 coM2 B -

B AN com2 {SETE FAGERYE EOF /3
¥ BB AUEEITHRLS BOF S » (i)
DABSEE > EOF1 VIRERSREIS 30,63 % 2 79



HZ2EI LRSI EER A =
ife=AEE—3% - A coMz RSB EE
HE N EAT - £Or2 Bl ECF3 W HPFERRELSTIS
5.36% K 4.59% PR AEIEHEREHEEA
H7ZERE

BIARERFORESZ EOF 53R - £
EOFl -~ EQFZ K EOF3 ZHESER SRR 43.0
% ~ 23.21% R 17.5% - FAERATLEEE -
AR K R PR B R 2 R o AR B R A R
. FRBAE R MEIE SRR IR
A HARTISERE R T8RRI EEEY

EiR EERRT RIS - coM2 B
ResEE A eI AR QTCML 7 R EFEERIER
ceMz FRATERRIETIHEIFR TR Eitat
AR R ETE - A A S R AE
LISESRZK - oTCMD B E EASE
SEEE FUT - FERYE R SR TSRk -

o
\1_/‘-..r—..—‘. I A
TURTOUR FROM ~3 TO 3 BV .2

!
CONTOUR FROW -3 T 3 BY 2
120 saw BaN

BF 0 CCM2 FEETALSEETHIE Y Vi ta e R
Z2oMfE - B EE N3 EOF1 - EOF2
B EOF3 ZonHiEl - ITHEERaEA
F4 0.4 RS - BHSERISEE R -
0.2 B - SHERREES 0.2 -

118

oo i L
CONTOUR FROM -3

@% gl
X
1o

Y

)
OLR FROW -3

w_la < 1
A B S O]
CONTOUR FROM -3 TO 2 OY &
120 150W 120w 90w sow

B - coM2 (EEE R . S R
2o fild - (B EETORIE EOFL -~ EOF2
& EOF3 Z4fiilEiE  FIBiE R = Ek
0.3 B RERERISR S -
0.3 HEIR » ZEEEE 0.3 -

A . KRR T

R IR R R S AR R A (.
FIRET - BPWsslAn Yt s B2 aRaEE
FRREZIRER P51 - FSE BT PSEHIER R SRR L
o DAE— PR RS U Ee ok o AR AR
sl
4.1 EFEEH -

I NCAR HZIFEE T H ™S OLR FRifE
FERIHEIRTT R - FEAERIE - BV FEok
LR - MR 7r B - (R EAE
T ( Kelvin wave ) fERIPREL » (W HES)
BEIRERE 30 £ 60 K AN ZNIRE

( Madden-JulianOsciliation ) B - Bk
Fefri7rasEs, - TR R AT - [k A
HRTEORNMT - SEBEBEAR > [HHEE

( phase speed ) 818 - ZEZ2EOTEEY
B ( meoist Kelvin wave ) ELAURAEATEY
(Yu and Neelin 1997) - EFEETHRIERE
R e SR SR E - EIE/\nJ 4l - FRiEs
B MO RERE IR - LD
5¥ 0 BH - EBRS - RIS
RIS - PO AT R g iR » Hosbich -
ATt s SRR RN BIRREARTER
TR - A BFIRSER » [k e




ENSO FFEEE —20 BRI R R T3
SHERES -

—— s -
of - A «|FT e — ¥
ol =T 18 - =
——r i = rem. - 3
A e T —|= 3T )
1 -..-EE' o] = i
ot ¥ £ T Foe
g. - 18l == ==
.. amekr S - -+ Th. . 3
"‘:. iy, - "'-=. -'_3;— - E
L F v = - .
e et = “ e *
E .‘, - -‘
ol -=.. * [N . = B
0w ~ -— - &) e I -
af .— X PO e T e .
—| T mn = i - g LD =L
L T=r = - - - T
-__ = o4 =T ?# P
=1 - = —=* 2 = )
[ @l = =
;. = - Rl -
[ ——— P —el e e I
- - - IR - £
“"..a o = R - -
s = B o = =
@l - ig+18 —egE ";

@ = = e, =
P T Bl %
- = : -,

0 08 e TR T "0 a ook e T e

Bl EAEE8 (55-5N) BTl ARS RIS
il « BAIBERE 1985 F 1994 EfHE -
FTEHE R OLR B/ 220 (W/m**2) B
£ «

555N OLR(anomaly)
- e

° wE we TN e 0 oox [ Rt S
1886--01=01 ta )BB4—12-31
dot mrem < —10(w/m"*2) netch ares > 1O(w/m**2)

B\ - TR (55-5N) BFMIRTER K ERF
HIE - $TEE £ OLR FE IS {E /N -
10 (W /rox* 2y AR « FTRIBRIEES OLR BE7F
fEARFY 10 (W/m**2 ) e -

4.2 QTCMI FEHE -

FHEELATE] + OTCMT SIS X BRI B
o7 s I 2 BRI E A B R MERT TR P e
W F S ELRGEEE ARG 30 K - LR
TMpTS SR - FPERATRE R () BT
EFE - BB R K R SR RS

119

T - EASERE Y NSO SfHERTiRER 12K -

a1 82/83 - 86/87

~ 91792 % FUEE kP

TR - RS - IR R R R

BT BT -

Tropical QTCH
T s e —— |

e s
= >_=l_"_‘£—_._'_—:
stw | = = hou, [ F T _

2 -
itn = ]
_——
T =
— - - - s
= == By
ara == £ = 3 = _ :
[T— =7 = Te | —— -
=oo= I m o [ Ee o I
- == .. = — = =
| — . < e = e -
| [ e
L e —_ ;-'_‘f';:;':."-_ _

vt e
o 0L 180 Gow

-----

LI o0 50 L o

[FL 0 QTCML HEERIVEHERE (55-5N) B H TS

7K B [ 7 51

B - FTE e B R E KR

30 (mm/day) BEEE -

boB [N ]
dot arce > Z0{mm/dny)
hateh aree ¢ -20(mm/day)

' SCRInionth mean)
1982-01-01 to 1601-12-31

W~ 0 QTCML FREFRISSVEIERE (55-oN) FFFg

BRI

Fﬂﬁffﬁﬁﬂ[ﬂ] i fﬁﬁﬁiﬁaﬁﬁ 1982

E 1991 FHE - TR B R S E
A 20 (run/day) #OTEHE - $TRERE IR
BPETFE/R-20 (mm/day) BRI °

4.3 ccM2 B
- com2

BRI REBHET » H

A - 4

RCEaT A B A B R

WA R A R

HURE - (ENGA R -



FERTRERETE N ¢+ [ R A R R i
S EERE - EMEE IR IR E e
LIBIRRSR (Yu and Neelin - 1994) o £
RIERTEIR (E+—) - SR ERE
SAEE - BT EEE - BARR - ILFJRERT T
B HR AR IR TR -

- L L

it et
180 20W 0

Q H0E
dot area » S5(mm/day)

B : CoM2 HUBEARIE (55-5N) RERKESEF
T - e RS EERE ., S A5
BETIRTETSE ST - TR kR
TR EFETEALL 5 (mm/day) BYERLER - R
B R KB ERTME/ -5 (mm/day) BT &

Iof; e
F.. RUGEER
Ao K R T R S R R

A RIRIREU BV R B R ) LUER
iR ESEE R [t - EAFEEEL
TRATHEREE » R A Bk 2T Ao
FASRE R BT

Bl AR TMTHDE - AT SR
A F BT ERT Y o AR ERT
o 25 B R A P i e i
B8 - ERBIEES R T B R - 53
G4 1 PR R RS R SRR
AT B R RIR R AT K - [
TRAEREISE ENSO B8 - ENSO KA
PEREHEE - (SFRENT 588 « ERBE
BEomE - QTCM SRR KRS R ER R
Bz R E BT - T com2 ¥
PR TR S oTCML T -

Boal -

1F# B B & B B R s T 2R P
TR - AHEHERIEETE NSC-87-2111-M-
034-001 HEHFTERY © FrRat B E AR
BRERBTLES -

B30

Battisti, D. S., 1988: The dynamics and
thermodynamics of a warming event in
a coupled tropical atmosphere-ocean
model. J. Atmes., Sci., 45, 2889-
29189.

Hack, J. J., and co-autheors, 1983 !
Description of the NCAR Community
Climate Model (CcM2) . NCAR
Technical Note, 108pp.

Latif, M,, J. Bjercamp, H. V. Stcrch,
M. J. McPhaden, and E. Kirk, 199C:
Simulation of ENSO related surface
wind anomalies with an atmospheric
GCM forced by obsexrved SST. J.
Climate, 3, 509-521.,

Neelin,J.-D.and <o authors,1997:The
Neelin-Zeng Quasi-Eguilibrium
Tropical Circulation Model version
2,0.UCLA Technical Note.

Syu, H.-H., and J. D. Neelin, 1995;
Seasonal and interannual
variability in a hybrid ccupled GCM.
J. Climate, B, 2121-2143.

Yua J.-Y. and J. D, Neelin,1994: Modes
of +tropic-al wvariability under

adjustment and the

Madden-Julian Oscillation.Part

convective

II:Numerical Results, J. Atmos. Sci.,
51,1835-1914.

Ya J.-Y., and J. D. Neelin, 1897:
hnalytic appro-ximations for moist
convectively adjuested regions. J.
Atmos., Sci., 54, 1054-1063.

120



Numerical Simulation of the

Tropical Low-Frequency Variability

Jien-Yi Tu and Jia-Yuh Yu
Department of Atmospheric Sciences

Chinese Culture University, Taipei, Taiwan
Abstract

Distribution of tropical atmospheric heat source has great impact on many large-scale features of
tropical atmosphere, including the intraseasonal osciilation, Monsson circulation, and the El
Nino/Southern Oscillation.  In this study, we use a popular general circulation model, the NCAR CCM,
along with a simpler model, the UCLA QTCM, to simulate the low-frequency characteristics of the
tropical atmosphere. In particular, phenomena with time scale of intraseasonal and interannual

variability will be emphasized.

Our resulis indicate that interaction between cumulus scale and its farge-scale environment plays an
imporiant roie in maintaining the tropical low-frequency variability. An appropriate representation of
the above process is the key of successful simulation. By using a conveciive quasi-equilibrium
scheme to parameterize the moist processes, the UCLA QTCM, even with simpler physics, performs
'better than the NCAR CCM in reproducing the intraseasonal and interannual variability of the tropical

atmosphere.

Key words: intraseasonal oscillation, El Nino/Southern Oscillation, interannual variability
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