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Abstract

Abstract

The Madden-Julian Oscillation (MJO) is the dominant mode of intraseasonal varia-
bility in the tropics. Coherent eastward propagation of convection and zonal wind over the
Indian Ocean, the Maritime Continent, and the western Pacific Ocean are the salient fea-
tures of the MJO. Furthermore, the MJO plays a critical role in connecting the weather and
climate variation. Thus, the MJO has become an intensive research topic in recent years.
Many studies focused on understanding and predicting the MJO using statistical and dy-
namical methods. Moreover, the MJO has extensive interactions with other components of
the climate system, for instance, the El Nino-Southern Oscillation, the Asian and Australian
monsoon systems, and the extratropics. Therefore, it is important to represent the MJO
realistically in models for climate modeling and prediction.

This paper presents an assessment of the MJO simulated in five experiments using the
Community Earth System Model (CESM) under different model settings. The analysis fo-
cused on the effects of air-sea coupling, resolution and atmospheric physics on the basic
characteristics of the MJO, including intraseasonal variance, wavenumber-frequency char-
acteristics and eastward propagation, using outgoing longwave radiation (OLR), zonal
winds at 850 hPa (U850) and at 200 hPa (U200). Five experiments are conducted for this
purpose including one atmospheric model -- Community Atmosphere model version 4
(CAM4), two coupled models with CAM4 or CAM5 (Community Atmosphere model ver-
sion 5) as the atmospheric component at a low resolution (CLP4_2d, CPL5_2d) and two
the same coupled model with a high resolution (CPL4_1d and CLP5_1d).

The MJO diagnostic results show that all models have better intraseasonal character-

istics in U850 than in OLR. The uncoupled model CAM4 has lower fidelity than the cou-
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pled models in characterizing MJO basic features including the temporal and spatial in-
traseasonal variability and the eastward propagation. With ocean feedback, the coherence
of convection and circulation is improved in the coupled models. The higher resolution is
helpful in improving ISV spatial distribution and eliminating low frequency bias in the
frequency-wavenumber spectra although it has little improvement to MJO-band variance
(power) in frequency-wavenumber spectra. The new shallow convection scheme in CAM5
improves the moisture process of the lower troposphere so that CPL5 2d and CPL5_1d
have more realistic eastward propagation speed in the boreal winter and better northward
propagation in the boreal summer than other models. However, the strength of the convec-
tive MJO signal in CPL5_2d and CPL5_1d are weaker than other models and observations,
which is probably one of the most spurious features in CPL5_2d and CPL5_1d experiments,
suggesting that the CAMS5 has a weaker convection activity than its predecessor.

Based on the analysis above, the climate related singular vector (CSV) is used to cal-
culate the optimal SST initial perturbation of the MJO related OLR forecast. To analyze
the optimal error growth mechanism, the moist static energy (MSE) budget analysis is ap-
plied. Moreover, the sensitivity of the singular vector (SV) to the initial time and the per-
turbation area is discussed. The pattern of the SV calculated from the Indian Ocean SST
perturbation is resemble to the Indian Ocean Dipole (IOD) pattern, which shows opposite
anomaly between the west coast of the island of Sumatra and the Somalia's east coast.
Through the MSE budget analysis of the original simulation, the obvious eastward propa-
gation of the intraseasonal OLR and the column-integrated MSE is found to the west of the
date line. Among all the budget terms, the horizontal advection, vertical advection and
latent heating flux are the main contributing terms. The advection’s negative anomaly con-
tributes most to the OLR’s east propagation. And the horizontal component lags the con-

vection signal for about 3-4 days. Besides, the vertical advection and the latent heating flux
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are also very important. The latent heating flux’s positive anomaly usually happens ahead
of the enhanced convective activity, which means the latent heating may precondition the
deep convection. In the results of the simulation with the initial SST added the SV, the
development of the MJO is affected by the changes of the latent heating terms. The optimal
initial perturbation of the MJO related OLR forecast shows low sensitivity to different in-
itial times. But its sensitivity to the perturbation areas is a little higher, which may results
from the different sensitivities of the responses to the changes of the heat sources’ strength
and location. The connection between the Indian Ocean and the Pacific Ocean plays an

important role in the MJO’s forecast.

REEE: AT NIRY ;. MIO 2l S RINE S SRR ZE
Keywords: Tropical intraseasonal oscillation; MJO diagnostic; Singular vector method;

Optimal forecast error
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£ A4 70 424R, Maddenand Julian (1971, 1972) K IARE T i KA Hh A
40 REAHERMIHRG IR, ZJa TR DL, ARG R B OV HAEAE
30-60 KRESTA IR NG, ZILREHCAET AHRYG (1ISO) « ML, BHFIR

T T RSB IR FRA MIO. M 80 £EARTTAR, MJIO 18T BN #5 [ FHF 5 56
R, B4 C 2o KA RO TR —, B ERAZ R W
MBPRANGE T3 A MIO IS RFIEAITE S UL, R X e iU R ST 5Y
Ma i 5 R BRI 7T

MJIO 3= ZERFAE AR LT JLst: 1530 A R BRAE FR I8 ity X sk, st e 2
RAL; MRS R T RN RS 4 A R RV IR G TEG 67 &AW R4
A AARRFAL, 3G 58 BURRHAL M ED BEPETT AR A e, 12X L R AN W 1] 2R A% 4
FE-IP PRI, B o AEREA PR e, TR IRUZ W8 BT 2k .

MJO LR HEDN AT IR R AT, LT Bk R R ELG = AR 5e e, tan
SHEBR N1 ENSO (ZEs=24R FIBE R 1998; Kessler 2001; Saith and Slingo 2006
Pengetal. 2011; Hoelletal. 2014) , =T UEMERN RS FBIHARIZESR 2000;
Schubert and Wu 2001; Lavender and Matthews 2009; Evans et al. 2014) , RS RE
HIRGE SRR P24 (ZE54R etal. 2012; Bessafi and Wheeler 2006;  Klotzbach 2010;
Liand Zhou 2013; Tao and Li 2014) , LA & ~F#4< M5 (Sardeshmukh and Sura 2007) ,
JERVEVEYRZ (Cassou 2008) LL K #vs #hh[X (Zhou and Miller 2005; Gong et al.
2014) SEHIFEM, E AN CAA RER TAEX BT 77T Bk, X emiiy
RS TR YL, Bef% BT F ST Bl tH MIO W2 m TAR H2 15 4% . (Peng et al.
2011) . EARH AT — e RAUR A DA R AR H MIO ) — BB I ACRFE
(Subramanian etal. 2011; Cruegeretal.2013) , —& T/EHEFRATSE 4 Hi AR T 4
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B MJO (6285 (Majdaetal. 2007; Lietal. 2009; Caietal. 2013) , {HE4
X MJIO PIEEHLH] A RATIRAN ARG 4 (Zhang 2013; Li 2014) , #xU6 MJO K
BN AR 7 B — b e (Kimetal. 2009; Sperber and Annamalai 2008; Shelly et
al. 2014) .

B4y, RARE MR AT 2= RO U g C 28 BB st (HoZ L
MJO NARIR HIZ=1 A RUBE Tiel i s e AP B B . BRIt PR B2 )a 5l 7 — R B
FERA AT, B RS MIO BRI TR e ST 71 H), e an 3y R A o
% (Year of Tropical Convection) ; MJO /724118 (DYNAMO) ; MJO FE4a#k
R iTR (Diabatic Hindcast Project) ; MJO G411%] (TASK Force) ; Z=i
AR JERARIR TR (ISVHE) %5, Hoh MJIO HEZa i P 5 #oit-Jil 32 2% R 4Bk
KA AT TE MIO KBNS /) A CRIFE I H, i A S) B HR A ),
i MJO SEEHRIAT ISVHE it 4, B S 70 MIO BB TR, VAl MIO f AT Tl
LR TR RE

PR MIO [RBLRLTIR B8 715 MJIO ML FIRFF 8 2 (81T AHAR AR BRI K R
WARNT i 7 MIO HIPDENLE, A BE S8 v M o B CORH 82 ) P B A O A8,
AR MIO HIBU TR EE /7, (RIS, 0 MIO HIMERBIL TR, A BTt
MJO SREEVIHERERITTT. MIO FITIR AT ASHAME HA R SR 5 21 Tl 2 T 7
FH, e TR TSI N a VI TR, R SRR R

FUI0 E BRATH
12 REFBAES (MIO) HFRER

1.2.1 MJO HlBIARIHER

HET, MIO HIMERNLE] R BUA KA — N E®R, XR&HT MIO A5 IRk,
RLIE I kD, PAURRAE MIO BUAZ & D5 AR A — k. MJO TERTI 2
FEPE, fifgaE i B AT A 7T MIO R ERAL AR5 + 70 PRME . — 2238 8 MJO
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KA AN SRE g —FPmE . (B, Hsuetal. 19900 , 1 — & HR iR A A F A%t
KAWHAREHIEEIMG (1, Matthews 20000 « FLA UL £ (15 70 45 3R
KW, JEE EAER MIO FIMIIMERT . B, DAUR A AT I B HE SR 318 MJO
HIBLI B T

MJO FHL I 3= T LIS 9 LR L8 D Bah 55 — 2R AT AR E (wave-CISKD;
2) R-ZER G (WISHED 5 3) RFit-/KIR 5. BB B MIO HLI 7t £ 221X
SRV TIX =R R R e, HIX =R B0 A S 58 24 v - ARSI,
TR AH HLAE A 1. J8)) CISK B KU MKVl X - /KRR v T e (Y
L LSRR IR R A, TR MIO AL IS 12 A HEAEH; WISHE 21
BAEAE AL SCHE, T MIO R JESRHLRE R . FF 1 IR & — D BRI 5 2R
#4t, Lauand Waliser (2011) 2 1 2= AR AR B FR 1) B HE SR, K]
1-1 fros e BATR X = 2R 010 i AR Al e e AT T 2 41 .

1 EECIsK {‘_?‘ ) (47 AR -
2 WISHE [ . 5 _y v
3 FC \ 1 e ij
4 EESRE - &I\%’ -
5 FEAIUR | B 3 ?‘% A
S = P o (éﬂﬁ ﬂu#“ ,%‘%i)
AR r'ﬁjﬁg'“ijj ) o %
6 EREME //;@)\/ |
fEF ik i K7 _/
EHHLE A 8
Y S : 8
° R - o s I
1EF FitifE  AERSE ” B
oA REE =

Bl 1-1 ARG FHEAY I EMELLE (Lau and Waliser 2011)
Figure 1-1 Essential physical processes involved in theoretical modeling of the in-

traseasonal oscillation (Lau and Waliser 2011)
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(1) EIHBEZRFMHEARE (wave-CISK)

Bz —RFAM AT E IR AL O N B R AT g R I s, RV SR SR
QGO EA R VA S 7 el L ) 1 o T N 1 e o i e - B B O R AR R B L
A=, AR IE R AR, e s At e K. 5
TREMARENLHIZ Charney and Eliassen (1964) 1E 4/ REESHA MR 3 v 5 4
WRER) S B H )5 12 R B S 2l R R R R SR 2R, Rtk — Pt n it A e
Lindzen (1974) 7EiZ3RFEAN b & e i CISK B, BIEsl CISK, ke 1 #4
i 1 DX 3 B IR B (4 5 5 R R EE AL SRR 2 T 2R L S - 23R AN 2 2
SR I NSRS BRI R, BN, ZBE/KE MSE ~Fiit. KA TR XHAR 1 2% A
FaE MEAE . VP2 IR T1208h CISK ML AR aCTE AR MJO I H 3B il R AR SE AE
R RE R, I H R AR Rl 2 T 45 5 (Zhang 2005) , JF HiZFL it
TCVEARRERL I B DG KIS 00T, Pshanf 34T 2 RUEE ) 4544 (Chao 1995) .
(2) R-FERRB (WISHE)

-2 R S ARHLE 4] I Emanuel (1987) Fil Neelinetal. (1987) f#fsi,
Ja RN SR AR (WISHE) #if (Yano and Emanuel 1991) , ZA#Li
IS H 2N T IRRESZHF MIO B HALFR AR EME . A4 WISHE BB, ~FEIX
ARSI AR, ARZE R 2N L, 51 R v Pl 2 i AR
AN RRAE S T A0 45 B2 7K M S (R AN R, DR L A T B2 BBl X7 A o i 4  5
AR T BRI, I A M R AR I 5L

21t WISHE #ig 533 CISK HLAH FRIFEMAE, BT E M 5 TR Y
K, I HARRRE . T H, SRR Z 1 AR X 2 A5 R IR 5] ) A 4% 4k
UL I 235 SRR WIAE MIO 35 2l 56 2 AR B EEFE AT TG TR X, XU P22 1 . [
I, R HOE I 57 AR S WIMEA B EH— AR, 2%t
BB AR AR TP IR, RGBS, ARG A B 7 A AR FRI
RIMAGEE FH N . B WISHE L EAZ , (HEDZ 2T N IR I H 2R U,
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Xieand Arkin (1997) Al Wangand Li (1994) ZERER I T &4 S EL i) 77
EPEh s IE I Z )5, WISHE BLHE A8 5 EUAR E H s 7 AR AL 5k, 1A FF /5 27
BIZR AR, 2 ARZNE WISHE WS 7 A= 17 45 [ - 4% 4 B 08 XA it O A & A T
55

Wang (1988) #&HIRZ) MIO FIAFE IR T 15 = BEE = A iR &, R
NEBRRREATGE (FCD , ZEIRIAN, MIO & il 72t BRG] S0 )iwss 28
AT E RIS, 2R R S KR MBI, EEEIRRE R 5 /cE
IRSCEAN G W UUpch &, I BEER A 2R AR, JF A EEEAR R A e
&, MG ) AR AL, RMKEETL A2 il 40 28 5 0T 25 SO % 1 DU A RO &
PR AR IR AE SR I ARG g « FCI ARE 0 SRS ME A2 AL T 48 TR U5 T L2 AR
TESA SRR PR K T, SN B AR B AR G AT E (Wang 1988; XIE
and Kubokawa 1990) .
(3)  XFR-KIRR B

H AR AP K 3 D)8 RAESE T/KIAM S B BOIRAR S 1 MJO B g
EEREIER . B HS BRSBTS RIS IR A O AR, T
RS FAR RENS SRS 7K AN G BTN L A1) R P R S A E AR Joi () e o S IR il
AR ERAR M T — A8 Sk, v B R A B AR IR B AR

a. ZKIRANE R R

LU — S8 55 3K B (Kemball-cook and Weare 2001 ; Kiladis et al. 2005; Benedict
and Randall 2007 %) , 7£ MJO Xt R AL, FFAE—BOWUZ R AR A
T PEIZIE I B ARAMA . XU R)E ST DU R, KRR
SEVERREZ 8. APV R G, X amERATH R e TR, X
PEHE R GE 7 EAD MIO EFERI . Ahan BB I AR B 3h CISK Bl
WISHE B 1E T, 1X P98 #E SRS A R TS R i SR Y - A1 R
Xt H HIRHAZ KOS AR B 38 5 R0 X 3P 7 MDA AR A AR AR Bk
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