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Abstract Based on the monthly precipitation data of Climate Prediction Center Merged Analysis of Precipitation
(CMAP), the NCEP reanalysis data, the Extended Reconstruction Sea Surface Temperature (ERSST) from National
Oceanic and Atmospheric Administration (NOAA), and the output of the MRI-CGCM (Meteorological Research Institute
Coupled Ocean—Atmosphere General Circulation Model) of Japan Meteorological Agency, the ability of MRI-CGCM to
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simulate precipitation in the East Asian Summer Monsoon (EASM) region is evaluated from the perspective of the
climatology, the primary modes of Empirical Orthogonal Function (EOF) and the interannual variation of the EASM. The
multiple linear regression equation is established by the relationship between the observed East Asian Summer Monsoon
index (EASMI) and the simulated principal component (PC), and applied to correct the EASMI (PC correction method).
Results show that the MRI-CGCM can reasonably reproduce the basic EASM rainfall and low-level wind fields. However,
the simulated western North Pacific anticyclone is weaker and eastward-shifted than normal, which leads to the
underestimation of rainfall over the subtropical region. MRI-CGCM can capture the first leading EOF mode (EOF1) of
the EASM rainfall and the corresponding wind fields in lower levels over the EASM region and the decaying phase of El
Nifio. The EOF1 space Correlation Coefficient (ACC) between the simulation and observation is 0.72. The interannual
variability of EOF1 is reasonably simulated, and the correlation coefficient between the first component (PC1) of
MRI-CGCM simulation and observation is 0.41. The simulated EOF1 well reflects the observed characteristics of EOF1.
However, the simulated Mei-yu rainbelt over eastern China shifts southward, which is closely related to the southward
shift of the western North Pacific anticyclone. The model ability for the simulation of the second leading EOF mode
(EOF2) decreases significantly compared to that for the EOF1. The EOF2 ACC between simulation and observation is
0.36. MRI-CGCM can well reproduce the EOF2 that corresponds to the developing phase of El Niflo. However, the
simulated western North Pacific anticyclone shifts southward abnormally, which leads to the southward shift of the rain
belt. The simulated Mei-yu rain belt over China is located in the middle and lower reaches of the Yangtze River , which is
contrary to the observation that little rain occurs over this region. The spatial distribution and interannual variability of
summer precipitation and temperature anomalies in eastern China are well simulated. The mean ACC between the
simulated and observed summer precipitation (temperature) is 0.74 (0.68). The mean predict score (PS) of simulated
summer precipitation over eastern China, the Yangtze-Huaihe River valley and southern China are 69, 70, and 68,
respectively, which are higher than the average PS (65) of the operational summer precipitation prediction. The mean PS
of summer mean temperature in eastern China is 74. Improvements in the PC corrected EASMI are reflected in the
correlation coefficient, the anomaly sign consistency rate, the weaker magnitude of the simulated EASMI, and the
southward shift of the Mei-yu rain belt. The correlation coefficient between the corrected EASMI and observed EASMI
increases from 0.51 to 0.65, the anomaly sign consistency rate changes from 84% to 91%, the standard deviation
increases from 0.75 to 1.3, the number of years with greater than one standard deviation changes from 6 to 12, and the
locations of the western North Pacific anticyclone and Mei-yu rain belt corresponding to the corrected EASMI are more
consistent with observations.

Keywords East Asian Summer Monsoon (EASM), EOF, Coupled ocean—atmosphere general circulation model (CGCM),
Model correction
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Fig. 1 Climatological summer mean precipitation (shaded, units: mm d') and 850-hPa winds (arrows, units: m s ') during 1979-2010: (a) CMAP data; (b)
GPCP data; (c) the MRI-CGCM (Meteorological Research Institute Coupled Ocean—Atmosphere General Circulation Model) simulation; (d) the difference
between the MRI-CGCM simulation and CMARP data; (e) the difference between the MRI-CGCM simulation and GPCP data

KIIAS € P, JCIHEEHFE: L (Collins et al., 2013;
He and Zhou, 2015), LA SR CMAP il GPCP
VR AN [R]85 7K 8 Rk SR VP At A T 4R W b X B
AKETMERE. B 1 RARWZERIX 1979~2010 4F
32 AESPR B DU RIASE AL ¥ B 214 H B K ) L
o CMAP R 7K B 1 A5 M 22 UK AL 3 R S 2
W6, 7E 40°N LARgKHHLX FF/KE KT 4 mm
d, KA T (B 1a), GPCP AL
Bk BRI 5 CMAP LA IE (B 16D, W
BAEKEE EERAK, BAERE EERER, LI
LEHGTE B VE-LIX , CMAP [47K & L GPCP i K
1~5mmd "', 5 Zhouetal. (2008) 4}H745H—3%.
R U AL T 2R T B AR K ) 43 A R AE

(H 1c). MBI K EE CMAP (& 1d) il GPCP
MK (B 1e) MZEMEKRE, WREERGTTA
P X 2 S K, ALK S CMAP WL RE /K
Y DT 5 GPCP WL K T 21, it

FEIRE BRI K S CMAP W k20T,
WAL BAR 43 47 FH 2 S L Bk B RS 5 CMAP
B K BERE o ABRLALL R /K B 5 Sl B /K B ) ZE (R
(1), ZR0 KA MUK [ K 22 546 1 mm d '
YO TR P, 1 HL AR b X B KB ZE R B R “—+ =7
g orAn, REERHIX ., T &I LR A
T PRSP L DXCRN R R By b DX 25 [ H A g 5
B K BN 1~5 mmd ', i EVTRA 200N
BRI G RSP M DB RE K 1~3 mm d o W
850 hPa I {E R iEaEAT I vl XU, PHAL RSPk
AR, TR AR AR B s A P AR v S
Al B A AR TR Z K3 I ik 2 2
FRE (B 1o). 7EPALAFAEHX, i 850 hPa
W37 5 5 2l Y BRI 2 e, BIBERL I 7Y
JEARPE R AR W55, 3 S0P Pt 21w
bty HAR KA A mSs, BeKE D, R
T IR P O ST 3K 4 8 K g 22 1 DX 338 7 1K



X A B # 40 3%

1324 Chinese Journal of Atmospheric Sciences

Vol. 40

JHE A 2 7 (1) R

1 BL 40 AT 40, MRI-CGCM X B4 474 7
ARV 5 2 AU KRG 22 R ) S SR
3.2 ZRITEZ[EKEERESHIER

TR ZERX 1979~2010 UL 5 2= % /K 33k
17 EOF 43#r, i 2 M7 ZE 0tk 730k 37.7%
A10.2%, A7 ZEDTER 47.9%. HP B
(EOF 1) [ 25 [A] 43 AR5 A A2 78 78 T 1 DX il 4
THLX (25°N~40°N) H &K RAIARZ, 4
PO ER ZR K EMmD () B, WKILH R
BI85 ] R H A — 47 ) oy i X oK w2 () (B
2a) . IXPHNHIX B 7K AR WV 2 2 X B 7K A s AR e
TR NE R T RS EKF O (Wang et al,
2008). EOF1 X . ] [H) 28 2R I A B Gt (1) 4 s A
ARFIE (Bl 2e MEZR), JLhifk 5 48 s A i 2,
HLVGEHE 2 FEJEI, S T A s (1) 95% E S
LR (B 2g). A (BOF2) S s & 45 W
XN RAE KRB, “+—+7 =750, 24 15°N
DARg #s X R i BB B K E L (/D)
i, BBV SvE R E A7 E
X PR R mEZ (), mXEAS %R XA E
PO A6 AT KB S B VT B oK B> () (]
2¢). EOF2 X 3 (1) I () Z 40t S 30 H B b () A s A
b (B 2f je2k), WEuk 5 SRRV 2 4R i (1M
2h). AL EOF 7345 R 5 Wu et al. (2009) X<
2 Z=[ K AT 2545 EOF 43 3 R A A — 5,

[ A o) (] — Ik B AR AR AL AR W 2 R B K kAT
EOF Z0#1, I 2 MR Z 5Tk 5 4 39% A
19%, 07 Z 5Tk 58%, HEEUELK) EOF1 )5 22
DUk 5 S0 LT — 4, EOF2 J7 25 Biik bb sz K
9% 152 CREMS T b AR 0 3 ZR B AR — AV
(K25 18] 3 AR AR, R EOF T L5 2 ] £ 4 7]
AR RHCH 0.72, 1T 0.01 FIEEIK ¢ K55 .
1E CMIPS [1] 34 NS A A, MRI-CGCM i}
R ZEFF7K EOF1 ALl RE S HEAERT 6 4 (Song
and Zhou, 2014b) . AR LF HAHLH EOF1 R[5 #f
TR DX R AR, U TR DA AR A Y R X
WA ZE R B R (B 20). B e iU M il
i EOF1 X M. AERRAE 2, XM [FTI) i) 244 PC1 5
M 22 [ AR R 0N 0.41 (& 2e), LT 0.05
MR E AT ¢ £33, HRERLF PRI H Wl EOF 1
)5 afl2 adFEM (B, HXT EOF1,
A EOF2 At fe J) i 5 F B, BRIl EOF2 5

MM Z ][ ACC B2 0.36, HXN PC2 55Uz
[ FIARSC R ECh 0.35, TEIL T 0.05 R /KF ¢ 46
5, AR e TR ILH LI BEOF2 1) 2 a 33 5,
KA 5 a F 3, RBAXT EOF2 [14F
BrAs PR AE 25T BOF1. FAAHL EOF2
SRS AR A HAR RS, P AR W A A
A b DX R A UL O P, RSLADL PR 2 X R
WAL E B RN M, S0 FYL R KRR D IE
TP AH S, RIVRSSHOL ) R A7 B 0 22 S e K (I 2D
d) o AR I A< 0 I Ay b X i B A2 H RITR
5 73 R 5 2 A7 75 (1) 6% £ (Song and Zhou,
2014a).,

h T 5 BT AR B 2 B KR AN RS S 0T R (1) 2R
WA SST 230 Af, SCHX A AN BE/K EOF 43
o fR ] 22 % PCL, PC2 55 [RHIK/Z 850 hPa X
Yy Je SST ML T A/ AT, X oA WL 3. W3
EOF1 75 #7 B REVE R PG RSPV AIC 2 B R AT AR
R, ZRAEHEIX AR Z R R A VIR HA
RS R O T ) ¢ R AR — A — R
iEg” ey (K 3a), XIEZ M R —KF
¥ (EAP) BEAHOCHIP Y] (B0, 1990). iy
AP R AE T A . 52 2R 7K IR R 5 23T
2T 8 3 UM R e X R K S W 2 . P
IR DX B A B i 2D o P G ST s e S
K& ENSO 5 - W ZE XA I 24l 7 o fE K TR
WSS b, BREVERNPE T SST Mg, 1 4
KPR T4 . AR A2 El Nifio
AR ENFEAE SST A IBEAEH], ENEEF I R AR
ENSO 5 5 ZE b KPS 5 I 2 (Xie et
al., 2009). AT T MM PC1 5 Nifio3.4 F5 5111
R ARG (B 4a fBZ), K 4 lashts (—1),
(0> A (1) 43 AERZRET—4F . HFENE 5, |
Blar i, PC1 Hur— 2 KLl & AT A& F =
Nifio3.4 F5 £ WA OC R B 0.4, Wid T 0.05 (1)
WEKT ¢ K5, AR A 2 G IR A2
Nifio3.4 5 HCA 59 FdH oL CRIBIAEERL), K
EOF1 #2745 HIL{E El Nifio S A 2 5, a2 i
EOF 1 #45 J 1L (1) /2 El Nifio T2 JAE 45 W 5 78 KIRI7
(IS0, 1X 5 Wu et al. (2009) 25407 45 5 & —3%
(1) o B 0T B B Vil 3 B 0K 1 K< Kelvin 33
FECT A RN = A, NI RE I AR 0 5
Z MK AT 2045 (Wu et al., 2009; Song and
Zhou, 2014a, 2014b).



6

No. 6 LUO Liansheng et al. Evaluation and Correction of the East Asian Summer Monsoon Simulated by MRI Coupled ...

BT MRI-CGCM 20O 40 B 7 UK AU DAk A 3T 1E

1325

K2

PC1

110 12(I)E

50N

(c) Model EOF1 (39%)

140E 150E

— /*/ g
S

agt
R

40N

A A

150E

110E 130E 140E
-7 -4 -1 1 4 7

o5 &L PC1 (r=041)

0.4 -

0.2 - "
x"l ’(A A P"“ 14 ‘\: ".A' A Fa) ,
0-
'] ) o\ )
[ ! v W
\ \
—024 WS Y ¢
_04-
@== Obs === \odel
—0.6 +rrrrrrrrrrrrrTTTT T
1979 1984 1989 1994 1999 2004 2009
Year
(9)
0.3
§
~§ 0.2 1
&
9]
Z 011
o
0.0

45 3 2
Period/a

1979~2010 4F (a, b) MMARWFRIXKFFAKEL (co d) BULKEZERKE EOF MR 2 IS EOFL, EOF2 )L (e £ IR
[EAH PCL, PC2 A (g h) AHRIETIAHE. 1 go h PORE 2085 A 95% R 1)
Fig. 2 Spatial distributions of the first two leading EOF modes (EOF1, EOF2) of East Asian summer rainfall from (a, b) the observation and (c, d) the

PC2

50N

40N

30N

20N

40N

30N

20N

10N
1

0.3
0.2
0.1

0
—01
—0.2
—-03

Power spectrum
o
N

120E 130E 140E

10E 120E 130E 140E

=== Obs === \odel
1979 1984 1989 1994 1999 2004 2009
Year
(h)

150E

150E

18 9 6 45 3 2
Period/a

simulation, (e, f) the associated principal components (PC1. PC2) and (g, h) the spectrum analysis corresponding to principal components (PCs) of the

observation during 1979-2010. The dotted lines in Fig. g and Fig. h indicate the 95% confidence level upper limit of red noise spectrum



X A B # 40 3%

1326 Chinese Journal of Atmospheric Sciences

Vol. 40

R BRI M EOF 1ML 2 X3 EAP U 4145
i, ARREHL ) PE AL RSP A AR 1 s ie—"<
Tt Emra (Bl 3c), FHUBRLLR 3 E LU Mg R £
DX A B e o U HE A B P I EOF 1 AE B

iR A B, MU EL
X K E M, FIRA AR &

EALELE EOFL fidbizs, A BT 27°N

BRI, B BRIV g s DX, A A A I R DX 7 82 T
FRIEVIAE  BOE S L LUR X, WYy P4 5t b EOF 1

FERTVE SST 4341 (8 3¢), #idl PC1 5 Nifio3.4
I Hh 2254 S0 PC1 JEA—3% (& 4), HE&
REFOAH G i 2 AR MR ST, 2 B0 SST AR
LT BRALAL,, AP B 2 AR P R AR VA
BERT5E0 (E] 3e),

MM EOF2 {5 /%8 AR ZMAT I A, AR E
H X M B BACAE IR P AL AP R H AR A

(a)Obs Cor with PC1

T4, A7 E B L EOFL b, 1My eg Bk & > (&
2b). 7EE MR b i 0 W AR AE 2 G
AR SST il (& 3b). MW PC2 5 Nifio3.4
FEROOA RS (8 4), PC2 5K & Z= R g9
FHOG, BRI ZEE N IEARDC, (HARTE I 3 TS
%, BFEZAHCREBET 2] 0.58, SR

(b)Obs,Cor with PC2

oon SNV
50N 50N 477 i

40N i 40N i,
30N 30N -
20N 20N
-(1(/((//(/.//{1/ -~
.;/////{(-’(Il .
10N 10N
EQ EQd{ - R
108 103’ LT
: Sl
20S -+ 20S H— < PSS S T
90E  120E  150E 180  150W  120W 90E  120E  150E 180  150W  120W
2ms’ ms

(c)ModeI Cor with PC1

(d)Model,Cor with PC2
——rr

i ;m“fg“"_‘;“-’“

N '('(‘!' P,
S WM PR \\\\\\QQ:\ 208 , 4 f ===
90E 120  150E 180  150W  120W 60E 90E  120E 150E 180  150W  120W

2ms™! —1 T T [aapes— 2ms
—-0.7 -0.5-0.3 0.3 0.5 0.7

—-0.7 -0.5-0.3 0.3 0.5 0.7
K3 K29 PCL, PC2 5 (a. b) WM. (cv d) HEUY 850 hPa niﬁu SST fIHIE, Hisk#r 850 hPa 3% =

MRFH GEIET 0.1 REACT e h%), FEBE “C7 “A” SRR “AUe”. “IRUe”
Fig. 3 The correlation maps of PC1, PC2 in Fig.2 with the simultaneous (a, b) observed and (c, d) simulated 850-hPa wind and SST. The arrows indicate

W, BB AIRE SST

850-hPa wind anomalies. The shaded areas indicate the correlation coefficients between the PCs and SST that passes the 0.1 significance level. “C” and “A”

represent “cyclone” and “anticyclone”, respectively

0.8 0.8
(b)
Y 0.61 Y 0.6 et S
3 o T o4 e
S 021 S 02 / . ~
£ 01 £ 07 =
© © —r®
© -0.21 - B 02 ¥
3 041 N v 3 04
—0.61 =m= Obs —e= Model =064  -x-Obs —e=Model
-0.8 T r T T v r T T -0.8 r T T
TA TA s & g g = =T = TA TA s & g g ¢ =T =
Ll v s <« z u©w s <« L L v s < z & s <
- - - -
% % a <§( 3 8 a <§( 3 % % a <§( 3 8 a <§( =3
» P

K4 K29 (a) PCLA (b) PC2 5 Nifio3.4 fEEGETTI G AR E. BASRH (—1). (00 F1 (1) BRIERZRET—F HENE—F, PIFKT
MEZEFR 95%(5 H KTk, JJA. SON. DJF. MAM 4}jl&Rk 6. 7. 8 H, 9. 1M, 12, 1.2, 3. 4.5 14

Fig. 4 Lead and lag correlation coefficients of PC1, PC2 with the Nifio3.4 index. Labels (—1), (0), and (1) on the x-axis indicate the previous year, the current
year, and the next year. The two horizontal dotted lines represent the 95% confidence level using the ¢ test. JJA represents June, July, and August. SON indicates

September, October, and November. DJF denotes December, January, and February. MAM represents March, April, and May



6 1] PIETHAE: MRI-CGCM LA AW E 2 MR AL 21T 1E
No. 6 LUO Liansheng et al. Evaluation and Correction of the East Asian Summer Monsoon Simulated by MRI Coupled ... 1327

Ze R AR ZEY R I IEA G, KA R AL
HIAER A E 2=, X B] EOF2 X)W 172 El Nifo &
JEATAH, X5 B MERIFRIC (2002) $i5 H7E El Nifio
R R I B I 1 o gt 3k 1) 38 [ H AR — i B R BEOK
Tl 22 1T R B 7K e 2D () 25 T AH — 3. WFFUER B
X IV 2RV 5 2 A B AR 6 EOF J3 il 35 — s, JRid
H AR P39 I TR0 A0 0 A G T P IR H
FEASEERRR (Wu el al., 2009), M SErh L
P9 e B L EOF1 i fhdt, (733 EyT
HERE R E . HA— WK EmZ, MLk
D

RO IEABERU L T EOF2 76 Gl K FRE R 45
WX AR ZE RS EEIE (B 3d), EARI PE ALK
ST A G B R A, A AR ) A e
T RS S R X, A S AL PRI AR R B XN Y
MBIV X o B B A h i B ki o AR
IRV R O B R AE (B 3d), B PC2
Nifio3.4 AHCAR {b i 2 5 W A —3 (] 4b), H
SRR TN R B B TR, B 7
By AR P IR O DR ST (1 3dD.
3.3 AERXIBEFEKMSIBHFTNRIE

M 1979~2010 FF LI 5 ASALL ) 5 2= [ K 2 (1)
IR AHOC R AL (TCCO) A (Kl 5a) K&, fEARE
PAFHiX TCC KT 0.2, K@ 7 0.1 i)
K ¢ K5, iR X TCC B /N T4y
Hu X, AR AORHBE Hi DX TR 6 0 I A v T s
X o AEBRE ARG X, I LLm KX TCC
NI, Hh R Xm0 i B E KT

50N

40N +
30N -

20N+

10N

—0.5-0.4-0.3 0.3 0.4 0.5

&5 B 1979~2010 FEE 2 (a) BEKE. (b) SEEWMMFBKE. <

b AN
110E 140E 150E

t £ 5% - MRI-CGCM B3R [E A 5811 TCC 43 5
4 MRS (CFSv2. GFDL CM2.1. ABOM
POAMA2.4, FRCGC SINTEX-F) 4E&- -3 [ml4R [
— I Bt =P K AE TR A58 1) TCC 434 (Wang et
al., 2015) FA—3, F£IH MRI-CGCM # X 7F Ik [
AR 2= B K B TR B8 ) 5 2 B USRS 3 Tk
Re A, AN 1979~2010 4F ML AL 1) B 27K
I TCC 434 (Kl 5b) K, ARWHLIX TCC ¥4
IE{E, Horp R X T 0.3, ik 1 0.1 15
FAOT ¢ KRR HBIX , 120°E BLZR K TCC
WA T 0.1 R A ¢ B, FUIRLH 4T
X AR B AR e ae g . B S TG
i, MRI-CGCM X < WP b [X 5 23 AL BE ) 1
WU T HA=REK.

FE AR 1979~2010 H= WM 544010 B Z= %
KR ACC 245710 0.74 (F 6), il T 0.01
O G R o R =T R E N 155 S R AR WS (TN 4
% BN 20 R N S T v (B
BCC_CM1.0. CFSv2. MRI-CGCM F1W iR
AR L) Systemd 55 4 AN S AEAD IR
2003~2012 FFRE A=K fE ACC (0.05) (Xl
KAESE, 20130, MEFERFE/K ACC K E, R4
ACC #ilt T 0.01 [ 23E 7K ¢ K5, b/ IME
3 0.58 (2003 4F), HA{EN 0.89 (1999 4), #iL
RT3 5 S S 2 (AT () 32 421
ACC 73 0.68 ([ 6), @il T 0.01 [f W E /KN ¢ &
I, Horp ACC /2 0.48 (2007 4E), k42 0.79
(1979 4F)o R BARON 3 2R 30 5 22 B K R A<l

50N

110E 120E 130E 140E 150E

—0.5-0.4-0.3 0.3 0.4 0.5

W2 (I AR R R A ISR T 0.1 R ¢ K

Fig. 5 Temporal correlation coefficients between simulated and observed summer (a) rainfall and (b) mean temperature during 1979-2010. Areas passing 0.1

significance level using the 7 test are shaded



X A B # 40 3%

1328 Chinese Journal of Atmospheric Sciences

Vol. 40

(R 25 1) 5 AT Y B AT L IR RS R

o A3 e m b DKORTY TV AT R L 5 00 0 e
IKZ BB 5 — 3l 53%. 53%AH
58% (B 7a), HorpotalOuH LI 38 1) FUdi 4 17 e
o 1979~2010 4F LR 177 5 — BoR KT
75%4 9 (B 7a), 43k 1981, 1985, 1986,
1993, 1996, 1997, 1998, 2002 F1 2007 4, iX 9
SERER T 1981 4EF1 1985 4 IEH A, HAhFE4
3% ENSO 4E, i &5 ENSO 4ER 26 V1 e v ek
HZERRKIG TN GE ) e FRE 4B A2 pg Hu X Rl
TEHEGE B 25K 32 4571 PS Y2051k
69. 68 1 70 43 (I 7b), M T HE B =K
KM Z 4 (65 43) (Xfid55%, 2008; 2015
FEZE AP OISR T B PS
Vo kE, TERE. ErgH X RNVIHER S PS P
Syt 70 4 16 4FL 20 AEF1 19 4R, R

0.9 4

0.7 4

0.5

ACC

0.3 4

Precipitation === Temperature

01 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorrT
1979 1983 1987 1991 1995 1999 2003 2007 ave
Year

K6 Bl 1979~2010 LE3k FE AR FRK R . S0 2 10
MR R, B HEELRTR 99%(5 K T2k

Fig. 6 Spatial correlation coefficients (ACC) between simulated and
observed summer rainfall and summer mean temperature over eastern
China from 1979 to 2010. The dashed line represents the 99% confidence

level using the 7 test

AN 32 ARy DL B VRS 70
43 MRI-CGCM A5 20 3] 25 [X 438 5 7= B /K A B A%
W HA LRI e )y o AR 1979~2010
TR E AR E ORI 5B PS VRN
62%K1 74 43 (W) . MWK PS VP4 k&, PSP
oyl 70 XA 22 4, B 32 AR =0 T
SEOTRIVE A3 70 4 CPEmS D, B Ont B [ 2R3
B AR A A HAT B i N RE g
34 EHBERITEE FRIELHITE

Wang et al. (2008) *J HHI 25 #4052 2= X5
AT TV, 45 Wang & R4 E 2 X5
(Wang and Fan, 1999) Fl5k K 2 2R W 2 2
NFEH BRIP4, 2003) 52500 5 2= X\ £ A8 &t
EOF 73t PC1 IIAHIK R %05 7 4—0.97 F1-0.93, &
25 FiFRHP AR OC R B0 S T R IX AN R EOE
SCAFABL, 389 FH AR S ARy e DR 1) Ay b DX P 246 i) JX
P AR REKE X, R WAR AR Ay (R XU
LRI RA N (MWD B3 AL A AR
FRIE . P IR 2 e SR U R AN [T 2o 3X PR
ANFREY) B SCUTRA HAE S 5, P 1979~2010
AR REL 0.93 0 e AT H A 00 . 25 v 5
KRR DS 2 e SR FR 4L (TP EASMD SRR AE A
HARGRS, KA SR EASMI KPPl B
X 2RV 552 A B AR AR IR ASEAUL i )  EASMIT 52 ] 2R
WAAFHEX (10°~20°N, 100°~150°E) 5 &t
X (25°~35°N, 100°~ 150°E) 5 Z=*F-14 ] 850 hPa
W37 (R i 1) MRV 2 2R KR . Hfasvh CR) &
WIARWE ZE XSS (50D, A< Ay 2= XU X 5 2=
K> (2), MgWEXEFEKEmMEZ (D),

ML EASMI 5 [7] B B 7K F1 850 hPa X 37 ¥ AH
KopAikE, MARWEFEXNMS i) I, PER

120% 120
2 (a) (b)
> 100% .
> b » A 100
5 ,’ \ Y .
% 80% R O A A 80
‘B ) [ H ] \ S A
S S0°% l'.‘i ‘7\\‘ N I’ \ l‘r"l ) f \ O g0
1 Ry 2 o/ A 195
AR AW VIV S R\ YV
iy N N/ WV Vi ¥
3 40% /T ¢ -»'," Y !:N i V v Y ... V 404
> 23 Ji O L
© ‘f.: H v
g 20%1 ‘” % 20
[e]
c H
< - o +-——r—rrrrr—r—rrr—rrrrr
1979 1984 1989 1994 1999 2004 2009 1979 1984 1989 1994 1999 2004 2009
Year Year
= East China === Yangtze-Huaihe River valley =~ «eccee South China

7 BB [ % X R K RO PR K Y (a) BEPRF 5 — 3R AL (b) PS T4y

Fig. 7 The (a) anomaly sign consistency rate and (b) predict score (PS) between simulated and observed summer rainfall



6 1] PIETHAE: MRI-CGCM LA AW E 2 MR AL 21T 1E
No. 6 LUO Liansheng et al. Evaluation and Correction of the East Asian Summer Monsoon Simulated by MRI Coupled ... 1329

(a)Obs EASMI

Lo v " NN

50N 50N

[
40N +

30N

]

20N ),

140E_ 150E

15ms

—-0.7 -0.5-0.3 0.3 0.5 0.7

(b)Simulated EASMI

130E  140E_ 150E

—-0.7 -0.5-0.3 0.3 0.5 0.7

50N (cy)C/f»)rrectedk EASM

X7

N
Ny

40N"\’ 2 LB '
\ - ;}/,/ ) ‘

30N

20N

e
e T

10N A=l :
110E  120E 130E 140E_ 150E

15ms! 15ms

—-0.7-0.5-0.3 0.3 0.5 0.7

K8 1979~2010 4 (a) MM EASMI 5Ll i) B 2= K . (b) BLfL EASMI SEHURI K E . (o) ITIER EASMI S5 i) 5 2= f4/K 551 850
hPa MUz 5% (Hisk, #fr: ms™) HIRISERRMi. BIRXERER 0.1 M8 E AT K

Fig. 8 Distributions of correlation coefficients (a) between the observed EASMI (East Asian Summer Monsoon Index), observed summer rainfall and

850-hPa wind anomalies (arrows, units: m s’]), (b) between the simulated EASMI, simulated summer rainfall and 850-hPa wind anomalies, (c) between the

corrected EASMI, observed summer rainfall and 850-hPa wind anomalies. Areas passing 0.1 significance level using the # test are shaded

FEHL DX R e AU i), AL, RWE
ZR K RS B AR T2 10 50 A, PR TV X
BB (), P E VTR R
HAR—H B X K it 2 () (Kl 8a). Hhig
Bl 8a FIE 2a AT UL, WL EASMI 555X WY, (1) 4=
BB 3 A 5 OW 4 2 2R 7K EOF 1 B HEA
—F, 1979~2010 4EW EASMI L5 PC1 A5 &%
2k 0.84, El EASMI i B[] 72 25 WV 52 Z= [ 7K (1) EOF 1
A

1979~2010 FEALHLADIM ) EASMI A5 4k fHh 2%

FEA—H (B 9, MXHREH 051, #d 7 0.01
PR EIKF ¢ Ki%, B MRI-CGCM A5x4 T
2RI I35, U B H 2R I 5 2 XU
SERRARAL, AHBRLT) 40 5 2R R F BB R /N o A
3 EASMI BEASEHLL HH P RSP S A Al AR I 52 2 X
KRR 728 ar An B, B AR T 2 2R K f 59
(5D I, PERSPIEEHL X B K R m > (2D, Tt
B KRR Z (D), (R I A7
AT LGSR R, 3 SBUSTHRL IR R A DX 7 R
M (& 8b).

540, EASMI Sf . PRI R 28 DX R 5 A7 250 i P
27T LU EASMI HEATITIE, {754
OLFRI A W 2 DX R 7 B SR B e . AR DL
TR AT ) EASMI 5 BRI W (1) PC #2372
JEIEH 7 FE KT IF EASMI. $EM00 ) EASMI {4
TR &, AR R RKHT 4 MRS R PC A
IR 37 R = AVAE vt A1 /S W S A K (e

EASMI

E s o s e o e e e e e e e e e e LA B e e

1979 1984 1989 1994 1999 2004 2009
Year

F19  1979~2010 4EMM . AEFUFILT 1K) EASMI
Fig. 9 The time series of observed, simulated, and corrected EASMI
during 1979-2010

WIEJFEM R PC AT IEV .. SCHIERT 4 4 PC 1R
P2 HT 4 > PC 50 EASMI AH OGRS U, AH G
ZE AR 057, —0.16, 0.22 F1—0.28, T4 5 4
AZJGH PC 5L EASMI fAH S vE I R [
FRAE PC AT 1E I vER HAS RSG5 1979~2010
TFATIER) EASMI. R 24T IE T % fildn,
T IE A j AR EASMI, i 2 7ok 1 0] ) 5

[l(>)<leN—l) = CleEji?ﬂH) + Eix(n-1)2 (D

b, I0e . AERE S (N—1) SER
EASMI, By W35 jAEE ) (N—1) 4R
B, PC, ey BB AE S I (N— 1) 4ERL %
JF4, k=4, KPS TIAREC . RIG
102 TR A R AR LA /AR 4 A PC 1)
AIAHEE j AE AT IE EASMI, 11 729 = G (P,



X A B # 40 3%

1330 Chinese Journal of Atmospheric Sciences

Vol. 40

WRHE, 15 1979~2010 41T 1E ] EASMI.
* 1 J& 1979~2010 41T IEHT 5 EASMI 588
EASMI [LLAS, 1T IEFRES SEOUAH O¢ R A 0 1
K, HHATIERT 0.51 343 0.65. i IF EASMI 2814
BB, FRdEZe MATIERT 0.75 HKEIIT 1IE )5 1.4,
HANEA 87%; KT 1 AMFriEZEFEN 6 FFTHE] 12
E, WE T % (& 1FE 9). i1E EASMI 53
WEETAF 5 — B AT IR 84% T3] 91%, [Tt
T 7%, 1T1E EASMI 4EFR i ) 5 5Ll 5 oA & (R
1 F1E 9D, T1E EASMI A 1980 4F. 1982 4F, 1988
AT 2000 GFEE 4 4R, AT IERT ST S AH AR
HFFG 50 HZT IE /S EASMI £ 1996 441 2008
M, AT IERT S WIS — B0 RS . AT IE
J5 EASMI 7ZZHE ] R 14 45, 25k
1981, 1982, 1986, 1988, 1989, 1992, 1995, 1996,
1998, 1999, 2003. 2008. 2009 12010 4, X 14
SEHBR T 1981 4EAh, HoAh 13 4EHR & ENSO 4F, &
BRI PC 1T 1E7:%F ENSO 4FiT IFALH B4, it
ST VLRI AR 5 BT ISR
Fz1 1979~2010 FEXMEIFITIERT. /FHI EASMI Lb4g
Table 1 Comparison of simulated and corrected EASMI
with the observed EASMI during 1979-2010

LWL LW KT AR
MIXRR$ e #5308 FEFH
AL EASMI 1 2.08 100% 13
VI IE /T EASMI 0.51 0.75 84% 6
V' 1E 5 EASMI 0.65 1.40 91% 12

MATIE EASMI 500005 2= %K &M 850 hPa
RIZIA A (B 8b) S, 1T 1E Ji i W o A1
RANEN B AT IE TG, S5SEilEch B, (61
VI 1E e B I g g e DX R A 47 R il , S5 STl
W4, FBIITIE EASMI XHASEHLUAE Y 65 DX R A5 i i
[ AR — 8 R

4 %ig

AXHH B AR T A B A MRI-
CGCM [%m th 25 AWM TR T LA, AR
TR FRSAERR RS = A7, KVF
iR O 2R W S 0 R T P R, e Rl b, A
M PC AT IEVN AR = RIRHOEAT T IE, 152
PLF &5k

(1DMRI-CGCM H00] Z: W B 28 U S 5
UFARERNRE 0, REARILH 25 0 Hh X 5T ZR f /K B 3

R ALK i A0 DA S B B AR 52 1% Ui
(1 P GO0 P8 P AR I R AIE o ARBEHL ) P bR
FERCRMSS 2R, 5 SUBLATA R R Fviy i X 3K
o
(2) B RS BRI SR H 2RV 5 20 XU K (1)
BRI M ATRE, BT EOF1 & Wil fA]
1] ACC 24 0.72, ik T 0.01 B EIKY ¢ 1%
AR AR B A e R PRI TG R PRI AR R AR %6, LI 1] R
$ PC1 52 (B AR OC RN 0.41, REARLH A
I EOF1 [ 2 a A1 5 a &= 5 A HEBH FFRK &S
I A% 1 At /) R ] DA A g o ¢ DX ol 37 5 i
> XX BN ) P A0 AT B e A A e i 99 11
Ko MRI-CGCM # 47 i F- 3L H EOF1 %} El Nifio
TEWATAH, ARy B REAE RN OR P 2 2% SST iz »
AT TR AR EE 2 SST (w5 %S -
(3) R0k EOF2 [ffidilae Jy i B 2= T
EOF1, Ui EOF2 502 [a] (¥ ACC 2y 0.36,
FHRY (PRS0 PC2 55 0000 2 i) (R AH DG R HCh 0.35, i
A AETHHAM EOF2 (1) 2 a T3, {HARBERD
th EOF2 1) 5 a =3 . BiUAe il EOF2 X}
M. El Nifio & FEALAH, AHALRL PG AP s UiE
WARET, PR R AL R, AL R
DR A B TR, B BV R K D>
FH, AL EOF2 /iy Ao B 5 M 22 S K
(4) MRI-CGCM % i i ABE 400t i 16 5 2= [ 7K
RV 5 1) S5 5 20 A R AR AR Ak o BEAEL 5 0030 5
Z [ K RIS 2 4511 ACC 4393 g 0.74 A1 0.68,
Bl 7 0.01 BB EAKE ¢ 5, Hh BRI
ACC &1 H air [ A O Tk 5 3 i %
L N = AR S 5 W 2 2 B s N B
IR M X B 2= [ K 2 45148 PS V4R 430k
69. 70 Fl 68 43, W& T IRIE =B 5 2 AR
B (65 4300 AL TR AR 5 2 S W 22 48
SIS — RN PS YE4r 43k 62%1 74 43
ORI MM EASMI 5148l PC [0 R 2
JCEMEIR A7 Bk AT IE EASMI, 1T IF i EASMI £
FRRE. F79 808, B3 EASMI AR fl /)N Al
o ]l oy 2 DX ol (it o 55 T8 — o B G o 3T
IE EASMI 55280 AH G 2 % ek 0.51 #2521 0.65,
5 —8UKE H 84%T18] 91%; 1T 1E )5 EASMI brui
ZEM0.75 BERE] 1.4, KT 1 MsEZEFEH 6 4
A 12 4 AT IEJE 0 NP AP S AU R
LA T 2 DX R A L S S LT A W) s PC AT IE TR



6 1] PIETHAE: MRI-CGCM LA AW E 2 MR AL 21T 1E
No. 6 LUO Liansheng et al. Evaluation and Correction of the East Asian Summer Monsoon Simulated by MRI Coupled ... 1331

X ENSO T IERCR o IR . 1T 1E EASMI 71
BTN 55 H N 1% HAT S B 14 8 AR E

BUS AL 4 H RS ZO0HE B SR I SRR L

Sk (References)

Adler R F, Huffman G J, Chang A, et al. 2003. The version-2 Global
Precipitation Climatology Project (GPCP) monthly precipitation analysis
(1979—present) [J]. J. Hydrometeor., 4 (6): 1147-1167, doi:10.1175/1525-
7541(2003)004<1147:-TVGPCP>2.0.CO;2.

UHLF5, IR, XL, 2008. NCC_CGCM ik 11k [ 5 Ze ok 4 A
TR ITVEROR VA Rktt [J]. AR 4R, 24 (3): 307-312. Ai
Wanxiu, Sun Linhai, Liu Luliu. 2008. Evaluation and improvement of
summer precipitation ensemble forecast by the NCC-CGCM model [J]. J.
Trop. Meteor. (in Chinese), 24 (3): 307-312, doi:10.3969/j.issn.1004-
4965.2008.03.015.

PRIEGH, ZE0%, MWIBE, 45 2013, IR 5 0 4 M0 B 28 G M L EE (R
FRHERE [J]. NSRS 23R, 24 (5): 521-532.  Chen Lijuan, Yuan Yuan,
Yang Mingzhu, et al. 2013. A review of physical mechanisms of the
global SSTA impact on EASM [J]. J. Appl. Meteor. Sci. (in Chinese), 24
(5): 521-532, d0i:10.3969/j.issn.1001-7313.2013.05.002.

Collins M, AchutaRao K, Ashok K, et al. 2013. Observational challenges in
evaluating climate models [J]. Nature Climate Change, 3 (11): 940-941,
doi:10.1038/nclimate2012.

T 2010 F TN A AT R (0], ABRHEERE, 1 3):
14-27. Ding Yihui. 2011. Progress and prospects of seasonal climate
prediction [J]. Adv. Meteor. Sci. Technol. (in Chinese), 1 (3): 14-27.

WY, R4, AR, %2013 BCC_CSMILO MR 20t Bk K It
AR, [J]. RS2, 24 (1): 1-11. Dong Min, Wu Tongwen,

Wang Zaizhi, et al. 2013. Simulation of the precipitation and its variation

during the 20th century using the BCC climate model (BCC_CSM1.0) [J].

J. Appl. Meteor. Sci. (in Chinese), 24 (1): 1-11, doi:10.3969/j.issn.
1001-7313.2013.01.001.

Gao Hui, Yang Song, Kumar A, et al. 2011. Variations of the East Asian
Meiyu and simulation and prediction by the NCEP climate forecast
system [J]. J. Climate, 24 (1): 94-108, doi:10.1175/2010JCLI3540.1.

He Chao, Zhou Tianjun. 2014. The two interannual variability modes of the
western North Pacific subtropical high simulated by 28 CMIP5-AMIP
models [J]. Climate Dyn., 43 (9-10): 2455-2469, doi:10.1007/s00382-
014-2068-x.

He Chao, Zhou Tianjun. 2015. Responses of the western North Pacific
subtropical high to global warming under RCP4.5 and RCP8.5 scenarios
projected by 33 CMIP5 models: The dominance of tropical Indian
Ocean—tropical western Pacific SST gradient [J]. J. Climate, 28 (1):
365-380, doi:10.1175/JCLI-D-13-00494.1.

fard, R, ABSrdE, 4F. 2012, B Z=PAbACEyE I & IR I PR AR
PRz (], RS HhIRELE, 42 (12): 1923-1936. He Chao,
Zhou Tianjun, Zou Liwei, et al. 2013. Two interannual variability modes
of the northwestern Pacific subtropical anticyclone in boreal summer [J].
Sci. China Earth Sci., 56 (7): 1254-1265.

PORRE. 1990 51 B 7 5L 5 I AR MR SR L 5 6 BEAH G X L B

PUBIBFIT [0]. KSR, 14 (1): 108-117. Huang Ronghui. 1990.
Studies on the teleconnections of the general circulation anomalies of
East Asia causing the summer drought and flood in China and their
physical mechanism [J]. Chinese Journal of Atmospheric Sciences
(Scientia Atmos. Sinica) (in Chinese), 14 (1): 108-117, doi:10.3878/j.
issn.1006-9895.1990.01.14.

TR, BRI 2002, ST EINFEINE ENSO FEF AR HAEHIWT Uil (1)
PR [J]. R SHEENST, 7 (2): 146-159. Huang Ronghui, Chen
Wen. 2002. Recent progresses in the research on the interaction between
Asian monsoon and ENSO cycle [J]. Climatic and Environmental
Research (in Chinese), 7 (2): 146-159, doi:10.3878/j.issn.1006-9585.
2002.02.03.

BN, SERERT, WRBRE, 45 2006. FRIE 537K FH AR RR R0 K
H5RWASERGBHIRR [T KFREE, 30 (5): 730-743.  Huang
Ronghui, Cai Rongshuo, Chen Jilong, et al. 2006. Interdecaldal variations of

drought and flooding disasters in China and their association with the East
Asian climate system [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 30 (5): 730-743, doi:10.3878/j.issn.1006-9895.2006.05.02.

VUNE, BREAE, @R, 45, 2013, FRERHI RIS B [1]. N
HA L 243, 24 (6): 641-655.  Jia Xiaolong, Chen Lijuan, Gao Hui, et
al. 2013. Advances of the short-range climate prediction in China [J]. J.
Appl. Meteor. Sci. (in Chinese), 24 (6): 641-655, doi:10.11898/1001-
7313.20130601.

LRI, FS7E, WM. 2004, AERAZHETS 50N AR AR I ol
5 SEF (], MR AR, 47 (4): 590-596. Jiang Dabang, Wang
Huijun, Lang Xianmei. 2004. East Asian climate change trend under
global warming background [J]. Chinese J. Geophys. (in Chinese), 47 (4):
590-596, doi:10.3321/j.issn:0001-5733.2004.04.007.

Jiang Xingwen, Yang Song, Li Yueqing, et al. 2013. Seasonal-to-interannual
prediction of the Asian summer monsoon in the NCEP climate forecast
system version 2 [J]. J. Climate, 26 (11): 3708-3727, doi:10.1175/JCLI-
D-12-00437.1.

Kistler R, Collins W, Saha A, et al. 1996. The NCEP-NCAR 50-year
reanalysis: Monthly means CD-ROM and documentation [J]. Bull. Amer.
Meteor. Soc., 82 (2): 247-268, doi:10.1175/1520-0477(2001)082<0247:
TNNYRM>2.3.CO;2.

AKAE, FERAL FISEEE, S5 2013, [ 5 O 2 B URRE B 42 pk
T[] MR % ¥R, 24 (6): 677-685. Liu Changzheng, Du
Liangmin, Ke Zongjian, et al. 2013. Multi-model downscaling ensemble
prediction in National Climate Center [J]. J. Appl. Meteor. Sci. (in
Chinese), 24 (6): 677685, doi:10.3969/j.issn.1001-7313.2013.06.004.

Rajendran K, Kitoh A, Yukimoto S. 2004. South and East Asian summer
monsoon climate and variation in the MRI Coupled Model
(MRI-CGCM2) [J]. J. Climate, 17 (4): 763-782, doi:10.1175/1520-
0442(2004)017<0763:SAEASM>2.0.CO;2.

FIAR, T U0, AR 2009, AERIEEASHE AL (BCC_CML.0) T
MR B K TR RS [7]. %2441, 67 (6): 947-960.  Si Dong, Ding
Yihui, Liu Yanju. 2009. Evaluation of Meiyu prediction in the
Yangtze—Huaihe region by coupled ocean—atmosphere general circulation
model (BCC_CMI1.0) [J]. Acta Meteor. Sinica (in Chinese), 67 (6):
947-960, doi:10.11676/qxxb2009.092.

Smith T M, Reynolds R W, Peterson T C, et al. 2008. Improvements to



X A B # 40 3%

1332 Chinese Journal of Atmospheric Sciences

Vol. 40

NOAA’s historical merged land—ocean surface temperature analysis
(1880-2006) [J]. J. Climate, 21 (10): 2283-2296, doi:10.1175/
2007JCLI2100.1.

Song Fengfei, Zhou Tianjun. 2014a. Interannual variability of East Asian
summer monsoon simulated by CMIP3 and CMIP5 AGCMs: Skill
dependence on Indian Ocean—western Pacific anticyclone teleconnection
[J]. J. Climate, 27 (4): 1679-1697, doi:10.1175/JCLI-D-13-00248.1.

Song Fengfei, Zhou Tianjun. 2014b. The climatology and interannual
variability of East Asian summer monsoon in CMIP5 coupled models:
Does air—sea coupling improve the simulations? [J] J. Climate, 27 (23):
8761-8777, doi:10.1175/JCLI-D-14-00396.1.

Song Fengfei, Zhou Tianjun, Qian Yun. 2014. Responses of East Asian
summer monsoon to natural and anthropogenic forcings in the 17 latest
CMIP5 models [J]. Geophys. Res. Lett, 41 (2), doi:10.1002/
2013GL058705.

P, T 2008, IPCC AR4 TG00 2R W1 B 2 WA Az AL A A6
UPEREVERY [T]. %2441, 66 (5): 765-780. Sun Ying, Ding Yihui.
2008. Validation of IPCC AR4 climate models in simulating interdecadal
change of East Asian summer monsoon [J]. Acta Meteor. Sinica (in
Chinese), 66 (5): 765780, doi:10.11676/qxxb2008.070.

Tao Shiyan, Chen Longxun. 1987. A review of recent research on the East
Asian summer monsoon in China [M]//Monsoon Meteorology. Chang C P,
Krishnamurti T N, Eds. Oxford: Oxford University Press, 62-92.

Wang Bin, Fan Zhen. 1999. Choice of South Asian summer monsoon
indices [J]. Bull. Amer. Meteor. Soc., 80 (4): 629-638,
doi:10.1175/1520-0477(1999)080<0629: COSASM>2.0.CO;2.

Wang Bin, Wu Zhiwei, Li Jianping, et al. 2008. How to measure the strength
of the East Asian summer monsoon [J]. J. Climate, 21 (17): 44494463,
doi:10.1175/2008JCLI2183.1.

Wang Bin, Lee J Y, Xiang Baoqiang. 2015. Asian summer monsoon rainfall
predictability: A predictable mode analysis [J]. Climate Dyn., 44 (1-2):
61-74, doi:10.1007/s00382-014-2218-1.

Wu Bo, Zhou Tianjun, Li T. 2009. Seasonally evolving dominant
interannual variability modes of East Asian climate [J]. J. Climate, 22

(11): 2992-3005.

RGL, KIELR, BT, 55 2013, JEutUm LA UR R G R
Je—— e R THINH [T). RG], 72 (1): 12-29. Wu
Tongwen, Song Lianchun, Li Weiping, et al. 2013. An overview on
progress in Beijing Climate Center climate system model—Its
development and application to climate change studies [J]. Atca Meteor.
Sinaca (in Chinese), 72 (1): 12-29, doi:10.11676/qxxb2013.084.

Xie Pingping, Arkin P A. 1997. Global precipitation: A 17-year monthly
analysis based on gauge observations, satellite estimates, and numerical
model outputs [J]. Bull. Amer. Meteor. Soc., 78 (11): 2539-2558,
doi:10.1175/1520-0477(1997)078<2539:GPAYMA>2.0.CO;2.

Xie S P, Hu K M, Hafner J, et al. 2009. Indian Ocean capacitor effect on
Indo-Western Pacific climate during the summer following El Nifio [J]. J.
Climate, 22 (3): 730747, doi:10.1175/2008JCLI2544.1.

Yukimoto S, Noda A, Kitoh A, et al. 2001. The new meteorological research
institute coupled GCM (MRI-CGCM2): Model climate and variability [J].
Papers Meteor. Geophys., 51 (2): 47-88, doi:10.2467/mripapers.51.47.

FRAT, T, B 2008, AR URS BN AR S KRR K BRI
e [J]. KAFI, 32 (2): 261-276.  Zhang Li, Ding Yihui, Sun Ying.
2008. Evaluation of precipitation simulation in East Asian monsoon areas
by coupled ocean—atmosphere general circulation models [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 32 (2): 261-276,
doi:10.3878/j.issn.1006-9895.2008.02.06.

KRz, MITRE, BRZIEE. 2003, 7R 512 KR HU AR R R A0 5 AR E K
SR [J]. A543, 61 (4): 559-568. Zhang Qingyun, Tao Shiyan,
Chen Lieting. 2003. The interannual variability of East Asian summer
monsoon indices and its association with the pattern of general circulation
over East Asia [J]. Acta Meteor. Sinica (in Chinese), 61 (4): 559-568,
doi:10.3321/j.issn:0577-6619.2003.05.005.

Zhou Tianjun, Yu Rucong, Li Hongmei, et al. 2008. Ocean forcing to
changes in global monsoon precipitation over the recent half-century [J].
J. Climate, 21 (15): 3833-3852, doi:10.1175/2008JCLI2067.1.

Zou Liwei, Zhou Tianjun. 2013. Can a regional ocean—atmosphere coupled
model improve the simulation of the interannual variability of the western
North Pacific summer monsoon? [J] J. Climate, 26 (7): 2353-2367,
doi:10.1175/JCLI-D-11-00722.1.



