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Abstract A weighting ensemble method (WEM) by pattern correlation coefficients (PCC) in sliding windows (SW-
PCC) (WEMSWPCC) is proposed according to distinct pattern differences among simulation performances of Inter-
governmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4) (IPCC-AR4) 22 coupled models
for Asian summer monsoon precipitation in the late 20th century under scenario 20C3M (20th century climate cou-
pled models simulations). By comparing the distributions of SWPCC and the distributions of simulations of 22 mod-
els, it is shown that the SWPCC can quantitatively reflect the pattern differences in each regional window among
these models. Furthermore, the comparisons among the ensemble simulations with various ensemble methods and
the observed result, it is also shown that the ensemble simulation of Asian summer monsoon precipitation in the late
20th century with the WEMSWPCC proposed in this paper is better than both that with the simple multi-model en-
semble method (SMMEM) and that with the traditional pattern correlation coefficients (TPCC) weighting ensemble
method (WEMTPCC). For this reason, the WEMSWPCC ensemble method is applied to the ensemble predictions
of the evolution trend of Asian summer monsoon precipitations for various periods of the 21st century under the A1B
emission scenario by IPCC-AR4 22 coupled models. The results show that under the A1B emission scenario, the
South Asian summer monsoon precipitation in the middle period of the 21st century (2045 — 2065) will be signifi-
cantly stronger than that in the late period of the 20th century. while the East Asian summer monsoon precipitation
anomalies will exhibit a meridian tripole pattern distribution from the south to the north in the middle period of the
21st century as compared with those in the late period of the 20th century. That is, the summer monsoon precipita-
tion in North China and South China will obviously increase in comparison with that in the late period of the 20th
century, but it has not obvious change in the Yangtze River valley, compared with that in the late period of the 20th
century. Moreover, the results also show that this evolution trend of Asian summer monsoon precipitation may con-

tinue to the late period of the 21st century.

1169

Key words pattern correlation in sliding windows, ensemble method, coupled model, Asian summer monsoon pre-
cipitation
1 3= B I s R s RE g, A R AT R XU S
=

WMRERNRG R R UER G T — D EEH
MA G (Webster et al., 1998), ‘EHFE TR, &
WHILR =AFRTRG . FREH, REFERNFR
it — L5 B AT AE IR TR R Ge A Bk 2 SURD
MHIZERTF R4 (Tao and Chen, 1987; Huang et
al., 2004; BEBR IR 28, 2006; Huang et al.,
2007) o Hh T YN 2= KUK B ) 25 03 A B AT 7
ABEE, AR AEPR AR PR 7, BEW
IR H A H AR A [ R T R K
Fo Pt FREME. RT3 E -+ EmAE YR
T UK A B 25 AR AR RRAIE o SR B AR AR Ak i #533
A5

B SRR I A e s A B =Bk
R 28 R AR TN ) T3 22— » Rl R X ARk AE 42 BR
IR ST 2 XU 7K T A2 3 ) TR SO T
RB I BHUEE ). AR, R 2R Y], T4l
— N AREE R AT ZE XU AL RE T B e B IPA

) 1] A AL LA 1) A AR A BB X AR e
B EHHL BN P E R B . Lau et al. (1996)
38 T AMIP-1 (The Atmospheric Model Inter-
comparison Project 1) #4520 i B 2= XU &K B9
BRDZEIR, 8 T e B AR 0 B I 52 2 XU 7K
HIREALRE 8522 . BN REAR S b A A0, 22 XU ==
VAT o) JE AR B 215 SRR AR » - HLX 2R 2 2= X
A AL RE 1 AN 5 . Kang et al. (2002) 73 #
CLIVAR (The Climate Variability and Predictabil-
ity) T 10 AR J A X 2R 22 U A4
S0 WAR] 7RI AR MERE DL v [ 2R v
FEARF - A R I R K O A A RRAR 4T
B AR . 2 XU i R 15 R iy RS . A 45T 5
(2007) FH] AMIP-TT B BERHEAL T 24 /i KA
T O Y B KUK AU R T g it TR
AR O YN 2 XU K RS RE 8522 . ]
WL KA TEEAERIAARMER L) W Y0 5 2 KUK
Y25 Z3 A RAHE



P 34 %

1170 Chinese Journal of Atmospheric Sciences

Vol. 34

AR, VP2 225 R I S S B ORI 4
B EUR S RENS L R PRI T A M A4
Z= X B 7K, Lambert and Beer (2001) [b# T
CMIP-1 (The Coupled Model Intercomparison Pro-
ject D B 15 AN URE 5 155 200 B3 7K Y R 48 RE
8 A AR AU B R 2 A T I 2R KUK
Wang et al. (2004) 434 T 11 MRS B W TS
th s AR B R R KRR AUL AR UL I 5 2 XU T
(5°N~30°N, 80°E~150"E) HY4< g I Al P4 It K
PEHLIX . 2RSS (2004) A4 TPCC-TAR (IPCC
S UM 7 NS, R 2R
BT EWEFE TR W 2= KR K R4, 45
S R AU LD AR 7 B 2 KU K Y S AR AE  (H
S5 AR KW Z2. Phillips and Gleckler (2006)
FH IPCC-AR4 w19 NS B TR S
R0 B Z XU K SRR g . R T 7R 2= XUER AL
P 1) DX 388 v A A A0 1) I K B 2 g 2D
malai et al. (2007) F|f] IPCC-AR4 1 18 NS
fe ST S WOR ARSI I 0L i
B HA 6 MU RE IS L) 5 S ORI R Y A K
ARSI A E TG . VFE5F (2007) 404
IPCC-AR4 A AR W 4t X A R 48 s B
AR OO 2R DX AR A — 5 I BLAURE ) . (H
FAEABIUROR E R B 5L, 28
REG TS RAYCR E4r. KASF (2008) FH]
IPCC-AR4 th 17 MR A BT T BN 2R
W2 2= KK A RE /), F8 8 T B AR W 2
IR ZK BB AA R 3 L Se Bfm 20 . PR, DA IX BB A5
AR BARORER 231 RS 5 A 0 W 5 2 X
o R i B e A R F R SRR S VR @S
ARES NI (HIAE 2E e R R AR
B A R AT AR R Bt

RN FIRTRL, SN T RERS B A 0 A
AR, — R R X AR S5 R R 51
¥y, g —MARA RN E R (Krishnamurti et al.,
1999, 2000; Palmer et al., 2000; ¥22#4E, 2007;
VLARELAE, 2009) . SR, AN [A] 2 38 K4k A [) 1 AF
F¢ H A5 e O XA A ] A8 i, A, A2
OO F— T 53742 B R FULIE BE B S SRR A R b 332 i)
BERAGTFHMEIR . PR R — AR M R
1) — e, IR EATR L R T R AT 2
B S T B S B 1 CINEA T 2008).

Anna-

PRI, T4k, — 2Lz g fF S Ay o 22 B U4 45
RIATERAF-Y ok P m B R AT {5 B2 . 2971,
FeBH TR T A TR . — iy B AR e i =
FEAR BT RE PR M AR AT r A U T S A R 1Y
A4, 4N Kripalani et al. (2007a, 2007b) |/
AT A E G ik E 9 1 TPCC-AR4 £
BT KA CO, A58 I 2R 30 0 g WV 2 2 XL 114
AR RS T I3 — R PR ARSE Tt o 1y IX.
SR UL 285 2R 5 WL 235 2R 22 [] 1) 2 8] AH 56 R EOT
DL ] 85 20 A 3R B AT A B &1 2,
Kitoh and Uchiyama (2006) F) I i E 4T 245
BSR4 GRS A BRAZ I X AR 7 2 UL
KGR A5

IRPRER G U s HORR I A RIS X e A
TRAIBAUPERE . SRTI, AN [R] A s P A 40 0 B 2
IR AR ) 23 (] 53 A0 25 AR AN B 7K DX S R R
L B RN A R 5 S 22 R, T HL A B O
SR A ARV, B RS 45 TR A S — . (AN (&l 2a - v T
N FHH. BIRE G A5 [ AH G R BUMBUEE &
05T LU fR] B S A E A 5 P S YRR B — 2,
B2 G582 (A A R EUMALEE & 7 i S iR P si =X
BRADLES R 1) R 25 [ 3 A1 5 52 100 1) 5[] 3 A SR AH
K ETOHE A AR O T Hh A IS X A R L
RERITEOL . A A SO AR 58 25 [R]AH OC 2R BUIMAL 4R
GONETY e, PR —MRE A R R B it 5
DI AN [] /N XS AL BB 1 O 4 R Z R i 3l
7 X s (AR OC RO AL S5 T ks JF HL, AR
ikt TPCC-AR4 v 22 Al G 488 00 90 =
e XK AL RE 7 ) X S Pk 25 S5 o DAIHG O ¥ R A 45
OO M Y 5 2 XU AR RS AU 25 SR A R BT 3 2
BB R AT IALEE 724 DT 3R A e A1
AR YN Z 2= KUK B 5 B P 45 515 I
Hb B MO & J5 ok i TPCC-AR4 245
RATTE A1B HEBCIE ST 21 20 4 055 359 7 9 55 25 X
KK AE A A T .

2 FHiEIERE

U TABGE )23 [RAR G REUIAER & Ty i ek 4
th 22 ORI AR 5 AR DXl /) DXy 0 o ) B
FERHUGR, 7 AL g 25 R AH OC RBUIMALSE &
Tiidis A SCAEAR G2 25 [ A5G 2R 805 & - ¥ 07 ik
(Kitoh and Uchiyama, 2006) p{3Ea ., $#2H—Fp



6 9 FIRF A 3 X 23 B A OC R EUMBUEE A J5 8 S HAE TPCC-AR4 2B CAR A BRI T I v 4 g FH

No. 6 DU Zhencai et al. A Weighting Ensemble Method by Pattern Correlation Coefficients in Sliding . . . 1171
T BB XS [RAHOC R B AL & i ) \/ 1 o

2.1 BYHERZEMEREMNES T ERE O TN p 2 ST SO o

T Bl XS R AR DG R EUIMAN AR & Ty e — st
Y55 S L 1A AH OC 28 BOIMAAE & J7 HE 3 Jié
WE 1 s, WRA 2m+1 DEJERE G 2nt-1 4>
SR R AETE T X abed s "B RAE SEL P= Q2m+
DCn+1), [ X PO e fi g AG,
3 i NEPE. jONEREE . WZHEIE DU AT i 42 4
BEamlh: aG—m,j—n) . bG+m,j—n). cGi+m,
jrm L dG—m.j+n) . HWEXNIAREEEES
G A IUT A B — 475 Q2P 5 BA P A%
RO MZ e O RS X AL R 91 x5 0
FPA v Z 8] 1S (B A5G RELRY

P
P2 O =)
ol ol
Hp, s R UL Ga ) P i, BA
2m+1 DNGFERE S 2n+1 AR FERS S AR TE 5 IX
CInEl 1 LR AT % X abed) Pt kb B —4E 25
(] X X AL B RO S 5 s s 7 a3 AR
FART XA X AR 51 fx FDULIN 5]
MVEME s o s of 2B IO AR X AR

R¢ = , D

iz
=[5>
=1
1< '
ol _\/?; (rf —77)*

WE 1 R, YE X abed b EMT A G )
SUE S WZ R KORGS5 7E AGL ) &S,
HEEE X abed K/ (BIEE m.n), LAE X abed
FUb T AG, ) BAERTFRER S, WA IX
DA S Giag) B2 s ARy B 3 46 5 N2 i
FIHEATHE ), M6 X abed Wt S8 R A — A
G, BIET X T G+1.), IS
WG RE AR X0k G+, b, W
VL X abed M ARFsh M ASH S, Ht 5 s
N GE T S 7R B L 7 X0 s BG+ M,
7 b TSE X abed Hts 55 1 AURS B — A8 ST
BIEE X P ST Gaj+ 1) s HES RIS
WEERKS G +D b, WSE X abed AL
B N AN I, R A B 1 S T R TR
N X O A% S D GL g+ ND By XY X
abed U g FAR KIS BIVE AR P ] (R i=i+1,
i+2,i+3, ..., i M) FiEgdba (B j=j+1,;+

UFF] fx MO r (3 052, B30 - 2,53, oo JEN) #TER M ST R Z G, P
60°N
R d(i—m,j+N+n) c(itm,j+N+n) d(i+M—m,j+N+n) c(i+M+m,j+N+n)
55N ————3 ————n
50°N | | | I\
| DG j+N) | lc i+m, j+m)
il I | | |
40°N I I I |
- L_l_J 51 )
a(i—m,j+N—n) | b(it+m,j+N—n) a(i+M—m,j+N—n) |b(i+M+m,;j+N—n)
30°N
25°N 1
20°N 4
15°N 4
. d(i—m,j+n) |c(itm,j+n) d(i+M—m,j+n)|c(i+M+m,j+n)
10°N- atavs it T
i | | | |
ko | | | |
) [ [BG+M.5) ]
5°8 1
g L b Y
a(i—m,j—n) b(itm,j—n) a(i+t+M—m,j—n) b(i+M+m,j—n)
15°S

Pl 1B B i X 2 [ AR 5 28 50 i 3l 1 X ) P 9% 75 T A

60°E  70°E  80°E  90°E  100°E 110°E 120°E 130°E 140°E 150°E

Fig. 1 Schematic map of grids in calculating pattern correlation coefficients in sliding windows (SWPCC) within a space calculated by models
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F 1 AXETEAK IPCC-ARY HiBSBEEXBMEERX S P25 8 Randall et al. (2007) ]
Table 1 Introduction of the IPCC-AR4 coupled models used in this paper[ from Randall et al. (2007)]
o . . KA P
Fe R Pk BRI N
1 BCCR_BCM2. 0 Bjerknes Centre for Climate Research, Norway T63(~1.9°X1.9°) L31
[(0.5°~1.5°X1.5% 135]
2 CGCMS3. 1(T47) Canadian Centre for Climate Modelling and Analysis, T47(~2.8°X2.8°) L31
Canada [(1.9°X1.9% L29]
3 CGCM3. 1(T63) Canadian Centre for Climate Modelling and Analysis, T63(~1.9°X1. 97131
Canada [€0.9°X1.4%1.29]
4 CNRM_CM3 Météo-France/Centre T63(~1.9°X1. 97145
National de Recherches Météorologiques, France [(0.5°~2.0°X2.07L31]
5 CSIRO_MKS3. 0 Commonwealth Scientific and Industrial Research Organ- T63(~1.9°X1.99)L18
isation (CSIRO) Atmospheric Research, Australia [(0.8°X1.9L31]
6 GFDL_CM2. 0 U. S. Department of Commerce/National Oceanic and (2.0°X2.5% L24
Atmospheric Administration (NOAA) /Geophysical Flu- [€0.3°~1.0°X1.09]
id Dynamics Laboratory (GFDL)., USA
7 GFDL_CM2. 1 U. S. Department of Commerce/National Oceanic and (2.0°X2.5% L24
Atmospheric Administration (NOAA) /Geophysical Flu- [(0.3°~1.0°X1.0%]
id Dynamics Laboratory (GFDL), USA
8 GISS_ AOM National ~ Aeronautics and Space Administration (3.0°X4.0°)L12
(NASA) /Goddard Institute for Space Studies (GISS), [(3.0°X4.0°L16]
USA
9 GISS_MODEL_EH National Aeronautics and Space Administration (NASA) (4. 0°X5.0°)L.20
/Goddard Institute for Space Studies (GISS), USA [(2.0°X2.0°)L16]
10 GISS_MODEI _ER National Aeronautics and Space Administration (NASA) (4. 0°X5.0°)L.20
/Goddard Institute for Space Studies (GISS), USA [(4.0°X5.0°)L13]
11  IAP_FGOALSI. 0_G LASG/IAP, China T42(~2.8"X2.8°)1.26
[(1.0°X1.0"L16]
12 INMCMS3. 0 Institute of Numerical Mathematics, Russia (4.0°X5. 079121
[(2.0°X2.5°)L33]
13 IPSL_CM4 Institute Pierre Simon Laplace (IPSL), France (2.5°X3.75% L19
[(2.0°%X2.0°)L31]
14 MIROCS. 2_HIRESP CCSR of Tokyo University, Frontier of JAMSTEC. T106 (~1.1°X1.1°) L56
Japan [(0.2°X0.3%) 147]
15 MIROCS. 2_MEDRES CCSR of Tokyo University, Frontier of JAMSTEC, T42(~2.8°X2.8%) 120
Japan [(0.5°~1.4°X1.4°)143]
16 MIUB ECHO_G Meteorological Institute of the University of Bonn, Me- T30(~3.9°X3.99L19
teorological Research Institute of the Korea Meteorologi- [(0.5°~2.8°X2.8)1.20]
cal Administration (KMA), and Model and Data Group,
Germany/Korea
17 MPI_ECHAMS5 Max Planck Institute for Meteorology (MPI), Germany T63(~1.9°X1.9°) L31
[(1.5°X1.5% 1L40]
18  MRI_CGCM2. 3. 2 Meteorological Research Institute (MRI), Japan T42(~2.8°X2.8%) 130
[(0.5°~2.0°X2,51.23]
19 NCAR_CCSM3. 0 National Center for Atmospheric Research (NCAR), T85(~1.4°X1.4°) 1.26

USA

[(0.3°~1.0°X1.0°)L40]
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20 NCAR_PCMI1
USA
21 UKMO_HADCMS3
Office, United Kingdom
22 UKMO_HADGEM1
Office, United Kingdom

National Center for Atmospheric Research (NCAR),

Hadley Center for Climate Prediction and Research/Met

Hadley Center for Climate Prediction and Research/Met

T42(~2.8°X2.8%) 1.26
[(0.5°~0.7°X1.1°)L40]
(2.5°X3.75%) L19
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Fig. 2 The distribution of averaged Asian summer monsoon precipitation for 1979 = 1999 from (a - v) IPCC-AR4 20C3M (20th century cli-

mate coupled models simulations) coupled models 1 - 22 listed in Table 1 and (w) CMAP data; (x) distribution of standard deviation of these

simulations
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Fig. 4 Distributions of SWPCC between the averaged Asian summer monsoon precipitations for 1979 — 1999 simulated by using (a - v)

IPCC-AR4 coupled models 1 - 22 listed in Table 1 and those analyzed from CMAP data

AR, MBS 13, 18, 19 A1 22 BEABUAH XF #4f5 X
TR R FE R LT K s A 8, NI 5, 18,
21 1 22 BAUARXT RS . SR X F AR LIAR W
VY T 2z b DX 19 52 2 XURE K 3 AT s KRR A B =
PEPIEE AR A 25 . 0 da - v 5 2a - v 45
A2 BT RSLAUL A8 I P 32 2 XU 7K 2 ] 3 A A T b ]
DI S], A SCHTHE T8 sl B X 2 () A OC RELRE 1%
Pl A8 7% UL T A 2 Bl 5 A 0 AN ) X3 B 2 IR

IRAPEIARE ST o PRI R e b 7 ik SR IR A 50
AN 7] DX 358 75 AU 7K AR AU, s N fE 7 A Ei R e
AT

OO BB AR Sl DX /IR 3l 1 [X 45 (]
MR R B WA 52 . LA 1 gt 22
5. B 5 25 H T AN TR Bl XOR /N [r) — A 2 A
USRS CMAP Z 7K oA 14 1 3 1 X 25 8] A1
KAL) Ao An . NS "L B, 8 3h i XA




6 34 FEIRAZAT - 1Sl X2 (R A O R BOIBLER 153 77 vk S HAE TPCC-ARY A5 U A ARADURI T v 14 1o A

No. 6

DU Zhencai et al. A Weighting Ensemble Method by Pattern Correlation Coefficients in Sliding . .. 1177

i 1 0
90°E 120°E 90°E 120°E

—-10 —08 —06 —04 —02

L)

90°E 120°E

(NP

90°E 120°E

0
90°E 120°E 90°E 120°E

0 0.2 0.4 0.6 0.8 1.0

P05 A [l Sl 17 X R/ N0l 8l s IR 56 R B 2= [ 23 A0 B . 2520 B Ze B M R0 2o i B BT I Sh i KO/ (i 11X7 O 11 %

BEXT R, Bl m=5, n=3, HLKH.
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Fig. 6 The order of SWPCC from large to small between the averaged Asian summer monsoon precipitations for 1979 = 1999 simulated by

using IPCC-AR4 22 coupled models and those analyzed from CMAP data. Legends rankl, rank2., ..

the order of the models’ simulation performances from high to low
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Fig. 8 The ensemble differences between the averaged Asian
summer monsoon precipitation for (a) the early period (2010 -
2030), (b) the middle period (2045 - 2065), and (c¢) the late
period (2079 = 2099) of the 21st century simulated by using
IPCC-AR4 22 coupled models under the A1B emission scenario
with the WEMSWPCC and those for 20C3M (1979 - 1999)
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Fig. 3 The simple ensemble result of the averaged Asian sum-
mer monsoon precipitation for 1979 = 1999 simulated by using
IPCC-AR4 22 coupled models listed in Table 1
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Fig. 7 (a) The ensemble distribution of averaged Asian summer monsoon precipitation for 1979 = 1999 simulated by using IPCC-AR4 22
coupled models with the weighting ensemble method by pattern correlation coefficients in sliding windows (WEMSWPCC) and its differences
from (b) that obtained with the simple multi-model ensemble method (SMMEM), (c) that analyzed from CMAP data, and (d) that ob-
tained with the weighting ensemble method by traditional pattern correlation coefficients (WEMTPCC)



