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KHFEZE A0 5XZ ENSO AN FRM LR, KM CNRM-CMS5 #H A AERIF B EIIEZ A0 547 ENSO f3Ext
MKRR, WEHEFRAOE (O iHaFERE AR T H I El Nifo (La Nifia) BUERIREEEE (BHD. R
MM, GISS-E2-H-CC B MBIl &5 IR, HZE AO X Bl 5 & 2 ENSO [ R 2 0 BRI . AR SCHE G fiRE T
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CMS5 B3, 7EFHZE A0 IEAAHAE, BIRAE PU AL AT VE A5 1770 B 5 (0 3 AR IE PR B, IE FROK S il
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N, X7 GISS-E2-H-CC i, FZ= A0 IE () AAHFEERGE PR EAEE B ENIE (FO BAKRE, @
o Gill B KA e B AE SR T8 PSP EE ORI R I S (AR XU 52 B J5 42 (¥ El Nifo (La Nifia) Z{F.
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The Ability of CMIPS Models in Capturing the Asymmetric Impact of the Spring

Arctic Oscillation on the Following Winter El Nifio—Southern Oscillation

ZHENG Yugiong"*, CHEN Wen"? and CHEN Shangfeng"’

1 Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029
2 College of Earth Sciences, University of Chinese Academy of Sciences, Beijing 100049

Abstract Previous observational studies have demonstrated that the spring Arctic Oscillation (AO) has a significant
asymmetric impact on the El Nifio—Southern Oscillation (ENSO) during the following winter. In particular, the positive
spring AO year can exert a notable impact on the following winter El Nifio event. However, the impact of the negative
spring AO on the following winter La Nifia is weak. In this study, the authors examined the ability of the 30 coupled
models participating in the Coupled Model Intercomparison Project Phase 5 (CMIPS) in reproducing the observed
asymmetric impact of the spring AO on the ENSO during the following winter. The results show that out of the 30
models, only two models (i.e., CNRM-CMS5 and GISS-E2-H-CC) can well capture the observed significant spring AO-
ENSO relation. These two models were further employed to examine the asymmetric impact of the spring AO on the
following winter ENSO. The CNRM-CMS5 model could reasonably reproduce the observed asymmetric relationship
between the spring AO and the winter ENSO. In particular, in the CNRM-CMS5 model, the positive (negative) spring AO
could (could not) lead to an El Nifio-like (La Nifa-like) sea surface temperature (SST) warming in the tropical
central-eastern Pacific. By contrast, in the GISS-E2-H-CC model, the significant impact of the spring AO on the
subsequent winter ENSO is symmetric; that is, the positive (negative) spring AO could result in significant positive
(negative) SST anomalies in the tropical central-eastern Pacific during the following winter. The possible factors
responsible for the asymmetric/symmetric relationship of the spring AO with the following winter ENSO in the CNRM-
CMS5/GISS-E2-H-CC models were further examined. For the CNRM-CMS model, a significant anomalous cyclone and
positive precipitation anomalies could be seen over the subtropical western—central North Pacific during the positive
spring AO year. The positive precipitation anomalies play an important role in maintaining the westerly wind anomalies
over the tropical western Pacific via Gill-type atmospheric response. The westerly wind anomalies over the tropical
western Pacific further impact the following winter El Niflo event by triggering eastward propagating and downwelling
Kelvin waves. However, during the negative spring AO year, the associated anomalous anticyclone, and negative
precipitation anomalies over the subtropical North Pacific are weak. Hence, significant easterly wind anomalies cannot be
induced over the tropical western Pacific, leading to a weak connection of the negative spring AO with the following La
Nifia event. Hence, the CNRM-CMS5 model can well reproduce the observed asymmetric impact of the spring AO on the
following winter ENSO. In comparison, for the GISS-E2-H-CC model, significant positive (negative) precipitation
anomalies could be seen in the subtropical western North Pacific during the positive (negative) spring AO year, which
could induce clear westerly (easterly) wind anomalies in the tropical western Pacific via Gill-type atmospheric response.
The resultant westerly (easterly) wind anomalies over the tropical western Pacific further contribute to the formation of
the El Nifo (La Nifia)-like SST anomalies in the tropical central-eastern Pacific during the following winter. Hence, the
spring AO has a symmetric impact on the following winter ENSO in the GISS-E2-H-CC model. Further analysis suggests
that the model’s ability in capturing the observed asymmetric impact of the spring AO on the following winter ENSO may
also be partly related to the model’s ability in capturing the observed spatial structure of the spring AO.

Keywords Spring Arctic Oscillation, El Nifio—Southern Oscillation, Asymmetry, CMIP5 (Coupled Model

Intercomparison Project Phase 5) models
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Thompson and Wallace (1998) X 5| NIL#k
%31 (Arctic Oscillation, AO), AT HiiRdb-Ek
A KA AR RN T PR, TR H 5% AL

BRE i (EOF) 7705 200N BLIL I f~F- 1 <
J£ (sea level pressure, SLP) 5% [1] EOF 2 — 3
SE XN AO, KNI A o) I 18] 7 31 5E O AO i
. AO L MNP, HIEZEMESFOLE T
Bl &: AR AT S [y Ny S = 1 e o N o5 L P 3 i =1
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AL AR R S5 EEE TN L,
AO K I N #E IE & 45 ( Thompson and Wallace,
1998, 2000). AO AL T L AHY, Jbtkib X N
SLP IE 5%, TMH&iEHIX HIL SLP filH, It
A6 BR ISR PG Xk 55, ¥ AEE S 4
LB P A X, 3B A X 3T b TR
(surface air temperature, SAT) PF{K; 24 AO 4T
IEALAHIS, PRGN R MR FE R WA AR . 34t
—BBRIF SR R AUR I S~ 23 2 T) ) AH HLAE
XTAO AR Z T il M 4E H7 R A O0 A 1E
( Limpasuvan and Hartmann, 1999, 2000; Lorenz
and Hartmann, 2001, 2003).
KEFIFIEH, AO XL ER T S R SR
SEE & R E 1% ( Thompson and Wallace,
2000; Gong et al., 2001, 2011; Liu et al., 2004; [
SCAEERT4E, 20065 Wu et al.,, 20060, i 3 & Bk
W HL X <3 . Thompson and Wallace (2000) &
t, &7 AO XFTERI KR SAT B AR AER i 3
P . M4ZE AO T 1E (50 LZAHES, KRR
Fili v 285 8 K s XA AE B (1) SAT 7% o
Wang et al. (2005) ¥R, Br 7 EZE, AO XL}
e L SATH e i # 2 2 FE W . BT AF
AO MIBR LA ZF SAT Z [AfF & VI K FEBr R &
—UeRE AR B, TR 20 42 g0 AR P I ),
AO MNARLARIEAZ g IEATAH, AT BE A RO KR AR
br A8 B ) — A~ # Z K ¥ . Thompson and
Wallace (20000 #& i, 7E 1970 4F % 2000 4F 1~
3 A AN, AO Xk R ATV I AR 1 i 34 1) TR R 4
50%, XEEANILAFERAZIR K TTIRA 2T 30%, X1
JEA BT 2 40%. 2003 FEEH &, BRI AL
T R A, A REFTAR . AO IEA AR X K
A ity v s S ) R A A AR (Ogi et al.,
2005). Ak, AO X ZR M 4 28 KA ZR i B A7
HE A (Gong et al., 2001; Wu and Wang,
2002; He and Wang, 2016). Gong et al. (2001) &
I 2ZE AO AT LU I 8 i 5 A1 M) . v s R S i) 2R 1.
A 25 XUFI R T 3% 1 ¥R FE B K . Wu and Wang
(2002) F8HIAZE AO AJ LAANE I 5 Wi 75 A0 ) 3 &
JERFLM ZR LA ZE N, AN A2 AO T DLE #2
M AL SAT. SLP A1 500 hPa [ 73 W KA . B
SRR A (20060 fRHE, 24 AO &b T IEALAHRES,
ZRIAEHBIX 200 hPa F) SR B R AEE, A KA 2 2%
IS, AT E AR ARIEB PR BOE
E =o)L = el | I AN = o 7 R |

AL KRR . ARG IX A 5 & IR 5, 1
2 AO Kb T A AR, A AR H A 1 T
(Park et al., 2011) . AO X A ot 5 5 0 47 75 &5 2%
M (Jeong and Ho, 2005; He and Wang, 2016) .
Jeong and Ho (2005) & 3L 7R . 58 ] & A= IR AR AE
AO AL AHAE BT AO IEAZAH4EELE AO IEH
o —SHFRMER T AO X EIL S HFETI AR
) % W ( Gong et al., 2006; Liu and Ding, 2007;
Gao and Washington, 2010; Mao et al.,, 2011a,
2011b; Leeetal., 2015) PARFHZE AO X 5 AR
V28 XA ZR I B 7K |1 32 3% 52 ( Gong and Ho,
2003; Gongetal.,2011),

IR B SCHER EEEARTT T AO R AN B R
Wil B 7 BT AN AU, SO EORIER 22 I TR
L AO X #vits il — S R G A7 15 EZ 1)
( Zhou and Miller, 2005; L’ Heureux and Higgins,
2008; Choi et al., 2012). Eb#, Zhou and Miller
(2005) KRIALFERA T AO 5 #T Hh X R AR
% (Madden-Julian Oscillation, MJO) {7 7E &% 1)
It &. Choietal. (2012) KINFET A0 v] LUl
R RIS 5 38 17 8060 i s B 2 T4 e X ) 4
WA, HHBFEE A0 HEEIILA R e
KA K RAFE R IEARR B, seAk,
AR (2013) FRH, 2~4 A1 AO X o i AT 2
(P CE g SR E AN}

JE/R R ARG 55 (ENSO) J& #i M [X 4F
brRBE F IS A RS (Wang, 1995;
Wang et al., 2000). ENSO #] DL 5 4Bk K 75 1)
SRR, SIREM R . KRS AR RE,
XS AR =R E R, e RE
FLor T T ENSO X 7R W 5 2= KR 2R 0 5 25 K (1)
S CFF 3R R e 22 4K, 1988; Huang and Wu,
1989; Wang, 1995; X /K 58 f1 T —JC, 1995;
Zhang et al, 1999; Wang et al, 2000; [% 3,
2002; Chen et al., 2013; Jia et al., 20165 1R 7% 5
s ,02016; [ %, 2018), X EEHEF IR,
ENSO 7EAF IR BALAH Ok IR 5 4R
WEFERAAFRPIEN, JE/KJEH (ElNifo) %
WA AMEmERE. P RIEN, El
Niflo /& Ji& JH R 52 ek 0 5 2= LR AN () 52 e 3 2 2
T KSR 5 Bl Nifio I8 48k ¢ 1 # G iR 5
AR R N T B, — S AT [ R R B ENSO
PEXT AR A2 XA A B0 (Li, 1990; Chen et
al.,, 2000; Huang et al., 2004). ENSO #4311 7E
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K ZRIA B e s g, TR LG S ) RS T A 0 L
7t El Nifio #F, 7R W4 25 KA Al 55, 10 2 )6 38
(La Nifia) 4F 75 WV 425 XN 3 g . X2 T
£ El Nifio 4F, PHILARPRAEH X Il — 7% RS
BER L, F UG SR R e K58 T R R R E
Ko B ARTA RN R S e R, a7
XA E AL, AR TREEINEEE, WAL
Z= W55, S WE: La Nifia 8955 50 0 K E0H 2
( Zhang et al., 1996; 2 BIAUFI 22 5241, 1999;
Chen et al., 2000; Wang et al., 2000) . , 7
fit ENSO 178 16 2 3 T¥ B 5 AR Wik A 4 3k
Aty 1 X PR R ASORAS A R TR LA B R
BT — SRR T TR 48 H AO X ENSO FHAF &
BB E R0, Nakamura et al. (2006) B X
T B2 AO I 1 i1l 7R T8 78 V- 1Y) S o 7 X
520 B J5 4 2% ENSO M k4. FRIETE KT
FHRIRET (R) KWJ&4Z El Nifio (La Nifia)
PR A B 7, AT AT DU I OR AR AR
Kelvin 2K 520 & Z= ENSO FH 41 &4 (Barnett,
1983; Barnett et al., 1989; Huang et al., 2001;
Lengaigne et al.,, 2004) . # — 2, Nakamura et
al. (2007) 5HIFHFEZ AO AT LU L 1 il W FE 3 3%
By ok b 1M 0K A% 38 V8 K3 19 5% 8 P XU, Chen et
al. (2014a) MIBFFLEE— PR T /2 A0 54 ZF
ENSO FIBC R, (HX T 7718 76 A3 57 5 7 R
WA T A —MBE., Chenetal. (2014a) 11
Z= AO AR AL T X R SN B 5 i 2
() FA R EL A Y R R O )08 ik el s JE AP
S AR R R BERIER . R AR
{6 R A B A G AT PR B T R R . T
i, TS ORI S B v L I e 45 A
HHTE RSP B B R A ISR R, Rk R
SRR RE VG R BB R E ) 75 6K,
S5 U XGE I WOR BE IR 7R 18 Kelvin 3 — 25 3 5L
FRIE AR ARG R, AR 4 Bjerknes 1F % 15t
HLH#] (Bjerknes, 1969), ENSO I {f % 2 & Ji& 2
. Chenetal. (2015) faHi, HZE AO X4
Z% ENSO g2 B A 3 1 4EARBRAE k. 75 20 tH:
gl 70 AR TR A 90 AR SE, FZFE AO KT
ENSO [ 5% i th % 55, 7E 70~80 4F X, H F
AO-ENSO ¢ & [b# s Hgiit E B A Bk, #—
TR, FZEACRF R AR S AR R
ALK THZ AO-ENSO KR E PR EA E
B TER . AT 2015/2016 4F 3% ENSO Fif /245
Z= AO 5 i B J5 4 2= ENSO ) — 4> i 1 A {5

(Chen et al., 2016). 2015 fEFHZ AO AT 7% IE
(D 1S P Gl RS C Ity N o Sl AT B S AP IAS  ST
ERIER . [FEE, 76 1982/1983 4EF1 1997/1998 4
XPKGE ENSO S rh, 23 A0 24T 7% 1k
PAIRZS, 78 THZ AO Al RE 2 il & 58 ENSO
P EENE T —. SRR UEERN—
AR H EZER T H, CMIP5 ( Coupled Model
Intercomparison Project Phase 5) HAAHFRATHEME T
K& )R T AR BT A 40 4 24l (Taylor et
al.,, 2012). fIE B4~ , CMIPS = n] BAR
I HPT{E 5 ENSO (Deser et al., 2012; Bellenger et
al.,, 2014; Gong et al., 2014) 1 AO ( Zuo et al.,
2013; JRMREE, 2013; 5K/KEGSE, 2017) MKHIK
SRR R HES . Chenetal. (2017) PF4
T CMIPS = i A5 5 £ 45 xf W0 W &5 3 o & =&
AO-ENSO KR MBRER, SRR, 154510
BAHA 2 ML ILEZ AO-ENSO K&K, M
R RES I, Y B 2 AO-ENSO 5% & (1) 4t 75 T
P I IVN . BN E o= | N e S S N AN - 2 )
SRAE, R MBI BT AO TE R L4
P RNGRE .

AN, R RIEH, B AO X TG4
Z% ENSO [ 5% i B A 9E XF #% 4 ( Chen et al.,
2014b). HZ AO IENM M, TEM G & ZEARiE
RACFEE B4 H Bl El Nifio B ORISR, AH
R, FZE AO AR, JRIE AR AP U
FERE, ARl BEERR . 3B
R, XA AEXS FRPE 2 BT B 2R 3 A K
SIS UL R N ZE 44 21 5 2R 1 B R JE RSP
RS E A R IEE . X T35
Z= AO AR, HFEREIHA LT LSRR
IR B I R A7 T 7R 7 AP b 11 7 7 X
AR 2, 5 P RS O B K 75 T8 Kelvin
] AL % i 4 fih & ENSO F4%. [FIF, BI#GH L
P B S NG W) 118 SN DS C it N o e Sl w2 A1
K ger R EEERH . Sk, &% A0 fifs
FHAE, 0 R R AR AR & i RS, Hobse
TEE . AW, HiMEABFE LIS
CMIPS5 ) 4% & 152 20 g 5 H10A W A % B i) & 2=
AO Xt ENSO 520 () JEXF R, 3 e A SORF ZER
(1 R 5l @, 8] IS R A BT ERAT T R
CMIP5 #: AL FH 2 AO-ENSO ¢ &R H AR X AR
PEBIRE ST, B R A 0 P R L R R
ENSO #548L PL A il B A 200k ENSO 1 F00 i it
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HBEMBEME . A JeR T WIS SRR 1)
7 AO X B 5 425 ENSO AL 15, 15
AL T 304 2 n CMIPS (1) #5 & 1 R 0t HF &=
AO-ENSO 5% R MEAMERE, Bk B0l R 47
M ARG 0T T X L H T A0 A
Z= ENSO A X BRI L RE 775 o3¢ Ja X A58 5 g A
MR ZELS T O fRRE .

2 APRFNAE
ARG RA: (1) 2 [H 5K 5 T

RO T E KRS T L (NCEP-NCAR)D 43
T % kBl (Kalnay et al., 1996), 7 ¥ % N 2.5°X

#1 30ACMIPSESHEXER

2.5°, AL¥E H FH¥IBEK . SLP. 500 hPa fi7 % & &
A1 850 hPa /K M3z . (2) HFIHGRILE (sea
surface temperature, SST) %5 K FH i) /& 36 ER
FEERRA SRS (NOAA) [ ERSSTv3b (Extended
Reconstructed SST version 3b), 4 ¥R & 2°X2°,
NITEREIL, AT 5 A1 ERSSTv3b HdE i Ak M
MM ELHE” . (3D SR T CMIPS 17 30 AN A i
B D7 SR G k), ZAR IR 2 MK HE CMIPS 1K)
AL 7 s ) (1850~2005 4 ) ) A FH 48 5t
BESRIRE AT I RAWRE . IR
KL 4 LI PR 58 3 37 B 8 IR Bl A AR R
30 MAMEBEA B S B0k 1 iR,

Table 1 Information about the 30 models in CMIPS (Coupled Model Intercomparison Project Phase 5)

R AT LA K4 PR
ACCESSI1-3 Centre for Australian Weather and Climate Research (CAWCR) 145X192
BCC-CSM1-1 Beijing Climate Center, China Meteorological Administration 64128
BNU-ESM Beijing Normal University Earth system 64 X128
CanESM2 Canadian Centre for Climate Modelling and Analysis 64 X128
CCSM4 National Center for Atmospheric Research (NCAR) 192 X288
CESMI1-CAMS5 National Center for Atmospheric Research (NCAR) 192X288
CESM1-FASTCHEM National Center for Atmospheric Research (NCAR) 192 X288
CESM1-WACCM National Center for Atmospheric Research (NCAR) 192X288
CMCC-CM Centro Euro-Mediterraneo per I Cambiamenti Climatici 240X 480
CNRM-CM5 Centre National de Recherches Meteorologiques/Centre 128 X256
Europeen de Recherches et de Formation Avancee en Calcul Scientifque
CSIRO-MKk3-6-0 Commonwealth Scientific and Industrial Research Organization/Queensland 96X 192
Climate Change Centre of Excellence (CSIRO-QCCCE), Australia

FGOALS-s2 Institute of Atmospheric Physics, Chinese Academy of Sciences 108 X128
FGOALS-g2 Institute of Atmospheric Physics, Chinese Academy of Sciences 60X128
FIO-ESM The First Institution of Oceanography, SOA, Qingdao, China 64X128
GFDL-CM3 NOAA GFDL(201 Forrestal Rd, Princeton, NJ, 08540) 90X 144
GFDL-ESM2G NOAA GFDL(201 Forrestal Rd, Princeton, NJ, 08540) 90X 144
GISS-E2-H-CC NASA/GISS (Goddard Institute for Space Studies) New York, NY 90X 144
GISS-E2-R-CC NASA/GISS (Goddard Institute for Space Studies) New York, NY 90X 144

HadCM3 Met Office Hadley Centre, Fitzroy Road, Exeter, Devon, EX1 3PB, UK 73X96
HadGEM2-AO NIMR (National Institute of Meteorological Research, Seoul, South Korea) 145X192

IPSL-CMS5B-LR Institute Pierre Simon Laplace, Paris, France 96X 96

IPSL-CM5A-LR IPSL (Institute Pierre Simon Laplace, Paris, France) 96 X96
INMCM4 Institute for Numerical Mathematics, Moscow, Russia 120 X180
MIROC4h AORI (Atmosphere and Ocean Research Institute, The University of Tokyo, Chiba, Japan), 320X 640

NIES (National Institute for Environmental Studies, Ibaraki, Japan),
and JAMSTEC (Japan Agency for Marine-Earth Science and Technology, Kanagawa, Japan)

MIROC-ESM-CHEM AORI, NIES, and JAMSTEC 160X 320
MIROC-ESM AORI, NIES, and JAMSTEC 64128
MPI-ESM-LR Max Planck Institute for Meteorology 96 X192

MPI-ESM-P Max Planck Institute for Meteorology 96 X192
MRI-CGCM3 MRI (Meteorological Research Institute, Tsukuba, Japan) 160X320
NorESM1-M Norwegian Climate Centre, Norway 96X 144
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HZEYR 3~4 A°F, AO e SN 20°N LA
4t SLP 53 1] BOF 28 — L3 0] N2 Y 3= Bl 7 I 1]
%1 (principal component, PC) (Nakamura et al., 2006,
2007; Chen et al., 2014b) . Nifio3.4 #§ ¥ & XL N
(5°S~5°N I 170°~120°W) [X 3k 5[] SST &
o N T AIBREAPRRAIEEN, B AP A&
#B AT T 9 4F Lanczos = 18 JE K 4 ¥ ( Duchon,
1979). ASCRH BT EFEERZBIE M. MR
WrFl & B o JEELHIBT M B 1958 42 1 A &
2005 £ 12 H .

3 WMERUAFERAIPRIE

AT 32 B 2 A 25 SRR iR E S AO
XI B J5 422 ENSO s (1 3E X AR, S T PEAG
CMIP5 S fig 15 B L 28 AO XJ Bl J5 4 2= ENSO
SRR AR VE R RE 7T, FRATTFE SR HhIE H RE S 4L
I AR AL HE 22 % AO-ENSO % & A R .

AO JE bR IRIE A KSR BRI b ] B
TG K 1b 2R 1958~2005 I a) B P WL %
5 SLP 5% #1T EOF 73 fif# 15 2 i) PC1 (EOF 7 fi#
B — A X NI A RO B F A, B2
AO ¥5%, & 1a & SLP 5% X% PC1 B [H] /751 Kl 1b
BEAT A4S B S S, 4T S XIRER R @ T
95% M E RS . MW 1 TR, AO TE/KF
Jill bR E R R, REES O
(|4 S %Y v s o NG s NG e = i
HH 5 2RI R 55 . af ABFFR R,
XFREEMITEAZE AO THEAIIRILE N 23, MEZE
245 ) PR Y Bt 215 RUHT (R A bR AR R s, L
RCAAH R AR B (/Ma5E, 2005).

N T IRZEEFZT AO WG 4ZF ENSO 52 2
A BA X RR SRR R, BATETHF A0 55
AT T AT BRI R ZE AO 2= /K
T 0.5/-0.5 bRt Z R FA4n € XAFZE AO 1B/
A, HRFEmE X NIEHFHE (Chen et al,
2014a). F=TIXAHriE, 193] 14 MEFEZF AO IEAL
L 16 NMEZE AO MALHHER 18 AN IEFE, Wl
T2 FoR. B2 T %) T SST S B B 1] 1
AR, B AO IEMMEMHS, SST 7
MRS BRI =T oA, BRI ZRIE AP ) AR A7
[ri) SaE 1 22 41 3 P 2 X3 DA B 2 B AL TR
PR B SST IE S %, Bl #aly 78 b K P 3 i
SST MR EMW 1 JH, JRIE R K7 SST & 7 7

3.0

20 3

0.0 3

-1.0

Normalized AQ index

-2.0

-3.0 . 1 1 1 1 I
1858 1967 1976 1585 1994 2003
Year

1 1958~2005 % (a) FZ AO fEH M HFZ SLP % (Hf
fii: hPa), (b) RAEMLAIHT AO TREUSFMF5]. K ahiT AIX
IR SLP F I 95% 15 B & PEAG 56

Fig. 1 (a) Spring SLP (sea level pressure) anomalies (units: hPa)
regressed upon the spring AO (Arctic Oscillation) index, (b) normalized
spring AO index during the period 1958-2005. In Fig. a, the dotted
areas indicate SLP anomalies significant above the 95% confidence

level
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Fig. 2 Composites of SST anomalies (units: °C) in (a, g) March, April, (b, h) May, June, (c, i) July, August, (d, j) September, October, (e, k)
November, December, (f, 1) January, February for (a—f) positive and (g-1) negative spring AO years from observations. The dotted areas indicate SST

anomalies significant above the 90% confidence level
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Fig.3 Composites of precipitation anomalies (shadings, units: mm dﬁl) and 850-hPa horizontal wind anomalies (arrows, units: m s’]) in (a, g) March,

April, (b, h) May, June, (c, i) July, August, (d, j) September, October, (e, k) November, December, (f, 1) January, February for (a—f) positive and (g-1)

negative spring AO years from observations. The dotted areas indicate precipitation anomalies significant above the 90% confidence level. Zonal

(meridional) wind anomalies less than 0.2 m s ' are not shown
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spring AO index in the runs of 30 models from CMIPS5 historical experiment. The dotted areas indicate SST anomalies significant above the 90%

confidence level
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Fig. 6 Composites of SST anomalies (units: °C) in winter for (a, c¢) positive and (b, d) negative spring AO years in (a, b) CNRM-CMS5 model and (c,

d) GISS-E2-H-CC model. The dotted areas indicate SST anomalies significant above the 90% confidence level
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Fig. 7 Composites of precipitation anomalies (shadings, units: mm dil) and 850-hPa horizontal wind anomalies (arrows, units: m sfl) in winter for (a,

¢) positive and (b, d) negative spring AO years in (a, b) CNRM-CMS5 model and (c, d) GISS-E2-H-CC model. The dotted areas indicate precipitation

anomalies significantly above the 90% confidence level. Zonal (meridional) wind anomalies less than 0.1 m s ! are not shown
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Fig. 8 Composites of SST anomalies (units: °C) in the simultaneous spring for (a, ¢) positive and (b, d) negative spring AO years in (a, b) CNRM-
CMS model and (c, d) GISS-E2-H-CC model. The dotted areas indicate SST anomalies significantly above the 90% confidence level



XA B % 44 %
448 Chinese Journal of Atmospheric Sciences Vol. 44
+AO -AO
CNRM-CM5 (b) CNRM-GM5

30N

10N i

“JP ‘*x 07

[ -

120W

—12—10-08 —06 —04—-02 0

120E 180

02 04 06 06 10 12

K9 (a. b) CNRM-CM5 #F (c. d) GISS-E2-H-CC BRI MHET AO (a. ¢ EMAHEM (b, d) M‘ﬂHiEArEB’Jﬁ*I%kE”“

(H%%, Bfi: mmd ") F 850 hPa /KT K37 5
B A Bon/N T 0.2 ms™ (4 a4 R

WOHik, AL msD M. T KRR R KR

It 90% 15 FE 7K T 11 S5 3 AR 56 o

Fig. 9 Composites of precipitation anomalies (shadings, units: mm dfl) and 850-hPa horizontal wind anomalies (arrows, units: m sfl) in spring for (a,

¢) positive and (b, d) negative spring AO years in (a, b) CNRM-CMS5 model and (c, d) GISS-E2-H-CC model. The dotted areas indicate precipitation

anomalies significantly above the 90% confidence level. Zonal (meridional) wind anomalies less than 0.2 m s ' are not shown
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Fig. 10 Composites of precipitation anomalies (shadings, units: mm d l) and 850-hPa horizontal wind anomalies (arrows, units: m s ]) in (a) May and

June, (b) July and August, (c) September and October, (d) November and December, (e) January and February for positive spring AO years in CNRM-
CMS model. (fj) As in (a—e), but for composite anomalies for negative spring AO years in the CNRM-CMS5 model. (k-t) As in (a—j), but for the GISS-

E2-H-CC model. The dotted areas indicate precipitation anomalies significant above the 90% confidence level
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1969), 7R T8 78 PH K1 (9 U B FE 2 itk — 2D 1

B, MM S Ao, RIZAR X — D3 5s (1A
10g-t), ZR T8 H 2R KTV 1 7 ¥4 ¥ iR T 2tk —
R (& 11g-t), La Nifa FHF k4 K R K.
AT RE, HFZ AO £ A FEERR o 155
45 1 1] Be 23 5 M B 5 T8 OK ST PR R TR RO R
(Chen et al., 2017). P 1243 5 78 T CNRM-
CMS5 Al GISS-E2-H-CC #§ M A EHEZF AO IE/fit
AR AE I35 2% SLP M1 500 hPa o7 34 5 B 5 5 4 A
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Fig. 11 Asin Fig. 10, but for composite SST anomalies (units: °C). The dotted areas indicate SST anomalies significant above the 90% confidence level

M 12 AT LA H, SLP Fil 500 hPa {7 % = & 735
M R AR — 3, RBLT AO v IE JE 45 1)
(Thompson and Wallace, 1998, 2000). *§T CNRM-
CMS #53:, HZ AO IEAIMH4E, SLP #1500 hPa fir
R FEAE IR XA B3 M R, TR A R
AREMIERE, JHHEPLG R ESLP IER
G ERE N 5 hPa, 500 hPa A7 34 FE 1E 2 oty
SRIE N 60 gpm; FHZE AO HUALM4E, SLP Al 500
hPa {7 3 = FE 7 1 70 i 5 B2 AO IEAAH4F JL-F-AH
R, (B2 E FH R W, 9 ERTEE L
SLP 17 5 & w058 B y—3 hPa, 500 hPa i 34 75 F
B R0 5R B N—40 gpm, FTBAFRZE AO IE/fhL

MAEFZE KPR AO SR AR X T H 2
AO-ENSO % R A AR AT RE AL B T — 2 HIAE
F o %+ GISS-E2-H-CC #i5\, 4/ K-Fif b
SLP 1 500 hPa {7 % & 7 /£ B 3= AO IEALAHAE
[RI5E L R A K T35 A0 LA, (HI2 Rl 4 R
HIZXFRIT, AR R4 B L RGN BT

g R T KA S
5 BE

SHETER, HF A0 251 547 ENSO
HHORERE”EEEMFM (Chen et al.,
2014b; Nakamura et al., 2006, 2007), Jf HH ==
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Fig. 12 Composites of (a, b) SLP anomalies (shadings, units: hPa) and (e, f) 500-hPa geopotential height anomalies (contours, units: gpm) in the
simultaneous spring for (a, e) positive and (b, f) negative spring AO years in the CNRM-CMS5 model. (c, d), (g, h) As in (a, b), (e, f), but for the

anomalies in the GISS-E2-H-CC model. The shadings indicate anomalies significantly above the 90% confidence level

AO X} ENSO I & i B A dE X #R 14 (Chen et al., 7 CMIP5 # 3 %f 2 AO-ENSO % & X Fr 1 (1)
2014b), Chen et al. (2017) ¥ % 7 CMIP5 H [ ERAE S, B2, B CMIPS (1) 30 MBS U Y
15 4~ CMIP5 & 151 0 2= AO-ENSO ¢ & [1)%-Z% SST 7+ % X H 2 A0 FREd AT [ H, K3
PLRE T o A SCAE X BeqfF 0 ) LAl b, ik — 2D a0 A5 5 4185 58 CNRM-CM5 Al GISS-E2-H-CC 7] PA
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UL &5 R BRI EFZE AO-ENSO X &R . H
K, K IX AN RE R B 2R AO Xl J5 4
Z% ENSO s Wi f 40 #r Pk, 45 R B 7R, CNRM-
CMS 0] LU 2 AO-ENSO 2K & B 3EXT FR
P, 1M GISS-E2-H-CC HEZ A0l 45 F A X ARIT o

B J5 A SCRBE T CNRM-CM5 B R A4 B fs
0L AERFFRAE BL B2 GISS-E2-H-CC A5 3 R 4L 45
N A RRFRE . B REY, X T CNRM-
CM5 B, EHFEZE A0 EMMENHES, HTMN
ZRAE W) SR A6 RSP 1) S m XS RS T R AT
JER P LR TER A, A H B0 3 0 I 3 b4
K, TR K R — T UARR KA R (Yu
and Zwiers, 2007), 1R #& Matsuno-Gill i N #L ]
(Gill, 19800, &l i A K13 B9 K< IE 7 i
AR ARTE PR B R i, REARC
S, TR R Bl Nifo FH4F 1) — A K8
B, & ] LUK IR 1) 75 18 Kelvin %, Kelvin ¥
R AL R, 38 BRI RO PR IR R E IR, AT
SST #J1, 454 Bjerknes 1E i3 HL#HI, El Nifio 2
HERIREKRIE. MIERT AO AAFE, FI#GT
AP IR B R A a g e B, BT
YL La Nifa ik kL. FFER, XFT GISS-E2-
H-CC #3X, fEHFF A0 /AN, Bl IEK
SR AR B R AR E /U R, TR
PR X, &5t El Nifio/La Nifia 447~
BB J5TAARE, F3 AO fEKTFHF
07 P 58 B 1T R B2 SR TE B R R T XU R AU R
J&, FTUASCHERE T HZE AO 1E KPP 7 1 s
B3 R A, 45 SR BT CNRM-CMS #5754,
HZ AO IEALAHAE, W4k B2 RKF ¥ | SLP A 500
hPa 7 % i B IE 5 0 Bk B I v T 28 AO ffL
AH A A B I A SR R D SR, BT DA X R 2R
AO-ENSO % & FIHEXT BRMERFE B A — 5 5Tk
1M % T~ GISS-E2-H-CC %5\, SLP Al 500 hPa fiz %
R R AO IEAL M 58 FE R FE K T
% AO FUAIHHAE, FIRER T A E P LR
Gui B HEIMERT, KT TR B
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