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Abstract The Southern Hemisphere (SH) annular mode (SAM) is the dominant mode of atmospheric circulation in the SH ex-
tratropics. The SAM regulates climate in many regions due to its large spatial scale. Exploration of the climatic impacts of the
SAM is a new research field that has developed rapidly in recent years. This paper reviews studies of the climatic impact of the
SAM on the SH and the Northern Hemisphere (NH), emphasizing linkages between the SAM and climate in China. Studies
relating the SAM to climate change are also discussed. A general survey of these studies shows that signals of the SAM in the
SH climate have been systematically investigated. On interannual scales, the SAM can influence the position of storm tracks
and the vertical circulation, and modulate the dynamic and thermodynamic driving effects of the surface wind on the underlying
surface, thus influencing the SH air-sea-ice coupled system. These influences generally show zonally symmetrical characteris-
tics, but with local features. On climate change scales, the impacts of the SAM on SH climate change show a similar spatial
distribution to those on interannual scales. There are also meaningful results on the relationship between the SAM and the NH
climate. The SAM is known to affect the East Asian, West African, and North American summer monsoons, as well as the
winter monsoon in China. Air-sea interaction plays an important role in these connections in terms of the storage of the SAM
signal and its propagation from the SH to the NH. However, compared with the considerable knowledge of the impact of the
SAM on the SH climate, the response of the NH climate to the SAM deserves further study, including both a deep understand-
ing of the propagation mechanism of the SAM signal from the SH to the NH and the establishment of a seasonal prediction
model based on the SAM.

Key words Southern Hemisphere annular mode (SAM), Monsoon, Climatic impact, Climate change, Interaction between the
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I ER 6020 L F B TR o ¥ v 5 L G ot TR
BN HFREE 00 A A KRB R EIL ¥R, X
MRS ER T 0% WA A O E AR
AR . B, S XL RSBERF R MBI FIHEF
AMUEEREL R, MACHERWARBEREEM
FE. AW, 2RVBERERL—TAVBEE, BE
BRESHE . NE.HE KSEZHBE ML P ERE
k. EERSHEBRREAHE MR LRIMBEML
i) SO B SR 5 SR B [ R, (R X SR R AR
REmERak. Hir LiF 2 RERZEITEHER
XoF EE 2 BR AL FOAF ST . B, MDA R SRR
it % (World Climate Research Programme, f& &
WCRP) B9 #.0 I B 2 — 8448 5 vk Ok B 1 &) (Cli-
mate and Cryosphere, {8 #% Clic), #E3h T 1 K AW
M & 8t (Southern Ocean Observing System, & %
SOOS) Wy 37 ; il 2 ot B K H X S A& 9 /R A
it %) (Stratospheric Processes And their Role in
Climate, ffj #& SPARC) , BEMRZ R EMEX R LA X
ML E-SEER, R, X R R B MR M R
EEEMNFRHRELEEFR. WEELTETE
Oy R R TR TS AR KB 2 R LI S 2
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ST A BRI E AR RS (Argo) ZERG R BRI SA AT

SRR ERR ARG SRR B BT
HEFE XNRREERIBRRENESARK
HRBREmITT THA.
RARBEBHRXBRRIFRANERAR . PHEM
KHBTRA LB BB T ESI (SO MR L. WBE

B RS, bR BB AR ARG IR
%3 (NAO) (Walker, et al,1932) b X -3 % 3h
(NPO) (Rogers, 1981) | BX i & #H 3¢ & (EU) (Wal-
lace,et al,1981) . kX ¥ ¥4t 3£ &I (PNA) (Wallace,
et al, 1981) . dt & ¥ 3 (AO) (Thompson, et al,
1998) 5% -t % 2R #F R £ (NAM) ( Thompson, et al,
2000a) %, 33X LK AT AR R BU X AR RA R K
TUHK . I BB W X B BRI SR B AR SR BT
RPRAEBEMMA, HP, LERFRE R T
ARERBELERT HEEZEYREMEL. 4
JE A BREFARBE N IE (5D ALA BT, 362 2R 46 BE AL B
HEGREGE haEMLEEESRE (R, Jb¥
BRYE X2 M AR b (A M B3, 7EJL - EREAE
RUZELS B RN ERT EEERERAWE
B RERE b, ST X R 2 BREGH Sh IR 0 AR AR i 1R AR B
A — LRI (Southern Hemisphere An-
nular Mode, fii#8 SAM) BB 5T B & BEX .

B e BR 2008 8 2 B9 R ¥ 3 (Antarctic Oscilla-
tion, fH AR AAQ) B RMFIAFMERN LT
A (ZBIE B %5, 1998; Gong, et al, 1999; Thomp-
son, et al,2000a), BFERARBEM =LV H EE
5 EERARXB R A L E (Limpasu-
van, et al,1999; Lorenz, et al,2001; Zhang,et al,
2012)F 2%, FERTEAE# b, w2 BRIORE R
FERRVEREWTH.ZEA.ARNZEHEEZEE
RE FE LB E#E LW E %, 2003; Fan, et al,
2003; Wang,et al,2005; Z= B4 ,2010,2012; 5k B
4% ,2010; Yuan, et al,2011), 7625 [A]4#4E b, &
ERFRERARE S EEENEW, EXRE
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ARBAE B 2 7 ) 12 i (Feng. et al, 2010;Ding.,
et al,2005;Sun,et al,2012),
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i 21 BR PR ARARE Ry 1 57 A N 10 A 388 5 B R BRI, AT AL
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P IR B0 U AE FRIR AL 35 2 o i 8 AR T (L, et
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R AE 28 Wy 1) b AT 4 BRORUBE AR AE , 45 P8y il b A
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Fig.1 Schematic diagrams of (a) the climatology of atmospheric circulation in the

Southern Hemisphere in austral summer (December — February) and

(b) the corresponding circulation anomalies during a positive SAM phase
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BRI REE B AT AT R LR ER
A, HIF 2% EHET T B L RFRE N R
SREAGHEH. TENBERENTHEAEAR
SNFRGFE— KK IFEMBE KA T HAT .,
2.1 XK K

Thompson 4 (2000a) B 57 7% A Bf A R E L
BERIIREERTINNA RPN ES, 5 M
RIRIFRE R IEN AR, B TR E EFAE351E
G 2 B8 4D, {55 75 R AR U K i 3 A TR A 11 5 T T AR
FHHET 5 SRR R 0% B WY
B, WK BRE, X141 EF H CRU(Climate
Research Unit) Yy R AR E R BB R, HE,
Kwok £ (2002) X A A ¥ AVHRR (Advanced
Very High Resolution Radiometer) 4T #} i 1 & H
18 & , Schneider % (2004) | FH [6] & B 41 5158 JE R
15 BRI s I R IR AL PR DB, A5 B
ML, I L RIFREN B R AR X R E
RERBRXMWAEBEF 2., Marshall (2007) F) FH 5 %
B BERL, HE— BT ie TR RIFRE SR
WX REBREXROET LN, ERIED FRERK
FROPRAE 5 R AR A Bl 0 g AR 2 B B R TR IR R B AR AR
RI7AH G B EE R b — 20 48 X A A R A E AR 2
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IR R R 5L m AR5, i
WMEZHERESERRER T IWBREDA X,
Begh . Lu 4 (2007) A ¥ I 5% 38 19 K <5 i
HadAM3 HEIZREEN B E A RE SR
R Bl 3 4 4 I B R B AR R
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Xof B 2 BROR S B W 0 W e b X8 e, B E 4R R E A
WA 20°S £ 4. Bals-Elsholz %5 (2001) B BF 58 3%
B, LR R BR PR N IE LA BT, B BR & R (7T—9
AWKV E LRI EEMBEL AR ERELNR.
Lu % (2007 B HadAM3 # & W, B L RFRAE
9 1E 47 #8 X 2 F 50°—70°S 3 B N [ K R £, T
40°—50°S gk MR . XEIIE T Gillett £ (2006) A
B FERE B R LS8, I B 5 H A & 3R 3F
AR L IRIORBE K X R BB —3
(Watterson, 2000; Cai, et al, 2002; Karoly, 2003;
Gupta,et al,2006; Lu,et al,2007), E2EIRIHRE
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.5 XM A E | EEHIE 3 B R BRI R
BRI R A R, A, F B RNR A A E LR
WY P RIOREX B R R FE K., 4R
R, B BRI AT LB 2 R &S T Bk
(Gonzadlez, et al,2010) , B 3E (Reason, et al, 2005;
Fauchereau,et al,2003) . %7 7§ 2% (Renwick,2002)
WH] T 76 4k # (Feng, et al, 2013) B [ Kk 48 2,
Mao % (2013) 48 H R 2 BRI R AL 55 7F B v & XL
HERZE (12—3 AD K& WA R B R 8 & IE A
X, HM K F 7 db ¥ 5 (10°—30° S, 100°—
120°E)M & K M BB KBS T 50%0—
10056, 32 By i 2 2R FR AR IE A7 40 B 38 YN 75 &5
BRHAVREAVBGERE R TKKEEM
LAE, #HmMSBU X EE XA R EE L,

1 S BRI ST V8 A AR 4 B KO L 4R 2 80
#a % (Hennessy, et al,1999) , ¥ £ % F HF 5 T X f
TEABRSEERARENXEE. EHREL,
2 2R PR AR TE A8 0 R KR G R T X SRR K
35 1 R IR (Ansell, et al, 2000; Cai, et al, 2002,
2005,2006;Li,et al,2005) 5f 55 2 BR 0 4 F 1 XL
{77 B (Gupta,et al,2006; Meneghini,et al,2007) , #f
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PR K SRR REN R R RS T B E
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FIGH X Frg L3R4 F(6—8 A) WK F) L7 pg 75
MIFEK SR L ERIPRE AR X R, LFhr EEH
1964 FXMREFEE R . RHEKR 1964 £ 85K
P8 f& B AT 07 » B L BRIFRA NS B 2 BR A& 2R (6—8
F) WK F) T2 76 7E A B B K R e L BR B R B .
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HIGE T 43 47 F IR SE B B 1 22 40 A 0 T RS IE B 450
HIEEM,
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BRI IMNE- S AL BRI BB/ T EE,

BMREEFENREIFREERER R (Ant-
arctic Circumpolar Current, f&j #8 ACC), H I & %
REEEBANSEHELMEEN XA ER.
Lefebvre 45 (2004) F§ NCEP/NCAR 45 #7 % ¥} 28
Y 2R K-8 B 2 (ORCAZ-LIM) 8l & 31
B 2 BRI AR 1 185 58 X N AR SRR R U e R
JE i B 1% K, Gnanadesikan 28 (2000) B 4> 2%
RGP T TN B 7 4 1 A B ST T R AR
GEMR TN KR 7 B IR R . 45 SRR BH L B K XM )
PR 33 T 0P RS AR SRR B AR . R R R ERER
ARAGE AT DUAE A2 B RUEE b 52 e 755 5 ¥ Wk VB VRS
(Meredith, et al,2004a,2004b), 3 38 % (2011)
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FERE R FE 7 A 4k, 9 T 1 A s AR 8 AR O 4
RUOBE i 16 3l 0 4F By 98 38 B 3% 3l RE 9 28 4k, 46 ) XU
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2 BRER ARG NS B 2 BR T 7 99 52 T A U BT
X T B O B R A b R A 4 X g R (SSTH
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A SIRE . RV mE L IR 5 8 R
68 75 7 A K i B 30 7 7E 8 SR A b BH R, T 457 S IR
FEAEMSEM UL . B, 55 2R BRI AL IE 1A
B ORI 2R TH U Y AR A 2 R T AR AT 5B A
| A VA R T AR B B9 2R AF (Mo, 2000 ; Watterson,
2000,2001;Cai,et al,2002; Hall, et al,2002; Lefeb-
vre,et al,2004;Gupta,et al,2006; Nan,et al,2003,
2009; Wu, et al,2009; X84, 2012) . L8l J1 Ml
PR, T 2 BRIORBE AL AR, B R B ep
2 B R R B G L £ U R TR BE R K R R A
WMBRE, HTEEOARE. SHERRES S
FEEETURE —NFTWES, #1156/ FBRIFR
HEES A TEENES (Wu, et al,2009; ¥3E
%,2012), 785 ol B o AT LLE B, B 2 BREFR
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RE, 7 — T HESH -2 R MEENRE
FXRMIPREEBITFEABNESN. SERE
X B 21 BRI R AR Y 45 1) X AR i B2 A [] 5 Sallee %
QOIOMARENH BERARERHTRGER
E AR 1 AEXTFRIA N . B BRIARAE T ] B 28 1] XL
MGHEABRENR T, BIBSREEEX /B RA
PRAZE g e 7 R B AR R AR EE R EH .

2.3 #\ K

B P BR IR R AR 1 OK ) R AR X B A, AR 4
EERRRARESR, RAAERI L — & 8y 45 35 XF
M (Kwok, et al,2002; Lefebvre, et al,2004), #f
KR, YRR IEALAE BT, B 1R BRAR 2R
WK IRD, B HERIKRE . XFIERRNEH, &
B TP X FE RS AR 2 5 B3 1) AR R AR 1), 7 B 3 1 1)
Ak, F5E E 2 RS R A BERE, E
Z B KEAL W, TS BT VKX R 2 2K
IR AT e 7 Y 1B AR T 45 8 (Lefebvre, et al, 2004),
Lefebvre ££(2005) F 2 2Rk ¥ k-1 # £ :0 ORCA2-
LIM s — S d U E XM HER ST
a1 R 98 Y K R YR/ T A R T ¥ UK T AR B
AU SR RERICRERN RS ERBEDRER. sh M
WA LB IER 4598 VK 3T 5 2 BRI R Y 1
EHMEE T L. Gupta 45 (2006) A NCAR Ry #4
HRBEETRW T ERE- K RAEX ML RR
BEIM R, Z5REBW, SR ERIFREF R KRK
WG 3 1 AN J7 5838 , T DAAR &F b i R m AR g
VKBYAE &, 3 B i F RO B 1IE 55 SR 15 1 1K
SEALDREHHA .

EA5 48 W 2, 1 20 3RS 4 ATk 2 A
HMA WG —BR, B RRICRAE ] 008 RIEE
FVG K SR B R, XS R Rl R X g BRI
WA — E B )5 /8 | (Watterson, 2000, 2001 ;
Marshall, et al,2006;Raphael,et al,2011), HFiX
AR SCE &, B A2,

3 B ERIFRBEN PRI R SRR

ERRRE NGB, B RARE SR
IR PG M EHEHBEH AR ENUE, &
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25—40 d TEAL KU H 45 B #i X (45°—65°N) iy
BT RO RS 8 A 88 B (B J %, i 1%
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2L IREFARAEE O - A B AE A A R AT B R G
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al,2004;Song, et al,2009) , X F B3 45 [6) Pl B & 1]
WMAEEMKRPEAEBMHEEFE B H N Emdt K
THLE . FIERIBERYREHZHENL LM
Jb K % sh B A 75 (Song, et al,2009),
TERRE L . BERIFREEGREME TN
SBEUFEEETBRR. Fla, Ho % (2005 47 &
B, EZE(7—9 AR ERIF IR IE A7 A8 X B 78 b
KRR T8 RS HE R IR A B, 2F Wi 5 i 3
SRR, FRAREBRFETERE M, e
BRRTREIREAB D, EEFEF Q006K
B,6—9 HEERIPREFTGILKFH & XA SR
RAFRREWAAHRRLER, X2 E N Y5 ERFR
BAE FIE (O PR, 8 3 & m B AR R B H A VE A
AR P IL R X 4 1 XU 3 H AR 58 55D .
BRBERARE) , X 8L HRHM T £ RAE R
MERE. BEFHREI. WL 12—2 AOEERR
W5 HEZ (35 A)FdL K FHHH# S s sh
FHE—EBRR. MH14 5L BRIFRBE A B LA,
FZVACR TR SIEM L A 1 & KA B 8w
Z, X5 AEPERFREERWRPFEREDR
HHMERRERZINESTA X, AIEMW LR
BRORBEET DL i P9 3E 2= XU I 35 FT Sahel H X H R&
7K. Sun % (2010) £, X4 HFE F(3—4 A LERA
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%, FFEU—5 A LRI IE LA+ XF R
FEmIBHNILER TR, 2 XX R K b FE 2 B
AN SBEHEIK SRR, FEREERIFRED
IE 57 5 X L BT K 7 0 T IR R R T X R R
RENBEREINEST—9I A . #AHEESFE4
X} H #E K W R, AT i 2 XX FE 7K (Sun,

931

2010),

BT U ERSHFMHMIBRERIN WARFRE
BH 7 2 BR IR AR AT DASR 3 4L 2 3R 64 ¥ 1 B0 0 R AE 56
YA L. H0, Gong % (2009) & LB 3 3R
XFESAMIERIREERE 1S3 I HHWHER
EXESA MR P ESBAFAEEMER, MXFEE
B A EREREN —NRIME. Marini §
(201D R B A& SRR (IPSL CM4) , 3517 500 4F
A BE AR SR8, BT T B 4 BREF R XS AP B
¥ 1fi (Atlantic Meridional Overturning Circulation,
B AMOO WBRBIMEM . SRR, KEHFEHHE
MEBEFRAREESNHEIRE FFEERK. &
FERFEEIRE L, MR K EEBEREE TE
MR R ERINRIEL 8 4, X B TR ERIREIE
FAHT R E RIS BN G 1 £dL kM
F#S50—60°N LR ARNRE HEBREZS
FIvK 5 B3 9% 3R )2 500 m A Eh BE 3 KL WS 4
FERLXBAEHRIRE R MB, ¥ mE R4 K7 5
ML DXV YR TR R I 4 5 5 DTN 3R K T A AR U, X
N8 B R V8 VR B IR TE IR S TR P BRI IE AL
Y 8 FER BRI, £ B KK ZEMRBRA A RE
b BRI A B KT B RS, ]
FRESEERIORE TR MR LR SR E
R ERmILEE A< Marini, et al,2011),

4 B ERIORAERG SR A RN

4.1 B¥HRARESELTEEXNRZERTEMREK

A AN EERAREGEEATNREESE
RAEAZRAFXWRBER LN, HARESE
HBERMEFEZE A5 A BEERIFRERF S
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WMEFE A5 ARLBRIFRER ENHE, BER
WEZRBS P EKILP TFTHE T 68 HOFEK
3% (Nan, et al, 2003,2009; & ¥ %, 2003; B £ 2%
& 2005a,2005b; 2 E 5% ,2006a; 37,2006 ; 75 d]
& 2006 ; #1%R %5, 2006; ZEEFE4 2011a,2011b),
HEEBXHEmMA EEREEGREEERRMKR
A TTE » A LRI S A R F R S AR S
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Fig. 2

Influences of the boreal spring and summer SAM on boreal summer Northern

Hemisphere climate and the corresponding mechanisms

(anomalies are shown for a positive SAM phase)
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Fig.3 Influences of the boreal autumn and winter SAM on boreal winter Northern

Hemisphere climate and the corresponding mechanisms

(anomalies are shown for a positive SAM phase)
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