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OB IR SR E SO S B O BRI R AT B BRI BE R, RSO T 1979~2014 AR RRHEK
(AT AR ARRE, JF LR T ORFEEARRR IR (TIPOD) MIERTEE 2 AR (AMO) ArAHF: i) i
WG UKE A WA TTHR S Rema bl . 255K 1979~2014 4F[A], %0 Wi A e B B2 Ve DA ZE 1 i vk 8 SR 1
(SIC) R PUIGHES, fEIRTE (12~5 ), BiSEARMEEABIMET S SIC REm/b, BiE/RHER SIC
BEWM, RIEAARERER TR (ADP), TR (6~11 A1), B SRAREE- B = - s R i
SIC RILNTALLA ADP Sy, B il AR 2 ANZ=15 - 24 K Vi il (SIE) ¥ BAT &3 M Mk 35 . 1979~2014
. IPO - ANIERLAR 7] 57 RLAH e i i PO ARSFVE-BI 56 (PSA) RAIEAH R INIRRT SR IEICE (ASL), Jvrg
FIRATFEMFEFG ADP BUKGEANFEME. 1979~2014 4 AMO M GUAiAH ) IE AL ARG 470 f - 3k
TR 2 W VL RS HE B PSA A, IR ASL, ] el 985 1R v 2 sl R B S iR & 2
g K L8, BT EOR D Wi, B S8R A B LA AR UK E N, L) 75% (MAETFRN IR SIE
W . kR ES, Db PO Ml AMO AAHEE A W] B 5 B ~F BRIAREE (SAMD, MR 2 2= i A
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A Comparative Study on the Contributions of Interdecadal SST
Variability over the Pacific and North Atlantic Ocean to Regional and

Seasonal Trends of Antarctic Sea Ice from 1979 to 2014

YANG Luping', WU Qigang"-2, HU Yuantao' 3, HU Aixue*
1 Department of Atmospheric and Oceanic Sciences, Fudan University, Shanghai 200438, China
2 Shanghai Frontiers Science Center of Atmosphere-Ocean Interaction, Shanghai 200438, China
3 Shanxi Climate Centre, Shanxi, 710003
4 National Center for Atmospheric Sciences, Boulder, Colorado, USA

ABSTRACT: Based on the latest satellite-derived sea ice concentration (SIC) data, this study investigates the
seasonal and spatial characteristics of Antarctic sea ice trends from 1979 to 2014, and examines the relative
contributions of the Interdecadal Pacific Oscillation (IPO) and Atlantic Multidecadal Oscillation (AMO) phase shift
to the Antarctic sea ice trend and associated mechanisms. Results indicate that SIC in the Ross Sea and the Indian
Ocean showed increasing trends in the four seasons, and the annual and seasonal Antarctic sea ice extent (SIE)
exhibited significant increase trends from 1979 to 2014. During the warm seasons (December-May), SIC decreased
significantly in the Amundsen-Bellingshausen Seas and decreased in the Weddell Sea ice, resembling a positive
phase of Antarctic Dipole (ADP). During the cold seasons (June-November), the SIC trends in Amundsen-
Bellingshausen-Weddell Seas showed a negative phase of ADP. The shift of IPO from a positive to negative phase
during 1979-2014 deepened the Amundsen Sea Low (ASL) by exciting Pacific-South America (PSA) atmospheric
teleconnection and significantly contributed to the negative phase of ADP in the austral winter and spring. During
the austral spring, the shift of AMO from a negative to positive phase during 1979-2014 enhanced the ASL through
the excitation of the Rossby wave and PSA wave train across the South Pacific basin and weakened the Ekman
suction that would advert less warm water upward, contributing to the negative ADP and increased sea ice trend in
the eastern Ross Sea, Amundsen Sea and Indian Ocean and explaining about 75% of the austral spring Antarctic SIE
increased trend. In the austral summer, the above IPO and AMO phase transitions might have enhanced the Southern
Annular Mode (SAM) and thus contributed to the increased trend of Antarctic sea ice. Our results suggest the
seasonality and regionality of impacts of the IPO and AMO phase shifts on Antarctic sea ice trends through the
atmospheric teleconnection mechanisms.

KEY WORDS: Antarctic Sea ice; Trend; Antarctic Dipole; Interdecadal Pacific Oscillation; Atlantic Multidecadal

Oscillation; Atmospheric Teleconnection
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1. 5| §

H 1979 FTREMMEK, ERRARRKE ST, JERIEKERE R F R DB, MM
MR UK AR 52 42 25 ¥ nEa %% (Turner and Overland, 2009; Parkinson and Cavalieri, 2012; Kwok
etal., 2017) , ELF| 2016 EmFERESE (9~11 H, SON) LUJa, MUK A R 8 H
/b AR 1k, (Schlosser et al., 2017; Stuecker et al., 2017; Wang et al., 2019; F4-3E%, 2021;
FRREE, 2021) o FEARIFUK 1979~2015 4F 15 Ik 3578 25 (7] b 32 30 L 0T 2 f0) AN o R e

(Parkinson et al., 2012; Stammerjohn et al., 2012; Turner et al., 2017) , ZHpi. JaE R AI
P A K it 2R 3 (VUK 2 S PR I s, 7 A AT o YV AV DK D SR D e s o TEARBRAR AL
L, JEIRIE W 55 (ENSO) FARE I WU KT - F S8 A 5 (Pacific-South America,
PSA) (Karoly, 1989), S 52 #ki(KE (Amundsen Sea Low, ASL) 3%, SEREINFED
PN UK % 4R FE (sea ice concentration, SIC) &4 [ A AL RFHE (Liu etal., 2002; Yuan, 2004;
Zhang et al. 2021; Guo et al. 2022), X —FHEHE T AT R T (Antarctic Dipole, ADP,
Yuan and Martinson, 2001; Wu and Zhang 2011 5% 5 ¥ VK% 5l ( Antarctic Sea Ice Oscillation)

(FEEARZE, 2002; NHMRAIARSERE, 2008). BItREIKAAL, JoH S ADP #IKRH, fE
B SR AR BE AT B /K (BROLHTSE, 2003 TGNAESE, 2006, 2007; FHE, 2022). T4E
BT RoR, Ak R G ERIR AR, K2 KPR IR (Interdecadal Pacific
Oscillation/Pacific Decadal Oscillation, IPO/PDO)  (Ding et al., 2013; Ciasto et al., 2015) HI°k
PErEZ EFRIRY (Atlantic Multidecadal Oscillation, AMO)  (Li et al., 2014; Simpkins et al.,
2014) , X EEMIEOK I IR B B TR

IPO/PDO =& KTV S EA R AL ENSO R ZHHJEH N 10~30a IR Y
FLZ&S (Poweretal., 1999), 5@ BRA X IR K)FEAC R TURBMAFAEE F VIR . 25 PO A
GUNEAHET, 7538 AR RSP R S I VR i TR 6, T 176 b OSP4 - 2R A G i A 7l Ay
R E (B 1a). 1979~2014 fEHAIE, TPO FEECKLIT 1998 4 MIEAAHEE N FAIAR (B
lc) (Meehletal.,2016), HAREN FHEHA. PO GEBIEKR PSA WA, %A AR T
[ A4 3 Bl i 4 BE (0 AR P AT PRI, B INIR ASL SREZIA RS MM UK I AE AR BRAE SR (Meehl
etal., 2016; Meehl et al., 2019) . Purichetal. (2016) I BHBRIESR S PO A M
KPR AR BR AR, o7 LB PSA AR ASL, @il # /) B PiRdEEfsh 7 b
FIEKIREAER], (45 1979~2013 4R [RJEEAN 215 F04E-F- 25 B 5 ki 0 5 SO0t 2 30 1) Vi oKk 34
T, % AT U VKR, AER R B UK R A I A TR N, I B B VKR ZE ADP
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UK AR N o B B AR INFAIREE, Meehletal. (2016) 41 2000~2014 £E[a] PYANZE11 1)
PR 2 Wi B VK ARSI I R T TPO (U AH 3 BT AR AT R K e b - i 39 384
K PSA B, FE ASL 5. {H 2000~2014 4FERgEERE Z ASL WA & 25055,
BB BRAKEE L AR ASL SR ANBERERE ADP 30K % . Meehl etal. (2019) i
2016 fFEREF-ERETEIFUAII MG POE D 5 1PO IS AR Ly IE AL ARG .

AMO 2 FR7E R FU W 2 iR 2 PR 26, B 60~70a 1Y JE Bt (Schlesinger
and Ramankutty, 1994) , 7 [A] B4 LA BEAN AL R VGV AR MR i, I ELAE AL R PV X3 7
AMESEE TG, Hoh—ANIE S5 O AL TR A B 2 MR B 22 AR SO (2078 +0.4T)
F—NEREAOAL T RIAGETIERPEEE (F 1) . KR FH X AMO fa 8 FNE B,
FERE R PRI T B35 (M IR S, FLZE ARIE RSP R S R I Y 2 35 O B S, R
H— PR IR G, XA I (H AR T IPO M SUNiAH . AMO AH G IR IR FE
S RIS AR R Y, ISR A AR PR A A S A L B, T AR X 2 [A)
TPAEA B M4 (Cassou et al., 2018; Li et al., 2021; Meehl et al., 2021) . 1979~2014 4£ ]
], AMO R#)T 1995 FMMAAHFE NIENAH (B 1d) , HA BN ETHES. o L5
KW, 5 AMO A RIUHGHE KTE IR R R E R LRI, K FNERRELE ASL
SEEEAINLE (Lietal., 2015a, 2015b) , X B A 70 A& Z= e UK T 3 S m o B A R I
G TR (Lietal., 2014, 20150) o HAFRHLEIZL TG AT EB A E, B B K
PEPE IR BN = A AT 0 WO E s 2 T DA B B Wb, 2208 37 K 288 ) R A 49 81 ) 52 AR
Wi, IR ASL, MTIERE) 1 R SRR . AR i . B K A K UK AR A o Liet
al. (2015a) FIF RSP IR BRI UL T R 2 BR ARy KT P ORI 1 8 2 0 DL A
6 3 e AT SR AR A FE 842 Liet al. (2014, 20150) FESRIHS AMO A eI K4
PRI SRS ARV PRI IR ARG TE i 1 3R A 5 R AR UK v (R A 1 Fi » 78 B 2 BB A
e, HEARPGE RV TR B I R AR OCHL ) 2 & 20 ASL 24k (Lietal., 2015a) , {HZ
WA R PR AN AMO X B AR OKIE IN A 525 2 ik A 5 98— 28 73 it . Purich etal.
(2016) FIHFEAL KPR (5N~55N) MIAEM~ERIELE (SST) Ay %, 15
DX AURADLER) SST AH X AU AE R AT REHE SE BRI SST 224k CESM1 Pacemaker it
B, RIE AMO A5 FAAL KT P IR AR 06t U R i A0 25 Wity 487 A0 ok 3 i 852 o
BRI Ba) , AFLZE /N T S (g S K a4, 9 BARATIORF S0 A 1 18 AMO
A ZE N UK A IR
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00en (a) SST Reg. on -IPO Inde

B0°E 120°E 180° 120°W 60°W 07 60°E

0.5 0.4 0.3 0.2 0.1 " 01 02 03 0.4 05 “C
gc) Raw and Filtered IPO indices (d) Raw and Filtered AMO indices
N S A

| |
N \”I‘ /|
f\ IARP/RR ‘\
I AT AN
v \EINY AT [ ) A
|
LAY 2R VAN VA viv Y
\ | ‘I \
[ V \
-0.40%£0.30 *Cldecade Y Y \ 0.67%%£ 0.27 °Cldecade
I ERETE EEEEE P N TTEEE TS SEET FEET FEEEE PR RS FETEE SR TS R ae | EETE FEETE FTUEE SETTE A ST PR PR T AT RS TR SET T P ETE FETEE FET S|
1950 1955 1960 19685 1970 1975 1980 1985 1890 1995 2000 2005 2010 2015 2020 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
time (years) time (years)

1.1950~2016 4F4EF34 SST X Zia#hff) () 1 IPO A1 (b) AMO R [l 54 A B,

MEREAG (o) IAIERI TPL B EF4 GEZ, FROVKAIERPELG PO I [HF41))

A IPO F5%L (FRED , (d) AERPEYE SST WHEF41 CHELk, FROVEAIEBIIELG AMO I
[BFF51D Je AMO 5% CGRZR) . TPI $RECN K (a) iRl K FiA: (10°S~10°N, 170°E~90°W)

XAR-T35 SST S Bk £ ALK T (25°~45°N, 140°E~145°W) FIFGA T (50°~15°8,

150°E~160°W) AN XI5 SST S {H, IPO 484U SONRAIER /5 TPL I []/751. Ik
RPGFE SST I[P ALK FEHE (0~60°N) ~F¥J SST 4Bk (60°N~60°S) 1 SST
FHAE, AMO 88UE SONRAIERE AL K PE VR 7 W . (c~d) P& 1979-2014 4
Ji4h PO A1 AMO fREHIZeibtass f G 2 fbriEZ, AR&MES 5~95% HE(E
X[a] CHfz: °C decade™), PHRT mifl “*x” FRE 95% BEAE KN E 2 R

Figl. (a-b) Regression patterns of detrended annual SST anomaly on the detrended and normalized
negative IPO and positive AMO indices in (c-d) from 1950 to 2016. (a) Raw unfiltered (blue line) and
low-pass filtered (black line) IPO indices, (d) Raw unfiltered (blue line) and low-pass filtered (black line)
AMO indices. Black boxes in (a) indicate three boxes where the raw and unfiltered IPO index is
calculated as the difference of averaged SST anomaly over the equatorial Pacific (10°S—10°N, 170°E—
90°W) and the sum of SST anomalies over North Pacific (25°N—45°N, 140°E-145°W) and South Pacific
(50°S-15°S, 150°E-160°W). The raw and unfiltered AMO index corresponds to the annual SST
averaged over the North Atlantic domain (0-60°N) minus the near-global average (60°N—60°S). IPO and

AMO indices are defined as the low-passed filtered raw IPO and AMO indices, respectively. Linear
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trends of two raw and unfiltered IPO and AMO indices during 1979-2014 are shown in each panel with
+ 20 uncertainties. Dotted and ** indicate the statistical significance of the regression coefficient in (a-

b) or trends in (c-d) at the 95% confidence level.

ARSCHE VA BB Fe Al b, R B LR =R, 2B i e i ka3 S L
FARBR R AR R o B, AR SO 36 [ [ 52 0Kk 25 504t O S R A ) T2 00
SIC #tk}, P [XIMAIZST, AR 1979~2014 fEFIM SIC iHash ) 2 (A HR Al A1 253548 (LA
fiE, DARIXIRF I SIE AR E . JLIK, FATELEL IPO K AMO iz AHAZ#ixf 1979~2014
T P A VKGR BB R AR DUBR, 3% A 0 T 58 0 2 018 IPO AT AMO. AR A4 56t T Al i UK 3%
1LI52m (Lietal., 2014, 20153, 2015b; Meehl et al., 2016; Purich etal., 2016) . th4h, ATt
— BT 1979 &S5 E 0T X R XU JTEE (wind stress curl, WSC) &%, BT
ARSI UK S R AR o 3o ZS I 58 2 B AE AR AR PR AN A By [R) RUBE L, PRBESE IEAZAH R
FERICIREE (Southern Annular Mode, SAM, Thompson et al., 20000, 355 [ 76 KU 12 70 &
TR NG R R IR K R LA , S I VAP ] AR IR AR S R KRS (R S B
W K ER o SIC ) (Lefebvre et al., 2004; Liu et al. 2004; Sen Gupta and England, 2006 ),
W FEHE DL ENURIZEAEARBR U ESAM S SREE I B AR . 1T 7E AR B3 2 2 AE AR BRI 7] U
b, SAM I %A Bt ) 76 XS 9 A5 A 1T R 5 3000 3% 2R A K ) bk 1 R 2 i o
SR TR A, TR R PHERERE K ) LEE, RABHEARZ A BEEKE R T L
JEUFVEARRE, A AT UK AR K B /> (Ferreira et al., 2015; Holland et al., 2017; Kostov
etal,, 2017). Meehletal. (2019) #5Hi7E 2000~2014 4y IPO FArAHMANE], 4-F5 WSC
S, B TR v SR R EORR SRR LR, RRIRZIRE KN 2016 4R
B P IRAF AR KD TR . FRATTZ0 T 1979~2014 4EH IPO I AMO 7 AH: #it
T S 4 T B R A P X R UK A AR B o DL AT BB AR A PR A A % R
AT UK 5 £ BT R S AL

2. BESHE
2.1 BUE

AFIHCL T U EMMEIE T E 1979~2014 EAEEEREST (9~11 H, SON)., HZFE
CI2A~EE2 H, DIF). #ZE (3~5 H, MAM). &Z (6~8 H, JJA) Z=TFIMgok K
SARERIZMEETE . (1) WIKEERE (SIC) #RRHEE E R UKES ¥ 0 (NSIDC) K

6
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AT BT LM G02202 V4 KdE4E (Meier et al., 2021, F8 FH H i1 5 pa AR B 1k &
X382 UK U Rl (sea ice extent, SIE, & A SIC>15% MmN Z AD . %3RS 524
T ORIVET 9 e v R R 1 SIC AUEEEIC Sk (Climate Data Record, CDR), SIC fitiit>k
H PR LR A % : NASA Team (NT) % (Cavalierietal., 1984) 1 NASA Bootstrap
(BT) 32 (Comiso, 1986). G02202 V4 3411 | FHIRIH BN s 5%, HHECZ A& A ) CDR
BB 5E ¥ (Windnagel et al., 2021), 5 NSIDC KAGHI3EET K NT A1 BT
B SRR T R — B (Meieretal., 2022). iZ%RHAZS A0 3%y 25kmx25km, 7
WU By 1979-2022 4. (2) HFRAZR RO E R (SAD. - FHAE
% (SLP). 10m X3z (UV10). 850hPa JA3% (UV850). 300hPa /3% (Z300) %5, KA
R R R A TR O R BE R 5 AR 4 BT 2k (ERAS Reanalysis ) (Hersbach etal., 20200 ,
TR B HE 3 2.5°%2.5°, RSO FEIN Brik oy 1950-2022 4F. (3) MR IR (SST) idk
KH] Hadley A0 i0iFE %0 (HadISST) (Rayneretal., 2003) o % ¥R 25 6] 43 #2
N 1ox1°, ARICHRFURBUE N 1979-2014 5. (4) [k AU K A 3¢ H A Bk K s
(CMAP) HEAE I B - FF K B RE (Xieetal., 1997) o iZZRHI S [ /3 HE R 259X 2.5
ARSCHEFURT Bk A 1979-2022 4. AL 1979~2014 4E#IKEHA LUR =ANERF: (1)
WL B rE R Bk SIE fe KAE R AEAE 2014 4 (] 2e); (2) 2000~2014 4FHE] PO K fifir
M, fE 2015 fEJ5 PO FE%0E NIEAIA (Meehletal.,2016); (3) 2016 fERKZ G R IRFIK
Pk b . 1979~2015 4F (1 F MR VK AR 1979~2014 SEAR ML, RIEA S T E R
1979~2014 FEHIEER . ASCRH ¢ K i A2 AT B R .

2.2 fERBS M

ACKHT Henley S8 ATE 2015 FHEHI=MIEE (TPD J7i% (Henley etal., 2015)
SE LM IPO 484, wkilid tHE RIE KT SST S {H (10°S~10°N, 170°E~90°W) k23
T SST S fE (25°~45°N, 140°E~145°W; 50°~15°S, 150°E~160°W) 3t TPISST
IR 8, U TPL SST B EFFAUEAT 13 SERAMBE R I 1] 5 5152 O TPO $5%% (]
1d)- AMO F5H24ET IPCCARG i I Trenberth Al Shea(2006) 77 ik it 5453,
Hi: ¥ ERSSTv5S #ifEh 1950~2022 4EJb KVEVE (0~60°N) 1 SST I % 42k
(60°N~60°S) ~F-¥J SST Ja WAL KPUitigin A i [a P41, 2 —DRET 13 FRAIE R 1
BT, &8 AMO 84 (B 1d). N T T3 L, ASCrb 5 B RAE B AT (¥ TPI
FIAL K VG EESST W8] 5 41 43 M FR 2 %A BB )54 TPO I AMO B[R] /741, R4 4%
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IPO FI AMO {RAUFACPRIEFR A S, WEHFEE PO F1 AMO A KK & & LR
PR PR AR 2, HIanR G PO IR H A BIR ) ENSO PR3 H{5 5 (Henery etal.
2015). HIT AL BERHS FE BRI, AHE AL T 1950~2022 4 2 BRI A B8 1 )5
f IPO Al AMO I [H] /5415 2R M) ERAS KA BT & LR 78, [HIH
REANAE TIPO MAMORIEAFRARAL, WAL 1A 2 A A6 R 0 VR A PR A2 1k
MISZIE . 72 1979~2022 4EIA], ALK 28 WFRHEL RS IPO 5 AMO i [a] 531 F12%
B RN SIC 1 CMAP Ff/K BERHEAT &AL R0 4. AL 113 70 B 73 B F A
AT NPIRFFEH (Lietal. 2014; Li et al. 2015a; Purich etal., 2016). {E/3 5] FRFIHREE, &
Wik mAGH 1979~2014 4E PO FI AMO [T AR e XHE UK AN K S35 (0 AR 24
RSB IIE . 19792014 SEEA BB EIR IPO (AMO) I [A] Fr 471 (1 22 Pk 34 R i T
1950~2022 4F SAT, SLP,UV850 )4 R=H¥Ek 1979-2022 4 SIC HJIH RBOHIFHI LR,
AR 7 2 FHAE T AN RIBFFE (Purich et al., 2013, 2016; Clem and Fogt, 2015). #it, IPO
RLARFEHRRS SIC AR HITHE AR
SIC_trend|;pp = Regression(SIC,IP0) X IPO_trend (D

H o SIC_trend|;pp, #& 1979~2014 4F PO i AH %% ¥ XF g 0K 1 ff B & 4,
Regression(SIC,IP0O) & 1979-2022 4£ SIC X Fr#EfLIREG PO B [E] P51 B H R 50 AR
®E PO A RHRT I EN PR MEFRIFR AR SIC W REFZW, IPO_trend 7
1979~2014 “J5i4f IPO WHEFHIRES, E IPO AR RENRG(E 5, R IEA AR #e
NAALAHAR AL o

2.3 BIIFELH

BATEL M B (Rossby wave flux, WAF, Plumb, 1985) F1 Rossby i (Rossby
wave source, RWS, Sardeshmukh and Hoskins, 1985; Mo and Rasmusson, 1993), ## IPO Al
AMO 15 5 [ T A8 1 ] 5 100 B AR K SO IR DK AE o I 52l 52 F T 78 Rossby 3
fEH, ASCEF T Takaya F1 Nakamura (2001) #2H G shi@ & AT 5 300hPa

WAF (7K-Fori, BARARERILD:
W o [ =) + By — Yy
20 (s, — ' Py) + P57 — 'y
Hep U = (@, 0) &S FHRGE, " Rl 0575 M 300nPa 47 34 & 3
VIRERECGTEE, x My ARKRERERMARET . KPR (V) 1] Lo N ek o

(2)

8
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B (V) MEEsE V), 2808 V=V + V,, IEERETTFER LS.

(G+vy-vg) =D -V, 7¢ €

Hrr ¢ RAXIAE, D RATHUZ, Tt (3) HiUfE RWS, RWS=—(D =V,

V{, TR, B, ZXim B R R AR O E o XUNE T R N AR A 55 XU
zlmas st 5A 2, HHAKN:

I'=pye Cp | Uio | Uro (4)
Cp = (0.8+0.065 | Uy, |) x 107 (5)

Hri Cp RIEHAY, Uy NEEE 10m FEEARTE, pyy = 1.33kgm’, NES

ory _

L RN AT AT WSC = PR

) . T ESEHER (Antretic Cireumpolar

Current, ACC) PG (35°S~65°S) ZAEAAAE, WUANZTI U1 WSC fER KA
AT N B (B da~d) , oo g R 23 P 5 7 e Va5 v 2 e AR 9 2. i
P HE 5 WSC 5%t B TR & 2R/ LRI v 2 R X 4R, 5t WSC A I T
PR UK K8

3.1979~2014 FrRtiEK. KSMHRAGETWEBFFE

Bl 2 Z5H 1979~2014 AR PUANZ=T T LI P AR Kk 25 1) 5 18] 43 A BRI 2 X 38001 4
1) 1979~2022 13 SIE 4841, WK X 2% 1 i ARIAEST (Raphael and Hobbs, 2014;
Turneretal., 2015; Hobbs et al., 2016) . g B A F-15) SIE 7F 2014 Fik R AME (B 2¢)
(2124 13.45X10°km?), 2016 2 J5 SJElD, 7£ 2017 EE T I SiARal st (£49°4 11.43
X10°km?), EFFFWE, (HIZKT 2014 FHEmE. Er1ERESE (& 2a, b), B
IR UK 25 3, AR = — B S AR ) VK 2 /b, 2 IEALAH ADP (Yuan and
Martinson, 2001; Wu and Zhang, 2011; F 325, 2022) ; ArFERAZE (B 2¢, d), BHE/R
VIR, AR i — R S AR R UK I, R AAALAH ADP. tbAh, V5 E i L
T B0 B R UKLE AN [F) 25715 3 52 B S A 3 & 3, 1979~2014 4B 413 SIE 7EBEA IR
PG VU AL B AR AR L EDEEVE AL AR S A R 2, 20y 20.02. 7.45. 3.70. 9.57
Al -3.70x10* km?* decade™’, HAhXIHEA BE#H. 5 IPCC kIR (Vaughan et al.,

2013) H 1979~2012 & BT 5L /iE M) TR A ¥4k SIE ## 5~95% & {5 X 8]
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270

271

13.0~20.0x10* km? decade™ #HEL, FET NT Al BT LM G02202 V4 SIC 53|/ SIE #&

LTINS

Kl 3 ZoRAH 1979~2014 45 ERAS ZERbHERIE K SAT, SLP, UV850 1 WSC ]
Fas. SRER, ERHMSHEE, SIC MK (B 2a~d) 5 SAT KA (B 3a~d)
HUIAME, Flln, £ SIC WEMINAEE, SAT 25 BE-Y; Wi SIC SBE MK
I, SAT WIZRILH %25 TR S, SOk 7oK SRS B 3E 200 8o, SRR
JZ 850hPa “Xilti'5 SAT A[AIHURARALL, {HFE SIC #EIMIXEk, XEE)E 300nPa il ff
IR SS (IS, 2B SAT FHaBAR AT BEJE S g B UK AT AL AR 15 o 7 - Bk B 7 0 52 kit S K
2] 52 AR - 09 2 Wrilg SIC ks>, [FIRE SAT ik, FHILLEXEK SAT FRFAISIC
Pol /AR P BE [ I 52 A B IR By, B R T FE A0 AT BOREZE R A b XK 1 B A R J R

(Comiso et al.2017).

SLP Al UV850 fEAFAZET RILHR KM ZER (B 3e~h, 3i~D. B}EKEZE SLP
BRI SAM IEAAHES (B 3e), RHELT 1979-2014 41152 A i & A DAl rg il -1
MERETFESEM IR EZ SAM 85 L% (Thompson et al., 2011; Arblaster and
Meehl, 2006). 7ERIM T S B &AL (- 3D, BRFRIER 80X
UKD, [FI IR KN GE, R ZR G Z K A ik 2 IR & E = Bk EE,
FMIEHE SST Ftis (B 4D, WIREAEIRMEIKIRD (B 2a). T 7E B kg -] 5 Ak g 3 B
TR - IR SR, TSR 7 XU S 3% o R IR RS RO, (bR R AR, I
- 7 B0 FE BRI AN B R R UK RS B0 UK G I (Liu et al. 2004; Stammerjohn et al., 2008).
de SARBR T BT AL, AHER S AR AN D Wi VA R AR I WSC B 6
sy, i AR IR 5 R A S BORR BB BB, ISR B K RO 4a),
TG PR IERUK k>3 (Ferreiraetal., 2015; Meehl etal. 2019) . {HIE 2a FIE 4i &
N RTINS AR D W T S B RIS R Bon SST BT SIC yl/biash, TSt
TR PRI D Wil AR 2 B SST /b3 e SIC miasy, RUIIEX g,
1979~2014 g 3K E Z=SAM 1Y 5 1 7] A6 15 5 2 o8 1) ¥ i Bap AEQ AT M K Y i 1 AR T
BERT SAM IEE G RIS HlR 51 AR RO A

FEERRKEE ASL IR (B 36), AR o 5 v A0 g 1 2 i 0 3 LE R 2 A B X
#O(HE 30, BRFRSELL R SIC BERED (E 2b) M5 EEEE (K 3b).
T 7E B 5% ARl 22 2 Wil R 58 /e X o, A FIREH SE&RE &S, HE ASL B E5RiE
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297

298

299
300

JEIRAE WSC fhi&a® (K 40, SEURZIRG ZMIREK E#l (Meehl etal., 2019; Eayrs et al.,
2021), HEGES T HIRIIRA K L8 (B 4b) , SRR SST A LI (K 4)),

X AT B 18 BN AR B — R SRR —TU P i SIC b B R (& 2b). FEER
%2 ASL 3Lt FERKETS (B 36, @), (H7ERIMR T & e — B 52 AR i S 1 4o F
FRGHE, SAT FRRECR (B 3¢), FNFERIMNIIE WSC AIE#EH (B 4g), MRS EH
WK B, W SST NI #a%s (B 4k) , AFIFHEUKK IR, B DU B 52 2k i
—VEZ g SIC b TIghnEas, EARZE (& 20 . #¥ERES, ASL HsafWih, EiL%
Wi —00 (Pl 3h) , 7ERT ARSI 55 1074 IR (B 3D S8 SIC #9n (B 2d).

FEFGEEREKZE . AFMEZE, SLP BRI XN IER S (B 3f-h) , XN RS
BEVEERI, (H 58 AN O AL B AN o 75 R BB, R R IR AR B R (3],
AR SRR (B 30) 1 SIC #hnass (B 2b) . MERFREEMES,
AT EE R R v A (B 3c~d, 3k~1) , X SIC W (B 2c~d) o EIX=AFF
T, EZ W BTGRP RIEN PR, Setk WSC NIE#H (B 4f~h) , [FlS KSR
S BN PR (B 3j~D, A B FERRAEA (B 3b~d), X SIC REHIN (& 2b~d) .

F 1 H BT RREEE 1979~2014 FZ4TY SIE WAL . mElEg
KR¥E) SIE fERAFNYREEEBY, MPRESE. KE. LFNHEFNE &SN
31.64. 20.90. 16.66 F1 16.36x10*km?decade”, HHE I H K. £/ ERE MK,
JR A REER) SIE BN 5 13.94 F1 8.39x10*km? decade™, T 7EFg L ERA FAIFZ,
ZHHR I SIE Ak, BN -7.43x10* Fi1 -5.84x10* km? decade™, M S8 T 4F
PIaRAANEE, N 1.53x10* km? decade™ . 7% Wiifg L ZEFIRK TR 138 I 385/, 142 A
FBERGIEA S, 5N 593 Al 7.35 km? decade” . 7EVH B iy, PR
BN BRI, 5108 7.45. 11.61. 10.70. 3.51 Al 4.17x10*km?decade™ . 7 E1 & VE4E
SRR ZE AT IO WIS, 0N 9.57.9.96.9.93.10.71 Fi1 8.41x10*km? decade”
Yo BRI AT L mE R ERE AR SIE b B EE, 3ih -3.70. -5.00x10*
i -8.16x10* km? decade™, %A FHHEFEHEUN. FIZERGEFMKE SIE B EHN -
3.10 1 -3.89x10*km* decade”’, &ZF=FMFEFFHINES N 3.34 1 3.19x10*km? decade™!, FFF
BaAaUN, UK HED T B EMRE . PR E IR KEARE, 296

km?x10*decade™!, TifkZ 2 R EW NS, A 3.88 km?x10* decade™ .
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305

306

307

308

309

310

F 1 MM EEBEEAR CFIRHE) 5B MK EIES, &I IPO A1 AMO HIERE S
(x10*km® decade™), “**” Fl “*” 2pRIAFUN S oE R HEL 95% M 90% &
EEACE TR E VRS EN AR N R D Wil (170W~140W) 174 2 Hirify
(160E~170W) , FIZEAR (140W~110W) , JIAkH = B (110W~65W) , itk /KifE
(65W~10W) , ENSEEHE (10W~70E) AIPE A (T0E~160F) -

Table 1. Observed SIE trends during 1979-2014 and components congruent with the IPO and AMO
indices. ** and * indicate statistical significance of trends at the 95% and 90% confidence levels,
respectively. Seven areas are defined as eastern Ross Sea (170 W-140<W), western Ross Sea
(160 E-170W), Amundsen Sea (140W-110<W), Bellingshausen Sea (110 <W-65<W), Weddell

Sea (65<W-10W), Indian Ocean (10 W-70<E) and western South Pacific (70 E-160 E).
RPWE  WEPHRE  BISERE UMIEEE O BMESE BREEE PERTE R

OBS 3.70* 7.45%* -0.28 -3.70** 1.53 9.57** 1.74 20.02**
ANN IPO 2.16** 0.37 2.38%* -1.46** -4.02** 2.19* 0.12 1.73
AMO 1.17 1.27 0.57 -2.38** -1.57 3.34* 0.79 3.18
OBS 1.28 11.61** -3.10 -5.00** 13.94** 9.96** 2.96 31.64*
DJF IPO 2.11%* 0.12 2.47** -0.07 -2.73 3.17** 0.04 5.10
AMO 1.06 131 1.34 -0.05 -3.86 4.28 0.45 4.53
OBS 0.05 10.70** -3.89* -8.16** 8.39 9.93** 3.88** 20.90**
MAM IPO 1.58 0.64 1.64* -1.26* -5.19** 2.86** 0.26 0.52
AMO -1.76 0.46 0.44 0.15 -3.45 -0.17 0.12 -4.20
OBS 5.93** 3.51** 3.34 -0.37 -7.43* 10.71** 0.97 16.66**
JA IPO 2.84** 0.46 171> -2.38** -2.38 2.23 0.56 3.04
AMO 1.19 0.59 0.60 -2.82** -1.10 4.88** -0.07 3.27
OBS 7.35%* 4.17** 3.19 -0.86 -5.84 8.41* -0.04 16.36**
SON IPO 2.64** 0.13 2.82%* -2.64** -2.19 1.46 -0.86 1.37
AMO 4.03** 1.18 3.22%* -2.62 0.25 4.43* 1.80 12.30**
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(a) DJF SIC Trend (b) MAM SIC Trend () JJA SIC Trend (d) SON SIC Trend

e i
FEME  BDHE

5 -4 3 2 El 0 1 2 3 4 5 SIC (Yaldecade)

(e) Annual Antarctic SIE Anomaly (f) Annual East Ross Sea SIE Anomaly
LELELE LR BLALELE Y RN BN A T LR B B AL BN R

#10° km”

20.02%*£10.11 3.70%+ 3.78
PRI R PRI B

1 Cl Law o le il
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(g) Annual West Ross Sea SIE Anomaly
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| EPEFIEFIEFES B RS I - —
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_(h) Annual Amundsen Sea SIE Anomaly
T T T T T T

| IR
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12 ! A N
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7.45%4+2.29 1 0.28+3.71 !
1 1 L | 1 il n 1 Ll Ll 1 0.6 1 L I 1 - L 1 ol Ll 1
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" (i) Annual Bellingshuan Sea SIE Anomaly 4 () .fmnual WCdchIISca S[ﬁ Anomaly :
. — skl L - LS
‘ '
1 !
12 ,/ 1 i ,
. st .
- 1
I A ][4 AVAVE :
E : oo v - N =/
i 3 !
08 1 4 !
1 !
37054 3,27 ‘ 1.53+6.29 .
0.6 1 1 1 1 1 | Ll 2l T T NS S TN NATRI S T U S S S B SR | PRI B R
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15 (k) Annual India Ocean SIE Anomaly - {1) Annual Western Pacific SIE Anomaly
SR | A 22 A

1.74£3.88
| 1 Ll I

L L | n 1 1.6 1
1980 1985 1990 1995 2000 2005 2010 2015 2020 1980 1985 1990 1995 2000 2005 2010 2015 2020

957"+ 5,14
- 1

time (years) time (years)

K21979~2014 £ (a) MF¥ERE T, (b) HKF, (o) XFM (D) FF SIC BH AL %
decade™) A (e~1) 1979~2022 4 B AN #-HEIK SIE IS RIFP 51, Eh#05 1979~2014 4
SIE i #flith ILIE S 2 b2, RAFEHEMTTH 5~95% KBS XT (RAL: x10* km?
decade), “**” Fl “x” S RIAEREL 95% 1 90% BASFEEAKT N K A5

Fig. 2 Sea ice concentration trends (units: % decade™) in (a) austral summer, (b) autumn, (c) winter
and (d) spring over 1979-2014 and (e-1) time series of SIE in the whole Antarctic and various regions
from 1979 to 2022. Linear trends of SIE indices during 1979-2014 are shown in each panel with +
26 uncertainties (units: x10*km? decade™), ** and * indicates the statistical significance of trends

at the 95% and 90% confidence level, respectively.
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327

(a) DJF SAT Trend (b) MAM SAT Trend (c) JJA SAT Trend (d) SON SAT Trend

90°W

T80
(f) MAM SLP Trend
»

180° -
(h) SON SLP Trend

—— \5“‘& W = La 5098
180° .« 180° 180°
UV850 Trend (i) MAM UV850 Trend (k) JJA UV850 Trend

50 g3

0.4 m/s/decade

—

0.5  SAT (°C/decade)

K 31979~2014 FRFERE S, KT, XFNES (a~d) KRR (BA7: C decade ™).
(e~h) H-FHSJE (BA7: hPadecade, [A]FF: 0.2 hPadecade!) F11 (i~1) 850hPa A7 (E
fi7: ms decade™) AT . IFRHT MAITHRC MBI 95% B3 FE /KT B B35 PEAS 36 10 X 35k

Fig. 3 Austral summer autumn, winter and spring (a-d) SAT (units: ‘C decade™), (e-h) SLP (units:
hPa decade™!; interval = 0.2 hPa decade™), and (i-1) UV850 (units: m s decade™) trends over 1979-

2014. Dotted and shaded indicate the statistical significance of trends at the 95% confidence level.
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(a) DJF Clim. WSC (b) MAM Clim. WSC (c) JJA Clim. WSC (d) SON Clim. WSC
0° ®

-10 8 -6 4 a2 0 2 4 6 s 10 Clim. WSC (x10™® N/m®)
Kl 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 WSC (x10°® N/m®/decade)
.25 0.2 015 0.1 0.0 0 0.05 0.1 0.15 02 0.25 SST (°C/decade)

328
329 K 4 BREREE, KE, XFMEE (axd) WRHRE U (RAL: X108 Nm™)

330 1979~2014 4 (e~h) KNJJHEME (FHfZ: X108 Nm™decade™). (i~D WRIEE (Hfi: C
331 decade™) %, KNS IEEE IR & Z MR K LRI v 2 IR X IR 4T RONE 95%E
332 AR JEIKPTR R AR A [X S

333  Fig. 4 Austral summer, autumn, winter and spring (a-d) wind stress curl (WSC) climatology (units:
334 X 10®N m™), and (e-h) WSC (units: X 10®*N m™ decade™), (i-1) SST (units: ‘C decade™) trends
335  over 1979-2014. Negative wind stress curl climatology and trend values denote areas of Ekman
336  suction that would move water upward in the column. Dotted indicates the statistical significance

337 of WSC trends at the 95% confidence level.
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359
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361

362

363

364

365

4. 1PO 1 AMO AT EatRg Kk E AR
4.1 IPO L HEEE L3I RatRs B Kk #EF RO M

Kl 5 R 1979-2014 4F IPO M IERLARFE AAALAHXS SIC, SAT, SLP Hl UV850 fHfi#
Betadh. B 6~7 WA KRS AR B ARG I LA I 1R 7 41 PO B[R] 5 410 [ U5 2% 1) B 3fe
PL -1, XRE S TPO AL AHAT IS RV 2 R S o 1 U2 . 45 R 380, TIPO ANIEA
A Sy ST A 2 S ) 52 A 1 AP 7 55 U P K Sl 25 1, T B A 7 T R 0 A 7 3 Y ) U
VK> (B 5a~d), X5 Purichetal. (2016 ) [R50 HT 45 B . 76 T L ERAZE (B Sc~d),
IPORLAH L #AKZ) T 41 ADP IR, MfER BRI (& Sa~b), 5 IPO AHICHI G HRIGK
R RS 5 W K R AR S MR (B 2a~b). FEDUANZEYi, TPO fifRE T ¥ 5> FEENJE
FEEVKIE IS . KRS SAT 2RSS, 1E () SIC #E#HXTN A (IE) SAT #
# (K Se~h), EH] 1PO @3N /1% BRI AE RN B B0 ™ A B2 5

o BB R R AR PO X R K A AR K MR T LaNina HH4, Jlid 51
oy KA R, WK PSA RAIBMIE, B8 ASL BEMEMRIRRI, MR
Wi R A UK 54k (Meehl et al., 2016, 2019; Clem et al., 2017; Li et al., 2021). fE&AZETT,
309~30N JEFE N 2300 NEE S FE (K 6e~h), FERBAERIATFLLS RS
S R AR K ST 3 A TR L R BV R, ARG KRS B 4 R 4 T KT I FRE B

(Schneider et al., 1977; Held and Hou, 1980). [FIHf 1A TPO i i ) 48 74 A TR R A iR
PRI PEABHRAE A BT #75 Walker JRE5R (Meehl et al., 2021), 7E#H A E]
FEPERITE AT PE I X AR 248 A, o SRR 18 PR PPN R R 258 5 =2 4E A (B Ta~d)
TE AT 7 I PR 8 T 38 B At R PG 2 X e i R /K S 3 1 (B Gaed), R R UL
HE R R RN, 5B RH Hadley PRI, ERIFGE Hadley PRI RUIR KR
WA (B Ta~d), AT R SR P2 AR Bl 7R A e A T35 il Ry Al 2
JE 1 X X Z B E T Rossby I (B 6a~d), BUR Z-AE 1) Rossby 41 76 75 - ER B 2,
K BMHFZE, R STEGE, B2 SIER, Rossby REUSINMAAERRImE ML, 2300 7F
HVG 22 AR AP IO i S MEIRIAL, FEP SR AR b s O e R ER L, 7E R SR
IR KPP T S EEA, SPAAAH PSA KSREHIEHF (B 6f~h). TifErs ik
HZE, RIS, RAEM Rossby Bkl #ir s IX S, KR Bk DX i 2 55

KA N EIEALT IEAZAHT SAM (K 6e) , IX 5 E0F78 AP ENSO RENE .M B 2 BR

&
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392

27 SAM iz i8—% (Ciasto et al. 2015).

1979~2014 £ PO (LAHELHXS SLP HIfFRSEHBIER FLIRE FRIN SAM (K 50
AR SLP % (E 3e) —3. EHAM=AZFTT IPO HIFZMAEIY ASL &3 Ny
#O(HE 5D, FRFOAIE -0.60. -0.80 Al -1.2hPadecade™, Hrfrg BRIk TR A1)
SLP ff R S I i R O A B SR FEAR 0 BT W AR Ak a5y, (H R 3kFF2E SLP ki
FAANT T AL B BRI 50°. Bk TPO X ASL 2 45 5 5 8t 78 Kk —
£, B PO 5 ASL JNiRAH5CHEL (Meehl et al., 2016; Purich et al., 2016) , 3k il it < et

CBEFER) PRI, P2 AR LR A KRR S R M KR A . FERE BBk ZE, 5 IPO MIRIME
[7) PATE T 52 AR A 2R 2 BT R 0 S 25 1 g A 3, 7E B R SR I HE 2 25 1 L KU 5
(& 50, p), (EAHRTSEARIGHIAR D HHG NG OKIG I, BUERIGIIEKD, 15 ik 2
fift) ADP (& 2c, d). IPO TERGFIRATER Y WHfE MRS ARG 5 2.84 F1 1.71x10%km?
decade™ ) SIE hma®y, X MEHIIEAN 48% 1 51%; TEREERFEZE, IPO 1E
KRB W RIB S2 AR 512 2.64 F1 2.82x10% km? decade™ ) SIE Hgfmiass, 4 Mlfges K4
36% A 88% FiZERRUGHIZR D WGty SIE Hhn (K1 X TAEFHMIYANZET, PO ER
EVEEVESIEE 2.19, 3.17, 2.86, 2.23 F1 1.46x10*km?decade™ ¥ SIE B4ini&s, 4>l 50

MFEE 23%, 32%, 29%, 21% F 17% (F1).

{EBEE, IPO fIAHEGH FIFESIEE ADP LA K 75 % i Rl g Al AR 50 dth X ) DK 398 s 34
(K 5a~b), XEWMEE AR (B 3a~b), F£H IPO FliEH) ASL INsk~FHRAEHAZ
BEZ= ADP WA M E R . B 8a~d /R PO HAHFEHATEEASZETT WSC [Hff R
He: FREREZEIEEEAS 60°8 LA R TR (K 8a), HAb=AZE 7L S ARG 27
JB R T X 3y . SR B DT R A T S K I A ZR S BRI O 55 1 IE S A 5TRR (B 8b~dD
R TPO ALAHFEHR T WSC a3 2 B 1 Rk ZER 52 Ak ilg— 179 B Wnifgifg vk s> (B 2b),
B PR AT AN R 2] 52 AR — 70 2 Wi v A I AN B2 B AT BB BRI () 2e~dD
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(a) DJF IPO-Related SIC Trend (b) MAM IPO-Related SIC Trend (c) JJA TPO-Related SIC Trend (d) SON IPO-Related SIC Trend
0° . 0°

S
s v

A 18 1800
clated SAT Trend  (g) JJA IPO-Rel (h) SON IPO-Related SAT Trend

50
(j) MAM TPO-Related SLP Trend

R0° T80° 180°
(m) DJF IPO-Related UV850 Trend (n) MAM IPO-Related UV850 Trend (o) JJA IPO-Related UV850 Trend (p) SON IPO-Related UV850 Trend

0.2 m/s/decade

-5 -4 -3 -2 -1 0 1 2 3 4 5 SIC (Y%/decade)
3 9 3 0.5 -0.4 -0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 SAT (°C/decade)

394 [ 519792014 FrFEREF, MF, XFMETF PO MHFHXT (a~d) HFIKEER (F
395  fi: %decade). (e~h) HGRIFE (HAL: °C decade™) (i~ WFIHISJE (JHFH: 0.1 hPa
396  decade!). (m~p) 850hPa X3% (Hifi: ms'decade!) WIFREHESA . B FT s FIBH S A
397 95% BRI T B E AL A X k.

398  Fig. 5 Austral summer, autumn, winter and spring trends of (a-d) SIC (units: % decade™), (e-h) SAT
399  (units: °C decade™), (i-1) SLP (interval = 0.1 hPa decade™), and (m-p) UV850 (units: m s™' decade”
400 ! trends congruent with in the trend of IPO because of its transition from positive to negative during

401 1979-2014. Dotted and shaded indicate statistical significance of trends at the 95% confidence level.
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411

(a) DJF Pr & RWS Reg. on -[PO

o

(e) DJF 300hPa Z300 & WAF Reg.on -IPO

M

=Varz,
N
g .‘?s"r

=)=

>

0°  60°E 120°E 180°

120°W 60°W  0°

-40 -32 -24 -16 -8

0.1 m's*
40 mm/mon —_—

K 6 m¥EkEZ, KFE, KFHNEFE (a~d) FBK BEHE, %42 mm/mon). PIH (%
ELRIE, A 52, [FE: 0.5X10"2s?) F (e~h) JilE (KREE, BA: m>s?),
300hPa mifEly (FEEZE], BA: m, [ARE: 1.5m) XEFRAEA A IR 1) )56 5 PO
I 18] 20 ([ A 2B TR 2 o (B 3T R ORI R I L 95% ELAR BEAKT T AR 2 A 96 11 [X 3

Fig.6 The regression patterns of austral summer, autumn, winter and spring (a-d) precipitation

(shading; unit: mm/mon), Rossby wave source (contours; unit: s%; interval = 0.5X 1072 s?) and (e-

h) wave activity flux (vectors; unit: m? s2), 300 hPa geopotential height

(contours; unit: m;

interval = 1.5m) on negative raw and unfiltered IPO time series. Dotted and shaded indicate

statistical significance of regression coefficient at the 95% confidence level.
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(e) DIJF 300 hPa VP & UV, Reg. on AMO —
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Fig 7. The regression patterns of austral summer, autumn, winter and spring velocity potential

(contours; unit: m?s™'; a-d interval =2 X 103 m?s’!; e-h interval =1 X 10> m?s™'") and divergent wind

(vectors; unit: ms™) on (a-d) the raw and unfiltered negative IPO and (e-h) AMO index.
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Fig. 8 Austral summer, autumn, winter and spring wind stress curl trends congruent with trends in
the (a-d) IPO because of its transition from positive to negative and (e-h) AMO because of its
transition from negative to positive (unit: x10® N/m*/decade) during 1979-2014. Dotted indicates

statistical significance of trends at the 95% confidence level.
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Fig. 9 Austral summer, autumn, winter and spring (a-d) SIC (units: % decade™), (e-h) SAT (units: C
decade™), (i-1) SLP (units: hPa decade™'; interval = 0.1 hPa decade™), and (m-p) UV850 (units: m s~
! decade™) trends congruent with trends in the AMO because of its transition from negative to
positive during 1979-2014. Dotted and shaded indicate statistical significance of trends at the 95%

confidence level.
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Hadley 9, TERIZH Hadley AU FUUSOE RS H G R, SEIRG 2R Es), 17
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(f) SAM (& 10e), 3X — @ 2 151 e 50 R Aty A1 oK VG V3 Vil e 5 R 86 B2 R 23R
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Fig.10 The regression of austral summer), autumn, winter and spring raw and unfiltered AMO time
series to (a-d) precipitation (shading; unit: mm/mon), Rossby wave source (contours; unit: s7;
interval = 0.5X 1072 s2) and (e-h) wave activity flux (vectors; unit: m? s?), 300 hPa geopotential
height field (contours; unit: m; interval = 1.5m). Dotted and shaded indicate statistical significance

of regression coefficient at the 95% confidence level.
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