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Studying Impacts of Antarctic Sea Ice Oscillation on Boreal Summer
Atmospheric Circulation in the Northern Hemisphere
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ABSTRACT : The primary mode of empirical orthogonal decomposition (EOF) of Antarctic sea ice is a dipole
anomaly, with the positive and negative anomaly centers over the Bellingshausen Sea/Amundsen Sea and the
Weddell Sea, respectively, which is known as the Antarctic sea ice oscillation or Antarctic Dipole. Previous studies
have shown that the Antarctic sea ice oscillation in austral winter and spring have a significant effect on the later
Antarctic Oscillation (AAO) -type atmospheric circulation, which has significant impacts on Northern Hemisphere
climate and East Asian Summer Monsoon. This empirical study further examines the remote effects of the
May-July (MJJ) Antarctic sea ice oscillation on boreal summer atmospheric circulation in the Northern
Hemisphere and the associated physical processes. Results show that the Antarctic sea ice’s dipole anomaly has
good persistence around austral winter from MIJJ-JAS, which is conducive to triggering persistent AAO-like
atmosphere responses in the troposphere and lower stratosphere, with the increasing of the pressure gradient
between the middle and high latitudes. Moreover, the latitudinal mean zonal wind presents a significant
distribution of meridional teleconnection from the South Pole to the North Pole. In the middle troposphere, 700 mb
geopotential height field displays significant negative anomalies from northern Australia to the maritime continent,
and a significant positive anomaly center near Japan and a band-shaped negative anomaly appears near the Sea of
Okhotsk and Aleutian Islands when the atmosphere lags behind the sea ice anomaly by zero to two months. It is
another form of meridional teleconnection except for zonal wind. There are significant negative precipitation and

sea surface temperature anomalies in the equatorial central Pacific and Indian Ocean, and significant positive



precipitation anomalies from the northern Marine Continent to the eastern coastal China. In addition, the negative
geopotential height anomaly from the subtropical North America to the western Atlantic and the positive
geopotential height anomaly center over the North Atlantic constitute a structure similar to the western Atlantic
teleconnection (WA). There are significant positive precipitation anomaly in the tropical southern Atlanticand
negative precipitation anomaly over the Saharaln terms of the physical mechanism, Antarctic sea ice dipole first
affects the Ferrel circulation through local forcing effects. In turn, the ascending branch of Hadley circulation over
the oceanic continental region and Tropical Atlantic are enhanced by the meridional circulation adjustment. Then
the negative phase of Pacific Japan (PJ) wave train and WA teleconnection excited by the enhanced tropical
convection affects the atmospheric circulation in the northern hemisphere. The strong tropical convection activity
in the oceanic continental region (especially near the Philippines) and Tropical Atlantic, serves as a bridge to
transmit the forced tropical signals to boreal summer East Asia-North Pacific, North Atlantic-Europe and other
middle and high latitude regions in the northern hemisphere. These results indicate that the persistent Antarctic sea
ice oscillation anomaly from MJJ to ASO has significant impacts on the summer atmospheric circulation in the
tropics and northern hemisphere.

Keywords: Antarctic Sea ice Oscillation; sea ice-atmosphere interaction; Antarctic Oscillation; Northern

Hemisphere; Atmosphere circulation; Boreal Summer
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1979-2018 EOF1 of SIC(%)
( ) EOF1 (MJJ) 13.67% (b) EOF1 (JJA) 14.62%

i% 7\ ”
P2

\'\

\

(c ) EOF1 (JAS 14.80% (d) EOF1 (ASO 13.92%

K1 Btk BOF 55— M2 A (AL %) = (a) 5/6/7 A (MID);
(b) 6/7/8 H (JIA) 5 (¢) 7/8/9 H (JAS) ; (d) 8/9/10 H (ASO) .

Fig.1 Spatial distribution of the EOF1 of monthly Antarctic sea ice anomaly (unit:%):

(a)May-June-July (MJJ); (b)June-July-August (JJA); (c)July-August-September (JAS);

(d)August-September-October (ASO).
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1979-2018 EOF1 of SIC
(a) PC1 (MJJ)

(b) PC1 (JJA)

! 13.67%

1980 1990 2000 2010 1980 1990 2000 2010
Time Time

(c) PC1 (JAS) (d) PC1 (ASO)

I T S 1

1980 1980 2000 2010 1980 1980 2000 2010
Time Time

K2 BEiREK BOF1 X RLRIIS 7 41:  (a) MIT5/6/7 H: (b) JIA6/7/8 [;
(¢) JAS7/8/9 H; (d) ASO 8/9/10 H
Fig. 2 Principal competent time series associated with the EOF1 of Antarctic sea ice

anomaly (unit:%) in Fig. 1 : (a) MJJ; (b) JJA; (c) JAS; (d) ASO.

® 1 BSANFEWH VYRR EN TR MR R R (B8 1%8 2%
K
Table 1 Correlation coefficients (R) between Antarctic sea ice oscillation indices

between two seasons (all R pass 1% significance level)

R MJJ JJA JAS ASO

MJJ 1.0 0.93 0.75 0.51
JJA 0.93 1.0 0.92 0.72
JAS 0.75 0.93 1.0 0.91
ASO 0.51 0.72 0.91 1.0
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P UK P 20 1 A8 A 1 Seid o 26 1 S R R 3R T v L KRN 3l B ) AR
AT o KSR, 3 T G 3o K OME A i 3 S R e RO RUBE R AR A
(RAZJ FIRZIRE, 1994; Cavalieri et al., 2003; Wu and Zhang, 2011) . FgF-Ek
AR T HRERAK, 0K SRR 2 240 . A 7 e B 1 TR AR AR T i
UK SRERBELMIIRR, RAOERE 3a-c HER 7 HEBEXN M) FEikiE
UKPEBNAREL (SIC_MIJ_PC1) [Al AN 5 R4 5, Hod IEE R 17 R
et . SER IR, BRI RGE R AR R AR UK S B, T8 B e R A
PO Rl E R 2 IR Rl S S BRI UK B D R,
I AR TAE W7 18] 8 ) T Rl B e s ) T R 3GE & e S s
ARG B 52 A% AN g RS VE PRI OK T 26 3 NG o0, AR T8 R D7 ) T Bk I 114
AL, XML —8 (Wuand Zhang, 2011; Bader et al.,2013) , FIE
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K3 HhERAEER (ab,c;HA: Wm?) o 700hPa BFAIRIEHIER (de,fHf7:
K*m/s;[E]f%: 0.2K*m/s) . 300hPa A8 iR e s Sl & (gh,i;5A: m?%/s?;[H]fE:

1.0m?%/s2) A1 300hPa B2 i iEzh 6 Gk LEAL: m¥syAlbE: 1.25m%/s?) Xf MIJ
F R UK S FR B B R 4. (adgj) « A (behk) « KA EHEIK
—MHs (LD s KARIKPIAN s BIRERREIT 90% (5 & E A K

Fig.3 Regression coefficients of surface energy heat flux (a,b,c; units: W/m?), 700-hPa
transient eddy meridional heat flux (d,e,f; units:K*m/s;interval:0.2K*m/s), 300-hPa
transient eddy momentum flux (g,h,i;units:m?s%jinterval:1.0m?/s?) and 300-hPa
transient eddy kinetic energy (j,k,l;units:m?/s?;interval:1.25m?/s?) onto the Antarctic
Sea Ice Oscillation Index in MJJ. (a,d,g,j) : the same period;(b,e,h,k) : The atmosphere
lags behind sea ice by one month;(c,f,1,]1) : the atmosphere lags behind sea ice by two
months; Shadings indicate that the regression coefficients are statistically significant

at the 90% confidence levels.

N TR DR TR UK B B RS, 1 ek M — B E ASO
AN 2T PCL 5 AW S J5 — A H I AAO TREOR M R B 2. 451 &
7N, A PCL 5 AAO M9 RELAE 0.4-0.6 2 1H], 1£F]0.01 BEMKT; G —
AN MR ABAE 0.3-0.4 2 [8], IEF] 0.05 BEMKT. LESEREH: MK
AT A MIT 2] JAS BA RAFRFRFSE, i ok <M ELVEF 51 R R T A
TKIR, B KA B A 1 By R R ik 46 R AR A X P P BR AR 1 R A = A2
FREETE R RIEA R, AR TR FERABLT AAO IR AT H . X 5H)
N 90 45 B4 —30 (Wu and Zhang, 2011; SEHEIE, 2013) .

®2 BNEWHVPYENGEIRE TR (BiAR) SriEaiies (AR
AH R R (R R
Table 2 Correlation coefficients (and significance level) between the Antarctic Sea Ice

Oscillation Index (X-axis) and the Antarctic Oscillation Index (Y-axis) in each season

MlJ JJA JAS ASO
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MJJ 0.42 (0.0D / / /

JJA 0.32 (0.05)  0.46 (0.01) / /
JAS / 0.34 (0.05)  0.55 (0.0 /
ASO / / 0.33 (0.05)  0.48 (0.01)

3.2 FEAtRBIKENXILFIKE T KNI RAIFN

N TSI R UKE SR AE 3R ZE KRR, S MY BRI UK
ZNFRES 90°S-90°N £f [a] P35 1) BE 37« 26 [va) AU A7 AR B8 3 i3k 47 [ml VA1 23 A (I
4) o MFEMIE AL FORE (B 4a) , SEBUBCN SR (1 R A6 50 AL
X A B R IR R AR, MORHAE BT R E A e, HR IR iR
PESNIENTAR, B 2 Sema AR AR PR R (0 R, o 2 A i3 v P i, {45 o Hh 46
FEZ SRR IR, AR T maiv R unag. w5 1-2 ~H (B 4be) , mF
B h A R R AR G R AT B4 RE, R o A 3 VB A PR . RIS )
RGNS R EoR (B 4d) , i P2 i X B B0 E GO R o0 A, 34
R 2 BRI AR R, T4 60°S 7oA N B PE IR, T4 40°S 24 A
BEMRRGF, RIHIEALH AAO F 5 1°F 35 4 ) R 28 4k 1) i 78 45 fiF
(Thompson and Wallace, 2000) , 7FiE il 4 5 AR IS HIPE XU o, HL 4
AR, JF BAdERs— R H (B 4e,D ¢ [N, AEF 82 1 DX
MmO RBIIBR, WEPN AR (B 40 aTRUREL, 7EAEE 5K 30°N
B AR R 60°N B Iy 3 O P U o, B AR A AR Ui o X PR
Jefeidrt, & liRdakm s vt N . FoR R EIIRAR 26 m JXUE FUrE )
I3, AT ARRIMEL MM < (Fan and Wang, 2004; JEr[ A1 FE 4%, 2006a,
2006b, 2007) , AATILEST AAO 58554 5S00hPa 4 [a] W4T & T, B 4
HOX TS . TR E S AL R EoR (B 4g-) , ANRFEIIAE RS, EXR)Z
HR)Z, FELh 60° ARG A1 LLAL 73 1) S I Bl RS0 i e 182, Ry ) A s 8 3 T . 3
B, 5K da-c R HGE R IE S H A, QIR T & 4 B T8 i B 2
S PR TIREERREE, R AT KE S R
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reg [Z] on SIC_MJJ_PCH
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Fig. 4 Same as Fig. 3 but for latitude-height cross sections of regression coefficients
of zonally averaged geopotential height (a-c,units:gpm,interval:2gpm), zonal wind

speed(d-f, unit: m/s, interval:0.2m/s) and temperature (g-i,units:K,interval:0.05K)

onto the Antarctic Sea Ice Oscillation Index in MJJ.

R 3 A 2 W e B T UK 51 5 A8 1) e~ BR K A3 [ XS RE S R B i R
EREVAR 1) R H, L4 FE R L~ R i A3 5 7 XU AR A5 2 Sl 2 n i s I LA AR

16



SR € FF AR R AL ERZ TR (Y 2[RI A O S e 1 24 BT 24 F 4 g JXUMA
e AR B AL AR ) e SR TR) o0 A, BAHEIE R 5 . B3, K Z (LA 700hPa
NP FEE (LU 150hPa A6 = 3 X373 5 MIT #EUKFEEUEEIE, - 45
Ko LB 5 A 6.

reg Z700 on SIC_MJJ_PC1 reg UV700 on SIC_MJJ_PCH1
(b) lag0

o

/,.r/‘;ﬁiﬂ{i;”"):\(/: _.§§~':;;\7“::, S .
L SR
15 _‘23\ N
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K] 5 700hPa fi7 345 EY (a,coe; . gpm;lA]FE: 3gpm;d rbyd s (o i 28 i 4
TSI MARAE -1 M 1T EEEZD « K7 (bdf, B4 m/s) X MIJ EHK
EdUSZENE R IEIVEES @

Fig.5 Same as Fig. 3 but for regression coefficients of 700 hPa geopotential height
(a,c,e; units: gpmsinterval:3gpm; the light-blue dashed and light-red solid contours
represent -1 and 1) and horizontal winds (b,d,f, units: m/s) onto the Antarctic Sea Ice

Oscillation Index in MJJ.
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Pacific-Japan (PJ) %%, ©# East Asian-Pacific (EAP) 43 AH% (Nitta, 1987;
Xie etal., 2016) , JEZ [FIREAHKFREL ) A A1 55 b —Fh R I 2

B 7 AR, [T (B Sa) TEALSEPNBIPE R P EERA E—ar . JL KPS
B 73 I A7AE P A i 25 1) B 7 35 v JEE S oo B TE 7 35 v 2 S oo, 0F
TR E A AU AR, WS — BB BT (B Sce) , 4R
RedERf, Hosid BV, JoHRALEMBPG KR U B AR, v 5
JER P B IE S A B — N R T P8 KPR AL RE AR DG (Western Atlantic, WA)
1454 (Wallace and Gutzler, 1981) , tHJZ4 [AIEA SAE R PG FE LRI

4, B 5 AR A MIT B JAS NIRRT SR ASH D 1) 700hPa & 1
IR LE PN Bk R0 s 16 B Yo b S 3 10 47 S AN SO PR BRI e B MDA
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Fhe AL BRSO BN VE 42 (Zheng et al., 2015; DhikZs, 2016) AT M.
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reg Z150 on SIC_MJJ_PCH1 reg UV150 on SIC_MJJ_PCH1
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Fig.6 Same as Fig.5 except for 150hPa geopotential height (a,c,e; units:

gpm;interval:5gpm;the light-blue dashed and light-red solid contours represent -2 and
2)
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WA, ek AR EAR AT AN i e — S H AP HI (& 6c,e) , XA
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FREEZIJJAFIAS, BARGREEAIR EVEAFTES (El7c-D) o MAERER KT,
FEWT 5 1-2 7 W B8 2 MK OB S o EM 2, MEMEIm S 128, 7
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AH—EENAERAIR T H X (E5h,d,D , X EFAEsimE (L—TF
TE9b,d,0) , [EIES DL XA S I R, 2B R AR O 3R R
HA — 58 TR S, XA ERE 7 AT “ ma ARk S o AN 5 2l B e Fae /K A
FER R B A (GRS, 2006, 2007) .

Brit SMBATE AR B UK e 5 AR - 1 R UTIE 3 A1 FE 7K
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FIRWALE IR, 5 R0 30 S 0 SAFAEAR VLA (ElSace) o Jbsedhii-db
VG B S RIAR PR AR 20 A (E7b,d,0) , X 5 R1 SO R IE3E 7
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reg Pron SIC_MJJ_PCH1 reg SAT on SIC_MJJ_ PC1

12 mm/mon -0.5 -0.4 -0.3 -0.2 <01 -0.05 0.05 0.1 0.2 0.3 0.4 0.5 K

K7 FEKE (ace; A2 mm/mon) MHLRR (bdf; HAr: KD X MIJF
PR BIAR B [ R K 4T RURaNIE T 90%(5 5 35 e 3

Fig.7 Same as Fig. 3 but fort regression coefficients of the precipitation(a,c,e;units:
mm/mon) and surface air temperature ( b,d,f;units:K ) onto the Antarctic Sea Ice

Oscillation Index in MJJ at lag=0, +1 and +2 months.
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FWALF KT, 20 BRI R B 450 25080 SAML SEMAIR A B2 75 b 3R AU
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AR SRR IX PP BT SFw, R A L THE SRR B — e RS, TEiEE
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Cor of SIC_MJJ_PC1 & [Wind] (WP)
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Fig. 8 Latitude-height cross sections of correlation coefficients between the zonally
averaged meridional wind speed and vertical velocity and the Antarctic Sea Ice
Oscillation Index in MJJ (vectors) of Western Pacific (110-150°E,a-c) and Western
Atlantic (30-80°W,d-f) . The shadings represent the climatological zonally averaged

vertical wind speed (units:Pascal/s). Negative values represent upward motion.
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HRHRIG S, SRR RO R B B IREh T ARSI, FRE IR B
WA A AR, Hh— Dtk i i P R

MC Hb [X KR FE ) T8 B 2 Walker PR3 _E T+ 30 8 20 i o ( £ 3555,
2016) o T BTG BN A B BRI UK B R R, R MIT UK B e K
WARA (OLR) ZATEIE (Bl 9ac,e) » MIEINALEFARKE, W KRG X 54 1
% OLR FEE-FIX, FREDORESMmGER, R SR = AR AT, X IE = fe
M FF LB 5 PN o FAalT OLR IR 19, 5 i SC K (¥ i 2 ARG IS (1] Ta,c.e),
B OLR it 55 BT 78 1 DX dalof A 0 R /K TE S, J3IRE U W IR TG 3h 1 A8 4k

reg OLR on SIC_MJJ_PCH1 reg Omega500/CHI200 on SIC_MJJ PC1
(a) lag0o (b) lag 0

e T T .
Ko mAMCAES (ace A7 W/m?) . 500hPa B HE (b,d,fRAR, Hfi.
Pa/s) . 200hPa # K%L (b,df;55EHL, AL m¥s [ERF: 10°m?/s) %F MJIJ mtk
WEUKEENTRE I R AL AT SRR IE I 90%(5 FE 2 & MEA 56

Fig.8 Same as Fig. 3 but fort regression coefficients of the outgoing longwave

radiation (a,c,e;units: W/m?), 500hPa vertical velocity (b,d,f;shadings,unit:Pa/s) and
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200hPa velocity potential(b,d,f;contours,unit:m?/s, interval:10°m?/s) onto the

Antarctic Sea Ice Oscillation Index in MJJ at lag=0, +1 and +2 months.

R 7 OLR, AT L& AN bR 80 M R B N 2tk DA SRR (B
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TAFAE SR EUEE L, R MC 1R = 2 1A P ARG DA B E5 RS 1 1%
DX RGN 9% o 110 BT N I3 78 222 K3 (Kosaka et al, 2010; Xie et al,
2016) , FEALTE AT ARG S5 A0 D BB K, SO PY A (GERREE S 32—
HA-FRERGHE) , IWE I dbAeHh, KR B BME 5 A58 3 b s 26 5
M7 T SRR S DR R SR (R N, T RSP A LA, AR TR
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HHpmn, (B 8) o g ExR, F (K 8d) Mk 60°S I I,
45 30°S ML SR YU, W Ferrel PRiAI Hadley AR R UL INGR, (K4
10°S FH/RTE BT ) S B0 Tk 3%, 6 ST [A) 4 OLR a1 Z5 R (18] 8a) ity
RGP REN A STE X, RFZXIERRES) 58, £ KT Hadley
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HAF KPS S G aR . 3T ABF R C R B, FAHE K P8 PR 2 TR )
o i 28 BE AL R IR Rossby i, 5L AL K PG R FIRR I H X K SFR AL 5 % (Cassou et
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al., 2004; 2%, 2015) , 5K 5 A EKERMLT WA BLEMH YIS .

4 LRI

ASCE G M T R AR I UK AR AR T B S R RE A R UK Bl R SRR TS = R
ERORSAURI T REREI, JF HAR Y 1 R RifR0KEs B i ) B L . 2 2 4
wh:

(1) FERIEUKENR T JETEAT AL RIRT BE N (MIJ-ASO)D A 1R UF RFSEPE,
AL BT ORISR I Y aaE, I KA BAE R, 0 R R R B AR
FATE S A R s R EIE R AR E W, AT RS AAO R
MW o

(2) MEESEASERRE, SIBOY SR ) AL AR r AR 7 s i v, A
XHAUZ BPTIUEARZ AR Sk, 5 26 S8 AR AT T IR XD [RT B 5 o 3 e sy T i
sk 5 JEE RN 3t e RS 2 8] ) SO LN, A3 A 1 46 0 AT 26 P A e 5 X
nage. WRIZEHERAT, IR BIIER, S m T2 46 A X IR S 1E SO
[ PR 22 [ 18 AH 5% AL 0 A o

(3) ¥ Ja UK R — 2PN I, H B L 25 R IR 3 ot SR%E
T - B FRE g BRI 0 5, XM AR IR T B B2 34 i B Ik 1
ol AR T A, BDAEHS R MRS B 2 R AL E Y+ AAH PI 81 BK
& BEAP AR, RLABEMIKERES [F XI7 S 34— Rh R B 2 535h,
ABSE PN R K PR B — 5 A7 £ (10 DU 5 v S 5 AT AB DK 0 3 B A A 9 I A7
Frm R G, MRS RSP RE AN SR (WAD (45, e E
AR B JEEAE B W i [X A5 7353l A7 76 5 S R L 57 3 e R, ABAR R BE AR A2 22 [ B
RN XIRR I X 5 BL bR BRI AR X B, R W K3 3 S AN HAns
b BRVF 2 X 0 B K AT P A7 A R 2 (1 DGR B, AE I HBIX, il P
IRV S 7R B R A A S 35 B0 B ORI, 97 e s DB RSP 2 3R AR B v g
M DX A7 5 25 K I e W AR B 7 e o At Rl st ok e i S AR o i —

26



WHTF PRI f HAIE AR AbSe -k K 76 3 45 7 (B A 7 B g
SEAA RENBRR, HA—2WTE /.

(4) PRI — s ARG K PG P 22 6K PG 3 — 75 2 P AR T VK 5 3 W 3 3
WAL T 2 AL L BRSIRIA, SEBRE I BRAR B F A S Bl o FFaib i me A
VUK ) S A 3 O Pl DX Al 71 2 FE AR T PR3 1 3 6 S B R A
R T KBRS T B IR AR W R MM RIE A . 540, #lr K
VEXT IR 3 T B R bR 38 A E , AR S 1K R K P PR R KPS 5
P B AC KPP I E L

BRI, HET ARG TS B S5 A R R A N LABRAIE .« R AR VK
V5 B R BN A RO AR AR 5 [0 U5 285 SR Jse et i I T K e o o i b Bk A b o
BRORASFRIAI T REREM , LB = BUE AL, SR o [RIFE OSBRI o 22 [ REAH G AN 22
B PR VA e A R S T I R BT TG R I AR H AR, T B 5 R
R I, T IR X L) ) B AR E I R, G T A 5 A B BUE A = UR S,
53N 11 TR RN AL (AR M ER%F, 2006b; 7KKFESE, 2017) .
P IR IUK R I 4 BROC SRR AR b S oAt S B 2, U R AR R AN =1 A A
RHIESE, W BAES J5 MWt L P Ve At — b .
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PERA R I EEEH ORIEMZEF, 2012; Wuetal., 2015) ; Lietal. (2010)
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