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B X

B HRERS SEERER KSR, L¥E 200438
HEHE-K-SHBERGAER[SBEERELRE, L 200438

T

AN T AR (2018-2023 4F), AbR-H 4 B R 5 AR VKA ALY
REFFTHEE . FEAFELLT IV H: (1D XACHRIEUK R TE R R o P 25
AN B TTRRA T SE PR R IR, X 2 AT S8 H (0 AL BRI UK 5 i KSR 1
WL BT TR o (2) AZR NI X33 B AR KRR 8 R (4 i AT A2 2 14
AR 2 AL o AERR DK SRk, AT 2 Z=RR ALl -7 BRI (2004/05-2012/13)
A AL -PE BRF.(2013/14-2016/17) 38 B H . BT — B BLAbR-rH 26 BB R o, 1
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JELLRE X ORI M. (5) REELZHF TR T FRE - Z

FSEH 2023-04-18; P4 T H AR H 3

EEREf W, 55, 1964 FEHAE, 2%, FEMNFACNHERIK——UH EAFH &

HXPRAF A SRR W52t 58 . E-mail: bywu@fudan.edu.cn

RO EXEAHARREITRIBE (2019YFA0607002) , [E 5 E mit K it

R “HER R Y5 4 ERA L7 £ T (2022YFF0801701), 5K H AR B 2 5L 4 3 H
(42375023)

Funded by National Key Research and Development Program of China (2019YFA0607002),

National Key Research and Development Program of China “Earth System and Global Change”
Special Project (2022YFF0801701), and National Natural Science Foundation of China
(42375023)


mailto:bywu@fudan.edu.cn

MEAEH, R S R A RS PR AR, (H DRI AR
SImTS, AHEIERTHIRZEERE . (6) X4rJbkifFIKiE 5 RN HAR AR
AR ARAL R AP ARV T SERRE o ARRKEALR KRR AL F 520,
BN E LA RS RURIR A R IR, BAR AR UK 7 8 23 () 2047 22 57 AAS
(7] 57 I M (A 52, [R] IS R 2258 B BT FE AL ARG UK AP £ Bl i R SR U A
FIEH

K@i JBaREIK, MomR R, BEREK, AbR-h R R

51 &

FEXL L 50 ZAEMA) B, NATFE JEAR e vk 4y BRARR A B o R AU R 5 i)
JiTH, BEAT T AMREIR R, R AR R AR AT K R KR, BONIR L
W VK2 M 5 7 TR, BTEUS I R R ZI 503 T FRAT T A . D6 TAbikie
URARAY S L5 R SRR ROC R, NIRRT th I R ¥, B
{1 38 ok 1 B AL 8 WA 9 AL AR g UK AR A 0 KA IR AT 520 (Fletcher, 1968
Newson, 1973; Warshaw and Rapp,1973; Royer et al., 1990), I\ AIbARIEF UKL
51k 59 (Alexander et al., 2004; Mori et al., 2014; Peings and Magnusdottir, 2014),
SR 2 T AU UK 52 (Screen et al., 2013, 2014; Perlwitz et al., 2015;
Ogawa et al., 2018; Blackport et al., 2019; Peings, 2019), LK F VRN S0 3
F£(Overland et al., 2021; Bailey et al., 2021; Ding et al., 2021; Smith et al., 2019, 2022;
Outten et al., 2023). FH{EREE T FAHIAWERN, FATPPAFIESAEANFRE FE
FHA EIREFE, XML T HEREE T A B ITRE A AN i

ALK R AL R SRR RIS MU 52 2 PR R 12, AAEE I — e
3. Blackport %5 (2019) AN, KA MUK/ FEAEBE G MRS A AL 4 7 0
AT CRAIRBNIEFIKD, B AT LA 2RI R 1) £ 2R BRIk, AT
WA i RSB IAR [F) I BR 5l 4 FE Ve A FTRAIR AU JUAR i DK s s 2
FEL PR /b . %451 RS Bailey 25 (2021) FIMLIET L85 RAHHAC AL, TEi%
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A NE MR JEiE vk sRE P BUE RS SR, AEBRIEUK AR S0 — N TR
AR (BRXAK. AFW /MR I RSN, K EREARRA IR L
(AL AR UK A 3 BB ARG G I HH AL AR K S5 S5 v 4 8 ) Y 3 R AN
Bo. [N, WIERE IR RS, 80E 2 a8k, 7T
HIERH, —Hm, SHHMTR. 8. SR wt, U A IR
AR EHEMR R 5—J7 T, KPR AR KA 2 1 S A B T g vk
M E R, 1 HS5EZ M (Petoukhov and Semenov, 2010), LAk
VKIS 5e 2% (Semenov and Latif, 2015), £ fE 5 1)T 50IRAS (Smith etal., 2019),
BEARKSHAFYME (Wu et al,, 2016, 2017; Yu and Wu, 2023), LU & i siid
SR ERMK A B A (Sato et al., 2014; Screen and Francis, 2016; Warner
et al., 2020; Rudeva and Simmonds, 2021). [Ktt, &ZFE KSR AL IEEVKRE L
UM AR REAE A ) E, RILH R E VER (Wu et al., 2022)

KT MGOKAZ AT 20 B RS AV A IR P Re LI, DUAEAH 5E k4
[Fix$ )20 2 (Alexander et al., 2004; Deser et al., 2004) F1-F-3it /25t it )2 AH ELAE
FH i F (Jaiser et al., 2013; Cohen etal., 2021)IKSR A B E R R M. Fltn, ©1113
TETF AR OGS HE IR UK S 3 i /D> S 2 2018 4 2-3 F BRI AR i ok p 5 ¢ ik
Tk, GRZIFTEEA T PRZEERE, EBRRICRIEIKERIE KRS ) 5RO
ANE S R i Wiy R S A A VA A& it B E/E A (McKenna et al., 2018; Zhang etal.,
2018; Overland et al., 2021; Kretschmer et al., 2018; Siew et al., 2020; Zhang et al.,
2022; Tian et al., 2023). “FJi 21 F2EE 28 A DAY m g 2 I R AL AR it ok 3 4R

(Zhang etal., 2022), {HIC T AbARIMGUK Bl AL~ 2= B A% R i v 26 52 X300 it
R AR, AELEIR K AHA E . McKenna 25 (2018) #87r 1 F X 35 i AL AR i
UK AG BRI B2 M & BAR AN FT 0 o ABATTRI FE I, X6 T RS o A5 RS 1
ACARIF UK RRAK , KRS 28 22T 2 B0 i PO S A AR SR o TR T S5 A (1) T 0K
Ak, XHREIRES) (AO) HIMARIE. AT AIS T BE s X F MU i
UKRAL, XL JE M SR ABL R ) AO BN AH . X 3% BHIE & MG UK R R R, i 2
USSP R E AR o 2, Zhang 25 (2018) N, P E N AL i vk o
RIS, W T & ZRATHAR R B OCEER], IR, 5XE I B SAH
b, PiRE R E OV ER, R R PR E S T I N AR . AT
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e R AR A S W = - R AR R T R

— NN, PIRE SRR 2 5, RRIAISE [ 350 2 e A R RS
KA, MR RE R ST . 2021 461 A 5 HFRZERREEZ G
BT EARBG (Davisetal, 2022), £FX5 R AFE 2021 4F 2 H IR M BT K
UL, Cohen 55 (2021) ANy, FKZRERE AR AR 384 IR B2 A S -W i g vk sk
/b, AT DL S0 PR SR R AT, dE i sgne AR, 51k b S pl e 5E
MBS RS, (H2ABTHEFEIRYE, Davis 25 (2022) KIL, T2 5R2E0E
TE B8 Ji5 19 DY & BF ] Py %of b 3 I BE R A PR . AT TIA D R AR TE 2021 4R 1 A TR
JRRR RN 5 [R)4F 2 56 E PSR T RTEA KR, MAHRERVRS 2 iE
Fl 2021 4F 2 AR B ARIR A FZ R K. Siew 55 (20200 tA0y, EREIKEE
JEAR VK 5 &2 AL R T BB S B T2 B A e B TR BCE Y, ZE N A e
A 16%K/M 25BN FIZ R . %85 TR a5 20 R 4 Ik
AR UK R A 1 52 T R 55 2 — S50, 10 BA AL AR DK Rl A 7E AL AR - 43 B R & (A
52 I E R R o S I T 45 R R, T2 SEOR AR (1 R A Ak e 3 LY
RTHRLES) . KB E B A AE P IR G AL A A FI 44 (Vokhmyanin et al,
2023), TfANE S hr /K B 2 v e e i AL AL bl vk RbAL,  E— 2B iR SEAb IR OK 7
fi /b 502 1 R BB R w55 -

£ LR ST, AR TR (2018-2023) fEJLtk-TF4 R R 5k
WU A RFT R . BT X TR AR 2 2, X B R AL A
Fr R AR BIF 0 1R BT i, IXRE AN T e G b g U — % 5 B AR 90 A, ik
FARIES Wigt. MER A EFELLT ZATTH: (D B R AF 5 i vk
IR R (2D dbh-rh e FEEE R A8 M Bt AR AR AE S R s (3D JLARIE UKl
G B 28 AR K R

1. M RS FAE 5 AE BRI UK ST B AR B 2R

WAk, e, #F5. FHE. miRPOR DGR KR E L, 2523
MR, R XS in RE TR R B R 248, (HI TR 516k
WIRA %Y & (Wu et al., 2017; Zou et al., 2017; Cohen et al., 2021; Wu and
Francis, 2019; #ERRIFIEA X, 2019; Luoetal., 2017, 2019; Luoetal.,2021),
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PATR A=A TSI Wi R S5 AL BRI R A0 56 R I T e

(1) B = 98 B T A

B ORI FEAE S, ALK R AL R 5 B i ™ 5 R T R I 2R A
2018 4 2-3 H, — M MIm R R ARGFEE TIN5, FATRR
T ECH AR S SE, GRS U EE O R B, B Ty R A A I T
%, Bailey % (2021) WFFURIL, fEZMmFAFIERE P, S5 IR 1 240 S04
7 9.3 ZR/RAKIRIE SR, AR R L) 1400 1ZIHIKIR, 7ERRI
LA =IE 88% IS AT BE R I G SO ISR T Z8 K O RLIZ I VK 7 i
D)o P HTEEE R, E 1979-2020 4EIE], EMGSCE 3 AR ARSI INT 70
T30/ T 7 KUK (Bailey etal., 2021, 8 7830 LR UK (¥ Al AL B 5 15K
ARG WS B E R RER, WA E T DA 7T b o 1 e b AR oK Rl
51 R AT 2 R SR 0 S S BB L DA B ST 2 - 2 X+ AR AL

2021 4F 2 AH), REIRIBRA S SEERE R X, 5™ E 5
9, FETOEE N 52 R o, S U N TR P f) RE R ALK IR . Cohen 45
(2021) ANy, FRERWOT ARG AR S 384 D0 R EAG S -8 it DK s /> v DLIE I 5
SRR IR AL, B R T AR R, Sl AL SR TR T R
FC R A PR BRI K Bt AR 25 A AL Aok A side, Gl s P iat J2 A%, 3 T s ) o
A FE X R AE R . Yao 55 (2023) 737 17 2022 4F 11-12 H RIS FE e b 56
IR IV R 4 0 o 7 FE AN 8 T A, I BN 702 A BE 2 BT T 5 R ARz 447 B
FE 1o F S RIS Bl 15 (R MBLIRERIE), WONZE 5eal )1 S5 A0k
Y GNP

(2) FRAIRE

AR, EA-PAERR TR —, SRR T E R A4 X3
(i RS S AR SRR R I OG R T AT Re 5 AU VKB B R
(Wu and Francis, 2019; Francis and Wu, 2020). #F7 K, GFEKITH. iR
Fi v 2 R IX 3 B 2 vl ARTR R AR AT, 512 DX S 3L S5 78 KT R G Pk 55 L%
(RIEE AR o E ZRZIX IO UL 2 P USRI 2 oo e e i TR i, 3T
TGS, A2 KB R AR, AR T IR IR KA.
KL TR I AR, AR O 23 DX 0 43 1) 78 XU i, B 2RO
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KBt 24 1) 78 X IF) 2R G P b RS, 2 8 2R T v 2 X ey T AR R AW 78 XU B
FEWUH] . S2br b, HERE GRS X RS, R 2B 7K
SR E SRR BRHAE . 1R 2T I ) R b, KTV A s e i AR
F 5 [E AL AR R I 7 U I i A TE BRI BN DD BR R (E IR AN IR 3,
2019).

=T, B ARG XA ) PG R s, O RS AL, A
FFH ARG o KR SRR A BT g sh i nag. F, b KSR
AHE R T AR AL, T AT B ATk B Z= bk i Alik. (Francis
and Wu, 2020) . bR UKsRIE KB E ARG R I, JbARIRE UK Rl 7 5w BAn
i 5 2| R I T v 45 88 DXCAB s 11 6 XL, R T AR 2 v o AR08 53 T
B (Wuand Li, 2021; Wuetal., 2023). & Z=ALHO0HRZ 78 XTI AMY 5 2R W7 H
2 B SR IR R AR BRI B TR T HL 2 TS 2R A2 XU 55 1)
FERTIRAE 5 (Wuand Francis, 2019). 5 S AHER 8 0 S 2 4 BRIGIEFF 4L,
S Ak R . E SR PIRISE I (Sunetal., 2014), X F# Y
S5EFJRA A EVINRR, TR T 2 AR AL . X2
9 HAbMHIKIE FEIAE 2012 SFIA8 BA MMT sk LR /MBS, B H IR
MERAB I S P T RS DN o 2, B ZRdbAROHIRL J2 A S5 5 AR Ik 22 A L AR DK [ R A,
i FEANHL B 75 Z i — IR AW FT .

(3) M P 7K A

CA W 2 RN T ARG UK S B 2R K e 8 I AT BRI R, (RO T-AB iR
VUK R B 2= i R P K R s 2 A 2 e X 2020 4F B R AEAE KL
AT H A s K R, AN AU UKRLAG . LIRS IE A LR
(Chen et al., 2021; Nakamura and Sato, 2022), Chen 2§ (2021) ik, 2020 £EH:
H 2 R AN Wb, B R R A SRS, 3R 51 R KRR H
AR R PO AR . BB FNEA Y, 2020 A B 2K VTR R AR it 58 B K
ARSI KPS (Livetal, 20200, #i ENEFEGRIEE (Zhouetal., 2021)
DA B 7 32 175 A Te )y R 52 4R 0D 5 8 R (Yangetal., 2022). [Rlh, B =X 54K
I R B K B R AR, A 2 Pl R L R AR B 4 R
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2. AZEJUM-rh A IR R DR IS A B L5 AL UK R AR BT R

AZRAe M SZ R BRERST AR H AR, B T ORI A EIER, EHE OfF
UKERTD IR AR T BEORAURLEE , SUEAL IR OGS 43 X3S KA A IR X
BT RAA TR LR R TE R, FRGER /A YR B 78 U, AT T A S b X
SRR o ACARAR IR R | A B DL R AR S (1 2 (8] 40 A B R A S
(K142 FIBREE . 4RI 1R S SO AR A WG Bk AR IS A =R, &% IE R
WHEF RS NRSREAES, AT PR, 5S9R/RMER
JE 058 PG A R IV g 0058 25 S KA IR« 2R 3 26 B o 3L 2 v 2 1 XU A i
T E ARG S NSRS I AR BRI, AR5 4 R XIS R A R
ATHTEIR . i, B AR -H A R AR R

FEAERRARARI AN E B, M Et2e 80 4RSI (1986 4E) FEA I3
(2003 4D, AZR PR A o Fe i P A O 555, %of 2 i BT e 46 9T 2 R L s 7 2004-
2012 HF[A), AR PR s 1R 5 FE A B AR S T R, X IR 5 2R T A 2 X
DL (Wuetal, 2015, 1iZ3CH B 3D, Rk, AR A4 B XA T KA R
EHH R I B AR LRRE . dEA% 1000-500-hPa KA JEEAEFK B IR, 1979/1980-
2003/2004 FAZECHAE T ACZ RIS, TIt/E (2004/2005-2015/2016
EAZ) MRS NRIEN B, XIAMEIFR 2013/2014-2014/2015 FEPHDEZ RN
R 441, R4 28 R 5 AT 2 BL (Wu, 2017, L% SCh I 1), FIH £ EH
(NCEP/NCAR) FIHA (JRA-25) WIF4r#r#dlE, Yang A1 Wu (2013) B0 1
FR P DX 35 A 2P B 3R THT AU B AR AR BB Ak 19 2 BERRAE , 48R T &SR R 50
CHEASTE ] E BRI R AR AR, EESTE A 90 AR R A T AEARER
ARk, BIFE 1997-2011 4], RIEXIHAL (F) MIATFERETRZRTEABE).
FRZEAC RGPt i AN LAl ok o B e B thad 90 ARy R IR AE T4
RERAEA, BP 1995 4F UG LR TU R — BT+ &, 1996 4 LLE K Z= b vk
/> (Yangand Wu, 2013, I6Ak, HZE (7-9 AF#) JLokiERTH A AL R HR
A, HEIHEERBREL, 1997 FLLRTEAT At X7 575 1997
LG I S A 8 PTG, i EARBR ARG S 9 ) AL ARg K [ 1) T R 5%
8 (Wu et al, 2012). Xu %5 (2019) NN, AFEEUSSC-WERIHERIZ IR
5 PEARRINE 5 R 2 7] 26 A B 2 M B R AR : 1979-1996 (1997-2017) 4F
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AZEAU IR 5 PR m R B R WS (WD . AT, 78 1997-2017 4
2, Y UG S IR TSRS I v, PR AR o R s A, R R N
SRPGAH, JEARE b BRI R AR S R A ISR R I E R . R IR
FOERH UL, A MR TAR-h A BRI T, RN UERSEH S HF
IR T (BURAEE EHEAD 90 AR AT A LA AR BRAZ D, A
FEMNEATZ AR R BRI T BRIk, X SR S AN A W s ib S bl
-RZE R R M B AGERIE, T EL T RE SR AR A Z K R

VT IARE FE R B, AR AR AT MR Z DX AR 22 7 B 2 1 ) B e A A R AL
(2007/2008-2012/2013 FE4Z=LL 2 2013/2014-2018/2019 E47), fi—F Bt 23
W A AR -7 BRI A A6 B 5 SR SR R AR 05k 15— B A2 g Ik
- D0 T B 2 1R A S, BB AR A 5 Y 0L (R BB R B B k58 (W et al,
2022). X YLAALEALIRIEOK T H D ACARIEBR AR FF ST 5L R, JbiR-Hh 46
DX 35 2 JRIER R I Bk oty 99288 I, I BRI 3 B0 46 P DX A A 2R UM e i
FER AT TN FEAIR . Smith 85 (2022) 73 Hr &KL, Bk JEHGHEIKTE 5 428 NAO.
IR AR R B R 9% R AE 2012 AR DS HEkES 7 (HAaZi R 9.

HH WU ) A G A T DK % B R i B A AR, AT DR I LA - KR 2 R B
F RS IR BOEAR A I 1 BAFAE (Wu et al,, 2022), AZ=7H X 8/ XL S
UKL P ) 2 AT 5835 PR AR 5 R AIE , ANTTTIE S 1 AL AR OKLE AR AR AR A
EEEMEM (Kellogg, 1975; Maysak et al., 1990). JbARIAFUK Eb AL 6 LB 18 B 5
A B TTER, [FIE, I SR SRR A LA DA e R
IR D CET v e | o e LY 0 A B (TN e | o 87527 € 5 1 R A e 8
R Y103 P38 RS Bl — 2B B g™ oK, DA T IE R 8 5 A G AR [ g g 28 I T
KR i A FE DX 38, T T 7 A i AL A - BRI Al e o (E, A RAbik
HEUKER SR A A AT LU AR 20 NAO IEREAR RN B KSR H (I Wu
et al., 2022 & 4), LLRALAR-H 45 BEBC R I B BOVE DRSS AL R ANIE 2 . L,
ACAR UK 575 i 2D 51 A2 00 SRS ABEAILAR P 2 - %ot I JE A LR F AL A4 P A AR
i

KEZTH 12 ACR AN IR fili KA T AR T B P AR A A 5 Bk
WK R TRERCR . B 1 BoR, AR EAR S -WEHig /e N 1 X 38T 35 SLP 51
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MR IR ZE X AR (E1 a, b)), MENNRTTEEFELE
M S LR BOPEARFAE (1 o) £EAEMR, XI-F33 SLP ££ 1999 F1 2012 473l
328 B fe /B AN R AR s 177 SIE 9 DX 48P 35 SR UAE. 1999 AR A1 2012 443 il b T 45K
{EAIFIRL/ME, Ik, 1999 4580 2012 407 DAV AR Yy SLP A1 AR Bt
PEARAL I 0 o AT AN B FE I B R =SB B 1979-1999 4 (BB D,
2000-2012 5 (HrBc 1D BLAK 2023-2019 55 (i 1D

1026

ws] () - - - o -

10204 -

10174 -
10144 -
10114 -
1008 - :
1005 - °

10024 -

999 -

—14

—154 (-
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-7
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B 1 (a) X (60°-80°N,30°-90°E; [& 1d PLI&FREISRXE) M 12 AEFESE (8
i BiR) FRREL. (b) X (40°-60°N,90°-120°E; & 1d L rEISEXE) FHHY 12
BFRE=E (B F) FREM. (o) EMENETESE (EE) MRASE (L)
MEHMRERT. (d) 4eMEELFFBESXERMEENFEXE, 2HRITEXEFY
BEASEMRESR. TEAAAEIKBXE NCEP/NCAR FOHTHUIE.

Fig. 1 (a) Interannual variations of the regionally (60°-80°N, 30°-90°E; red box in d) averaged SLP
(hPa) in December. (b) As in (a), but for the regionally (40°-60°N, 90°-120°E; blue box in d)
averaged SAT (°C). (¢) Cumulative deviations of normalized December SLP averaged over red box
in d and SAT averaged over blue box in d. (d) The red and green boxes represent boundaries of the
two regions. Data are derived from NCEP/NCAR re-analysis 1.

X=AANEIF BRI R TR SLP 7 S IUBRAN R 25 18] 70 AR AE - (I
2). FESE BB R R R s AU - A A% R (] 220 RIHR
B 1A RRHNANIESE X, Heh e R o B B A S (R,
R TIRAE 5 I MR A . 558 B BOi 3R < 57 5 0 A Al
TR NIEEZ 36 & A el a7 S 2 B | SN N1 P P i P W B T 1
PRl B R B XA, T8 B AL AR -7 WO % ] 7 AT (Il 2b) . FESE = [, il
TE 5 A e 0 PR DX At — 2D R e s AR R i DS 70 IX o il LB S X3 (K
e JEURZR ML/ B 23 X 3O TR AR 3 D 5 T B 6 AR - WCTE = ) 7 AT (&l 2¢)

B BUR SLP SR SR 1 R K AT AR O 70 X35, i SLP 1E 7
LR ILAE ST o AR B2 XA, P AB AT DL B A 3 KR B KT 70 X3 (1 2dD
55 BB SLP S L 2 UM 2 ] oA (555 —BrBof b, SLP 1E5 ¥
B T ORE I AL AR KRG by b B DX (I 2e) BRI o ot 4 G 4 4 A
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i [ 5V 2B 11— B (8 2b). fE5E =FrB, SLP 5 % (B 45 /S8 BLIE
LA RAC K PG PR 5l , XA AC K PG e shie Ber 9608 1.17. Rk, Jetkik
WS AC KRS LA B L AR .

B2 (a) 2 BRERERENZENM (B F), B1979-199 & (F—FHER) 12 8
FRAVENFHERZE 1979-2019 F 12 BREVENFHEITESE. (b) 1 (c) 5 (a)
Kk, 1825 2000-2012 F UK 20132019 FHMERUFHIERE. (d) - (f) 2515 (a) -
(c) XM, BX 2 BBFESERENZEDH. BFEEFELRTREE 005 BEF
KFE, HE AT AR EXE NCEP/NCAR B/ EE |
Fig. 2 (a) December SAT (°C) anomalies, derived from the mean SAT over 1979-1999
(phase I) minus the mean over 1979-2019. (b) and (c) As in (a), but for 2000-2012
(phase II) and 2013-2019 (III), respectively. (d) - (f) As in (a) - (c), respectively, but for
December SLP (hPa) anomalies. Purple contours denote anomalies at 0.05 confidence

level. Data are derived from NCEP/NCAR re-analysis 1.
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KA DK B B R DA (R PR 22 1) A AR S 8 (I 3a-e)e 5 —
Bons B AL 0K 22 I 3, MK SR IR e o ORI AL UKiE K A Gt i,
JUF- 558 B B g ok s SR L S W DU S ) 25 TR) 20 A1 S S e K R H LA
BB BRI REY], ERTRAETBL W X I TR %, 2%
o7 RIS AK 2 EAE S -M i ok (10 S 22 8 0 (& 3d.e) o 25 =B BUAb K5 12 A
MEHH DX SR 0 R W SR 0888 (5 AT PIANBIr B TR D Re 0l 72 A RS S - i T
I, KRR SO A R TR 12 AR TS (B 30, BKEEEAR -
ey UK SR T S IR A AR i 2kt — B ESE TIX— 451 (& 3g).

12 / 24



B3 KEMBRMFIBKBEEERE (BT 1979-2019 FHIKFEFHE), (a) 1979-1999
F, (b) 2000-2012 £, (c) 2013-2019 £, FRNERMUFBKBEEZREFNZEDH, H
EELER 12 BREFISFRAUE (K 1b) #TEEPTEE], (d) 1979-1999 &£, (e)
2000-2012 £, (f) 2013-2019 FF, KEFELEFTEKEREFEE 0.05 EFKF, £EA
DRI, AERCEKFREVERRHIHET T RERITE. (o) WWENMENXE (B 1d ik
BLESXE) FHREUR (EE) SHHREER - ERIEEE (70.5°-83.5°N, 20.5°
-90.5°E) EHBKEmER (46) BEihsk, £iEE%H/E 1979-2019 F (19792012 ) €
Mz B AHER R EE 0.37 (0.59) . iHEPTAE IR A XE NCEP/NCAR B EdE | F1=E
REHIEHO.

Fig. 3 Autumn (SON) mean SIC anomalies (%) averaged over (a) 1979-1999, (b) 2000-2012, and
(c) 2013-2019, relative to the autumn mean averaged over 1979-2019. Autumn mean SIC anomalies,
derived from a linear regression on normalized regionally (blue box in Fig. 1d) averaged December
SAT for (d) 1979-1999 (phase 1), (e) 2000-2012 (phase II), and (f) 2013-2019 (phase I1I), the green
contours denote SIC anomalies at 0.05 confidence level. All data have been detrended over 1979-
2019 before regression analysis. (g) Normalized regionally (blue box in Fig. 1d) averaged
December SAT (blue line) and regionally (70.5°-83.5°N, 20.5°-90.5°E) averaged SIC in the previous
autumn (red line), their correlation after detrending is 0.37 (0.59) for the period 1979-2019 (1979-
2012). Data are derived from NCEP/NCAR re-analysis I and the British Atmospheric Data Centre.

3. HEFEAbHGE UK R AR A 5 o E B 2 R K AR B R

KIALLK, ST AbMifF ok 5 S S RIE BRI R &R, 2 A AT ROG
R @Z — (Wuetal,,2023). TR, —LULHTFERE 1 EAG ST - 4 it
UK AR 7 BUR . 37K S o T kS 1) B2 224 ) (Shen et al., 2019; Zhang et al., 2021;
Yangetal., 2022; Du etal., 2022). Shen %5 (2019) KHl, HZEEASEEIKEL
5 o [ o R AR B R R K R R R E Y AR DR SOEEK Y 5-6 A %L
W% /KARA A5 K 2 (Zhang et al., 2021). #id8 Z4 VK-S BAE F A0 2 -%F
WARAHEAE, Yang 55 (2022) i, WA A HLA AR S b ififg vk R ] DA
oME I 6 A i B X IR KA . B 7R, fEAUARIRE KA B, REE
&S L NG 2 T g R E N (ERE W RSB (= G I & S AL PR e (L E )
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RIGLE R ML, FFRICWMKEML T 5 XAt B =K m A R, HXHTIR
AN B2 2R KA 2 (Wu et al., 2023).

4, g

JEARIF UK B ARG IR 2R s (2) RN AR 56K ks (3) btk
WK 5 KA PR S e AT (4D BRIEAR-A BRI 5 IR vk 75
IR FR o XU 0] AR = A AR R 1, AT S AL UK 5 5 5
B RANIARFRMX 5, L EATIFE R b A A5 AR 2 rp AN [FE

(1) B RAFAE 5 A vk R &

FRT T ACK, KRR TR R, i R A PR I R AE AL R X
NRH (15 0 5% IREEMIVKRALAZ B 0 £5 IRRE K 75 2R 80 RAUFAE, 1M 1
RATHE | R IRE T EARENN 024 ). Kk, BFFCICHIEIKF M, 2
FRAFEHRS RAURIALAG B FEE (2= A FIARE BRARARAR A ) o 10 HH 443 AR R <5
2 JE T RARE PR, TSR AE S T3 — 7, (5 #Eos 2 Fh
RS E R SOS T, TR 75 2 58 B A 7 AU AR UK R A 7 AR i R AR A
A TTRR

(2) KA A HB AL 2 5 LRI UK 7 3 A2 A R 5 il

[RE 2010 R HE = S NG 2 7100 e 82 S O ) R NS RN e s o
HH A5 H AR UK AR Ak 1 S R, 228 75 AR R AR AR 2 T R
— NG HH A Al A TE R OIE K By 4% 2% B il s 355 A6 W i DK Rl A 2 75 A7 18 DR B
Fo —HAHEFONA, AL UK RGN AR BRI R R iR 35 LR R (A
Cohen etal., 2016) M 73 4 —LLBfF T PR A S A 45 T RN AR (40 Warner
etal., 20200, {HIRATIIEIX 43 KRN FAZ R Sk RIE R, e84
REERETE— . BRI, 34RO KR i P B 35 VA 45 D AL DK R A A
KA RMFLFEFLIEAH (Outtenetal., 2023). ERFFRH, Xk 2H
FRRiEAE 5 KA BERRARE, CIoskhrm .

(3) AbARHE K5 28 AWK S R Id R A R 30 = 4

CA R 2 B T80 K 2 H A6 BR I DI S 3 SR TN A I R =R 6 3010 Ak o 4
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I (Wang et al., 2017; Dai and Mu, 2020; Zhang et al., 2020; Ma et al., 2022; Wu and
Yu, 2023). FKZ=ACARIFOKA S I 4 2= 16 R PV sl s FE IR -2 — (Wang
etal., 2017), 2T 75 42 KUK AT IR {5 5 (Zhang et al., 2020) . A1 SCHTIA,
F T AL AR VIO BRIV K o 4 2= R MU A 2 42 T 2 TR 2 A BRI ZR AL AR UK
X JE AR AR AR S W I AN 8 1, 725 SR ALARIE UK 7 8 (/D B 0L AEAE
Al 2 2% KA WIME 2 AF R (W et al., 2016; Dai and Mu, 2020; Yu and W,
2023). Ma 5§ (2022) ¥ S5 AF AR AMERALD S BN 57208 F B8 4 KRR R
(CAM4) ™, 38 ik B SR A AL AR UK 2 5 P B T A2 1% oy K L S S 1 2
B RAR I, INRZENT R T T ACHRIE KO 5 R 7 BE 28 S R TR P 1 2
ABATTRIE TR I, E R S S R BHLFE T AT IR 28 4 M, 8455 R /K B ZE 1K) Tl AL A
B R AN 58 PRI UK B BE B3N A AR T AE RS B 2206 . ARSI AN SR IR iR,
KBS — R AN IR B R ARG 5 4 15 SR RBRZER T . (R2, BT AR R
ARSI B 2 2, DL BT R 3 & 2= - AR U IBG 2R 9 55 5 AL A i oK i
T2 R R B A8 A 252 min, R AL AR 0K 0 RS SR A S s A AR T i
KB

(4) BEALRR-4 BRIV 5 JEAR UK 57 3 R0 1 96 R

H M Overland 5 (2011) JEIEAMF] 73 #7 52 H BRALR-A KEERIES 2 5, ©F
KRB FCIRIS T W AL AR ¥ BRI R FR UL S 86 A8 A 14 2 SRR AE AT AT BR (14 UL 2,
JE R AR IR ATI AR G i, A E BEL5 10 2 AU K AL AN SO0 L AR 38 1 =
A TUER, 0 T IO K v 7 A i 35 R JR R 2 — o S I FU R R AL A
AR AR T R E BB (Wu and Ding, 2022): 422 R A Fil X 34 5
ST ALAR I BE G DURk, A IEI AT, WO K b 1 X 38074 578 o] DU A 2= 71
T S B0 BRI X0 S S A Je , JE T 5 A6 S - W R it
SeH R o I 43 BT o, AR AR SRR S B AN IR T NAO TEAZAR
(IR, 1 HL-S P40 R o R s AT B oG R o AR N i PG A0 ) I g 5
Jeprkp. MAERSHRM RS, &5 A 3 -E R o
F IR o« K ZEAU AR VKR A/ AR T B i S e A R P40 R I i, g 51 AT
S -W U S P

TEAZEZEAT I IR RUEE b, V5 B A6 RV P DX R AR AR A PT LA 5 i
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IR LR B SO RIS, WS 12 RAZSE W R AUIE T BB A S -
WS P, @S -UK-SA AR AR, D nek T SRR LB R RS
VEFRR 7, JUR BAJE S U 51 A BRIE KB 74 578 (Nie et al., 2022).
Peings % (2023) I\ Ny, EUAG SC-WEREEE UK T LAY 5 KSR 12 For /R BELZE 14 1
L, WK DA R T ERE A RIS iR, EFTARNFRNE L, 450
W SC-ME R R RIE KR 5 . A RGN EAENR R, B S-WE R
VUK i O /D TN B8 Y 5 2 Ly BRI PR S ST AR R B A, A& ZR
WS -ME R IR AT SRR L M PR ZE S R R 12 R, JERE 9] R RO KRS
¥4 58 (Luo et al., 2016; Kim et al., 2021). K, 7ELZEZA NI ERE L,
PEARRIAE i3 s« 5 R 7K L B A2 RH 2 i s S DA R AL AR S I S 5 2 TR SR G R 5%
PARAS AR TE T B, ALARIGUK S 5 8 e b BT (R /R I R e 55 3 — B 5T

5. gk

1T 1 (2018-2023 ) AbAR-Hr 26 LK 52 5 AU ARHEK 7 B AR A I ok RIF TR i e
A DARERE S S5 DL ASAN T : (1) W AU HRIEK S 728 A 7E RR O A i e =5 /491 o
FIDTERA 7 SR PRI . 8 I KA K S RN R =R b, 7R T 8B
16 SCHEIRF UK LB ) K S B 2 K RS, SRR 2018 4E 2 F H B
B8 5 0 o 1 DU 7T 32 AR b AR R UK S i KSR e ALk BT TE T R 15 (2D
A TR X 3SR AR I UK RR R R 1 W 9 5 R AT 5 R AE « BRIk
Fr s A R T & R I R-1 KO (2004/05-2012/13 ) FTHE A6 AR -RE BXIE.(2013/14-
2016/17)22 & I, HIEALIR- BRI Bl L, BEALAR-BEER LB B AL 5 AR T
2 BEAIBE RIS 1 (3D ARIEHT ARER B DX 4 2 s iR VR AR i R A 5 )
WAEROHR R 5 A BRI IR, B IRE % 57 8 AU R TR
JEAR VKRR, T EL BN TS AR AR A BT R R (4 JbiE i
UKRAL S, R E AR L DL Rg X 380R = /K 0 S Mg (5) bRk Rk,
S IR PR R R b R DX AN R E MK TR AR (6) XA KA
PN AR 22 5 S AR VK8 7 R SRR A AR R A TR F S8 S bR o

AR AR VK R B B S R, B Ry E AR K SRR AT AR A H )
TEF, DL R SRR UK 5 2 ) o A 22 5 AR [R) S 5 IR M PR R, [ ) 75 2B Ak
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Abstract:

This paper provides an overview of recent (2018-2023) progresses in the research filed
of the Arctic-Eurasian midlatitude linkage and its association with Arctic sea ice loss.
The progress includes the following aspects: (1) There is a substantial understanding of
the contribution of Arctic sea ice melting in an extreme snowfall event in Europe, which
cannot be explained by the mechanism that Arctic sea ice variations affect atmospheric
circulation proposed in previous studies. (2) The response of winter Asian regional

temperatures to the continuous melting of Arctic sea ice exhibits significant low-
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frequency oscillation characteristics. The continuous melting of Arctic sea ice is

conducive to the alternating occurrence of warm Arctic-cold Eurasia (2004/05-2012/13)
and warm Arctic-warm Eurasia (2013/14-2016/17). In the war Arctic-cold Eurasia

phase, the enhanced Arctic-midlatitude connection was observed, while in the warm

Arctic-warm Eurasian phase, the linkage between the Arctic and East Asia weakened.

However, the mechanism by which sea ice melting affects the strength of the Arctic-

Eurasian connection is unclear. (3) At summer mean and sub-seasonal time scales,

summer heatwaves in the mid- and low-latitudes of East Asia are dynamically linked to

the simultaneous cold anomalies in the mid- and low-troposphere over the Arctic. Arctic

summer cold anomalies are conducive to not only slowing down Arctic sea ice melting,

but also provide a precursor signal for predicting East Asian winter monsoon. (4) Arctic

sea ice loss does not produce substantial impact on summer precipitation variability in

the region south to North China. (5) Although there are many studies stressing the

important roles of the troposphere-stratosphere interactions in linking Arctic sea ice loss

to weather events and climate variability in the midlatitudes, the causal-effect linkage

is still weak, and the uncertainty of the impact of the stratosphere process on weather

events and climate variability is greater than that of the troposphere process. (6) It is no

longer practical to distinguish the different roles of Arctic sea ice forcing and

atmospheric internal variability in weather events and climate variability.

In the future, more attention should be paid to the role of Arctic sea ice melting in

resulting low-frequency atmospheric circulation variability, as well as the impacts of
the spatial distribution differences in Arctic sea ice anomalies and different abnormal

amplitudes. Additionally, quantitative research is also needed to explore the roles of

Arctic sea ice melting in extreme weather and climate events.

Keywords Arctic sea ice, Extreme weather event, Summer precipitation, Arctic-

midlatitude linkage
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