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rate of Arctic surface warming is 2-3 times faster than that of the global mean, which is referred to as Arctic amplification.

Accompanied by global warming and Arctic sea ice loss, the ecological environment in the Arctic has been changing
rapidly. Such changes would possibly influence weather and climate in the mid- and low-latitudes of the Northern
Hemisphere. This paper summarizes major advances in the impact study of Arctic sea ice loss on weather and climate in
the wintertime. Since 2000, special attention is paid to possible pathways, scientific problems, and key issues in the study
of how Avrctic sea ice loss affects the wintertime climate variability and extreme cold events.

Autumn and winter are freezing seasons when the impact of Arctic sea ice on the atmosphere is stronger than the
impact of atmosphere on Arctic sea ice. Over the past two decades, many studies have demonstrated that Arctic sea ice
loss not only affects local air temperature and precipitation over the Arctic Ocean, but also influences weather and climate
in the mid- and low-latitudes of the Northern Hemisphere due to complicated interactions and feedback processes. Arctic
sea ice influences weather and climate over East Asia through two mechanisms: (1) The negative feedback process; (2)
the stratosphere-troposphere interaction induced by Arctic sea ice loss. Persistent loss of Arctic sea ice from autumn to
winter, particularly in the Barents-Kara Seas, can either enhance the Siberian high or weaken the East Asian winter
monsoon. Uncertainties in the impact of Arctic sea ice loss on the wintertime atmosphere can be attributed to the
following two reasons: (1) Arctic atmospheric circulation condition in the preceding summer influences the feedback of
the persistent less sea ice on the winter atmospheric circulation variability; (2) there exist differences in both the location
and strength of wintertime atmospheric response to persistent less sea ice. Under suitable conditions (for example, Arctic
atmospheric circulation conditions in the preceding summer are favorable for strengthening the negative feedback of less
sea ice), persistent autumn-winter loss of sea ice leads to large-scale wintertime circulation anomalies that favor the
occurrence of extreme cold event over Asia.

At present, the focuses of disputes in the academic community are mainly concentrated on the following two aspects:

(1) The impacts of Arctic warming and Arctic sea ice loss on the mid-latitudes; (2) the reasons for the declining trend in
winter surface air temperature over Eurasia since the late 1980s. Indeed, the processes and mechanisms for impacts of
Arctic sea ice loss on sub-seasonal variation and extreme cold event over Eurasia still remain unclear, and these problems
need to be investigated in the future.

Keywords Arctic, Sea ice, Extreme event, Siberian high, East Asian winter monsoon
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Fig. 1 Differences in mean SIC (sea ice concentrations) in the forced model simulations between the composites of positive and negative phases of the
Siberian High (SH) pattern in (a) the previous autumn (SON) and (b) winter (DJF). (c, d) As in Figs. a, b, respectively, but for differences between the
composites of negative and positive phases of the Asia—Arctic (AA) pattern. The composite cases for the SH and AA patterns are the same as those in Figs. 2

and 3, respectively (Wu et al., 2015)
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K2 (&) BABINAZTFIEFIHAE (SLP) 22 (Bf7: hPa), HHAZEFIHRIIE & B IEAAR & BT 302 AUALAR & BCF 34T AR 3 (B
TR A4 ZR G 1 0] 0 /2 TR U588 P 4 40 >0.8: 1980/1981 4, 1985/1986 4. 2005/2006 4 Frifk A1) A& 2R PU AR V. im 20 58 5 #5450 <<—0.8:  1988/1989
fE. 1991/1992 4, 1992/1993 4E. 1996/1997 4. 1997/1998 4E. 2003/2004 4. 2006/2007 4F), I&iti4T 1 40 NMAFRYME MsRaBRLE, . #
REAHAS AL E 120 AF1 280 NMATEAME]. SREMANEE () ZBRMSE () R #oRIE () [f1 SLP S 7E 0.05 A1 0.01 8K, (b, (©

Ml (a), {H435)9%2 500 hPa wm BEFIR T i 2 7 (Wu et al., 2015)

Fig. 2 (a) Simulated differences mean SLP (in the wintertime) between the composites of positive and negative phases of the SH pattern (the normalized
winter Siberian high intensity index>>0.8: 1980/1981, 1985/1986, 2005/2006; the normalized winter Siberian high intensity index<<—0.8: 1988/1989,
1991/1992, 1992/1993, 1996/1997, 1997/1998, 2003/2004, 2006/2007) derived from 40 experiments. The positive and negative phases contain 120 and 280
winters, respectively; thin solid (dashed) and thick solid (dashed) purple contours denote positive (negative) SLP anomalies at 0.05 and 0.01 significance levels,

respectively. Figs. b, c as in Fig. a, but for differences in wintertime 500 hPa height and SAT (Surface Atmosphere Temperature), respectively (Wu et al., 2015)
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DREIIRK. AT, (HEEA R UK T F W
/b 5 8 i AR 1R A0 BB R R o JE i [H])H 4y
1, Tangetal. (2013) HEAZ=Muin A FAF I K AE A0
R AR R AR, YN ARGk kL
AERRMAFERAARAEHE, ATk
S X IR R A . TR, 5EZE
e UK AR D AR LG, WA S 5 & Z= AU UK R
MR R REY . B MBEH K, Wu et al.
(2013a) 7~ 1RO KRG mghi B (40°~T70°N)
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3 (@) BEABUNMATETY SLP 2 %, MATRIMN—IbRA AR & SO E A A& BT RARSR] (BREEf AR — LR s B4R
<-0.8:1989/1990 4. 2000/2001 4F-. 2008/2009 4. 2009/2010 4F; FrfEfbAIAZRII—ILHR LIRS >0.8: 1982/1983 4. 1994/1995 4. 1995/1996 4.
1999/2000 4F, 2001/2002 4=, 2007/2008 4£), FLiTHT T 40 MAFYMERBRABIIRTS, i, EAAR/ LS 160 AN 240 MM, SEMANSE U
LRAHESE () 2RI IE (5 f) SLP S 7E 0.05 A10.01 B MK . (b) A1 (¢) [ (a), A4 HI94Z 500 hPa H AL MR Z (Wu et al., 2015)
Fig. 3 (a) Simulated differences mean SLP (in the wintertime) between the composites of negative and positive phases of the Asia-Arctic (AA) pattern (the
normalized AA pattern intensity index<<—0.8: 1989/1990, 2000/2001, 2008/2009, 2009/2010; the normalized AA pattern intensity index>0.8: 1982/1983,
1994/1995, 1995/1996, 1999/2000, 2001/2002, 2007/2008) derived from 40 experiments. The negative and positive phases contain 160 and 240 winters,
respectively; thin solid (dashed) and thick solid (dashed) purple contours denote positive (negative) SLP anomalies at 0.05 and 0.01 significance levels,

respectively. Figs. b, ¢ as in Fig. a, but for differences in wintertime 500 hPa height and SAT, respectively (Wu et al., 2015)

X %% H IR 2w R =R, KRR A
THANAR T ERTFREM=RTED. ALK
W, A= B BRAR AL 04 5 AR i £
RABBYRAESRD 5 AT AR ZE ALK A % 1)
KZ, CHHE DK (0 BE ALt S RFIX — &5
W[ 4, 5@ Wu et al. (2013a) 1. 7EZWF5H,

W ity 7 A5 AH B 5 SR b E AR B = B 2R i B /N T
—1.28, SR HKRAEMR/NT 10% & Tl RS

e MIX—fiE, JbifE KR5S & 22RO KR
BEAT R FA A B R

s R it 7 FE A )BT R AEAE 2012 4 1
Hrs A BN KR Al i = € B, R AT RgAE b
Wit UK S 2 5 0 B2 2R B AR S ER IR 3 A AR
R4 5 (Wu et al., 2017). R Bl 13 2 A i
TRREHRFAL KA 16 d [2012FE 1 H 17T HE2 A
1H; K 5a, &5%K 105/ H Wuetal. (2017)],
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Bl 4 JbARIDK R 8 b o] 52 00 A 2= BRI K Bt it R I B AT R AU LA RCGR I AUR A B A R B, ey, 2 il i 3 Sk 0R 55 A R KR
SRR R A R AR PR L S SRR S R R B R 43 AT, 4B 2R 500 hPa &5k, EGAGE XIS RR LK b A2 X%, 406
A XA BRI IE . SR RS

Fig. 4 Schematic diagram how reduced Arctic sea ice affects wintertime SAT and precipitation tendencies across Eurasia in the lower troposphere. Arrows
denote the spatial distribution of the anomalous anticyclone and cyclone associated with the negative phase of the tripole wind pattern. The brown line
represents the 500-hPa height isoline. Yellow and green areas indicate abnormally low and high precipitation, respectively. Red and purple areas depict positive

and negative SAT anomalies, respectively
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1 6 1M 16 21 26 1 6 11 16 21 26 1 6 11 16 21 26

Dec 2011 Jan 2012 Feb 2012

Y4 6 11 16 21 2 1 6 11 16 21 2 1 6 1 16 21 26

Dec 2011 Jan 2012 Feb 2012

Date

5 (a)20114F 12 A 1 H% 2012 4 2 A 28 HIX3% (40°~60°N, 80°~120°E) PR M IR HIZE HEHA ML (B0), LhE L hiZX g 1979~
2012 4F42R (12 B 1 HERSE 2 A 28 B ZFHEMAURFRMEREBIMLE, 26ELNZXEATERDRM R FEMESEmZE. (b) 2011 4
12 A1 H% 2012 4£ 2 A 28 HIXIH (40°~60°N, 80°~120°E) “F¥ SLP (R PEAIHIY i # B Ha 50 0% H AR 4k (i) RIX I (50°~70°N,
150°~180°W) 5 SLP CEIIRT 8] FRAR RS BEFR B0 [Z AR ZL (406
Fig. 5 (a) Wintertime (1 December to 28 February) daily SAT (blue line) averaged over the region (40°-60°N, 80°-120°E) in 2011-2012. The green line is
the same as the blue one but for the daily climatological mean over 33 winters from 1979 to 2012, and the two dashed red lines represent daily climatological
mean + o (daily standard deviation). (b) Wintertime (1 December 2011 to 28 February 2012) daily Siberian High index (SHI) (blue line), which is defined as
the regionally averaged SLP over the region (40°-60°N, 80°-120°E). The red line represents daily Aleutian Low index (ALI) in winter of 2011-2012, which is
defined as the regionally averaged SLP over the region (50°~70°N, 150°-180°W)
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AR RIS, 12— R < x
PFo XU P FEFAF R AR A, TEA SRR
RHTB B AR ) 1 — i 55 ol 72, T
1 7 16 Hi&3|#H559 (1040 hPa), M JEIT4A(H
VR, SRR, e H BT R ERE R B 55 A A
P s it 4 d (& 5b). SLP el As i 2

B (K6), 7£1 A% (5~7 H), ELRILKTFPE
DLIEM SLP S vty BEE R RS, 1B
L I TS T O] BR H XA, 9 L R A 3
K, HH7T 14~16 HIEREE SRR KAE. 5, SLP
IESE MGG, A SRR K. B &
7N, SLP IES 8 R 2R WAL R AL #E, BIK

6 2012 4F 1 F SLP J4 CHIXTT 1979 % 2012 4EAFE HFEME) HUEARME: (a) 1 5~7 B SLP R IFHIMH: (b) - (D [ (@), 54
8~10. 11~13, 14~16, 17~19, 20~22, 23~25. 26~28 VL% 29~31 H52& [ 73518

Fig. 6 Evolution of SLP anomaly (relative to the daily means averaged over 1979-2012) during January 2012: (a) SLP anomaly averaged over 5 to 7 January;
(b—i) as in Fig. a, but for 8-10, 11-13, 14-16, 17-19, 20-22, 23-25, 26-28, and 29-31 January
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ST R URRUN” FEA AR i e S A rh R
TAEH .

9T B G b B AR5 SO RO i 7 S A 1) AT
REJEIN, HEH A ST 2011/2012 AFAZEF-H 0
JOZATRE ORI W ) EARAE, T DUE
VAR rieiaRy s CR U ERTN l e e SRR ESIfES
FERAHT AT HIBE S, 2011/2012 47, SLP
S I BRME R, SRR P AR & R S IEALAR
AL A7, FFH, B =AJSL SLP 1S54
Oy AR F SRR L, JERPEFEARAEES, PAAIR
KPR (B 7). —MHEBIY SLP F8 12
) AR B B 2011 4 12 H, B, fi T

IRINIIE R 5425 I LGB R kS5, 1M 53 7 i
A SLP IERFHL BN, 2012 42 1 H, SLP
S A DT K i A 08 DA B ol B Xl 52 300 44 7Y
o)A, SRS (2012 42 1 H 17T HE
2 4 1H) B SLP AL (ER%), 2012 4F 2 H,
IEMf SLP S EZH BUAE S hz /R L AR PG 2 AR
JGHEB, T ST PR BT B AL i BH SR A o A RO K i
PARACK I mdi X, 4Z2H12012 4E 1
JSF-35) SLP R (173 6] 43 A1 R IUAHALRFAE, 653 5
D] A 52 B 4 22 1) Al o 712 S AR R 520
KA L (ECHAMS) (Roeckner et al.,
2003) A& A LAE I 2011/2012 E4Z KA MRS

Bl 7 (a) 2011/2012 SN 0942 SLP = CHEXTT 1979 & 2012 4EAZFFIME) NI (b) [ (a), {HJ9 2011 4F 12 A (FExfF 1979 &
2011 4F 12 A . (o) [ (a), {H3K 2012451 A GHIXFT- 1980 % 2012 4F 1 A-F¥ME). (d) [ (c), {HJy 2012 4F 2 H CHIXHT 1980 % 2012

2 AT

Fig. 7 (a) Observed SLP anomaly in the winter of 2011/2012 relative to the mean value of 1979-2012. (b) As in Fig. a, but for December 2011 relative to the
mean value of 1979-2011. (c) As in Fig. a, but for January 2012 relative to the mean value of 1980-2012. (d) As in Fig. c, but for February 2012 relative to the

mean value of 1980-2012
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HUFE TR R E L. AR, BUE BRI TS A
T, UEICEvKERIE (DL 2011 4F 8 A % 2012
2 AR AL oK v ariE, RO YIE B
eI PR, ZARIR IR vk IE 5D,
B 2R RS IR S, A B T 0L 2]
AT BARE (RIS, Rk, B 7 A
H & rvERESh, B R A IE 2 s AR AL 45 R
IR E 2 — . 24 [R5 R U 2 i L A e ok 53 DL
J 2011 FEFERSVIMEHRM (6 H1HE8 A 31
H, 92 MNA A AR S WIME B NCEP/NCAR 1% H
SRl A E TR RD B GZA IR ER

AR R DK iR 3B 156 ), AEAUL Y 28 22 KU 3
FEL T WL R SLP S 1) S BRHIE (8] 8D, it
AR SLP 15 H R IAPIREH, WAL A+
I A< BB AL KPR e L BRI Kk B AL ATV, oK IE
S O M BLEERT B R X3 CR T 4 hPa), TOKTE
o T B AR AR A BRI KRS 78 CRF 1 hPad.
I A5 H R AR B AB 38 DA IR S O R T
X35, SLP FH R[] 70 A, JEAREE B4 Nnl 4]
ARz (AO), SR SLP 55 KEHE
T o AR Rty o 78 LK B R PE A B 78, AU SLP
I R RS, ML, B SLP IE S
U R . B 2011 4F 12 H 1) SLP FH 50
Mg FARAL. B 2012 45 1 SLP 54

K8 () BIURHAIAZ SLP JH (B 92 DA TR MT- IR 2 i), S OMAATIL GRZALL) 7353 SLP R # L% 0.05
F10.01 BEMAKF. (b) - (d) [ (a), {HA 20114512 A, 201241 H LA K 2012 452 H
Fig. 8 (a) Simulated wintertime mean SLP difference between the ensemble mean of 92 winters and the control run (the ensemble mean minus the control run

simulation). Thin and thick purple lines denote SLP differences at the 0.05 and 0.01 significance levels, respectively. (b)-(d) As in Fig. a, but for December

2011, January 2012, and February 2012, respectively
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AR A EARL, (RS ERIE IR, HAk
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hPa i, F&ZEMER/NT 10%. 2011 458 Fdbi ok
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F24 10.0%F1 7.8%, X R AT E A 2 HEL/IME
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FEHM, NN BE LR = AR (LD £FiEH
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Fig. 9 (a) Probability distribution curves of simulated wintertime daily Aleutian low index (ALI) in the sea ice-forced experiments with different initial

atmospheric conditions (red), sea ice-forced experiments (blue), and sea ice-forced experiments in six winters (2007/2008-2012/2013) (green). (b) Differences

in the probability distribution of simulated wintertime daily ALI between the sea ice-forced experiments with different initial atmospheric conditions (red curve

in Fig. a) and the sea ice-forced experiments in six winters (2007/2008-2012/2013) (green curve in Fig. a)
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HIF 12~10d, PR R0 B ER O T L T RO KR -1 T U IR 53 0] 2R B8 1) H A,
KK, B/ IZIERH R OBEINRE, R AR RN VeI . B
AT 3~1 d BTART B H X I AESRARIE AR p, Lol SRR 3~5d JHR, Ceiiss it mvr
FEZRHTINGR, FETE 0~2 d ik EIE . eI R, JE Y T s S LA o B R R P AT X ko

[&1 10 #E4ELAY) 10 AR R FARH SLP R G R R (AR SAME B AR Ok R 8 BRI 8 2 4RI 2D KA. (@) Mm=aedift
BRAT 12~10 d (¥ SLP = BSFIME M40 A ;. (b) — (d) [ (a), {H43705 9~7 d. 6~4d. 3~1d [ SLP R&W-FEEm 5 4m: () - (D
M (@), {EAWRHE™EHEERRLE 0~2d. 3~5d. 6~8d. 9~11d DA% 12~14d ff) SLP 5% 1 T H4i 43 171 /3 A

Fig. 10 Evolution of composites of simulated wintertime daily SLP anomalies for the 10 selected extreme cold events derived from results of the sea
ice-forced experiments with different initial atmospheric conditions minus results of the control run: (a) SLP anomalies averaged from 12 to 10 days prior to the
extreme cold events; (b)—(d) As in Fig. a, but for 9-7, 6-4, and 3-1 days prior to the extreme cold events; (e)-(i) As in Fig. a, but for 0-2, 3-5, 6-8, 9-11, and
12-14 days after the peak of the extreme cold events
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i, BRAVED, JEWHEEk—S A0 B AE AT LR
KZR[PRAIN, G 3 XAt 7 AR T 1 €
HAE RIS 5440 . 2011 4R B AL KSR FR R 2
PLAF FEASAE: (L) SFRZF ARZE 55 WiE;
(2) JbvkyER I Mg 20 et i, XN R
ZE TSR N IE R [Wu et al. (2017) I 7).
KRS IRRPI ARG SRR, MU E . FkZE
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AFRAHG AT 5 IRRHRZ o ARJE 75 ik
AEVIRAR LKA H A F T e s il 157
H AR TEIN N, ACHR AR AR 5 % X ARl R 57t 4

TRk, HAEBEEL, w5 KA R AR
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R RRENEY) AZ KA H 5L ZEROE K
fiti EU 28 AH G DL ORSF-E—IB 36 (PNA) B354
3 A SRR R o KR IL ARG UK 578 Ml /D LA R 3y
OCP IR WA, REN) 2 La Nifia IRES T i
T WAL LR K E IR 5 A Tk

AL IR e E T m A XIS
T AL Sk A& ) (Feng and Wu, 2015;
Wu et al., 2017; Wu, 2017). FEHHAXEL, H—
FEAS R 2 IR B S h R b PATE X, 55— AN X3
AR FRERACEVEE . — 7, TEX A Xk
KA R AR FE R RS, FE, £ R
e A XA S SR B = X . K
AFETICARIEIK T E W, B EmAcTR. &5
A0y NG B N T i AT I B 32 8- A RS =S eV S S R o
L RERIERH .

W ESCHR, A RE T TARSP & Bk
VKAL), — SR 7T TAE R 2 ] LB 3 $ 1970
AR AT RIEFE M M 45 T — SRR
IR FURRCR, AT G Bt T — e BB T AE. [
i, HF AN ANPEARBRAA A R, T 7
(Y EER fR 2 A DB o %o 3 o 0, 507 3] 5 T i »
XM IE
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