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Abstract: Based on the reanalysis data of ERA-interim and sea ice concentration data of the British Atmos-
pheric Data Centre (BADC), the main spatio-temporal variation characteristics of the prevailing Eurasian
weather pattern at 500 hPa in the middle troposphere over 3330 days during 1979 —2016 and its possible re-
lationship with the anomalies in the mid-lower troposphere over the Arctic and the decrease of Arctic sea
ice in the recent years are analyzed by using the complex vector empirical orthogonal function (CVEOF).
The results show that CVEOF1 accounts for 15. 82% of the total anomalous kinetic energy and its two sub-
patterns are represented by tripole patterns (0° phase and 180° phase) and dipolar patterns (90° phase and
270° phase). The weather patterns of 180° phase and 270° phase were observed in winter when the mid-low

troposphere over Actic in winter was warmer than normal and the warm Arctic-cold Eurasian atmosphere
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circulation prevailed in the Northern Hemisphere. In addition, sea ice concentration of the Barents Sea east

to the Beaufort Sea was less than normal in autumn, which might be one of the impact factors. Further-

more, the prevailing weather patterns (180° phase and 270° phase) have been increasing in the recent

years, and are also closely linked to the extreme weather events in winter. Take the winter of 2005/2006

and the winter of 2011/2012 examples. During the cold events of the two years, the frequency of 180°

phase and 270° phase was obviously more than normal, accounting for the majority days of winter. There-

fore, sea ice of the Barents Sea east to the Beaufort Sea less than normal in autumn, Arctic middle and

lower troposphere in winter warmer than normal, 180° phase and 270° phase weather patterns prevailing in

winter might be the impact factors for {requent winter extreme weather events.

Key words: Arctic warming, sea ice decrease, prevailing weather patterns in winter
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Fig. 1 The spatial distribution of 500 hPa wind anomalies from four different

phases of CVEOF1: from top to bottom in order of (a) 0° phase, (b) 90° phase,
(c) 180° phase, (d) 270° phase; (e, f, g, h) same as Figs. la—1d,

but for geopotential height anomaly at 500 hPa
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Fig.2 (a, b, ¢, d) Same as Figs. la—1d, but for SLP anomaly;
(e, f, g, h) same as Figs. le—1h, but for SAT anomaly
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Fig.3 Frequency of CVEOF1 at (a) 0° phase, (b) 90° phase, (¢) 180° phase, (d) 270° phase
(Red line is the 9 point moving average of the frequency of the phase in winter from 1979 to 2015, and
green line is the least squares fitting line. The fitting line equations are respectively labeled in four graphs,

of which y is frequency, x is year, and R is correlation coefficient between the frequency and the year)
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Fig. 4 Linear regression analysis of mean sea-ice concentration (SIC) anomalies in autumn on

the frequency of (a) 0° phase, (b) 90° phase, (c¢) 180° phase, (d) 270° phase

(The area circled by green line has passed the 0. 05 significance level test)
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Fig. 5 Same as Fig. 4, but for the 500—1000 hPa anomalies in winter

(The area circled by green line has passed the 0. 01 significance level test)
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Fig. 11

(a) Average 500 hPa geopotential height anomalies from 30 January to 2 February, 500 hPa

geopotential height anomalies (b) from 90° phase of CVEOF1, (¢) from 180° phase of CVEOF1;
(d, e, D same as Figs. 11la—11c, but for 500—1000 hPa thickness anomalies from 30 January to 2 February 2006



%3 2 BAE AR KRG AT RIS AU IR S R FT BB R 357

e, i - l

45 135°E

-30 —18 —6 6 18 30 hPa 24 -16 -8 0 8 16 K

Fl 12 2006 4 1 H 30 HE 2 H 2 H () PV I SUE T3
i CVEOF1(b)90° {3 A » () 180° {37 #H A B 15 2] i - 1 SR 5%
(d,e,DIEE 12a~12¢c,{H 1 F iR E SAT F%
Fig. 12 (a) Average sea level pressure anomalies from 30 January to 2 February 2006, sea level pressure
anomalies (b) from 90° phase of CVEOF1, and (¢) 180° phase of CVEOF1; (d, e, f) same as
Figs. 12a—12c¢ but for static air temperature SAT anomalies from 30 January to 2 February 2006

T T T T T T
—360 —240 —120 0 120 240 gpm —360 —240 —120 0 120 240 gpm
90°N
© |
80
70
60
50
40 g ; ‘ S
30 |, o B %—vﬁ

0 45 90 135°E

-30 —18 -6 6 18 30 hPa

K13 [AKE 10.{HK 201241 H 18—22 H
Fig. 13 Same as Fig. 10, but for the period from 18 to 22 January 2012



358 A % 945 %

270" (L ARAE BRI Hh g i DX Ik L 9 b 2 8 XA Ve P Y S R R R T 1807 AR (I 15) . X
SH s B S oL o A TE R (18 14D . FER X 180" (LA Ay 2 11 ¥ 57+ O 75 S P DX 35K 2707 (07 A
PIAS LA T AR WCE 505 P PUAA D AR B 5 RO T v S 6 i 74 4 b A 5 47 2% Il 5 RO X 3
KIIES W F L AR Z AR 270 MM I IES % w (P 15) o sk nf BLA i i CVEOF 19 A fi7 A

- T
—360 —240 —120 0 120 240 gpm

K14 REE11,B 8201241 H26 HE2H 1 H
Fig. 14 Same as Fig. 11, but for the period from 26 January to 1 February 2012

0 45 90 135°E 0 45 90 135°E

90°N :
(I . »
70 [Eeg =
=
50 a—
0 oas o
10 bl g7
r N WS A |
0 45 90 135°E
90°N
80 ......
70 ;
%0 <. 9
» >
30 &
N -
0 45 90 135°E

-30  —18 —6 6 18 30 hPa

B 15 [E 12.HK 201241 A26 HE2H 1 H
Fig. 15 Same as Fig. 12, but for the period from 26 January to 1 February 2012




%3 2 BAE AR KRG AT RIS AU IR S R FT BB R 359

U KR L R SRR 0K SR 5 4
T S AR A BT K 4 B9 0% 2 4 9L
ok

5 dhiEAIITE

AL FEF M CVEOF ik, 408 7 H 1979—
2016 4F i) 37 A4 Z 4t 3330 d X2 H1 )2 500 hPa
WISV A Bl B AT AR ) = BB 48 AR AR AR AE 5 X
SR B | o W ke AN (A9 = R~ o e | o & 27 9
D E AT RERC R LIRS LR 4598 . (1) CVEOFL fig %
TRSEE SRR 15. 822 H WA T B4 45 [a] 4 4y
IR =A% 0T 180° 457 AHD F{E A% 751 (90°
A 270°0AH) . (2) X FH CVEOFL AN A A 1%
52 f DU AR AT R A, o 180°FN 2707 AH KA
e I A At AR U 2 v AR 2 S e R L AR
T AU AR -8 BRI 18 2R A FR G TE 3% %oF o i 8 7k 2 12
8 ST Vg 1 AR 30 U8 9 AR U VA B0 ¥ DK AR E A
A (3) 180°FH 270° i A K A Y A& HE MR 7E 20
T2 90 4FEAR 5 3B W 4G 22, 0% 1 90" AH 1 & A= 4 IR
BT o X AR R T AR R AR Y 8 L 4 ZE RO
KBl A s KA F A R k. (4) R T & R R
(A i RS 4, L 2005/2006 4F 4 Z%,2011/2012
AEA Ok UL, 1R X W AE A e R R b, 1807 Al
270° LA R AR B R AR W AR Z 5 T K#E 4
MRE. (5) R CVEOF1 P A [F A7 A48 43 51 &
A% 2005/2006 4F 4 22, 2011/2012 44 Z= B w K IR
(2005 4F 12 H 8—12 H 2006 41 H 30 H % 2
H 2 H.201241 A 1822 HAI 2012 4E 1 J 26 H
F2H1IHMRIAE, HIbABAaERHKER
AR5 SRR AT LR BRI K Bl R R A28
PRARIFR R B . (6) Bk UE. Bk Z B A8 S0 i
V350 AR B0 o R 10 T 31 STC AR 2D, 4 ZR AU AR X
TLJE T AR Z 5 E R BZ . 1807 F1 270° v A K B &
AT+ AT BB SR 4 ZoA o RS SR 900 R ) 5% T TR R

AR RS Wu et al (2013), Wu
(2017 34 (1 115 10 Bk 22 AL AR 8 VK ok 20>, 5 1 F 8% b
e BRI 1) KA I B A7 A — B, (RA Stk — 25
WFIE T A 3G B2 5 4 2 W K Bl % A7 IR <28 119 186
Fo MeAh A BT ERA-interim 5 56 {E A9 )2 K
500 hPa#fifl Wu et al(2013) J& A [a] 19, b #3812
Xof Hp e A R AR 7 A R A AL A A R R
W% (R R 55,2016 £ AR FF4E,2015), JF Hh @4

KA 32 3 1 22 H At 3% 0 ) (] 7 & 4
2009 ; 2 4E 5T AF, 20135 PR SCEF, 2013 5 £ MR R SC
2014 ;2278 R4, 201555k AREE, 2016 R LK FIE
1%, 2017) 40 RS- PR AR A BR Bk 5 PDO K 78 ¥ 4
RRJFEZ AMO, L) J ENSO %5, FIikA S H 2
PR T AU i 2 AR e 5 S MO R
il B AT R AU 22 (] 1) AT RE B AR 5 T HG rp B A Y 5 ey
BUBR LA S BAT KA B 5 Al PR 3R 2 1) A 06 2 0
B R .

BT - B I R R TR o 4 B T BT B
B B [ RSB P 0 B A b B T Uk 4R B VOB,

S % ik

R ST 8RR, bk, 55,2013, ZRME & 28 KA 2 S5 AL B LA B P i 2
AR L], KRR B2, 37(2):425-438. Chen W, Wei K,
Wang L,et al,2013. Climate variability and mechanisms of the
East Asian winter monsoon and the impact from the strato-
sphere[ J]. Chinese ] Atmos Sci,37(2):425-438(in Chinese).

L e VR B BRI 2009, “FF7 B KARE R RS S 51
Tt K 4R .37(4) :385-391. He L F.Xu A H.Chen
T,2009. Cold air activities and topographic forcing in severe tor-
rential rainfall in landing typhoon depression (Tailim)[]J]. Me-
teor Sci Technol,37(4):385-391(in Chinese).

A A POAE L 2015, G BUR g it a0 B 07 i LML JE st AR R
#1:374-377. Huang J Y, Li Q X, 2015. Methods for Statistical
Analysis of Meteorological Data[ M]. Beijing: China Meteoro-
logical Press:374-377(in Chinese).

2EWETT L MR, 2013, 20112012 4R A FRRRY K Rl AR I ™ 9 1 5 °F
TR AU B Sl AE R R ()] R AR, 37 (4) : 863-872.
Lan X Q,Chen W,2013. Strong cold weather event over Eurasia
during the winter of 2011/2012 and a downward arctic oscilla-
tion signal from the stratosphere[ J]. Chinese ] Atmos Sci, 37
(4):863-872 (in Chinese).

R EEN G55, 2015, 2014 AR BREE R R MR G B H
FIHLT]. K%, 41(4):497-507. Li Q Q. Wang A Q. Zhou B, et
al,2015. Global major weather and climate events in 2014 and
the possible causes[J]. Meteor Mon, 41 (4);497-507 (in Chi-
nese).

a0 BWRIE L 55,2013, R E A B AR5 2w B 5 R 194
BRI, R % 5 . 24 (4):385-396. Li W J.Li Y.
Chen L J,et al,2013. Inter-decadal variability of the relationship
between winter temperature in China and its impact factors[J].
J Appl Meteor Sci,24(4) :385-396 (in Chinese).

KR R SCH L AR Ha I, 2013, — A B v [E] K i 4 AR AR TG AR T
A KA B g By vk LT ). R 2%k, 71(2) 1 275-285. Liu
G,Song W L,Zhu Y F,2013. A statistical prediction method for
an East Asian winter monsoon index reflecting winter tempera-
ture changes over the Chinese mainland[J]. Acta Meteor Sin,71

(2):275-285(in Chinese).



360 A

% 545 %

FIAR L TR . E W0, 58,2016, 2015/2016 4F & F= AU AR 3 5 5 06
By R HOu 3 R A S LT ). AR 42(7) :892-897. Si D, Ma L
J.Wang P L,et al,2016. Anomalous activity of arctic oscillation
in winter 2015/2016 and its impact on temperature in Chinal J].
Meteor Mon,42(7) :892-897(in Chinese).

RICFY, 182017 SRJE/R R i 5 50T 2015/2016 48 4 25 S 5 Wil
AW 2 A BT ). K42, 43(10) £ 1249-1258. Song W L, Yuan
Y,2017. Uncertainty analysis of climate prediction for the 2015/
2016 winter under the background of super El Nino event[]].
Meteor Mon,43(10):1249-1258(in Chinese).

FEAREF B, W 4R 55,2015, 2014/2015 4F 7R I 4 22 XU 3l 7 AE K
HATRE R BT ], A% 41(7) :907-914, Wang D Q,Cui T, Si
D,et al,2015. Features and possible causes for East Asian win-
ter monsoon in 2014/2015[J]. Meteor Mon,41(7):907-914 (in
Chinese).

TR BRI, 2014, 21 i 2890 AR W0 4 7% AU IR 4 AR B 1 i e LR R L.
Fl43E 4 .59(19) : 1905, Wang L, Chen W, 2014, The East Asian
winter monsoon ; re-amplification in the mid-2000s[ J]. Chinese
Sci Bull,59(19) :1905(in Chinese).

TR A 22 53, 2016, op [E] 4 2R B R AIE B WO i BR 5 06
AR L) ] B R 2 4R 27(5) 0 513-526. Zhang R H.
Zhang R N, Zuo Z Y, 2016. An overview of wintertime snow
cover characteristics over China and the impact of Eurasian
snow cover on Chinese climate[J]. ] Appl Meter Sci, 27(5) :513-
526(in Chinese).

Allen R J,Zender C S,2011. Forcing of the Arctic oscillation by Eura-
sian snow cover[ J ]. ] Climate,24(24) :6528-6539.

Barnes E A,Dunn-Sigouin E,Masato G,et al,2014. Exploring recent
trends in Northern Hemisphere blocking[J]. Geophys Res Lett,
41(2) :638-644.

Blume C, Matthes K, 2012. Understanding and forecasting polar
stratospheric variability with statistical models[ J]. Atmos Chem
Phys,12(13):5691-5701.

Brink K H, Muench R D, 1986. Circulation in the point conception-
Santa Barbara channel region[]J]. ] Geophys Res,91(C1);877-
895.

Cohen J,Jones J,Furtado J,et al,2013. Warm arctic, cold continents:
a common pattern related to Arctic sea ice melt, snow advance,
and extreme winter weather[ J]. Oceanography,26(4):150-160.

Cohen J,Screen J A,Furtado J C,et al,2014. Recent Arctic amplifi-
cation and extreme mid-latitude weather[ ] ]. Nat Geosci, 7(9) :
627-637.

Croci-Maspoli M, Davies H C, 2009. Key dynamical features of the
2005/06 European winter[]]. Mon Wea Rev,137(2) :664-678.

Feng Chuan,Wu B Y, 2015. Enhancement of winter arctic warming
by the Siberian high over the past decade[J]. Atmos Oceanic Sci
Lett,8(5) :257-263.

Fletcher C G, Hardiman S C,Kushner P J,et al,2009. The dynamical
response to snow cover perturbations in a large ensemble of at-
mospheric GCM integrations[ J]. ] Climate,22(5) :1208-1222.

Folland C K,Parker D E, Scaife A A,et al,2006. The 2005/06 winter

in Europe and the United Kingdom: Part 2 — prediction tech-
niques and their assessment against observations[J]. Weather,
61(12):337-346.

Francis J A, Vavrus S J. 2012. Evidence linking arctic amplification to
extreme weather in mid-latitudes[ J]. Geophys Res Lett,39(6) :
1L.06801.

Honda M, Inoue J, Yamane S, 2009. Influence of low Arctic sea-ice
minima on anomalously cold Eurasian winters[ J]. Geophys Res
Lett,36(8):1.08707.

Huth R,Beck C,Philipp A,et al,2008. Classifications of atmospheric
circulation patterns[J]. Ann NY Acad Sci, 1146(1) ;105-152.

Inoue J,Hori M E, Takaya K,2012. The role of barents sea ice in the
wintertime cyclone track and emergence of a warm-arctic cold-
Siberian anomaly[ J]. ] Climate,25(7) ;:2561-2568.

Jaiser R, Dethloff K, Handorf D, et al,2012. Impact of sea ice cover
changes on the Northern Hemisphere atmospheric winter circu-
lation[ J]. Tellus,64(1):11595.

Jaiser R, Dethloff K, Handorf D, 2013. Stratospheric response to
Arctic sea ice retreat and associated planetary wave propagation
changes[J]. Tellus,65(1):19375.

Kaihatu J] M, Handler R A, Marmorino G O, et al, 1998. Empirical
orthogonal function analysis of ocean surface currents using
complex and real-vector methods[ J]. ] Atmos Ocean Technol,
15(4).927-941.

Kim B M,Son S W, Min S K, et al,2014. Weakening of the strato-
spheric polar vortex by Arctic sea-ice loss[ J]. Nat Commun,5:
4646.

Kundu P K, Allen J S,1976. Some three-dimensional characteristics
of low-frequency current fluctuations near the Oregon coast[]].
J Phys Oceanogr,6(2) :181-199.

Kysely J, Huth R,2006. Changes in atmospheric circulation over Eu-
rope detected by objective and subjective methods[ ] ]. Theor
Appl Climatol,85(1-2) ;19-36.

Liu J P,Curry J] A.Wang H J,et al,2012. Correction for Liu et al. ,
Impact of declining Arctic sea ice on winter snowfall[ J ]. Proc
Natl Acad Sci U S A,109(17):6781-6783.

Luo D H,Cha J,Zhong L. H,et al,2015. A nonlinear multiscale inter-
action model for atmospheric blocking: The eddy-blocking ma-
tching mechanism[J]. Quart ] Roy Meteor Soc,140(683) :1785-
1808.

Luo D H,Xiao Y Q,Yao Y,et al,2016. Impact of Ural blocking on
winter warm Arctic-cold Eurasian anomalies. Part I:blocking-in-
duced amplification[ J]. ] Climate,29(11) :3925-3947.

Luo D H,Yao Y,Feldstein S B,2014. Regime transition of the North
Atlantic oscillation and the extreme cold event over Europe in
January— February 2012[J]. Mon Wea Rev, 142 (12); 4735-
4757.

Nakamura T, Yamazaki K,Iwamoto K,et al,2016. The stratospheric
pathway for Arctic impacts on midlatitude climate[ ] ]. Geophys
Res Lett,43(7) :3494-3501.

Overland J,Francis ] A, Hall R,et al,2015. The melting Arctic and



%3 2 BAE AR KRG AT RIS AU IR S R FT BB R 361

midlatitude weather patterns; are they connected? [J]. ] Cli-
mate,28(20) :7917-7932.

Park T W,Jeong J] H.H C H,et al,2008. Characteristics of atmos-
pheric circulation associated with cold surge occurrences in East
Asia:a case study during 2005/06 winter[J]. Adv Atmos Sci,25
(5):791-804.

Peings Y, Saint-Martin D, Douville H,2012. A numerical sensitivity
study of the influence of Siberian snow on the northern annular
mode[]]. J Climate,25(2) :592-607.

Petoukhov V,Rahmstorf S,Petri S,et al,2013. Quasiresonant ampli-
fication of planetary waves and recent Northern Hemisphere
weather extremes[ ] ]. Proc Natl Acad Sci U S A,110(14) :5336-
5341.

Petoukhov V,Semenov V A,2010. A link between reduced Barents-
Kara sea ice and cold winter extremes over northern continents
[J].J Geophys Res,115(D21) :D21111.

Ruggieri P, Buizza R, Visconti G,2016. On the link between Barents-
Kara sea ice variability and European blocking[ J]. ] Geophys
Res,121(10) :5664-5679.

Ruggieri P.Kucharski F,Buizza R, et al,2017. The transient atmos-
pheric response to a reduction of sea-ice cover in the Barents and
Kara seas[ ] ]. Quart ] Roy Meteor Soc,143(704):1632-1640.

Sato K, Inoue J. Watanabe M,2014. Influence of the Gulf Stream on
the Barents Sea ice retreat and Eurasian coldness during early
winter[ ] ]. Environ Res Lett,9(8):084009.

Screen J A, Simmonds I,2010. The central role of diminishing sea ice
in recent Arctic temperature amplification [ ] ]. Nature, 464
(7293):1334-1337.

Screen J A,Simmonds 1,2013. Exploring links between Arctic ampli-
fication and mid-latitude weather[ J]. Geophys Res Lett,40(5)
959-964.

Semenov V A, Latif M, 2015. Nonlinear winter atmospheric circula-
tion response to Arctic sea ice concentration anomalies for dif-
ferent periods during 1966—2012[J]. Environ Res Lett,10(5):
054020.

Smedsrud L. H, Esau I, Ingvaldsen R B, et al,2013. The role of the
Barents sea in the Arctic climate system[]]. Rev Geophys,51
(3):415-449.

Sun L. T, Deser C, Tomas R A, 2012. Mechanisms of stratospheric
and tropospheric circulation response to projected Arctic sea ice
loss[J].J Climate,28(19) :7824-7845.

Tang Q H,Zhang X J, Yang X H,et al,2013. Cold winter extremes

in northern continents linked to Arctic sea ice loss[J]. Environ
Res Lett,8(1):014036.

Tveito O E, Huth R, Beck C, et al. 2011. COST733-harmonisation
and applications of weather types classifications for European
regions[ C]. Berlin;: EMS/ECAC.

Vihma T,2014. Effects of Arctic sea ice decline on weather and cli-
mate:a review[ ] ]. Surv Geophys,35(5):1175-1214,

Walsh J E, 2014. Intensified warming of the Arctic: Causes and im-
pacts on middle latitudes[J]. Glob Planet Change,117:52-63.

Walsh J E,Overland J E,Groisman P Y,et al,2011. Ongoing climate
change in the Arctic[J]. AMBIO,40(S1) ;6-16.

Wang L, Lu M M, 2017. The East Asian winter monsoon[ M] //
Chang C P,Kuo H C,Lau N C,eds. The Global Monsoon Sys-
tem: Research and Forecast. World Scientific:51-61.

Wu B Y, 2017. Winter atmospheric circulation anomaly associated
with recent Arctic winter warm anomalies[ ] ]. ] Climate, 30
(21):8469-8479.

Wu B Y, Handor{ D, Dethloff K,et al,2013. Winter weather patterns
over Northern Eurasia and Arctic sea ice loss[J]. Mon Wea
Rev,141(11) :3786-3800.

Wu B Y,Overland ] E,D’” Arrigo R,2012. Anomalous Arctic surface
wind patterns and their impacts on September sea ice minima
and trend[ J]. Tellus A,64(1):18590.

Wu B Y,Walsh J,Liu J P,et al,2014. Dominant patterns of winter
Arctic surface wind variability[ J]. Adv Polar Sci, 25(4) : 246~
260.

Wu B Y, Wang J,2002. Winter Arctic oscillation, Siberian high and
East Asian winter monsoon[ ] ]. Geophys Res Lett,29(19) ;3-1-
3-4.

Wu B Y, Wang J, Walsh J E, 2006a. Dipole anomaly in the winter
Arctic atmosphere and its association with sea ice motion[]]. J
Climate,19(2) :210-225.

Wu B Y, Yang K,Francis J] A,2016. Summer Arctic dipole wind pat-
tern affects the winter Siberian High[ ] ]. Int J Climatol,36(13) :
4187-4201.

Wu B Y,Zhang R H,D'Arrigo R, 2006b. Distinct modes of the East
Asian winter monsoon[ J|. Mon Wea Rev,134(8):2165-2179.

Zhang P F,Wu Y T,Smith K L.,2018. Prolonged effect of the strato-
spheric pathway in linking Barents-Kara Sea sea ice variability
to the midlatitude circulation in a simplified model[ J]. Climate

Dyn,50(1-2) :527-539.



