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Abstract Based on the NASA's Goddard Institute for Space Studies surface air temperature datasets and National
Oceanic and Atmospheric Administration-Cooperative Institute for Research in Environmental Sciences
reanalysis data of the 20th century, and Historical experiment of the Coupled Model Intercomparison Project Phase
6, this study analyzes the interdecadal variation characteristics of "Warm Arctic - Cold Eurasia" (WACE) mode in
the Eurasia and Arctic region for the period of 1910/1911~2019/2020 during boreal winter after removed the external
forcing. The results show that the WACE has the remarkable interdecadal variability. When WACE is in the
interdecadal positive phase, The high frequency of Ural blockage favors the heat transport to the polar region, which
leads to warm advection in the polar region, and water vapor transport to the polar region leads to water vapor
convergence in the polar region, which leads to the increase of downward long-wave radiation., and the increase of
convective activity leads to the release of latent heat, which result in the increase of temperature in the polar region.

At the same time, the weakening of polar vortex and westerly wind in Eurasia and the high frequency of Ural
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blockage favor cold air invading Eurasia and causing cold advection, and the divergence of water vapor in Eurasia
reduces downward long-wave radiation, and the decrease of convective activity reduces the latent heat release, which
lead to the decrease of temperature in Eurasia. Finally we use CAM3.0 atmospheric circulation model to simulate
the north Atlantic SST influence on WACE. Model results are consistent with the statistical results, further illustrates
the north Atlantic SST positive anomaly can force the lower and upper atmosphere circulation anomalies, leads to
water vapor convergence in polar and divergence in Eurasia, thus affecting the decadal variability of WACE.

Keywords "Warm Arctic - Cold Eurasia", North Atlantic Sea Surface Temperature, interdecadal variation, physical
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MR, AR 5N, bt X R 338, 3 — 4R WO K Fili 5 A 208 5204 5
SARZE, HBUDGVEHEIFEREES, 5172 %E (Zhang et al., 2008; Petoukhov and Semenov,
2010; Overland et al., 2011; Inoue et al., 2012; Mori et al., 2014; Cohen et al., 2019) . FiX =S fix
HER, 2008 4 1 AP EET RAKRTGEFEWREWN S R, Elii—2ANA%2%K, JUL
A R AL 1) s 2 A5, A8 is i 32 P, it i B4R A Bra RE T2 CT —104F, 2008,
TS, 2008; ZE5HRAE, 2008). 2009/2010 FEATER 2 B2 BT RS, Him. WEN
S RRE R A BT RABUE L+ A A (WS, 2015; M-S %, 2018). 2012 4F
1~2 H, BRI KRB ZIRFER R, M s I B R R IR, X R RS
KA, FEEPIZE AT (WMO, 2012; B %, 2014). BRI KREA 450 % H B K
FEW . BT R EWUR T BeIE CARVEYIRTE . FERARUK. BR IR S DL B L BEFRAIS, ™ B 52
W5, fBHAYse, HISAT KR IFIE O™ HA L .

T A RA 27 GA1 T AL A IG I 71T IO K il A2 74 R 26 SRS TR “BRALAR -V BROE” 4
7 (Warm Arctic—Cold Eurasian, f#&#X WACE; Mori et al., 2014; Luo et al., 2016; Sung et al.,
2018), WARHEZRHHIRN “BRAbil- K7 B8 “BRAb-A T aRNE” B4 (Overland et
al., 2011; Inoue et al., 2012; Sorokina et al., 2016), FF H R} KN IFEEFRES )R Bz iR
i 7 WACE BT RN 5 R o A B TEIN A, 23 ARk mg 2, bk S50 WACE
% CInoue et al., 2012; Tang et al., 2013; Mori et al., 2014; Kug et al., 2015). JbMkH#FIKFZ A
WACE B2 Ly : AL vkatt, AR T A6RVEEE % b T AL A BRI KA
Ry S RBHZE R ARG N, 18 RO KR A ImAIC (Inoue et al., 2012; Liu et al., 2012;
Mori et al., 2014; Kug et al., 2015; Luo et al., 2016; Yao et al., 2017; Wegmann et al., 2018) .
Zhangetal. (2016) MATE B b AL A FE ke AU I oK R 52 o WO K Bl B ()t 72 B4
MR UKD, A — R, FEUTEM BEERTRE, SRR . FRE
FEXFE T T A ZXLZE AR 1) WO RS % 108055, S hr /R 1l 8 e kR IE A1 B
R KAEINR, SEA S SURZEZARIE, 35 m BT -5 463 KRR E IR L+

SRTT, FAb—E TAESRH, KRN AR WACE AR AR 2R, —E Rl =5
AT TR RS, S5 SRR AR UKk D J N D i 38 15 A S8 3 S e RO K it A ZR IR
WACE MJERIE T KA NHEH B2 (Mccusker et al., 2016; Sun et al., 2016). 78 XS
555~ PUARR I 5 055 Bl B FR ARG F 6 v 8 3 e 2 A0 N B X T W i B B, ¥4 = S 1%
ISP R Bt Ji P BRI, Be2% WACE JE R (Bengtsson et al., 2004; Zhang et al., 2008; Sorokina et
al., 2016). 734t, Graversenetal. (2008) A0y, SEIRBEFUKHIRMLNS R JZ R THIEIE A 5Tk,
HR RS R AR b B2 KRG F 25 R . Woollings et al. (2014) KILZLMEE
)5 1) AR - R g R 5 WACE JF 62 # K. Sorokina et al. (2016) I\ &AL



M im L PV R [Y) EOF 5 — A8 Sk R S5, FEZBIRANTAZRZM: IR
TSN AR, AR S - R IR o, T AE RIS, WACE JE K.

4L, WACE [FIFESZ RIVEEE N S AR R 5200 (Sato et al., 2014; Nakanowatari et al., 2014;
Park et al., 2015; Woods and Caballero, 2016; Jung et al., 2017). Jb RKFEFERRIERY, BMRY
Wi, SFEUKIRSHE R, Mg, #—PurEEiS SR E., 7Rk
5 e EAL IE 3wy s WO K Rl R, X6 WACE FTE R4 2L (Sato et al., 2014; Woods
and Caballero, 2016; Jung etal., 2017) . JtAb, il o] fE i i 520 b e oK mlpb 3t 1 5211 WACE

(Nakanowatari et al., 2014; Park et al., 2015), BIAbA%#EFOKRELAL ST WACE H520 & S % R 4t
W HERAE R R B (Luoetal., 2016; Wegmann etal., 2018) . Jb A FE ARG 7 5 0 BEIE 1 VR fa
15 AN X S UKL (Nakanowatari et al., 2014) . B[ VE K PG K FrEE R IE R, 7 RE
BOPETH b AP BN R , FE T G IR X 1A R KRS, S b oKD (Park et al., 2015)

HATX T WACE SEAFRAR I RFAE R R T b AT i 55 (20150 RILALAR 5 BRI
Kt A 225 FE 1) I TR AR AR AE 211 20 ) Eh AE B - KB B2 2 9 AL AR Bz - K i ¥4 - Sung et al.(2018)
WA T DU 5 PE AR RIE = A BAE A S50 T WACE BSFEARR R Erpmag. 54, K
V¥ 2 A AR FRAR % ( Atlantic Multidecadal Oscillation, i F} AMO)-5 AP BR IR (Pacific
Decadal Oscillation, f&#% PDO) #JgEF3 T 20 tHLZHI bR (Miles etal., 2014; Tokinaga
etal., 2017),

ZRERTR, o M BT WACE F bR b M e Ji P PR v . 98T, WACE &
HA BEMERFDIEAE (Sung et al., 2018). H X+ WACE FARFRASLEFAE I 72,
TR 2T 20 tHdh F R4, I BoRERRAba N, sl Ralet & shakia
TiHk (Sungetal.,2018). 20 H#21LIK WACE BEaSFAPRAALRRIE [ 5 HARACPR R AR R
IR SIRFRHEAIANE 2, BAT I 3 BOLFASRZ I E E R 1) T RIS AR . SR,
98 WACE FAPRAA AT LT, G BT 3A 10 T RO A 2= L A A, i
R FEHIRA BEERAN TR AEARRE 5o Bk, ARSCR SN IR E RS S
BRI 215550 Historical 58, & /a2 NNIESIESMRE M2 fER, ot =it
28I K WACE HRASFARFRN AR, L WACE AFENLAER MRS mS 2= 5, JFd—
RV ARV EIEIR S WACE SEAR R AR AL I EE ML o
2 ARFFE
2.1 #ER

ASCAE IR 1910~2020 A58 FEIT S AR R SIETE 2 IWFFCHT (GISS) 2°x2° 71
PR S IR B AR (GISTEMP v4; Lenssen etal., 2019), ##E 3 Z th A Zul y5 LA VAR
HA AR JBEARAT 2 T X IR T B RN AT AT IR, A2 H BT A R, X bR R AR MR i
FOWIN ZERL CREERISE, 20115 Z K9], 2018). #HE N 19102014 FIEE S R [IG1E 3
L 1°x1°f) P45k (HadISST; Rayner et al., 2003). It4h, &M 1910~2014 43 [H [
FUFHEA KSR - AR 2= ERF 7T (National Oceanic and Atmospheric Administration-
Cooperative Institute for Research in Environmental Sciences, [##% NOAA-CIRES) —+-itt4d H
FEJE T %R (20th Century Reanalysis, f&j#X 20CR; Compo etal.,2011), 2°x2°R#%E 2
FLAG: WP 850hPa /KT RIZANLLIE . S00hPa Al 200hPa 1734 5 FE 3% KoKV R3%; &
Hrpdds (192x94) BEREHE: HFRE. MR KPR EE ., RS R EE ., R
RGBS HFRE PGB E R EK. HPE R 500hPa A7 #m EEly, DA FT H 28 K A0
o BT 1910 FLART 80°N LAAEHIX GISS R URAFER Z I, KL 7T WACE FAR



PRAZAL IS BN 1910~2020 47, A0/ B A sl R B AR AR U e R AT 46 E . T
20CR KA FRMEHT 22 2014 4F, PRI RS SR B I B 1910~2014 4

V2 Bl R A R 45 A P 0 32 Rl L Fria % (Dai el al., 2015; Dong and Dai,
2015; Yang et al., 2020; FA5%, 20200, PAHALBRAMI GG, Hlan NGB KRS . K
g 5 RE ISR IR, U5 RGN B AR ZR g E R . S8 TSRS N AE R 4
PA>K WACE HIAEARER N AR % R Ho i R 25, FRATTZ M Dai et al. (2015) W75, EHZ
55N IR E bR & b TH &I (Coupled Model Intercomparison Project Phase 6, ##% CMIP6)
1 15 MEZL: AWI-CM-1-1-MR. BCC-ESM1. CAMS-CSM1-0. CanESM5. CAS-ESM2-0.
CESM2. CESM-WACCM. CMCC-CM2-SR5. E3SM1-1. EC-Earth3-Veg-LR . FGOALS-f3-L.
GFDL-ESM4. IPSL-CM6A-LR. MPI-ESM1-2-HR. MRI-ESM2-0, %} TS0, % 1910—
2014 4F Historical {3845 R 55 2015—2020 1) SSP2-4.5 HEUHE 5t F Bl 5e 45 AT %
X, 16 1910—2014 4 Historical 5845 5 o B EHE 5 G135 S L Ah s o i B2 A7
BEIEI, EAMEERN T, 20 Al 60 FACHTHIZR IR SR R IRE AT 2%, 60 AR5
IR AEI R (B Do B TAEG LR EGA T, B SRR E A &R A2,
XY Daietal. (2015) WFFLEERAHMLL. Bk, FATRIAH CMIP6 1) 15 MEREA P15 48k
S AR R AR S IR T 1, 43 50l IR DA 21 ) 4 25 1 3R IR 5 R 25 B A iR A s B
.,

2.2 Jrik:

BATZ M Daietal. (2015) (7775, SRR ZFR LB, DUSATRE BRIk 5RiE
M : K 1910/1911~2019/2020 4F %2225 3R AR SRR IIA A B R/ T (n, i), HAF
NED, @ & . BT (n, DI AANEBSRIATE (n, i) 0 _EARAMTERIA T, (n, D) ISR, R

T(n,i) = Tg(n, i) + Ty(n, i) (D
Heh, Te(n, DESE T KENAEAGEE, Ti(n, )EE T /OESEAGEE .. AT H KA
REZBRT (n, D ES AP RIBE S, Bk, FRATKETe(n, ) PAE N IE )55 S5 IE iR
A, KT (n, D) PRAE BN AR G BRI, Te(n, D) 5 Ti(n, D) AT RRN:

Te(n, 1) = by (DT () + €p(n, i) (2)
HAT,(m)Exr 15 MERES TG SRR TR R SERF 5 (B 1D. by (D)W LUE
W ENETFET (n, §) = by (DT () FeAiT o by (DT (n) ©AL S RIS AR oA S B, W T AR
AR FA] ANE B A T ep(n, 1) (FNEE, 20200, Fk, HEAEET(n,i):

Ti(n, i) = T(n, i) — by () Ty () (3
HATEHTEERCFHERBAAEE (Dong and Dai, 2015), 2t [0V 7725 4k 1
.

R Z: W58 (Mori etal. 2014; Sung etal. 2018), FRATN 25 BHa 34 145 FE IR I RK
P H s A X A ZE i 3R AR SR BUE SR )5 11T 22 56 1E 52 R 5 (Empirical Orthogonal Function,
fEIFK EOF) Zrfift, JF¥s sl —BLASHHN M E K (PC2) XN WACE #5841, T GISS #2fit
(PR ASUR FORE 80°N BAALERI, HERIE T H 1 WACE F83UEE S WACE FE401)
THEVER R/ BRIk, AT 51K H GISS 5 20CR & [ R <R v+ 5 WACE 544,
EL 5 B ZERHIA WACE #EZSHIRE 77 Ho, GISS MRS R E4T EOF 4 3 il 2 0~150°E,
20°~80°N; 20CR MK ST EOF 4 fEHIERZ 0~150°E, 20°~90°N. ¥l EOF 4 #7
FITASAR S S A B ST, FAT 148 A North 772583047 52 P 56 (North et al., 1982).

%f WACE 8307830 P2 W ah ¢ /5. S PaEHIME /N BT 3815 WACE SRR BRAE
ARFAE o« FRATTIEAS F 2248 530 DL & 21 SR8 3P 3 LS AE 2 i 38155 WACE AR BR AR
AEARIE 2 SR LA M AL K A PRI o - X T 21 SR 3 PRI UG 51 A 5591 B 1Y)



MR, BANTHEARE B En':
"= e @
HAn EEARL, ap NFH) A BFKRREL boATH B BMK AL | A G (Quenouille,
1952). RIFERLE B R E A R B0 BB AR IS M BB . ZZAH 5 0T 5 HE 5% 2 Hr 22
Student’s t #6367 VAT B35 ARG o
N5 HT WACE AR FRAR AR 1) T2 B PR 2%, AT TR i i A 1) 5 2

U -V-VT—w-(a—T—L>+2 (5)
at P Cpp) Cp

Iy AR B R T EE Bl S AL BN Ao A B BRI K bk bR S s . o,
-V - VTR, V ZmK PR, TR -w- (0T/0P — 1/C,p) NEHIZH) 5]
REIREAAL, W oR P AKE T I B, oT /0P NmERISUEMZN, ©ERILEC, =
1005J- kg™t - K71, #rif K AEEp=1.29 kg m™3; Q/C, ARk InFAZE, FATH I Hh 24 5
55 IR AAE POl S SR AR e Ml TE, D E A FORIEs AR, JKVR AT AR i 5
e Bomat, xRS IR AR (Park et al., 2015; Woods and Caballero., 2016), Al
BAVHE TAKRIBE gV FOKITBEIEY - qV, ¢ ZoRHE, VRRAKTERIHE.

NTWFFEBHZE R AESIE, A2 K Tibaldi and Molteni (1990) J Davini et al. (2012)5&
N B ZEFEHL:

G, = ZAo¥n)=Z(op0) (6)
Pn—Po

G, = Llo00) "2 05) @)
Po—Ps

HAZEA B E o N 30°~75°, @5 = @y — 15°% @, = @ + 15°, A= —4°,0,4°, Z N
HEBE 6, <-10 HG>0 BFIM= H (A, po) KEFHZE, 47 (12 A 1 H~IREFE2 H 28 HD
RAEPHZERIREL, BN ZER AL IR R M.

2.3 AR

AR 36 [ B KA 7T H o0 (National Center for Atmosphere Research, f&ij# NCAR)
Tl 1) NCAR CAM3.0 B ER FUAb K P VI 7 7 0 SR WACE ARARBRAR A (1) 50
AR SRR, KPR T42, BNEE 5] 4040 128 MK 5, B h 4015 64
AT A, BT A o-p IRA AR, 3L 26 J2, U2 TN 2.917hPa(Collins etal., 2004).
BATHAT T R S BURPE RS, T &AL RPE R X (X3 1: 60°W~20°W,
50°N~60°N 5 [X 45 2: 55°W~45°W, 25°N~32°N) ik 1IE S5 520 () RS Mt % <
Ak

Pl KRB UL 2 G- P SRR ISR v adia, o oH4F, KR
H IR RER NG =T FE AR 4 3

UG : AEAE AR AL 1) 2 A5 P S AR SRR R At b, B AL RV P S0 X VI
BINIESE, HARXIAE AR . AT IR 58 v sbasia, o -4,
B AR ER G =PI E N BUBR MR IG 45 R

TRUBME R B0 5 42 ) 06 45 SR 1 22 (837 T DA e e 48 2R 1B K G 3 K B X YAl AE 7 o 52
IR AL S R SR I

3 WACE MERFRTUFMBENHASINARE
3.1 WACE BERFRETHAFE



M BERHE R, 1910/1911~2019/2020 4 ZE BRI ER TR A AZEES (F 1a).
CMIP6 1 2UAE &34 7 1] S AR BB I (Dai et al., 2015). Ak, 5 WACE f2S
FRECRT, AR G-V 38 7 70 e S 2 B 35, B L BRAh st v i =R R P 5
SRR ZR [

1 CMIP6 #5i¢ Historical 3441 5P (a) 1910/1911~2019/2020 A F AP MR TRIEF (AL C) 5 (b
1910/1911~2013/2014 F&FEEFRPIGFRIET (AL C) =FI3hT, PHIFBOA 1960/1961~1989/1990 47, JREASLL
R, WS A AR A 1

Fig. 1 Time series of CMIP6 models ensemble mean and the observed anomalies of (a) 1910/1911~2019/2020 three-year moving average
of global mean surface temperature (units: °C) during boreal winter of 1910/1911~2019/2020 and (b) three-year moving average of sea
surface temperature (units: °C) during boreal winter of 1910/1911~2013/2014, and the average time period is 1960/1961~1989/1990 winter.

The black solid line is the observation, and the blue solid line is the models ensemble mean.

1, FATLE: GISS 5 20CR E VKX WACE B HIHGIARE /1. X RIET GISS W
MR 1910/1911~2019/2020 R A Fi s Aith[X (0~150°E, 20°~80°N) 4 ZEHh R il
FE V34T EOF 23 #r, 28— A2 AR IR B — BB AL, MR 7 28 39.0% (B 2a); 28
TS BRI R il A AL AR IR BE S [ AR Y, R T 2208 20.6% (] 2¢). IXPIAS EOF A id
it 7 North K5, 568 ©AT & AH B ST A IEAZ [f(North et al., 1982). F F 20CR - F 7 ZEkk,
¥ 1910/1911~2013/2014 SEFRE A iX (0~150°E, 20°~90°N) & Z5 i < I iH - HE4T
EOF, 74%|5 GISS ¥tRHMHAIMEZ (K 2e 5 2g), B HEMRT 2N 28.7%:; MR
BT 2N 13.6%, WMREZS [FFEEE North #5456 . GISS EOF 25— B £ s> (GISS PC1)

(B 2b) 5 20CR EOF AT 84> (20CR PC1) (B 2f) #HK RHCN 0.91, GISS PC2

(M 2d) 5 20CRPC2 (F 2h) MK AETN 0.82, HiEL 0.01 BFEME ¢ K56, SR, P
BRI S5 5 5 LLRT IR 58 45 BAHZFS (Mori et al., 2014; Sung et al., 2018), {HjE GISS %
B — AR EE B AT S MR T Z 5 . BT GISS WM BE AL, AIEE s i, Al
Z GBI MR A FH AR S GISS %Rl 5 1 WACE F5%k.

2 AFMFAMBLTHALRIEZMHE (BOF) B (a, o H &L (b, O TS (PCD, (e @) HMEL d, b
TR (PC2)o (a, b, ¢, &) fHiFH 1910/1911~2019/2020 4E GISS MM FEHL; (e, £, g, h) i 1910/1911~2013/2014 4 20CR
HorprviR.

Fig. 2 Surface temperature anomaly field EOF (a, e) the first mode and (b, f) time coefficient (PC1), and (¢, g) the second mode and (d, h)
time coefficient during boreal winter, (a, b, ¢, d) using GISS observation data for period of 1910/1911~2019/2020; (e, f, g, h) using 20CR

reanalysis data for period of 1910/1911~2013/2014.

2N PRI, WACE f830BA 20 £, 70 4247 I R E R A, 20 43R 5 17
1935, 1965, 1975, 2000 £/ A EE (F 3). @il 11 83PN 5 11 £583h t 5%, 5
F| WACE HIEACPRERAS A4 1929 FE. 1940 4E. 1958 45, 1967 £, 1978 H=. 2005 £ (A
4), HH, 1940 FFECONBERAL A, (B 1 ST HIAE 1929~1957 G40 T IEE,
H 1958 X ANERAE s AT 980T 1940 SEERAR I R 75 . Rk, FATTE WACE AR FRALAH &I
43 N: P1 (1929~1957 4E), P2 (1958~1966 ), P3 (1967~1977 =), P4 (1978~2004 %),
P5 (2005 FELAJE) 5 AN, Hod P1. P3. PS5 NIEAIAH, P2. P4 NFfiAH, XHA) 1929
AR 1928/1929 A, H RS LU EHE.



K3 1910/1911~2019/2020 4F- GISS #ERHIHM4ZE WACE FRECEVE SR NME/NE AT, Horh B RS8Rl 0.1 B MK
PR A A . KT B R 2R R R A Y.

Fig. 3 The wavelet analysis of Mexican cap WACE index calculated from GISS datasets for period of 1910/1911~2019/2020 during boreal
winter, the black thick line indicates passing the significance level of 0.1 white noise test. Black dotted line indicates the significant

oscillation periods.

4 1910/1911~2019/2020 442 (a) WACE 880 CREML) f 11 30 (e M (b) WACE #8501 11 4508
B R CGEEMZ), MERTELR 0.1 BEMEKT,
Fig. 4 (a) The WACE index (black) and 11yr moving average (orange) and (b) 11yr moving t-test of WACE Index during boreal winter

from 1910/1911 to 2019/2020. The black solid line is the significance level of 0.1.

3.2 WACE NESFEKFRMIEREBIXSTHRFE

NT 3RAF T3 WACE FARBRAR LI 7 KA MAY, F-ATH WACE 1E. fhidH 42
KA GIATZE . 4558 E9, WACE IEAZAHI, 500nPa & 200hPa KRV H =4 i [X
AFEAE 35 BT 5 v B2 TE e, AR ROt X AR i 58 FE AE. WACE TEA7 AH N A 5 ek 55 - 200hPa
37 R o s i X AR o e (B 5a): WP TRE, WP R Rk
Wi v 1 e 4G 0, PR B 850hPa JRUIZAE BRIV Hh v 46 1 X A E 7 5 B SUE (J& 50D [ALikG, WACE
TEALARRH, KR e i 3 AR 2 O S it X IR Z B s Z R s, I B R
i s o i v T AR AR

5 WACE IE. ffiAHE#A%ZE (a) 200hPa hidh % (BASS, Hifi: gpm) K 200hPa K% (KEFik, HA: m-s™H) M
500hPa P4 Y (SEHLZE, $ifi: gpm); (b) W FIEHSE (B, Hifi: Pa) 1 850hPa X% (KEFiL, HA: m-s™ 1)
ZH. 3T RIEEOEEEE AR 0.1 B2 o #ikRomd kI 0.1 B k5.

Fig. 5 Difference of winter circulation between positive and negative phases of WACE, (a) 200hPa potential height field (shadow, units:
gpm), and 200hPa wind field (vector arrow, units: m - s~1), and 500hPa potential height field (contour, units: gpm); (b) sea level pressure
(shadow, units:Pa), and 850hPa wind field (vector arrow, units: m-s~1). Black dots and purple contour area passed the t-test of 0.1

significance level. For the wind field, arrows indicate that the zonal wind field passed the t-test of 0.1 significance level.

R WACE AEABRAL I EEE R 2R, FRATERIZ W 174 2% 950hPa I LTI fE
WACE 1E. fAiAHI 28, RILAE WACE FEARPBRIEA AR, JbARAAFE 22 i i T, BR
WK FAZE 25 AP (B 6a), DRI, JELEPIR AT e 2 T3 WACE K AR
JRHEZ—. 54k, FATiZW 950hPa T Bz 3 FEIRE R LTE WACE 1E. iAH M Z 1,
RIL WACE “EARBRIEALARS,  PEAH R Hb X A7 7E i 16 B 12 3 5 800 IR B IE 0 5 A8 5 o0 A
MIRFIE (F 6b), {HiX5 WACE BEA—2, i8] WACE MERR B ATRE S R Hizsh T
FPIIMPOCRER /N

BATE 2% WACE 1E. FUALAH I S 1b 3 s S 18 5 S SRR il B gk A7 22 (E 20 A,
B m) oW IE, 25 B3R B WACE SRR IE AR, LR IS 3 DX 110 1 3% B HAGE &0 1 7
I 5 DR 0 /N0 70 W X 1 2R S ARG D I e (A o W S PR A G, RROTE Koty b R SR AR
BRIERT (B 6c). XUHEIMMX, KA MHFRERIERA, AR KRN, HRm K
AR, RIAEAROR S ARAT 21 Hh 2 A5 40 0B A, RROT R i PR K43 31 1 2 1 i ) A
X R BN 2238 A bR b AT o DA R IR M K By R 3R R B, AT BEAS 2 730 WACE
RAERERB EEFEE . H46, 78 WACE EACFR IEAAHR, Hrih i DL i 2608 Hiil



EANREIERE, ST RE, RO KRR R E N EE R RE (B 6d),
Ut B P AT e 2 20 WACE AR IR 2 — . PRk,  WACE fEARBRAR 40 ] fig 52 3
IR, TR REA R PR R A FAR R E N .

MR KR S E N ZE R, 78 WACE FARPrIEA AR, JEARAFAE SR
BRSO KRR R ERE (B 6e), X REULIIMR X KRIEm T
U ST, bR KGR BRI ER, MR KR )Rz . 554h, £ WACE FEAUSR IEA7
FHISS, Hb R AR R S AE AL X TG 38 e, AERRKRGAAAE R (& 6f), X ATRER
DRIV A ol 1 2 Al B e 5 I SR R 22—

W TR, FRAT AR FE T B S AT s Bl AR A8 RO AT Bt R 2L
WACE AR T R R 2R, K AR mT g 25 5w RO R B iR, Tt bt R <
T RN, BRI REA S WACE KAFARRR AL R BN 3. KPR
KRR %01, AR SRS, AR TR R S 1) i 2R AR, P RE 33K
| N KRS R, SREEAREAIERE (Park et al., 2015; Woods and Caballero, 2016),
[FIEST, 7KV 7 5 3 W] R s el [ K R e 5, Btk — 2D R 2= R T s DA R 7 AR T (28 KT,
2018; FHAE, 2019,

2 W R KRl B KBS WACE 1E. S A ZE KB, WACE IELZAHRS, BR
VK Bl 7 ) 7 ) S 7KV, AT KBt 7 A8 IR KV T il DX e, B IX A7 A I 35 (R KR
B o (RIS, DR P 1) BRIV K Bl ~F- L BRI V3D, TSI A 26 PR X 3R 2 285 () 7k e (P 6D o
554, WACE IEALAHI, AR IXPEK RS, AR TG WO KRR R &, AR
B (B 6h). 2R b, WACE IEAIAHI, JbBlHh X KR4 & H /K IE 4, Al g im
AU R S B 0 DA A AR T B X IR s SR RIS, RO KR KV R O B K 7
e, ARG R N AR SR> BRI TR OB T RO KRRt iR FE AR I

K 6 WACE IE. SR HI4ZE (a) 950hPa IR (Hifi: 107°K-s™). (b) 950hPa # ELZH) SRR (FfL
1075K - 7). (o) HIRIEHGE R (AL W- 571, (d) IR IAGEE (A2 W - 571, (o) SR KBAR STE & (AL W-m™2),
(F) MR FEPARSFEE CAf: W-sD. (g) B2 (1000~300hPa) KVTEE (Fik, #A: kg-m s~ MEUE (AR,
Hihz: 107%kg-m~2s71), (h) HURFEKE CRAL: mm-s™) FZEME. FTRBIRXIEED 0.1 B34 (5%,
Fig. 6 Difference of (a) temperature advection of 950hPa (units:10™K - s~! ), and (b) temperature change due to vertical motion of
950hPa (units: 1075K - s71). (c) Surface sensible heat flux (units:W - s~1), (d) surface latent heat flux water vapor flux (units:W - s~1), (e)
Net surface long-wave radiation flux (units:W - s71), (f) Net surface short-wave radiation flux (units:W - s™1), () water vapor flux ( arrows,
1

units: kg+m~ts™') in the whole layer and its divergence (shadow,units: 107%kg- m~2s~1), (g) surface precipitation rate (units: mm - s~

between positive and negative phases of WACE, ; Black dots area passed the t-test of 0.1 significance level

T TR BRLZE K AE 1A #EFT WACE FEARBRAAL Z AR 9R &, A SCK WACE IEALAH 5 1
PEAHE 4 ZRPH 28 R AR AR 3T 228, W 7 R, 7E WACE IERIAHES, 40°E~80°E M1+ i
i X AR 2 R AARONIE R W, B IER T OM T 60°E ML, BISH/REHZERAE
B i i (122 (Diao et al., 2006). SR BHLZE R SR, — 7 TH =k FH 2 4k 5
Wiz 2 R AR DX AR T 3 B X 38, 53— 7 TR s 8 AU 22 RO KR S AR %, vl e 33K
TR AREFAE (Luo et al., 2016).

Bl 7 WACE IE. ShiAHI 4R A R AL A (B oK) ZMEE, Bl X 0.1 R « k.
Fig. 7 Difference of blocking frequency during boreal winter between positive and negative phases of WACE ( units: freq/dd) , Shading

area passed the t-test of 0.1 significance level.



4 AL KPEEES WACE FRRIT(LEIEL R

FR A A THI K1 53 H7, WACE 1E A7 AR B 1, 7K IR im0 A [X ik » 5200 ) 4 30 4 3 5 T AR T
FERIX IR, WO KR 2 o ARG F RO R B, moRAS 3 kiR, BHIbk
PO IR B A W3 1) 2 AR R, AR AR A 2 25 b~ BRI 4 U X 1 < f (2%
KT, 2018, XM ALK TR A 1T AE B T s 26 (1 <A BAE FE WACE B4 PR
AHEIER . 1910/1911~2013/2014 4 ZE 23R 3HE 5 3R SR 7 51 LA AL AR IR
#, JRRI 20 tHED 60 FEACHTIFIRARRE AT 22, 60 FACEBREEARBEN (B 1b). K
U, AT ERPR RS B WACE 5Ib KU R R AT, AR CMIP6 A =UE 6 K
POV IR LB, BN BR AR a5, A S AU P98 B SRR R WACE
AR AT B sZ A 1 F o

N T 34570 WACE PR R SCHE X, A TR 1910/1911~2013/2014 4F £ FRr4b
SRIEFEHET 21 I BN H4 )5 428 WACE $E 80U AER PO PR T FE OG0, 45 Rk
KPR IRAFE A3 EA X, 20 A T ALK a4 A g v X (1] 8a) . AR
BRI R E EMAKX, & XAERPEEXE 1 (60°W~20°W, 50°N~60°N) 5[X i 2
(55°W~45°W, 25°N~32°N) [P P34 VAL R EEIR R EL (NAS) (] 8b). 21 4
HBFIE WACE 5 NAS e EUHK RECH 0.75, @ik 0.1 B2 5%, RPN ETEE
RBRI T REE EAEZEVIRECR . AL, BATE 21 FIHEITFHIEH NAS f8505 X0
BHTAH 0T, RILEE 5500 WACE SEARBR A RSP A AL CIEBE D

81910/1911~2013/2014 4 (a) 21 FHE BT IR N WACE $EHUS & FERM R ALK (b) 21 FH BTN WACE f40 (fs
£ SALRPEPEXR 1 (60°W~20°W, 50°N~60°ND 5[X 1K 2 (55°W~45°W, 25°N~32°N) PR A FEFIR RS (NAS),
LISy NAS 4840 21 2Ty, W ESIZ)y NAS 4840 11 2Py, B8y WACE #5421 s P, 378X
BoE 0.1 BB R

Fig. 8 (a) The correlation coefficient between WACE index and winter Sea Surface Temperature after the 21yr moving average from
1910/1911 to 2013/2014,and (b) the Sea Surface Temperature index (NAS) of the North Atlantic region 1 (60°W~20°W, 50°N~60°N) and
2 (55°W~45°W, 25°N~32°N) average after the trend was removed. The solid red line is the 21yr moving average of NAS. The solid red
line is the 21yr moving average of NAS, the solid red line is the 21yr moving average of NAS and the solid orange line is the 21yr moving

average of WACE. The dot area passed the t-test of 0.1 significance level.

N T BEAIE A ZR AR T P SR X 1 e o ok S KSR, BT B WACE [4EAR
FrAgft, FRATHRIAH NCAR CAM3.0 B i 1 3 5 8UR R, Bl 9a R BU i
B 5P HRI0 (IR AN R IE 2248 . 1T NCAR CAMB3.0 Al KRR, BRIk i
06 5t R 4 TR 11 22 (1 R TR A R LR B A DX DX IR 1) 1 S 6 KSR IR R R

KRR IRIRIG R 2  Bor, WO A b A X I R 1E S0, DU 2R 3 e )
K I H LR (1 97 S, S T AR 17 IR IV 74 RO AIE (TR ), 3 FBE 53 5 F v O B 5 WACE
AR (B 20). XUHEAZTIL KB X IFRIES W MmN, NFi T adithE
I WACE #3s,  BUE AL 25 BT

B9 (a) BINESMESEE ERATIERRH G A O & (b) BABMNA SR RN ZE BURTEIRIR 5 R
R R, B K
Fig. 9 (a) Winter SST anomaly forcing superimposed on SST of climatic states (units: K). and (b) the difference of simulated surface air

temperature (sensitivity experiment results minus control experiment results, units:K) .
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AT L4 3k 13 33 WACE PR BRI KSR R A, A T RIF AL
AR IR AEARPR RN R T S BT X RS R R, FATE 200nPa K37 AR <R
AT BURAE RIS 54 A0 ) Z2 8, R I B X I 1 57 5 Bt 78 3 2 00 7 7 ROKS
200hPa /= F SBE MR (B 102), HIRSEGFRHE (B 10b), KR KR H Eith X H
U A MER L, DU R B AR XS (] 102D, R BRI K fil s R 3 g (&
10b), FEA TR G RBM AR FHORREEER. X5 WACE IEALFHR BRI RS T
REAEAREL

10 BB AZE (a) 200hPa ACSF R (Hifiz: m-s™) K (b) RSE (AL Pa) A CRURMERRIS S5 Rydidz s
WEER) .
Fig. 10 Difference of simulated (a) 200hPa horizontal wind (units: m-s™') and (b) surface pressure (units: Pa, control experiment

results minus sensitivity experiment results)

FERTIENIGETH B, BATR BRI BE2 0 WACE SFAQUBRAZAL I B2 A [k,
FRATTRI P B8R R 6 oA B8 E A 2 A K G e S B X Ui I 57 3 2 T RE SRS MR /KU I8 o BT TR UK
PR 5 1 1k 96 ) B8 TR /KRG SR EAT 22, R BB DX IR I 7 W S BRI O )
PR HE AR e e 1M BRI Rt BB B UK, —H MRS, S
TR T DX 3 32 MR X AT 71 BEL 424 74 3 e BRI A o~ a2 7 5 SRR T A B /K e
(K 11, X5 WACE 1EACAHI BKVmIERFEALL . XM T & 2R 10 R0 A S B X IR AE
SR RIS, BRI, BRRRERER . Z5 L, giib o SEUE R
SR U] T, WACE HIFEARRARAL 5 A8 R E A S b X R AF AR B DIHR &

1 AR SZFEREZ (1000~300hPa) KFCEEE (Fik, 8460 kg-m™'s™) JOKVCBEMEZEN (¥, B0
107%kg - m~2s™1) CHURME LS Rigda dil iR 45 5
Fig. 11 Difference of simulated water vapor flux in the whole layer (1000~300hPa) and its divergence (units: Pa, control experiment

results minus sensitivity experiment results)

5 FR518

ALFH CMIP6 15 A T IE R &R TR R S5EEF 5, BB AIE
N EE e 5, WA AEARPRIS (A URE . WACE RS I P iR AR 56 R Ol (Rl . 73R
3 WACE A [FAEABR O AR B IA0 B A b, i — D4R T K7 i i
W 520 WACE AR A0 (R P B 5 AR A Om PUBRIE . AR DL T 451k

(1) GISS 5 20CR #EHTHIAZE WACE & 5IRBUREHHE, PHEZRBERIN
WACE 1550HH 5 280N 0.82. 1910/1911~2019/2020 4F WACE f5%0 B A 5.3 EAC BRS04
fiE, HREIRG N 20 4. 70 fFE 4, HAE 1929 £, 1940 45, 1958 4. 1967 4F. 1978
L 2005 FERAFENPRIRE . Hik, 456 11 ERE PR LUGES) t as R, EERRR
FE ¥ WACE %120 NI AMIA: P1 (1929~1957 4E), P2 (1958~1966 4E), P3 (1967~1977
), P4 (1978~2004 4£), PS5 (2005 4ELLE), HAF P1. P3. PS NIELIAH, P2. P4 Nfifi
o

(2) WACE IEAZARE A, BRI H S 4t XAFE— DN R i E s, A O b & e
WiRl, EMIERER . BAMS, ERERE, BOKREP AR 7 58, s
850hPa {15 [ A hE; TEXTRZ T RE, RRWHIR T 59855, AHM I 200hPa KA I77-7E 75
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SRiE. BN, £ WACE IEALAHRT I, 40°E~80°E FHZE K AR, A FT & kX i
%, WIXAFTES WP,  HWO KRG s 26 i SO it al i X ik /KR, i IXOKVRER A
) ARG, XIS S I AR R A AR e A, BRI TR X IERE . [RIE,
BH FE AT e A S AR X A 25 S 5 NAR BRI K i, BRI K il 477 53 VAP, HLZKYR H KR
Rl I AP e O S LY AN i N v 1 1) 1 N iS5 1P A NP Y TR Ao S e
TR, SRR KRR A .

(3) HEBALE R, AL TG 7 45 B S R 1 X iR 1Y) AR A QB4R 4k v DLIE
R E S m 2R KAHR A, 2 53 WACE FFERRE . &0 KX
YR AL T T T R S B M SORH LA R U T R X AU PR AT DA R BRIE.
KBt SBETEIR R, AR T AR AR X ik, AR IXE0E; Ak, BROKR S0°N~60°N H
IS RACR, B S SR G AR ZR MR KR, RIS K P 1) AR (R /KR ik 32 2 BEAS ,  RROTE K
Wi AR YRR, 5 R Ko 5 A7 S

WAL, WIRLE T L4 m) WO K i O F% 93055 X6 BRI K o 3 P2 A I LA o ik
(Zhangetal. 2016). /EAILEER EER M A G2 —, imBL A ALH% ) (Arctic Oscillation,
faiFR AO). db K PEVEPS) (North Atlantic Oscillation, fAiFR NAO) M BHIE & 5% R Y&
WO X S5 CHRIEARSE, 2008; WA 52 HEE, 20160, RAEASCHIFT, ) L14 WACE
AbTAFEARBRIERIAH, IR 5 8500 IR AR AR PRy 55 AH R o

EAERERE, AMO SR 20K N 60-90 4F 1 (B R EAAAE I R84k, H
AMO 5 PDO i AHFLAR AT R e = -2 HT AL ARRE I LK (Miles et al., 2014; Tokinaga et
al., 2017), XU AMO " fe5 WACE f#7EBk &R . N 7 AT AMO LK NAS $5505 WACE
FEARBRELIAFEER, FATHE T EBRIMRIEJE 21 i34 AMO 54
5 [E1) WACE $850AHe, MEREUN 0.61, ARt 0.1 B2 ¢ 856 . XrTath T AMO
I JE R 65~80 4F 3 H. AMO F8E0 i 115 75 2O bR VG P iR 1) 2 AR XT38 (2RO AE,
2009). XA e S EAL KU IR A 20 4575 4 B A B EARPR AR AE B s . Bk, &
ik S WACE FARRR RUBE FAH G 5 2 2 1 X ek, IR LR P iR 5 WACE AR
b (R 2R

I ASCREFE, AT WACE AR ALRHE S EEHLEA T IR ZI IR, FEM
SR RGN, BRI RB IR T AR PR X WACE AR
Foi, AR IR A AL K PG PRI S WACE fEACBRAB LI . 5 4h, WACE AR
BRASAL RS 2 i BME AT . B, FERENE R AR T WACE FIFEARERAR (L ?
JER PR RS S5 PR ORAEC A, 352 WACE 4ERBRAE1L 2 WACE [4EAR
BrRAS Aot o B €W . R S S A R A A AR B Bk, X
WACE FEARBRAR A R R s i i AT ER 5T

Fost: FRATEC b A R I R 7T SO B A GRS (48 3 5 B AR FRATT AT 7S AR
DANGI T P o () SRt o A 2R FRATTI AR SR 1) = B 5 S8, A RAT I R F 55 L
VRS BIR R0
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Fig. 1 Time series of CMIP6 models ensemble mean and the observed anomalies of (a) 1910/1911~2019/2020 three-year moving average

of global mean surface temperature (units: °C) during boreal winter of 1910/1911~2019/2020 and (b) three-year moving average of sea

surface temperature (units: °C) during boreal winter of 1910/1911~2013/2014, and the average time period is 1960/1961~1989/1990 winter.

The black solid line is the observation, and the blue solid line is the models ensemble mean.
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Fig. 2 Surface temperature anomaly field EOF (a, e) the first mode and (b, f) time coefficient (PC1), and (¢, g) the second mode and (d, h)
time coefficient during boreal winter, (a, b, ¢, d) using GISS observation data for period of 1910/1911~2019/2020; (e, f, g, h) using 20CR

reanalysis data for period of 1910/1911~2013/2014.
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Fig. 5 Difference of winter circulation between positive and negative phases of WACE, (a) 200hPa potential height field (shadow, units:
gpm), and 200hPa wind field (vector arrow, units: m -s™*), and 500hPa potential height field (contour, units: gpm); (b) sea level pressure
(shadow, units:Pa), and 850hPa wind field (vector arrow, units: m-s~!). Black dots and purple contour area passed the t-test of 0.1

significance level. For the wind field, arrows indicate that the zonal wind field passed the t-test of 0.1 significance level.
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Fig. 6 Difference of (a) temperature advection of 950hPa (units:10™K - s~! ), and (b) temperature change due to vertical motion of
950hPa (units: 1075K - s71). (c) Surface sensible heat flux (units:W - s~1), (d) surface latent heat flux water vapor flux (units:W - s~1), (e)
Net surface long-wave radiation flux (units:W - s71), (f) Net surface short-wave radiation flux (units:W - s™1), () water vapor flux ( arrows,
1

units: kg m~ts™') in the whole layer and its divergence (shadow,units: 10~%kg- m~2s~1), (g) surface precipitation rate (units: mm - s~

between positive and negative phases of WACE, ; Black dots area passed the t-test of 0.1 significance level
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Fig. 7 Difference of blocking frequency during boreal winter between positive and negative phases of WACE ( units: freq/dd) , Shading

area passed the t-test of 0.1 significance level.
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Fig. 8 (a) The correlation coefficient between WACE index and winter Sea Surface Temperature after the 21yr moving average from
1910/1911 to 2013/2014,and (b) the Sea Surface Temperature index (NAS) of the North Atlantic region 1 (60°W~20°W, 50°N~60°N) and
2 (55°W~45°W, 25°N~32°N) average after the trend was removed. The solid red line is the 21yr moving average of NAS. The solid red
line is the 21yr moving average of NAS, the solid red line is the 21yr moving average of NAS and the solid orange line is the 21yr moving

average of WACE. The dot area passed the t-test of 0.1 significance level.
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