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Asymmetric Characteristics and Maintenance Mechanisms of

the East Asian Winter Temperature Anomaly Reversal Mode
LiQiao!, Liu Boqi !
| State Key Laboratory of Severe Weather Meteorological Science and Technology (LaSW), Chinese Academy of Meteorological
Sciences (CAMS), Beijing 100081
Abstract

The reversal of temperature anomalies from warm to cold and vice versa in the
East Asian region is one of the most significant climatic phenomena during the winter
season under the context of global warming. Compared to the variability of seasonal-
mean winter temperature anomalies, the climate prediction uncertainty for the reversal
phenomenon is greater, and its adverse impacts are more significant. Based on
atmospheric reanalysis data from the winters of 1980/81 to 2022/23, this study employs
seasonal empirical orthogonal decomposition and composite analysis methods to
investigate the interannual variability of the East Asian winter temperature anomaly
reversal mode (TARM). The results indicate that although the different processes of the
East Asian winter TARM are related to intraseasonal reversals of the Siberian High, the
Eurasian teleconnection and the Arctic vortex anomalies, the interannual variability of
the "warm to cold" mode is significantly stronger than that of the "cold to warm" mode,
suggesting a pronounced asymmetry in the interannual variability of TARM. In the
"warm to cold" mode, the lower-level Siberian High strengthens over time, with the
positive phase of East Atlantic-West Russia-like teleconnection in early winter shifting

to a negative phase in late winter, leading to more active cold air. Conversely, in the
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"cold to warm" mode, the intensity of the winter Arctic vortex shifts from weak to
strong, the Siberian High weakens after that, favoring the appearance of temperature
anomalies that are cold in early winter and warm in late winter. Further analysis shows
that North Atlantic and tropical Indian Ocean sea surface temperature anomalies with
La Nifia are important factors influencing the "warm to cold" mode, while a reduction
in November Barents-Kara sea ice acts as a precursor signal for the "cold to warm"
mode. Therefore, the diversity of atmospheric underlying conditions is an important
reason for the asymmetry of the East Asian winter TARM. Therefore, climate prediction
for the East Asian winter TARM should consider the diversity of atmospheric
underlying conditions.

Keywords: East Asia winter monsoon, Air temperature anomaly, Subseasonal
reversal between warm and cold anomalies, Interannual variability, Asymmetric

features
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Z— MNFAFETFMAT 2K RIE R EEM (Wenetal., 2009; Ding et
al., 2009; Curtis etal., 2017; Maetal., 2019; Muetal., 2022; Zheng et al.,
2022) .
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AR (Wang et al., 2021) , RIUCAFATNRARREFAELE . <
BREE “HR” BIREEMRE (Maetal., 2018) o WA, BRFHLEMILH
KA REXT S RGUIE SCE I B FE (Cassonetal., 2019) o [FIN, %ZF5
R IR IE S B oo i R Sl s, A& (D) VAP SRS O, 58 A
MRS g, ERERINEFHE (Xuetal., 2018; Daietal, 2019) .
PRI, AR 0 A 20T 5 (07 W2 S PR3 A R AR SR RHE FL T P e AR
AR (EAWM) 2AbEERAFRE LR R G L —, HETNENZRRIE
KBS R IR S I BLEEIN LA A (Wang et al., 2010; Wang and Chen, 2014;
AR, 2022) o 24 EAWM SREER A IRZETT SO, ARIE R 5 B 2 i
AR, JHSE Y EAWM 5 S, 78R SV e R AR S KR (] g 95, 4 S M
M= RAERH, AR RALANE, 5191078 S ANR R
(Zhong and Wu, 2023) . EAWM 535 FIAZERRE s 2 X X 2 b . B iBig
BRI K EAH R R B, AFEROEEM S (Wallace and Gutzler, 1981) .
BN AR R E A KT (SCAND B9 FHZRKPEVE/PUHRE #7 (East Atlantic/West
Russia, EATL/WRUS) BEAHRHE (XIGBEMEM, 2014; FHFE5E, 2014; Liuet
al., 2014; Wuand Chen, 2020) . {ENEZEHIRAIE) e, ZKERTEH
KALREAE BT M EAWM SRR AR ML A Zeth U RRFI A PEBIRG, 2021) .
HbEE, A TEACPEEREA ¢ (EHSE, 2007) FUKPEE-ARIEEAH X (Wang
etal., 2000) Z5RRE K i 173 REAH DGR H B 05 5200 A< IF A ZE M T AUl 57 . o3 —
JIH, RV RIS, BAEERR . AEIEKRIRE I S 4, R AR A
ZEVS R BUCEE I B I AT TR Sk (Wang et al., 2000; Cohen et al., 2007; Li et

al., 2021; Songetal., 2022) . fFlln, Fi4FgENEEFERRIRRIE 7+ 5 Ae i im it 5 th £
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[ PRI RS 5 /R e AN PR AR R i 1, 4 B0 A& ZR I X 3 fi % (Zhang etal.
2024) o i Ja AR IS I 23 S B AL K PG s 2 FE X 7 AR R i P XL, 2RI
JE FEAR % bz R B ZE 1 58, 325 Al & R W0 - 2 ) 57 B T ( Zhong and W, 2024)
AR, SR UK SR AT I “BRALAR-A R ” A« A JbtR-FRRR L~ A5
SHIRZEH ARG E HE (Yinetal., 2023) . ZH/RIPHZE. “BEILH-A
BRSIE. ™ R EEAG S e A DK A AF EL AR FH 806 385 1 S At aod 2 JmJa B IV K o P S
WK (Zhangetal., 2023) . thAb, BRI KREAZER T 558 il 5 bR vk AR
A EAE F (R 4252 EAWM,  #ERf AR 0T 464k Be 08 4 o AR T & Z= R K
ZATAZEFI RIS (Orsolini et al., 2012; Orsolini et al., 2013)

KA BB B T R AR S &b ol 22 18] 2 2% A AR, 3800 1 AR &
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S VR S BRSBTS E 1 o BRAR IR I A =1 8 R e O 1Y
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e ] PR FLIUR T RGERR , BB I R G B R T AT
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i 5 B PR T 375 A ABE O 2R 3 A 2= T 74 T S e B G ) Tl 5 T3 MR AR AR
Ko CAHMITURECI AR IATE “VREIE” A1 “BRIEA 7 IR A X R SO IR 05
SHEILE CGEHES, 2020; fRFIFIPEBIME, 2021; Zhongand Wu, 2023) , {HX}
PRI Z B HER R RIE R A o WS SEBR A IR, AR RGNS “REF A
LR R PN T R, TORE YA A 7 3k R B8 Tt 2 175 D0 W A A1, {H R AR iR A
AN E o PRI, AR SN B AR AR 0 b [X A 2R IR A B R S AR ) (A 2 ] e
SERRYE, S8 LV 2 SR A AS AN R S AR KA UR 3 S 15 S I 220, d s
AR A2 S 2T R A T AR A S T KPR A AR
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AR SR F RS Bk 9 W v U PR 2 (ECMWE) /K- 73 3%
N 1.0° x 1.0°[1) ERAS B H F4r#T %kl (Hersbach et al., 2023) , LEAHE:
HuTH 2 KSR, #EPIRSUES, 850 hPa Al 500 hPa M3 KA 3= %, 200 hPa
Ao, WGUKERE. ACHBRIEE KRB Y REEFIEE (ERSST) HdE%E
BRI, K #%E A 2.0°%x2.0° (Huangetal., 2017) , PE/KEE kK
EIRBEKIT R (GPCP) [3E H KBk, KF 3330y 1.25° x 1.25° (Adler et
al., 2018) .

2.2 FFiEHH

KAF I ZE LI IEARR /iR J77% (S-EOF, Wang and An, 2005) #EEUZAE L
Hu X AR SRR MR IR LIS KR |7 %1, 4 North K3 (North et al.,
1982) Jr#fr BRLAS

MIIEAZ R FE k. FE PRI 1A 7 il DL 302 RS SR B 4

AR AP AR AE . AEUCERY B, AT

RBERF IR
P B AT I T W S P S AN [ LA O AE RS AR IR, R R AL ¢ K6 i 55

A AT R G R EPE (Student, 1992) o AT TS (B BN 19802022
FAE (1 HRRFE2 D, HESTHREFHERESE: HhERGER
AL MRS, s U B P R B bR o i, S RS S
HRERR . A SCHTA YL ELE /T 1 AR IR bR A & .
3 RUAFSERE A BRI EEESRE

AL R AR 2R RIS E R AR ZR (B D, KMEXAL
TR EH X, B ORAR oA T P AR R AT R 7 S [X o %) AR X 5, 4%
T T AR BRI A O AT AR A X e SR AN 5 o v ORI X . 3R

[ AR Pl DX AR AR P 7 2230 37 11 H 2R 1 AR BN (<3.0KD 5 fH



136 FEIREE 2 HHEINR (3.0-6.0K) , Vil ZR IV [X &5 08 3 5 A2 76 W 5.1 H bR
137 WHBNEFIE. N T BERTMX A EZSIE R 0 ERHME, AR (80°-130°E,

138 20°—60°N) 1E A 7T X 5,

(a)t2m var_Nov (b)t2m var_Dec
120°W

3 6 9 12 15 18
139
140 1 &K1 ARRE2 A (a—d) BV 2 KRR ERRAAE AL KD o AL 1500m
141 AL FREOHEX IO A ST TR AR T3 X R AR R X
142 Fig.1 Spatial distribution of the global average winter 2-m height temperature variance (units: K) from November

143 to following February (a—d). The purple line indicates 1500m terrain contour. The brown box shows the key region

144 of temperature change in East Asia studied in this paper.
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M X AR S (0 B AL, M0 28 RS IR 1 AR Wb X AR
HNA IR IR .

A FREA RIS R R A CERGY) #EE BRI 2 0 (8] FRUE R RHE . 58
— B> (PCL) RILNE EFEF, Ui B B TR AR IR AR AR —
A —E R (IPCC, 2021) , REZAaHARBT EEEGEE (B
) o EEARPRERE L, PCLIEAAH HIUAE 1988-2004 £, i S ArAH N H
PULE 2005-2015 4, JXBEAIAR I [X 2 2=l 5 ISR ARPR Bl R IEY) & (Yun
etal., 2018) , 5P R AT KAFENRIRZWFE D (Wangetal., 2009;
Wang and Chen, 2014; WangandLu, 2017) . PC1 fEBR/ &G EEIE. L
A, 73 58+1.40 F1-1.27. X5 FRsr (PC2) MME, HEME TREESR
ARZE (B 3b) , HERRSZEFIEAA HIAE 19801987 Fl 2005-2018 4,
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Fig.2 Spatial pattern of the first S-EOF mode (a—d) and the second mode (e—h) of monthly winter (November to

following February) 2-m air temperature anomalies (units: K) in East Asia (80—130°E, 20—60°N) from 1980 to

2022.
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Fig.3 The normalized time series of EOF1 (a) and the normalized time series of EOF2 (b) of regional average
monthly winter 2-m air temperature anomalies in East Asia (80—130°E, 20—60°N) from 1980 to 2022. The purple
dashed line represents the linear trend, the blue solid line indicates the interdecadal component, the green line
indicates the interannual component.
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Fig.4 Composites of 850-hPa geopotential height anomalies (contours, units: gpm), 850-hPa wind anomalies (units:
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m s7!) and the 1047 hPa characteristic line of Siberian High for the positive phase years (a—d) and negative phase
years (e—h) with PC2 on interannual timescale. The brown line indicates the characteristic years, and the black line
indicates the climatic state. The dotted regions are significant at the 95% confidence level. The green winds are
significant at the 90% confidence level.
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and Livezey, 1987; Z=H0W%%, 2023) o [AINS, JbARHL DX IR ETE R 57 A7 30 57 5
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(EATL/WRUS) F3EAH<AIAHML (Wang et al., 2011; Liuetal., 2014; Gao et

al., 2017; Chenetal., 2019) .
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230 Fig. 5 Composites of 500-hPa geopotential height anomalies (contours, units: gpm) for the positive phase years (a—

231 d) and negative phase years (e—h) with PC2 on interannual timescale. The dotted regions are significant at the 95%

232 confidence level.
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Fig. 6 Composites of 200-hPa geopotential vorticity (units: K m? kg ! s™!) and 500-hPa wind anomalies (units: m
s71) in the positive phase years (a—d) and negative phase years (e—h) with regard to PC2 on interannual timescale.
The dotted regions are significant at the 95% confidence level. The green winds are significant at the 90%
confidence level.
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Fig.7 Vertical cross-section composites of geopotential height anomalies (shading, units: gpm) and Q1 (line,

interval of 0.06, units: K d™') for the positive phase years (a—d) and negative phase years (e-h) with PC2 on

interannual timescale. The black line indicates the climatic state, the green dotted line indicates the study area, the
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neutral years.
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