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Abstract During the winter of 2020/2021, strong cold air processes broke out
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frequently in East Asia, which caused persistently low temperature, strong wind, heavy
snow and rainfall, as well as serious impacts on people’s production and life in China.
Using daily atmospheric circulation grid data and station temperature data, this paper
revealed the low-frequency characteristics of the Siberian High (SH) and its significant
impact on the three strong cold surges in China (Dec 13-15 2020, Dec 29 2020-Jan 1
2021, and Jan 6-8 2021). Both the SH and the temperature in eastern China showed
significant quasi-biweekly (10-30d) and 30-60d low-frequency oscillation (LFO)
features, which were stronger in the earlier winter than in the later winter of 2020/2021.
However, the specific LFO features were totally different among three cold surges. In
the first one, the quasi-biweekly oscillation had a significant positive contribution,
while the 30-60d LFO showed a negative contribution. However, the second and third
cold surges had a combined effect of quasi-biweekly and 30-60d LFO. In particular, the
third one was in the strongest period of the above two LFO waves, which also lead to
the largest cooling range and the widest range of low temperature in China, and the
strongest development of SH. The enhancement of the quasi-biweekly SH had a
significant impact on the cold air outbreak and the strong cooling in eastern China by
about one pentad (5 days) ahead, with its impact on the cold air outbreak (low
temperature in eastern China) the most significant by 1-2 (2-3) days earlier.
Keywords: Siberian High, quasi-biweekly oscillation (10-30d), 30-60d low-frequency
oscillation, cold surge, low temperature event
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H s SRR 2 P sl (5l B E A (EEAUREE). —J7m,
2020/2021 FF4ZF RIS B RS RIS R IR ST AT 2020 2Rk S 0 i /D (R A A
VKIS T 7RIE - 7, A A TR T R AR i ¥4 A AR R IR v £ L Y
L PR AL T B ST 5 (Lu et al, 2021; Wang et al., 2021; Zheng et
al., 2021). J— 770, Hsdd KA BB Bt A8 R 1 bl U R 2 A A
MBI, R EAHE SRR L B ZE TG IR 5 T, PEa R = S A AR T
A7 AHTHH S 8 D 5 0 BE SRS, LRSI E A T R 1) AR B3R S 808 =R
SEHEEIR, TS WA O R P 2R T SRR R i A A R R R R RS (R A,
2021). FRIEZ AL, 2020/2021 4F4Z=S M 7 R AUZE 15 ARSIUIR & R R AE 15
At — B RE

KEAEHHREY (Low-Frequency Oscillation, LFO) ¥4t H Madden #1 Julian
(1971) RILT AT HLIX, 2y KAAETET BT TR RBE B 3 BARARAE, 1
JIRE PRI i X RS 1T NR Y S B R MJO (Madden-Julian Oscillation) .
J& KV 2 78 3 AV AE #4H Hi [X. (Madden and Julian, 1972; Wenetal., 2010),
i HAERIHG (2524, 1990; Mao et al., 2010; Wen et al., 2011) Flr7E4f
(Anderson and Rosen, 1983; Liand Wu, 1990; HFERIZE8i4R, 1992), H%
IR AHAFAEARINRZ B AR A IR (B 52 ERAMNGK ), 19915 2524045, 1995,
A L2420 2003; Kikuchiand Wang, 2009; Yang, 2009). #R1fj, 4xERAS LA
At 1y DX s 2 DX RT3 B o R B R 2, R Hh s R R MR
HiX [ LFO be#harh X yE9m, HAEAPER R (5, 1991; 2R,
1995; BRHIF4E, 2006). KT #ir K5 LFO X AR W E ZEXIES) (BR%Z 2, 1998;
PREAEAE, 2005) FIZRREK GREEFBRIRE, 2005; Z#H5%, 2008;: %y
%, 2008; Zhangetal., 2009) B0 CA A 2 BB FL R . I LS IafF Fi R
B, RIEAZE KUE BN FIRR L i 46 KSR R 48 Gl AR RAE . SRR 1
PHZE. PHAARIE . ARALA RS MHEA B WRIRGRHE, HFH M54
IR FFERMEARIR . BT UK R F S RTVUEF A EVIRR CRERBU
VL, 2013; BXGHESE, 2014; FF4&HEEE, 2015; XIPESE, 2016; Yaoetal., 2016;
EFEAR TR SCIE, 2018 230 EANEAZ, 20205 57255, 2020; MK, 2021),
— LA S BT SE N AR R T A K< LFO W ANIR] X3 4 28 Mk e o 11
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FEA: 2004/2005 FE4Z= S h R 11 FHFE 10-20d (KA 51 T 25058 R 3 €0 R <t
1 (HBREESE, 2008), 2007/2008 24 Z= P40 AV = 10-20d 1 30-60d (AR
U PSR ACE (B EAE, 2015), 2008 S [E w5 KR N 5 vkik RS
5 30-60d 1 10-20d fXAHR; [ MIO W& EVIMHR (B4, 2011; 24,
2018, 2010/2011 4F 425 484 2= AL SRR AIHR % 5 2070 R 1 X A ZE RE SRR
(F4HMg55, 20160, 2011/2012 4FAZEFE IR FE RIS BRI 10-30d HIMK
PRy (FEESE, 2016a), 2012/2013 AR AR ARG F 11 52 365k
HE £E PRI 10-30d A I E 25 (HiH 5%, 2016b), 5.

HITHEES], 2020/2021 -4 Z= AT HSN S (1504 5 U AR N RAE 7= AR TR I A
TP E S, FATI M TR RIS SR IR AT AR UK S5 A i e BT
(Zheng etal.,2021), LA KAZAEAZE R JARI G VA WL 4T (K XSRS 3 AR B
HAERAE CBEERT SR, 2021), F5AI5RIELE 2020/2021 SEAZEFTH, KR H E 46
S W 1 BRI, SR L R e o PHIETERR, AR K
FEfmat A BTG, bR sh RIS AR HAR WA 2 AR IE X, M
PEAR R T, i R R R 5, FH et ) 3 B80T & AR I A 2= U+ ] o 2R3 <
TR A TR B R AR KR o BT 0, AL R IV oy 6 2 IV 46 2 BRI 1) R Jre 4 e
BAEE(EH (Dingand Krishnamurti, 1987; ] —JC2%, 1991; #2245, 1992),
Hom S0 b [E AR AR (G R I B (2R, 1994 FRHZESE, 2002;
FRGEATT 0, 20065 FhBRLESE, 20105 WEMIZnAIZEARGE, 2016), Kbtz
5] 5% A A H o S 000 M 55 R P — A B ) AR I 4 2 IR A o AR SO SE 28 T 7Y
TAE, WRAZENT PARATIR 5, #A FE B 5 43 A P AR R I g s PR R 21 AR A RFALE % G
KX — KR A 2R LR 4 B B 5 A 2 A FR I R2 i, DS B o 4 T Bt L
2020/2021 4FAZE i [H R A B HTAE A RN R) RUBE B A AR AE AN BEATL 3
RZENT RN RS TR 4 5 2 A I E RS B
2 BRI

RCA BB REARE: 1D 2EEH G ERERAEFESZRERSR
FRALEATR b B EZ YRR E AR R E R HEEHREE (V3.00) (T
ZAEE, 2012), ZHFRECHENSFIRI R Z M 20 HRERSHR
PR AT R R [ 26 [ [ PR B TR O R0 [ 5K 7 L (NCEP/NCARD, 41
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TR I AL &R HUT 2m R A, 2% 2.59%2.5° (Kistler
25,2001). IR T SR LR 1981-2010 4E-F-31E A SEAE T 5045 BIUAH B BE 7
Yo RICPAEFRIZSE 12 HRRGE 2 H, B 2020/2021 445172 2020
12 H 1 HZE 2021 452 A 28 HIIF.

AR, PR = R R O SO TR AE AR S s X (40°
-60°N, 80°-120°E) [ X I I AR IIA-F- #5185 (Gong et al., 2001; Wu and Wang, 2002).
ARSCHTAE K5 A 07 2 EAE D S A A A . /A e L A BRI L AT S
FH ISR o NGB B R JE) 3R 3 BT A5 ) 100 57 FT e B 5 ), O AR R PR 31 e
F 2020 4E 11 A 1 HE 2021 3 A 31 H, IFEBEETRMHEE. FiHEHE
B 51 (R J5 AR OGN, Hh T A ) B AR DR, FRATT SR T T A A

Ny =N A—rr)/A+rr,), HA N RANEBE, r X rn 28— E P

T S — N UK AR O R BB = r (N, —2 V- r? BEAT L5 (Bretherton

etal,, 1999). 54h, SHEFER MK CIE (2018), RHRAMUEDE 7 51| (¥ 75 2 % DA
JEUR 7 B 77 22 FE R LA 100 1R MRAT 22 STk v & 4 L
320202021 FAFHESRRETRUE=XEEUBATIIE

2020/2021 FE4Z, JEEGHAFSRRN-2.5C, BUFERS (3.4°C) flm
0.9°C: (a4 b, BR T HrsEAbH. 5 A A0 AR b AL 3B A s 4[R]30 i
A1, A B AR R X AR AF A R e 1~2°C o RLE IR I ) RUBE |,
BAEAERIRAT) T4 TG EWMBERI R ZUET (BRI RT S, 2021).
Mo SR BIE DA AT DVR ), A2 =k R s PR fE AR A
£ 2020 4E 12 A 15 H. 2020 4E 12 A 30 HF1 2021 4£ 1 A 7 HEBIME (K1
R B =)o B A IR, 2020/2021 FF4Z= EILR A 9 A
[l A SR CRES SR, 2017), HiP =Re ERsRA 2T
SrAIRAEAE 2020 4 12 H 13-15 H (P1), 2020 45 12 A 29 H-2021 £ 1 H 1 H
(P2) #2021 £ 1 H 6-8 H (P3) (3R B 1 iR =R, e
PRIR A IXAS AR I PR IR 4 ARS8 R AU R (R 4%, 202D AIX =
PRV 23 S R 1 R I R R s P AN R B P 1 23 TR o A R X = e s <
FEFCUAVE ™ BREER, R EIRR T s D)1 PG 3R 2 e S5 A R R X
A B B PR AR B A A R A . b, BRIRIEETE 8°C LA X3
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-12 1000
1-Dec 6-Dec 11-Dec 16-Dec 21-Dec 26-Dec 31-Dec 5-Jan 10-lan 15-lan 20-lan 25-Jan 30-Jan 4-Feb 9-Feb 14-Feb 19-Feb 24-Feb
2020 2021

1 2020/2021 4 Z=4E-H#<iE (T _China, #s24l) MM (T China Clim,
WD THEME & EFE% (SHI, ZLtSE4) MEF(E (SHI Clim, ZZLEEL) HiE
HisAe IR AR 73 ) s = U4 E R 98V 2 Ul 72 P1. P2, P3)

Fig. 1 Daily variation of the national-mean temperature (T_China, blue and solid line) with its
climate mean (T_China_ Clim, blue and dashed line) in China, and Siberian High index (SHI, red
and solid line) with its climate mean (SHI Clim, red and dashed line) during the winter of
2020/2021 (grey bars indicate the three cold surges in China).
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2 2020/2021 FFEAZE =4 ERL R A A AR T 4 [ A R R BRI IR (A2 42D AU
PP AR oA (LLHER R [E AR HX 20-43°N, 105-123°E). (a) (b) NEE—
UOERE P1 G R, 2020 4F 12 1315 D, (o) (d) AF Ul e p2 (2
RITEW, 2020 4 12 29 H-2021 41 H 1 HD, (o) () A= P3 (4 [ RTEM,
2021 1 H 6-8 H), Hfi: °C
Fig. 2 Spatial distribution of the maximum temperature drop (left column) and the temperature
anomaly (right column) for the three cold surges in China during the winter of 2020/2021 [red
boxes indicate the region of eastern China (20-43° N, 105-123°E)]. (a) and (b) for the first cold
surge (P1, 13"-15" Dec 2020), (c) and (d) for the second cold surge (P2, 29" Dec 2020-15 Jan
2021), and (e) and (f) for the third cold surge (P3, 6""-8 Jan 2021), units: °C
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4.1 FafER) LR A X R SR R RS A4 E

K 1a 754 E TSRS H AR S B &N 1 vEAa R s R 50 iz 0 AR
(B 1 e eliZe), wRUERRE L, 5RRN = REAN R, FEAA
RN 5 A = IRUEAE, 43 R AEAE 2020 45 12 H 13 H. 2020 412 H 28 H.
20214 1 H S H (B 1RO ER LD WX =J0dfRE, AR S K —
UG R AT TSRS KRB ERL 2 Ko T SIEHXAN KR, 1HH
T AR A PA A 5 SR 55 b SR R R S A O, R BT R A
A RBE B EERE LT, PR m FE MGEE AT 6 RIFUAE AT 5 ¢ R ELRR S
T 95% 1 i AT IS, TEREHT 2 RETAHICREL (-0.77) MLExHEE R B (B
3 R 2D o BARE PEARRIE e 5 AR OB X R (SRR
(Y 90 5 O 22, T DA HH AT T v ) 0o 2R 0 1 DX IR PR R R T K
2y 4 REARIREZEMR, FHARTERRT 2 RIS 50 CFUAHR R 40HE
BREK, B3 i e ha),  H AU O R T A0 B A P2 SR DR
AR, 2 B A R IV e T o 6] 2 350 X I PR 5 T B A 2

0.8

—LagCor(SHI,T_China)
—LagCor(SHI,T_EastChina)
—LagCor(SHI_10-30d, T_EastChina_10-30d)
--95%

0.6 -

04 -
0.2
0o
-0.2
-0.4 -
06 TR TN T T
-0.8 -

-1

3 2020/2021 FEAZEPUAFII R EETHE 50 (SHD 707145 42 P2 i e T
(T_China, RS Frp [E AR X P2 (T_EastChina, W52k @AY
TEASG, LSRR sk, (HOUREXUE (10-30d) fIRAURE ERAHR R %, MiAkhs
B (IED AR S B AT G JSD R AR R3]
Fig. 3 Lead-lag correlation between the SHI and the area-mean temperature anomaly in China
(T _China, black line) and in eastern China (T_EastChina, blue line) during the winter of
2020/2021. The red line is similar to the blue line, but for the quasi-biweekly (10-30d) oscillation.
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The negative (positive) value on the X-axis indicates the days that the SHI leads (lags) the

temperature.
AHERR RSB SN RZ 8, S A R 5 2 T 25 % ) R S X )
(MR EE 7 ST Sd 130 FY, FEUNEAE e, nTUAE Y, 4GRS R
FER (& 4a) MZAEBHLX AR (18] 4b) ARATAS AL R DU AR LI RRAE A IUHD
BFEEXUE (10-30d) F130-60d MKAAEAL, I HIX PN BIAIRAIE B2 £E 2020
12 H-2021 4F 1 &R, TAE 2021 4F 2 H W R AmS5 . T EEAEXUE AT 30-60d IS
SN TTER /N, R 1 FTRLE H: %FT 20202021 4 F= P E G R, 78
AR v s HE XU £ 30-60d #4975 22 5THR 73 ) 9 32.5% A0 24.0%, R B I PN
(I DTRR S /IMEZEAN K, (RO (1 Dok K, 5 HLF N0k B 877 22 skl
50%, FEiE— UM 7% AR A R SR RIS IR AR R B, ELAEE W
JEFT 30-60d ARATRFAE 5 1715 H 1] 2 30 bt DX 3 4D o SO0 JE AR 955 (14 7 25 ik B 4
KT 30-60d ISR, REXHABEN R I7 Z TR A B3] 50%, (HHAE
XU P 77 22 D k- WA R s s PR 16 40 B R 0

(a) Siberian High

11/01 12/01 01/01 02/01 03/01 04/01

2020-2021
(b) Temperature anomaly in East China
T T T
0 N b= L

Period (days)

2020-2021



204
205
206
207
208
209
210
211
212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

Kl 4 2020/2021 42 (a) PRARCFINE i Hs B~ 4RO (o) rb [ 2R 0l X AUl R 2 81 1
NP AR

Fig. 4 The wavelet transform of (a) the SHI and (b) the temperature anomaly in eastern China

2R 12020/2021 A ZFPHAA A i A A0 o [ 2R Bt DR HEXUR]. (10-30d) A1 30-60d 1%
W7 72 TR
Table 1 Variance contribution of the quasi-biweekly (10-30d) and 30-60d low frequency
oscillation variability of the SHI and the temperature anomaly averaged in eastern China during

the winter of 2020/2021
HEXUE (10-30d) 30-60d
PEAARIE = 32.5% 24.0%
AR X R 22.6% 7.1%

B 5 5 i PE AR R o TS HORN Fp 2R 0t [X AR 132 AR DL R AT T X
JEIFN 30-60d YEBIAE R, FERE AT B = R4 E A R4 U AR (P,
P3) HIREHIRFREERE 5 oo XFLEaT LR, PR i pE AR R Y i A T
LR R AT B I e AT 30-60d AERATE B 1) 2 (J Sa), AR X AR AR U] A
THERUE AT B0 (138 25 A1 30-60d A BN 1 EFHHH (Bl 5b). XK P1 SR
Y XU 1R 34 Xt P A1 0 iy s P 484 4 R 4 35 1 [X 1) 58 B IR 5 16 TR0 T ik, 17 30-
60d AR 3% HO TTHRAZ S A1 (1) P2 A1 P3 S FE A e ZE I 1] L sedsii, - AR 50
K&, PUEFIE S AR P2 A1 P3 I R ARAL T-#EXUH AN 30-60d PN A IERLAH, 3
P3O FR A PE AR R e A T AE UL A 30-60d BN I, T P2 I FE AL T
HEXUE AT 30-60d (1)K R B (1 5a). PRI, £ P2 F1 P3 s fir, HH T3 HEX
JEIF 30-60d PIAMIRAIE B FL[RIE 3 B0 P A I 4 o B0 AP R . v s e
I S 5 T A AEXUR AE F K PL o A8 o AR e R OB BE s TXF LG P2 A P3,
[ AL T HEXE AN 30-60d TEAAHIEAR IR 917K P30 o Ay oG 41 R I oy s A 22
50 T4 T ANV B R ) P2 AR R ST s pR e BEIDTE AR T R AR
Bk 5t 2020/2021 A ZEPEAARIE = R ok FE R EBAE R . S5 UAE R, A E AR
R X AR AR AR (b B BB AE (& Sb), P2 T P3 R IR B B T FE Ak
T 30-60d GUALARIT I, JF H.HT P3 AR A AL T HEXUE AN 30-60d SA0AH B
B, S P3 IFE A PRIRIR B R, R M X A A T B A A R B ) B A1
sy T P2 SRR A BT SR RN 30-60d AT S SE FIAE A, L AR I T
BB TR RSO B BT PRI P3 X IR ERA SRR AR E
¥R F o AR 1 10 PR 22 57 o
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ZNERy R AR R N A I B P RAIPS e il R 0 R S A ]
DA HY P24 A 2R VE A A . v e P AR BB X R 20 5 T e B8 ) 0L AR
g, HABLPL AT P3 X RIS AR A5 (PG AR ARSI e s A Jje i« 2 Tt X ok i i
FERKD, Ja B Es; I EL AR A i Bk — ARSI B AR T A At X
IR AIAE (B 50)0 THEEEAN A TP ARG 5 -5 4 s X G A E XU
AERAIRURE b f e i i A 5, T AT H R AT 1 R . sy P R A iR A A R 4
2-3 R (9K WIS (EMIZS) i (K 3 PGS, BT 9 RAEAK
W IEANIGIE A2 21 10-30d B FIFAN, X -5 HEXUA JA A AL — 2 (77 4,
20200, TR 2-3 K UM SR WY PE AR A i S R 3G 9 HL S 2-3 RARHR
b X RV FRARAT S 25 52, X5 0 SO i (K B a6 R T H R B AR R ARt 2 — 5
(¥ (&30, #£ 30-60d RAAAL b, PEARAFINE ey AN AR AR X SRR Z0F 2 I058
Brpsh, JF HAR DU AT A s ienm, o< Rsh W Saigss (B 5d) RHE, 5
AT /NE BT A 5 R — B0 (B 4D [RIINE, A P3 adRe mP P A R A vy S 30 D T 2 48
M X IR BIRE RAG DEATE U AR A IV e 1 1 8 o [ Ao e i R R P (I
5d).

20 10304
P2 P3 —SHI —10-30d —30-60d —SHI ~=T_EastChina

SHI ¢hPa)

e
(2,0 BuUMOISET L

-
5

10
1-Dec 8-Dec 15-Dec 22-Dec 29-Dec 5-1an 12-Jan 19-Jan 26-lan 2-Feb 9-Feb 16-Feb 23-Feb 1-Dec 8-Dec 15-Dec 22-Dec 28-Dec 5-lan 12-Jan 19-Jan 26-Jan 2-Feb 9-Feb 16-Feb 23-Feb
2020 2021 2020 2021

(b) (d)

8 15 30-50d

—T_EastChina —10-30d —30-60d A —SHI —T_EastChina

euyDIsed L

e
2.

@ A B e N a @
L '

T_EastChina & 10-30d (°C)

1-Dec 8-Dec 15-Dec 22-Dec 29-Dec 5-Jan 12-Jan 19-Jan 26-Jan 2-Feb 9-Feb 16-Feb 23-Feb 1-Dec 8-Dec 15-Dec 22-Dec 29-Dec 5-Jan 12-Jan 19-Jan 26-Jan 2-feh 9-Feb 16-Feb 23-Feb
2020 2021 2020 2021

K 52020/2021 442 5d WEFHAR (a) PIAFE S EE-FHa80 (SHI, BREisk, 5
fiz: hPa) Al (b) A [EZRHH X SUEIE /74 (T EastChina, HEhgk, #47: C) Pk
EATRHEE GEERIZD M 30-60d (i) AR, (o) Al (d) 737 9 iufa AL
AR (ALt g, B R E L XORURERF A CGREGHIZD) RIAESUR (10-30d)

A 30-60d RIAZ I o & PR IR 70l s =i [ R i 5 U A2 PL. P2. P3
Fig. 5 (a) Daily variation of the 5d-mean SHI (black line, units: hPa) with its quasi-biweekly (blue
line) and 30-60d (red line) low-frequency oscillation in the winter of 2020/2021. (b) is the same as
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Tt B S 00 e O A1 s i S DS ] PR S A 4 (R B R 08 e 6 e IXRE AR AL 5
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469 WM FERAIERNE KA (Luetal., 2021). SELFEIF, XUCHRZEBRK G
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