BhRBHER RN ER KR KIS 20202021 FAFRBHEINRR!

WAL AN Y BRAR 2
1 R ERERE KBRS, BB RS SRS G, 65, 100029
2 gL, g, 200030
W E 2020 % KA 2021 WIS N JCRIEHRANARIE , 51T FIR R U R AR M FRIR . AR SORE T AR RS i R
AT T AT se, FELIZ: D MHREAE, WIS RIIE, #2E T Bt B rka, Hi, H 2020 4
112 ARz 8 IRIEAR, SRURMIKEAYEREE T IE RS (P&, R PR ZE s B R R IR . 1X
55 20 BRI b [X FE MR IR RO B IR e 22 ) 2D 5y R BELFE v i A HA A b IR B s R, 5 i 00 A s PR K i
TAER ISR H A%, WP R, SR A R . X S HES) T PSR R R SR R R . 3) FEPRIRTE
FIERRRAEZR, JRE 0F NI MRmE L Re R I R AR, R DR s R 4 Re . s DL LRI R R,
7SR ) i AR R SR A R A
REEE: 2020/2021 A4-7F, SRIEW), SRUKIIFHZE, HEFH LG I

The Maintenance and Development of Ural Blocking High and its Relationship

with Severe Cold Wave Activities in 2020/2021 Winter
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Abstract Two successive severe cold waves invaded eastern China during the period from the late 2020 to early 2021, leading to
extensive, severe and persistent drop in temperature. The paper investigates the features and formation mechanisms of the circulations
associated with these two cold waves. The main results are as follows: 1) The circulations of these two cold waves are both be
recognized as a kind of “anticlockwise turning of transverse trough”. However, a broad ridge (or blocking high) was maintained over
the Ural area from mid-December 2020 till the end of the second cold wave. No breakdown or “discontinuous westward shift” of
blocking high was observed, which is different from the common cold waves in eastern Asia. 2) The maintenance and strengthening of
northerly wind in front of the Ural high leads to the increase of baroclinicity in situ. In the downstream, the gradient of the geopotential
height contour in the south of the transverse trough rapidly increases and the cold temperature advections are consistently enhanced
and southward advanced. All of these cause the intensification and southward expansion of the Siberian High. 3) Prior to the
occurrence of the two cold waves, the energy of low frequency stationary wave originating from at 0E (or even to the west)
propagates eastward, which favors the maintenance and intensification of the Ural ridge and the development of the trough
downstream, providing a favorable condition for the southward outbreak of cold air.
Keywords: 2020/2021 winter, severe cold wave, the Ural ridge, dispersion of energy of quasi-stationary wave
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LA (AR, 2021) o BT PROGSRRERGHRL, FRIRTEAER, RREmf, UG N RAEEMA T
KARRAN M, BRI FEANLEE, 23] 7 2F A1 2 23 (Bueh et al., 2021; Dai et al., 2021; Wang et
al., 2021; Yao et al., 2021; Zheng et al. 2021).

TEWNE B AR A ) R B RS AR . AR FN R EIEE A AR PR B
RE ASRIE N FEAT TR (S5, 1959; fluk#8%%, 1983a, 1983b; Ding%%, 1990; i
A, 19925 RWAMRAE, 1992; Park%F, 2011; FAREE, 2014). #FFfEH, AREAKRSIE LIERFRR
JUBE by X2 AR 2 PO A R 4 w5 1 i 5 R g e S A T i I BB B2 IR 1~ (Qian%s, 2001; Fa#dlss,
2006

MR IR IR s R, SRR BAZE & )+ AP AE 563, TERWIEMIBERF, Wi T o HEEMMA
o BRI SERF A GZ I B R R R E R, O R B S I E UM P AR SRR R . fluk
2 (1985) AN, Lhi/R s iRk ] S8R R, (REA TR ER. AR s, SRR
JEB R AR R PRERE, o] SECZEA PR, e i aR & & (Takaya%s, 2005; Bueh%s, 2015).
AL, FEFRSE B, SRR GEEE R TRIEH P R R G CRERSE, 1992). WF7iils, S/l
FE 5 R AR 20204 K 22 202 LAE 4] ) 263 Fh 40 7 EZE fA 2 (Bueh et al., 2021; Dai et al., 2021; Yao et al.,
2021).

— MR UL, AR X FEWI R RS IR AR A O, T R RN, SRR
R (BEiRES S, 1957), REAEEERRH I —2dfE . TRt MR B CHein SR /R #X)
PHEE SR AR, BB EIANIELL IR, RHESIRMERE I3 H CRERSE, 1992). (H2 HETH 4T
AR EARYGERE S, MR B RSB S . MR, H20209E12 A PR ERER—H B
), PR EE RS — HAEFFE0E L H AR . H4, H TSRS EAREIRERN? B2 SIE
HERER IS AR B AR ? H4h, DR G, BURFrS4ERF SRR, R WM N, JfiE
BORFEIRE), BRI R TR 24 7 A SCHERGIR 73 i AR O S A2 b S b /K B e s 2R Al B, 35
HOHT LA LA T A, RE AR T
28Rl R THE T

AR BB RMEFE: 1) 32[E NCEP/NCAR F 3 #fr BTk 1981 - 2021 4E4F4E 12 A 1 HiE H A
B, BESRG, EESPEN 17 2 (Kalnay 25, 1996). 2) 35[E NCEP/NCAR 4 #1 %t k} o [
PR E (Sea Level Pressure, PR fRFR SLP) K H AR . 3) 32 E Ak Tl -h 32 £ ) 2020 4 12
HZ 2021 4£ 1 HZ HIbH%3h (Antarctic Oscillation, DL RfEFR AO) FEE. 4) EZRAEME B Oa4tn
2020 4F 12 H % 2021 4 1 H o E b i < gopE HE 2R 5 V3.0 T i H IR BTk, 4L 699 A4l
A5 149 1981 - 2010 4.

N TG I R R SIS AR R KRG R R, KA Lanczos JES X B ERAT 8 KIEH
(Duchon, 1979).
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1H6-8H. B la-cii /a0 Joem i A M m PR ) sl . PR 40402 -8°C ISR IR SR, W 2k 2 AT A
SARPII-8C AL, WER XA 24 N ARRMFEX . vJLAESR], (12020 4° 12 F 28 [, A7 UF
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8. B (b)) R T ER R BRI . B (@) WK R, 23 #67R 2020 4F 12 H 28 - 31 HAI 2021 45 1 H 6 - 8 HFEsIid 2

Figure 1 The 24-hour change of daily minimum temperature at (a) 28, (b) 29 and (c) 30 December 2020, (d) 6, (¢) 7 and () 8 January 2021 (units: °C) and (g) the
time series of areal-mean SLP in the key area of Siberian High [40=~60N, 80120 “E; red line, units: hPa] and minimum temperature at 331 observational
stations in the temperature-drop key area in North China (units: °C). Red and blue lines in (a) — () refer to the contour of -8°C during the winter of 2020/2021 and
its climatology, respectively. The purple square in (b) refers to the temperature-drop key area in North China. Grey shading in (g) represents 28-31 December

2020 and 6-8 January 2021 cold waves.
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Figure 2 The distributions of (a) wind at 1000 hPa and (b) its anomalies averaged from 28 to 31 December,2020. (c)—(d) as in (a)—(b), but from 6 to 8 January,
2021. Units: ms™%.
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BT D32 8], SRS EREMN 2020 4F 12 H R At IR 4ERE X X, — BERPEERIEE — kR IEm IS
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50 TEEE—IRFERI T (15 Sa-d), B FTsREL A AL G T R e 1R 38 ik B ARG JE 14 v e IR R R i SR AR A 1)
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JE M\-2.08>105 K mr2 A5 4-2.36<10° K mL,
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ST AR A A i S A L R B b 70 5, A P i A E IR RV 2 ) KRN, R BEL 2 i T O 4
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4.2.3 BRRBHIEAERS S5 RE R R A%

R 20 A L R K S 4y K BHL2E AT 1 8, 5 P 3 AT 4 B o (10 v s X0 4 A e A2
R T EHEE RN RHIE . N T SRR TUR AR HE E H LR . FRATTHS 500 hPa i 3 s L HEAT T

MWIEB, 2HI R S R (PR fARS) BRI - 22248 . BT A 40 - 60N i (-1 1. 2 ik

IPER, R AR T 8 Kiyssh (K 10a). B9 2R S X R IER IR B . nTLLE R, 7E 2020 4 12 H
10 H% 2021 £ 1 H 15 H, 35 KEIN B, 30 - 60F {#4F IE8E~F, 1 90F LLAF| 150F NI A7 #EF X,
WAV ARFEAA LA, HED EEF L IR A BEARADAR, (EHGREEZ T d/NRK, KRB

JURA . L M AE (ES b)) R, M2 KRR, RALREE A AR E L .

T MNE 10a AT LAMESE, &' RESHIEE FIIZN 15 NMEREH . AR A LRI T T (88 kg
(F)— AR RV . (ATt B RAE AN R R T, MG IR . Sebr b, Rk E ik
WAL, WIS EA AL R EL AR IR, IFBOR MR A T B LI SRS, 7EA g + L AW 0%
FIREIX, A R TR R E (Yeh, 1999; Enomoto et al., 2003). 7F IF & AR BUMIEHL T,

=21 |2
: B

M NEZE L H 0-120F, 45-55N, 500 hPa [P AL PG, B 10 50° N AR, WL =140, iX
BB OF AMZIACE BN, W 140E LA R R e —MNEON PR R .
Sl b, B R 2 A R o A S 2R R )

gbak, St m A R ARSI 2 (E 10a) MEL (B 6b), Al RURIL - #FH AR —F ., XX
FEISFIRI, r s 4B EER LRI 70 5 7 7 2 A HEER IR SRR R M ARAE, O T SRR L X SRR (BH
=D gERFEINGE, M TR, A B A SR R . XS LA T S -2 (Takaya
etal., 2005; Luo et al., 2016; Shi et al., 2020). = Al A% m B K tsmiE /E A (Luo et al. 2016; Shi et al. 2020)
FREE 2 (Shietal. 2022) fUBFFE 45 T8 H R 5 2 hz 7k L BH & BT BV E AN B o X X PR IR FE
WL R PR LRSS — DM ER AR . TR TTIET &, A W AERR IR R AR M FE R 5L, WA AAE S
B) b B[R] b 1) /4
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A FEREERR.
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[ 3500 hPa s (S MILEEF (5% BiEAE. (a) 2020 412 H 23 [, (b) 26 [1, (¢) 27 [, (d) 28 [, (e) 30 [, (f) 31 [, ()
20211 H3H, (o 4H, (D5H, (p6H, (k7H, (D8H. Hfii: gom.
Figure 3 Daily 500 hPa geopotential height (contour) and its anomalies (shaded) on (a) 23 December, (b) 26 December, (c) 27 December, (d) 28 December, (e) 30

December, (f) 31 December 2020, (g) 3 January, (h) 4 January, (i) 5 January, (j) 6 January, (k) 7 January and (I) 8 January 2021. Units: gpm.
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Figure 4 (a)Time-latitude cross sections of 45-75E and (b) time-longitude cross sections of 45-65N mean 500 hPa geopotential height (contour) and its

anomalies from 22 December 2020 to 10 January 2021. Units: gpm. Grey shading represents 28-31 December 2020 and 6-8 January 2021 cold waves.
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Figure 5 Daily wind (vectors, units: m s) and temperature (blue dash lines, units: °C) at 500 hPa on (a) 27 December, (b) 28 December, (c) 29 December, (d) 30
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Figure 9 The time—pressure cross sections (averaged over 60°—90°N) of (a) geopotential height anomalies (units: gpm) and (b) temperature anomalies (K) from

20 December 2020 to 10 January 2021.
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Figure 10 Time-longitude cross sections of 40-60 N mean 8-day (a) low- and (b) high-pass filtering 500 hPa geopotential anomalies from 10 December 2020 to

10 January 2021. Units: gpm. Grey shading represents 28-31 December 2020 and 6-8 January 2021 cold waves.
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