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Abstract

From December 29, 2020, to January 7, 2021, a cold wave weather process occurred in North China,
East China, and the central and southern parts of China, with the lowest temperatures since the be-
ginning of winter. Strong winds and snowfall occurred at many airports, which had a certain impact
on operations. When the cold wave occurred, the Ural blocking high in the middle troposphere was
relatively strong, the transverse trough east of Lake Baikal persisted, and both the Siberian high
and the Aleutian low in the lower troposphere were relatively strong. The above circulation pat-
terns were all conducive to guiding the cold air from high latitudes to move southward. When East
Asia was relatively cold, the Arctic region showed an obvious warm anomaly. When the Arctic warm-
ing occurred, the blocking high in the mid-high latitudes was likely to intensify, and at the same time,
the Siberian high was strengthened, further leading to the occurrence of the cold wave. In addition,
the thickness anomaly pattern of “positive in the north and negative in the south” reduced the me-
ridional gradient of the thickness in the mid-high latitudes of the Northern Hemisphere. The re-
duced meridional gradient of the thickness led to the weakening of the westerly winds in the mid-
latitudes of Eurasia. The weakened westerly winds enhanced the East Asian trough and the Eurasian
blocking high, that is, the meridional pressure gradient of the mid-high latitude circulation in Eur-
asia increased, which facilitated the southward transport of cold air and was conducive to the oc-
currence of the cold wave.
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Figure 1. Distribution maps of temperature anomaly and minimum temperature in China from December 29, 2020 to January
7,2021
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Figure 2. Number of airports with snowfall and gale weather from December 29, 2020 to January 7, 2021
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Figure 3. (a) Geopotential height field and (b) anomaly field at 500 hPa from December 29, 2020 to January
7, 2021 (Unit: gpm); the rectangular boxes represent the climatological positions of the Ural blocking high
and the east Asian trough respectively
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Figure 4. (a) Sea level pressure field and (b) anomaly field from December 29, 2020 to January 7, 2021 (Unit: hPa);
the rectangular boxes represent the climatological positions of the Siberian high and the Aleutian low respectively
[ 4.2020 £ 12 A 29 B~2021 % 1 B 7 H(a) 'EFESEHF(D) EBFIH(BRAL: hPa); FERIEDF AEAFI
TEEMAEREENSESHLE

FEWIL R A A, 500 hPa £z i (1] 3(a)) b b R Lt X A W S (0 e B 44, DU DA AR
XA R SR AR AL, AEETI7(1] 3(b)) T LAA S R L X DU 2R 380 BAZR 9053 S 428 F) £
i B IR PR AU BT, SRR o R T 22 MR ZR [ o AT T US04 R (] 4(2)),
PEBEE VA 2 IR E SRR RIS R T B N, & 23S PO G R 3 D HE R T et 74w s, rhot
53 1 %1 1052.5 hPa, ] B F DXt T2 A 17 W AU I m s — BT B AR AR o Y1 T U B 132 s (14 4(b)) »
RSV A i R0 AP 2 31 g TP R A7 R~ — BT 5 ) 8 A ARSI g s AT B FRAIR, IXAP IR IR 5ty
AT 5 AR 2 B

5. Fi#i%k S T RERYMIZR AL

MEE 4 FEEF T BLE H, IEREP O AL T B SO, XA RE S AL R AR AFAE — E /IR
BE, BT NRZ B UM H, AEBRUERRM S R A TR 8. IEH] R A I B 1000 hPa i
PRSP S Ak, ALl X (20°~120°E, 70°~85°N)A W& Bz 0y, AR IEHBIX (100°~130°E, 20°~60°N) 4 ]
BRASREE(14 5), X SRT AR A “BRIEM - A RRIE” BB+ 2K 0l A T IRFUIENBIX RS
AR XA T AFAE SRIR, R AE Bt DX AU K X P S 9 <R 8, 5P <% . 500 hPa fiz %4
J&. 1000~500 hPa JZ [ F1 500 hPa & [r] I EAT [51 Y353 #7

XS 6() AT AT AL, AR BT B DUZRSIPEAR I B 7 P i UR R S R L, IR R
LU AR P T A SE AR AR X . X R A PEAAADNE B AR T X, Tl U 2R &S, [
I AR BRS80S IE ST IR DL, e 443 B b DX FR v 2 A ) AR Mt DX i 3 17 A A 2%
o SRR, FEAER TR, WP iU LR, BIPT R B s 2 EUE s 3. Bt vEia
A 7o s RS 5 302 T B AT M AR5, KPR 7 0 AT A S 3 [X T (K T R 3 T e db A . A
6(b) 7 1) 500 hPa i FE 3% iR A B [ A T 25 ROk, A URIR ST R, IS R/R I — E 2
SRE S ICHEN KX, S 2B A S B R W RIS X —BRRY], SR ih, DRI A &5

DOI: 10.12677/ccrl.2025.142023 221 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2025.142023

Kt E

BB TR o Y 1 X (1) BHLE v TR 25 ) HH IR 5 ) 175 O o AR A 5 4 (2018) IR FL SR, s bl X HE IR U I ¢
I, £ N RRI PH 28 i T (R 7 5 R B A AT RIS AF o T I L 28 v IS FR Ao, Stk — 2B (R A o A ) JIE
RN, B BUR L IX RS T B

Xf 1000~500 hPa JZ & 5 iR R HUR I EIA 0 #r,  FrfS 45 SR an &l 6(c) s . EURIEE EAIE, I
IZREICAAE X35, 1000~500 hPa &2 S ILIE S 8 ARAS, Horp IE 5 v O AE AR S WG RGBT . SR,
FE JUMZR W LA R B RO KRG XI5, %R A0 IR o IRl R R “dbIEm 517 B H, 8
bRk 2 B 2 B ) JE BE LR bR BE DR o RIS R R B, A R B I B RN, 228
A58 IV K ety 28 B b X P &85 1) 0 XU 55 o B0 N FRORIE 48 H [13], & 1] 7 AR 5 B, 30 35 B o e sh AR W 1)
Hag, DLRAERIINR. AR, XFEMHRES, Sl—Pmkhm A RSN R AR SRR . 7R
FREOL R, s B X v 25 S 5 T ) gk, HE R0 T MR R A SR A R AR R T REME . IR AT
NHIBEFE R AR B [0], X MR AR 2 5 BUhim R S FAIUR I E R & .

WS 6(d) TN, SR AEE BT, BRI KRSt 238078 500 hPa /& b, MEIFGHE ZAbIX i, 4l
MR “IE - - IE” PMRRs e BARRI N, fEH A2 EVLER S 6, FE—%&2
“HRAL - ARG B IE S X A2 b 45°~65° HIRRIE KRR X I, 4 & - 067 AR
JAGHHT s AR X R RE A TE S KEHT o CE RO KB (O 26 B by, XA ES 1V A 3, i
A S A MR ZEANE T AR, A E R X BB ORI R . NIRRT A A )
VPG RIS 5 5 2R 1L B 2E g e DA R AR KA 2 [ ) N TEBR R, FRATTAR 0 ST 46 im) RFB 4. 18 B0% L
WP A i o 46 5 500 hPa 25 [ JX e 2 6k 35 1) [X 15(60°~135°E, 45°~65°N), 4 ILIX 5 500 hPa 25 [ X[
SFBIME. 2S5, FHZIBHON 500 hPa £ 34 i BE A AT RN 43 Mo &5 SR B, 24 BRI Kt o 445 5 26 1) LDk 555
B, ANEAS S MR e 4 DUIM/RIAH X, 734 = ETh s T rE DUMNJR IS CARE AR X, 7 34
FEBRAR (AL AH G /R BE) o IX— ISR, SRRl BH 2E = A AR AR 35 I s s 35

-10 -8 -6 -4 -2 0 3 6 9 12 15

Figure 5. Distribution of temperature anomaly at 1000 hPa from December 29, 2020 to January 7, 2021 (Unit: C)
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Figure 6. Distribution of regression coefficients of (a) sea-level pressure (hPa), (b) geopotential height at 500 hPa (gpm),
(c) 1000~500 hPa thickness (gpm), and (d) zonal wind at 500 hPa (m/s) on the temperature index in winter from 1961 to
2020. In (a), the thick dashed line represents the 1028 hPa isopleth, and the shaded areas indicate passing the significance
test at the 0.05 level
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