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causes of two types of compound extreme low-temperature events in southern China during winter. The results indicate
that cold—dry events are distributed across most of southern China, with high-frequency centers in the eastern and
Jianghuai regions, whereas cold—wet events exhibit a south-to-north decreasing trend, occurring primarily in the
southwestern and western South China regions. Over the past 41 years (1982-2022), cold—dry events have shown an
increasing trend in most southern regions of China, whereas cold—wet events have significantly decreased, with notable
interannual variability in both event types. Cold—dry events typically occur in early winter, while cold—wet events are
more likely to occur in late winter. Further analysis of the different causes of these two event types reveals that early and
late winter are associated with distinct atmospheric circulation systems and moisture conditions. The mid-to-high-latitude
oblique ridge over Asia and the East Asian trough are key circulation features for cold—dry events, providing favorable
conditions for the southward intrusion of cold air. During this period, pronounced moisture divergence over southern
China promotes the occurrence of cold—dry events. In contrast, during cold—wet events, the northern branch of the wave
pattern maintains a two-trough, one-ridge circulation over the middle and high latitudes of the Eastern Hemisphere. The
southern branch of the wave pattern, propagating through West Asia and the Middle East, deepens the southern trough

and interacts with the anomalous anticyclone over the western Pacific, transporting warm, moist air to southern China.

Vol. 50

This leads to moisture convergence in the region, providing abundant moisture for cold—wet events.

Keywords Southern China, Compound extreme low temperature events, Atmospheric circulation anomalies, Water

vapor conditions
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Table 1 Periods and durations of typical cold—dry and cold—wet events in southern China in the winters of 1982-2022

BT AR F A
s R 1) B BTN R ) B e R4ud
1 19844E1 A3~5H 3 19824E2 A 5~8H 4
2 19844E2 H6~8H 3 19824E12H6~8H 3
3 19844E12 H22~30H 9 19834E1 H8~11H 4
4 19874:12H1~7H 7 198342 H20~22H 3
5 1990412 H1~3H 3 19844E1 H27~30H 4
6 1997412H9~11H 3 198442 H2~5H 4
7 19994E12 H20~24H 5 1984412 H18~21H 4
8 20004E1 H26~28H 3 198542 17~21H 5
9 20054E12H13~15H 3 19854F2 H24~27H 4
10 2008112 H8~14H 7 1985412 H8~11H 4
11 201141 H5~7H 3 198742 19~21H 3
12 2011415 10~12H 3 19894F2 H22~25H 4
13 20114E1H16~18H 3 19904F2H2~4H 3
14 20114:12H9~11H 3 2004412 H28~30H 3
15 2014527 13~15H 3 200841 H25%2H2H 9
16 20164E1H23~26H 4 20104E2313~15H 3
17 20204F12H 14~16H 3 20134E1H4~6H 3
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19 20224F2H20~22H 3
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Fig. 1

The (a, b) frequency (units: d) and (c, d) linear trend [units: d (10 a)ﬁl] of cold—dry events (CD, left column) and cold—wet events (CW, right

column) in southern China in the winters of 1982-2022. In Figs. a and b, black oblique lines indicate regions with the frequency=3 d; in Figs. ¢ and d,

black dotted areas passed the test at 0.1 significance level. Gray shadings indicate the Qinghai—Xizang Plateau, the same below.
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Fig. 2 The (a, b) spatial patterns (EOF1, units: d) and (c, d) time coefficient (PC1) of the first mode of EOF decomposition of the frequency of CD

events (top line) and CW events (second line) in southern China in the winters of 1982-2022. In Figs. b and d, black solid line is the long-term trend

for the time coefficient.
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Fig. 3 Time of occurrence of typical CD (blue bars) and typical CW (green bars) in southern China in the winters of 1982-2022. The bottom (top)
edge of the bar corresponds to the start (end) date, the length of the bar corresponds to the event duration (units: d) and the color of the bar corresponds

to the percentage of grid points affected by the event out of the total grid points. Cumulative occurrence frequency (solid bars) and duration (hollow

bars) of (b) typical CD and (c) typical CW in every dekad in southern China in the winters of 1982-2022.
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Fig. 4 Regression between the detrended and standardlized time coefficient of the first mode of EOF decomposition of the frequency of CD (left

column), CW (right column) and height fields (shadings, units: dagpm), wind (vectors, units: m s_l) at (a, b) 200 hPa, (c, d) 500 hPa, and (e, f) 850 hPa

in southern China in the winters of 1982-2022. White dotted areas and black arrows indicate geopotential height anomalies and wind passing the test at

0.1 significance level.
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Fig. 5 Composite-mean distributions of typical CD (left column) and CW (right column) in southern China in the winters of 1982-2022: (a, b) 200
hPa geopotential height (contours, units: dagpm) and its anomalies (shadings, units: dagpm); (c, d) 500 hPa geopotential height (contours, units:
dagpm) and its anomalies (shadings, units: dagpm); (e, ) sea level pressure (contours, units: hPa) and its anomalies (shadings, units: hPa). White dotted

areas passed the test at 0.1 significance level. In Figs. ¢ and f, the dash lines represent 1030-hPa isobar of sea level pressure for climatological winter.
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Fig. 6 The composite-mean distributions of disturbance field (shadings, units: dagpm) of 250-hPa geopotential height field relative to the average of

December and January, January and February during 19862015 and T-N wave flux (vectors, only showing values greater than 10 m’ s7) for the
typical CD (left column) and typical CW (right column) occur at (a, b) =5 d, (c, f) =2 d, and (e, f) 0 d in southern China in the winters of 1982-2022.

White dotted area passed the test at 0.1 significance level.

M IE S5 A (B 7o), AR T BEARm .
L DLV R e v 2 L 7 A 2 ) G e /Kl I
PR, ST Ve YR SR R AR I S KT ORTE,
850 hPa g b [X Sy Kyt B HL 5 20 ) /K8 B R
T H (B 7d), R R B 7KV R U B Oy (e,
RZ X IO A B2 KRR S, RIS
RAFRBKITFA

4 HREiIHR

ARICHIH T 1982~2022 4E 4 Z= 3 [ 5 77 X
3 H SR AR R ARG L K] CNOS. 1A% s A WLt £

%, DL ERAS B HrBERL, i 13 R T
DX 28 B2 45 A O ARG T P PO AR 2 ) AT RFALE - ik
TR SRR F AR REAT R EE T, R
FTRERRIAL, R BIUR 45

(1) REXFEGRTHIERE T84T 73,
FHEAE R TARIATLAERX, 322 2 i Ak
B WRFEARNEZ IR, KEX A
TR, EEEES. WS
EARIEF AR (B A R 2N 2= 5, e
THEAEERETIAS (12 HE 1H LD,
MR FMERERETEAS (1 H THE



434 Rl RS A5 [ g 75 A& PSR R A I S PR B ARSI K S R 23 Hr

No.4 LU Qiuming et al. Analysis of the Basic Characteristics and Causes of Two Types of Compound Extreme ... ~ 1057
400 (2) CD Omega & Shum 0.01Pas™ 100 (B) CW Omega & Shum 0.01Pas™
16
400 _.-‘-.1 400 I R .. . -.-
0.8
< <
£ 500 - £ 500 -
@ @
=} =} 0.0
[] [7]
%] %]
o o
a a
700 700 0.8
850 850 16
1000 +—5 1000
10°N 20°N 30°N 40°N 10°N
N (c) CD WVF 850hPa -003 60°N (d) CW WVF 850hPa -003
40°N 40°N 4 -
20°N 20°N
0° 0° —
120°E 150°E 180°
I | I—— ]
0 4 8

K7 1982~2022 FEAFRE T A THM (FEFD MBBAEENE CEFD (a. b) EERPET (KE, 0060 Pas) FHIEHET
(HI%%, #4i: gke #Y 100°E~123°E P4 0 —F B H & 0% FH 44, (ev d) 850 hPa KVUHEIE T (K&, #47: kgs ' m
hPa ). KIVEEHUY (%%, 460 kgs ' 'm hPa ) KHFET (W%, #fi: kgs'm hPa ) SHTHNM. Bla. b, Bk
R AT 5 K50 T 2 B REE PRI LG IR RE S T R K 0.1 ORGSR Bl oy d b, SR SKAIET s X343 B A KA i S KR
TR BRI TR MK 0.1 BRI .

Fig. 7 The composite-mean distributions of meridional-vertical cross sections for (a, b) vertical wind anomalies (vectors, units: Pa sfl) and vertical
specific humidity anomalies (shadings, units: g kgfl) averaged in 100°E—123°E, (c, d) water flux anomalies (vectors, units: kg s'm’ hPafl), water
flux divergences (contours, units: kg s "m " hPa l) and its anomalies (shadings, units: kg s "m' hPa l) at 850 hPa during typical CD (left column) and
CW (right column) in southern China in the winters of 1982—2022. In Figs. a and b, the black arrows and gray dotted areas indicate that the vertical
wind anomalies and specific humidity anomalies passed the test at the 0.1 significance level. In Figs. ¢ and d, the green arrows and dotted areas indicate

that the water vapor flux anomalies and water vapor flux divergence anomalies passed the test at the 0.1 significance level.
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