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Abstract: By virtue of the daily temperature observations of 2400 stations in China from 1960 to 2019, the
climatological characteristics of the cold event in China are systematically analyzed. The results show that
the cold wave and cold air process in China mainly occur in autumn, winter and spring, and the frequency
and intensity have obvious monthly and seasonal differences. Regional cold wave has the highest frequency
in autumn, and national cold wave and all types of cold air have the highest frequency in winter. The average
intensity of regional cold event is the largest in February, and the average intensity of national cold event is
the largest in November. Based on the analysis of winter temperature in China, the past 60 years can be di-

vided into two stages, that is, the cold period from 1960 to 1986 and the warm period from 1987 to 2019.
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In the winter of cold period, the frequency of the national cold wave shows a significant decrease trend

[—0.57 times » (10 a) '], and the frequency of regional cold air and all-type (the sum of national type

and regional type) cold air processes in winter shows a significant upward trend of 1. 37 times *

and 1. 28 times *
tional cold wave frequency [ —0. 17 times *

air frequency [0. 53 times « (10 a) '] in January.
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Fig. 1

The cumulative occurrence frequency of various cold air processes in different months from 1960 to 2019

(a;) regional cold wave, (a,) national cold wave, (a;) all cold wave,

(b,) regional cold air, (b;) national cold air, (b;) all cold air,

(cy) regional cold air overall process, (c;) national cold air overall process, (c;) all cold air overall process
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Fig.2 Same as Fig. 1, but for winter, spring and autumn
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Fig. 3 The cumulative frequency of cold waves in each season from 1960 to 2019

(a;) regional cold wave in winter, (a,) national cold wave in winter, (a;) all cold wave in winter,

(b,) regional cold wave in spring, (b;) national cold wave in spring, (b;) all cold wave in spring,

(¢;) regional cold wave in autumn, (c,) national cold wave in autumn, (c;) all cold wave in autumn
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Fig.4 The cumulative frequency of regional cold waves (light blue column) ,

national cold waves (dark blue column) and all types of cold waves

(black box) and their linear trends (corresponding color dotted line)

in winter (a), spring (b), and autumn (c¢) from 1960 to 2019

Y B GE O R R DL R BB MR AE .
&5 AT D, DX s 7R | 4 ] TR RD 4 U e 25 AR R AR AE
2 F - #5958 B A s DX R S N 4 ] R SE 3 4 i)
ES AMIL HE¥mERK, BWR 9 HIRAKRE
S E R ZEW (B 1) sk B o % (& Say) . FEBRT 9
H VLA oAt H 5y o 4 [ 700 58 3 7 ¥ 5 B Chy 2. 10
~2. 2D ¥R T X R FE - S iR B (2. 01~2.11)
Horp 2 J1 W 7 258 B ) B ik B K . X T A R 9E
T CIX I R 5 4 [ R 2 D Sk & .12 A f 2 A
KR FERF YR 1 AR K HEF.3 A4 A
(725 BE L 5 0 BB K Bk R, 11 7 2 i
MR KT 9 A 10 A.

K6 BARBESBAEL F AT
S-SR B H ] 6 H] L A 2R SR T R (>
2. O RFARZEAFEH M (<1, 8), 4 FH R 4
SRR R T IR IE W S SO M. &
] 60 G 8 S 48R B (2. 15~ 2. 17) # K T X I3 760 9 34
SEH R FE (2. 03~ 2. 09), 42 [E B ¥ 23 5 5F By 0 fiE
(1. 74~1. 78) B g R F X I AL 25 S F 35 5
(1. 60~ 1. 64); 4 |8 ¥ 75 R0 PR ook 78 7 1 o B

(1.97~2.01) B i K F X I 004 25 A< ko A A 37
YIsRE (1. 66~1.69), 7TE4%F FHF EF 2 EA
FETH T 4 588 BE R /N3 Sl S IX sl 7Y S 3 - $4) 5 Y
1.05.1.03.1. 06 4%, 4x [F #3825 1 - 349 58 BE K/
G R X IRV 25 SO s B ) 1. 06,1, 10,1, 11
o X =AY 2 E B IEE (RSSO R ZEM
K2R 11 - 2 i R 21 e T 4 2 5 DX Sl Y A 4 A
FEW R R TR R AR Z LT/ X
WRB SR AW AR S AEL T FR ERT
Yo FEAR IR

3.2 EPREKBTLEDR

& 7 AL, 19602019 4, X 6 Y 9 3] Fl 4>
Y - X 9 B R A 2R A, K/ A3 i Dy 2. 09 AN
2. 14, 2 [E AU 17 B s B (20 18) FE K ZE iR
R 1 X3 R S 110 - 1 iR R A Bk R RN A TR AR AL
PRI BT Ah At 28 7R FE G 00 O 1 5 AR A A
T I AR R I R T B o 4 [ R SE 1 34 5 B A Ak
AR RE TREBS R —0.17 (10 &) Al
—0.14 (10 & ', 435058 &5 0. 05 Fl 0. 10 i 2 PEK



%

A

48 &

A, HL v [ R FE A - SR BEAE 11 A2 A
T B Sl 0. 10 12 25 PEKF- 6 56 (IR 5 B4R

QL

PR B TE I (8- 1 9 AR A TR R B AN R

i

Ei

i

i

o=

o=

o =

HIETE 12 AR T Bt olid 0. 10 2 5 PMK-F 45 4

(a)

2.12

2.20 2.20 216

2.07

2.15
2.08 2.09 21 509 2.08

(b,)

(b,)

Fig. 6

.00+ = B
1.84 182 1.82
75 Jin L8Oy g5 L5 BY el s
B LS L6 g Ls7 s Lo Lol : BB L L sy BS Lol L6
oM W W W M N EENEN
.50
(c) (c,) (c,)
.25+ = B
.00 B
174 L77 176 174 1.74 1.74
T5HLI0 LR 160 ) 6 L6t |6 L1065 1Les | ; L6t o Lz
1 2 3 4 5 9 10 11 12 1 2 3 4 5 9 10 11 12 1 2 3 4 5 9 10 11 12
A & A & H &
&5 [A &1 2 i R
Fig. 5 Same as Fig. 1, but for the average intensity
.50
(a) (a,) (a,)
.25+ E _
2.15 2.17 2.17 .
2.03 e 2.04 2.09 2.10
.00 B B
.75 B B
.50
.50
(b)) (b, (by)
.25+ B B
.00 B B
1.78 178
754 | 1.74 |
1.64 1.6 160 . . 1.65 1.64 162
.50 -
.50
(c) (c,) (c,)
.25+ 8 8
004 i o7 2.01 2.01 i
L7549 1.69 1.67 1.66 7 l l 7 A Bl Lz
.50 . .
K HF *FE X7 EF 7 K EF *F
K6 W& 1 (A4 2 R ZE AR T 25 i

Same as Fig. 1, but for the average intensity in winter, spring and autumn
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Fig. 7 Same as Fig. 4, but for the average intensity and linear trend
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Fig. 8 The time series of average winter temperature in mainland China from 1960 to 2019

(The histogram indicates the temperature anomaly. the black solid line indicates the mutation test,

the green solid line indicates the linear trend, the green dotted line indicates the 11-year running average)
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Fig. 9 The cumulative frequency and linear trend of the winter cold wave (a) .
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(The light blue column represents the regional type, the dark blue column represents the national type,

and the black box represents all types; the straight line represents the corresponding linear trend)
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Table 1 The average frequency and the linear trend of the cold wave, cold air and

the overall process of cold air in the winter from 1960 to 2019

Byl KA 1960—1986 4F 1987—2019 4F
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OBCFFRRLMBH AL+ (10 @) 71y« Fll wx 0 HIRIRE L 0. 10 H1 0. 05 182 MK PG 55 T ) .
Note: all type=regional type+ national type; the overall process of cold air=cold air+ cold wave. The number in

[] represents the total number of winters averaged over the years, unit: times; the number in () represents

a linear trend, unit; times » (10 a) "!; % and ** respectively indicate having passed significance tests of

0. 10 level and 0. 05 level. Same as below.
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Table 2 Same as Table 1, but for the intensity and the linear trend
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Note: The number in [ ] represents the average intensity of the multi-year average; the number in () represents

a linear trend. unit: a—!; % indicates having passed significance test of 0. 10 level.
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