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Study on characteristics of cold air activities in winter
over Northeast China
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Abstract Based on the daily temperature and minimum temperature data of 164 meteorological
stations in Northeast China from 1961 to 2017, in accordance with the “Cold Air Process Monitoring
Indicators” of the People’s Republic of China, a historical data set of medium-intensity cold air, strong
cold air and cold waves in Northeast China was established. Statistical methods were used to analyze the
interannual and interdecadal changes of northeast winter temperature, medium-intensity cold air, strong
cold air and cold waves. Results show that the winter temperature in Northeast China shows a significant
upward trend, with a trend coefficient of 0. 45, which passed the 99% confidence test. It was the lowest
in the 1960s and reached the maximum in the 2010s. The sudden change of winter temperature in
Northeast China was 1981. Before the sudden change, the temperature was mainly negative anomalies.
After the sudden change, the temperature fluctuated significantly. The cold air process in Northeast China
is dominated by cold waves. The number of days and intensity of cold air are the most and strongest in
December; the trend of cold air does not change significantly, with the strongest intensity from 1961 to
1970 and the weakest from 2001 to 2010. After the sudden change of temperature in winter in Northeast
China, the number of cold air days decreased and the intensity weakened.
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Fig.2 Interannual variations of winter average temperature in Northeast China during 1961-2016
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Fig.4 Interannual variation curve of the number of cold air days of different grades in winter in Northeast China during 1961-2016
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Table 1 Interdecadal changes of the intensity index, number of days, and temperature anomaly of winter cold air in Northeast China
i B FAESR L ISR FEi] HHPB R A
SRR RS HEd H%/d H#/d H A I/d HE/C
1961—1970 2.0 544 3.8 3.1 10.0 16.9 -2.13
1971—1980 2.0 385 3.6 2.7 10.9 17.2 -1.38
1981—1990 1.936 4.4 2.5 8.6 15.5 -0.45
1991—2000 1.978 3.8 3.7 8.2 15.7 0.22
2001—2010 1. 801 3.2 2.0 8.7 13.9 0.29
2011—2016 1.912 5.6 3.2 7.5 16.3 -0.11
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Table 2 Winter cold air intensity index, number of days,
temperature anomaly, and different signs in Northeast China %
1961—1981 4F 141 1982—2016 4F-1% 3]

T_I, 71 28

T L 14 14

T, 1, 10 43

T, L 5 15

T_S+ 48 26

T_S_ 38 17

T.S, 10 34

T, S_ 4 23
TE: T, T RN AR IE U, S+ S_ kBl R 25 R H HUE
U, L L 2R v 23 IR B IE S
BOR, oy MBI I E . ARAE X & 1R
TRZREAR N R % 1961—2007 4E 1Y 1986/1987 4E4% 4k,
oA 1981 4F,

(2)1961—2016 AF- AL H [X 4% 2 i [ 1l 54 F-
P B HOBCRRAE S FE ] > 0 v 23 > TP AR SR B S
s A AR SRR R < 1 08 B SO 2 3 el s
A, AN [F) A G iR Bl S R A H B AN 35
aIs A e 12 F O 7R b 2% 2 0 il < 7 0 O
5, KA HEURZ A6

(3)2001—2010 4EA b Ml [X 24 F v 2 Sk B 47
B/, e 7S R RS 10 10 a, X RRE
ST AR v 3, LA AR i AR 8 2 M R AR o
i 71% , 578 5 S D 2 391, L A s A7 7% 25 D 5
AR AR X8, 3R B 43% , ZR AL AUl R 728 I i e
TR =Rt B RS 5 AR

Z % X B
(1] ks, EEE, 20, & PERICH XA ESERERE

FIERSIPTSH MR ARG, 2013, 29(1)

47-54.

SHEN Zhichao, REN Guoyu, LI Jiao, et al. Winter temperature

variability and its relationship with atmospheric circulation

anomalies in Northeast China. Journal of Meteorology and

Environment (in Chinese) , 2013, 29(1) ; 47-54.

[2] &%, ki, ZEHE, & R ZRREL S W R RIS

AO KR, THS %, 2017, 35(3) : 383-390, 419.

MENG Xin, ZHANG Yu, LI Huilin, et al. Air temperature

anomaly variation in winter of Northeast China and its relations

with AO. Journal of Arid Meteorology (in Chinese), 2017, 35

H 5 A R

[3]

[7]

[8]

[9]

[10]

[11]

Dz09\EN S S L2 \2023 \ i HEFR \

(3): 383-390, 419.

FEh, BRORAS, skAERS, 55 FREZRILH X A& R a3 22 1L
RFIESM AR BBITSE. MOl B, 2017, 49(3) @ 106-112.
CHENG Jie, OUYANG Yang, ZHANG Jiaqi, et al. Study on
temporal and spatial variation of winter temperature in Northeast
China. Forestry Science
Chinese) , 2017, 49(3) : 106-112.

XK, FEd, WA, 25 REARIBX AT TR B AR LA
TR E BHALFR, 2014, 25(1) ¢ 1121

LIU Shi, SUI Bo, TU Gang, et al. The East Asian winter monsoon

and Technology Information ( in

background on the variation of winter air temperature in Northeast
China. Journal of Applied Meteorological Science (in Chinese) ,
2014, 25(1): 11-21.

R, KRz, &7 1 AR XSRS Mk ES. #
2FiE L, 2012, 57(31) ; 3000.

LI Chao, ZHANG Qingyun. January temperature anomalies over
Northeast China and precursors. Chinese Science Bulletin, 2013,
58(6): 671-677.

MR, AEEE, T, 55 05 56 a FE B A SMEELF L. N
FAR G240, 2009, 20(5) » 539-545.

CHEN Yu, REN Guoyu, WANG Ling, et al. Temporal change of
warm winter events over the last 56 years in China. Journal of
Applied Meteorological Science (in Chinese), 2009, 20(5) .
539-545.

JEPRESS , AT E. A E KR 1956—2008 47 3 iR 3 142 b
FEAEAHT. SRS FRIERTSE, 2010, 15(4) ; 405-417.

ZHOU Yaqing, REN Guoyu. Variation characteristics of extreme
temperature indices in mainland China during 1956-2008. Climatic
and Environmental Research ( in Chinese ), 2010, 15 (4):
405-417.

XN, B, B RO =A 2 BRRAEA A SR
J. SARA AL SR HE R, 2009, 5(6) : 357-361.

LIU Shi, YAN Minhua, SUI Bo. Advances in the research of
winter air temperature variation of three provinces in Northeast
China. Advances in Climate Change Research (in Chinese ),
2009, 5(6) : 357-361.

R, XIE K RACB XA TR -5 R SRR E R
5T MG Bt , 2005, 28(5) @ 640-648.

HU Xiuling, LIU Xuanfei. Decadal relationship between winter air
temperature in Northeast China and arctic oscillations. Journal of
Nanjing Institute of Meteorology (in Chinese ), 2005, 28 (5):
640-648.

SRR, REM. ARSI R H S R = =R
BR. K% B2, 2010, 30(1) : 99-105.

YE Gengxin, SONG Yuming. Relationship between cold ( warm)
wave onset date and summer freezing damage in northeast China.
Scientia Meteorologica Sinica ( in Chinese ), 2010, 30 (1):
99-105.

R, T, PR, PR ZRJU R A AR S R
AR L. AR F R, 2005, 16(3) @ 334-344.
YANG Suying, WANG Qianqgian, SUN Fenghua. The winter air
atmosphere

temperature anomalies and the changes of the

circulation characteristics in southern northeast China. Journal of

HERR 2858 5/ 2023/7/21



426

43 4

[12]

[13]

[14]

[15]

Applied Meteorological Science (in Chinese), 2005, 16 (3):
334-344.

BRIE. AL X A SR 5 1 I 28 AR LR B iy
EVEFRRFEMCR M L] Mal: Al igs
Be, 2003.
YANG  Suying. Spatial/Temporal variations of winter air
temperature in North-east China and the relationship between SSTA
in tropical Indian Ocean and the air temperature [ D ]. Nanjing:
Nanjing Institute of Meteorology (in Chinese) , 2003.

UG, FEIE, PMIME, 4. 1951—2008 AF AR AL X 4 Z R AR
B TIARAE. KR SR, 2011, 27(4) : 12-16.
GAO Feng, SUI Bo, SUN Hongyan, et al. Variation
characteristics of winter air temperature and circulation field from
1951 to 2008 in the Northeast China. Journal of Meteorology and
Environment (in Chinese) , 2011, 27(4) . 12-16.

i, fEpRAE, RERK, A5 P E R X & R E R
MRS . KB RE, 2017, 37(1) ; 127-133.

XU Di, REN Baohua, ZHENG Jianqiu, et al. Analysis of trend
pattern and seesaw pattern of winter temperature in Northeast
China. Journal of the Meteorological Sciences ( in Chinese ),

2017, 37(1) : 127-133.
ez, TkERER. TR 46 a R IE WIS 2 AR A0 5 A TR IR,

b5

[16]

[17]

[18]

Dz09\E\S % R} 22\ 2023 \ FiHERE \

KRB, 2007, 31(6) : 1266-1278.

QIAN Weihong, ZHANG Weiwei. Changes in cold wave events
and warm winter in China during the last 46 years. Chinese Journal
of Atmospheric Sciences ( in Chinese ), 2007, 31 (6):
1266-1278.

ChIGET . o [ A IR0 S = A A 43 A [ A S ] p e
i RUE B TR, 2007.

MA Xiaoqing. Analysis of strong cold waves in China during warm
winter periods [ D ]. Nanjing: Nanjing University of Information
Science & Technology (in Chinese) , 2007.

FR, T L. 5 53 a o= FE W] A AR AL RRAE S AT RSN
KAEFBE, 2006, 30(6) : 1068-1076.

WANG Zunya, DING Yihui. Climate change of the cold wave
frequency of China in the last 53 years and the possible reasons.
Chinese Journal of Atmospheric Sciences (in Chinese) , 2006, 30
(6): 1068-1076.

WP, BOIR), IRAE, S BET MM S uk A4 3 [ S8 K A
SPGB, 2018, 38(6) : 759-767.
HUANG Dan, GENG Huantong, XIE Peiyan, et al. Classification
of cold wave paths in China and analysis of climate characteristics
based on FMM algorithm. Journal of the Meteorological Sciences

(in Chinese) , 2018, 38(6) : 759-767.

Hem 2R 588 2023/7/21



