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on Precipitation Distribution of Warm Seasons over Northeast China

HUANG Lijunt#*, CUI Xiaopeng'234*, CHEN Ligiang?®

1 Key Laboratory of Cloud-Precipitation Physics and Severe Storms, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

2 Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters
(CIC-FEMD), Nanjing University of Information Science & Technology, Nanjing 210044

3 Institute of Atmospheric Environment of China Meteorological Administration, Shenyang
110166

4 University of Chinese Academy of Sciences, Beijing 100049

Abstract In this study, 3730 cold vortexes (CVs) in Northeast Asia from 2000 to 2019
are objectively identified and tracked, including “short duration™ CVs that last [6, 24)
and [24, 48) hours and traditional northeast CVs that last at least 48 hours.
Differences in the spatial and temporal distribution, intensity, and scale characteristics
of CVs of different durations, and their impact on precipitation over Northeast China
during warm seasons, are further investigated. The results show that: (1) CVs with a
duration of [6, 24) hours are the most common, accounting for about 60%, while
traditional CVs are the least, about 15%. (2) CVs have considerable inter-annual and
inter-monthly variations, which are more likely to occur from May to August, but CVs
with different durations peak in different months. (3) The high occurrences of CV
centers with durations of [6, 24), [24, 48), and > 48 hours appear in the northeast
corner, northeast quadrant, and central part of the identification region, respectively.
The first moments of CV centers mainly occur near the western boundary between
45<55N, and CV centers with a duration of [6, 24) and [24, 48) hours are also more
frequent in the northeast quadrant and north-central part, respectively. The last
moments of CV centers are located near the eastern boundary of the identification
region north of 40N. (4) The longer the CVs last, the stronger the CV centers and the
larger the CV sizes. The CVs are stronger and larger in cold seasons than in warm
seasons. (5) The average ratios of total precipitation and short-time heavy
precipitation under CVs are both more than 60%, and the latter is much larger. The

longer the duration of CVs, the larger the ratios. The spatial distributions of total
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precipitation and short-time heavy precipitation under different durations of CVs
present remarkable differences. The research on “short duration” CVs also needs more
attention.

Keywords cold vortex, different duration, precipitation of warm seasons over

Northeast China, Northeast Asia

155

R AR i B R [ AR At X 7% 28 AR X R A RS K B R 4, R b
e AR R E S e MR R e lie, i i X 0 “ BRI IR” AR
TR, BRI T RRERGKIRAE . RIE, AR IKE. KR
A ENWERFERR CUREEE, 1976; T 1, 1983; # /), 1997).
ZRAGAIRTE FCN , 580 B KR 0 I8 45 9 38 1 R A AR — oMb 25358 1D T W PO 6
FAMERR 2 —, sRIEKEE IR R w5 S AF RO W ZE (558655, 2023), #H
SHLELHIF T8 A TR LA R 46 52 Kk

B0 ARACA IR TG ZNRRE S R, B TR A U 58 s (90705,
1994; E/&HSE, 2012; BEENAFIELRNS, 2022). AL RIS RSt
fiE (Zhang et al., 2008; Huetal., 2010). ZRILATRFI R ZN (Fh 1155, 1995;
BROKHTSE, 2013; AFNNSE, 2014) FHssxtii (BRJ7aEsE, 2005; AW, 2011;
FRFEE, 2012) 4SAELA K R A K FENLE] (Fuand Sun, 2010; id%%, 2010; Yang
etal., 2022; Huang etal., 2023) &2 R 7 REW T TAE, BS 7 xZE
QBT RCR . T Z AR IR, DAEZRIGAIRAR SCHIE A TAR AR MAL GER S e X
CHRE A HESE, 1992) ik, SAERFSNTAIA P R UL EE) . 3G T A6 X
(35°60N, 115=145F) MZRILW MRS KITE (Huetal, 2010; &S,
2012; BEHEAIEMRGE, 2020; AN AVEEREMS, 20220, MR LR XA,
AR IRALA IR LA K 2 B AR e, (B RFSEIN ) AN 2 P K 7T 28 48 S 3 5 i 91 ) 1)
BRAKAFAEEEA R, 4, EARILIEHIX, X M ARk ESIKAEE
FERIGETHRAIE 2 AL G AR AL IR (T 22 53 2 RIS, 76 “HERREE” ViR 1
], ZRACHIXBEZRRE/K, JUHAR /NN K B> 20 mm LI 9 /K B ERER) 7
ARFAE 2 54 0 AR e 55 0 40 ) £ 6 B 5 A /KA £ 22 3 2



87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

BN BB, AR SOHMAERTIART A (BEENAE FEERENY, 2022) SLAf L,
PO ZRIETE X (35260N, 115=145F) RFLEMTIH] 2 KK LA FfE S R ALAim
FOFFSEI TAASE 2 KA “HRFLE” Wi, Giit it Lo e A TE I 25 20 A o B A
FRUBESERFAE B 225, B 5 i S0 1) 8 ) 2R bt X1 = PR /K RFALE 9 22 e o AR SRS
2 Vi A1 B AR T T AR AN ik 58 3 5% Lo T A ) Rp 82 ) R0 VA i R G330
IGETTHRFE s 55 4 1540 HT S [F)RF52 e 18] 74 52 i 39 1) 82 151 7R bt IX 1 2% P /K RFAE
25 e —WHa R ERER 5L,

2 BAEAT IR

2.1 5T A s

(1) 2000~2019 4 NCEP/NCAR 70 #r#i#fs (Kalnay et al., 1996). 7K°F-%>
WM 25959 WA HEE N 6 /N, PR B EEY. WES.

(2) EERLME B ORAR 2000~2019 FFRE RICHLIXEESE (5-9 A)
o ][] 5% 2 b T A 3t/ A /K B 4 o B B O B R RS B DA T
AAGRAB A8+ PA 8 S50 A AR s [] — B0 A 45 o 45 ) (AR 2 46 5%, 2015
RIEAR ST G vt B 50 AR AR M, 0] sl i B /K D00 25040 o i 3k — 20 o s ),
SREFEAN U R R I 2 M 0 S R 2R I 5%, IS izt s, HR L, A5 B AT
FO XA A A Ak gt 220 A (& 1 PR ER SR B, HRBIIEE I
IRMIXANA 4 NG Rh s, B ATTERFAS DUR R 530 S B i 4k mn FE IR IX
8, AR PARAEZHLIX BB 7KREAE, PRtl, K PPAG DR EE BIFT A sl i 230 50 B
B ZAF BT AR SO 70 5 R 107G R0 K it s 3t 216 4



107
108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

115°E 120°E 125°E 130°E 135°E

-IIHII RN

200 400 600 800 1000 1200 1400 1600 (M)
1 FRE AR X 1 SR G T 1 ot 4 A o PR O A (0 Bl 23 S AR R /R e o A 1 )
B X i vt . RGO R (A2 m)

Fig.1 Spatial distribution of the national automatic weather stations (AWSs) in the Northeast
China (NEC), superimposed with topographic height (units: m). The black dots denote the AWSs

that pass quality control and the red dots denote the AWSs that fail quality control.
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Table 1 Frequency and proportion (%) of cold vortexes (CVs) with different durations from 2000

to 2019.
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Fig.2 Variation of frequency of CVs with different durations (solid line with pentagram) and linear

trend (dashed line) from 2000 to 2019 in Northeast Asia. The data has been standardized.
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Fig.3 Monthly variation of frequency (solid line) and days (dashed line) of CVs with different
durations in Northeast Asia. (a) all CVs, (b) CVs with a duration of [6, 24) hours, (c) CVs with a

duration of [24, 48) hours, (d) CVs with a duration of > 48 hours.
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Fig.5 As in Fig.4, but for first moments.
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Table 2 Frequency of CVs with different durations in Northeast Asia and their impacts on

precipitation characteristics over NEC in warm seasons (May—September) from 2000 to 2019.
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[24, 48) 461 456 (98.9%) 241 (52.3%)
> 48 278 278 (100%) 159 (57.2%)
Eau 1782 1751 (98.3%) 734 (41.2%)

2000~2019 “FHEZE, 3 ZR A6 1 X &[5 X Gt O I 2 (1) s Bk s, Py
ZIH 62%I1 FEK B R AL AR AL XA i RGt e e, B/ MEREE 50%, R
KIEEE 70% (B 9 XF A0 PR B R K S &S, AN ERS & T
Fif Bk &, BB RAEIE ] 100%, H. 759% 11 3k 2510 3 i 4 e 5 Bk & o kit
50%. FHRHEFFEEIN RN, i 5 T R AR B PR /K A I s K o L A E
B (B 9), FFEENIAI[6, 24)/N H7A- I s W S a],  AH R )G B 7K &/ R st
SRR 5 LA Ly 15%;:  RREEI R [24, 48) /N4 iR M ia], sl K
/R SRR K S L AR LN 20%; T RFSES [R1> 48 /NI AL G 2R B A A
S HTA] () B o5 LTS E T 30%; [FIIS, AN [FI4RF SR 1] 7430 52 e 0 1) 4 B 5
B KB o LU AR KA Y5 50%, JCIL IR AERRELI I [24, 48) /)N A1 52 1 1]
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Fig.9 Box-and-whiskers plots of the ratios of total precipitation and short-time heavy precipitation
under CVs to accumulated precipitation of 20 years over NEC in warm seasons from 2000 to 2019.

Black for total precipitation, blue for short-time heavy precipitation.
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ASGL TARFEHS, KAE X5 ARG X R 73 AR RCE TR &R (& 10b);
FRELI [0][24, 48)/M 4 i REFCWAIYIIA), 3K o LU R AR X 32 B T 35 A
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R GE 2R ALV T RERZ M I TR] , Pk & R AR XU 32 A T SR e VAT 35 MR R B
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Fig.10 Spatial distribution of the ratios of the accumulated precipitation under CVs to total
accumulated precipitation of 20 years over NEC in warm seasons from 2000 to 2019,
superimposed with topographic height (shaded, units: m). (a) all CVs, (b) CVs with a duration of

[6, 24) hours, (c) CVs with a duration of [24, 48) hours, (d) CVs with a duration of > 48 hours.

P ARSI TR 2R AL X 20 00 o ot s LI o P /K R AE R T T AT RIS
SR PR R Y o P 50%, JCHRIC T A R (& 11a), BAARABMIX,
2] 20 AN E 5 Gl s (R RTINS B PR K R 7 LT 80%, AT TR NN ZEIG AT H
SR IR T IX (B 1180 AN[RIFF SR [A)#de I RE RO 9 TR], R A o ok
AKE LR AR AT IR R B 22 7 (B 11b-d), HE 2B KE Lt (&
10b—d) AHEL, RE A o A K PO ORAE DX 4 18] AT A SE O HIGEL . FrE8Emf T [6,
24) /NI AV T AR RE YT, R A s K R R 209611k 3 22 B A T R

AN (F 11b), TFrEefa][24, 48)/NMi (B 11c) F1>48 /Nif (& 11d) 1)
16



288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

P T R 0 S 18] , R A o PR K B B 30% Aot AR AR BB IX AN B
A FIREEER 73 A7 o

1400
1200
1000
800
600
400
200

K11 [ 10, B ioa s S0 ) RIS 5 K ) Pk o 20 SRR PITAT RN 9 FE /K UR & 1
EAIE®

Fig.11 As in Fig. 10, but for short-time heavy precipitation.
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