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Characteristics and synoptic classification of short-duration heavy
precipitation during the rainy season in Kunming based on regional station data
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(1. Meteorological Bureau of Kunming, Kunming 650034; 2. Yunnan Climate Center, Kunming 650034; 3. Research Center for
Disastrous Weather over Hengduan Mountains & Low-Latitude Plateau, CMA, Kunming 650034)

Abstract: Short-duration heavy precipitation is a primary hazardous weather process during the rainy season in Kunming. Conducting an
in-depth study of its spatiotemporal characteristics and synoptic systems is of great significance for enhancing local forecasting and
warning capabilities for heavy precipitation. Based on hourly precipitation data from 12 national meteorological stations (referred to as
national stations) and 406 regional meteorological stations (referred to as regional stations) in Kunming during May to October from 2018
to 2022, this study employed statistical and synoptic diagnostic methods, combined with subjective synoptic classification, to analyze the
spatiotemporal distribution characteristics of short-duration heavy precipitation during the rainy season and performed circulation
classification for regional processes. The results show that spatially, short-duration heavy precipitation exhibited a pattern of "more
frequent in the south and less in the north" with the main urban area demonstrating a "rain island effect”" characterized by the highest
frequency and intensity. Temporally, its occurrence was most concentrated during the main flood season (June to August), with the peak of
ordinary short-duration heavy precipitation in July, while the peak of extreme short-duration heavy precipitation was in June. The diurnal
variation presents a bimodal structure, with primary peaks in the early morning and late afternoon. The main synoptic systems affecting

regional short-duration heavy precipitation processes in Kunming can be classified into four types: shear line type (50.7%), tropical low-
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pressure system type (20.8%), two-high convergence type (17.4%), and subtropical high periphery type (11.1%). Differences in moisture

source and topographic coupling, as well as the commonality of lifting trigger mechanisms, lead to differences in precipitation

characteristics among different synoptic systems. The surface convergence line (or front) combined with the 700 hPa shear line is the key

lifting trigger mechanism for short-duration heavy precipitation, providing valuable guidance for forecasting.

Key words: rainy season; short-duration heavy precipitation; synoptic systems; conceptual model; regional meteorological stations
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Fig. 1 Spatial distributions of terrain height (color filling) and meteorological

stations (red dots for national stations, black dots for regional stations)
in Kunming (the bold solid line marks the main urban area of

Kunming, the same hereinafter)
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Fig. 2 Distribution of annual average precipitation at (a) national station and (b) regional station in Kunming from 2018 to 2022
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Fig. 3 Spatial distribution of short-duration heavy precipitation frequency in each month during the rainy season from May to October (a—f)

26.4°N

26.0

25.6

25.2

24.8

244

1 000
950
900
850
800
— 750
— 700
— 650
600

550
500
450
400

1
102.4 102.8

1
103.2

1
103.6°E

1 1 1 1
102.4 102.8 103.2 103.6°E

& 2 2018—2022 4ERE BT B &Kl (). X8l (b) S5-I RE K im 434

1024 102.8

!

1

103.2  103.6°E

1024 102.8

1032 103.6°E

1024 102.8 103.2  103.6°E

&l 3 2018—2022 FR AT ZE 5—10 H (a—f) SRR KIFI S ] 43 A1

in Kunming from 2018 to 2022

O = = = = = e
S = N Wk W

S = N W bk LN ®



716 TR K E

% 45 %

(&1 3e) 5 [ AR W SR i 20, i 2 DX 22 T R I
X, B RALERAI S AR AR, 10 7 (& 36) SRR AR
W8 i, AFEZR BRI B R L A bR, S AP AR IX
B R AR, LR T Ll XA AR
71 (18 3c) B E L, HA 3 B AR 8 i
i 456 K8 AR H 0ok A, 1% 0K E X
(&1 2) LAAR R 5 3k 26 8 0 3, 445 5 L X R K 4
fit, HETIAZSIE—E

P 4 Sy B T R 2 45 ) JRELINE it 6 7K it J3E ) 4 [
oA, AT DL i 5 4 0 A R AR 2 B ey ML P Ay
AU, 55 R AR 23 6] 3 A A AE — RE 1Y 22 53¢, 6 -1
BT ELR L A MR T B S DX R K e (EL R 7K i
JE w555, I 6—8 F BE/K B B 1 3 A K88 Ry 43-HR
SR B SR, 3 T BE TR E A7 SR M A2 R B FIR AR S
AL R, S PR EES 55 (2022), ZERRFNAE (2021) Y
W aie—.

264N @ 3]

26.0

25.6

252

24.8

24.4

26.4°N

260 r

256 -

252 ¢

248 r

244

102.4 102.8

103.2  103.6°E

102.4 102.8

&l 4 2018—2022 4ER AT ZE 5—10 A (a—1) KBRS K R 28 [ 4010
Fig. 4 Spatial distribution of short-duration heavy precipitation intensity in each month during the rainy season from May to October (a—f)

in Kunming from 2018 to 2022

2.3 R B 5 B 7k =5 18 53 75 AR

Pl 5 iy B 1Y T T 2 4% A g L ke g A B ==
) 731, P16 Ay i st o 38 7K 5 B2 ) 25 8] 93 A o 43
T B, W i o I iR e K 23 () 3 A AN B, BRI 2 T
JEHE, DLW X 2, 1R H 3228 p e 9
6—8 7, HARH MRk, Btk af. 6

(&1 5b., [¥] 6b) A% i S FRF 558 ek /K AT 0 3 B2 24 1L 7

8 HZ, TEEPTHERMT EMWMX . B R MA MK
HR, T3 X i i [ 7K iR AE 60.0~79.9 mm-h™', 7 H
(1] 5¢) % iy J B i B KLU b 6 H B s b, KAE

X = AR v e B A T 0 X R AR B X, K i
(I 6c) B & 98 7> K FE 50.0~59.9 mmh™', 8 J]
(& 5d., &1 6d) i vty J Hsf 5 [ 7K 40T VR 58 B F AR 35 B
DX S H B AR R = T 6. 7 1, 2 A DX i e i
R 7K B U HE B il L 6. 7 H 2, (EL R OK GRS
6 H A4, KEBLE 60.0 mm-h™' DL b 9 H (& 5e) #k
ity J1 ) 568 B AR R PR E— 2B N, EEAE TR R
W T 3 Ik A e RIE &R, B K 3R B (] 6e) 7 50.0~
69.9 mm-h™', EHITT 2018—2022 4FE /244 H M i
i 5 538 7K B 245 0 A A7 6 — 8 119 22 5, A0 ot 5ok e K



5553

A5 Bl 28 BT DX Jalant F) B H T T 2 I i A KRR AIE B R R R e 03 7Y 717

26.4°N r

26.0

25.6

252

24.8

244

L

e

26.4°N
26.0
25.6
252

24.8

' [ ]
244 L ‘

4

102.4 102.8 103.2

103.6°E ) 102.4 102.8

103.2  103.6°E  102.4 102.8 103.2  103.6°E

[l 5 2018—2022 AFRLIATITINZ 5—10 A5 H (a—1) w5 e A s [a) oA
Fig. 5 Spatial distribution of extreme short-duration heavy precipitation frequency in each month (a—f) during the rainy season from May to October in

Kunming from 2018 to 2022

IR B R B E s 5, 2% B L B T R g e A K
S B i A KAE B, BIEARE SR ARG, (H S DL SR R
%, REHL P

ZE AT B, B WA TT R e R R K | W s
A5 B 7K A T £ 32 B4R TR e U 6—8 A, H 4
DX R f AR TP ) R L R X T 4 DX X 3t 55
SE AN, T T LAY — A R R R R ) R A, LT T
HWIEAL, 25, V6 =R, g, . B
K, T FR WG TE b, S U TR, S A K A R
5% )2 KU KGH B K PR AR A A e, Y K S5 K PR
Bl B — 2 1 BE R, 224 R K 5 g LA,
5 fih K W o R K. (TRZL 4%, 2022) TR I 38R 1%
DX IR AL T A K PR 2%, IR L P R AR R
R 85 YLt 9 3 00 R I 1) IR 1 DX A % R T
(B 05 e 45, 2021)  eAh, 3T fh i 7 3 ik AR J) b
H T, B IR DX 58 235 A2 Tk 3 R 4R T S L, el AR
13T M T SRy IR T Sl AR IR AR, § O X R K
S P 5 AR A VR RO A K i 4 A B g TR IX, Bk

TN S R00 H 25 02 GEMEAE, 20205 B4 2 2245, 2021;
SMETLEF, 2023; A MEDE, 2024), FE L RPN 2 B L [E]
SR, BRI 320k X R S Ao A K B G e hy i
2.4 A[E1% £ 4a et 3 B vk A 18] 35 4k 451

B 7 Geit T L BH T AS [R]85 5 S ) % o K 3l 24 43
WY A A AL H AR fR AR AE . H A8k b, AR TA 252 0
I 568, 68 7K Sl 347 A1 K 359 St B0 TR A, e ) SR KA K 1)
FUEHBITE 7 A, WigrE 8 A (& 7a); 1B i 46 1 5%
KB EWERIAE 6 F, kIEAE 7 A (B 7b). HIL, B
A T 2 TRIU) A S Ao ik R A0 2 300, JHG b e e g K
TE 7 AT foe e , A J B 5 A K ) 2 EEAE HAE 6 H .

H AR Ak 1, AN [) 25 2% J st i [ 7K i 349 451 e 52 3L
WA 2 ALY, WA 2 AR TR e 2 SR N e, A (LA v Hh
FEHE 11—14 B, Ho, JERF SR K (& 7a) IG{E 1
IAE T4 17—19 B (e BH o8 18 ), YR UG (E H 81
16 00—03 I (BB 0k 01 BF), B4 iF s R K 1 s
AT BB v 7 % B RN 2 =5 0 ity S IS SR R 7K (BT 7b) i
PRk 06 HEAE 02—03 B, YR I 7E 20—23 i,
X5 B AHAE (2018) 41 H B4 PG R b X i Asf 5 e /K L



718 TR K E 545 4

26.4°N

26.0

25.6

252

24.8

mm-h!

® [50.0, 60.0)

® [60.0, 70.0)
® [70.0, 80.0)

244

26.4°N r

26.0

25.6

252

24.8

244

102.4 102.8 1032 103.6°E  102.4 102.8 103.2  103.6°E

Pl 6 20182022 4FEE TR 2 5—10 J (a—1) MIiti i I 5k 8 K 548 3 235 1] 43 A7
Fig. 6 Spatial distribution of extreme short-duration heavy precipitation intensity in each month during the rainy season from May to October (a—f)

in Kunming from 2018 to 2022

102.4 102.8 103.2  103.6°E

V{j—,\
(b) 0.018
0.14 10
0.016
0.1 9 0.014
0.09 g 0.011
& &
m 0.07 = 0.009
0.007
0.05
6 0.005
0.02 5 0.002
0.00 0.000
0002 04 06 08 10 12 14 16 18 20 22 00 02 04 06 08 10 12 14 16 18 20 22
dJbstat Blontin)

7 2018—2022 AEEEWITITALI BRI IK (a) . WAL SR FAK (b) S BIBAT H1 H A2 4k
Fig. 7 Monthly and diurnal distribution of mean frequency average over stations of (a) short-duration heavy precipitation, (b) extreme short-duration

heavy precipitation in Kunming from 2018 to 2022

AW RBIBRCRE, 7T 25 Qo2) S Z AR IR 1S 2 P P R RS SR A5 BT R, fe
FAFAEZ IS A — B0 ARSI , BRI ARGEBEEROIL, 51 & BURISE X R

Rim TR, KRR A Rm <RI, E 25 EERSRZZGHE

HTHT 7K VR B o BE 4R THBESS TE I = 4K, AR5, i TEAR A o I B IX 32 2R R 8 L X e R e ek it
MR R, SEMR AR A TR, B TR BRSBTS Q011 IHgh i 7K E



A5 Bl 28 BT DX Jalant F) B H T T 2 I i A KRR AIE B R R R e 03 7Y 719

BRARYG, WiHRWIMER L8 UIZEZk | w4
B WSO DU A P K g . o, <P
B AR R RS R T (R s TR ) 2 ) A AR
DX o JE T HT I AT 5, AR DX ) o e 7

30 L
5L A (R
PG )
20 A R
£
10
5
0
ERy
] 8 ANJF] KA ZR G DX I N 54 P K G 7 £ BB 432
R

Fig. 8 Monthly distribution of the occurrence frequency of regional short-

duration heavy precipitation processes for different synoptic system types

(R RE S, AR SO ES I T 144 YR X I8 e B 5i [ Kk
R KRR G IEAT FW R, G g8k
4R F B YIBLRL (50.7%), P IRE R g il
(20.8%). 5 =5 4R 4 1 (17.4%) K Rl Pt &5 s 4 6l 75
(11.1%).

[ 8 Ry AN [R) R AR 2R 8 S 70 X 3l e o ot 3 /K o
TR BB % H 43, T AT S 0 1) S B i [ /K ok
FEAE 6—9 H I BUMRHE iy, {H 45 Fh IS AU (L 0 1Y
A AR VAR MTE 5—9 A¥H Lt X
PL6 Hiohse i, o 8 A, & R B T J i i F K
M EERIRG PR INE RS F 2 A
7—9 A, Hh 7 A B2, 9 HAUE DB AEAE;
WIE A 8IE 6—10 H R, Hih 8 A & £ B3
o RS RUAE 8 H BT IR i 22, £ LA I A6 3t
PEREK R o

H [l 8 FIAT, AR KRR G A &AM 215 AR

30°N|. | 26.4°N r
10
26.0 9
8
7
25.6 6
5
4
25.2 3
20 2
248 !
0
244 L7, ‘ ‘ :
102.4 102.8 103.2  103.6°E
60°N
26.4°N
50
26.0
40
25.6
30
25.2
20 24.8
10 ot

70 84 98 112

24.4 . ‘ :
120 1024 1028 1032

103.6°E

[l 9 B WA T DR 2 200 2 A 5 B/ ME SRR (o), 20182022 AT (A1 AL I 5 FAE /K AR 4341 (b), 2018 4F 6 H 8 H 08 Aif 500 hPa 11
Y (Bfi7: dagpm, SEERISIZE ML) 5 700 hPa K37 (c, 807 mes™!, AR S246 N 700 hPa Y)AELR), LKA 2018 4F 6 H 8 H
08:00—9 H 08:00 SR [ K3 5505 (d)
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Fig. 11 (a) Conceptual model of short-duration heavy precipitation for the type-I two-high convergence type, (b) frequency distribution of short-duration

heavy precipitation of this type from 2018 to 2022, (c) 500 hPa height field (unit: dagpm, black bold solid line denotes the convergence zone) and
700 hPa wind field (unit: m-s', brown solid line denotes the 700 hPa shear line) at 08:00 BT on October 5, 2019, (d) distribution of

short-duration heavy precipitation stations from 08:00 BT on October 4 to 08:00 BT on October 5, 2019



722 EST

*F LEERE

(& 11a) 500 hPa LRI &AL FAER —, =T
Rl s A BB P4 A A L R T R T B A K YR )
= basiig, 584 dagpm & T =AM, 15
A 25 2 5 2 A7 T TEL 0 v R I A IX, R AR
() Db B P b3 5 R v A BB AR R A TE 2 B R
TBIE B — A% M ma AU 1) AR A X, B BH T WA 1
A XL . 700 hPa I8 fE7E PH b —A< B [n] A V) A%,
[F) B 0 A T 5 2, P R A X D) AR 2 A
T 48 A 2, N JELISE SR R /K IR AR T st i 3l
A RIS FAR T il &AL, FEX R E T,
JE R (B 11b) EE R A FE A XKL, 285
BT M K, KB X 32 B T 500 hPadi & [X Al
700 hPa V)48 28 7R AR AL Ak , AK IR 2% A 58 7 3ili 1)
BB

P 1 1e Sy B B R0 5 T 5 1 v o 28 DX
IF i A /K G P2 (2019 4F 10 H 5 H), B AT AL TIE 46

15 5 ) R A A DX 1 D AR e AT DY, R R K
(B 11d) FZA0 T R Th s DU A XN .

12 Sy T2 vy i A RO ME A A8 5 B A A B3] 43
Fr, T2 (1 12a) 500 hPa b &l s 47 T 70 T i
—iF, PO s T 5N 7, &I e A1 Rl A 7Y R A )
T8 1 BT ) K TR ) 2 e R, T R R AR
PE AL XU R v A0 B v e XU i 7 XL, 78 D) - 5 -
B R AL —VU RS [ I HR A X . 700 hPa £E R
BT P LA TR B PG I —2R i 1) 9 D) AR £, b T A7
P 2R Jb—V8 5 1] (1) M T4 A 28 5 2 AL A, 6 s i
oK T&IX (1] 12b) # R 4385, LIS RE K R 3.

[l 12¢ Ay BB B 7 60 s T 5 1 v e - 28 DX
Af i R K R (2019 4% 7 A 30 H), BB 7 4 F 75 7
1R R 5 R AR A X, e TR IR R &, #
7o 5 0 47 BT %) 5 T 25 45 7 9 v T A7 R f 7
A6V 2= WG B A T i 2271, 700 hPa |- ELH

(a) 26.4°N
30°N
26.0 Is.o
4.5
40
25.6 35
130
2.5
252 120
20 L{ 1.5
1.0
248 = o.s
Lo
VR AT et ‘ ‘
1024 1028 1032 103.6°E
60°N
() 26.4°N | (@
“
50 S
- 26.0
L]
w0 |t arm Y ME
RO A p SR - =
- = =" S
0 o W‘E‘?"»\lﬁ v A > ] a2
R AN RTINS 22T
STY e TN TS 5 i
20 3 o v IS ETR ST "
e S ¢ i ~ S e 24.8 o
NN L Sagh NN VN -5 ) N ij//
0 e N \‘/‘/ : '\r‘\/‘ <\ e
1 ' T T — 24 .4 L L L . L
70 84 98 12 120 140°E 1024 1028 1032 103.6°E

& 12 B IATT I 25790 o 0 T4 I R P /K R B ) (a), 2018—2022 4F[A]IZBU4T I R B /KA 4347 (b), 2019 4E 7 F 30 H 14 I
500 hPa &5 8 (Bfii: dagpm, BB KL 4REX) Fl 700 hPa X3 (c, Bfvi: mes™!, BE {05248 9 700 hPa H17284R), LI K5
2019 4E 7 H 30 H 08:00—31 H 08:00 %o BBkl 5 2345 (d)
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heavy precipitation stations from 08:00 BT on July 30 to 08:00 BT on July 31, 2019
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