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Characteristics of environment parameters and weather type of nighttime hail
weather in Kunming City from June to August

FENG Liangliang', ZHAN Zhengjie', LIU Yurun®, LIU Bo®’, HUA Wei*

(1. Kunming Meteorological Bureau, Kunming 650500; 2. Yunnan Key Laboratory of Meteorological Disasters and Climate
Resources in the Greater Mekong Subregion, Yunnan University, Kunming 650091; 3. Changchun Meteorological Bureau,

Changchun 130051; 4. Chengdu University of Information Technology Atmospheric Scientific School, Chengdu 610225)

Abstract: To improve the forecasting and warning level of summer nighttime (20-08 BT, the same as after) hail in Kunming, this study
analyzes the spatiotemporal distribution of nighttime hail and the movement directions of hail clouds based on Kunming C-band weather
radar, hail disaster records, and ERAS reanalysis data from July to August during 2010-2023. The T-mode principal component analysis
(PCT) method is applied to objectively classify the circulation patterns at S00 hPa and analyze the associated environmental parameters.
The results are as follows. (1) There were 73 nighttime hail days from June to August during 2010-2023 in Kunming. Hail cloud
movements were primarily westerly (39.4%), followed by easterly (31.6%), northerly (13.2%), stationary (10.5%), and southerly (5.3%).
(2) The optimal classification of the 500 hPa geopotential height at 20:00 BT on nighttime hail days resulted in six types. The primary
circulation types are the Bay of Bengal trough pattern (30.1%), the Indian low pattern (20.5%), and the Bay of Bengal-South China Sea
double low pattern (21.9%). The first two types exhibit shear and convergence of low-level westerlies over central Yunnan, with hail
clouds mostly coming from the west and north. These patterns are characterized by sufficient atmospheric energy, with median of available
potential energy (CAPE) in July reaching 754.7 J-kg ™' and 940.8 J-kg ', respectively. The temperature lapse rate of the middle and lower

layers can exceed 15°C, indicating favorable unstable conditions, but resulting in relatively slight hail disasters. (3) Under the Bay of
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Bengal-South China Sea double low pattern, hail clouds tend to originate from the northeast. The convergence of easterlies and westerlies

at 700 hPa promotes saturation and condensation of moist air (specific humidity=12.0 g-kg™"), enhancing local convective activity and

lowering the height of key layers. Hail events under this pattern mainly occur from July to August and are associated with more severe

disasters. This findings provides a reference for hail potential forecasting and disaster warning in Kunming.

Key words: nighttime hail; circulation classification; T-mode principal component analysis; environmental parameter

Ell

il

= ot R HUE | HbARARRIE R 2%, 32 U R 6 I R
ST o 5 25 R IR S IR R AL
RSOl UIAR Sk L S INPLEAR L POAT & R, S
FERPG AT 5 XU A LA 3N 3 FK IR & R IR R
ORI A, 2022), Herppg SOREZR A% AT AV o BT vy 5
LU TR, LA IR )Z 3 A AR (R R R R R
HE UK R (KB KA, 2018), XTARVEY) . JEat 15t
Ko HHHETE R ™ FE M . T R R A AR AT 2 (]
FRUBE/IN, Jey bt 5 S5 AR S, A G A0 R o 4 v AR
(IR, 2022; JEAESE, 2023; 2 B A1 JE 53, 2024),
B I MR A IR U ) H A R —

UK KA 51 I E S BU00 A AR R
X R B, KRR AR S5 S a5
T B K RS FERY BRI 2 (Giordani et al., 2024),
KRJERF R G 5 RG] 3N = B
3y, 32 JRy P HLIE 52 e, A (6] RSB ka4 i i
ML 22 55 01 . (G21#14%, 20205 Zhang et al., 2025). i
TKFFEF (2011) BRI IX IKE R AL 58 R
AH G, T B T R XU v A fih e o 285 4% (2023)
& Hh 1L P b DX TR RS R A TR G A% T AR AR fik
R, B AR e AT 4R oK TR . R [R]EY
VKL KA A AL FAS [] R AP 0 28 26 UTAH O,
W12 55 (2024) 38 2k X v AR 23 R0 28 43 AT, 5 35 e vk
BHM I AR R A A e 20 2 RS S IR
A, ARRAF AN SR RIEREZAARN,
TR (2022) 35 H P IL AL | AR S AR B KR
BRI KE = R Y 22 S AROK, 1 R
AR IRl TR A ey, i VR 5 D) Ay [ i T g R
BHARS WK S BB E M. DR R, —1
o X VK R AE WIS SO S A R, B 20 0
AT B IE A4S A M A TR VR RRAE 2 42 5 Tl g
WALSE SR G

H i R PR 0 B 7 A K K28 T-mode #}
A& F 43 43T (T-mode principal component analysis,
PCT). 412Nt b2 W 25 5, Hoh PCT ik WK
o REFEAR M T % LA T H. (Huth, 2000), %77
B ARVFIA TR Z (B AR OCHR, HOX S 505 AU,
AU S I R SR o AR 48 o3 5 AR & K

200 R PRV A AL, T PCT 3 i 1E 32 748 e i B ER
T 2 UV RHE, oA R IR A B 22 . %
T5 1 2R FH AR 52 T 2 e AR Ak B Al 4R MR AR 43 1 )
o AR A 1 52 2 I [X 8 b 22 R BR 7 AR
fiF o Gascon % (2015) i F PCT 5 ik it B 1T 47 LL A
S K5 1 5 XU A 25 [] AT R T0I 43 BT b A7 A 17 1
3 PE; Merino 4 (2013) S F i 7 Mg @ VG BE 4 ) 45
HHE (PRI 2 RIS, 2% B AR e | /K 15 L
JEE A e RUBE i o B T VKR A R A A L R
Garcia-Ortega %5 (2011) ¥ PCT J7ik RS Ty ik M 45
BT T A FEKE SR KRR, &4
AN B o BRAAAE T M) . Wu 55 (2016) v
PCT 45 & K BZDrik, 48 5 SRk L bk e B i 4
T 588 6T U 2R 46 25 (] 43 A7 52 V4 A 2 L R 1Y) 30 25
5, Luo % (2023) b JH PCT LWL T = 5t R 2R
TRV T TR B D IR TRRAE, S48 M AN
L] fh & A F R % . LA EFSR R, PCT 72467
P9 B T BT AR B, AR SR PCT Jy ikt
KB I FR P IR % W B, N R R R T 2K
S VTAR 5 0 43 B 25 5, sk G T Pl O3 32 W R 1) 22,
A T KA R ) B I A

L B T b Ak Y v i I, R IR R AR T
N E ZKE R EIE (TR, 2024), EBIIK
BFEM LR T LT PR KSIZS, 700—500 hPa
IRERELZ—RNT 12~17 C (BEEE, 2021), #
B O, BT R ] M AR TR A, R RO R
FE, B R R TUBHA AR MR S PR Rl =S &
AT v KD AR , A S0 RE BT 3, AT BB Al
B E 4 KR, (Wade and Parker, 2021; FME4E, 2023),
T 1% ] B2 8 3 R, 5 S 0 R 3 4 A — B
23y IR AW 22 (R 0% A 4 3, 2022), 2 4%l 2k 7
FE 7= 22 A R R . H R, AR LK E W £
B4 KRR B 0] 38 R E 43 AT B Bt 25 4 A i (F
il 25 46, 2023; BRI T 45, 2025), T 012 8] [ 2 o AF DG
ST B, PR R A B, 1A R AR A T
R JRAH N [ TR A, A R A A DR R R 22 [

ACHT BRI 2010—2023 4 6—8 H F ik
DU KR I T 55 6] 12 (1) 988 8 o R 1 sf 28 AT T vk
TR B IE I T 51T 508, S8 )5 A PCT J5 ik XF
ERAS 4311 % EHIY 500 hPa 33 2 W4 340 4 4%



5 4 1]

hsest, e BT R 0] pKEL Ko BB R 280 AIE 515

P A B SRR, U A A il vk 8 7 3 Tt
HeAatr, 7 R IKRE R TR PEfE

1 BT

1.1 HHEEA

A SCRT ORI S (1) 2010—2023 4 B T T
— R KA ik (CINRAD/CC) & H 3L 5dE . B
A — KA FE BT R XA LT
(102°34°42” E, 25°03°06” N), V4K 2 484 m, FIHH#E L
VCP21; % 8 A A ) 6 min, 42 7] 43 3R 250 m,
XTI . VKR %5 H /N RUBE 58 RSB A 30 W ) Rn R 531
KT 200 km, IT 7 35 14 E T X (& D). (2)
2010—2023 4 6—8 H vk K 1 5% FH T 53 B 45 36
T VKR K E R B, B ok A NG5
PRI Bt A7 BRA 7 B B T ol S2 A Rl % H A2
JEid sk, T B & 245 AR 1) BOURF $ 32 B 8% 245 PE Ak
R, G B R . (3) BN P R AR TR O P
f) ERA5 (ECMWF Reanalysis v5) F43 87 %6 RE, T
W B AR RO, Wy S A R |
PoE S RS 2 m AR AT M TR A, 45 ()
Ay PEER N 0.25°%0.25°, A3 83 1 he

I8 TR R A B W R 1) R B ) R L
Hi s, I F TR B RS = B 1a), LI T AE R
WA TR KA 0E L, FETXRERES, T
SVJE VKR I IC SR DR A 1 h, P58 SR B 2
2B fHIA,

26.5°N
26.0
Tt R 7 B

25.5 4
25.0 4

B
24.5

| b W 4253
L 746
T T T T
102.0 102.5 103.0 103.5°E

P 1 RIIATEOXCR mie (B SRR Ik oA
Fig. 1 Administrative divisions, elevation (shaded) and distribution of

weather radar station in Kunming
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Fig. 2 (a) Heat map of nighttime hail days (shaded, unit: d) at different times and (b) cumulative nighttime hail days and affected farmland area (unit: mu) of

administrative districts in Kunming in June to August during 2010-2023
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Fig. 3 Spatial distribution of nighttime hail records and corresponding hail cloud movement directions statistics in Kunming on (a) June, (b) July and (c)

August during 2010-2023
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Fig. 4 Heat map of nighttime hail day (shaded, unit: d) of different hail
cloud movement directions in Kunming in June to August

during 20102023
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types of PCT decomposition in Kunming in June to August
during 2010-2023
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