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Abstract

This study employs a multi-source meteorological observation data fusion approach to investigate
the dynamic-thermal characteristics and evolutionary patterns of convective cloud clusters during
the initial stages of thunderstorm formation. The research integrates conventional observation
data from the China Meteorological Administration’s surface automatic weather stations and radi-
osonde observations with high spatiotemporal resolution remote sensing data from the Japan Me-
teorological Agency’s next-generation geostationary satellite Himawari-9. Using a single-channel
threshold detection algorithm for satellite cloud imagery combined with multispectral channel cor-
relation analysis technology, we conducted systematic observational research on the genesis phase
of cloud clusters during two typical severe convective weather events occurring in the late flood
season of 2024 in the Chengdu region. By synthesizing multi-dimensional data from ground-based
and space-based observations, we focused on analyzing the spectral channel characteristics of in-
cipient convective clouds and their correlation with heavy precipitation processes. Key findings in-
clude: (1) Thunderstorm events exhibited rapid development from initiation to maturity with
mesoscale features, typically producing hourly precipitation exceeding 20 mm and reaching over
55 mm in extreme cases. (2) Cloud-top brightness temperature (BT) of developing clouds identified
by the single-channel method ranged 200~240 K, showing a decreasing trend, with thunderstorms
triggered when BT fell below 235 K. (3) In multispectral analysis, the brightness temperature dif-
ference (BTD) between infrared split-window and water vapor channels showed significant in-
crease within 15~30 km of convective centers, with precipitation intensifying when BTD reached
0.5~5 K. (4) Increasing cloud effective radius (CER >30 pm) and decreasing cloud optical thickness
(COT <28) signaled the transition to mature phase—a critical warning window. Concurrent cloud-
top height ascent (9~13 km) and temperature decrease were closely associated with convective de-
velopment. This investigation of convective cloud evolution during thunderstorm initiation pro-
vides valuable insights for improving severe weather warning accuracy in Chengdu and nationwide.
The findings not only help mitigate impacts on public safety and socioeconomic activities but also
offer scientific support for disaster prevention and mitigation efforts.
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Table 1. Time periods and detailed information of two thunderstorm events during the 2024 flood season in Chengdu
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Figure 1. (a) 1-hour precipitation color-filled map for Chengdu on 22 July; (b) Precipitation variation at Shuangliu and Xindu
stations on 22 July; (c) 1-hour precipitation color-filled map for Chengdu on 9 August; (d) Precipitation variation at Shuangliu,
Xindu and Wenjiang stations on 9 August
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Figure 2. Temporal variation of cloud-top brightness temperature for incipient thunderstorm clouds in the Chengdu Region
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Figure 3. Infrared imagery of incipient thunderstorm clouds in Chengdu on 22 July 2024. (a) 0:40; (b)
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Table 2. Proportion of brightness temperature difference values between two channels from 0:40 to 2:00 on July 22
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Figure 4. Infrared imagery of incipient thunderstorm clouds in Chengdu on 9 August 2024. (a) 9:00; (b) 9:10; (c) 9:20; (d)
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Table 3. Proportion of brightness temperature difference values between two channels from 9:00 to 10:20 on August 9
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Figure 5. Line charts of BTD percentage distribution and mean value variations using multi-channel combination method. (a)
The proportion of the brightness temperature between infrared and split-window channels; (b) The proportion of brightness
temperature difference in the infrared - water vapor channel; (c) The average change of the mean difference in brightness
temperature between infrared and split-window channels; (d) The average change of brightness temperature difference in the

infrared-water vapor channel
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Figure 6. Temporal variations of four cloud properties during each event. (a) The effective radius of the cloud changes over
time; (b) The optical thickness of clouds changes over time; (c) The altitude of the cloud changes over time; (d) The temperature
of the cloud varies with time
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Table 4. Comparative analysis of thunderstorm early warning times: Himawari-9 spectral channel feature identification vs.

ground-based observations
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Table 5. Comparative analysis of forecast results versus observational data for additional events during the late flood season

5. FEAHIREMI RS R S LRI R

FiF (8] TR R0 3t 90 i i I [ T 3 TE R A VR AV T S TN (]
7H3H 70 min 120 min
7H13H 50 min 90 min
8H3H 80 min 100 min

4, b ERE
FEHFKR

AT AL 9 5 PRSI EELIE, 4o RBEmEE. ZEEHE TS s BRI S
Tik, WPRAEALE 2024 4 REHL X E A 3 TR B = I BT T . 1IN AR

(1) FR=FNVIEE R A, JI2) 1~2h, REREADN, B ES, sEETGRE
50~60 min, FE/KEFMREEN, 1h B2 h WEEKERIGIE—8 20 mm DLE, 8B RARER 4
FIF K ZH04E 20 mm LLE, Ao i ik 55 mm PL L. = XESH DMt In FE s yu T, WA B D
FXF I L 15~30 km fR 7 Y 4 HB 7

(2) FIFH 10.4 um [RLT4M R DX TE R 0 il B V2 TR R A A i ) AR i = [, W14 = B )il
Wik T 200 K 2 240 K X 8], BER A2 FRE&S, w4 T2 3.16 K/10min, =Tk
FRACZ RIME 235 K LRI, KRR RBRIERE, =ImEAR ET:, nraefEbE T B MsaiEK. ¥4k
AR REERART, TSR BRRE 220 K £4, trEE R T o FE T30 50R R R R B

(3) 44 - KV IE U 2 FH AR U 75 ) A 2 ITE XTI O A 1 o e s R e, o B BT s
TN, 4T 2z FILAh - KV TE Sl ZE AR G BT I o Le 35 Ab T 80%~100% 1KY, Bl
T BRI IE, SR s HPUGRR R &, RS R KA. FIHLS - R EBIEHWEZ S
H2 T A THIA I BOSOR B, MM R EE IR Z 4T 0.5~5 K B, [RBLA RS FURRE, =T
I, ZEHKAGERESZ, aTKSEREIE, GEWIENIA = 8 B R 1 SR br .

(4) FEEVE = H A SRR 3G, 1h ISR —B7E 10 um 47, Btz PR TRl
FERIZL, i R VIMG, U ARCEAEME 30 pum BL b, HERSETUE KR, BRI R
BRI A B o2 R R (Rl 2 Hsk /N3 35 LURE, R R B TEp KRN B . =
A B IIIE R 2065 JE B /NI — A R R I 2 5 WA A i, 2 AT TR 1 5K
BE . ZUUS BRI 9~13 km, HEERERE FEXRUZ T, AR SEERRZ T, RO G e
&, oA TRZ 235 K LUR, BB RUR RBRIERS, —F B EHE B RIRNEE, TTEANE
FHA RS

(5) 3 Ik e 2T A B AN A A P SRR ) TR AGAIE, B T-354E 9 S iEIm s FRAE IR BV AE IR T B A
2 P17 TR I A e P AR A M A P S o AR T T ORI P 7925, T 254 9 S ilbdiE AR iR ik
R A7 R0 BT TV 5] 20~90 min, ~FXJ4 AT [A] 4 55 min.

DOI: 10.12677/ccrl.2025.144072 733 SRS SRR


https://doi.org/10.12677/ccrl.2025.144072

PAET T

STk

[1] BRSO o 32 M I A b RO AT AR M A S R A A L O 45 A AR LT 72 [D]: [Al 2448 3]. b5t
&SRB 220 5T B, 2015.

[2] b4z, Shffise, f0M5, 55 EF H8 TR BV RKEW I FEX I = RHE XA ALE] 54T [I]. & E LS R,
2023, 43(3): 51-58.

[3] #hkrRmE, R%E, £3, £ 2022 £ 7 A 28 HILH—— IR —IRER KRR BHEAIHS M,
2025, 15(8): 121-125.

[4] XIFRE. EFEIESR R TR TR A 72t 52 [D]: [t 220048 5], fBH: A E R s K AT 248, 2023.

6] Bz, PE, E, 5. — K ELE BRI SIEFE 2 HT[I]. 2 %, 2025, 44(2): 197-206.

[6] AAREL, ZEWrE, FIE, 25 BERHX —IREMIZ B 0[] A B LRE 240 2441, 2013, 28(4): 416-423.

[71 #mid, Fhe, X, 25 3168 5 LR A NG — IRIEXRIKE MR A [0]. iR 5 48R %, 2021, 15(1):
46-53.

[8] Heymsfield, A.J., Bansemer, A., Field, P.R., et al. (2020) Convective-Scale Ice Particle Growth and Its Relation to Pre-
cipitation Formation in Deep Convective Clouds. Journal of the Atmospheric Sciences, 77, 4035-4056.

DOI: 10.12677/ccrl.2025.144072 734 SRS SRR


https://doi.org/10.12677/ccrl.2025.144072

	基于2024年成都后汛期雷暴初生预报研究
	摘  要
	关键词
	Research on Thunderstorm Initiation Prediction during the Late Flood Season of 2024 in Chengdu
	Abstract
	Keywords
	1. 引言
	2. 资料概况
	2.1. 葵花9号卫星介绍
	2.2. 降水数据
	2.3. 研究内容
	2.4. 研究方法
	2.4.1. 单通道阈值法的云检测
	2.4.2. 多通道组合检测初生云系


	3. 研究结果
	3.1. 降水信息
	3.2. 单通道云顶亮温特征
	3.3. 多通道协同对比分析
	3.3.1. 7月22日过程分析
	3.3.2. 8月9日过程分析

	3.4. 其他通道
	3.5. 各通道对比分析
	3.6. 预报分析与应用验证
	3.6.1. 时效性分析
	3.6.2. 应用验证


	4. 结论与展望
	主要结论

	参考文献

