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Abstract

To investigate the mechanisms of convective cloud cluster development during thunderstorm initia-
tion and analyze their associated characteristics for improving early warning efficiency, this study uti-
lizes conventional meteorological observation data from the China Meteorological Administration
(CMA) and cloud imagery from the Japan Meteorological Agency’s (JMA) Himawari-9 satellite. By em-
ploying single-channel threshold-based cloud detection, multi-channel composite detection for nas-
cent cloud systems, and other channel-based methods, we analyze the characteristics of thunderstorm-
initiated cloud clusters and their associated heavy rainfall events in Chengdu during early to mid-July
2024. The results indicate that: 1) Thunderstorm weather progresses rapidly from the initial to the
mature stage, with small synoptic-scale features and hourly precipitation mostly exceeding 20 mm,
reaching over 55 mm per hour under extreme conditions. 2) The brightness temperature of nascent
cloud clusters identified by the single-channel threshold method ranges between 200 K and 240 K,
showing a decreasing trend over time. Thunderstorms are likely to occur when the cloud-top bright-
ness temperature falls below the threshold of 233 K. 3) For thunderstorm cloud clusters detected via
multi-channel synergy, the brightness temperature differences (BTDs) between infrared (IR)-split
window and IR-water vapor channels increase significantly within 15-30 km around the convective
center. Precipitation intensifies, and thunderstorms are more likely to occur when the BTD in the IR-
split window channel ranges between 0.5-5 K. 4) An increase in cloud effective radius and a decrease
in cloud optical thickness indicate the transition of thunderstorm cloud clusters from the initial to the
mature stage, which is a critical period for early warning. When the cloud effective radius exceeds 30
pum and the cloud optical thickness drops below 25, the probability of thunderstorm occurrence in-
creases. The continuous rise of cloud-top height to 9-13 km, accompanied by a decrease in cloud-top
temperature, is closely related to convective development. 5) According to timeliness verification, the
spectral channel feature identification method based on Himawari-9 provides warnings 10-90 minutes
earlier than ground-based observations, demonstrating high accuracy and reliability. By studying the
formation mechanisms and evolutionary characteristics of convective clouds during the initial stage of
thunderstorm cloud clusters, this research contributes to enhancing the accuracy of meteorological
warnings in the Chengdu region and nationwide. This advancement helps mitigate potential risks to
public safety and national production, offering scientific significance for improving disaster prevention
and mitigation capabilities.
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Table 1. Time periods and detailed information of two thunderstorm events during the 2024 flood season in Chengdu

5% 1.2024 FERREGAHIA AR E R I B EEURIFMER
H 39 % 7K D AR S [ WA 2 & R 1] =R b LR (K

30.12°N~30.70°N

7THO9H 8:00~9:00 5:20~6:40 IRwkrti. KEE 103.10°E~103.50°E
7H17H 4:00~5:00 3:00~4:20 BITX . ST SRHETIX 30.50°N~30.80 N

103.55°E~103.90°E

24. ARGZE

2.4.1. BEEREZENZEN

Pz ) TR R EEE AR R, BT R iR R, =052 v A E T
(12~18 km), H X 2 M = TR iR A AR, PAI0-liE 13 (10.4 pm)b) 2 0 AN ERURE,  FTAR A RS G I (X
B, REXEARRNERSR A E. A ZoEd A — N B REERE, dTERsyRERE
=, DEEG/RESH, bR EER, KBS G ENRIR = L X A,
EmXoNEE, filin, EE 2024 47 H 9 HEEAE 9 5 LRESR Xz BWE M, 12 IR RE 55110 )7
PSRN ARG X EIEIE R IR AR, AHI AL KSR AIIEIE 13 (10.4 um)E AL AN XHE, #
BEE MBRMEQ40 K), 7EREBIA 2 0GR, 15 28 TERIXNNR 2 2 LARAH R 75 58 2= AT AR B[R] o

24.2. ZEEHARMNTES R
NT BB BRI B T B ], R 2 IEIEH G i, 6 BRI R e T — e R
M. LA - A EEIEREZE, FIFZEE 9 SIIEIE 13 FUEE 15 BANARIE L0 AN 6 X liE )
AN H AR EUERYE, 8IS 2 TR B BT R S B DARALAE - AKVRIEIE IR 2, At
ZLAME X @ IE KRR MOE TE 1) 5e i 2 A3 2000, RERE [ H2 Ss t 2 T i B AR TR B T A B . 444t
- LRGSR 2 N IEE, R
BTA =BT, - BT, >0K (1)
KO)BREBLLIL - R EIEE IR ZRT 0 B s AR AR B Q)04 - KIREE iR 2
NIEE, Bl ZR/NaEEA T 1 K2 S K ZEE, B3 5 g e 1) 2 T R BA 2 T, wE K
JEA RN, BIWIAERY BRIt = H . T LA bds, REEEEAH 2 @A G ik, sHc
R B HARHLIX |25 2 RAELL AN E A KV E B8 DL SRR 2, i BRI AR P e 1% I R A7 AE
TELEYVERTR RIS . B
BTA = BT, — BT, > 0K Q)

3. ARER
3.1. fEKER

AR BT ST FH RN PER BE A BERE, B b R ORI B b B 2 B R LRI TR B, PRI 1 A0
Lo B 1@ME 1), 7 A 9 HIRMK EZARAE TIRBRIT MR B 5, PusFKoRE Y, WRAE 1h NI

DOI: 10.12677/ag.2025.157099 1073 HOBREL2E AT


https://doi.org/10.12677/ag.2025.157099

PAET T

W& 20 mm, 9 W PEEIAR & AAE 23518 25.2 mm A1 26.2 mm, ZBIWIAEREA T 5:40 £ 7:00, & 1(c)FIE
1(d)H, 7 A 17 HERoK EERATERITIX . S2MTTRIEEETIX, =3 S PR Y, WEE 1h NIIIEIE
KE1N 18 mm~25 mm, 4 B SN sl FIFRER 18 BB 24.6 mm 1 17.9 mm, 5 B IETT35A 2)UE(E 18.3 mm,
= BWIER AL T 3:00 & 4:20, Z5 UL LRI, ARG T35 Fx SR RS, MKIAE B st (7]
B, TG0 FOR AR LI7E REART I 1h B 2h, RAERSEN, B RERER5REE K REE T 20 mm.

103°% 104°% 105°7%
A
e X
. e b
//) 7 \\{
= 4%[;1111@: s =
- . ) - - 35
™ }/ 1 o )
T o BEN T T 30
b " ﬂm |
5 E AN o/ 25 L
5 VRS 3
j/ /%ﬁ(%‘ ro . B2
S / ‘ = I 15
5 e PR 2
10
\,@/ RN
) - e )
o o
™ ™ 0
o/ o/ o/
103°7% . 104°7% 105°7% 3:00  4:00  5:00  6:00  7:00 800  9:00 10:00 11:00
AN Y N o
N e S SN =Y
(@) (b)
103°% 104° % 105°%
AJ AJ
v Tv
; ;
< <
™ ™ 30
25
~20
£
£
“ 15 b
] //
%
& 10 |
Ad
= .l
5 E
103°% 104°% 5% L W~
S/ ——— ™ 0:00  1:00 200 3:00 5:00  6:00  7:00  8:00
DO O PP —— Mol -o-meUE LS

(c) (d)
TE: IR E IR GEUREAR E PE R 55 Wt T B o IS 9 GS(2024)0650 5 AR EIL I 4, IREIE B

Figure 1. (a) 1-hour precipitation color-filled map for Chengdu on 9 July; (b) Precipitation variation at Qionglai and Dayi
stations on 9 July; (c) 1-hour precipitation color-filled map for Chengdu on 17 July; (d) Precipitation variation at Chongzhou,
Wenjiang, and Pidu stations on 17 July
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Figure 2. Temporal variation of cloud-top brightness temperature for incipient thunderstorm
clouds in the Chengdu region during early-mid July
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Figure 3. Infrared imagery of incipient thunderstorm clouds in Chengdu on 9 July 2024; (a) 05:20; (b) 05:30; (c) 05:40; (d)
05:50; (e) 06:00; () 06:10; (g) 06:20; (h) 06:30; (i) 06:40
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Table 2. Proportion of brightness temperature difference values between two channels from 05:20 to 06:40 on July 9
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Figure 4. Infrared imagery of incipient thunderstorm clouds in Chengdu on 17 July 2024; (a) 03:00; (b) 03:10; (c) 03:20; (d)
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Table 3. Proportion of brightness temperature difference values between two channels from 03:00 to 04:20 on July 17
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Figure 5. Line charts of BTD percentage distribution and mean value variations using multi-channel combination method. (a)
Percentage distribution of BTD; (b) Percentage distribution of BTD; (¢) Mean value variation of BTD; (d) Mean value variation
of BTD
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Figure 6. Temporal variations of four cloud properties during each event. (a) Cloud effective radius variation; (b) Cloud optical
thickness variation; (¢) Cloud-top height variation; (d) Cloud-top temperature variation
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