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Abstract

To improve the accuracy of heavy rainfall warnings, this study utilized observational data from the
China Meteorological Administration and Japan’s Himawari-9 satellite data, employing single-channel
threshold and multi-channel analysis methods to analyze two heavy rainfall events in early autumn
2024 in Chengdu. The results show that: (1) Heavy rainfall develops rapidly, with small synoptic scales
and hourly precipitation often exceeding 20 mm, reaching up to 55 mm in extreme cases. (2) The sin-
gle-channel threshold method revealed that the brightness temperature of nascent cloud clusters
ranged from 200 K to 240 K, with rainfall occurring when it dropped below 235 K. (3) In multi-channel
analysis, the brightness temperature difference (BTD) between infrared and split-window channels
(0.5~5 K) was closely associated with heavy rainfall. (4) The probability of heavy rainfall significantly
increased when the cloud effective radius exceeded 30 um, the optical thickness was below 28, and
the cloud-top height rose to 9~13 km. By investigating the development patterns and evolutionary
characteristics of convective clouds during the nascent stage of heavy rainfall cloud clusters, this
study provides valuable insights for improving meteorological warning accuracy in Chengdu and
nationwide. This not only helps mitigate the impact of extreme weather on public safety and indus-
trial/agricultural production but also offers scientific support for disaster prevention and reduc-
tion 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 9 September; (b) precipitation variation at Xindu and
Dujiangyan stations on 9 September; (c) 1-hour precipitation color-filled map for Chengdu on 16 September; (d) precip-
itation variation at Qionglai and Dayi stations on 16 September

B 1.9 89 HE# 1 hEkERE; (b)9 B 9 B##tuh, #ITEWMMEKE; ()9 A 16 BAE | h Rk EE
&E; (d)9 A 16 BIPIKE, KBiEMEKE"

3.2. BRERTNSRFIE

Xof LI I AV S AR, AHT A& S 13818 13 (10.4 pm) AL AMNE XiEiE, AR sMNE
TE SR B S TR AR AL P (g AT L, RN RE H I 2 FAE R B B = T AL I R I T R ke %, 9 A
9 H=Tilstif il 247.25 K FRKE 22022 K, FREFE 3.38 K/10min, XA 1(b)H BRI A6 3 R =
W5 23581 K, 9 H 16 HA TS 249.78 K FEK % 221.59 K, TREECNIIE, N 3.52 K/10min, XiR
] 1(d)H B K T AR 3G B ()52 229.18 Ko S A Bl 7 T 200 K~240 K [ X (8],  MFAT 752 A B o0 A
2 TSR AR SR T B S 1 B E RS S = e B . A IRAZ . X — R B S T R,
R TR R . s B R 235 K DAURNEE, R 2T O E X E T B, KRS IR 45 i
FEEE M, NRMARKIRME T 782 BIVKHTRL R . A = L X2 L3, T RER A B,
PEBETRFEK . RREVKE K EE RS

3.3. ZEEHRI LS4

33.1.9 A 9 HEES#

9 H 9 HIWILE = B R KEUARTE 20:10~21:30 2 (8], i F 2 @18 21 & 17 A A 2 2 DL 41
RS ERT R, R BN T = R E R R B N L0 TR = (] 2). ATz RN AL A =
B, YR BIN TR 77, M 20:10 £ 21:00 2 R H OO TR ITIX B ERERIX —7, %R 2 T i B
24725 K R4 231.47 K, A% BN FEKAN B, BBl A L3t il 43 1 B /KA 9 3.3 mm A1 3.6 mm,
BaJE 21:10 £ 21:30 =& KM RITT RS, = RO HERRFEX A, SSlM 23147 K THE
22022 K, Pk S K> B K 39.5 mm AT 21.8 mm. AR IX G A, J0EZEH Bk,

CEAIMIESLIRZ W NI (R 2), 44h - R EIMIE IR Z1E 0.5 K 2 5K Z A9 5 EL A 20:10 /1 66.67%
HFEIEINE] 21:20 1 100%, BEJGE 21:30 BEHRR/NE 99.67%, B4k & b 2 RpEL NS, XK.
HEWFRREE . “HHEE” TEERTFHMEM 20:10 /) 2.11 K ZEHHE 21:30 1 5.06 K, £ EFHEA,
FA EFHER L TR, Sl Z M 211 K 2% 5.06 K, R = TE#EAGHRZ L3,
UKARRLT 3 SR B R R O A, b — DR R s 4040 - AKVEE IR ZE7E 1| K 2 5 K Z A
9 A7 EE AN 20:10 9 4.17%3Z 834N E] 21:30 1 100%, [FEFEZIEINEE, BoRs XIEH bR X IRz HE & 5
Ar, HEVUFRE . MALAh - KV Sl 22 1 P Y E AR % B N 10.59 K BESA TRE 2 2.38 K, 2 %
s, LA - KRIBIE IR ZE R T R R KR IE S 2R RIS R R el 2z M Pudpk 3

DOI: 10.12677/0jns.2025.134083 792 ESREL 2


https://doi.org/10.12677/ojns.2025.134083

g ERFRE T, SHETTANRIEREEM, R T AR T Emmmi AN fee Ze. XM
- IR IR R T W 2= A DR I i (1) S B L o o ELE R~ SR80/ N 3R B w8 J2 KPR a1 7 I Bt
BN RARIE SR, SR = s, SRR SR, SR ZE BRI X IAEY K, SCREA 2 KR (1 ]
20:30~21:10 N AT R AZR NI 2= IR R e i A, 9 Pod i S0 22 9 o PE R A0 T B) 9 A 2 90% A I,
SR SR ZERG N, LUAh - AKIRIBIE IR N, BoRERE B R

104° &
=

31°

30°

31°

30°

31° 4k

30°

Figure 2. Infrared imagery of incipient thunderstorm clouds in Chengdu on 9 September 2024. (a) 20:10; (b) 20:20; (c)

20:30; (d) 20:40; (e) 20:50; () 21:00; (g) 21:10; (h) 21:20; (i) 21:30

E 2. B#E8 2024 £ 9 B 9 BERVE AL EE. (a) 20:10; (b) 20:20; (c) 20:30; (d) 20:40; (e) 20:50; (f)
21:00; (g)21:10; (h) 21:20; (i) 21:30°

Table 2. Proportion of brightness temperature difference values between two channels from 20:10 to 21:30 on September 9
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Figure 3. Infrared imagery of incipient thunderstorm clouds in Chengdu on 16 September 2024. (a) 3:00; (b) 3:10; (c)
3:20; (d) 3:30; (e) 3:40; (f) 3:50; (g) 4:00; (h) 4:10; (i) 4:20
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Table 3. Proportion of brightness temperature difference values between two channels from 3:00 to 4:20 on September 16
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ZLAh - PR EEIE IR ZEAE 0.5 K 2 5 K Z [Al

240 - KIKIBIE IR ZAE 1 K & 5 K Z I8 & B/

st [ oy s
1 A T
3:00 95.73%/1.72 K 53.85%/6.91 K
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Figure 4. 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 5. Temporal variations of four cloud properties during each event. (a) Cloud effective radius variation; (b) cloud
optical thickness variation; (c) cloud-top height variation; (d) cloud-top temperature variation
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210 4y, BRI E AR HEBUE AT A] 270 min. PTG R WIAE = AL T2E406 9 S LR
TR TE AR R A R A SOOI R = A R a3 . REIET25AE 9 S i RRIE U BRI X
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