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Abstract

On 19 July 2023, an extreme short-duration heavy rainfall event occurred in Wuhu, Anhui Province,
with a maximum hourly precipitation of 101 mm. Using conventional observations, FY-4A satellite
data, S-band and X-band radar data, and ERAS reanalysis data, the synoptic background, mesoscale
system evolution, and thermodynamic and dynamic structures of this event were comprehensively
analyzed. The results show that the event occurred under a hot and humid environment at the edge
of the subtropical high, where upper-level divergence and low-level convergence formed a favorable
vertical coupling structure, while the southward intrusion of cold air enhanced atmospheric insta-
bility. Multiple mesoscale convective systems (MCSs) developed and merged, leading to enhanced
convective organization, and the heavy rainfall was mainly located in regions with low TBB centers
and large TBB gradients. A surface head-on wind pattern caused strong low-level moisture conver-
gence, and the convective system exhibited characteristics of a high echo centroid and moderate
vertical wind shear. Thermodynamic and dynamic analyses indicate that the combined effects of
low-level moist instability, dry and cold air intrusion, and the development of a positive vorticity
column promoted strong upward motion and the release of unstable energy, ultimately resulting in
the extreme short-duration heavy rainfall. The study suggests that under conditions of high humid-
ity and deep warm clouds, extreme short-duration heavy rainfall can still occur through MCS merg-
ing and boundary-layer convergence even without a typical low-level jet.
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Figure 1. Precipitation from 17:00 on July 19, 2023 to 02:00 on July 20, 2023 (unit: mm)
1.2023 %7 A 19 B 17 B4~20 B 02 BpEKE(E A mm)

MBI BE KA KRG, TR RTHR/K R 100 mm 1955 50 6 A, i 50 mm s 5 49 A &
7045 b, BRI “RICZ . PIRD 7 BORAE, SRR 3 B T AR Uk K T X i

22. BFiRE=

Rtk — 30 4 s S U S I B8R B K R R AR TS S S BN T BRI R AR T S R R BE R Y AT o
7. 2023 47 H 19 H 08 I}, 200 hPa & 2 7] B AL HBAEE — S RUH A 30~35 m/s ()2 St 2 20 B,
7S S R IR I R AR YR, SR Y e BRPU R A e . L PE . AR AL AR i A, R
Al RIS 2 40 m/s. VS URIXAL T w2 @A X, AR T8 BRI @ B i, Rk e
PR LF )= AR

DOI: 10.12677/ccrl.2026.154090 852 SR TR


https://doi.org/10.12677/ccrl.2026.154090

B &

500 hPa JEHA BoR(WnlE 2), s 60°N BT fA7E— Jf MR, FORN R A B 0 2 R fe . BER AT
WA SR ESHIAER, AR, AR ERE T, B0 EmRE b R MHhX . 08
I, P T B G R (UL R AR BIED B A2 T 110°E 25°N M (& 2(a)), ZEMIAL T BIEEHIZ T,
£ 20 B, ElEA AT, EZA0r A S, A B R (A 2(b)), TR AL TR m I X
1

850 hPa |, 08 M@ EAEIE— & AR MR VIEL (K 2(0), NEEEAIRMEAERIZME: = 20
I, 22 o X X7 A N S s, (RZER A — P nag, AR TR R G ERE AR JE .

GESERRIE RS, KBENSRERER, JEHATEImL%, SRS it n e
KRS RER AT HE(200 hPa)H 4R EL S0 (850 hPa)4E & T hk [ 47 1 3 B A 454, [FIAY 500 hPa b
TiA A MR A RE R, RS LGRS O R R IR R, AT B I 5

PRI FR A R 2E
60°N 60°N
= s : %i
50°N ~ 50°N ot s L LI R
\ \U\”\ . o
E SOYN ey S~ a .
X St o, SSBRN 1NV
CONEL \ 74T
40°N z}&f‘ R 40°N 3 g 7 S0 65
BN ;w . CEFRN N _§1 RE P, a0 e 60
- Boos RARY’ b3 o St
30°N A ﬁf/f/‘~,\x 5t 30°N v 2277F [ /E/ J: ] ﬁj L*/Ls\: 55
TR TRl W L 50
e & el R
o SRR o e e ] s
85°E  95°E 85°E  95°E  105°E 115°E 125°E 135°E '40m s
60°N T 60°N 17 ES
) }} . > [ 30
T 24
50°N ‘fiaf 50°N fms 1S 20
16
40°N ‘ 40°N 7 &12
0
30°N 30°N -
85°E i

Figure 2. 500 hPa height and wind field on July 19th (a) at 08:00, (b) at 14:00; 850 hPa height and wind field
(c) 08:00, (d) 14:00 (the color spots in a and b are 200 hPa upper jet, the color spots in ¢ and d are 850 hPa
lower jet, and the gray shadow is Xizang terrain)
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Table 1. Sounding data from Anqin and Nanjing on July 27th
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Figure 3. T-logP image of Anqing sounding at 08:00 on July 19th
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Figure 4. July 19, 2023 (a) 16:30; (b) 17:30; (c) 18:30; (d) 19: 30 Fengyun Satellite TBB and (a) 17:00; (b)18:00; (c)19:00;
(d) 20:00 1-hour rainfall distribution map (The black line represents TBB, unit: "C)
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Figure 5. Wind field and Hefei S-band radar combination reflectivity factor on July 19th (a) 17:00, (b) 18:00
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Figure 6. Hefei S-band radar at 18:30 on July 19 (a) combined reflectivity factor, (b) profile
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Figure 7. Vertical cross-section of the Wuhu X-band radar at 18:30 BST 19 July
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Figure 8. Vertical cross-sections along 118°E of thermodynamic and dynamic atmospheric structures on 19 July 2023: (a)
equivalent potential temperature (contours; unit: K) and relative humidity (shaded; unit: %) at 08:00; (b) equivalent potential
temperature (contours; unit: K) and relative humidity (shaded; unit: %) at 18:00; (c) vorticity (unit: 107 s71) at 08:00; and (d)
vorticity (unit: 107 s71) at 18:00
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