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Abstract

From July 24 to 26, 2024, Liaoning experienced extreme heavy rainfall, with the area affected by
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torrential rain covering nearly 71%. The cumulative precipitation of Shenyang reached 556.6 mm,
marking the strongest rainfall since 1951. This article analyzes the moisture transport, conver-
gence characteristics, and local moisture budget using the Eulerian method, and traces and quanti-
fies the sources of moisture using the Lagrangian method. The results indicate that the combined
influence of the Northeast cold vortex, Typhoon Gaemi, and the subtropical high created a favorable
circulation background for the occurrence and persistence of the heavy rain, with the stable mainte-
nance of this pattern being the reason for the prolonged duration of precipitation. The moisture
transport from the southern boundary played a crucial role in increasing precipitation, and the
strong moisture convergence center formed in the Liaohe River basin created favorable conditions
for extreme rainfall. Upward motion and a deep moist layer facilitated efficient precipitation. There
were differences in moisture sources at different altitudes: at 700 hPa, the contributions of mois-
ture from the South China Sea, the Western Pacific, and inland areas were similar; while at 850 hPa,
the contribution of moisture from the Western Pacific accounted for a total of 85.7%, while the
South China Sea accounted for 14.3%. All moisture channels at 850 hPa were influenced by the ty-
phoon, with moisture transport from the typhoon’s periphery accounting for 49.3%.
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Figure 1. Distribution of process cumulative precipitation (Unit: mm)

1. FERITEKEDH(EM: mm)

3.2. IRRAHE

2 2] 1 Bk BRI ZIHT (26 H 2 BHREARTS RIS . fEXRE FJE(200 hPa), ZRIVHIX E 7
&I INRIES, RS DO SRR R Si i A — (A, 1w 8 TR 2R b i XA e 381 DL
DR b . EFREZR bt XAFE B R s w2, MidE S 40 m/s, XA T RS 2imA N
XEM, AiErmTmes FTRESRNES EIHEsh DR R AR EKE.

500 hPa 55 [ 1 b &l i 5 DU 2R B3 e e [RIALAR B, T s R0, 2 Hsmd, ZRAbInfE S
R E R, B X AESE” WA RSB PG RS AL AR R LR, 10 H X 4 2 A TR A S R AR
e R SRS E e SR EE G X A “dbmEil” “AREIL” WiE Hmm 16125 17 kK
RIS TR 4R, 2t I RK o it P /K ) E S SR Rl 2 —

700 hPa P ARIA VI AR 2 — B AL 22 B VU g ¥, REMR) R A6 77 1 DR 1 X 7048 2 wiT 00 1 7 B U &
AR SElEER TR mESRELR, Wik, L7—iiEs, FHRRKERN/KK. 5 500hPa HHLLZ

DOI: 10.12677/ag.2025.156089 947 HOBRBL 2RI


https://doi.org/10.12677/ag.2025.156089

HAEH %

e EBLES, FEAN, GO B AE 46°N, 110°E MHE4ERE, REVIREAW AL L, EREEE.
850 hPa {i. T 5 M X IR K AR A7 AE, (R EBTIAZ LR 59 T 700 hPa, HIF 5 &85 G “H3E” ShH
i e A S D AL

. 2024-07-26 02:0 2024-07-26 02:00
55°N 55°N 1584 7
e e e e S
\n\m\m?mqjm;:zmrw ~g AN,
- I e AR
50°N 50°N A ' A S S
o o IR R e
45°N 45°N 71 1)*9‘
)
b ‘/yM\ g A
40°N A 1
i e
w
: L i;:jt:;\\,kv”\t\
35°N 44 35°N 7 )
30°N + 30°N -
25°N 25°N
100°E
2024-07-26 02:00
55°N v~

RN

S SR B RR RPN
R s = - - =
50°N 1 \

45°N A 7
40°N A

35°N A

Ll B A

SONNL T R A
A N T BT s AT RN A -
LS Y,
25°N A = 25°N
100°E 110°E 120°E 130°E 140°E 100°E

©

Figure 2. Circulation pattern characteristics at 02:00 on the 26™ (Contour lines represent the geopotential height field, unit:
dagpm; wind barbs indicate the wind field, unit: m/s)
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Figure 3. Integrated water vapor flux and water vapor flux divergence (The shaded area represents the water vapor flux

divergence, unit: 1073 kg-m2s™!; wind barbs indicate the water vapor flux, unit: 103 kg-m's™!)
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Figure 4. Evolution of water vapor budget at the boundaries of Shenyang (Unit: 107 kg/s) and

hourly variation of precipitation at Zhujiafang, Shenyang (Unit: mm/h)
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Figure 7. Evolution of channel heights (Unit: m), Specific Humidity (Unit: g/kg), and Relative Humidity (Unit: %)
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Table 1. Contribution rates of water vapor from each channel at 700 hPa and 850 hPa
# 1.700 hPa Al 850 hPa f& & 48 /KT %

HiE 700 hPa 850 hPa
1 29.0% 49.3%
2 34.8% 21.5%
3 36.2% 14.9%
4 \ 14.3%
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