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Abstract: From 23 to 29 July 2025, extreme torrential rain occurred in Beijing. Based on multi-source ob-
servation data, ERAS reanalysis data, RISE and RMAPS-NOW high-resolution grid analysis data, this pa-

per analyzes the characteristics of rainfall stages, the spatio-temporal features and causes of this event.
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The results show that the July 2025 extreme torrential rain occurred under a stable circulation background
where the subtropical high was significantly westward and northward and stronger than usual, with active
tropical systems on its southern side. The lower atmosphere had warm anomalies, with a positive water
vapor flux anomaly at 925 hPa and a significantly enhanced water vapor convergence zone in northern and
eastern Beijing, creating conditions of high temperature, high humidity and high CAPE. This rainfall
event was featured with long duration, much more accumulated precipitation, nocturnal occurrence, locali-
zation and extremity. According to the daily evolution of precipitation, the whole event is divided into four
stages, corresponding to the swing of the 588 dagpm contour position of the subtropical high. Extreme
torrential rain occurred in Stage 2 and Stage 3, concentrated in the northern mountainous areas of Beijing,
featuring a “weak overall but strong locally” pattern, and also accompanied by extreme short-time heavy
rainfall. The focus analysis on this two stages indicates that, the radar echoes in Stage 2 showed obvious
backward triggering and “train effect” characteristics, lasting 4—5 h with torrential rain occurring at alti-
tudes of 200—600 m. However, in Stage 3 there were continuous generation and dissipation of convection
within banded echoes, lasting more than ten hours, with the occurrence of torrential rain mainly below the
300 m altitude. Further analysis on the causes shows that both Stage 2 and Stage 3 had favorable dynamic
and topographic conditions, including the exit area of the mesoscale low-level jet, the convergence of
southerly and southeasterly winds in the boundary layer, as well as the horn-shaped terrain and windward
slopes of the mountains. The difference between two stages is that it was warm-sector torrential rain in the
Stage 2, during which the exit area of southern boundary-layer jet was in the northern shallow mountains.,
the low-level convergence along the mountains was conducive to continuous triggering of convection, and
the “train effect” caused the occurrence of extreme torrential rain. While the Stage 3 was influenced by a
weak cold air and was related to dynamic convergence on the southern side of a shear line and a mesoscale
low vortex. Accordingly, the conceptual model of the July 2025 extreme torrential rain is established.
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Table 2 Comparison of precipitation in four stages of the July 2025 extreme torrential rain in Beijing
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Hourly variation of the city-wide average precipitation (column), number of
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station (solid line) in the four stages of the July 2025 extreme torrential rain in Beijing

30 i3&/(mm - h!) W EE = EE :100 1800_ F7k fi/mm
L 1 [50,80)
r80 1 [80,100)
F _ 1500 — (100, +)
f60 <
E % 1200
F40 i B
- S
F20 = 900
0- - \ - Lo E i T
09:00 15:00 21:00 03:00 09:00 15:00 21:00 03:00 09:00 = |
26H 27H

it ] (BT)

B4 R R B A [ 3 A 3 L -
A3 0 R B R e A B K I
Tk (S L) WA A L

Fig. 4 Hourly variation for the station-number (column)

T am
008 [l

B =Bt

T i 25T S S0 A e R (B R R /ML R IR = AR
2% B T AR 5 2500 .50 %0 Fl 7594 43 VL

of different short-time heavy rainfall intensities,

IS BETREH ZRIEE =B BL BT Fek &
and the contribution rate (solid lines) of 55 3ty 5 TR P v B R A £k IR
short-time heavy rainfall to accumulated Fig. 5

Box plot of accumulated precipitation
precipitation in Stage 2 and Stage 3 of

in Stage 2 and Stage 3 of the July 2025
the July 2025 extreme torrential rain in Beijing

extreme torrential rain in Beijing

Al f K 5 min FEKEFFEEAE 10 mm & 47 fe KK

23 mm (% =R E ) . e KRNI RRK B4 2
70~100 mm (& 3), BRI FEK & i KAEH AR =
K PEPGALM A LA o P sk b 75 « 87 B RN AR AT 7K
J2 B ST 149 3600 DR\ 30 ] 0 1T b T ST A H B T S
[i1) A K 119 e Bsf 5 A 7K (P 5 755 1980) . 23:30 Z )
VR R AR 20 3 8 X R 48 1m0 AU 2« i o
[/ ST 3 TELD N

BB VIS 2 12 R L B R e R v R

SRS

A i Rl BR XS O 0 AL AN W AR T O B P R

1= 25 I I ) o = B s I & o N N N Y S P
IR 5 min [ 7K 5 F IR R /NI R K R A B0 EE — i
B, 27 HAPJG s F I 52 22 B4 43 800 Iat 52 1) 5 i
K 5 min /KR FEATE 6~10 mm; 5 [[] 4 R0 0 &
J& (& 8a,8b),5 min [F/K & i#E i 10 mm Ay 3 A5 1
%, 28 HY R, 4 X 55 AR B, (07 )5 b X
3 BRI AN W filk & 9 1) 5 A6 75 10 % 8l (] 8c, 8dD
5 min B K & #8310 mm By BB 2 R kiR
13. 3 mm, fig K/NEF K8 R 79. 4 mm; |4, B8R
ATH A 4 O A 52 W) F0 S 1) fish & R AE (L 8e) o fH B K



647

41°N 41°N-
| ¥ B
40 40 ’ "
o e
5 PR (e~
(a) 26H18:36 ' (b) 2612000 () 26H21:00
T T T T T T T T T
115 116 1T°E 115 116 1T°E 115 116 1TE
41°N 41°N 41°N
40 40 40
(d) 26H22:00 () 26H23:48 (f) 27[00.48
T T T T T T T T T T T T T T
115 116 17T°E 115 116 17T°E 115 116 17T°E

5 10 15 20 25 30 35 40 45 50 55 60 65 dBz

B 6 2025 4F 7 H 26—27 HEHBHS I EHFiELD
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and (d) Kpp along black line in Fig. 9a at the Beijing Observatory Radar at 03:00 BT 28 July 2025
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