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Abstract: Using refined hourly meteorological observations, radar data, and other multi-source observation
data, along with ERA5 reanalysis data, this paper analyzes the characteristics and causes of the ultra-long-
duration regional extreme torrential rain event that occurred in Beijing from 23 to 29 July 2025. The results
indicate that this event was the longest-lasting heavy precipitation event in the past decade, and the
number of stations with daily precipitation =50 mm and the daily maximum precipitation during the event
ranked the second after the extreme torrential rain event on 30 July 2023. This event also exhibited signifi-
cant nocturnal rainfall characteristics, with the maximum hourly rainfall intensity concentrated in the period
from midnight to early morning hours. The areas of heavy precipitation were primarily distributed over the
plains in front of the Yanshan Mountains and on the windward slopes. This torrential rain event was main-
ly influenced by the subtropical high system, low-latitude tropical weather systems, and mid-to-high-lati-
tude westerly troughs. The analysis of the geopotential height anomaly field from July 23 to 28 reveals that
the subtropical high was positioned more northward than usual. The tropical low-pressure system over-
lapped with the abnormally northward-shifted peripheral airflow of the subtropical high, forming a sus-
tained southerly airflow that was transported northward to the Beijing Region, which provided abundant
moisture for the extreme precipitation. The moisture content was significantly higher than the climatologi-
cal average, with areas of high specific humidity overlapping with southerly wind anomalies. Coupled with
the orographic uplift effect of the Yanshan Mountains, these factors significantly enhanced precipitation in-
tensity. A prolonged high-humidity environment was maintained below 500 hPa throughout this event,
with the average specific humidity at 925 hPa (14.3 g « kg '), 850 hPa (12.2 g « kg '), and 700 hPa
(7.4 g » kg™') exceeding the average values recorded in torrential rain events over the past decade (based
on statistics from the Beijing Sounding Station). Under the daytime conditions of high temperature and hu-
midity, unstable energy was accumulated. At night, the enhanced low-level jet, combined with terrain lift-
ing, contributed to the pronounced nocturnal rainfall characteristics of this torrential rain event. The major
impact systems of the extreme torrential rain over the night of 26 July could not be identified with the con-
ventional data including ERAS5 reanalysis data, but the radar imagery clearly reveals that the main impact
systems of the extreme torrential rain were the low-level convergence line and the small-scale low-level jet.

Key words: ultra-long-duration extreme torrential rain, refined characteristic, cause
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during persistent torrential rain events and the maximum daily

precipitation during these events in Beijing Region from 2016 to 2025
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Table 1 Statistics of torrential rain events lasting more than 3 d in Beijing Region from 2016 to 2025

FESEPE ST AT iy FRCRRR ALRECRRIT =50 mm =100 mm =200 m
F4/d B/mmo Bokit/mmo WEUS MRS B

2018 427 H 16—20 H 5 234.4 244.1 221 20 0
2018 £ 7 H 22—25 H 4 138.3 182. 7 150 24 0
2018 428 H 12—14 H 3 123.5 123.2 88 9 0
202147 H 12—14 H 3 239.6 242.2 583 80 0
2021 47 H 17—19 H 3 188.3 238.5 254 84 0
2021 4 8 H 13—17 H ) 145.1 290. 0 66 7 0
202149 H 4—6 H 3 140. 4 104. 8 37 4 0
202347 H 11—13 H 3 91.1 104. 2 57 0 0
2023 4FE 7 A 21—25 H ) 140. 1 151.4 168 5 0
20234 7H30HESH2H 4 421.9 690. 3 1050 448 69
20244 7TH30HESHI1IH 3 276. 2 301.9 484 133 1
202448 H 3—5 H 3 103.8 104. 6 58 3 0
2024 4 8 H 16—19 H 4 120. 3 151.1 121 2 0
202546 H29HETHI1H 3 102. 6 114. 8 25 1 0
202547 H 23—29 H 6 300.0 534.2 909 214 6
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Fig. 4 Geopotential height at 500 hPa (contour, unit: dagpm), wind field (vector)
and wind speed (colored) at 850 hPa at (a) 20.00 BT 23. (b) 20.:00 BT 24,
(¢) 20:00 BT 27 and (d) 20:00 BT 28 July 2025
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Table 2 Values of different meteorological elements at 20:00 BT from 24 to 28 July 2025

TR 24 H 20:00 25 H 20:00 26 H 20:00 27 H 20:00 28 H 20:00
CAPE/(J « kg™ D) 1557.6 320.2 331.1 787.8 2188.5
CIN/(J « kg™H 42.2 137.7 49. 4 126.1 27.3
BLI/C —3.6 —3.7 —0.7 —4.0 6.2
LI/ C —4.32 —1.01 —0.66 —2.60 6. 20
Ts;/ C 23.6 21.2 19.4 23.5 25.1
K/C 43.2 40. 2 30.1 40. 6 40.5
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