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Study on the extreme characteristics and environmental conditions of the heavy
rainfall event in Yuzhong, Gansu on August 7, 2025

WEI Dong', MA Li', LIU Liwei’, CHEN Han', WANG Yicheng', YANG Yueguang’

(1. Gansu Meteorological Observatory, Lanzhou 730020; 2. Gansu Climate Center, Lanzhou 730020; 3. Tianshui

Meteorological Bureau of Gansu Province, Tianshui 741000)

Abstract: On August 7-8, 2025, Yuzhong County of Gansu Province suffered historically rare extreme precipitation. A cumulative rainfall
of 220.2 mm was recorded at the Xinglong Mountain meteorological station in Yuzhong within 15 hours, accounting for 56% of the local
annual average precipitation. The extreme torrential rain triggered severe flash floods, resulting in heavy casualties and substantial
economic losses. Based on precipitation observations, radiosonde data from Yuzhong, ERAS reanalysis datasets and GIIRS satellite
retrievals, this study adopts diagnostic analysis, precipitation extremity indices and thermodynamic parameters to investigate the observed

rainfall characteristics, dynamic and water vapor conditions, extreme precipitation signatures, and evolutionary features of key
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thermodynamic parameters associated with this event. The main conclusions are as follows. (1) This extreme rainfall event was
characterized by long duration, enormous cumulative precipitation, intense short-duration rainfall rates and prominent local concentration.
A total of 15 hourly extreme rainfall records were observed across Yuzhong County, with continuous short-duration heavy rainfall lasting
6 consecutive hours at Xinglong Mountain station. Among the 16 meteorological stations across Gansu Province that recorded total
rainfall exceeding 100 mm (heavy torrential rain), four stations were located within Yuzhong County. (2) A two-trough-one-ridge
circulation pattern at 500 hPa combined with the periphery of the Western Pacific Subtropical High (WPSH) sustained an environment
with high convective available potential energy and abundant moisture. The shear line at 700 hPa served as the primary dynamic lifting
trigger. Favourable synoptic conditions for this extreme rainfall were jointly established by ample water vapor transport and orographic
lifting induced by the Maxian Mountain terrain. (3) For central Gansu, the total event rainfall at 78 stations, hourly rainfall intensity at 37
stations, and frequency of short-duration heavy rainfall at 79 stations all broke the all-time August records since station establishment,
accompanied by highly heterogeneous spatial distribution. The core heavy rainfall centers were situated in Yuzhong County and eastern
Linxia Hui Autonomous Prefecture. Daily rainfall at stations including Xinglong Mountain surpassed 100 mm, twice their historical
maximum values. (4) Multiple severe convective parameters exceeded the 95th percentile extreme threshold of the past decade prior to the
event, indicating extremely unstable atmospheric energy. Meanwhile, atmospheric precipitable water persistently exceeded the 95th
percentile of the past decade at multiple hours. The southwest jet stream along the edge of the WPSH, coupled with orographic lifting,
formed a steady transport channel for integrated water vapor and convective energy. The spatiotemporal coupling of extremely high
potential instability and abnormally abundant moisture, further intensified by terrain-induced blocking and convergence acting on the shear
line, constituted the core physical mechanism driving record-breaking precipitation. (5) Based on GIIRS satellite retrievals, this study
proposes quantitative key forecasting criteria for localized sudden extreme precipitation under the circulation regime along the WPSH
periphery: extreme precipitation is highly likely to occur when satellite-retrieved key thermodynamic parameters (e.g., CAPE, Showalter
Index) exceed historical extreme thresholds and pronounced terrain convergence exists. The proposed criteria provide refined quantitative
references for forecasting localized sudden extreme precipitation over complex terrain in Northwest China.

Key words: extreme precipitation; Yuzhong County, Gansu; hourly rainfall intensity; convective parameters; satellite remote sensing
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Fig. 3 High-resolution satellite imagery of (a, b) Mapo and (c, d) Shangzhuang station on (a, ¢) 13 June and (b, d) 11 August 2025 (The blue dots indicate

the locations of the observation stations, as well as the cumulative precipitation recorded of the Mapo, Shangzhuang stations in Fig. 2b and Fig. 2d)
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humidity (shaded, unit: g-kg™") from 15:00 BT on 7 August to 09:00 BT on 8 August 2025 over southeastern Gansu
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Fig. 6 Distribution of stations where (a) total precipitation (unit: mm), (b) 1-hour rainfall intensity (unit: mm-h™"), and (c) short-duration heavy rainfall
frequency (unit: times) during 7-8 August 2025 reached the historical August extremes since the establishment of meteorological stations,

in central area of Gansu Province
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Table 1 Comparison of the top 4 stations in Yuzhong County with
historically extreme total precipitation on 7-8 August 2025 against
the maximum historical daily precipitation, average August

precipitation, and the county's mean annual precipitation

wa ST prERk pitrsppry (TS
Mk /mm HPFKE/mm /K E/mm L /%
MEEIL 2202 101.9 112.1 57.5
Wk 156.9 90.1 99.3 41.0
R 140.2 139.4 100.2 36.6
ANEEE 1042 91.5 92.8 272

4.3 75 I B 7K B {0 B 5 FEE R 5 52 I 1) AR i
IR 2 “8- 7 rp AN [a] 5iR JBE 255 2 1) JRL N [ K
PEGETTHES R AT I, 55 P AESR B | o AR 9 3 K < 1

I & HE SRR R 64.03% ., 27.43%. 8.54% F1 0.50%,

JFC P R I A 18 A A R A 2 AT 5 A K A A
SR SR, BLAh, TS8R =50 mm-h' (45 AR 58 B K
FF TR AR 0.50%, S IR FE K BA
2 AR PRI o

R2QTEHHRPEARREREZREGIPEKEMGIHHE
Table 2 Short-duration precipitation events by intensity level in the central

area of Gansu Province during the "8.7" event

AFIREK  SFIREAKR Rk R SFEIREE ek

SRR mm mm ] /min ] /min
5kEK 9.36 32.1 84.52 295
RASREROK  17.67 65.3 81.27 275
SRR 35.01 1233 90.26 260
i R K 56.46 63.7 7127 80
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Fig. 7 Box plots for short-duration precipitation of (a) accumulated precipitation, (b) duration, (¢) maximum 1h precipitation, and (d) maximum 5-min

precipitation during the "8.7" event (The pentagram, circles, and triangles in the plot represent the maximum discrete value, the 99th/1st

percentiles, and the mean, respectively)

* 3 ETF GIRS KiEMMHLE 8 A 7 H 07—19 AR ASH
EXSERAEKERF R
Table 3 Time-series of physical quantities for severe convection

on 7 August

Al CAPE/(J'kg ") SI/C K8EUC LU/C TT/C PWV/mm

O7Hf 1096  -2.6 366 2.6 368 5059

09Ff 142 -07 290 0.5 377 3647

L 259 -16 325 -11 392 3711

I3 1748 64 383 44 468 3933

ISBE 1943 40 338 -39 406 3736

178 1010 42 321 3.0 407 4047

I 2038 -5.6 359 5.6 421 4594
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Fig. 8 Variations in severe convective parameters and precipitation from

07:00 BT to 19:00 BT on 7 August in Yuzhong
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Fig. 9 Boxplots of various severe convective parameters and precipitable
water vapor (PWV) at Yuzhong station for 2015-2025 (The upper
and lower bounds of each box denote the 95th and 5th percentiles,

respectively. Black scatter points represent the values of
each parameter retrieved from GIIRS at 2-hour
intervals from 07:00 BT to 19:00 BT prior

to this extreme precipitation event)
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