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Abstract

The flood-rise risk warning product for small and medium-sized rivers in Chongqing, China, suffers frequent
false alarms and missed events in operational application. To clarify the sources of error and quantitatively
evaluate the reliability of rainfall thresholds, taking Yongchuan District as a case study and using 44 warn-
ings from 19 product issues during 2023~2025, daily precipitation from 92 rain gauges and water-level rec-
ords from 4 control hydrological stations, this paper defines the concepts of error attribution and threshold
reliability, and establishes a four-step quantitative attribution decision tree covering rainfall forecasting,
runoff generation, monitoring data support and threshold setting. Each warning is re-analyzed event by
event with Thiessen-weighted areal rainfall and the antecedent precipitation index, and evaluated by the
probability of detection (POD), false alarm ratio (FAR) and critical success index (CSI) with 95% confidence
intervals. The overall POD is 84.6%, the FAR 75.0% and the CSI 23.9%. Of the 33 false alarms, rainfall forecast
bias accounts for 76% (recomputed areal rainfall averaging 33.9 mm below threshold), runoff-generation
bias for 18% and insufficient data support for 6%; none is attributed to threshold setting. Both missed events
occurred because the forecast failed to capture rainfall that reached the threshold. The existing rainfall
thresholds show no systematic deficiency; errors mainly originate from rainfall forecast uncertainty, so op-
erational improvement should prioritize improving the accuracy of rainfall forecasts and gradually explor-
ing dynamic thresholds accounting for antecedent soil moisture.
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M R

Mz 1. EMEEHEE)AEAME

Wk R S WE/mm RAKHEWE/mm dREEWE/mMm PJdmm EWH/A 45 A
23-08 Jukw W 60 16.5 20.2 223 2 T BERT TR 2
23-08 K& 40 17.7 20.0 19.7 4 AR R TR
23-08 IfWiTw U 75 14.7 21.8 223 2 A R TR
23-10 Juki 3 80 0.6 0.7 37.1 0 AR R TR
23-10 KEE 3 60 321 32.1 18.9 10 TR BIESCEAR
23-10 fECE W 75 1.2 1.9 40.2 0 T BERT TR 2
23-10 Mg W 40 0.3 0.5 32.9 1 T BERT TR 2
23-14  Jukw W 60 65.4 69.1 54.0 0 TR BEESHEARR
23-14 K& % 40 44.7 44.8 225 0 EH NEH
23-14 R W 40 66.7 69.0 35.5 0 1E# iEH
23-15 KEE®E H® 40 13.9 25.2 43.8 3 T BERT TR 2
23-16 Uk 3 80 172.0 269.1 55.1 1 1EAf NiEH
23-16 KEE A 60 42,5 56.4 455 0 T BERT TR 2
23-16 /PhEE W 70 92.3 153.7 46.0 1 EH NEH
23-20 Uik W 40~75 10.2~19.2 39.9~58.6 36.4~55.3 0 A R TR
24-02  Jukw W 60 17.7 17.9 39.7 3 AR R TR
2402 KEE A 60 29.4 30.5 454 3 T BERT TR 2
2402 IEiLE W 75 235 237 45.2 3 TR BERT TR 2
2402 R W 40 22.9 229 44.0 3 T BERT TR 2
24-03  Jukw W 60 17.7 17.9 39.7 3 AR R TR
24-03 KEE®E M 60 29.4 30.5 45.4 3 AR R TR
24-03 R W 40 22.9 229 44.0 3 AR R TR
24-04  Jukew W 60 54.7 54.7 12.2 13 T BERT TR 2
24-04  KJEE W 40 28.4 28.4 10.7 13 T BERT TR 2
2404 NEE W 40 33.0 33.0 12.4 6 TR BERT TR 2
2405 K& 40 40.0 52.0 40.4 0 EH NEM
2406 KR 40 36.5 54.0 42.8 4 EH NEH
24-06 hEE W 40 44.1 62.1 39.9 1 TeAk B TR A 22
2407 JukW 3 80 76.3 76.3 52.1 2 Tt B R TR 22
24-12  Jukew 60 8.0 8.0 6.8 17 T BERT TR 2
24-12  KJEE®E W 40 6.3 12.3 9.1 18 T PR ZE
24-12  hEE W 40 8.1 9.4 2.8 17 EH NEH
25-02 /hEE W 40 52.2 52.2 10.7 13 T PRk
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25-05 WAk W80 247 45.1 5.4 15 IR o T T A 22
25-05 KRB W40 191 46.7 47 15 IR PR S A 22
25-05 NG W40 237 55.0 8.5 15 IR PRI A e 22
25-06 AN W 40 350 35.0 35.4 3 iR Roe R T AR 22
25-08 WAL # 80 526 55.7 22.7 7 ks Foe R T AR 22
25-08 KR # 60 299 385 22.0 7 ki PR A 2
25-08 ARG W 75 458 56.7 25.2 7 k1 Foe T T AR 22
25-08 NGER # 70 339 40.5 27.1 7 EAf AN H
25-09 KRR W40 611 68.0 140 14 k4 PRI A 22
25-09 NGB W 40 982 104.3 130 17 EH iEH
25-11 AW AT W 60 197 315 29.7 3 ok Foe W T AR 22
25-11 KREE ¥ 60 296 43.3 24.0 3 1E#f ANidH
25-11 NGB W 40 234 38.9 25.7 3 EAf A& H

e WU Oy “SERRNAL - I 5 PaOATIEIT AR AT— H AT RN B I O TIUE T 46 A0 H IR R & <5 mm
FIEESERH; 20238 SE55 20 J917 i TS I B9 H 20~30 H), DUy M S W BAR T BRI, %40t D4R ih 24k 1R
TAESR B K ARARE) . ARSI “AEH” FHRNIEFPTE R, TiRZERR.
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