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Abstract: For basins characterized by long-sequence precipitation data but complex runoff
generation mechanisms and a lack of flow process data, this study employed the rational formula
method to estimate the early warning time window for flood risk in small- and medium-sized

rivers. The Pearson Type Il frequency curve, commonly used in hydrological frequency analysis,
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was applied to construct flood-triggering critical areal rainfall thresholds. These thresholds were
calibrated using nearly 10 years of flood peak discharge data from small- and medium-sized rivers
in the middle reaches of the Yellow River. The methodology was then applied and tested for 15
flood events occurring from 2014 to 2024 within the basin above the Dongwan hydrological
station of Yi River, which lacks measured hydrological characteristics. The results demonstrate
that using the rational formula to determine the warning time window is straightforward and
practical. Calibrating the critical thresholds based on the same frequency method using historical
flood data significantly improved the hit rate of risk warnings to 71.8%, while reducing the miss
rate and false alarm rate to 20.0% and 29.4%, respectively. This forecast accuracy is comparable
to the current flood forecasting standards in northern China. The method also performed well
when applied in basins lacking hydrological characteristic values. Overall, the flood risk early
warning method for small- and medium-sized rivers, calibrated using the same frequency
approach, effectively addresses the challenge of obtaining long-sequence hydrological data across
different regions. It also fully leverages the advantage of meteorological departments possessing
long-term precipitation records. This method can be further extended to small- and medium-sized
watersheds without hydrological stations, providing valuable technical reference for
meteorological flood disaster warning efforts in similar basins. Future work could involve
classifying small- and medium-sized basins based on underlying surface conditions or establishing
distinct calibration models for basins dominated by saturation-excess runoff by categorizing soil
moisture levels, thereby further enhancing risk warning precision.

Key words: small- and medium-sized rivers, Pearson Type 1l frequency distribution method, the

middle reaches of the yellow river, risk early warning
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Fig.1 Simulated sub—basins of the middle reaches of the Yellow River and distribution of

national automatic observation stations
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Fig.2 Location of Dongwan hydrological station with its upstream watershed boundary and

river system
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Table 1 Basins, hydrological stations and hydrological characteristics of 85 flood events in the Middle Reaches
of the Yellow River from 2014 to 2024
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Table 2 Maximum 6, 12, and 24 h cumulative rainfall and warning levels for 15 flood events at Dongwan
Hydrological Station from 2014 to 2024

oy i - — wiE

B ] R Bit B MK BE gy O

e BKBEIW BoRBI T LES L

& /mn %3 Mt /m 5 WE/m R 20

?gléT;i 550 99, 4 % 32.8 % 41.4 X % x

?ggifafo ot 9.4 I 10. 1 x 10. 1 7 A 7
2017 4 10

A4 H 22 428 10.8 x 14 x 14.2 x x ~

00

zgz;f; i so7 94 4 % 28.5 % 28.7 X % X

322; 5?)34853 301 44,3 i 51 i fh 53 W i, G

222; Tsfg 1460 35 e 46.8 W 50. 4 V5 W X

?0;1;;1 9; 1160 9.9 % 49.9 % 50. 6 T 7 x

?gﬂli{ai 9810 52.3 gl 85. 1 R 93.5 R Litqci) W



2021 9 H

1540 25.5 ¥ 34.1 ¥ 53.5 W ) W

25 H 07: 30
2021 £9 R 1010 31.2 o 42 e 49.8 ¥ W, T
28 H 20: 24
2022 4 10
H 5 H 23: 455 18 J 28 ¥ 35.8 €T X x*

00
2023%8 R 532 25.6 X 44.7 W 56. 6 [N W ¥
27 H 14:00
2023 4£ 9

*9H 203 2.9 J 3.9 ¥ 4.3 €T X x*
27 H 04: 12
2024471 216 10.9 o 14.8 ¥ 17.8 ¥ T T
16 H 23: 12

2 WL
2.1 TEREBRHE
P2 2002 o 2 T R SR /NI B Tk AR B8 — i i A 7 325 o B 0 1A 7K Sk 4 /)
T B A Akl ERE R E) 7 G KR T, 2010 -
0.278L
T = W ( 1)
K LREREKE ko), QNRTHAE (n° ) , JAEFEVFE, nAiEiiis
.
XTI ZE, LS AR 3R, T A AR IR T £E (1 7K S 5y X A ]
LZE0~MmRER R, 0HE AR

="t

J1/3F1/4

(2)

AP TR (km)
*®3 BMRREILRSH

Table 3 Watershed flow concentration parameters of a single land type
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Fig.3 Precipitation distribution for 1,3,6,12,24,36,48, 60,and 72 h under a 3-year return period in the Middle
Reaches of the Yellow River from 1991 to 2024
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Fig.4 Precipitation distribution for 1,3,6,12,24,36,48, 60,and 72 h under a 5-year return period in the Middle
Reaches of the Yellow River from 1991 to 2024
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Middle Reaches of the Yellow River from 1991 to 2024
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Table 5 Critical thresholds for different warning levels and time periods

in the upstream basin of Dongwan hydrological station
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Table 6 Verification of meteorological risk Warning results for floods
at Dongwan Hydrological Station from 2014 to 2024
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