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Abstract: logical early warning method for mountain torrent disasters is proposed using
the fuzzy evaluati thod in this paper. The method is based on the dynamic critical rainfall for
mountain torrent early warning that considers soil water content saturation, then a correspondence
between meteorological warning levels and fuzzy scores for mountain torrent disasters is
established based on the fuzzy evaluation method. The weight algorithms are constructed
respectively using the equal weight average algorithm, the coefficient of determination, and the

relative error of peak flow. With this method , together with the comprehensive fuzzy scores for
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meteorological warning calculated by using the precipitation forecasts from CMA-MESO,
CMA-SH9, CMA-BJ and intelligent grid forecasting, the meteorological early warning level is
determined. The results show that the hit rate of the meteorological early warning results based on
the fuzzy evaluation method is comparable to that of the CMA-BJ and higher than other models,
the miss rate and false alarm rate are also comparable to those of the CMA-BJ and lower than
other models,the TS scores are all higher than those of other models, through the application and
verification of the mountain torrent disaster in Hengshui of Anyang River from 17 to 22 July 2021.

This method can extend the lead time of mountain torrent prediction and improve the accuracy of

early warning. This research result provides a new approach for the meteorolo risk warning

service of small watershed mountain torrent disasters in China.

Key words:mountain torrent disaster, meteorological early warning amic cHtical raipfall,
fuzzy evaluation method
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Table 1 The precipitation and evaporation stations used in 13 flood simulations i

from 1976 to 2023

Hengshui Basin
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Table 3 Results of 13 flood simulations in Hengshui Basin from 1976 to 2023
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HARF R ZE /h B /m'es B/m'es”! SR 2
197607 1976071508 1976072508 0.92 0.01 2 227 238 -0.05
197707 1977072015 1977080520 0.18 -0.19 -4 130 122 0.06
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201607 2016071808 2016072020 0.8 0.13 -3 450 591
20210711 2021071008 2021071308 0.77 0.16 0 147 134
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Fig. 3 Dynamic critical 12 h precipitation threshold of the various levels of meteorological

early warning for mountain torrent disasters in Hengshui Basin from 1976 to 2023
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" 12 h Il 5 4 /mm BRR BT FEK i /mm T
e W B af 6 h 12 h I 5 B PRI
197607 65.1 115.8 161.5 60. 6 110.6 g il g il
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197807 63.0 113.6 159.0 14.1 24.1 x pigich
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Table 56 hand 12 hcritical rainfall and maximum accumulated rainfall based on soil moisture

saturation from 17 to 22 July 2021 in Hengshui Basin

THES K 6 h Il F & /mm 6 hKR 12 h I S & /mm 12 hf K&

M EWAE e e g6 gt WE/m it e Be gt URE/m
2021071808 0.72 44.9 624  96.2 126.0 17.3 68.0 92.5  144.1  194.4 22.0
2021071820 0. 7981 39.2 56.3  89.4 120.3 15.3 58.7 83.1  134.4  183.1 28.6
2021071907 0. 7981 39.2 56.3  89.4 120.3 36.4 58.7 831 1344 183.1 49.7
2021071908 0.9891  25.2 4L.3  72.6  106.2 27.8 35.8  60.2  110. Nkws 6 47

2021071916 0.9891 25.2 41.3 72.6  106.2 24.4 35.8  60.2 'lk \ 59.8

2021071920 0.9995 24.4 40.5 71.7 105.4 5.0 34.5 l 109. 3‘&54“ 26.5

3.9 h. 4
2021072008 1 24.4 40.5 71.7  105.4 14.5 34.5 5 Y 154 0" 24.4

2021072020 1 24.4 40.5 71.7  105.4 18. 4 v 'O\ 154.0 31.2
2021072103 1 24.4 40.5 71.7  105.4 25. 6- mm' 109. 3 ‘54 0 43.2

2021072108 1 244 40.5 717 105.4 35.9‘ “l,‘\ogs 154.0 49.3

2021072110 1 24.4 40.5 71.7 105.4 33.7. k ' ’09 3 154.0 61.1

2021072120 1 24.4 40.5 71.7  105.4 37.2 IN 58.9 109. 3 154.0 68.7
2021072122 1 24.4 40. 1. 44. 4 4. . 109. 154. 1.2
02107 0.5 7 7“ | 34.5 ‘8 9 09.3 54.0 6

2021072200 1 24.4 40.5 1.7 m \ 34.5  58.9 109. 3 154.0 94.1

2021072202 1 24.4 40. 5“1' 105. 4 ‘Af) 34.5  58.9 109. 3 154.0 121.7

2021072208 34.5 58.9 109. 3 154.0 139.0
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Table 7 Meteorological risk early warning for mountain flood disasters based on fuzzy

evaluation method
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