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Multi-factors fusion method of debris flow prediction based on
genetic programming

ZHAI Shuhua, MAO Jian, NAN Yun, LIU Huanhuan, WANG Yuntao, WANG Qiangqiang,
XIONG Chunhua, WANG Yanmei
( Beijing Institute of Geology, Beijing 100120, China)

Abstract ; Debris flow is a frequent geological disaster, which often poses a great threat to the safety of people’s
lives and property. Outbreak of debris flow is not only related to rainfall, but also related to many geological
and environmental factors. In this paper, the watershed area, ratio of loose materials and the average slope of
the gully bed are taken as the geological factors, the maximum hourly rainfall intensity (7) and the total
rainfall (R) are taken as the rainfall index, the sample database is established by means of geological factors
and rainfall index, genetic programming is used to establish a prediction model for the critical rainfall index of
debris flow, which overcomes the shortcomings of the previous warning model that used rainfall as a single
indicator, model verification results show that the model has high warning accuracy and strong adaptability,
which can realize timely warning.
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Fig.1 Multi-factors fusion method of debris flow prediction model based on GP
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Table 1 Comprehensive factors due to debris flow
I WEC WKRTY IR SN
g MR WO SNE MU
X/ Lt % EVME  bpEs RTI 5R R/ T/mm
km” Xy/% tan(Xy)  (°) (mm-h~")
1 2.77 0.98 0.07 3.94 22.50 75.00 300.00
2 2.30 2.30 0. 30 16. 47 33.15 85.00 390.00
3 2.47 0.99 0.26 14. 66 34.80 87.00 400.00
4 2.20 0.52 0.22 12.52 37.80 90.00 420.00
5 2.39 2.51 0.25 13. 80 33.58 85.00 395.00
6 3.22 1.48 0.21 11. 80 26. 25 75.00 350.00
7 2.22 0.95 0.27 14.92 32.73 85.00 385.00
8 1. 84 7.84 0.31 17.24 32.30 85.00 380.00
9 2.46 0. 60 0.12 6. 84 31.88 85.00 375.00
10 2.09 0. 06 0.27 14. 89 31.03 85.00 365.00
11 1. 64 0. 04 0.25 14. 16 30. 18 85.00 355.00
12 2.33 2.10 0.25 13.83 26.25 75.00 350.00
13 1.92 23.65 0.28 15.67 29.20 80.00 365.00
14 1. 67 3.61 0. 30 16. 48 24.75 75.00 330.00
15 2.12 5.10 0.29 16. 04 25.13 75.00 335.00
16 2.89 3.51 0.23 13. 04 25.50 75.00 340.00
17 1. 65 13.33 0.40 21.91 24.38 75.00 325.00
18 2.58 4.89 0.29 16. 05 27.75 75.00 370.00
19 2.77 12.50 0.31 17. 00 25.20 70.00 360.00
20 2.18 8.21 0.29 15.94 28.13 75.00 375.00
21 3.02 20. 66 0.22 12. 44 28. 88 75.00 385.00
22 2.97 18. 46 0.17 9.82 27.175 75.00 370.00
23 2.68 13. 44 0.33 18.38 30. 56 75.00 407.50
24 2.28 2. 66 0.27 15.34 18.53 65.00 285.00
25 2.45 1.73 0.27 15.01 21.00 70.00 300.00
26 2.23 0.36 0.32 17.52 22.05 70.00 315.00
27 2. 10 0. 88 0.25 14.28 26. 06 86.00 303.00
28 1. 10 7.42 0.33 18. 10 14. 03 55.00 255.00
29 1. 60 3.60 0.22 12. 18 11. 66 53.00 220.00
30 1.62 8.70 0.35 19. 25 12.74 52.00 245.00
31 2.78 1.92 0.19 10. 80 14. 03 55.00 255.00
32 2. 64 3.38 0. 10 5.75 26.78 85.00 315.00
33 * 2.47 1.92 0.18 10. 09 10. 80 45.00 240.00
34 2.27 0.78 0. 10 5.93 22.50 75.00 300.00
35 * 2.02 1.17 0.13 7.29 22.50 75.00 300.00
36 = 1.96 6.24 0.39 21.42 14. 40 60.00 240.00
TE 131 I ZRAEAR ;32  —36 = SHMHRAEA
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Table 2 Basic parameters of genetic programming
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Fig.2 Debris flow prediction model based on

genetic programing
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Table 3 Model prediction error

5 Wee T 1 2 S e I 41 25 0 0 1 A R 22
32 26.78 25.494 3 -4.8%
33 10. 80 10.025 0 -7.2%
34 22.50 22.593 8 0.4%
35 22.50 21.630 8 -3.9%
36 14. 40 13.440 4 -6.7%
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