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Critical Soil Moisture for Debris Flow Initiation and

Its Application in Forecasting

HU Kai-heng'?, MA Chao'**
(1. Key Laboratory of Mountain Hazards and Earth Surface Processes, Chinese Academy of Sciences, Chengdu 610041,
Sichuan, China; 2. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences
and Ministry of Water Resources, Chengdu 610041, Sichuan, China; 3. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Most of traditional debris flow forecasting methods are based on indirect variables such
as antecedent and real-time rainfalls. But the key factor influencing directly the debris flow
initiation is soil moisture, which is more reliable for debris flow forecasting. Firstly, the concept
of critical soil moisture for debris flow initiation was defined; secondly, based on the
experimental and observation data of debris flow initiation at home and abroad, the empirical
relationships between critical soil moisture and permeability coefficient, porosity, coefficient of
paritcle curvature were obtained by the means of step-wise regression analysis; finally, the
forcasting method for debris flow based on critical soil moisture and real-time rainfall was
proposed. The method was tested and verified by the debris flow happened at Jiangjiagou of
Dongchuan, Yunnan on 16 July, 1999. The results show that the reliability and accuracy of new
forcasting method is better than the traditional forecast method for debris flow based on critical
line and occurrence line.
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. , Tab.1 Soil Moisture, Permeability Coefficient, Porosity
Matlab Stepwise : and Coefficient of Curvature when Debris Flow Formed
W, K/(mm«+s 1) n C.
W. —— 1.12K + 0. 460 + 0. 12C. — 0. 165 (1) 0.500 0 0.023 510 0.75 3.333 333
;W“ ;K i 0.590 0 0.014 493 0.76 3.333 333
;Cc , CC :d%o/ . 0.660 0 0.004 667 0. 69 3.333 333
(dyodsy) s dyo dso ds, 0.540 0 0.007 619 0.72 3.333 333
( s ) 1OV\30% 60% 0.480 0 0.003 704 0.76 3.333 333
3 0.540 0 0.005 072 0.76 3.333 333
(D 1, 0.896 5, 0.240 0 0.005 626 0.54 2.000 000
0. 883, 0. 055 6, 0.1330 0.005 626 0. 45 0.408 333
F , Fo.os (3,23) 0.120 0 0.010 260 0.58 0. 888 889
3028, F (66.4), s 0.113 0 0. 087 760 0.58 0. 888 889
. 0.124 0 0.010 260 0.58 0. 888 889
(D , ’ 0.103 6 0.087 760 0.58 0. 888 889
R 0.161 8 0.010 260 0.58 0. 888 889
R , 0.152 6 0.005 626 0.45 0.408 333
R 0.117 4 0.010 260 0.58 0. 888 889
0.152 9 0.005 626 0.45 1. 125 000
s s 0.326 0 0.003 819 0. 69 1. 481 481
. , . 0.310 0 0.003 819 0. 69 1.481 481
o , N 0.357 0 0.003 819 0.69 1. 481 481
0.237 0 0. 003 819 0.69 1. 481 481
. o 0.340 0 0.003 819 0. 69 1. 481 481
. 3 0.340 0 0.003 819 0. 69 1. 481 481
) o 0.352 0 0.003 819 0. 69 1. 481 481
N 0.378 0 0.003 819 0.69 1. 481 481
° 0.313 0 0.003 819 0. 69 1. 481 481
° 0.347 0 0.003 819 0. 69 1.481 481
1 . 0.347 0 0.003 819 0.69 1.481 481
’ 1 [29]; 2 [30];
. . 3 [24].
. . o
, , , o (D) 3
s o
, (D 3 , .
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Fig. 1 Flow Chart of Debris Flow Forecasting System Based on Critical Soil Moisture and Real-time Rainfall
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% Tab. 2 Calculation Process by the Forcasting
;3 Method for Debris Flow Based on Critical
g 201 Soil Moisture and Real-time Rainfall
§ R/ W.— .
m 1o} Win T/min
o1 mm Wi
m
= HH D 1 21:50~22.00 0.5 | 0.0400 | 0.3610 | 433.2000
0 1 1 1 1
06-24  06-29  07-04  07-09  07-14  07-19 2 22,00~22,10 1.7 | 0.0483 |0.3527 | 124.482 4
G 3 22,10~22,20 1.6 | 0.0767 | 0.3243 | 121.6125
(b) W20dKI W RS2
4 22,20~22,30 1.1 | 0.1033 | 0.2977 | 162.381 8
3 1999 7 16
5 22,30~22,40 0.8 | 0.1217 |0.279 3 | 209.475 0
20d
. . 6 22:40~22.50 0.9 | 0.1350 | 0.2660 | 177.333 3
Fig.3 Rainfall Processes Before Occurrence of
7 2.50~23. 5 5
Debris Flow on 16 July, 1999 and During the ! 22:50~23:00 1.3 | 0.1500710.2510 ) 115.846 2
20 Days Before the Debris Flow 8 23:00~23.10 2.0 0.1717 ] 0.229 3 68.790 0
(40.1%), , 9 23.:10~23:20 4.4 | 0.2050 | 0.1960 | 26.7273
s AW 36.1%, 10 23:20~23:30 1.4 | 0.2783 | 0.1227 | 52.5857
2) N 11 23:30~23:40 1.1 | 0.3017 [0.0993 | 54.163 6
o Q 008 07 12 23.40~23.50 3.0 | 0.3200 | 0.0810| 16.2000
. .
mm=*s 10 min 4. 84 mm, 13 | 23.50~  00.00 | 2.3 | 0.3700 |0.0310| 8.0870
(5 mm) ° 0. 008 07 14 00:00~  00:10| 1.3 | 0.408 3 |<C0.000 0| <0.000 0
. —1
mm * s ’ 01:12.34 iR .
° 3.3
b
’ b
° R, =5.5—0.098(P, +h) >0.5 mm (6)
(009 2 R 6.9—0.123(P,, +h) > 1.0 7
. - . — U, a . mm
mm s BY, 10 min 5 52 mm 10 0
:Pno ;h
10 min (R °
(6) 10 min
b
10 min 0.5 mm , 10 min
W W +AtRA ) 5.5—0.098(P,+h),
f T HA ; ) 10 min
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