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Application of GIS-based fuzzy mathematics model to sensitivity
evaluation of debris flow
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Abstract: In order to establish a model to evaluate the sensitivity of the debris flow we took Wenchuan County of
Sichuan Province as a typical study area then derived a mathematical model that combines concepts of GIS tech-
nology analytic hierarchy process and fuzzy mathematics. Basin relief ravine density channel slope longitudinal
specifc drop of major gully crumble-sliding body’ s kernel density and the maximum daily rainfall amount in a year
were chosen as evaluation indices to build debris flow susceptibility evaluation index system. Fuzzy comprehensive
evaluation method was used to evaluate the sensitivity of 160 debris flow in Wenchuan County we took advantage of
ARCGIS’ s space analysis function to calculate the membership degree of each layer for factors. Finally according
to the maximum membership principle we chose the maximum membership degrees of debris flow in each water—
shed as the watershed unit” s debris flow susceptibility level. Check analyses show that the evaluated spatial distri—
bution of the susceptibility coincides with the investigated results in filed.
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Fig.1 Model of analytic hierarchy process
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Table 1  Weights of V — U, index layer
% U, U, U, W,
U, 1 2 3 0.539 6
U, 172 1 2 0.297 0
Us 1/3 1/2 1 0.163 4
2 U, U, v Us VW,
2 U -U
Table 2 Weights of U, - U); index layer
V l/ll U]2 Ul3 1/14 Wi
Uy, 1 172 174 174 0.087 1
Uy, 2 1 1/3 13 0.142 2
U 4 3 1 1 0.385 4
U 4 3 1 1 0.385 4
Uy v U, v U s U Uy Us, Wi
3
Table 3 Total weights of each index layer to target layer
V-U,
U, U, U, V-U,
0.539 6 0.297 0 0.163 4
U, 0.087 1 0.000 0 0.000 0 0.047 0
U, 0.142 2 0.000 0 0.000 0 0.076 7
Ugs 0.385 4 0.000 0 0.000 0 0.208 0
Uy, 0.385 4 0. 000 0 0.000 0 0.208 0
U,, 0.000 0 1.000 0 0.000 0 0.297 0
Us, 0.000 0 0.000 0 1.000 0 0.163 4
(2)  GIS .
3 (Vi) (V) (W)}
( 4
4
Table 4  Setting of interval points
A d, d, ds
/m 500 100 0 150 0 200 0
/(°) 10 20 30 40
/(km * km~2) 0.5 0.5 1 1.5
/% 10 20 30 40
/mm 20 50 70 90
1 2 3 4

di,,=d; +A
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Fig.4 Membership degree of gully density to dangerous rank “V;”

Fig.5 Sensitivity evaluation map of debris flow
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