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Hazard assessment of debris flow in Lanzhou City of Gansu Province
based on methods of grey relation and rough dependence
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Abstract; Hazard assessment is one of the key issues in disaster studies of debris flow. And comprehensive
assessment with multiple factors is the main mode of them. Because of uncertainty and complexity, non-
deterministic analysis has already become the preferred approach. This study take Lanzhou, a provincial
capital with frequent debris flows, as an example. Firstly, the relationship among 10 topographic factors, such
as slope, et al. , was taken away with the method of complex correlation coefficient and the topographic
susceptibility factor was gained from them. Then, using five factors, for example, the topographic
susceptibility, the geological lithology, landform, the precipitation and vegetation coverage and the hazard
assessment maps were obtained with three methods of grey relational degree, rough dependence degree and
fuzzy comprehensive method with grey relational degree and rough dependence degree. The conclusions are as

follows; (1) These debris flows in the study area are controlled by seven factors, including the relief, slope
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aspect, surface coarseness, slope length, slope of slope, vegetation cover and precipitation, which are

coincided with field investigation. (2) After overlaying and analyzing these assessment maps with the data of

debris flows, it shows that most of the points of debris flows were taken place in the grades of 0.4 ~0.6 and

0.6 ~0. 8, these results from three methods are consistent and better show the special distribution of the debris

flows in the study area. (3 ) From ROC analysis, the accuracy from grey relational degree and rough

dependence degree are rather similar and the area under ROC curve is close to 0. 7. However, the method of

fuzzy comprehensive weight determination with grey relational degree and rough dependence degree shows high

credibility with the area of bigger than 0. 7, which better reflect the debris flow distribution in the study area.

Keywords : debris flow; hazard; non-deterministic analysis; factor; accuracy
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Fig.1 The study area
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Table 1 Correlation analysis between terrain factors and debris flows
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Table 2 Grey relational degree and weight for

assessment factors
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Fig.2 Assessment factors for debris flow
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Table 3 Rough dependence degree, importance degree

and weight for each factor
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Table 4 Fuzzy comprehensive weight for disaster-

inducing factors
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Fig.3 Assessment result from grey relational degree
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Fig.5 Assessment result from fuzzy comprehensive method

3.3 PPAREE AR b

A ST 25 B BRG BE 43 AT R 9 ik 2H B0 0 R AT 4
SYMT, R PR T IR HEAT VR A PR AN 25 R 5 S E
ZH R AT A3 (] & N Ge 3 43 B AR T ROC il 2k i K
FEVERE o B, K U0 AL VR AR K HE S =R 3k
190 PEAL 25 Rt 17 F oG i, XF b o B 2 & A U A TR
MERARGEREER TR LR (B3, £5),
JNEE 3 0] LR 06 UE 2H U A I A 48 K 22 B0 A A G

6 ROC ®i%
Fig.6 ROC curve

W 11 v L S R AR G Xk, A 2D A B AR A X
B, S P WFSE X K ZH0R A A E0. 4 ~
0.6 F10.6 ~0.8 X[a], H = A Jy ik A5 45 R a4 —
o RWIARBF T =R A# 2 LR R R ARG
WS M A 45 2R 5 2 & AR U A U A A B AR G R R G
F, R0 A 0 v R X R A A B M VAN I i AR X, AR
URPTAR 1) 5 SR A 2 W0 B e 1 AR 9 DX U0 3 3 1) 25 [
oy WUEEH T PP AL 25 R B B i TS

ROC £ Rz Rl 26, © ) 1z b H T b it
E SRR VA 45 FAE BT . BT ROC 4k
FRASE A J3E I A v O« 4R T T AUB R T T 1 (AT
FRAEAE T 0 ~ 1), 350 B A 80 g5 30 5] &4 O e 4t
I, AWEFE R AT ROC {2 T4 Ve A1 it & B M D7 Al — A
SERORE B o ST R (0 DG IR B RS AR R 2R
IR o 3 P R 255 45 1k 1) TR 85 2R DA B IR 5 IX P
A KA S G 38 R AR (3 290 A A1) il 4E K
Excel 4%, Feh B L ERARSWIEEE R 1,
KK O, F A SPSS A Ge it My, 345 = Fh i
ML) ROC HZk (& 6) Fks R4 SR (£ 6),

L6 IR 6 Tl A, il B K 5 DG 5% FREL R 44 o
(ARSI 25 45 1% 0T 3R A 1 45 A fe e, HE ROC Bk R
(T AR 0. 789 5 K 0 5 Tk i R REL it 442 0 B8 1) 1T £k 45
UM FE LA 3, ROC 2 (9 AR 43 7l 2 0. 658
F10.660, [RIEF, K45 ROC il £ (% VF 4 b5 o, K 8, 5¢
EF 5 DR RS A0CH01 2 1) ROC 4 T i A3 1 0.7, %
B L &5 SR LA A0 1 o 1 M T 7 8 D B RITREL RS 4K
HURE B RO 254 B 1 ROC i T AR T 0.7, B
AR R PTG ) 45 5 EL AT B R i T {5 B AR A b S e T
e A1 I f B 1 43 A o



- 54 - AR A B TR (G IR SRS ARORURE () A 22 N T DR A DR A I R T A

2019 4F

RS RBERSRREATESITE

Table 5 Statistics of debris flow density in every hazard zone

faRX B/ WRE KEL, KEE

B m w sen 4~ e
0~0.2 3 572.55 26.92 19 13.10 0.49
Kt 0.2~0.4 6066.17 45.71 37 25.52 0.56

B 0.4~0.6 2743.12 20. 67 42 28.97 1. 40
0.6~0.8 667.53 5.03 33 22.76 4.52
0.8~1.0 221.63 1. 67 14 9. 66 5.78

0~0.2 3 795.51 28.6 28 19. 31 0. 68
_— 0.2~0.4 509022.84 44. 63 35 24. 14 0.54
"

i 0.4~0.6 2719.23 20. 49 38 26.21 1.28
0.6~0.8 664. 88 5.01 32 22.07 4.40
0.8~1.0 168. 54 1.27 12 8.28 6.52

0~0.2 3 636.25 27.4 25 17.24 0.63

- 0.2~0.4 6054.23 45.62 35 24. 14 0.53
Z-%{j\ 0.4~0.6 2727.19 20.55 41 28.28 1.38
0.6~0.8 659. 57 4.97 31 21.38 4.30
0.8~1.0 187.12 1.41 13 8.97 6.36
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Table 6 Calculation result of ROC curve
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