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Rainfall-induced landslides prediction based on rough sets

CAO Hongyang, REN Xiaoying

Abstract ; The rainfall-induced landslides data in the Yucheng district, Ya’ an city in Sichuang province are
chosen as the sample data. Rainfall factors and geologic factor are extracted as the condition attribute of the
rough sets. Based on the data mining and intelligent knowledge discovery function of the rough sets theory, the
valuable rules are generated which can make judgments to rainfall-induced landslides occurrence. The decision
rule can provide the prediction of regional landslides. The nonlinear characteristic and geological factors of the

landslides are considered, and the method has a better predictive effect and higher spatial resolution than the

050031, China)

traditional statistical method.
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Table 1 Some rainfall data of Yucheng district

Ao e R/ R/ R/ Ry R/ ORTR

’ mm mm mm mm mm  AEEY
6.30 s34l 478 7.44 19.57 0.28 1.73 0
8.7  H#34l 0.68 233 1.48 0.60 11.40 0
8.8 M3 133.22 0.68 2.33 1.48 0.60 1
8.1  JK@io4 22.68 17.03 1.84 2.76 11.36 0
8.7 kWio4l 3.18 502 1.8 0.14 2.30 0
8.25  JKWiO 4l 102.82 46.95 40.70 7.47 42.03 1
8.7 R IL4l 2.42 434 1.85 0.12 2.72 0
1

8.25 —=Fi 1141 55.79 29.62 48.02 7.53 42.98
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Fig.1 Flow chart of hazard zonation
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Fig.2 Zoning map of susceptibility
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des(X,) = {(a,v,) | f(x,a) =v,,Ya e C} (1)

des(Y,) = {(a,v,) | f(x,a) =v,,Ya e D} (2)

JHP O<oB(X) <1 (10 oB(X) =1,
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Table 2 Some sample data

A2 AMCE-H -H) R, R, R, R, 1 B 2 %L g Ao
1 2003 -6 -30 1.38 10. 04 4.70 0.28 0.23 0.232 1 0
2 2003 -8 -01 14.97 13.12 3.92 9.80 11.30 0.232 1 1
3 2003 -6 -30 1.38 14. 44 3.70 0.28 0.22 0.277 6 0
4 2003 -8 -02 56. 40 26. 54 14. 39 1. 69 1.42 0.277 6 1
5 2003 -6 -30 4.78 11.76 1.46 0.28 1.70 0.273 5 0
6 2003 -8 -01 34.98 11. 45 1.34 3.54 9.28 0.273 5 0
7 2003 -6 -30 4.78 7.44 19. 57 0.28 1.73 0.224 6 0
127 2003 -8 - 08 133.22 0. 68 2.33 1.48 0. 60 0.224 6 1
128 2003 -8 -01 22. 68 17.03 1. 84 2.76 11.36 0.3358 0
129 2003 -8 -07 3.18 5.02 1.83 0.14 2.30 0.3358 0
130 2003 -8 -25 102. 82 46. 95 40.70 7.47 42.03 0.3358 1
B 130 AREA PR 117 DB D UIGREA, L 4 iRy 4 DAL
R A3 ADAEANE R MIAAEA ML E 4 ALY LR 1L BR T Ry b A b

T &M EYE T Ry R, (R, Ry (R, FISE K R %L
0 A e S R DA R R AT B e, AR
P m PR IE L. R 3 NI B R B R IS Y
B

$5 AL 53 (genetic algorithm ) JEAT 24 fif , A2 3R

(RSN, A Y 2% 1 T8 P R 45 18 22 ) 0 AT a0 B Y
KA. HETIENE, AT R R, (R, (R, P
I LA 5 T e Rl AR, LR 0 A v A% R T A 2 S
R, SRR W A A B AR R, R S A O 3 3 A AR
WM, RS NI AEA L



552 7K 3L Hb o T 5 121
*3 BRUBHEAREE
Table 3 The discretized sample data
FFs HWI(%-A-H) R, R, R, R, R, AR wHEE
1 2003 -6 - 30 [0, 10) [10, 25) [0, 10) [0, 10) [0, 10) [0.1725, 0.2586) 0
2 2003 -8 - 01 [10, 50) [10, 25) [0, 10) [0, 10) [10, 25) [0.1725, 0.2586) 1
3 2003 -6 -30 [0, 10) [10, 25) [0, 10) [0, 10) [0, 10) [0.2586, 0.35) 0
4 2003 -8 - 02 [50, 90) [25, 40) [10, 25) [0, 10) [0, 10) [0.2586, 0.35) 1
5 2003 -6 - 30 [0, 10) [10, 25) [0, 10) [0, 10) [0, 10) [0.2586, 0.35) 0
6 2003 -8 - 01 (10, 50) (10, 25) [0, 10) [0, 10) [0, 10) [0.2586, 0.35) 0
7 2003 -6 -30 [0, 10) [0, 10) [10, 25) [0, 10) [o, 10) [0.1725, 0.2586) 0
127 2003 -8 - 08 [90, *) [0, 10) [0, 10) [0, 10) [0, 10) [0.1725, 0.2586) 1
128 2003 -8 - 01 [10, 30) [10, 25) [0, 10) [0, 10) [10, 25) [0.2586, 0.35) 0
129 2003 -8 - 07 [0,10) [0, 10) [0, 10) [0, 10) [0, 10) [0.2586, 0.35) 0
130 2003 -8 -25 [90, =) [40, =) [40, =) [0, 10) [25, 40) [0.2586, 0.35) 1
®4 ETEEEEINABTE A% B 1 (genetic algorithm ) YEF7 2517, A2 W T
Table 4 Reduction sets based on the genetic algorithm — YR R,, IASEX 4 , 1 35 % TR B P, | LA LLE
1 {Ry, Ry, R _ N 2
! T B AT 5 2 R 2 A R T A B 5 P S
Lo 2> 4] RN e
3 (Ry, Ry, Ry, falr 8] AT A1
4 (R, Ry, Ry, fils 21 T B UE 24 a7 K AR R R ) Y OE B P
5 mMARARIE AR 3 A2 Y FL ) R A7 27 ) A i S5 R SR 7
Table 5 Some sample data TR o
= R, ST % k::EP‘ ¥ 5 " L.
¥ 5 o feb RE ARIEWNE P, W5 HE £7 IR G EEE
1 1.38 0.23 13.21 0 o .
) 14.97 0.23 20. 54 | Table 7 Statistical matrix about study
3 1.38 0.28 16. 34 0 Ui &5 R 0 1 R iRITES
4 56. 40 0.28 37.71 1 0 9 0 1 0.9
5 4.78 0.27 13.09 0 1 0 3 0 1
6 34.98 0.27 20. 05 0 o .
; 478 0.22 23 89 0 H13R 7 AT LU Y, 13 A4S PR A AR 408 A R A A0 D)
HEAT T, Horb O AR 3 S ECE A 3 A 1 S8 )
127 1.2 0n 3.96 1 S 4 TE B | AR R AR T A ) T 92. 3%
128 22.68 0.34 26.28 0
v ar’ I—I'—” S >, Verarily
129 3.18 0.34 7.61 0 3.2 DRSEBLIND  2 Bl R B
130 102. 82 0.34 108. 24 1 o3t BRI RS AR T 31 SRR, A P R R

(Al b 3 20 SR EAT BRI, 3 6y B HUR A B ds o

xo6 BEHEHBEAHIE

Table 6 The discretized sample data

P R, fi B 2R 5 HEWRR P,y W55
1 [0,10)  [0.1725, 0.2586) (10, 30) 0
2 [10,30)  [0.1725, 0.2586) (10, 30) 1
3 [0, 10) [0.2586, 0.35) (10, 30) 0
4 [50, 70) [0.2586, 0.35) (30, 50) 1
5 [0, 10) [0.2586, 0.35) (10, 30) 0
6 [30, 50) [0.2586, 0.35) (10, 30) 0
7 [0,10)  [0.1725, 0.2586) (10, 30) 0
127 [90, =) [0.1725, 0.2586) [0, 10) 1
128  [10, 30) [0.2586, 0.35) [10, 30) 0
129 [0, 10) [0.2586, 0.35) [0, 10) 0
130 [90, =) [0.2586, 0.35) (90, 110) 1

D FC 490 5 458 5 19 9 A% KL 4n ¢ 8 i

B A LI fi e R

PRI 1 X F AR o — A X [0.172 5,
0.258 6) , 764 HFERI & 4 [70,90) ), SR BT &
[70,90) B}, B2 & A W 0

LI 4 XF T fa B P R G B Y b X [ 0.258 6,
0.35) , X4 H [ M it Fl B2 R R A 2 3/, R & R AR
R

LI 7 % T fe B P S G R M IX [ 0. 258 6,
0.35), >4 H [ & A1 R PR & X it 90 i, & A= i
ey T REPER AN 1 TR,

FRIU) 8 FIHLIU 9 AN AL 5 A — M X B, S H
Rk N 2 D B R RN R MK T 30 i, RS & AR, OF
HHF R,
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Table 8 The main decision rules

3¢
o

Rule LHSSupport

R,([70, 90)) AND f& K £ %t ([0. 1725,

1 0.2586)) AND £ % 4 Mi it Pa0([70, 90)) 3
=WPEE (1)
R,([50, 70)) AND f& K % %k ([0.2586,

2 0.35)) AND 3R & P,y ([90, 110)) 4
= W\ EE)

Ry([90, %)) AND f& [ & ¥ ([0.1725,
3 0.2586)) AND H (&M P,y ([70, 90)) 4
= \BIE5E()

Ry ([0, 10)) AND fg k& 5 % ([0.2586,

4 0.35)) AND &M & P,y ([0, 10)) = 5
W5 0)
R,([90, = )) AND f& & % % ([0.2586,

5 0.35)) AND A &g P,y ([110, %)) 5

= WS E)
R,([90, = )) AND f& B % % ([0.1725,

6 0.2586)) AND 4 2 M T & P, ([ 90, 7
110)) = WK E5E (1)
R,([90, *)) AND f& [ % %t ([0.2586,

7 0.35)) AND # AR & P,y ([90, 110)) 10
= \BIEE()
R, ([0, 10)) AND f& & & %% ([0.1725,

8 0.2586)) AND H (M4 Py ([10, 30)) 23
= W\ 5E(0)
R, ([0, 10)) AND f& K % % ([ 0.2586,

9 0.35)) AND (bR P, ([10, 30)) = 28
w5 (0)

4 #it5Em

(1) 33 R BT 245 KA K BRI 33 / R
Wi TR ek 540 g B 3R B8 O 1 T 0 R O X AT R TR
TR Y3 1) LA, A [ B4 DX JO0F 07 S ] 154 I T 5 J32
SRR T A, 3 T 25 9 30 14 8 3 WL o R R % U
K B LAAEMTTE 7 18— 4l X T I AP ) 07 9, AR 7 1%
P T R A 23 18] 3 B

(2) kR A T 10 DX 3 T 250 9 ke 4 07 ik
B8 DX Sl 0T 5 R T 41 K 3 S Ok, I BB 48 7R B2
PR Z ] TR AR, A2 i 1 AR RN, R 5 52 3 I KL
i BV AR B T, X B AL TR R Az At

5 B R R, T i R v 3 R R
TINRAEAS (14 2 J Sk, fel A 40 BT PSS 82 S8 0y, 4254 1 19 A
U B W 1 AL, fE B O AR T A T
X T i B 45 R AT R B S e, AT e PR 5 3 Y
Wi w7 ¥k R i — R
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