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Abstract: [ Objective] The accurate and rapid landslide susceptibility zoning method were studied in order to
provide a reference for regional safety monitoring, and provide a scientific basis for the government to control
landslide disasters. [ Methods ] The study was conducted in the Guichi District of Chizhou City, Anhui
Province. The coupled model of gradient boosting decision tree-logistic regression ( GBDT-LR) and an
information value (I) model was used to determine the evaluation of regional landslide susceptibility. The
model learns from the original samples and combines them to generate new simulation samples in order to
enhance the fitting ability of the model to evaluate landslide susceptibility. The Borderline-Smote algorithm
was used to solve the problem of sample data asymmetry. The slope unit divided by r.slopeunits software was

selected as the minimum evaluation unit, and a total of 10 evaluation factors were selected: slope gradient,
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slope aspect, terrain curvature, profile curvature, plane curvature, topographic wetness index (TWI),

topographic relief, normalized difference vegetation index (NDVI), distance from fault, and distance from

river. The landslide susceptibility model was evaluated from three aspects: frequency ratio, density of landslide

disaster points and hidden danger points, and the receiver operating characteristic (ROC) curve. [ Results |

The experimental results showed that the frequency ratio of the coupled model I-GBDT-LR was 10%, 13%

and 7% greater than that of the I, LR, and I-LR models, respectively. The density of landslide disaster

points and hidden danger points in the high risk area increased by about 9, 11, and 7, respectively, and the

ROC accuracy increased by about 10%, 9%, and 5%, respectively. [ Conclusion] The accuracy of the

coupled model was higher than that of the single model, and the accuracy of the coupled model proposed was

higher than that of the I-LR coupled model, which provides an effective and new evaluation method for

landslide susceptibility evaluation.

Keywords: landslide susceptibility; information value; logistic regression; gradient boosting decision tree-logistic
regression (GBDT-LR) ; Chizhou City of Anhui Province
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Table 1 Studies the classification and information amount of each evaluation factor index of regional landslide disaster
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6 656~8 944 m  2.524 12.227 147.044 5.870 2.083 0.734

>8 944 m 0.146 0.707 83.256 3.323 0.213 —1.547
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Table 2 Multicollinearity test results of evaluation factors

RS TOL VIF
e 1) 0.923 1.084
HuIE i R 0.798 1.254
1 T 2 0.918 1.089
RS 0.765 1.307
H— AL A 6 B (NDVD 0.819 1.221
1 DT 284 B g 0.699 1.431
e B 0.197 5.073
Hu Y 18 EFE B (TWD 0.422 2.370
Hi I S AR B 0.234 4.274
BEIK R R 0.895 1.117

MRAEE 3 7T LLE H .4 B IE M B ROC 28
TRYEA LB AUCEHI KT 0.75, R B 4 FhiAL 4 fE
G B 14 X 5 b DX R AT 0 B B R METE A . 4 FRT A AR
(A BE /N E KAk vk B 1, LR, FLR, -GBDT-LR,
HAE 0 H - 84.58 % ,85.63%,90.13%,94.77% ., H
I-LR PR 85 3 5 s SR TR LR AH RS B 42 T
2y 5% ,-GBDT-LR #& B AL L1 P A 5 — A5 ARG B $i
T+ 10%.
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h o7 e I-GBDT-LR(Area=0.947 7)
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3 BESRMTEMEBE TEHE % (ROC)
Fig.3 Receive operating characteristic curve of

landslide susceptibility evaluation model
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FIH Python K I 25 A A 2% 384 3 B o0 W4 X 7
AR L sl A B A AT U — Ak B A B A A A7
PEFT ISR 45 B 520t DX 18 B 5 K e AR o Al . Jd i
GIS i H AR BT 03 O 5 it DX R AT 18 30 oy 2K 1 45
W53 R LRI R 4 A SFE G o R R B e X AR
Ty J DK Ty e IXORI iR y  IX PR B DX 3 o K
PEVE O 25 R 55 B0 B v DX 3 T T B AR Rt
& oy dr . R )5 BEAT G831 0 A, 15 B fi 22 1 3L 5
R,

FE A T AEHY 0 P4 25 3 v I ) & X RIS &)
5 XA ) o AN E 5T X TE B 32,69 %6, 28.67 % .
T UCE R B BB R LA R 4,356, 23.60 %,
eI E mi P BB S B 43 ) 0.855,5.291 4~ /100 km
1 155 52 2 XA o 4 AR 58 X T R Y 16.59 %6 . i 33
RFE B BRA  HAIR B T 47.20% W R E S
o o 5 %5 3 L R 3k 18,288 N /100 km® , AR AN A 4
R 3 FroR . TR H A LY Bl & 1 3 o A PE S5 R
PETHZ LT L B M S G AR L R R
19 57.73 %, R W1 T BIHRERT 0 (19 % 53 DX A7 1 35
5 BAEVE .

FEHUM LR B AL [ BF (25 S o AR B & X FIE
Sy X 4350 o A BIE 5 X T ALY 30.89%4,27.53 %,
TR S S B BB R T A ) 6.8304,19.88 %0, T A
PEF L SRR AU B A3 5] 1.421,4.639 /100 km”
T 55 5 e DX AN 4 A F 5 X 1T ALY 18,65 %0, 1 3
KE IR AR R T 47.83 %, W Bk K FE S
o o 58 A 5 B Al 5 36 16,478 /100 km? (An &l 4 F
F 3D . LR BERY RN LY bl 3 o) Tk S R
1 T 2 T E T, L S MR S R L R R
F i 55.53 % , 26 B LR A5 AU 6B OKS B 1 X 5 th X F 47
e o KA .

7E -LR B PP AN 25 2R oh IR & & DX RIHIR 5
X0 ) A BT X T R 36.76 %6 ,23.96 % .
T B U A B R A A B i 5.59%6,17.39 %6, 1
ok F i B i s B R4y 0] 0,977, 4,664 4~/100
km” ; 177 5 G & XA 7 AN 98 X R TR 15.95 %6
T Yl dE S R B S A ] T 50.93% . WK
N % B S A R K 20,526 45/100 km?, HAR
W 4 N 3 Fias . LR BRI Y 55 5 1L bl 25 W 3% 5
RN GG G R T Z WA T L = S R A R L
SRR LR 61.53% . 2 B T-LR AR GERE 8 19 XF 5 itb
X HEAT 1 Y% 5 R AEVEY

£ I-GBDT-LR 8 1) PE 45 - vh, 1Al ) & IX
FUIE S % X 43 ) o 4 A~ F 95 X, T ALY 35,55 %0,
30.80 %% , Wb I s B B iR L 43 R 3.73 %
19.25% , W3 K % m M B RV BE 43 0] 0.674,4.017
A~/100 km® 5 117 55 25 & XA 5 % A BF 58 X8 1 AR Y
11.36 %6 , W3 9 8 i Mo B i s Le B 3A 3 1 49.07 %%,
T YT F AR R R B A R Ak 27,748 45/100 km?
(I 4 f5 3 Frs) . -GBDT-LR 48 5 i1 45 2
LU B W 3 T RV A R AR T B R T o kA
PR H S BT R FE Y 68.52% . £ B I-GBDT-LR
TR BB i A X6 B st DX AT 0 38 5 & M VRN
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Fig.4 Landslide susceptibility zoning in Guichi District
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Table 3 Frequency ratio and density test results of hazard points and hidden danger points

T/ T WA AR PR PR KRESRERRSEE/

BiA N 7 e 4
BRAR BEESER O WB % B A% (A/B) B % O e 10 km )

WAK S & IX  818.992 32.69 7 4.35 0.133 2.70 0.855
. K5 kX 718.133 28.67 38 23.60 0.823 16.70 5.291
h 5 K IX 552.427 22.05 40 24.84 1.127 22.87 7.241
o Kk IX 415.575 16.59 76 47.20 2.845 57.73 18.288
WA S KX 773.882 30.89 11 6.83 0.221 4.78 1.421
IR 155 & X 689.740 27.53 32 19.88 0.722 15.63 4.639
g K& IX 574.223 22.92 41 25.46 1.111 24.05 7.140
= o K& IX 467.281 18.65 77 47.83 2.565 55.53 16.478
WAL 2 & IX 920.826 36.76 9 5.59 0.152 2.93 0.977
LR %5 % IX. 600.281 23.96 28 17.39 0.726 13.99 4.664
] h 5 Kk IX 584.531 23.33 42 26.09 1.118 21.55 7.185
1R o KX 399.489 15.95 82 50.93 3.193 61.53 20.526
WAR S &KX 890.684 35.55 6 3.73 0.105 1.67 0.674
LGBDTLR %5 & X 771.651 30.80 31 19.25 0.625 9.91 4.017
] - 5 K IX 558.089 22.28 45 27.95 1.255 19.90 8.063
o kX 284.702 11.36 79 49.07 4.320 68.52 27.748

3.4 EMERNITEE S5 5y BTG 4,320, 2 Fr A R R b i g 1 L O iR

a3 1 ROC A5 JE M2, X He o b 4 FhALEY  RIRGE B & X R EE 5 B R H Y 68.52% . /& 4
AL FE A PSR R L  -GBDT-LR BRI R R rh B i, I Ah 4 b 0 B o 3 0 % 1 1 2 B
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E oy RS QAR TN R, I Hom S K DX T K
FEm R R E S T H AL S KSR,
I-GBDT-LR B HEIAH T I, LR #l I-LR B8, H w5
e DX B I R S B R R R Ay AR T2y 9,11,
74/100 km?, A I-GBDT-LR ¥ ROC 4 & 43 51 1 1,
LR A1 I-LR A2 T+ 24 10%6,9% .5 %,

25 BT A 95 45 bR 09 4 J7 T 40 B . B8R TLLR
A T-LR B8, #R A A HHURS A6 09 % 5% 1 X 0E 17 1 3 5
RV AR Z N A ST 2 ) T-GBDT-LR
AR B TR T A 5 M X 5 & M PP AN 25 R 4 R
A Y v i % 0 A BEORS B 11

4 gw

A SC VL A N T 5 Xy B A DX B TR
e PEAY BT L 2 O B B 1) BB R it 32 ) i i R P
Tl % b B I8 R 48 B0 CTWD | 3 — fb R 8 45 5k
(NDVD HiJE & AR 2 | 0 W7 24 05 2 B K &R B 2 10
A R VR Ry W 3 o R VPN R AR, R AT T R A
LR & I-LR BB A I-GBDT-LR #8135 T GIS
BRI 5t X HEAT W 3 5 K MEVE A

(1) 50 BT SR HUAY 4 FhsE A, DS L | 3 K
K BRUR R R ROC A5 B dh 2k 3 A5 kAT &
FRVEFORG B ML A6 00, B A48 B B0 45 R R I . 4 PP A
UM RE GBI B 0T B DX AT 0 3 S R VR AN BT A
W3 5y R AT AN 45 L AT LA SRy OR8] B ¢ 98K T 4E
AL T R =R .

(2) BT & TEAN BRI AT LIAR T, 2 o — 4
RV & D7 TR S A8 AR /N T 05 2 FhRR A AL 78 4 Fib
AR I-GBDT-LR #§ G 5 78 14 328 56 25 S DT 26 L
TE B U AT e B B S B FE I ROC 4k 3 A i i 47
o 56y, T 45 45 SR AR & B 4F 1 . R W] GBDT 83 7T LR
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H T e 25 0 R ] a6 v i P 6 8 40
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PAEAS SN 2 5 )L, AT RE AR S 7E — o B BE b 5 ) B
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