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Fig.1 Diagram of Random Forest Algorithm
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Distribution Map of Landslide Disaster

2.2 HIEIR

8 LB X 18 B AR B BT v R A
(digital elevation model, DEM) . Hii it & #1 i 3%
S5 SR b PR LA 2R SRR ER WK 1,

x1 ZHRHB|HERFER
Tab.1 Classification of Experimental Data and

Characteristics Table

A EITE] LIRS S €170 R 2R 1 BU s i)

Sentinel-2A /;{émblj‘g: ﬁggiﬁiﬁ 2016-02-16
Z i 20 m

Landsat § ;E;Oz?m lﬁ)%]iﬁ)ﬁi”% 2013-09-15

HbyJ5 (A 150 000 %m;}?}fg&

FIF ENVI 4% Landsat 8 $24% 42 B+ #
I A 8 B b 2 W0 B R B A F8 A s AL EN-
VI HAFXF Sentinel-2A 818 10 m A W i Bt iF
PRI v KB S5 Ab B, BT X B A AR
AL IE 54078530 m 25 [H] 43 #F ) DEM H + 4
BT 121X 38 140 305 5 9% 1) 25 s 155 0 s i 3k 1 ¢ 50 000
{14 b S5 P 0 B2 X3 1 b )2 A s 258 b 5155 0 s 1F
X1 T 0k 9 T A ok R T 0k X I K
16 TAES 450 4 I A = ik 2 X b B FE A KL

s T 1 SRR IE 50 AT 55
2.3 FMETF
D BT 554 . Mot 25 B T i 3 o 3 4R
HE AR E R EEER, R EEEERN =
B RNEE R 5 )2, TR A 4 DL AR AR
6] 5 o 3L VU A D AR A SCRI T 1E
S5 A3 BT OO T RS R (R R X
SRR 22, X i R k. A 3 ()
AR A B A R D A R IR X T R R
S AN I 5 B TR AR A (1) T A A L B R L 0 9
RAA R, 8 2 AR RS B R4y i X
BRI 2544 . FH R 3 Ch) AT AR A3 IO {151 38 | R
RS X i 3 e A= A R 3 R 3 o SRR M 3 K A
ANH . M BTAS 1 L 32 XA T B U 1) A R 3 L
F A AN W 2L R by 54 D R A W A
I B BT )23 9 R DG 0 R 3R s T 22 X 9 3k )
Wi, FH L A CdD AT BT 23 0T 3 33 1) 5 e i DT )23 52
M) S 5 (% 484 T 5 300 S VR 4 P e ) R A L
2 318 m Ak B 55 1H .

2 1.5
1
ool s W _ | . (‘)(5)
& -l W g | 3 .
m -2 m - =
-4 -10lz ¥ £
) sl '
(a) TFEH4 (b) RHE A

B3 25N R S A 1A

Fig.3 Information Distribution of Factors

)M b . TR b g s ) AR AR A i A
SF R e T W R E S50k,
Wit SAGA GIS #AEXF 30 m DEM 42 U 2 3%
BE eSO R T B 4 ) AR,
o P 1 4 6 o (L B o R ) 348 R T /) L R T
R A, % ¥ B A 5 eI . PR P 4 Ced TN, B
JEE oF W 33 1) 5 i B 3R O 8 T s . R
ACH T, 3 1] X 9 39 B4 R W B 2 B 1) A 1 i
S s Y kL e 283 5 A ik B /. i
P4 Cho) o] 0 oy X S A9 R i i 1 2 ) 48 R
M/ .

3K, WFIEIX 22l B K W B 8 [ T
J2E AT JEL 303 U0k B 5 S ) b T KA A R K X 38
A EELA . DR DL K U T K
ASCH A SAGA GIS N DEM HH 8L T K A7 52
M) T 34 3 8 450 A% 35 L Melton 08 DX 5% (—
Pl SR U A OC HR B0 FOK U F, T
Landsat8 3% 1% $2 B b 26 18 J& 38 B0k % /n b 238



2018 4 7 H

1088 DR - R BB R
5 5 — 05—
AT 22 . 2(m 3% i g s zppt
i > X = = = L = 0o
mﬁ OI\OOwN;. Hﬂﬁﬂ 1@ (7 V - . HIW?H 0; - ; ; ] K 0.5 § z o 8 g
TEEEEN | = 0 [ a%aaal W -of Vo2 7o
m VVVV VY5 4 I e g g vv .y g8 T v n
gz -5 @_2 v . gz -5 v ,‘E*I.S 2
-3 VoA -2.0 S
-10 -4 -10 _ 25
rifE/m HJE B TR TE S IREEE/m U7 255 i B 4 /m
(@ (b) © (d)
1 - 2 2 T
= O - = = 1 =2 0 el 0 Fr——
Q_liiﬁ-ll 2 ofln .. 2 1 LYY EE zalsezel
L] U8 s TR | | H L Fi32222%% mLLls g
m oYV Vs ol molIdEss m EEsEEEVY B2 7§ Dy
Jim Vogd w2VVVG e a o m g 8VVVVY m 3 Vo3 e
< = el ~ SV Pl \ 0%
3 VA -3 VIR EE g T S
4 _ VVVA 6LV 5 VR
BHEA©) B 11/(°) AR EE/m k%
©) ® (@ (h)

B4 T2 TE B A K

Fig.4

FERIE O, B 4Ch) AT AT, Bl T 1 R 48 50
R X 3 A R R T K

DANETREED ., FRXHNZ AL TRIED
B R X0 R R F 2 R X, FIHIR
8RBT D B8 OIF 455 = e AR T ROE L TH
T I %) TR PG BE B 5 i 8 ad KRR IE J& B9 Land-
sat 8 R AR L IOA — ThAE B 48 5h, 4E Sy 1 3R 4 B 19
BRI A Landsat 8 8T & @RS,
FH S5 1y AL Bl 45 R AT W B A 25 45 31X
DX - R A 218 Ol . B 4 Co W, B 25 B

SR FE S 18 38 K X T B 1 5 5 T e X 5
SEFRAH— 3L,

5) HAL PR 2R . b 52 3 A S M BT R
A5 IR, AR b ] M RE B RE XK BT L F Y IX
bR Z R R VB J& T i 55 & X, 6 Y
SR T DL AS 25 18 Hb R 62 XM 0 s
24 ETFTRUBEHNRKNEESEZETN

DS AN 21, FIH] SPSS 34 b (19 B
e B8 Bk 325 (Ent-MDLP) %} % 25 8 [ 1 JEF7 B85 B
I RAEMFE R R, RX FER T
RO LR 4 AR EAE R L € 2.3,

) FAH M AT EEE LT, & B ]
FETE AR — 78 W AE DG 5 3 25 A58 00 3300 4 > 15 8 1
U4k, EIdTE R WEF I E & R R R
KRB Y H A XE R T 0.5, N W BA —E/
FHOCHEN 8 I 0 2+ T I B B LR R L MR LB
A 16 T

VN IR F . fE R B B A BE LA
MR TR A5 4% PR B S 4l B S 080 /0 ML 8 16
A AT Y BAR G R LR 5. ik
HR R L MR R B KL 3B B R e DR )2 5 | B

Information Distribution of Main Factors

FE B AR R B AR g R L T
PR L5 11 A4 20 1, 0 Bk b 35 1 4
B h R | L R 2R Melton 185 0% %%, 19— 1k
HEBEFE S 5 DM ST,

TR °
AR TE 4 o

TE RS R °

W7 2 5 o

A RFE o
] o
Mk
PUIKGEE
TrEEHA
R LY
igﬂ‘%i’éiﬁfs‘f?‘éﬁ

3
LR A
Meltonii iz £
H— AR FE 2L

00000000 o

100 200 300
ANl S 2 el /M
B 5 £ FE e

Importance Distribution of All Factors

o4

Fig.5

O W I SRR, DI FEE 30 m X
30 m B PEAN A% B T K /IN, 2R R 43 180 219 A
TEM MRS BT, 7E ArcGIS HhEEHLIEE 80 % iy ¥
WA B TTAE S 1 I R AR, Ay kG T 3 ) 2
(] 9 A DG M 4 8 B TSR AR 90 m X 90 m Y
WS J5 T2 g i A 30 E AR OG5 1 T R A
M BT A WA R A TR R Y X
B, A T S IR AT R AT R S 0 A
e B HIAR BT IR S AR W SRR AR . SR e/ 2
el ArcGIS BEALA: B T B X{F B & 7% il
N ) Y 3 W ARG 5 & DX RIUIR B & IXC P i L 3 B 24
2 15T B ASBC B 0 AR SRR AR A LD W
55 B BOHE 2 TR) 0 AN ST A 1 RN S TR A G



543 B T X MR T O Al B AL AR MRS 2 09 5 35 5y e PV A 1089

PE. B 5 AR BRSO R SR B0 A
N7 BB A S I 2 Bt (B RE AR s 80 1 000
AR W S REAR SRR 2 199 4N, F A 0 B g )
A Ry A AR

SR HY (g T, SRy R B Y B B AR AR
B AT R 6P AT A [H] Bl AL 4R A 0
FEHL AR AR (random forest, RF)4E4MRZE, AN 6
7 . ASAI R 22 B/ Xk 7 A% D T A A A
Hi &6 T AR BE ML IR RO 4 A, HAS SR 22
IFoR — BB BE LR IR £ 3G R /) 4 3k )
—E (LI A AR 22 M A R . A L E BEHLAR
AR B PSR £ H Sl 500 4,

2.05

2.00
1.95
1.90

IRINRZE Y

1.85

1.80

34 5 6 7 8 9 10
i IREE

Bl 6 ARREBPLAEERT RF ) OOB %2457 F
Fig.6 OOB Error Distribution of Random Forest

with Different Numbers of Random Features

25 HBRESH

H BEBLARAK L2 85 18] U5 3 (Logit) Fl S5 1] &
Bl (support vector machine, SVM) 4§ Xt ¥ 3 /9
LI ARE AR AE Sy iy e 5 ) TSR AR Y 20 D6 T 4
I R840 o) A R A ARG 3 T B g A R R ) &5
SR R AUE i 6 (receiver operating charac-
teristic curve, ROC) VA M 1 £k T i FX (area under
the curve, AUC) (ULIE 7), FE1M b 48 45 A4 AU Y
TOMORS BE . f 7 AT A AR S B AL AR AR Copti-
mized random forest, OPRF) Tl 45 £ a9 AUC
(A + 18 0918, WU RS 2 LR AL 9 RE A 52
TR g [ o 12 w8 T JH A 5 2R ) 00 A

107
08
. 06f
5 o4 —— OPRF(AUC=0.918)
5 —— RF(AUC=0.903)
02 —— SVM(AUC=0.916)
o Logit(AUC=0.913)
0 02 04 06 08 1.0

etk

Bl 7 AT BN 25 SR 19 ROC ik
Fig.7 ROC Curves of Various Models’ Prediction Results

XF OPRF 58U 1+ 58 09 15 3 oy A P48 848 &
Ent-MDLP ¥ # 17 70 % Ab 3, %1 43 0 ~ 0. 060,
0.060~0.269,0.269~0.711,0.711~0.960,0.960
~1.000 3t 5 G5, 4 06 B AR S & X AK 5
R Gy R IX G R M G R IX S ARG
VR AL 5 BE ML ARAR 1 38 3 5 & Mk oy A 1. i (B
8 AIHLL WY By K X R B A T U R L R A2
K PE S e A i LN B B A AR I R X B, R
AT )7 T V0T 388 A B 7R 90 S A T B B L
Wiz 5% T 3L PR R B R L DX M B R
PERAG . dbiE R £ Bk B R WA S A
B AP R ) A I B P R RN B X B 2
i AR Ty K IX AT R R U2 B X0 T 3 o
PEIT WS TILEMAEABIX . MEKERBEA
RS 3 L 1 ZKTAT I 3 9 5 T i A R IR )2
e dve BB LRONIESON £ B 8 KW
XN R T 5K E A B A E KR
AH A

KALK &R

SESHRX 0 1.2 34
w5 R X c————km

8 WY G kA
Fig.8 Distribution of Landslide Susceptibility

2 W IE DK 3 oy e A A G K T G
THE L. R 2 AT T A5 SR R Y B R XA
e i 2 IXC ot 3 T AR LG 4913 95 00 5 3 3 S
e CRID 98 39k 9 35 T AR ) MG i 2 K DX B A
S X5 I A DN o B T R s B R XY K
TR B d K, i 0.392 45 MRS K XA 9K T

x2 EHRESRERINE

Tab.2 Analysis Table of Risk Zoning Result
[ R AR A =0 B T TR (N 54 2

oy KX

A /km? B/km? B/ % B/A
W% %X 80.818 2 0.014 4 0.13 0.000 2
K& &KX 20517 3 0.050 4 0.47 0.002 5
g RIXK 20303 1 0.456 3 4.28 0.022 5
S KEIX 19.963 8 2.065 5 19.36 0.103 5
W 5 & IX 20.594 7 8.081 1 75.75 0.392 4




1090 BOUK BB R

2018 4 7 H

BRI A/N  JLP R 355 5 W 5 B A ML A
(i
3 & &

A ST T Ent-MDPL 525 0 DL K B HL 7
MR BE A T B8, I ) AR AR IS 9 Bl ML 2R AR O A 5%
X T B ) & e EAT T IR AR LN 258 .

D Ent-MDPL J5 ¥ A] B 4f itk 5 PF- e v i) %
SERIPH 74 2 H o= R 08 20 50 B Y B 0k )
B I B R R AR kR T R ML AR
I B AL 27 378 82 78 R 43 A R I i

2) % T W e DX A 38 B ] L, SR FH 43 )2 i
B 1) JEL I 1 UM USSR R B A 45 SR b A AR
R MU 5 S DX AT BEAIL R A AT U /0 0 7 3
W SRy R R W A L .

3) I FH WA AL AR AR AL 3 47 K 8 2 PEHE) T
i 396 e R L MR R e AR Y ) A S
T ARSCRHEACTH A [R] BE PR AR B0 4% Hh 15
ZEAGTE R A 2 80 38 ) L A Ak S i B
HLARAR 5 1% G0 455 A0 30 I 45 SR 19 ROC il £ DL K&
AUC {8, AT HR A5 Bl AT AR AR A 350 IU0RG B 45 v

2 % x #

[1] Liu Yang. Extension of the County Landslide Disas-
ter Risk Assessment and Management Research
[D]. Xi’an:Chang’an University, 2009 (Xl BH.%E K
L I B XU T A R B S (D] P % K
GR2E,2009)

[2] Xu Chong, Dai Fuchu, Yao Xin, et al. GIS-Based
Landslide Susceptibility Assessment Using Analyti-
cal Hierarchy Process in Wenchuan Earthquake Re-
gion[ ] ]. Chinese Jowrnal of Rock Mechanics and
Engineering ,2009,28(a02) : 3 978-3 985 (i mr, #f
1) Wk %, 45, GIS SCHF T & T E Rt ik i sl
W X\ T 2 EITFN ] A A 15 TR,
2009, 28(a02):3 978-3 985)

[3] Luo Xiangkui, Fu Xuhui. Landslide Stability Ana-
lysis of Yangjiaba Based Upon Limit Equilibrium
Method[J]. Shanxi Architecture ,2009,35(6) : 108-
109 CH 1] 4 , A5k 0 W ik T A% R SF- A 12 11 A ¢ 30038 43¢
e sE Mk A L) ]l P 3R, 2009, 35(6) :108-109)

[4] Wang Weidong. Chen Yanping. Zhong Sheng.
Landslides Susceptibility Mapped with CF and Lo-
gistic Regression Model [ ] ]. Journal of Central
South University ( Science and Technology) 2009,
40(4): 1127-1 132 CETLZR . BRAEF . # st BT CF
I Logistic [T )5 %4 g 1 3 38 e 6 14 X &) 141 [T ).

FR M CHSRBE 22 1D, 2009, 40 (4): 1127
1132)

[5] Wang Jiajia, Yin Kunlong, Xiao Lili. Landslide
Susceptibility Assessment Based on GIS and Weigh-
ted Information Value: A Case Study of Wanzhou
District, Three Gorges Reservoir[ J]. Chinese Jour-
nal of Rock Mechanics and Engineering » 2014, 33
(4):797-808 CEALAE. Beoh e, ¥ Fimi. 3T GIS
FERBE MWK ED RETEM— L= E X
TN B ] A4 T2 5 TR 2R, 2014, 33 (4)
797-808)

[6] Niu Ruiqing, Peng Ling, Ye Runging, et al. Land-
slide Susceptibility Assessment Based on Rough
Sets and Support Vector Machine[ J]. Journal of
Jilin University (Earth Science Edition), 2012, 42
(2):430-439 AR B ), 524, I 75, 2% Sk HLAE 4
PR SR ] AL B S TP [T ] AR R R
G BRBLE RO . 2012, 42(2) ; 430-439)

[7] Wu Xueling, Ren Fu, Niu Ruiqing. et al. Landslide
Spatial Prediction Based on Slope Units and Support
Vector Machines [ J]. Geomatics and Information
Science of Wuhan University , 2013, 38(12):1 499-
1 503CGRE R AR . 2 i W, 5. RHHOT SRR 1
3 50 R PP SR 1) S ML [ ] L K 2= 2 4R

- {5 BB, 2013,38(12) 1 499-1 503)

[8] Pradhan B. Manifestation of an Advanced Fuzzy
Logic Model Coupled with Geo-information Tech-
niques to Landslide Susceptibility Mapping and
Their Comparison with Logistic Regression Model-
ling[ J]. Environmental and Ecological Statistics ,
2011,18(3): 471-493

[9] Cao Zhengfeng. Study on Optimization of Random
Forests Algorithm[ D].Beijing : Capital University of
Economics and Business, 2014 C& 1E XU B #L 7§ & 5
LA R D] AL B AT R 5 K%, 2014

[10] Breiman L. Random Forests[]]. Machine Lear-
ning ,» 2001,45(1): 5-32

[11] Fang Kuangnan, Wu Jianbin, Zhu Jianping, et al.
A Review of Technologies on Random Forests[]].
Statistics & Information Forum ., 2011,26(3):32-
38CTTE G » = WM L AR Al -, S BE WL AR AR TT 13 BF 5T
k()] St 515 B814,2011,26(3):32-38)

[12] Li Zhengui. Several Research on Random Forest Im-
provement [ D ]. Xiamen: Xiamen University, 2013
(o 5 BEALAR AR B Ay T AT LD 1T ]
K2%,2013)

[13] Dong Shishi, Huang Zhexue. A Brief Theoretical O-
verview of Random Forests[J].Journal of Integra-
tion Technology ,2013,2(1):1-7 (3 Jf W, ¥ 3 .
BE DL AR AR IS AT [T AR, 2013,2(1):1-D)

[14] An Zhou. Hard Drive Failure Prediction Based on



5543 B T X MRS T Al B HIL AR B B 04 38 35 5 e PR AE A 1091

[15]

Random Forest [ D]. Tianjin: Nankai University,
2014 CZ2 Y 5L T BEATL AR AR08 B 45% Wl e 390 00 55 7% 1
FE[DL R B IF R, 2014)

Peng Ling. Landslide Risk Assessment in the Three
Gorges Reservoir[ D]. Wuhan: China University of
Geosciences, 2013 (3% 4. = W 2 X ¥ 3 ¢ 3 KU 11
AT FELD] DL o M R 2. 2013)

[16] Tian Zhengguo, Cheng Wenming, Lu Shugqiang,

et al. Control and Triggering Factors Analysis of
Landslides and Rockfalls in the Three Gorges Re-
servoir Areal]]. Resources Environment & Engi-
neering » 2013, 27(1):50-55 CHITE B, B NG , /545
L AE CIREX BB R E NER S HEEHER S
Frl) ] B EE 5 TRE, 2013, 27(1):50-55)

Landslide Susceptibility Assesment Based on Optimized Random Forest Model

LIU Jian'? LI Shulin® CHEN Tao!

1 Institute of Geophysics and Geomatics, China University of Geosciences, Wuhan 430074, China
2 Key Laboratory of Earthquake Geodesy, Institute of Seismology, CEA, Wuhan 430071, China

Abstract: The research area is located in Shazhenxi town and Xietan town of Three Gorges reservoir
area in this paper. In order to obtain better results that discrete the continuous factors of landslide,
entropy based on minimal description length principle(Ent-MDLP) method is used. To avoid the influ-
ence of correlation between factors, we calculate the Pearson correlation coefficient to remove high
correlation factor. In order to obtain more accurate non-landslide sample points, the non-landslide
sample points are randomly selected from the very low and low susceptible regions predicted by the
entropy method. For the optimized random forests model, the optimal random features and its number
are determined by iterative calculation of out-of-bag error estimation. Then the optimized random
forest is evaluated for the landslide of the study area, and the landslide susceptibility level is divided.
The model is compared with the methods of logistic regression, support vector machine and non-opti-
mized random forest. The accuracy of each model is evaluated by plotting the receiver sensitivity curve
of each algorithm. The optimized random forest’s area is the highest, which the area under the curve
is 91.8%. These show that the random forest model is optimized with more high-predictive power in
landslide-prone assessment.

Key words: Three Gorges reservoir area; landslide; discretization; random forest; optimization; sus-
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