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Abstract

Natural and human factors has different effect
on landslide occurrence and susceptibility
analysis. Through using natural factors as the
index system and put into Logistic Regression
and Random Forest model to conduct
susceptibility assessment, the accuracy of the
results are 0.7639 and 0.8884, which is slightly
higher than the assessment using human
factors as the index system. Therefore, it can
be concluded that the influence of natural
factors on the accuracy of susceptibility
assessment is higher than the human factors.
Meanwhile, some human factors will lead to

reduce the accuracy of assessment.

Keywords: susceptibility assessment, weight

of evidence, logistic regression, random forest

MRS : KA (1965- ), #PE, WLAS
Uil NIRRT 5 R 5 R A 1A
5T, MBFH: zhangjq022@nenu.edu.cn

Copyright © 2018, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

005_RAC_080.indd 26

WE

B85 N R 20T Bk i R AR
5 ALV I 45 A A R B sgma o it
{5 FH 3 8 [ DS A0 G B AR AR DL B AR R 3R
AR AT 5 BAEVEAR, gk TR A
4 0.7639. 0.8884, Mg T LANNEZ AR
PR RN BIUL AT LB E, EAREI RN
T 5 RPN HERG B R e T AR R
[, & NAEFE 2 S KT &S

TR A

KW 5 RV, IERAE, B E,
BEHLARA

1. 5§

T3 T A D e 2 ) b R SR Y
s FRAERSE B R RN ONRIR R[]
NRBEREE, £ R e R B,
Xt E AR MBS PR BTG B R AR . A
BEI 2K AR ML S 1 ORIR T B B RS2 RE I
W25 r2], e TR BRI
R B B B S KR BRI T R A4
T 2% PR 3 2 e A B AT A 8 1R 3K 7
MR, RIFERFBIE MR KHsish
BHRIEE (NERE). WK FH LS
3 4 AT RE 51 A AR I g THT ) 2 45 4 1

26

12/09/18 10:42 AM



£

ATLANTIS
PRESS

MR AR, . PR, HbRRAESE. 1
T 5 KRR I FR R . MR A
T 25— R B IR SRR LR AT O A
R 1E T B A1 0 R 25 B R AR A e TR Y
ATREVERME R . X T A NBEIE A E R R B
HIF 78R DA 7 1 3 0 3 R A B T R TR B
FEE) ., Varnes[4]1984 T H T B NUER
R R 3 9 2 R 78 X, B “AE— B
PR N SRR 5B DX A R B R Y R S
SR A5 LR PR Ok RS A AR R I
X van Western[5]5F A7E 2008 “F4&H T3
9 F RPN IS HESE A R BE 2k . 7EIUHE
Zerhxs T 5 RS TR Ay, 5 R A
J& T e v R AR 2 MR AR 7, T SR
P 43 BT W) 2 7E 25 (8] B 26 23 BT 1 2 il _b % R
W R AR BT TR o 1 3% K 5 ) R ik
O AR LT — )45 5 “the past and present
are keys to the future”, #MF 2, SLLREWR
I ¢ X350 B A A AL b T A 5 2% A4 1 Xk
BE D RAEWW IR E . NIRRT
Gy RV WA AGR FT LR S5, W3S
RMEVEANHIE AL SR A A X R AR 0
RS, 2 i DR S AR H 5T A  2k A
PRSE, AN R 3 ¢ R AR I S
. FG, REHE. IR, HEERR
FAF TR 251 (SRR I R D
o RV P EE R R —. BT
R AL IR I TR R 56 4 5 R AR DE
WEAF R A B AR R 3R B A0 TR 2R 2 R
fER ) EE R —, WIES R
AEE . BT ANRLREES) I LAET RIS
I B[R 1 R DASRAT 53t . Hh 3R S5
TR SAT, BT A TGS OCAE D)
B 2 RV P BON R R 2 —,
AT DA TR) 5 R S A [ B 5 o i 3 e 9 ) 6
TE[6]-

DX I 3 o 3 ) RV I R A, AR
SI71N, KH 2 IR IREEEE e brik R
HEAT T Mo R F RS VR o RIS, PEIX 35
RE L, AttR8I%N, s Z R A58
HEAT TSR FE R SR VR . TR UR
[F) AR PPN Fi b, 5 SO [ AR )
e TH SR AN ) 45 SR A LB Bl T
— BB AR N B R AEVEN 1R bR 5 B

005_RAC_080.indd 27

®

Advances in Economics, Business and Management Research, volume 66

FLBOH PP R F . AT, JEH 10
FEARAF PO IR bR, B EEAL i
Wl R AR 28] FRbR S
RIS RBEAT /04T AR A BN
AR 5 2 X AR AL fh 2 70 1T % 2698
B 2y R AP G R S VP RS LIS . A
T S AR R 2R o s BB 264 (P
B2 5 ANBERAEN S KA 2]
AR BN, 9 5 RV S Fa b ik ik
B S5 T

LHR R SHRE

2.1 BRI X M

DA 5 MR 48 4R 350 1L X5 76 35 < D b 5 BR
BN ZS, SR X R E ) Aiimiz
ZT VR . AL X AR Tl E 2R
Jufir, AR PRI A3 L X Hb B PR X3
AT X M4 e R 1 AL TR, TR =
PEALR A A SR, B AN 1175m, A%
RN S60m. AAEMEN REEREESE,
YR K &N 870mm, 6-8 H = H FEKE
AR R R R 60% LA o SRR IR
MR AR, PRI 5SS C.

2.2 HygAk

BT B BR AR N R AR 2 — TR E
ROk, TEVEREREASIE R I 5 K MV
HIFRARET, AR T LUSIE[9]. 1E 5
RVEVER B 70 R AR, AR TR
VR I [ 225 DLAE [ BF 90 34T 48 47 19
EEL, BT AR E 1, 26 DMEAHX
BIRIEFE 228 SR P Fa b, A HR IR L= AR
YerE Yem, s, P s, Tl
Hi T S AR B AN 1 W 8 R AR B R R B R
BRI S B e bR, HE, LR
FH SRR i 5 L T R ER PR L A H
MIX 5 HARME BAE AR NIE R fe bR,
DR HEAT X bl 3% 4 3 RE K AR B S R R
RIS S A AR A
3 IEEAEE

IEPEAL E /2 Agterberg 3 H 19— 4k
Gt Ik UERACE A S R A
S CAAS BB AT B 4 b 12 047 2 1) B

27

12/09/18 10:42 AM



ATLANTIS
PRESS

InAngE A 400,
TIE 45 A B i o 77 1E FUASTEAE 1% 48 b 10

W TR AR HATS:

W+ = In[P{D,|B}/P{D;|B}]

W~ = In[P{D;|B}/P{D;|B}]
A, WHRIW = RS B E %6 FR I
WEM. Di ZAEES i MERNTER, DR
RIFLEEE | MERRTERL, BRIBR KR AEME

Advances in Economics, Business and Management Research, volume 66

FAERBWIIHR . EHCRERE 1 AME
SR FER AN, R A
C=w"-w"

C fERR R R W i b 5 W SRR SR T i
T RFRTMRME, KTEIRZIEIRN
T RBER R, DN T RRRNTT
TR R A A VA A S v B BELR P 3R A
1 210 Jy A bR A R

& 5 -
o o £
£ B X
¥ 2
o .
PRSP PR @ 4 R ) S p PP PSS
& F ST S S O z AR AP A i i A AT L
¢ & g R & 4
) #
M1 M2 3
0
o
ot -
™
2 o -
T Zow -
0
2
s
on
Cd S & ~ RNl t & & i
;;;;; R ; K #
R A “s‘» Eg o i & LR G LI K4 &
s il o S o 6
IS & it
]
. 02]
]
o 02]
—_— : 2 .
g £ % o
=z k3 08 .
s
10
o8 2] @
10 v
R ER &
WEAEEN 6 & B 6 6 6 5 S 5 8 A B ko * SIS S S o
o 9 o 5 5 P T S S WF S & :
d o o
&7 8 9

T LmEmRY

El 10
1 ZE 10, =, $E. =, P, i

005_RAC_080.indd 28

M, MEARREE . HARERE. A, I
SR HUN MR T SRR AR ARAE

WPz MRRAREL . WS KRS =
MNEVREEE & H AR KL G R E
B RN A R, X = MRS
TEPMA IR i R A e, B
{8 FU3R TR B K AE IV 23 2y b W OR AR AR
TR o ISR P F R B s b bt AR

28

12/09/18 10:42 AM



£

ATLANTIS
PRESS

KGR F MM AT RN, 7R
T KAB S X R A e A T ARE . i
P T RS =AM EARERE T B
AR B R R A TAE O, AR B
LI SISO A TOR N R BAH O .
T2 P 5 LR R B & =N EAR AR OC
PRI AR IS . Foh 1R 4R bR
AR, §), EBE=ATHREEE
TS JUAE BA S (P A DG 1
4.8 8B [ FER

1B 58 [ A B R SR LRI W ok K B R VAT
M R i i — M SR (Al AR
FRARALE Y 58MEERE XX, ... X,

AR AR o S AR A A S R TR -

P=1/1 4 e

b, P ARERBAME TR FE 5 R
P, Z MREXWTF:

Z=a+pBixy+ - Pukn,

iﬁ‘:':‘ B],an-Bni% X1,X2.~~Xn TH+§TEQ/{¢&: ()
FFHHCR TS, H I E AT 2
FRwiiBuncA N EINEAY Rl i e {F A =R

RUTFE 1 iR,
1 BEEABE IR /A
Ei=tan EX 4 Eitan B4
[ 0.1098 o LV}
WP 0.2131 F -0.0151
e Je W 0.0017
Ela 0.0056 b/ -0.0006
#Ab 0.0039 FOYIN -0.0008
R 0.0052 ki, iE¥K 0.1490
VN 0.0032 A -0.0118
2] 0.0046 PREHK 0.1469
(] 0.0026 T it 28 -0.0292
[ 0.0046 MR -0.2617
[icE[d 0.0073  HIBEMRE 0.2074
h# -0.0714
Pz -0.0655 L -0.0077

MEE 1 FRATAT LR, 5 HE ok i
SR BITEAR I . M S T BRI
WARKIRE, REME 8 0.2131, -0.2617 1
0.2074. B mEM R P EY S

005_RAC_080.indd 29

®

Advances in Economics, Business and Management Research, volume 66

58 b D PRI =T v S el v L VR E e
508 3 A R DR T o e R Ak S T R IR
&L
5. BEHLARMARA

B AL A% Pk A 1 2 ) 22 AR X R AN ik
AT INZRFE T (Y —Fp o3 28 [12] . BEHLARAK
iR A bootstrap sample /772, Ml ZREHE
LRI EZ AN AR RARbMEAFEARLE, FFE
FEABEARGEM R REMETR, RE4E N
B BTN, SR, i i R R AT B & B Tl
5. BENLARARI A B R RS R

(@) MJE IR ZREE ] Bootstraping 77
VEBAAAT BURERARE H m ANEEAR, LT n
UCREE, AR n MINZREE . (b))% T n MIlZR
£, BT INGE n AN PSR, (o)X F
FAAN VSR AR R A oy 2 LA R e 4R KL
BRI RHEREAT 3 2R o ()R H—E
RFERRT X, HENZAT S RIATA SRR
BT R —2. ()W A U 2 Bk SR 20 %
BEALARAR . X [0 )= i J, - E 22 A4 T
HIE I E B A TR R TEARSTh & & 1f
FH B AL AR 37 A B R 56 1IE AS [ 28 0 35040 0f T
Gy RN 5 B 520
6.2 H TYEHFME th£R

2R TAERFAE 28 (receiver operating
characteristic curve, fij#% ROC HiZk) AR
—RIIAFM =R G HEE R E
B, DAELBHPEZR AR, R FH M i
ABFRZHI T EI[13]. ROC BAZE R fTH AUE 7E
1.0 fl1 0.5 Z [, /£ AUC>0.5 [ T, AUC
R T 1, WIS RURELF. AUC=0.5
i, BHHZWOTE S AN RIER, Tizkih
fHo AUC<0.5 AFFE H BN, 785 bRk
DI,

AR SCASE FH 3 4 [m] U A5 Y 5 AT AR PR
B, R AR AR O R 3L T
6 MBI CHH R Al R = AN 43 ) 2 A
1, AR 2 FOREAY 3, BHALARMR S SR AR
R4, HER 5, A 6), FHiEH ROC ik
FARRL Gy R AL A5 R I ROC 45 R 4n
Bl 11 5K 12 fios.

29

12/09/18 10:42 AM



£

ATLANTIS
PRESS

ROC curve of test area

0
0 01 02 03 04 05 06 07 08 09 1
False Positive Rate

113248 [ A8 570 ROC 2k &

ROC curve of test area

——ROC Model 4 RF
——ROC Model 5 RF
ROC Model 6 RF

True Positive Rate

0 01 02 03 04 05 06 07 08 09 1
False Positive Rate

B 12 BEHLARARAE AL S ROC k1

AL 1 58 4 7T 5 R YRR
WA T RAR R MR BRER. T
2, i Ze, HIBRMRE . MBS\
AFRPR, AR 2 FIEAY 5 7RI ) \AN R AR
fitlh b in N T 2 R B A S e AR AT 5
RV, B3 SRR 6 DR I K
i 25085 49 b R ROHE A S A b AT N
GyRVESHT (R 28 6 AMEALN AUC ).

#*£ 2 B AUC1E

®

MR Al A3
MR X AUCHE 0.7502 0.7513 0.7639

Ala  fEAls e
MR X AUCIE 0.8683 0.8466 0.8884
75HE

&5 IE P AU 2V 0 5 R 32 R (] A
RUTSAT ) &R IOBCE SR, T LU
GARERAINE =L NG PSSR (=R TP R e £
KAEAESE o TEESAL P bR S T
SRR BE B R 141 s (L 0 6 0 T 346 14
TR, FERRAE AR ] AR h B B A
B, R T R A B A R .

005_RAC_080.indd 30

Advances in Economics, Business and Management Research, volume 66

W RE . HORADIREE . HuR I RE 45 BRI B
WK A HE A AR R =R bR, HAWE
b 2R T S5 P K R 0 R AT i
PR G R T 6 B A R g g
RS RS, FLAE 1B 48 [ R A T )
PR H9 0.2131. 0.2074 F110.1469, T
b T FEE i A5 IF 48 B v R R R A R
A DR otk A 3 4 (] A B A R B
-0.2617. MZER PRI LLE HIX PUAN R bR I E
LR HAR feds . B EVEH
HE R, PR, SR, Sn. =
FEAEFRAR A R I A, [,
HAE B 4 ) P AU E R, Bk
XA R A A BN . (513
— IR TE LRI 2R A e bR b, B, Bk
S YR A8 b AE AN ASE 2R v S AR X T
GE MR AT B AR GE 4 EE R
. 0.1490), HARTUANRG AR T H b
T R AR IR R R

AR SCAS PR AL 4 A A A Bk 1 4R
FREAT 5 BN, 8IS AR AL 25 L 1 vl
B P AT DA 2% N SRS B3k ] i s B 3
Gy RAEVEAR 45 T PR i o AR 1 S5 A
U445 B AUCAH 90.7502F10.8683 . 246+
WA AR ZER S 1R 2
AR (B2 5EHS), RILERZ
(] =12 0 £ SR vh f B 35 0 1 0.0011, T
WL AR P 0000 4 OO 10,0117 R I
- HB R bR 0N I A B 88 i 45
RIAERYE, ST ZEBE AR MR AL TR 2
FURAE, (s et PR A T FH I 3
K B b A0 R B AT 5 R
PR, BEAMREL CRREBI3RIEALG) 45 L
AR 2 7 R, SR T
0.0137F10.0201. K& I FE S K BB E N B
SR EIRIRAARTR, A 230 T
AMERLYE W 5 B ARV I HER T .
8.4518

HER B AR R 3R B MR BT 5 R FE 4
Ot T 18 K B A B B 5 R VTR v
PRI EAR R . i AR R R F bR T 3
9 R 2R % By R VT A 4 SR 1 S ) U 2y
Feo ASCRARFR AN F A L R FE AR
FTE RS . BRI R AR bR W R L T i 3R

30

12/09/18 10:42 AM



£

ATLANTIS
PRESS

AR BRI, AR IR AEHRN I AR
SO B LIRERSy, T LUK SR A E
M 5T P58 26 A A2 5 R 9 3 5 R PR A
HIAHRRR, HX TR w45 R T i
BT BOR A B, A9 2K AR I 2 i
EAEVF R E, (ERFR 2 IR FE AR T RE
S0 TN AE B 1 ) di v e 2 — e B

Acknowledgements

This study was supported by the The Key
Scientific and Technology Research and
Development
(20180201033SF) and The Key Scientific and
Technology Research
Program of Jilin Province (20180201035SF)

g

AW F AR T MY E SR BT E
(20170204035SF); M8 B ARG AT R T
H (20180201033SF) %,

SHEIC

(1] AR =0k R X T3 M X 0 3 9 25 AU
AR N T ) G S N N
%,2015:1-166.

[2] Pradhan B, Lee S. Landslide suscep-

and factor effect

Program of Jilin Province

and Development

tibility assessment
analysis: backpropagation artificial neural
networks and their comparison with

frequency ratio and bivariate logistic

regression  modelling. Environmental
Modelling & Software,2010,25(6) :
747-759.

[3] BR&ESH, BRAME, #72:5%, #HRikim, #&
To2.2008 FELICRAPE 5 e
375 2 R 9< S SR A TR 2R 40 BT Hh 2
%, 2013,20(6):289-302.

[4] Varnes D .

association of engineering. Landslide

Slope international
Hazard zonation: a review of principle
and practice.1984, 1-63.

[5] Van Western C J, Castellanos E et al.
Spatial data for landslide susceptibility,

hazard, and vulnerability assessment: An

005_RAC_080.indd 31

®

Advances in Economics, Business and Management Research, volume 66

overview. Engineering Geology. 2008,
102(3-4):112-131.

(6] g4 1 il R it ok s R 5 s 45
PR BRIV KA HHRORE,
2016: 1-88.

(7] Xue D J, He Z w, Tao S, et al.
Application of Multi-source Remote
Sensing Data in Geological Disaster Risk
Assessment// Meeting of Risk Analysis
Council of China Association for Disaster
Prevention. 2010:103.

[8] Bai S B, Zhang F Y, Dong L f, et al. Area
Scale Landslide Hazard Assessment

Using Logistic Regression: a Case Study

in Bailongjiang River Basin, China//

Meeting of Risk Analysis Council of

China Association for Disaster Prevention.

2008:395

[9] Wang L, Sawada K, Moriguchi S.
Landslide susceptibility analysis with
logistic regression model based on FCM
sampling strategy.
Geoscience. 2013, 57: 81-92.

[10] Van Western C J. The modelling of
landslide hazards using GIS. Surveys in
Geophysics. 2000, 21: 241-255.

[11]Bai S B, Wang J, Lu G N, Zhou P G, et al.
GIS-based
landslide susceptibility mapping of the

Computer&

logistic ~ regression  for
Zhongxian segment in the Three Gorges
area, china. Geomorphology. 2010, 115:
23-31.

[12] Cutler D R, Edwards T C, Beard K H, et
al. Random forests for classification in
ecology. Ecology. 2007, 88: 2783-2792.

[13] Trigila A, ladanza C. Comparison of
Logistic Regression and Random Forests

landslide

susceptibility assessment in Giampilieri

(NE Sicily, Italy). Geomorphology. 2016,

249: 119-136.

techniques  for  shallow

31

12/09/18 10:42 AM



