$45% 1 wo oE O 5 Vol. 45, No. I
2022 41 H JOURNAL OF SEISMOLOGICAL RESEARCH Jan. , 2022

FAlE BRI 28, L, 2. 2022, BT GIS R 8 TR A8 PG 1 it DX 3 SR SR 22 B A L7 3 [0 ] RS 45 (1)

118 —131,doi:10.20015/j. enki. ISSN1000 —0666.2022. 0013.

Bai X F,Dai Y Q,Ye L Y, et al.2022. A fuzzy logic modeling of landslide susceptibility mapping in Southwest Yunnan Province based on
GIS and expert knowledge[ ] ]. Journal of Seismological Research,45(1) :118 —131,doi;10.20015/j. cnki. ISSN1000 — 0666. 2022. 0013.

EF GIS fiExH a0 EAE X iBiE
R EEMIZEEIE AL

A, RAK,

TRE, REAT

O, BRET, T O, OB

(1. =RV MBS, =8 B 650500; 2. =HAHER, =1 B 650224,
3. PEME R, dEE 100029)

WE. h 72PN AE RO E KR, XEPT R R (29470 km®) FIRUKE—E T (22300 km®) P4
WX IFIR T T GIS L AL AGHE AR SS BT o, 8 i A A AR 175300 A 1 S g o R (.
EFREANTIFFE DX Sk 1 B AU I (R B AR FRIEM A ik kR, I Z R skl 2: S et b, 114
WEIR, FEIHIXAY Z 160 4.1, FRIE PAE/NT 0.001, 2 BH 38 o A5 200515515 30) 1) g e e A 2 1 DX I i g o
PERAER RIFetR; RUK—B THIX K Z {E8 8.93, MR PE/NF0.001, 7EULIERE L, SRATE SRWT S kX e 35
TR T 328, AR 0 S 25 R 8 B UM KO R0 43 1 5 A IR (0.0 ~0.001) , A% (0.001 ~
0.051), *5F (0.051 ~0.394) . % (0.394 ~0.557) F (0.557 ~1.0) , Uzt AR AR AR Y H X 5 & 31
D7 S 7 5 S AR v DX ) S TR S P AR U B R L X Y 4 A, 20 R T AR XY 10 5, RUR
—ETHIX T 25 R B, DA IRk % S P SR TR 9 3 UM S PR B IR G R I R AT LA G B RV

X,

KA. WHORURE; LN BRNZHE AREORERE, ETRHLIX

FE42ES.: P315.942 XEERIRAED. A
doi:10. 20015/j. cnki. ISSN1000 — 0666. 2022. 0013

0 5%

TR L X R R DL B R 2 —, BT
XFHARA S RGN R B R R i A ORBIR, B
ZxidE R s N S T M = Bk (Chung et al,
1995; Dai, Lee, 2002; Lee, Choi, 2004; Guz-
zetti et al, 2005) ., A T 80/ T8 B K F 0% R
TR I KU, AR 22 i DT I R 1 R o R ) T 31
Sy % S B BRI Y ( Carrara, 1988 ; Carrara et

« Wk BHA. 2021 —02 -01.

XEHS: 1000 -0666(2022)01 -0118 — 14

al, 1991; van 1993;
Chowdhury, 1999; Alexander, 2008; Carrara,
Pike, 2008), JFESL T VFZ M POBURTEPPAG R
S ENBETE AR R R L 0] AU AR J7 1) T | 7 5 Ji
Huig ZURE B 05200, 2= P b DX Hl 35O P b ) R AR
Ji a1 FEAI, I 2200 AR o 25 A1 5 R R
BN ZH XL mebE, W R TR, = E
b DX 8 IR ) BF 9 — B 12 DXl 5t 93 F 5
P—NEENE, ME CIS HIE SHEARMMNE, =
MR RAER (X)) REE (4%, 2007,

Westen et al, Aleotti,

BB . 0 E MR = ST AT o 9090 35 HERIFBE T AR 55 L300 (IGCEA2016) | 5 EE m BF & 31-il3i B
(2018YFC1504503) . FRK AARBIEBA RS E (U2002211) FIFHAERS (2017K10) BEARHD.

FE—1EEEN.
E —mail: xf_bai520 @ 163. com.

FAE (1979 -), @R, R Loy, FENFIIHIRGES [ R EHCHIE .

SBIRAEFE N Ak (1964 -), W56, FLESIN, RTINS BE 5 OCHEBOR | bR o KU 45

MM . E - mail: niegz@ ies. ac. cn.



5514 FUINE 25 . T GIS A1 SRR B R P R 4t DX SRR RO 12 R A 27 75 119

2008; PMEEWNAE, 2007; A EJE, H4EE, 2009;
Eeim, TEHiuk, 2009; JAMMEE, 2010; £ H F
45020105 EH4 2010; WEEHISE, 2011; Hig
REE, 2011) M (T) RUEE (X0mE, E b,
1995; T R4, 2011; MM, 2010, TF
F, A, 2012; JFRF L AR 2008; gk HE A,
2016; # 15 fif %, 2016 ), i W R E (R,
2004; WIHLAE, 2007 ZE9AE ) 2009) FHAA SR
(FE DA, 1994 Z=ok, ABRLAE, 2000; M =
45 02009; T A1, 2013) SRR £ g R
FERTE P RRAE . W B RS T W B R TN
XK YRR RS AR TR ERE,

A 1) K 22 B0 I SO MR A 9 AE SRR, 3l
WL A3 AT 7 2k 1l U 45 30 [y o0 1 35 0 3 A
BEHER TR, G Bd, ARdare
AK s B SR LB ] 5 (van Westen et al,
1993; Carrara et al, 1991), TiARLE B 1 09 kE
AR BTt (B AR R, X b Ry 1 A7 A T
D7 IR, — AN BB AR 4 b 8 ) BT o A ) 1 31
FERIX , WF5T & I 3 0 = R R A eI Lt
T WA X3, B R0 XU B R R K
PRI TP U T A 285 e B T Ok 2 XU ) A K S i
B R85 e ARV L A i e R M X R 2 ) 2 s
EfERYIXIR A 22 A R XU DX e B A
X G R Sl e AU A T AR E RN . AT
T Bk 2D AT B 5 5 9 [ AT R B A S ), AR SC
P —FhEE T GIS AL GV 1 3 U AR R 322
I

RBATDEAE (2006) X =il DX i BIF 58 R B,
T G FH T DXl 33 SRR T 8 R R AR A
NI B, BT EA RIS, AR
WF 5T DX PN S 0 3 39 & A B D Rt R AR AR e, — ik
HiL X 55 0 PG R X B IR B A AR R R, L
ANIE E BB = 0 XA A5E RD R H #) YR T R b
X, G34h, X = kb DXV I RO BF 9T SR R B —
ST B, AnGE I — > T R IOE B A
W BB A AR 2ok 5 I SO 2 A
(B 5 JE AT M B BUBPEACE 23 X, R T etk R 43
K BRI D IR A AE AN B, FRATTEE ST T Y
Ik, ©5 DU PE A B A 32 B AN O T A AN
] s — 2 DXl 3 SRR U AR B — 1
LRMIERA—NLERE, ZRIREIAN A &

M URPELE S ER, A E A R AR 3995
THIT A PRBE [N 1 19 3 S SRk SR B B, T
SR JH — ol ) SRR AR - 3293k 58 1A 22 [ A7 6 1 9 33
BURPEZE S E AT, o, b T RS A SO
AR D7 AR ) Y R XA A SE S 1, AR Ok
TE AR — B 77 4l DX T J 8 35 R S A A B
K,

1 R

L GNPATE SR NAT8 2o % 4 38 A 1 27 F
VI AR I 2245 Ll 400 Y MRl 28 55 K R ki R
B —F ik (Luger, 2005) ., 3& T & Z A
I RN FEAR 7 7 0 A SR AR DAY T e R
HF L R AR BT 5 IX 3 Wi U 5 3 5 A - 22 ]
IR, SRIE R X S5 F 0 T WF 98 X 45 Ao
) B BUBPE TR (T 1) o X A SRR S
GETT 5 AT DX bt 3 o 3 R M 2 (8] 3 A DAY
AL 2R, L Z AR R AR 48 DX ZE ) A
TR ¥ 1 0 M R PR G IR 7 06 &R f R AT O LAk
BTGk W AR R P L WSRO R
AT G BRI AL R 7 & SRR T B K
PERFFE DT ¥R, FRATTRI AR 12 4 HBC T e ek
PES B A F Z ) 5 4 i AR Pk G &R 1 & KA
W, IR HR IRy — B SR B s g, 25 BRI SR
2 BRI ESHH A A 38 T 3 SRR M 5 % R A A 2 AT
KR, TEVENEE, R GIS XA 7% X A Vi 3 ek
PEIREE R 17 A b B G B, A S T B PR R
KT =S [0 5046 % (Lan et al, 2004; Fourniadis

BRIV

WU SIS TR A

y =1
25 6] A \L \
| FHH T

B ATH R 6 iR AR AT 4 4L 8 A0
Fig. 1

Basic idea of expert knowledge based fuzzy
logic modeling of landslide susceptibility
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Tab. 1 Summary of landslide susceptibility and environmetd factors based on expert knowledge
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Tab.3 Landslide susceptibility levels and density of landslide events in the study area
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Aggregated landslide susceptibility map of the Fengqing — Changning study area

using the Constrained Arithmetic Mean method
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A Fuzzy Logic Modeling of Landslide Susceptibility Mapping in Southwest
Yunnan Province Based on GIS and Expert Knowledge

BAI Xianfu'?, DAI Yugian', YE Liaoyuan', NIE Gaozhong’,
XU Shuo®, LUO Weidong®, YU Jiang’, XU Xin’
(1. Faculty of Geography Science, Yunnan Normal University, Kunming 650050, Yunnan, China)
(2. Yunnan Earthquake Agency, Kunming 650224, Yunnan, China)
(3. Institute of Geology, China Earthquake Administration, Beijing 100029, China)

Abstract

In order to fully identify and effectively reduce the risk of landslide hazards, we presented an approach to
landslide susceptibility mapping in southwest Yunnan Province based on the expert knowledge. The approach was
tested in two study areas in southwest Yunnan: Nanjian (about 470 km’) and Fengqing — Changning ( about
2 300 km® ) The performance of our approach was evaluated by examining if the mean value of the computed sus-
ceptibility values at landslide sites was statistically different from that of the entire study area. A Z — score test was
used to examine the statistical significance of the difference. The computed Z — score for the Nanjian area was 4. 1
and the corresponding P — value was less than 0. 001. This suggested that the computed landslide susceptibility val-
ues were good indicators of landslide occurrences. In the Fengqing — Changning study area, the computed Z — score
was 8. 93 and the corresponding P — value was less than 0. 001. In addition, we divided the susceptibility value into
five levels by the Natural Break Point method. The result sets like: very low (0.0 —0.001), low (0.001 -
0.051), moderate (0.051 —0.394), high (0.394 —0.557) and very high (0.557 —1.0). No landslides
were found in areas of very low and low susceptibility. Landslide density was about four times higher in areas of very
high susceptibility than that in the high susceptibility areas, and about 10 times as high as that in the moderate sus-
ceptibility areas. Results from these case studies suggest that our approach based on expert knowledge is workable in
mapping landslide susceptibility and that its performance is maintained when it is applied to a new area.

Keywords: landslide susceptibility; expert knowledge; Fuzzy Logic modeling; Constrained Arithmetic

Mean method; southwest Yunnan Province





