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Landslide hazard assessment based on improved catastrophe theory

ZHANG Rui, GUO Rongchang, HE Pan, YU Lingyan
(School of Automation & Electrical Engineering of Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China)

Abstract: Landslide hazard assessment is an important part of landslide risk assessment, which is of great significance to
landslide prediction and prevention. Analytic Hierarchy Process(AHP), expert evaluation, fuzzy comprehensive evaluation and
other methods were often used in traditional landslide hazard evaluation to calculate the importance of inter-index, which were
subjective and complicated. This paper introduced an improved model of mutation theory, which overcame the limitation of
traditional methods and achieved higher evaluation accuracy. Firstly, according to field investigation and previous studies, 12
factors including slope, slope direction, elevation, plane curvature, profile curvature, distance from river, stratigraphic lithology,
land use type, distance from fault, vegetation coverage rate, 24 h rainfall and human engineering activities were selected as
influencing factors of landslide risk assessment, and the relative importance of indicators was determined by entropy weight
method, and the landslide risk assessment system was established. Then the index was standardized and normalized, and the
total mutation result was calculated. Finally, the fitting function was used to transform the total catastrophe result, and a new
criterion of landslide risk assessment was obtained. Taking 20 landslides in Ya’an city as an example, the results showed that
the accuracy of the evaluation results obtained by the catastrophe theory was 90%, and the improved evaluation results were
more intuitive and accurate
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Fig.1 Common mutation model
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Table 1 Mutation model of one-dimensional state variables
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Table 2 Evaluation indexes of landslide in the study area
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Table 3 Landslide risk assessment system
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Table 4 Corresponding relationship between underlying indicators x and total mutation results y
X 0.00 0.05 0.10 0.15 0.20 0.25 0.30
y 0.000 0 0.586 6 0.740 7 0.790 0 0.8215 0.8451 0.864 0
X 0.35 0.40 0.45 0.50 0.55 0.60 0.65
y 0.8799 0.8937 0.905 8 0.916 7 0.926 6 0.9356 0.944 0
X 0.70 0.75 0.80 0.85 0.90 0.95 1.00
y 0.9517 0.9590 0.965 8 09723 0.978 4 0.984 2 0.989 7
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Fig. 2 Fitting curve of bottom index and total mutation result
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Table 5 Standardization results

e ElmhER PR Bm wR BE

A BEWTRREES PERTEERY BRI FEW

AR AR TR S)

1 0.9448 00845 00749 04956 0.1978  0.90 0.769 6 0.969 3 03532 04299 0.70 0.89
2 05112 00554 05236 02709 02137  0.60 0.439 1 0.984 4 05926  0.0050 0.60 0.34
3 0.5483  0.6302 0.0067 0.1516 0.1257  0.90 0.093 7 0.984 4 09824 04142 0.50 0.35
4 04381 05755 02170 02519 0.1876  0.90 0.710 4 0.992 0 0.8180  0.1928 0.80 0.30
5 02291 07059 0.8351 0.0995 0.8000  0.90 0.439 1 0.956 2 03973  0.4484 0.50 0.40
6 06009 06459 0.6628 0.1628 03703  0.60 0.996 5 0.993 3 03023 03021 0.50 0.33
7 03858  0.6563 09432 0.7331 0.6876  0.90 0.606 8 0.9732 0.0733 04619 0.40 0.80
8 04880 05161 05974 01662 04016  0.90 0.389 7 0.998 3 0.0958  0.1115 1.10 0.32
9 02882 05796 04222 05914 05645  1.40 0.8337 0.974 0 03293  0.1648 0.50 0.32
10 03563 04604 0.6591 03275 05589  1.40 0.488 4 0.989 5 05067  0.4299 1.20 0.32
11 03266 07538 02835 0.0732 02542  0.90 0.636 4 0.999 7 09159  0.0415 0.10 0.20
12 02684 06333 0.6721 03846 05562  0.90 0.809 1 0.971 1 03054 04299 0.70 0.30
13 0.1559 05536 04436 08827 0.6471  0.90 0.276 3 0.091 2 05315 03869 1.20 0.48
14 06152 05257 0.0874 00519 00562  0.90 0.685 7 0.994 4 05351  0.4485 0.50 0.31
15 02718 04852 10000 03180 04666  1.50 0.843 6 0.985 5 0.8064 03077 0.50 0.32
16 03204 06895 02949 0.1163 04718  0.90 03157 0.992 3 04068  0.0893 0.50 0.30
17 09093 04558 0.1781 03236 00276 150 0.8337 0.985 1 02117 05660 0.50 0.30
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A, 1 S SR A TEM 45 R : x, = min{x,, x7 BREERMEITNHER
Xp,, X5} = 0.805 7, Z LA B9 oA B e J5 VR S5 R R Table 7 Landslide risk assessment results
0.201 9, e ey fERME SeltE GRE BEAZ R
3.7.3 IS E R TEM 2 S 1 08057 &M@k 02019 SRR {15/
R LA R B 10 Ao geare sy 2 dons IR oome IER o dE
DL S 2 B g 3 06586 R 00596 (KGR {155
5, B RS Bé%it’I‘JE&L Al %) 4% L{T?nglf&, [Lgiis 4 0.856 1 v s 0306 8 s R
HIT I B T 38 1 B6 P TP DU L% 6. 5 08880  TfEK: 03998  PfEK PER
6 08654  TEK 03313  HER [y
SE, A ¥
6 BEBEEERLEN 7 osa9s  fGER 000 EEK  fEfER
Table 6 Criteria for landslide hazard assessment P 08330 &R 0253 1 fap R
kAL = fE R ThfEk AR 9 08605  PREE 03181 HfEk FEk
s =X N =x N =x N
Eeiigi (0.9100, 1] (0.8500, 0.9100] (0, 0.8500] 10 09140  FfER 04961 WGk S
N N N
E&ﬁ]ﬁ (0.4798, 1] (0.2916, 0.4798] (O, 0.2916] 11 0.767 0 'ﬂ&fl}jﬁu 0.146 5 1&%""& f&jﬁﬁﬂ
12 09216  mfEl 05281 @ mfaky fER
N \ s N e - \ % 2 N
A B VT U 2400 5 RS 0, A0 X ] O G s
. . . , 14 0.743 4 LER 01204 LG LIk
EORCHE R B 40, A S X A 1SS, 20
% &LHJ%ﬁﬁ& %ﬁ% UL pOlAes £ .8 15 09046 PREE 04589  HfEk HfEk
UMY fE S P S R A R L 7. 16 08177 fEER 0230 (EER A
i 22 7 AT, TS HE X Y 20 SR HRE 10 £ fE 17 08124 fEER 02134 fEER P
S ; 2 ; it it b
RO 7 A BRI 3 AR . 7% 18 osoro IR 040 e R
. N . . 19 08113 KfER 02114 KA fRfars
b FY e S8 AR PR 45 H A TR B e B R B4 4
FHCHY SR AZ VAN SR A TIRAE B 5 TP i 3 53 20 0.8310 KfER 02492  fRAER fiRfEr

P, 15 5 A B R A5 R AL TR R S
o S S T W 9 23 S LI, 7 12 R AR AR E R
PR A RARI  ARSE R | P ARG A T BB AL N P A
8 8 55 S B 1 3045 4 5 P I SR ARV 4 SR AT iy T
GRS IEH DX IE] Y T BR, 10 5 1 B S AR DA 45 SR AR g
e T R P X B BR, SR 2 AT R Pk

R M, ELA S LR 0 DO, T8 4
NS it S R IR o B W I R

4 ZEip

AR SO FHARAS R T 541 s ) E8) AR Xt B R, A



2023 4E ik B4 BT s AR S N IR A B R TR AN - 127 -

PR B9 72 PSR AIT 5T DX T B AG I PR AT DAY, LAKE
LX) 20 AR BHEATHE, 75 DL R 4598

CO TR AL T 55 4% 168 b3 ) 2 WU I sk 1
FA I A P A A

(2) R e P 5 5 BEARAS 5 B0 D5 I EA T HE bR B b e
., A —Ak, BT R 548 PSR AT 5 45 R, (H
TR~ SEOF - ER S Had T, N, ot
TN, T S AR DA 1 AT & I X
" <457

(3)Ks ot i i (9 98 AR 45 2L 5 S iR A 45 R AT L
R TG B PE A A5 R B R Had T4 oh, ARMESEIA
A B (4 R, Ot S T S A R R AN 2 R AR
XF TR, PR SE R, B TR, BOHERT 20
FWWPHTH 65 1757 I BE RS B
AW RA—E I BIHER RN 90% . PETEERE DX
71X I A B M A R R A . DL, R Sk A
W R E RGBT S BRI S %, R — e
7 FAt U a5 o AT 5 4808

2 2% 3k (References) :

(1] BWE, R, RMERE, 5. K R 3T K 3 285m0
MR L AR —— DA R i o (1] . K
SCHL T TR M R, 2022, 49(2): 115 - 125. [ TANG Minggao
WU Chuan, WU Huilong, et al. Dynamic response law of
groundwater in reservoir landslide and calculation model of
infiltration line: A case study of Shidshubao landslide [J] .
Hydrogeology & Engineering Geology, 2022,49(2): 115 —125.
(in Chinese with English abstract) ]

[2] KALANTAR B, PRADHAN B, NAGHIBI S A, et al
Assessment of the effects of training data selection on the
landslide susceptibility mapping: a comparison between support
vector machine (SVM), logistic regression (LR) and artificial
neural networks (ANN) [J ] . Geomatics, Natural Hazards and
Risk, 2018, 9(1): 49 — 69.

(3] sk, XROAIE, £ il o, 2. BR800 5y R P A 482
TUXPLLHESE [T . A o5 TRRAAAR, 2022, 41(1): 157 -
171. [ ZHANG Zhongyuan, DENG Mingguo, XU Shiguang, et
al. Comparative study on evaluation models of landslide
susceptibility in Zhenkang County [ J] . Chinese Journal of
Rock Mechanics and Engineering, 2022, 41(1): 157 — 171. (in
Chinese with English abstract) ]

[4] SHANO L, RAGHUVANSHI T K, METEN M. Landslide
susceptibility mapping using frequency ratio model: The case of
Gamo highland, South Ethiopia [J] .
Geosciences, 2021, 14(7): 1 — 18.

[5] MALKA A N. Landslide susceptibility mapping of Gdynia using

Arabian Journal of

[10]

[13]

[14]

geographic information system-based statistical models [J] .
Natural Hazards, 2021, 107(1): 639 — 674.
AR T, A 2 U3 AT - L S A 8 T T I X b
Bk & By g VEVEGY [ ] . 23 4z, 2021(6) - 112 - 116.
[ QI Yuna, WANG Lei. Application of AHP-entropy weight
method in hazards susceptibility assessment in mountain
town [ J | . Bulletin of Surveying and Mapping, 2021(6): 112 —
116. (in Chinese with English abstract) |
ST, KR B, B, A SRR TRIAS A Ja A TR i A5 A A B
PO B e B B P A [T KE A 2018,
33(1): 140 — 145. [ WU Bo, ZHAO Fasuo, DUAN Zhao, et al.
Application of attribute recognition model based on coefficient of
entropy to hazard degree evaluation of soil landslide in
Shaanxi [ J] . Journal of Catastrophology, 2018,33(1): 140 —
145. (in Chinese with English abstract) ]
ZHUJ Q , LI T Z . Catastrophe theory-based risk evaluation
model for water and mud inrush and its application in Karst
tunnels [ J ] . Journal of Central South University, 2020, 27(5):
1587 — 1598.
REBEW, B9, BES, F. 5 T 278 80091 B8 K%
P [T] A 715, 2014, 35(84F2) : 422 - 428. [ SONG
Shengyuan, WANG Qing, PAN Yuzhen, et al. Evaluation of
landslide susceptibility degree based on catastrophe theory [ J ] .
Rock and Soil Mechanics, 2014, 35(Sup 2): 422 —428. (in
Chinese with English abstract) |
FITA, A, AT, A5 T B R R RO 1Y
P05 BUETEH (1] . HBT5 BT, 2019, 28(5): 493 -
496. [ WANG Xuedong, YE Guo, LI Shiyu, et al. Vulnerability
assessment of debris flow based on entropy value and catastrophe
progression methods [ J] . Geology and Resources, 2019,
28(5): 493 — 496. (in Chinese with English abstract) ]
XIWe 5=, AR, XM, A5 BE T 5 A8 R A 3 4 A I 1
WA [T] . P4 R 2 i CH SRR A ), 2020, 39(2):
95-99. [ LIU Xiaoyu, REN Guangming, LIU Bin, et al.
Analysis of landslide hazard based on mutation series
method [J] .
Edition), 2020,39(2):95-99. (in Chinese with English

Journal of Xihua University (Natural Science

abstract) |

MOGAJI K A, LIM H S. Development of a GIS-based
catastrophe theory model (modified DRASTIC model) for
groundwater vulnerability assessment [ J ] . Earth Science
Informatics, 2017, 10(3): 339 — 356.

GHORBANI M A, KHATIBI R, SIVAKUMAR B, et al. Study of
discontinuities in  hydrological data using
theory [ J ] . Hydrological Sciences Journal, 2010, 55(7): 1137 —
1151.

QIU X X, CAO Q G, WANG Y N, et al. Risk assessment method

catastrophe

of coal spontaneous combustion based on catastrophe


https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1007/s11069-021-04599-8
https://doi.org/10.13474/j.cnki.11-2246.2021.0187
https://doi.org/10.13474/j.cnki.11-2246.2021.0187
https://doi.org/10.3969/j.issn.1000-811X.2018.01.025
https://doi.org/10.3969/j.issn.1000-811X.2018.01.025
https://doi.org/10.1007/s11771-020-4392-0
https://doi.org/10.3969/j.issn.1671-1947.2019.05.013
https://doi.org/10.3969/j.issn.1671-1947.2019.05.013
https://doi.org/10.1007/s12145-017-0300-z
https://doi.org/10.1007/s12145-017-0300-z
https://doi.org/10.1080/02626667.2010.513477
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1080/19475705.2017.1407368
https://doi.org/10.1007/s11069-021-04599-8
https://doi.org/10.13474/j.cnki.11-2246.2021.0187
https://doi.org/10.13474/j.cnki.11-2246.2021.0187
https://doi.org/10.3969/j.issn.1000-811X.2018.01.025
https://doi.org/10.3969/j.issn.1000-811X.2018.01.025
https://doi.org/10.1007/s11771-020-4392-0
https://doi.org/10.3969/j.issn.1671-1947.2019.05.013
https://doi.org/10.3969/j.issn.1671-1947.2019.05.013
https://doi.org/10.1007/s12145-017-0300-z
https://doi.org/10.1007/s12145-017-0300-z
https://doi.org/10.1080/02626667.2010.513477

128 - Hh T 5 A S BT R oA AR IR
theory [ J ] . IOP Conference Series: Earth and Environmental JF- 5 7 %36 99 DG 1 HE 22 b X IR R AR AR [ ] . H
Science, 2020, 603(1): 012017. ERBL 2 5 IR 22 4R, 2022, 44(4) : 632 —640. [ XU Xiaoxue,

[15] EZ, KRB, kNG, FE T R 5 AR VAN s 0 2 JI Lingyun, ZHANG Wenting, et al. Trace deformation of
WA R RN IEN [T]. 7J< HL fig R B 2%, 2020, 38(11): Hanyuan Landslide in Ya 'an Area, Sichuan Province based on
1 -4. [ WANG Yijie, ZHANG Dongying, ZHANG Xiaoging, et InSAR time series method of coherence [ J ] . Journal of Earth
al. Drought risk assessment of Anhui Province based on Sciences and Environment, 2022, 44(4): 632 — 640. (in Chinese
improved catastrophe progression approach [J] . Water with English abstract) ]
Resources and Power, 2020,38(11): 1 —4. (in Chinese with [22] fE3till, Z5 B, Bhpk, 6. DO 1) 22 b 5 9 25 Tl 2 i 3R I
English abstract) | SPHT (1] . PR R T K 5 A A, 2014, 25(4) ;134 -
16 ] ELASHR . Wik () 58 22 0 4 3k £ 10 i A8 Al T 52 o (19 i 138. [ HOU Shengshan, LI Ang, HAN Bing, et al. Prediction
. A 2y i . . . .
HEED T RS ALK RIK K4, 2017, [ XIA Jieyuan. and analysis of geological hazards in Ya ’an, Sichuan
Application of improved catastrophe evaluation method in Province [J ] . The Chinese Journal of Geological Hazards and
agricultural drought in Henan Province [ D ] . Zhengzhou: North Control, 2014,25(4): 134~ 138. (in Chinese with English
China University of Water Resources and Electric Power, 2017.
abstract) ]
(in Chinese with English abstract) (23] J7 4R T, Ha R 95 AR, % . 3 T 32 Tl 1 g 0 )1 )1
17 xﬂkﬁg"z}(‘ "7i<‘\/. ,/‘ “#gA“ ¥ N
LI7] B, BRI SR R TR G S AL BGE BTSSR B B0 [ 7] . K SO T RLIR, 2021,
94 I X H T K 5 1 J EE .
WA DI RO fa B VPO [ 1] iR ik 48(1): 181 —187. [ FANG Ranke, LIU Yanhui, SU
IRABL2E AR ), 2021, 43(2): 299 —305. [ ZHAO Xi , TAN
P AL (2) : taoyan Yongchao, et al. Prediction model of regional landslide disaster in
Shucheng, LI Yongping. Risk assessment of geological hazards in . . . .
Qingchuan County, Sichuan Province based on logistic
Dongchuan District based on the methods of slope unit and . . .
regression [ J ] . Hydrogeology & Engineering Geology, 2021,
combination weighting [ J] . Journal of Yunnan University o ) i
48(1): 181 — 187. (in Chinese with English abstract) ]
(Natural Sciences Edition), 2021, 43(2): 299 — 305. (in Chinese L . N . o
. . [24] XIAHER, £R, BRI HLAS 3 > BRI 1 3¢ 5 & M AT
B ot R (31 . o ARG 5 B 2, 2021, 32(6):
O, S b T Y K GPR 4%, 2021, 32(6
(18] M, T, ff &R, % 27428 JB0E7E 0 Wi e 4 98— 106. [ LIU Fuzhen, WANG Ling. XIAO Dongsh
- 106. uzhen, ing, ongsheng.
BV T (1] 1%, 2008, 29(7): 1895 - & ghene
. . . L Application of machine learning model in landslide susceptibility
1899. [ LIANG Guilan, XU Weiya, HE Yuzhi, et al. Application
. . . evaluation [ J ] . The Chinese Journal of Geological Hazard and
of catastrophe progression method to comprehensive evaluation
Control, 2021, 32(6): 98 —106. (in Chi ith English
of slope stability [ J ] . Rock and Soil Mechanics, 2008, 29(7): ontro (6) (in fese. wi neis
. . . . abstract) |
1895 — 1899. (in Chinese with English abstract) |
g T, U T T, T % B T 10 L8 14 b 2
[ng 7)\ XlS%JJ E%ﬁ %‘F ?ﬁﬁ‘?ﬁ/ldﬁg:ﬂ(/‘&’l‘ﬁﬂ( %71( [25} */J T IKH,T/&FWT’*/J(I%Z{%?TETE*X%E’J}L%(@i&E
‘ . 3 0 b T e 2B S [ 9 2%
VS B LA B [T ] . MR8 F. 2015, 61CHE T 1) WY SE IR [ 1] p BB 5 PG 4R, 2020,
110 —111. [ Tang Ran, Deng Ren, Dong Jianhui, et al. Genetic 31(3):20-29. [ YANG Huayang, XU Xiangning, YANG
mechanism analysis of Feishuigou landslide in Yongdinggiao Hongfa. The Jiuzhaigou co-seismic landslide hazard assessment
Reservoir, Hanyuan County, Ya’an City [J] . Geological based on weight of evidence method [ J ] . The Chinese Journal
Review, 2015, 61(Sup 1)_ 110 — 111 (m Chinese with Enghsh Of Geologlcal Hazard and COHtI'Ol, 2020, 31(3): 20 —29. (m
abstract) | Chinese with English abstract) ]
[20] ZEMSIE, 3, (4L B, 25 P oK 3 T W i 2% X 7k 2 AW [26] JKAR, BB, R, 5. 25 T PR 3 26 -fF B I AL Y
5 T o B W I RS E M LA b (D] . MR Sy N R v B g o ZAVEVEM [T] . hEM TR E S
2 4% , 2017, 23(2): 288 —295. [ LI Pengyue, BA Renji, NI Bs ¥ % 41, 2021, 32(5): 137 - 150. [ ZHOU Tianlun, ZENG
Huayong, et al. Simulation analysis of the influence of water level Chao, FAN Chen, et al. Landslide susceptibility assessment based
rise and fall rate on the stability of Shuangjiaping accumulation in on K-means cluster information model in Wenchuan and two
Ya’an [J] . Chinese Journal of Geomechanics,2017,23(2): neighboring counties, China [J] . The Chinese Journal of
288 — 295. (in Chinese with English abstract) ] Geological Hazard and Control, 2021,32(5): 137 - 150. (in
[21] T, FRiE, ok &, . 3T M T M5 InSARKT [8] Chinese with English abstract) |


https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.1088/1755-1315/603/1/012017
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.3969/j.issn.1000-7598.2008.07.031
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2020.03.03
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.05-17

	0 引言
	1 基本理论与方法
	1.1 突变理论介绍
	1.1.1 基本模型
	1.1.2 改进的突变理论评价法

	1.2 熵权法

	2 滑坡危险性评价模型计算步骤
	3 实例应用
	3.1 研究区概况
	3.2 数据来源
	3.3 指标取值
	3.4 因子排序
	3.5 判别模型
	3.6 构建拟合函数
	3.7 基于改进突变理论的滑坡危险性评价
	3.7.1 数据标准化
	3.7.2 数据归一化
	3.7.3 滑坡危险性评价结果


	4 结论
	参考文献

