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Abstract: Human activities have play an important role in the spatial distribution of landslides, accompanied by rapid
urbanization. This research takes Wulong district of Chongging as an example, the research data are 330 historical landslides

from 1991 to 2015. The spatio-temporal evolution pattern of landslide was revealed, with the aid of gravity model and standard
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deviation ellipse model; and the driving factors of landslide distribution in three time periods, 2001—2005, 2006—2010, and

2011—2015, were analyzed using GeoDetector. The results show that: (1) In terms of temporal distribution, the cumulative

landslide curve of Wulong shows the characteristics of slow-steep-slow. Before 2008, the occurrence rate of landslide increased

with the increase of rainfall, and then decreased significantly when the rainfall remained stable; (2) In terms of spatial

distribution, Wulong’s landslides were clustered in three hotspots, and showed a change process from northwest-southeast

direction to northeast-southwest direction, with a trend of weakening directionality and dispersion; (3) In terms of driving

factors, the explanatory power of factors such as rainfall, geology and geomorphology is decreasing, however, the explanatory

power of human activity factors is increasing and has gradually become one of the key influencing factors on landslide

distribution. The research results can provide an important support for the landslide disaster prevention and mitigation in the

Three Gorges reservoir area.

Keywords: Three Gorges Reservoir area; landslides; GeoDetector; explanatory power; human activity; driving factors
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Table 1 Classification and description of impact factors affecting landslide distribution
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Table 2 Interaction detection relationship correspondence
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Fig. 6 Historical landslide hazard center of gravity and directional distribution characteristics
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Fig. 7 The process of changing q value of landslide distribution influence factors

M 2001—2015 4K, 252 M R X 1 3 2 8] 43
A1 BT 1 (B e s BT 5 ALK : B (0.274) L T
2 b 5T 5 20 (0.220) . T HESEAI(0.132) . ] 3 (0.120) .
GDP(0.116); 11 ¥ [ R X . W72 . NDVI, R4 55, Hb
AR L | BEE S T 10 R T AT 0.05, X i =3
V) 33 P2 T AS .5

MAAS ] i ) B K &, 2001—2005 4F . 2006—2010
AR R 2011—2015 4 fiff B 7 d5c v 19 BB 23 1) o B T
(0.382) . TFEHF 420 (0.319), TR T A4 (0.204) .
AT 2001—2010 4, 2011—2015 4ERE T . Hb T 514
D]~ R 1 I b 550 R) - X e 30 2 R A i e B 11 398 A

[Fi) A 2 AR AR, HL vl o T R 3 9 3R 8 e oA B S, T 26
I B DR R A R T W e A i o AR RS (18 3. 18 6)
ANHER Y, T R AR R AR S AR X, K
BEIX 2001—2015 4F[A] 4 il 4t 2 2 55 fabn 24 S BUAS [ iR

T4 RERX 20052015 EHEZFHERFITEIE

Table 4 Relevant socio-economic statistics of Wulong from

2005 to 2015
A4y 2005 2010 2015
GDP/{ZJt 29.88 72.42 131.40
UNEL ST PN 40.10 4127 41.43
I3 B km 1153 2795 2857




2022 4E

RS, AR kR DX R R B I 9 K ) PR AR AR SR 5T B R 47 -

FEREK (3% 4), RIIBEE L 57 AR & T, NZRud ik
PREE 1) e ok A 50, AN ZERA B T AR d 576 sh i
Yide A SR LS A A B e T4
KA B, FITA St (8 A 248 b e AR %) ek 2, 9
1187 NN N w1 3 1O 5 NSRRI DO w287 Sl [
A1 5 0 B e
4.2 A3 HMm 5T

R i b 8 0 % 28 R N 24 B, 4% I ) B A R

B RO HT 10 A0 38 5 iR, 4 IR T & s Hfm B
A 4R v, 2 B O I 1 2 () A e £ R R I RV Y
ZEIRPY 2001—2015 4[], 3 2L LR RN AT FE M
FAHSHEHN L EAER RN RE, HP 2001 —
2005 AERFE 5 MR DAY 38 B 45 R DL K 2006—2010
AF TR Ml T 45 A T R A B A2 L i R 1 34 i
0.5, FHHXFHFFEIX 50% L) b AY 1 3% 25 6] 0 A B
f#ERES o

x5 XERNEH qE

Table 5 g-value after interaction detection

2001—2005 2006—2010 2011—2015

FART N L3l 0.505 TR 2H N R 0.504 FARR N TR oA 21 0.449
[ N 3k 0.487 TR T 2 NI 0.500 GDPN T Fh i 440 0.390
FAF N TR T A 21 0.462 TR A 4 NIE 0.458 GDPN&HT 0.318
FERINNDVI 0.451 TRHTUEAEN NDBEE 0.422 N RN TR T 40 0.317

P& RN N 3 0.445 TR A 41 NGDP 0.416 R N -1 0.310

R R N ) Akl X 0.435 TRE TN ek 0.402 GDPN +- 17 0.302
FER N 2% 3 0.434 TARMTUEZN 3R 0.396 N BB BEENFERT 0.298
[%FHNGDP 0.431 F& RN NI 3L 0.392 GDPNiH it 0.293

FE TN NIKTZ 0.403 [“ ST aVNEE )}y 0.388 AR Hb T 2H VAT 0.288

R Nt B R 0.401 T AT H4LNNDVI 0.385 Rok I N 0.272

% XA AR 2K 12l e, 2001—2005 44
29% (1435 3 43 A7 T 5 BE K 742 1l DRI ZUK T3 R X
50% B 3 43 A T BE K 3 ARk X, FE 4 R VR
T, MR RS R IR RS 0 2 AR ]
Bl % R A, AR & AR A A T, 1 R 1k
RFaHE 5| W e, R, T RE M S 41 A K &,
DX PN 3 0 A 2 W TAT A S R A0 A, T A b ML D
RS, TR A4 N E, WA A A AR
5539¢ 2, PR 2 S5 KU fif Rk e il bk — 22— BE IR =X, JE B I
R 8 J % I 4 5 i A T flk o U S R A ) e A
e, PRI 3% 0 F VR G ) R R R .

e 24 R AR Sh IR 5 e TR Y 2 LS
FESIHE 2001—2015 4[] e F A 1T, Hd 20062010
A, TR b A A S T R S Y 28 HAR R ) s
0.458, A, 2011—2015 4Ffif B 1 e i 38 B4 R &2
PAAZEIE S 7o 3, A T2 BRI g (a0
JR T 2 f0, Hof R B R AR K, i — 2R UE T
AR NS Sl 3 s 1] 43 A 1) 5 T R ek B 8 1
WA

5 it
JUE AT 5200 5 3% & A i AR VE IR ASBE A, (]
KL JE TR, SO i e e b s s i b A 806

SR AR AT AL, A B TR ACE RGN
(8 HuASE R, AR TS B N HL BRI . T3¢
A IR, 7 R X R R B8 8 SRR 9 7 9 T A v, i 21
LA SRR, EE O TR B B L G BT E 5
T30 A ARBARBI T Sh, [R] 7 I 28 A 275 3 35 4L A IX
A, ABY SR AR AR IR AR X AR v, DR, RE T
JRE B R AEAEARAR R o Tt 488 PO 0 T 7 38 9 3 A KL
BeiE o, JCHOR RPN o, F5 2 2 B AT 3
HOF S PSS [=F 7

(7 Bsf SCHR A LR A7 18T i A7 AR R 2 Ak (1A
SCRERE AR T AR 2 e R i, Bl T I0ik 3R
WFFE DX J2 P R, A LA TR b B 2 B2 R e
i) A DX g i R W) DXL A Kk, [ K3 3 [
THIBE A —E B JRBRIE . (2) LA I B R AR K
FOR L, [N L RORS AR S PR BT, 22 T 9 T A
PRVEFESENE, 35 2% R 8] 64 P 7 23 ) 56 2R AL )
B AR 2 R AR B . SCrP ASO6 R X 35 3K 5l P
T IEARAR SR M SR SR WAt T 1 R R, ik
AR ZABKAEA e BT Tt — P 583

6 it

(D)2 1991—2015 4F 14 35 3 B3 il £ 78 15 8] 43
i LS R -BE-227 HIARE, LA 2008 4F AL, Z HITAY



- 48 - Hh [ M K S B

Ly 2L
[ER=E

Eird 5531

T8 e i A AR B e T 3 T4 4, 2008—2015 4,
FERE TR IR RFRUE IS O T, 13 & A 5 I i s % .

() fEAS o0 A b, B DT St R8P . L AR
3SR DXl W B o0 A R HL O AR T R B
26 REURD AR S0 ) A 12 b s B v 22 W0 IR0 40 A 22 I«
Ree T 394 119 25 1) 43 A7 22 30 P VS b — 2R B 1) A [l AR
Ab—VG R 7 1) AR At AR, (RT3 B Ty 1 P ek 555
A B

(3)BF R b iR T8 Y 0 I 25 43 A5 4 Ry, A1) e 00
4 ST 2001—2005, 2006—2010 i1 2011—2015 =
A B B 3 AR R Bl R, 25 S S, A R -
H)ZREEME WS H e 958 BAE FH 2 52 i R X
b7 37 i TR =5 A ] S bl i % T SN 9 P R A ) A
S50 58 DKL XoF 3 35 25 8] 53 A1 1) ik 88 T 34046 A [ R E AT,
TN 3l 5 A A R ) AN T3 o, 28 328 ¥ B 55 i
3 53 A ) S SRS ) IR 28 22—, S AR YRR B R O
IR

S %k ( References) :

(1] ZEmadk, v, W e, & =0k R i s )k & ML
R X gm AT [T] . #Ek B, 2020, 45(1): 341 -
354. [ LI Songlin, XU Qiang, TANG Minggao, et al. Study on
spatial distribution and key influencing factors of landslides in
Three Gorges Reservoir area [ J ] . Journal of Earth Science,
2020, 45(1): 341 — 354. (in Chinese with English abstract) |

(2] BRERT, # B bl =0k PR IX I AR 4H (T_2b) 941 65 9 1 T
ML FARAEDE TS [ 0] . TR BT, 2004, 12(2): 124 -
135. [ YIN Yueping, HU Ruilin. Engineering geological
characteristics of purplish-red mudstone of middle tertiary
formation at the Three Gorges Reservoir [ J] . Journal of
Engineering Geology, 2004, 12(2): 124 — 135. (in Chinese with
English abstract) ]

[3] BAISB, WANG J, LV G N, et al. GIS-based logistic regression
for landslide susceptibility mapping of the Zhongxian segment in
the Three Gorges area, China [J]. Geomorphology, 2010,
115(1-2):23 - 31.

(4] sk, EALAE, B 56)a, 55 A V0 = e 22 IX A4 38 A 5 1
SR [T] . M4, 2007, 81(1): 38 —46. [ ZHANG
Fan, WANG Kongwei, LUO Xiangqi, et al. Relationship between
landslides and structural feature in Three Gorges Reservoir [ J] .
Acta Geological Sinica, 2007, 81(1): 38 —46. (in Chinese with
English abstract) ]

[5] DENGQ, FUM, REN X, et al. Precedent long-term gravitational
deformation of large scale landslides in the Three Gorges
Reservoir area, China [ J] . Engineering Geology, 2017, 221:
170 — 183.

[6]

[10]

[11]

[12]

o Bk 201 228 Lok I B R R I B R R A L [T ]
FAO S TR, 2007, 26(3) : 433 - 454, [ HUANG
Rungqiu. Large-scale landslides and their sliding mechanisms in
china since the 20th Century [ J] . Chinese Journal of Rock
Mechanics and Engineering, 2007, 26(3): 433 — 454. (in Chinese
with English abstract) ]

R0 R BOTR, P AR, AR R B PR I L R A TR
TR T U BRRAE SHLBEOE S [ 0] . K SCHb B T AR M e,
2019, 46(2): 13—20. [ LI Hao, LE Qilang, SUN Xiangdong,
et al. A study of the characteristics and mechanism of high-risk
debris flow landslide on the northern bank of the Xixi River in
Wuxi County [J] .
2019, 46(2): 13 — 20. (in Chinese with English abstract) |
PRV, G BB, TR NI 3 0 M SRR E T S
WFR— AR R o f [T] . WK S TR,
2020, 34(3): 69 —74. [ JIANG Yubing, ZENG Kaibo, DING

Hydrogeology & Engineering Geology,

Demin. Effects of human activities on landslide stability: Taking
a landslide in Wuhan as an example [ J]. Resources
Environment & Engineering, 2020, 34(3): 69 — 74. (in Chinese
with English abstract) ]

W2, b B, A0 B2 = R DX B e A R 4

FY AT B i AR BE 52 [ 1] . K SCHL I T R2 H 5T, 2012,
39(5): 121 -125. [ XIAO Yongjun, YANG Changcai, HE
Huijun. Research on landslide's original rock structure
characteristics and evolution model of the Huangtupo landslide in
the Three Gorges Reservoir area [J]. Hydrogeology &
Engineering Geology, 2012,39(5): 121 — 125. (in Chinese with
English abstract) |

VPR, B K, BK T, 4. 20094F 6-55 PR R BE S R 1L

OCE SRR AR S R R LB R (] TR R
£ 4R, 2009, 17(4): 433 — 444, [ XU Qiang, HUANG Rungiu,
YIN Yueping, et al. The Jiweishan landslide of June 5, 2009 in
Wulong, Chonggqing: Characteristics and failure
mechanism [ J ] . Journal of Engineering Geology, 2009, 17(4):
433 — 444, (in Chinese with English abstract) |

FER. CAR IS0 A 5089 58 S B0 IR T L T

MM [D].HA&: =K%, 2011. [ WANG Jiacheng.

Experimental research on shear parameter of high cut slope
gravel soil in Badong and its engineering application [D ] .

Yichang: China Three Gorges University, 2011. (in Chinese with
English abstract) ]

A, st RN, SF L ST A K IR EL ¢ 7237 REHEE I

BOE ARG [T] . B RICE 1, 2020, 29(6) : 188 -
198. [ LI Hua, SHI Wenbing, ZHU Yaoqiang, et al. Study on the
formation mechanism of "7-23" catastrophic landslide in
Shuicheng County, Guizhou Province, China [ J ] . Journal of

Natural Disasters, 2020, 29(6): 188 —198. (in Chinese with
English abstract) ]


https://doi.org/10.3969/j.issn.1004-9665.2004.02.003
https://doi.org/10.3969/j.issn.1004-9665.2004.02.003
https://doi.org/10.3969/j.issn.1004-9665.2004.02.003
https://doi.org/10.1016/j.geomorph.2009.09.025
https://doi.org/10.3321/j.issn:0001-5717.2007.01.006
https://doi.org/10.3321/j.issn:0001-5717.2007.01.006
https://doi.org/10.1016/j.enggeo.2017.02.017
https://doi.org/10.3321/j.issn:1000-6915.2007.03.001
https://doi.org/10.3321/j.issn:1000-6915.2007.03.001
https://doi.org/10.3321/j.issn:1000-6915.2007.03.001
https://doi.org/10.3969/j.issn.1004-9665.2009.04.001
https://doi.org/10.3969/j.issn.1004-9665.2009.04.001
https://doi.org/10.3969/j.issn.1004-9665.2009.04.001
https://doi.org/10.3969/j.issn.1004-9665.2004.02.003
https://doi.org/10.3969/j.issn.1004-9665.2004.02.003
https://doi.org/10.3969/j.issn.1004-9665.2004.02.003
https://doi.org/10.1016/j.geomorph.2009.09.025
https://doi.org/10.3321/j.issn:0001-5717.2007.01.006
https://doi.org/10.3321/j.issn:0001-5717.2007.01.006
https://doi.org/10.1016/j.enggeo.2017.02.017
https://doi.org/10.3321/j.issn:1000-6915.2007.03.001
https://doi.org/10.3321/j.issn:1000-6915.2007.03.001
https://doi.org/10.3321/j.issn:1000-6915.2007.03.001
https://doi.org/10.3969/j.issn.1004-9665.2009.04.001
https://doi.org/10.3969/j.issn.1004-9665.2009.04.001
https://doi.org/10.3969/j.issn.1004-9665.2009.04.001

2022 4E

RS, AR kR DX R R B I 9 K ) PR AR AR SR 5T B R - 49 -

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

FROUDE M J, PETLEY D N. Global fatal landslide occurrence
from 2004 to 2016 [ J] . Natural Hazards and Earth System
Sciences, 2018, 18(8): 2161 — 2181.

LI G, LEIY, YAO H, et al. The influence of land urbanization on
landslides: An empirical estimation based on Chinese provincial
panel data [ J ] . Science of the Total Environment, 2017, 595:
681 — 690.

BT M, A ST A, AL LD 3R T K A ] 4 A
FRAE S M [ 1] BPOR =2 (A R B h)
2020, 43(8): 87 —96. [ WANG Xinsheng, TENG Degui, XIE
Wei, et al. Spatial distribution characteristics and influencing
factors of landslide disasters in mountain cities [ J ] . Journal of
Chongqing University (Natural Science Edition), 2020, 43(8):
87 — 96. (in Chinese with English abstract) |

LI Y, WANG X, MAO H. Influence of human activity on
landslide susceptibility development in the Three Gorges
area [ J | . Natural Hazards, 2020, 104(3): 1 —37.

CUI Y, CHENG D, CHOI C E, et al. The cost of rapid and
haphazard urbanization: lessons learned from the Freetown
landslide disaster [ J ] . Landslides, 2019, 16(2): 1167 — 1176.
X, R 2R, R, A SR X R B N2 B
ORAT B RSBV R AE [ 3] ERIB R (A A
FL2:J), 2016, 33(4) : 47— 56. [ LIU Rui, ZHOU Lilei, PENG
Yao, et al. Spatio-temporal variations and type evolution of
human activity in Three Gorges Reservoir area of
Chongging [J ] .
Science), 2016, 33(4): 47 — 56.

Journal of Chongging Normal University
(Natural (in  Chinese with
English abstract) ]

Rl SC A, ZE A T PRI B M T 0 R LR M X A
PERRE XK [J] . HBTRE, 2001, 36(3): 335-341. [ LU
Guanxiang, LI Lin. Developing regularity of landslide, collapse
and classification of danger degree of regional geological disaster
in Chongging area [J] .
36(3):335 — 341. (in Chinese with English abstract) ]

Xz, B VL VY i 4 3 U8 A T K A5 () B ] 43 A
FRAE BT [ 0] . [ B 956 5 B 3R 24 3, 2020, 31(4)
107-112. [ LIU Yun, KANG Huijun.

Chinese Journal of Geology, 2001,

Spatial-temporal
distribution of landslide, rockfall and debris flow hazards in
Jiangxi Province [ J ] .

Hazard and Control, 2020, 31(4): 107 — 112. (in Chinese with

The Chinese Journal of Geological

English abstract) ]

RN, BN, BRI E, 55 % T AL AR AR Y 3 3

FERPETEAN: LUARTLWBON G [ 1] . B IR E %W, 2017,
26(5): 119-129. [ WU Xiaoqing, LAI Chengguang, CHEN
Xiaohong, et al. A landslide hazard assessment based on random
forest weight: A case study in the Dongjiang River Basin [ J ] .

Journal of Natural Disasters, 2017, 26(5): 119 — 129. (in Chinese
with English abstract) ]

[22]

[24]

[26]

[29]

Bk, A, AR =0k A DX O T O A R e
EHLHIATSE [J] . K SCH BT TAR M B, 2019, 46(5): 127 -
135. [ HUANG Da, KUANG Xibin, LUO Shilin. A study of the
deformation characteristics and reactivation mechanism of the
Outang landslide near the Three Gorges Reservoir of China [ J ] .
Hydrogeology & Engineering Geology, 2019, 46(5): 127 — 135.
(in Chinese with English abstract) ]
X3 Ak, Al T S, S AR SRR IE R AR R DT K
Hu g E RS L] HiEkBE A%, 2008, 33(3): 405 - 410.
[ DENG Qinglu, KE Yuyi, GUO Feng. Abnormal carbonic clay
and its significance in relation to geological hazards in the Three
Gorges Reservoir area, Yangtze River [J]. Journal of Earth
Science, 2008, 33(3): 405 — 410.
abstract) ]
W 5%, 5 B 6, 25 TR TT, S B IR E AR 22 TR S I B
ARy [T] . W B S TR, 2012, 26(6): 623 -
626. [ YANG Le, LU Ruina, LI Dewan, et al. Application of

(in Chinese with English

remote sensing interpretation in landslide investigation of new
town of Fengjie [ J | . Resources Environment & Engineering,
2012,26(6): 623 — 626. (in Chinese with English abstract) ]

LIN Q, YING W. Spatial and temporal analysis of a fatal
landslide inventory 1950 to 2016 [J].
Landslides, 2018, 15(3): 1 - 16.

M, SRR, A B R, SF L = PR X AR T AR AR L

Weg F R AEIT 0 [ 1] . 3 BE i, 2007, 26(5): 574 -
582. [ WU Shuren, ZHANG Yongshuang, SHI Jusong, et al.

in China from

Assessments of landslide hazards in Fengdu County, Chongging
City, Three Gorges reservoir region of the Yangtze River,
China [ J] . Geological Bulletin of China, 2007, 26(5): 574 —
582. (in Chinese with English abstract) ]
W, R AT, K, SR WL UM DX K R
A L] b [ B9 5 B A £ 4, 2017, 28(2) 0 1 -
9. [ PENG Lijuan, WU Yiping, WANG Fei, et al. Development
regularity of landslides in Enshi area [ J ] . The Chinese Journal
of Geological Hazard and Control,2017,28(2):1-9. (in
Chinese with English abstract) ]
T . BT GISHY L 2 U DX 4 O U P
[T] . ASRIKEM, 2014, 23(4): 81 —90. [ DING Mingtao,
MIAO Cheng. GIS-based risk assessment of landslide hazards in
Lushan earthquake-stricken areas [J]. Journal of Natural
Disasters, 2014, 23(4): 81 — 90.
abstract) ]
BAKER,BR.PEEFSA0ELMBEEEH K
Foxt R A [ T] . 3R BE R, 2010, 29(1):
87—-95. [ FAN Jie, TAO Anjun, LYU Chen. The coupling

(in  Chinese with English

mechanism of the centroids of economic gravity and population
gravity and Its effect on the regional gap in China [ J | . Progress
in Geography, 2010,29(1): 87 —95. (in Chinese with English


https://doi.org/10.5194/nhess-18-2161-2018
https://doi.org/10.5194/nhess-18-2161-2018
https://doi.org/10.1016/j.scitotenv.2017.03.258
https://doi.org/10.3321/j.issn:0563-5020.2001.03.008
https://doi.org/10.3321/j.issn:0563-5020.2001.03.008
https://doi.org/10.3969/j.issn.1671-1211.2012.06.015
https://doi.org/10.3969/j.issn.1671-1211.2012.06.015
https://doi.org/10.3969/j.issn.1671-2552.2007.05.010
https://doi.org/10.3969/j.issn.1671-2552.2007.05.010
https://doi.org/10.11820/dlkxjz.2010.01.012
https://doi.org/10.11820/dlkxjz.2010.01.012
https://doi.org/10.11820/dlkxjz.2010.01.012
https://doi.org/10.5194/nhess-18-2161-2018
https://doi.org/10.5194/nhess-18-2161-2018
https://doi.org/10.1016/j.scitotenv.2017.03.258
https://doi.org/10.3321/j.issn:0563-5020.2001.03.008
https://doi.org/10.3321/j.issn:0563-5020.2001.03.008
https://doi.org/10.3969/j.issn.1671-1211.2012.06.015
https://doi.org/10.3969/j.issn.1671-1211.2012.06.015
https://doi.org/10.3969/j.issn.1671-2552.2007.05.010
https://doi.org/10.3969/j.issn.1671-2552.2007.05.010
https://doi.org/10.11820/dlkxjz.2010.01.012
https://doi.org/10.11820/dlkxjz.2010.01.012
https://doi.org/10.11820/dlkxjz.2010.01.012

REHP R, 2021, 32(2): 19-26. [ ZHI Zemin, CHEN
Qiong, ZHANG Qiang, et al. Application of geographic detector
in identifying influencing factors of landslide stability: A case
study of the Jiangda County, Tibet [ J ] . The Chinese Journal of
Geological Hazard and Control, 2021,32(2):19—-26. (in

Chinese with English abstract) ]

50 - I BT K E 5 By IR o R 5% 3
abstract) | [35] ®ISLA, BLm, X)X, &5 . B W7 L0 X U8 A 34 [ 4% J=) L
[30] fefRfl, 4ok, FE4EH], 45 70 o X 1l ik ¢ 5 I 25 2 A RS PG (1] . M H A2, 2019, 74(11): 2303 —
FRAE K N E [T] . B2 d), 2019, 74(7): 1374 - 2313. [ HU Kaiheng, WEI Li, LIU Shuang, et al. Spatial pattern
1391. [ XIONG Junnan, LI Jin, CHENG Weiming, et al. of debris-flow catchments and the rainfall amount of triggering
Spatial-temporal distribution and the influencing factors of debris flows in the Hengduan Mountains region [ J] . Acta
mountain flood disaster in southwest China [J] . Acta Geographica Sinica, 2019, 74(11): 2303 —2313. (in Chinese
Geographica Sinica, 2019, 74(7): 1374 — 1391. (in Chinese with with English abstract) ]
English abstract) | [36] EIEHME, % 5 %, sk V8, 5. 2 T GIS5 M 3 4 I 4% Y
[31] TEahige, FonlZ BRI & RO S [ 7] . sis 4R, RS A AL S (B A3 A K BRI AT (7] . dh
2017, 72(1): 116 — 134. [ WANG Jingfeng, XU Chengdong. 2R, 2019, 74(5): 191 —205. [ WANG Zhengxiong, JIANG
Geodetector: Principle and prospective [ J ] . Acta Geographica Yongjun, ZHANG Yuanzhu, et al. Spatial distribution and
Sinica, 2017,72(1): 116 —134.  (in Chinese with English driving factors of karst rocky desertification based on GIS and
abstract) | geodetectors [ J ] . Acta Geographica Sinica, 2019, 74(5): 191 —
[32] ZHANG X, NIE J, CHENG C, et al. Natural and socioeconomic 205. (in Chinese with English abstract) |
factors and their interactive effects on house collapse caused by [37] XML IE, ZEokd, IR e A, 45 = Ik X Hb ik 3 25 0] 37
Typhoon Mangkhut [ J ] . International Journal of Disaster Risk s [T . K SCHb R T8 b 5, 2004, 31(4): 9 —
Science, 2021, 12(1): 121 - 130. 19. [ LIU Chuanzheng, LI Tiefeng, WEN Mingsheng, et al.
[33] LIUY, YUAN X, LIANG G, et al. Driving force analysis of the Assessment and early warning on geo-hazards in the Three
temporal and spatial distribution of flash floods in Sichuan Gorges Reservoir region of Changjiang River [J] .
Province [ J | . Sustainability, 2017, 9(9): 1527. Hydrogeology & Engineering Geology, 2004, 31(4):9 - 19. (in
[34] CHER,BRBL KR, 5. MBI 0 2% 76 20 00 W 3t Fa e 1 Chinese with English abstract) |
S PR 2R o o T —— DAVE RIS B ) [ ] . A E b [38] #E&E, Hakar, Mk, 5. = 0 & IXARBE 1 )2 58 K P

M2 R OIS [T . A 1%, 2010, 31(1): 151 -
157. [ DONG Jinyu, YANG Jihong, WU Faquan, et al. Research
on collapse of high cutting slope with horizontal soft-hard
alternant strata in Three Gorges reservoir area [J]. Rock and
Soil Mechanics, 2010, 31(1): 151 — 157.
English abstract) ]

(in Chinese with


https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.3390/su9091527
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.3390/su9091527
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.3390/su9091527
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201907008
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.1007/s13753-020-00322-6
https://doi.org/10.3390/su9091527
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.11821/dlxb201911008
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002
https://doi.org/10.3969/j.issn.1000-3665.2004.04.002

	0 引言
	1 研究区概况与数据来源
	1.1 研究区概况
	1.2 影响因子选取
	1.3 数据处理

	2 研究方法
	2.1 滑坡时空分布格局分析
	2.1.1 重力模型
	2.1.2 标准差椭圆模型

	2.2 空间分布驱动因素探测

	3 滑坡灾害的时空演变格局
	3.1 时间变化特征
	3.2 空间变化特征
	3.2.1 滑坡分布密度分析
	3.2.2 滑坡重心及其变化趋势


	4 滑坡时空分布的驱动力分析
	4.1 单因子影响分析
	4.2 因子交互影响分析

	5 讨论
	6 结论

