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Research progress on rainfall-triggered landslide risk assessment under
the context of climate change

HUANG Yu'?, HE Zhengying'
(1. Department of Geotechnical Engineering, College of Civil Engineering, Tongji University, Shanghai 200092, China;
2. State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: With the intensification of global climate change, extreme rainfall events have become increasingly frequent, leading
to recurrent rainfall-triggered landslides and causing significant casualties and economic losses. With the context of climate
change, this study systematically reviews the research progress on advancements in probabilistic risk assessment of rainfall-
triggered landslides, focusing on three key aspects: (1) slope reliability assessment under rainfall conditions considering climate
change; (2) vulnerability assessment of slopes considering the uncertainty of rainfall patterns; and (3) rainfall-induced landslide
hazard assessment based on machine learning methods. On this basis, this study further analyzes the multidimensional
challenges faced by rainfall-triggered landslide risk assessment under climate change, including uncertainties associated with
climate change, the lack of high spatio-temporal resolution geological and meteorological data, and the adaptability of models
across different regions. Finally, from the perspectives of detailed geological surveys, multi-factor disaster gestation
mechanisms, this study looks towards future research directions for enhancing resilience in rainfall-induced landslide disaster

prevention, from landslide mechanisms under multiple factors, to resilience-based risk assessment. This study aims to provide
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theoretical support and methodological references for the disaster prevention and mitigation work of rainfall-triggered

landslides, promoting the scientific, systematic, and refined development of landslide risk management.

Keywords: rainfall-induced landslide; risk assessment; uncertainty; climate change; disaster resilience.
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Fig. 1 Framework for reliability assessment of rainfall-triggered landslides considering climate change (adapted from He et al. **!)
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Fig.3 Framework for rainfall-induced landslide hazard assessment based on machine learning (adapted from references ' ~°*)

A X I, = 50 B ok B LI B . X — R A BRI A AR SE R | KM s B sk =, DL TR R A
PR TR R B 25 AR A, B BB i %S RS S SR AR SE I R . AN, A YR



2025 4 W, A AL 5ET R TR S XURS: DA B 5T 0t e 221 -

G2 W T D) 24 7 v B 245 43 BRI 2 s Y LA PR, S0
33t TOUIASS R0 LA Fofi 412 30 T -5 e 5 A b =2 T 400 s 1 sf
AR R o X BE R B T BR T AL GE VA i RN
TSR (R TN AE F7 o AR AT 5 T 1 R AR AN
BOHE A 7 1k, 4R THEOE A B o R 5 s R
DT A o I A P A 1

() WEBEHLEL Y 2 N Z A

ok T 76 30 e 5 1) A RN Az B S A AR AL R T
TR, 38 b ke i . b M3 | R 7 26 S &2
FR R R AEH . ik 28 28 2 0] MAFTE S = 1Y
B 25 AR LR A REAE . E T A4 B9 BRI S0 ) T X
SEPR Ay FF AT, AEAE 2 T BT R i 25 25 1 R 1
FRA RN o X B4 5004 43 B J7 3 1T e S 3500 31 XURS F
i 48 F 0 22 AN HERf o DRItk L o T 00 e XU
flirh, % & Z R A BN, 52 M ATt i
— KM A

(4) 150 ) B DX I3 oy

ok TR PR 0 30 %) 2 A R DX I i 1 0, L XU DA
R AN ] b 2R DX 1) 355 7 T O o 2 kR . T
FESAREARARI T ST, R AR RIS sty = 2 14 2 [ 43 A
KT AR, VR 22 A B LR R [ X3 A 3 I 25 R AR
Ko DRI, o ) A < 25 R 3 o e g 5 DX Bl e
JAUBS AR AR Y, oA $ THABE AR |3 By R () G . ARk
(R RIF 5 IO 25 FEAS [R) b X1 il SRR AIE | S 2% L I AR
KA S AT E R 3R, T R 00 A 38 FH 04 5 DX 3 XU
VEAG Tk o BRAh, 5 DX IR 70 ) ) A8 T e A A 11
AT ERAE 1 5 S B PSR, WA ST 465 S5 0 v S ek A s
FtE
22 ARy fEE

kTN T R R TR 9 35 3 AU DA v Y 22 4
b, A A 90 T BEAE AR AR 5T PR g AT
Al L R A 1 1B G W 5 2 U R R | B XA
PEAG AR A #2225 7 1) AW R . DL X AR 58
J7 o] IT-:

(D SRAEALE 52 F A S ST 5 1k

B U B AT, E R R T
ek o 7 33 6 1 XU, TP Al 75 2 DA% 8 1) A 8 1 R
S5 DA P TP AR B AR, S BRI DAL 1 Y8 ST
P PFA AN AN O o 7R 3 o 3 A A W M SRR A
PR, T 58 8 T ] e it = 42 CAn A=A 2 b 3 350 B9 AR o g
) SE Atk 15 il Pk A2 RE 7 FNGE I g B, sl 51 A
ZHEBIESE AR, 7T LAPEAL SERE e R G L BT R4
FESARAR AT 5 T e I AR 0 3 O B A ST B e

5 Bl e SR A ) S 4 TR 380 285 R T 9 3 K B

(2) KSR Y M o TG M -5 22 DR il

e O ) M RSB 2 T e AU T Al B9 A% 0 B (H
=4 7T 3 O AR v A7 i e R R AN A L I ) B
R AR Gl 5 A GBS To AL I A
BRI 25T BE, n] U RORBGR KT RE B M | 5
SERFNRERE 7 AT R o [R) I, A8 s v A B 9 i K
P, R G Dy SV IR 7 | 0 TR P A i 4
Sk R T BOAIE 5 1 AR L5 A T iR S . it
Sh, A B BL AR ST BOR, BT LARE— 22 4 22 PR P Y
SRBEIFAE, B85 17 S A AT 3 | o P e T it 4
R, B AR R ) 46 R AN HTBE

(3) B AR S ML 22 PR SRR S BT ) O

TEZE KAV R R TT T, R NS HEE 2
TR TR N A2 0 3 T 28 94 352 1% JSC RATL A, JE H O e 8
e # A5 N S RORE A A T A . AT
T T T KB B 2 R A R, KA B TR
AN ZRINEE T B ALE] . [FI, AR R R
ATy 2R BE A AE A E 5ET AR B S AR R,
REE Sy S 91 b 3 2 XU TP B L PSR . i SR
Mo e DX B AR A Y 22 ROBE BRI 23 A, 7T LA
T 25 o) R L ) 38 A 3 XS, S DX B S s Y
il P LA SR AR A Al

(4) 55 DX I RS TPl 5 81 ) g 2

ek T 28 2 B 1) i A A B0 I A L LB 2R A L P
M BRI 2 22 T DN R S, TR, A s 1 Xl g XL
PAAGBEAY S 2. IR, Y RTR 2RO AY JR R T B —
DI, 22001 AN [ M XA 22 5, S B80S DXCIOR A
TERRAHRENE o A AT R B DX IR A 5 225 p
MG REIRL P 23 8] 5 M A G HE I K . A,
it DX B B 5 IR Rl R — D E A, 1
SRR ML =7 ~J 2 T B nl DU R v 58 18 13 o 1
PERIATERAEE o SRR BT 10 3 £ T4 T B IX A 25
F1R1 3 PR RS W7, AR X 4 R A AR AL 5 3R 4
IR o

3 #iE

V25 T 2 9 3 AU Al A9 Sy 1l K By i e )
BWFFETT ), AR US T RE R . 1e AR
K BIAHEE VT T, AR SCARGE 1 R R L I R
RS DAL BT 58 E B, IR B RHE T LR = S5
s (1) 5 B2 A 10 e T 28 3 33 P B Pl 5 (2) %%



22 Hh [ M KE S B iR

Eird o521

JE I RS AN 1 M ) i 3 ) 1 PR DA (3) 2 T HL 2%
57~ 7 1 R BB G R P VA

BE— 4, AR SO T AR TS 5T, [T R
ST DA A P i 1 £ 22 PR K, B AR AZ R A
BT S MR B Y B = . 2R RS B
ROV A S AR ) 5 DXl PSS o R B R OR, AR TR Y 3
SRS VAL K 5 3 AR T 57 T OB B S PEAY
20 B b oG M 22 R R B DX U B
AL R R S 257 1) R R

L3 LTI, A R 2R S KRS A 7 R A A A
Sl AL B I R R, 7 BTG T 1k, S8 B
WHESE, RTHAR T B il 2B PME S EOR I
A, ARA BRI 3 XU AT SEONITAR o L B RE I 41T,
Bl G I TAE AR BTN} FIAT R SR, PR A AR
A7 4, e bR 2 TR R AT RS R T

2 % 3Lk (References) :

[1] WANG Hao, WANG Binbin, CUI Peng, et al. Disaster effects of
climate change in high mountain Asia: State of art and scientific
challenges [ J] . Advances in Climate Change Research, 2024,
15(3): 367 —389.

[2] HUANG Yufen, CHEN Yileng. Numerical simulations of
seasonal variations of rainfall over the island of Hawaii [ J] .
Journal of Applied Meteorology and Climatology, 58(6): 1219-
1232.

[3] XU Xi, HUANG Yu, XING Yuanchuang, et al. Investigation of
rainfall-induced toe-cut slope failure mechanisms in the
southeastern coastal area of China [ J] . Natural Hazards,
2022, 110(3): 1761 — 1782.

(4] WS, BRBIHE, IR RER, 45 G “ A" G K&
o E R SR [T] .10~ 4z, 2010, 28(1): 103 -
115. [ CUI Peng, CHEN Suchin, SU Fenghuan, et al.
Formation and mitigation countermeasure of geo-hazards caused
by moarc typhoon in Taiwan [ J] . Journal of Mountain
Science, 2010, 28(1): 103 — 115. (in Chinese with English
abstract) |

[5] BATISTA J A N, JULIEN P Y. Remotely sensed survey of
landslide clusters: Case study of Itaoca, Brazil [ J ] . Journal of
South American Earth Sciences, 2019, 92: 145 — 150.

[6] A EHLFT R FERR 1 P H” # A [EB]. htps://view.officea
pps.live.com/op/view.aspx?src=https%3A%2F %2Fwww.gov.cn
%2Fzhengce%2Fzhengeeku%2F2023-01%2F04%2F5734957%
2Ffiles%2F38ec8ee4b51c4762b17bf054b256254.doc&wdOrigin=
BROWSELINK.

(7] BRI, sKRACAL, 223t 4 48 8 T8 45 17 2024 4F “6° 167 1%
KBEWER LT R LI HERFH (1] R

[12]

[14]

PR R (fF BRL 2 1), 2024, 49(11): 2145 — 2155,
[ CHEN Bo, ZHANG Cancan, LI Zhenhong, et al.
Developmental characteristics and controlling factors of
landslides triggered by extreme rainfalls on 16 June 2024 in
Longyan, Fujian Province [ J] . Geomatics and Information
Science of Wuhan University, 2024, 49(11): 2145 — 2155. (in
Chinese with English abstract) ]
HUANG Yu, CHENG Hualin. The impact of climate change on
coastal geological disasters in southeastern China [ J ] . Natural
Hazards, 2013, 65(1): 377 — 390.
ADARSH S, SHAMLA D S, NAIR G R A, et al. Indian
landslide tragedy demands a rethink of hazard mapping in a
changing climate [ J ] . Nature, 2024, 632(8027): 985.
RIS, TR A, T SCME, A5 KUK R PR R AE B AR B R
R RLAESE [ 1] A £ )27, 2024, 45(9) 2 2765 — 2774.
[ LIN Bingiang, ZHANG Desheng, JIAN Wenbin, et al.
Response of vegetated slope stability under wind-driven rain
conditions [ J] . Rock and Soil Mechanics, 2024, 45(9):
2765 —2774. (iin Chinese with English abstract) |
skAE N, S 2 EL R, 5. B XUBE SRR R I R O
AEP BB W58 [ ] K SCH T T % 3 T, 2016, 43(6):
127 = 132. [ ZHANG Taili, ZHOU Aiguo, SHI Bin, et al.
Physical experiment research on landslide deformation
characteristics under the condition of the typhoon heavy
rain [ J] . 2016,
43(6): 127 — 132. (in Chinese with English abstract) ]
WAE, #oa R, RS0, 45 & WUaR T BY 4 ot i i i Ak i
ReAF 5T [ 0] 7 Hi 24 4, 2020, 28(6): 1290 — 1299.
[ SHEN Jia, DONG Yansong, JIAN Wenbin, et al. Study on

Hydrogeology & Engineering Geology,

evolution process of landslides triggered by typhoon
rainstorm [ J ] . Journal of Engineering Geology, 2020, 28(6) :
1290 — 1299. (in Chinese with English abstract) ]
VEB g, {8 SCME, RAEAR, L BERIE R R L RAR W
BER L (0] b 2 B 27 i, 2018, 31(2): 270 — 279.
[ XU Xutang, JIAN Wenbin, WU Nengsen, et al. Model test of
rainfall-induced residual soil slope failure [ J] . China Journal
of Highway and Transport, 2018, 31(2): 270 — 279. (in
Chinese with English abstract) ]
f SCME, BTREL, B PR, S BRI A B T Al 40 A gk R
TR EE BB AT [J] A 11, 2020, 41(4):
1123 — 1133. [ JIAN Wenbin, HUANG Conghui, LUO
Yanghua, et al. Experimental study on wetting front migration
induced by rainfall infiltration in unsaturated eluvial and residual
soil [ J] . Rock and Soil Mechanics, 2020, 41(4): 1123 —
1133. (in Chinese with English abstract) ]
VPRI, T A B AR TR R L A R A Y IR
Ll BF5E [T] & + 1%, 2008, 29(1): 106 — 112. [ XU
SHANG  Yuequan.

Jiancong, Study on mechanism of


https://doi.org/10.1016/j.accre.2024.06.003
https://doi.org/10.1007/s11069-021-05011-1
https://doi.org/10.1016/j.jsames.2019.02.021
https://doi.org/10.1016/j.jsames.2019.02.021
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.gov.cn%2Fzhengce%2Fzhengceku%2F2023-01%2F04%2F5734957%2Ffiles%2F38ec8ee4b51c4762b17bf054b2f56254.doc&wdOrigin=BROWSELINK
https://doi.org/10.1007/s11069-012-0370-7
https://doi.org/10.1007/s11069-012-0370-7
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1001-7372.2018.02.029
https://doi.org/10.3969/j.issn.1000-7598.2008.01.020

2025 4E

WO, SF URE AR ST RN A BT T R <23 -

[16]

[17]

[18]

[19]

[21]

[22]

disintegration deformation and failure of debris landslide under
rainfall [ J] . Rock and Soil Mechanics, 2008, 29(1): 106 —
112. (in Chinese with English abstract) ]

Jl i nik, B, R TR, A G TR T B4R X AT B Sk A
WYY AR [T] . TRA %5 HER, 2022,
54(4). 88 — 98. [ ZHOU Yonggiang, SHENG Qian, SONG
Dingfeng, et al. Physical model test on the influence of crack on
tower foundation landslide under rainfall [ J] . Advanced
Engineering Sciences, 2022, 54(4): 88 — 98. (in Chinese with
English abstract) ]

WY, AR, BRBRE, SF I AR G ABUAL 2 i R T O R Y
WHALRBER [T] A A 7% 5 TR, 2014, 333
Fil 2): 3783 — 3790. [ ZHANG Ming, HU Ruilin, YIN
Yueping, et al. Study on mechanism of rainfall-induced landslide
in gently inclined red beds in eastern Sichuan [ J ] . Chinese
Journal of Rock Mechanics and Engineering, 2014, 33( Sup 2):
3783 —3790. (in Chinese with English abstract) |

216G . AR P T U R R DX R T S O AR R R
WS M A [ D] .UM BTIE K%, 2011: 129. [ LI He.
Research and application of early warning and forecasting system
of rainfall-type landslide in residual soil area of southeast
coast [ D] . Hangzhou: Zhejiang University, 2011: 129]. (in
Chinese with English abstract) ]

FE R F, 32 A fe, sOR] BT A TR R R AR R B A LR
JE YA B WO IR A [ 3] AR 2 i (R R 27
ML), 2013, 43(3): 867 — 876. [ ZHUANG lJianqi, PENG
Jianbing, ZHANG Liyong. Risk assessment and prediction of the
landslide at different Loess
Plateau [ J ] .

Edition), 2013, 43(3): 867 — 876. (in Chinese with English

shallow precipitation  in

Journal of Jilin University (Earth Science

abstract) |

A B e W TR A5 I O AR O 4 T B T T
MR EZH (1] A £ )2, 2007, 28(5): 1055 — 1060.
[ GAO Huaxi, YIN Kunlong. Discuss on the correlations

between landslides and rainfall and threshold for landslide early-

warning and prediction [ J] . Rock and Soil Mechanics, 2007,
28(5): 1055 — 1060. ( in Chinese with English abstract) ]

TR, VR, ARG, AR W T A NUZ A BT bt BT 3 Bl

BPENFHRE [T] K E ¥, 2015, 30(3): 38 - 42.
[Qr1 Xing, XU Qiang, ZHENG Guang, et al. Dynamic

mechanics early warning model of rainfall induced bedding rock

and soil landslide [ J] .

30(3): 38 —42. (in Chinese with English abstract) ]

ZHANG Yonggang, CHEN Xinquan, LIAO Raoping, et al.

Journal of Catastrophology, 2015,

Research on displacement prediction of step-type landslide under
the influence of wvarious environmental factors based on
intelligent WCA-ELM in the Three Gorges Reservoir area [ J | .
Natural Hazards, 2021, 107(2): 1709 — 1729.

[23]

[24]

[28]

ZHANG Yonggang, TANG Jun, HE Zhengying, et al. A novel
displacement prediction method using gated recurrent unit model
with time series analysis in the Erdaohe landslide [ J] . Natural
Hazards, 2021, 105(1): 783 — 813.
YL, 2RI, BEERF, A5 SR B R R R AE R A i R
WYHLRI B ——RIRWe W oo [J] A0S
TR % 4R, 2023, 42(6): 1497 — 1507. [ LI Jiangshan, LI
Bin, YIN Yueping, et al. Research on mechanism of landslides in
the southwest karst mountain areas under intensive rainfall: A
case study of the Guanling landslide [ J] . Chinese Journal of
Rock Mechanics and Engineering, 2023, 42(6): 1497 — 1507.
(in Chinese with English abstract) ]
B3 i, T IIME. KUAR B2 T I R Sl R T AL VR 2
BEALHLE [J] . M 5 R 4 i, 2022, 41(2): 60 — 70.
[ MIAO Haibo, WANG Gonghui. Evolution mechanism of
rainstorm-induced shallow landslides on slopes covered by arbors
considering the influence of wind-induced vibration [ J] .
Bulletin of Geological Science and Technology, 2022, 41(2):
60 — 70. (in Chinese with English abstract) |
XU, Bk 3C, A BT 3D AT BV B R Y R8s I = T IR R
AR 5 B 4 AL IR AR5 [ JJOL ] . 7K SC b o T 7 b Jo
(2024-11-22) [2025-01-01]. [ LIU Hao, ZHANG Wen, LU
Lei. An experimental study on strength degradation of soft
interlayer during dry and wet cycling based on 3D printing
technology [ J/OL | . Hydrogeology & Engineering Geology.
(2024-11-22) [2025-01-01].
11.2202.P.20241122.1047.002.html. (in Chinese with English

http://kns.cnki.net/kecms/detail/

abstract) |
K, R —5E, Rl R R R A4 B A 2 KU VT A
L] b7 908 K T2 2 4, 2023, 43(3): 413 — 422+473.
[ ZHANG Jie, ZHUANG Yihao, LU Meng. Assessing societal
risk of rainfall-induced landslides along highways [ J ] . Journal
of Disaster Prevention and Mitigation Engineering, 2023,
43(3): 413 —422+473. (in Chinese with English abstract) |
BT IE, MR, Wik, 5. B &R JE B O B R
PP AR e N [T] A A S TR A R, 2023,
42(5): 1188 — 1201. [ GUO Zizheng, HE Jun, HUANG Da, et
al. Fast assessment model for rainfall-induced shallow landslide
hazard and application [ J ] . Chinese Journal of Rock
Mechanics and Engineering, 2023, 42(5): 1188 — 1201. (in
Chinese with English abstract) ]
SRR FE T SR B N A K B A A UK 15 K b
JRREHE KIS [D] . KEF: KA K %,
2023. [ RONG Guangzhi. Study on risk assessment of
geological hazard chain induced by extreme precipitation in
Shuicheng County, Guizhou Province based on scenario
simulation [ D] . Changchun: Northeast Normal University,

2023. (iin Chinese with English abstract) ]


https://doi.org/10.3969/j.issn.1000-7598.2008.01.020
https://doi.org/10.3969/j.issn.1000-7598.2007.05.039
https://doi.org/10.3969/j.issn.1000-7598.2007.05.039
https://doi.org/10.3969/j.issn.1000-811X.2015.03.008
https://doi.org/10.3969/j.issn.1000-811X.2015.03.008
https://doi.org/10.1007/s11069-021-04655-3
https://doi.org/10.1007/s11069-020-04337-6
https://doi.org/10.1007/s11069-020-04337-6
http://kns.cnki.net/kcms/detail/11.2202.P.20241122.1047.002.html
http://kns.cnki.net/kcms/detail/11.2202.P.20241122.1047.002.html

[ WANG Dingjian, TANG Huiming, LI Changdong, et al.

24 - I BT K E 5 By IR o R %2
[30] VFIEAS, B B T ot N 4 5 W - b 5 92 7% L o8 X0 Stability analysis of colluvial landslide due to heavy
KBe S VEAG R e [I] . b [ e, 2022(7): 34 - 35. rainfall [ J] . Rock and Soil Mechanics, 2016, 37(2): 439 —
[ XU Qisong, YANG Guozhen. Evaluation and demonstration 445. (in Chinese with English abstract) |
of disaster reduction capacity in typical areas of rainstorm- [40] 2fEE, AL, 2825, 5. BERT ALK E I/ER T Iy
geological disaster chain in Guizhou Province [ J] . Disaster Wik T 0 8 AR I W 7 43 BT - LA A U K AR I R 3 A 461
Reduction in China, 2022(7): 34 - 35. (in Chinese) | (V] PR 2 E e SRR, 2003, 33038 T 1): 119 -
[31] HE Zhengying, HUANG Yu, ZHAO Cuizhu. A preliminary 136. [ LAN Hengxing, ZHOU Chenghu, LI Zhuofen, et al.
general framework for seismic resilience assessment of slope Stability response analysis of rainfall landslide under
engineering [ J | . Bulletin of Engineering Geology and the instantaneous pore water pressure: A case study of natural
Environment, 2022, 81( 11): 463. rainfall landslide in Hong Kong [ J] . Scientia Sinica
[32] HE Zhengying, HUANG Yu, LI Yinke, et al. Probabilistic ( Technologica) , 2003, 33(Sup 1): 119 — 136. (in Chinese) ]
fragility assessment of slopes considering uncertainty associated [41 ] Fom, 5 2m, W55, 4. 2024 4E 4 H T 75 80 6 VT 75 46
with temporal patterns of rainfall intensity [ J | . Computers and W st BT A5 G BE R MR B A b [ T] sk
Geotechnics, 2024, 173: 106534. (5 BB M), 2024, 49(8): 1264 — 1274. [ XU Qiang,
[33] HE Zhengying, AKIYAMA M, ALHAMID A K, et al XU Fanshu, PU Chuanhao, et al. Preliminary analysis of extreme
Probabilistic life-cycle landslide assessment subjected to rainfall-induced cluster landslides in Jiangwan township,
nonstationary rainfall based on alternating stochastic renewal Shaoguan, Guangdong, April 2024 [ J] . Geomatics and
process [ J ] . Engineering Geology, 2024, 338: 107543. Information Science of Wuhan University, 2024, 49(8): 1264 —
[34] KIM H, LEE J H, PARK H J, et al. Assessment of temporal 1274. (in Chinese with English abstract) ]
probability for rainfall-induced landslides based on nonstationary [42] BRULHL, B0k, B . [ W 26 0 3 46 06 R R B (B F 5%
extreme value analysis [ J ] . Engineering Geology, 2021, 294: G [T] . EmEELM KW (ARP ¥R, 2012,
106372. 31(5): 990 — 996. [ CHEN Hongkai, WEI Lai, TAN Ling.
[35] MR, 5075k, #05, 5. = H F 2002-08-14 £ K IF Review of research on empirical rainfall threshold of rainfall-
Wele AR E KBRS E [T] . 2= 4, 2003, 21(5) induced landslide [ J] . Journal of Chongging Jiaotong
599 — 604. [ CHEN Xiaoqging, WEI Fangqgiang, CUI Peng, et University (Natural Science), 2012, 31(5): 990 — 996. (in
al. 2002-08-14 large-scale landslide debris-flow hazard in Chinese with English abstract) ]
Xinping County and the prevention countermeasure [ J] . [43] JT &, Wi, Phoe, 5. FF O A 5% 4 I8 30k 10042 BF 5% 900K 25
Mountain Research, 2003, 21(5): 599 — 604. (in Chinese with wO[T] . M 5T BB i, 2014, 33(6): 219 - 225 [ QI
English abstract) ] Xing, XU Qiang, SUN Liang, et al. Research overview on early
[36] AWMALONE, #i i £k . 7 W 19 3 3% % & 8 3 5 18 3 warning of precipitation-induced loess landslides [ J ] .
KB B8 [ 7] . 1 2% 4, 2000, 18(2): 187 — 192. Geological Science and Technology Information, 2014, 33(6):
[ AWMALONE, HUANG Rungiu. Slope safety and landslides 219 —225. (in Chinese with English abstract) ]
risk management [ J ] . Mountain Research, 2000, 18(2): [44] Ol R, kA A, (T2, % R 8 3 R R PL B & R
187 — 192. (iin Chinese with English abstract) ] EPETEMN BT [ 1] P EA R, 2018, 31(2) :
[37] HUANG Yu, HE Zhengying. Rainfall-oriented resilient design 15— 29. [ WEN Haijia, ZHANG Yanyan, FU Hongmei, et al.
for slope system: Resilience-enhancing strategies [ J ] . Soils Research status of instability mechanism of rainfall-induced
and Foundations, 2023, 63(2): 101297. landslide and stability evaluation methods [ J] . China Journal
[38] fariEd, B M, AKIYAMA M, & . 5L T [ ™ 3% 38 ] 5 5 1) of Highway and Transport, 2018, 31(2): 15 — 29. (in Chinese
BB T SR Tk [T ] E R &‘ AR B with English abstract) ]
%, 2024, 54(12): 2392 — 2404. [ HE Zhengying, HUANG [45] T, A, e, e 2o A1 MS#%J& iR
Yu, AKIYAMA M, et al. A decision optimization method for WFs b [ 7] . KA K d BEH kB2, 2020, 40(4): 87 —
resilience-enhanced strategies for slopes based on road network 94. [ XU Weiya, ZHOU Weijie, YAN Long. Research progress
connectivity reliability [ J] . Scientia Sinica Technologica, on seepage stability of rainfall-induced accumulation
2024, 54(12): 2392 — 2404. (in Chinese with English landslide [ J ] . Advances in Science and Technology of Water
abstract) | Resources, 2020, 40(4): 87 — 94. (in Chinese with English
[39] ETH, M, 2K, % SR 1E AT S FUZ 3 3 abstract) |
Tt (1] .54 £ J1%, 2016, 37(2): 439 — 445, [46]

TLELGR, TRISCME, £, 45 w8 2 X 5 XU T Y o
PR AL Je OB RTINS s8R [ 1] . B AR K 4,


https://doi.org/10.3969/j.issn.1002-4549.2022.07.013
https://doi.org/10.3969/j.issn.1002-4549.2022.07.013
https://doi.org/10.3969/j.issn.1002-4549.2022.07.013
https://doi.org/10.1016/j.compgeo.2024.106534
https://doi.org/10.1016/j.compgeo.2024.106534
https://doi.org/10.1016/j.enggeo.2024.107543
https://doi.org/10.1016/j.enggeo.2021.106372
https://doi.org/10.3969/j.issn.1008-2786.2003.05.013
https://doi.org/10.3969/j.issn.1008-2786.2003.05.013
https://doi.org/10.3969/j.issn.1008-2786.2000.02.017
https://doi.org/10.3969/j.issn.1008-2786.2000.02.017
https://doi.org/10.1016/j.sandf.2023.101297
https://doi.org/10.1016/j.sandf.2023.101297
https://doi.org/10.1360/SST-2024-0115
https://doi.org/10.1360/SST-2024-0115
https://doi.org/10.1360/SST-2024-0115
https://doi.org/10.1360/SST-2024-0115
https://doi.org/10.1360/SST-2024-0115
https://doi.org/10.3969/j.issn.1001-7372.2018.02.002
https://doi.org/10.3969/j.issn.1001-7372.2018.02.002
https://doi.org/10.3969/j.issn.1001-7372.2018.02.002

2025 4E

BRSBTS a5

[47]

[48]

[49]

[51]

[52]

[53]

[54]

[55]

2023, 32(2): 1 — 15. [ DOU Honggiang, JIAN Wenbin,
WANG Hao, et al. Review of failure mechanism and early
warning model of landslides induced by typhoon and associated
rainstorm in high vegetation coverage area [ J| . Journal of
Natural Disasters, 2023, 32(2): 1 —15. (in Chinese) ]
BERK, AR A G TR BT ARSI S B ()] AR
M B 2% R, 2017, 25(2): 257 — 276. [ HUANG Rungiu, QI
Shengwen. Engineering geology: Review and prospect of past ten
years in China [ J] . Journal of Engineering Geology, 2017,
25(2): 257 —276. (iin Chinese with English abstract) ]

SUI Haoyue, SU Tianming, HU Ruilin, et al. Study on the risk
assessment method of rainfall landslide [ J ] . 2022,
14(22): 3678.

JEE BT, KR, A BCIE, SR IR N AR b B e T KU B
XbEe ke wEaR [J] . P8 b B, 2015, 48(2): 238 — 246.

[ TANG Yaming, ZHANG Maosheng, LI Zhengguo, et al.

Water,

Review and comparison onlnland and overseas geo-hazards risk
management [ J | . Northwestern Geology, 2015, 48(2): 238 —
246. (iin Chinese with English abstract) |

FELL R, COROMINAS J, BONNARD C, et al. Guidelines for
landslide susceptibility, hazard and risk zoning for land use
planning [ J | . Engineering Geology, 2008, 102(3/4): 85 —98.
AMARASINGHE M P, KULATHILAKA S A S, ROBERT D
J, et al. Risk assessment and management of rainfall-induced
landslides in tropical regions: A review [ J ]
2024, 120(3): 2179 —2231.

TYAGI A, TIWARI R K, JAMES N. GIS-based landslide hazard
zonation and risk studies using MCDM [M]//Local Site Effects

. Natural Hazards,

and Ground Failures. Singapore: Springer Singapore, 2021: 251-
266.

r‘Jﬂi'a, B R M B KU A S K R (]
Mo R R CE 5 R BG4, 2000, 11(1): 38 — 41. [ XIANG
HUANG Rungiu. Risk

Xigiong, assessment and  risk

management for slope geohazards [ J | . Journal of Geological
Hazards and Environment Preservation, 2000, 11(1): 38 — 41.
(in Chinese with English abstract) |

ol i, Th o, R AR, AL E Y E R S B R B
W [T MR 1354, 2006, 12(2): 119~ 126. [ ZHANG
Yecheng, MA Zongjin, GAO Qinghua, et al. Huge disaster risk
and prevention in China [ J] . Journal of Geomechanics, 2006,
12(2): 119 — 126. (in Chinese with English abstract) ]
BESCHE, Wi, K E, 5. FIERTA SRS HE
B2 TS O A L] LA o, 2022, 4303
) 1): 623 —632. [ LIAO Wenwang, JI Jian, ZHANG Tong, et

/T‘R_}:?'A_‘

al. Time-effect risk analysis of shallow landslide considering
spatial variability of rainfall infiltration parameters [ J | . Rock
and Soil Mechanics, 2022, 43(Sup 1): 623 — 632. (in

Chinese) |

[56]

[58]

[63]

[64]

AR, wiE Ak, S, 55 . kT J0 BR324 0 0 R E R
W E R MRS [T A 1%, 2014,
35(12): 3503 — 3510. [ WANG Jun, HUANG Rungiu, NIE
Wen, et al. Experimental study of early warning system model of
landslide induced by
method [ J ]
3510. (in Chinese with English abstract) ]

TR, IR LD, F5 07, A5 F E B R A KUE X BT K
FEY RSN [T] v B9 E 5 B R 4 i, 2008,
19(4): 61 — 66. [ XU Jing, JIANG Yuhong, WEI Fanggiang,

rainfall based on infinite slope

. Rock and Soil Mechanics, 2014, 35(12): 3503 —

et al. Susceptibility analysis of geologic hazards in landfall
. The Chinese Journal of

19(4): 61 — 66. (in

typhoon-affected areas in China [ J ]
Geological Hazard and Control, 2008,
Chinese with English abstract) ]

LUO HY, ZHANG L M, ZHANG L L, et al. Vulnerability of
buildings to landslides: The state of the art and future
needs [ J] . Earth-Science Reviews, 2023, 238: 104329.

PU Jian, HUANG Yu, GUO Zhen, et al. Physical vulnerability
of reinforced concrete buildings under debris avalanche impact
based on GF-discrepancy and DEM-FEM [ J] .
Hazards, 2024, 120(3): 2571 —2597.

W, R ZLE, MO, A5 T B R S A v T 1 R T
5 R R JZE M W 5 R R X K - GIS-FORM £ R T & 5
R [I] A %5 TR, 2024, 43(4): 838 - 850.
[ JI Jian, CUI Hongzhi, TONG Bin, et al. Fast zoning of
landslide

Natural

rainfall-induced shallow susceptibility based on
physical process uncertainty: Development and application of
GIS-FORM [ J ] .
Engineering, 2024, 43(4) : 838 — 850. (in Chinese with English
abstract) |

KA, B E I, Wb, 5T LS I B R A = BT
SRR T M B S R VEE A [T . B O R L B o 4l

2024, 26(3): 59 — 66. [ ZHANG Keyue, CUI Yulong, XU

Chinese Journal of Rock Mechanics and

Chong, et al. Evaluation of landslide susceptibility to heavy
rainfall in Sanming City, Fujian Province based on machine
learning modeling [J] . Journal of Institute of Disaster
Prevention, 2024, 26(3):

abstract) ]

59 — 66. (in Chinese with English
XIE Chenchen, HUANG Yuandong, LI Lei, et al. Detailed
inventory and spatial distribution analysis of rainfall-induced
landslides in Jiexi County, Guangdong Province, China in
August 2018 [ J ] . Sustainability, 2023, 15(18): 13930.

ALHAMID A K, AKIYAMA M, HE Zhengying, et al. LRFD
methodology for river embankments against non-stationary
flooding under climate change [ J] .

109: 102477.
GARIANO S L, GUZZETTI F. Landslides in a changing

Structural Safety, 2024,

climate [ J | . Earth-Science Reviews, 2016, 162: 227 — 252.


https://doi.org/10.3390/w14223678
https://doi.org/10.3969/j.issn.1009-6248.2015.02.025
https://doi.org/10.3969/j.issn.1009-6248.2015.02.025
https://doi.org/10.1007/s11069-023-06277-3
https://doi.org/10.3969/j.issn.1006-4362.2000.01.008
https://doi.org/10.3969/j.issn.1006-4362.2000.01.008
https://doi.org/10.3969/j.issn.1006-4362.2000.01.008
https://doi.org/10.3969/j.issn.1006-6616.2006.02.002
https://doi.org/10.3969/j.issn.1006-6616.2006.02.002
https://doi.org/10.3969/j.issn.1003-8035.2008.04.013
https://doi.org/10.3969/j.issn.1003-8035.2008.04.013
https://doi.org/10.3969/j.issn.1003-8035.2008.04.013
https://doi.org/10.1016/j.earscirev.2023.104329
https://doi.org/10.1016/j.earscirev.2023.104329
https://doi.org/10.1016/j.earscirev.2023.104329
https://doi.org/10.3969/j.issn.1673-8047.2024.03.007
https://doi.org/10.3969/j.issn.1673-8047.2024.03.007
https://doi.org/10.3969/j.issn.1673-8047.2024.03.007
https://doi.org/10.3390/su151813930
https://doi.org/10.1016/j.strusafe.2024.102477
https://doi.org/10.1016/j.earscirev.2016.08.011
https://doi.org/10.1016/j.earscirev.2016.08.011
https://doi.org/10.1016/j.earscirev.2016.08.011

soil properties [ J ] . Computers and Geotechnics, 2022, 147:

- 26 - Hh [ M KCE 5 B iR A 4R %2
[65] SOBIE S R. Future changes in precipitation-caused landslide 104751.
frequency in British Columbia [ J] . Climatic Change, 2020, [77] GONG Wenping, ZHAO Chao, JUANG C H, et al. Coupled
162(2): 465 — 484. characterization ~ of  stratigraphic =~ and  geo-properties
[66] LIN Qigen, STEGER S, PITTORE M, et al. Evaluation of uncertainties—A  conditional random field approach [ J] .
potential changes in landslide susceptibility and landslide Engineering Geology, 2021, 294: 106348.
occurrence frequency in China under climate change [ J] . [78] SANTOSO A M, PHOON K K, QUEK S T. Effects of soil
Science of the Total Environment, 2022, 850: 158049. spatial  variability —on rainfall-induced landslides [ J ] .
[67] HUANG Yu, XIONG Min. Probability density evolution method Computers & Structures, 2011, 89( 11/12) : 893 — 900.
for seismic liquefaction performance analysis of earth dam [ J ] . [79] CHEN Wei, CHEN Xi, PENG Jianbing, et al. Landslide
Earthquake Engineering & Structural Dynamics, 2017, 46(6): susceptibility modeling based on ANFIS with teaching-learning-
925 —943. based optimization and Satin bowerbird optimizer [ J] .
[68] HUANG Yu, XIONG Min, ZHAO Liuyuan. Slope stochastic Geoscience Frontiers, 2021, 12(1): 93 —107.
dynamics [ M ] . Springer, 2022. [80] &M, WKIHE-F, #oR4, 5. 5 B4 2 > Al
(691 Xy, fal SELBA, Al JS 11 B T 288 280 %o 9% )2 v B A 7 1 1Y S/ X G I S R0 S R0 Y B A M I R [T ]
o [ 1] HiER B, 2014, 39(9): 1357 — 1363. [ LUO M BR B 2, 2024, 49(5): 1607 — 1618. [ HUANG Faming,
Yu, HE Siming, HE Jinchuan. Effect of rainfall patterns on OUYANG Weiping, JIANG Shuihua, et al. Landslide
stability of shallow landslide [ J] . Earth Science, 2014, susceptibility prediction considering spatio-temporal division
39(9): 1357 — 1363. (in Chinese with English abstract) ] principle of training/testing datasets in machine learning
[70] =2 2, Wm0, kAL, 4. GIS STHF T Y [ [ 2L 3t models [ J] . Earth Science, 2024, 49(5): 1607 — 1618. (in
fE W P ) A BT B [ 7] . BR5E R, 2003, 48(5): 507 — Chinese with English abstract) ]
512. [ LAN Hengxing, ZHOU Chenghu, WU Faquan, et al. (811 FEZKAE, Yo, MK, 5. ML 2= > 76 B3 b 5T K
Spatial analysis and prediction of rainfall landslide risk supported SUBRY R BRI [T] . K S TR M,
by GIS [ J] . Chinese Science Bulletin, 2003, 48(5): 507 — (2024-07-25) [2025-01-10]. [ WANG Jiazhu, TIE Yongbo,
512. (iin Chinese with English abstract) | BAI Yongjian, et al. Application and prospects of machine
[71] MARTINOVIC K, REALE C, GAVIN K. Fragility curves for learning for rockfalls, landslides and debris flows [ J] .
rainfall-induced shallow landslides on transport networks [ J ] . Hydrogeology & Engineering Geology, (2024-07-25) [2025-01-
Canadian Geotechnical Journal, 2018, 55(6): 852 — 861. 10].  https://doi.org/10.16030/j.cnki.issn.1000-3665.202402011.
[72] HU Honggiang, BAO Yangjuan, HAN Xu, et al. Non-parametric (in Chinese with English abstract) |
fragility curves for probabilistic risk assessment of rainfall- [82] skil, il %%, BRaalr, 55 3 T 2 RUEE & B Bl 48 ) 4% 119 TR
triggered landslides [ J ] . Computers and Geotechnics, 2024, YT 5 ZEvEm [ 7] . b Bk E 5 PR iR,
173: 106546. 2024, 35(4): 146 — 162. [ ZHANG Qing, HE Yi, CHEN
[73] TANG Gaopeng, HUANG Jinsong, SHENG Daichao, et al. Xueye, et al. Landslide susceptibility assessment in Shenzhen
Stability analysis of unsaturated soil slopes under random rainfall based on multi-scale convolutional neural networks model [ J ] .
patterns [ J | . Engineering Geology, 2018, 245: 322 — 332. The Chinese Journal of Geological Hazard and Control, 2024,
[74] #HE, WE, TO6, & O TR 0 35(4): 146 — 162. (in Chinese with English abstract) ]
BB MR E AT (1] K AR UL 5, 2022, 40(6): (831 JARWI, XU, Bk 4. B T HLAR 2 2 1Y X 80 0 3% f
166 — 170. [ YANG Guogiang, TAO Hu, LEI Shaowei, et al. Btk SE M ik gk (7] . b b R R E S B iG IR,
Analysis of seepage and stability of unsaturated soil slopes under 2021, 32(4): 1 — 8. [ FANG Ranke, LIU Yanhui, HUANG
different rainfall patterns [ J] . Water Resources and Power, Zhiquan. A review of the methods of regional landslide hazard
2022, 40(6) : 166 — 170. (in Chinese with English abstract) ] assessment based on machine learning [J] . The Chinese
[75] MA Jianhua, YAO Yunqi, WEI Ziran, et al. Stability analysis of Journal of Geological Hazard and Control, 2021, 32(4): 1 — 8.
a loess landslide considering rainfall patterns and spatial (in Chinese with English abstract) ]
variability of soil [ J] . Computers and Geotechnics, 2024, [84] HUANG Faming, CHEN Jiawu, LIU Weiping, et al. Regional
167: 106059. rainfall-induced landslide hazard warning based on landslide
[76] HUANG Yu, HE Zhengying, YASHIMA A, et al. Multi- susceptibility mapping and a critical rainfall threshold [ J] .
objective optimization design of pile-anchor structures for slopes Geomorphology, 2022, 408: 108236.
based on reliability theory considering the spatial variability of [85] GUZZETTI F, MONDINI A C, CARDINALI M, et al

Landslide inventory maps: New tools for an old problem [ J ] .


https://doi.org/10.1007/s10584-020-02788-1
https://doi.org/10.1016/j.scitotenv.2022.158049
https://doi.org/10.3321/j.issn:0023-074X.2003.05.021
https://doi.org/10.3321/j.issn:0023-074X.2003.05.021
https://doi.org/10.1139/cgj-2016-0565
https://doi.org/10.1016/j.compgeo.2024.106546
https://doi.org/10.1016/j.enggeo.2018.09.013
https://doi.org/10.1016/j.compgeo.2023.106059
https://doi.org/10.1016/j.compgeo.2022.104751
https://doi.org/10.1016/j.enggeo.2021.106348
https://doi.org/10.1016/j.gsf.2020.07.012
https://doi.org/10.16030/j.cnki.issn.1000-3665.202402011
https://doi.org/10.16030/j.cnki.issn.1000-3665.202402011
https://doi.org/10.16030/j.cnki.issn.1000-3665.202402011
https://doi.org/10.1016/j.geomorph.2022.108236

2025 4F O AR AT SR R KU A AT T S 27 -
Earth-Science Reviews, 2012, 112(1/2) : 42 — 66. Geomorphology, 2018, 303: 284 — 298.

[86] HUANG Faming, ZHANG Jing, ZHOU Chuangbing, et al. A [90] DU Juan, GLADE T, WOLDAI T, et al. Landslide susceptibility
deep learning algorithm using a fully connected sparse assessment based on an incomplete landslide inventory in the
autoencoder neural network for landslide susceptibility Jilong Valley, Tibet, Chinese Himalayas [ J ] . Engineering
prediction [ J] . Landslides, 2020, 17(1): 217 —229. Geology, 2020, 270: 105572.

[87] ZHU Li, WANG Gongjian, HUANG Faming, et al. Landslide [91] HE Zhengying, AKIYAMA M, FIRDAUS P S, et al
susceptibility prediction using sparse feature extraction and Probabilistic connectivity assessment of road networks exposed
machine learning models based on GIS and remote to spatially correlated rainfall-triggered landslides [ J ] .
sensing [ J | . IEEE Geoscience and Remote Sensing Letters, Reliability Engineering & System Safety, 2025, 257: 110800.
2022, 19: 1 5. [92] HUANG Yu, HAN Xu, ZHAO Liuyuan. Recurrent neural

[88] SUN Deliang, SHI Shuxian, WEN Haijia, et al. A hybrid networks for complicated seismic dynamic response prediction of
optimization method of factor screening predicated on aslope system [ J ] . Engineering Geology, 2021, 289: 106198.
GeoDetector and Random Forest for Landslide Susceptibility [93] HUANG Yu, MAO Wuwei, XIONG Min, et al. Report on the
Mapping [ J ] . Geomorphology, 2021, 379: 107623. international workshop on seismic design and assessment for

[89] LEE J H, SAMEEN M I, PRADHAN B, et al. Modeling resilience, robustness and sustainability of slope engineering,

landslide susceptibility in data-scarce environments using

optimized data mining and statistical methods [ J] .

13—15 January 2023, Shanghai, China [ J] . Geoenvironmental
Disasters, 2023, 10( 1) : 23.


https://doi.org/10.1007/s10346-019-01274-9
https://doi.org/10.1016/j.geomorph.2021.107623
https://doi.org/10.1016/j.geomorph.2017.12.007
https://doi.org/10.1016/j.enggeo.2020.105572
https://doi.org/10.1016/j.enggeo.2020.105572
https://doi.org/10.1016/j.enggeo.2021.106198
https://doi.org/10.1186/s40677-023-00251-8
https://doi.org/10.1186/s40677-023-00251-8

	0 引 言
	1 降雨型滑坡风险评估的研究现状回顾
	1.1 考虑气候变化的降雨作用下边坡可靠度评估
	1.2 考虑降雨模式不确定性的边坡易损性评估
	1.3 基于机器学习方法的降雨型滑坡危险性评估

	2 降雨型滑坡风险评估的挑战与展望
	2.1 面临的挑战
	2.2 未来的展望

	3 结语
	参考文献

