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A review of the methods of regional landslide hazard assessment
based on machine learning
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Abstract: The landslide disaster in China is widespread and serious. Regional landslide risk assessment has always been one of
the most important contents of landslide disaster prevention and mitigation. In recent years, with the rapid development of big
data and artificial intelligence technology, machine learning technology has gradually been widely used in landslide hazard
assessment andachieved good results. Based on a large number of literatures, this paper systematically expounds the research
status of landslide risk assessment methods based on machine learning technology. This paper reviews and analyzes the existing
research results from three key links: evaluation factor selection and quantization normalization, data cleaning and sample set
construction, model selection and training evaluation, and finally puts forward some suggestions on the development trend of
machine learning landslide risk evaluation methods.

Keywords: landslide; risk assessment; machine learning; method survey; model research

HERZ—. WE R K2 E i R, B
Bt (T b2 2, PR AR R ASE T, B te
DRI IO E L ) fEE R JTHARE TR . KSR F R RO, WA

il

0 35

KRB H: 2020-09-04; fE1THHA: 2020-09-14

EETH: EZRESMAITRI(2018YFC1505503); B R BHE #4110 F 81 (2015BAK10B021); B 5K H 4 BL #3435 H (41202217); H
SRR A 4 1) BE B H (214200510030)

E—EE: JrIRTI(1996-), B, W RGABIN N, TEAF5E AR, 3220 A8 33 9 35 T A SCWF5¢ TAE . E-mail: 1361853780@qq.com

WIREE: XIHME(1978-), &, 4, B S TR, B2 MR R E W 554 . TR R4y m i iros T4
E-mail: 392990563@qq.com


https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.04-01
https://doi.org/10.16031/j.cnki.issn.1003-8035.2021.04-01

S2- Hh [ M KCE 5 B iR A 4R

%44

TEPEPEHY . S R KR, R AE XU T (AT R — A
b DX B2 — AN ), X 5 W B & A R R A b
MBS IF I R G0, M X3 L MR 3l T b vl i & A= 1
T B S Gtk A IX R, b R o R R A X B A, B
J Sk 2 B T R 3 O AR R 1 B
—o H 20t 90 AEAR LI, [ PN AMIFIE E ET I B e
W Pk O F R T A R TAE . DUKE 26 V3E 1
GIS X Ly X b T 5 5 64T 40 M7, #EST T — & 58 8 A s
JE, F & T R E T IEA AR Y ALEOTTI 4525
SE BT W b R O G B PR AN A g R R, JF e R
(& B P DT vk AT T 0 248 . (A0 [ N 24 TR 1%
UL IR T IR ST IS TAE, Heanis 2R Ees
A JR A 4 VT =02 PR X2 e A e e DX ol P il
IEU IR B TR B R SRR R XU
£ B 1 M K E S MIE AR R, A T RGETEH AR
R IFAE =R X, O b XA AT T A RS s TR
WIR L2 F W R T AL TAEC Y, L2 iR 7 i,
KEUBEAG M7 16 R 32, 8 i b 2 W 3k ¢ 3 R
I R 21, JF e 4552 1 [X 5 0 38 =22 ) 9 e 31 40
B, B JE ST GIS TR RIS fE R P PP X 5]

UTAE R, B N T8 B R R0 i 2 20 &k R, HL
TR S A K B WS R PR T B AR )2 R
FHUO G 2 SO R T A R 4502 BERLARARL)
PR S [ AT SRR AL RN DU
1% 32 8 [ A USIA5: 22 PSS 0 B 3 ol 7 P 81 X3 3 1
PEPEAN o, IS T AR

AR S I P SCHR, R GE E RE T LR T i X e
G AR ik, MIEH 7 e S =ik 3 — 1k
PR Ve S REAR A £ | IR R S Y PR S = A
SCEREERT X IR W9 R UEA T A0 HT B4, B Ja xR J
BRI I .

1 ETFHHEFINEREREITNHTINR

1.1 WM RS

SR T 0 A TR AR I R 4y B Ak, RN T
T O A5 B0 DA A6 ) ) 7 5 6 T, [ 45 5 i P
0 A7 AR R RIS R vk (1 22 5%, 7600 2 R
SRR PEAIF ST X A ELA I 0, &1 X U4 IR 7, 4
B R BRI T R A AL BT —fh b B
1.1.1 PR EITH E

PR B R E X T T S B M P 5 X R
(18 5 /Nt P BT o — A kg R0 B T AN R ) ) B 55
FE 58 5 R VEN T8 bR AR LL, BAOTHE bR T8 55 19 78 BBl

[N E ER 7NV E i L NG 0 D ST B
Yk 525, RIA% BTN R BT s AT (Hh
TE S ERIT) | HUJE BLOCPOR Y — R o, Hi T
IR HJE ST RIS — S5 AR BT A Dy R, BT
DATERf 72 PEO BT 22 1 FH IO s BT R AR BT

ik 98 7R POk 1 B B 5 XA PF 4 I F £ 36 T DEM
B 3L Landsat £, B DL A A% 550 %0 £ ith B A7
Hi T I E LB ETEAN o S KI5 BB PN BT A
[, #P2 HLIU 1E 5 30 mx30 m W H&, f5 TbR s il 43 A
JE ST . 2l AEPTIE T DEM SE A GIS 7K 34y
BT XS 8 - AR 5 X R T RHE ookl o3k o e
Hi P HERE AN 5 X3 Sk 22 A0 ) A A B DR BOH TR] 119 1
HIEA G, AR/ N RO R SR, el KR
BLIT A 2 X I N 5 & BB o0 A, Rl 43 S AS TR i 7K SC
X35,
1.1.2 PP R

TEA PR 8 BRI 1 355 1 5 R VP 9 55 — 3R 4, X T
e R B REEE, PR P BE BT ZEAEWF I XA B Y
TR A R SRR R G AR EE T R
A

(DA SCHE S M i

S PSR 3 43 A RN R A A SR, & B L
FH I AR 3 0 BRI T DEA0 DR 0, P AR e e e A
Pearson AH G 4 M iE 47 07 16, 51 ok vy 2t X7 LG
SEMPER T, TR AP SVM BRI, A MRS S HE IS
RBEBE I BT K5, R 0 RE RIS 2% I 14, B &
AT AR R DT R0 5 LA, AR A A 5
P S S PN ey S 3 A P e 2 DY S i}
AR XN WFFE X G2, LA 2% 14 LR T RRAE R
HR 5 Spearman X PE B H 12 4> T PE M 46 br #4740 6
PESTHT, THEE R R AR DG BE A, BIAR SCME REL R, 11
G SR T HHOCIE R B & i AR K, AR R #H
T SVM BYBEARLII 25

(2) BEHLARAERAE B 2 HE P

R PR A5 P 1o A R BEAILAT ALAT B — R
HUE, 43 M HiJE BEALAR AR ) ACC A8 1k, A8 AL AN
FRIE M BOE L, P I % G 7 R E A 1 1 Sl 4
b M, AR DR I U, S 260 S50 R B AL
FO N R SRS T e RS U B N AT [
FRIEE 2 571 Gini #8508 L, Bk TR E
B TR B T VT AR PR A o SR I SEILLA Y
HIA M BIFGE X, il H TR IE 2 2440 R IR 38 3 2 R
FVRRAE - 2748 25 8 55 5 o TR R AR B i 4R



2021 4¢

TrgRul, A FET LR 1 DB BRI O 2518 23

B, SURE T 454~ PR X RF AR B fige R R 3, MR A5 78
fi H P TRV R I A AT A B R DR R R EE M, R A
HH IR AR AR AR, RVERAE STk R

1.1.3 Hrafb5H—1k

FEVERER T IS e o S —SE m 4R RRIE R, A 4L
Wi 22 4%, BN T ST AR, DTS WAL 25 2 2] B PFAN K
B, T HLAS PR 6 B 0 B s R RO AR R BY B
DA ZEVPAG I 0 18 B 1 ¢ 3 DR -, DT e 1538 ) o 3
R0,

AL i i A S R A 0 TP T — 4% K
TR 4 A SR B R FE ST PR DR DX 52 i A i
Ak, AT 8 B9 18 R 1 1 H B0 SRR K By
WFFE X, [RIAEE A BAME S5, Je BBk &, K
PR R PR DX ) A T 1 s i R A, BB s
DX [] ¢ 3 m (B (it DT S fh 5 B DA R 1
B, 2O WO s A R R, A
W T . GEIREWWILRN 16 MHFHA 9N HA
B Tk

FACIF LN, AR R BARREE A SR, H
SRR REARFAEAE A 7 FOAR E 2, S 75 A T —
fRARFE, AT GE— PR 4, D/ NP A SRR 25 . 2T
RSN T e AN DR A 2 4 22 5 m) A, e %o 3ok B
() 7 A FE RPN PR 2T 3 — 48R, (R T
BRGS0 A FEAN 5236, TRV RR AR 0 —fh 22 5 14
PR BT B A B, R — R 5 45 5 10, B 0FAh
FEPRBRAETE 0~ 10, S5 3 W2 [ E A, 4
JUBE 1 (9 5 FE R PEAY o 304 ) A5 O T A 7 0 B A
W P PP B 2 T Bs AT 1 U — AR A B, B 4
T 2 A0 B AT EG 0 BS0(E 2 R R AR A, B BT 40 KA IR
(B, {75 28 (B H00HR AR 7 TR — A A bm s (8] 9, DI VR B3
25, T4k
1.2 BURH v SRS

X F L2 SRR U, TR AR EICHE 2 ) SR e
T VFUORE BEAERR 5 5, Ir IFE e K FE N5, i
T BLUEATRE A B 4R R 1 R U, A BB ROt AR THT
MR AR
1.2.1  JRIRFEAR LR

YAO I it K AR HUIE MBI SE X, K 1990 4 i
KA 2031 R WA RN G4 Z R R AER
229 WIS MBS UELE o ILANE 3 2 40 m I ZE P IX 2
AMEHL A SREAR ORI B A, ), 18 5 AL A5 22 ) ) fe
P B 20 mo K AT RS I B 0 BB AE N IR R S 0T

YNZEPiZk SVM BRI . KUMAR 2495 GIS W& & ik
L JE T 355 ) Y W R, B AL o R R S e B —
AL 50% B IEREAS (I 3% A0, PAJCH 31k DX Sl B AL
AT 7 R AR R ) /R N4 5 28 =
T RAE SVM BIRL (HRAR ) T4y 50% 15, fi
TARER R RN S R AN N Y (R B, CHEN AP =
WRFR A BN BIFFE X, AR 4 BT A1 A A2 515 I T ik b
TESEAG B E A A5 2] 0 T 38 A7 1, W T A Ao Rl 4y
>}y PLS Al PNLS, fii 417 20% PLS 1 PNLS Il L4
XA AR AT I 2, Ml N 25 Ja i B 78 55 a4 (R
HA 80% 12 2). e Ja k£ 50% A4 PLS Al PNLS /£ K
YIZRAE XS WS S AT R P o X R AF DL — e g
XA SR IX, B mi i Se i S IR A AR A . o T b
FEVEAE W B A PR AR RS 15, [T T ArcGIS A i FE
ML, FELAIE SUREAS 1+ 2 SR A8 305 Bl B AR MR D s 25040 4
HeFEAT G B PEAY . CHEN 259k v 45 K 1 2 F
FE X, FE TG Y DX P8 BEAIL A 8 R o Y A ) 7 e, P
W7 3 A 4R, Fea L IEREZR (i 3 a0 A
1, UREAR (R3O AE 0.
1.2.2 BHRE T S A p

—JBAE LT, B I VR R X B R A T R (R A b
AL (M (8D UM, N TR R Bl AR e 2%
BB L b 5T A SRR S5 A s 5 e J 4G A s 4, i LA
DA TR TG Ve o XURZpEILL DI 8 it 5E X, T
W YRR AEAE S AN G —, N R i 22 55 I [N, 3 o £ s
i, T B, A8 e, IR 228 TE A5 07 o I n Kt
PATIEVE o A W73 3o I e 5000 14T s o A R Ak 2R
R JE AR, XS (R, G SR 2 (e A/ n
B, 25T o F R, AT AR b 4. Horh s
HHEIF A — o A, M T X AR o, 78
—FF AR ECH I WO A A L TR e, — 3 e AR i
SR BN AR AS Ty AR HEATIE TR, S5 R R W
T VR G B s SEASE R DA RS o s
1.3 AAEGEEC S I 2RI

HALAS 7 AR 2 e Bl e | RS2 =
N 1O G O = e e e o 3 L O s = L
R, BLAR2F 20 0 R A5 1 B 9 PPN B TR R RS 35
oA, BB GRS SR G R TR
A AAUCOT  E I B A BSE PE A RT3 B ML 2 )
R L 1,
1.3.1 ARSI S

Z 0 POV FH A 2 X 285 A AR ) I N A TR AT e s e



4 - Hh [ M KCE 5 B iR A 4R %4
F1 BEERETNAHEANNSEESIRE
Table1 An optional machine learning model for landslide hazard assessment
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