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Abstract: Taking the southeastern Tibet Region as the research object, the paper analyzes the landslide susceptibility
based on optimized random forest (RF) model, and discusses the main influencing factors of landslides. With field
survey, remote sensing data analysis and literature review, the study screens the landslide and non-landslide samples
systematically, and optimizes the landslide and non-landslide sample screening methods of models, selection of impact
factors, application of connection approach and hyperparameters. The random forest model (multi-objective

optimization) is optimized by non-dominated sorting genetic algorithm (NSGA-II) and compared with RF-GA model
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(single objective optimization ). The four indexes of optimal accuracy, recall rate, precision rate and F1 are increased
by 3.3%, 8.7%, 3.2% and 1.9%, respectively, compared with the RF-GA model. Besides, the high, relatively high and
medium susceptible areas increased by 2.7%, 3.1% and 1.2%, respectively, in terms of landslide susceptibility zoning.
The high accuracy of RF-NSGA- Il model is verified (AUC=0.877) by drawing ROC curve and calculating AUC value.
The results show that the landslide susceptible areas in southeastern Tibet are mainly concentrated in the intersection of
Yigong Zangbo River and Palong Zangho River and the big bend area of Yarlung Zangbo River. In the importance
ranking of landslide impact factors, distance from road, elevation and distance from river take up the top places, as
complex geological structures, densely developed faults and influence of long-term tectonic activities cause frequent
landslides in such areas, especially in high susceptible areas with criss-crossing faults, broken rocks and developed
joints.
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A—35JE (slope gradient); B—3[1] (slope aspect); C—i£E (elevation); D—FT 2 (plane curvature) ; E—H8EE R (topographic relief); F—3§

75 (slope variability ) ; G—H ] i i % ( distance from river); H— i ##HH 2 (distance from road); I—4E 3445 (average annual rainfall); J—Hf

W72 5 25 (distance from fault); K—-1 #1545 % (land use variability ); L—>¢+ 1443 X (lithological zoning); 1—H % 1 Ak b (moderate-coverage forest

land); 2—{IC7E S5 Ak (low-coverage forest land ) ; 3—7 85 S5 Ak (high-coverage forest land ) ; 4—BE(gobi); 5—A Pk (forest land); 6—J 3 JHITA

7K I (river/lake/pond ) ; 7—#E AR (shrub forest ); 8—#E 1= (bare soil); 9—#E 7 (bare rock ); 10—HAth A A (other unutilized land); 11— 5 2
(hard rock); 12— (soft rock ) ; 13—4 " AH A (mild hard rock); 14—4# 7 (mild soft rock )
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TEM Y 5y RAETEM AL Bl ML AR AT 28 1
NSGA-II fEAb)E . IIZRAEafh 2B B3E Tt F1 3 8UER
AR EPRE R TR A, XA A 25 & 3R
BREE, Z3IXF T, Zad NSGA-II F1 GA fifk
T PO ML AR A 70 7 )11 2 235 S v 359 2 0 H 5 oo ) e
ik, {H NSGA-I AL 5 PRSI GRS BE i 0.794 12

T 14 1 i

Wl A -

Tz

-t il e
o R A
b fl o )

4057
R R R R L SRR e

Lk 005 0 L1y 20 D25 AR DS 0400 [RA3

[ IR

TF% 0.827, Won H o B A vERR P K (2 5). XA
3 f# ] RF-NSGA - JEA7 R S 800 A & Y
P, RAF AR FE AR AL & T 26 (82.7% ) A3 [al %
(81.9%) K5t (80.1%) .F1(81.5%).

x5 RUBEIISGEERTE

Table 5 Comparison of training set results before
and after optimization

I[E%eS TR AN G e F1
NSGA-11-RF 0.827 0.819 0.801 0.815
GA-RF 0.794 0.732 0.769 0.796

43 BESEETFNER

i FHYN RIS T A TS X3 ¥ B 5 & 1
i, 53] RF-NSGA-II Fl RF-GA ¥ 5 K AEVEAN 45
SO 1), 38T B AR R Wi o X 43 8 38
BB AR 5 N5 RS, I T A SR X R
(TR DL B 45 X N i T SRR (3% 6). 55 RF-GA Tl
W A5 R S5 L3 B J5 & B, RE-NSGA -1 i ] 25 5
BonthE . BE . B 3G RSN G S
BRI R B R IS R T A A B AR A
FbF RE-GA T 25 5L Je Bt i i 8 A A A B

O by (b)
b
Je i)
)5
Yl 2
b bR R
HEtes i (R 3. 845%
i e B.562%
i Lk A %
i
¥ Gt
¥ T T T T T T T T
o OE  L1Ss 002 025 030 055 Gdal (kas

P10 RF-NSGA-II Fll RF-GA A7 f) F= 4738 [R5 fiF 2 2o L
Fig. 10 Importance comparison of the main control factor characteristic between RF-NSGA-II and RF-G models
a— RF-NSGA-II #% (RF-NSGA-II model); b— RF-GA #%I(RF-GA model )
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Fig. 11 Comparison of landslide susceptibility assessment results
a— RF-NSGA-II #% (RF-NSGA-II model); b— RF-GA B (RF-GA model ); 1—1i%5) &1 (lower susceptibility); 2—#% 5 %1 (low susceptibility ) ;
33— 5 &M (medium susceptibility) ; 4—451 5% %& P (high susceptibility); 5—5 5 &M (higher susceptibility)

=6 BHEHBELXEITFNSXEITER
Table 6 Statistics of landslide susceptibility assessment zoning

oy RAEELR 5] B H A% i

WA A% XEMR EWEAR XEA ERER oXER ERER SXER AR SXER SR

RF-NSGA-I11 44.42 14.95 28.79 29.52 15.46 4.63 2.34 17.94 2.34 12.96
RF-GA 41.69 12.25 28.66 26.52 21.67 23.63 8.71 21.94 2.68 15.67
44 ROC HHZRIEIE kR
AUC(ROC HIIZE T (0 I AR ) J2 1 A8 75037 1 P i |
B ) AR ROC 2R IR HURE 5 |
S A T 5 1 2 B A e B VA k. RE-NSGA-IT 5 K
R R B R AUC 8, 5% T 0.877, BIRMET 2 ol
RF-GA BB 45 SR (A 12). Bk
AT 1o 0 FF R I 1 S -l s AE A 7 0s |
W5 KA AT T RF-NSGA-IT 5%l RF-GA 02 et ; ::*'f“l’:::j
BRI 45 . RE-NSGA-TT BT RF-GA BiI7E "=
R P PR BB A, A T RO SRR "o w01 w3 as o5 os a7 ar me 1o

HERE
B 12 1505 B 45 R ROC 4k

FEBEFITAT HLPE. RP-GA M7 O 283K 3 T 45w i i 5

KT SR, LA T AR OB S , LR

B . s HH R A PR NGGAIT A Fig. 12 ROC curves of landslide susceptibility assessment results
}/Fﬁr‘ﬂ:‘*n’“ A I L AL R T RENSGAI BRI R RENSGA-IT model )5 2—RF-GA BURE

TR 873t 7R 1 B HrAH(RF-GA model)
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FAE, B8 T HA WA GRY] | 1L BE IR AH X R 25 K55
b FERE A P 5 AT L R R it S SR A S e E
8 DX 8. T K B 2% R4 R B4 X 3 PN, TR AN R A A
T Z2ab . BRI ST VLA A B BT L JR
HEAN TSEY . RS A VL B kAR 3 5
TRAT I ) K47 W% LA K HO3 M 3k 5 i 7R 2 451 1F
Timo. i B P VB RS N XS
RS H, 5 RF-CA B EF X e, RF-NSGA-
11 A 7R 00 &5 S v s B & B TE R 7.98 % 2 T
% 932%, BEHEM N H 1412987 =
15.85% , FLJ0 355 o 3m S TR0 0 334 o3 e Ak IX 3250 O o8 2
X (&l 13).

Bl 13 RF-NSGA-IT AR F sk BRI P 5 e P4
Fig. 13 Susceptibility assessment results of landslide near
watershed by RF-NSGA-II model
1—HL R 75 3 45 (typical landslide site); 2—7K & (water system); 3—%
5 & ¥ (lower valnerability ) ; 4—#A%5) & ¥ (low susceptibility); 5—*
5 % P (medium susceptibility ); 6—4% %1 % & P (high susceptibility) ;
7—5 5 &M (higher susceptibility )
DVLAR S BT
BRI - T SEAN & ] BERE T A VLAL 2 B B
H T REIR A 3 B A TR 25, T R B R Tk
550, BB 0.45 km?, FIJRIET 165 m, MR
IR 1.5x10° m’, ZHL XIS [ o)A 3 25T L T

JE N 63.125 km/100 km?, J2& X IHF- 14 %5 B 1 2.85
. T 5 T 5 B UR UT) W7 55 IR 65 AT VLT 24y
BRHUT , MRS 15 1 B, A AL R A0 R 2 b
R Je IR R A A A R AR, R
BLURYI W 45 FIAE S A VLR (e, (o Ay
g TRCRE, B T W A R v REPE. AT L4y
B (3R 7)), e InT B0 55 2 & DX TH B 8.16% 38 1
£ 9.18% , RF-NSGA -1 ## 7j J ¥k 43 IX 45 e 5 5L bR
T X8 —30, AT RE-GA AT 25 R,

x7T HBBWBERSTER
Table 7 Sample distribution of typical landslide groups

L RF)  HLRF)  (hb/km?)
% %

UREHZZ MR- B M 168 23 5.87 4.96 1.24
(WS ENAP 226 28 7.14 7.64 1.16
RN -BHE 238 27 6.89 6.23 0.87
ARE-H % 349 32 8.16 7.89 0.68
SRS -EMES 772 48 16.67 15.23 0.63
Fib oK 57.8 44 12.24 10.28 0.57
TR -HEghs 528 36 9.18 8.16 0.48

TR -HNTTE 168 15 3.83 2.96 0.41
W2 - s 923 45 11.48 10.48 0.26
PIRAHHE 879 32 8.16 7.96 0.25
JRAS - IR 91.7 15 3.83 3.21 0.19
JeN s MK 584 12 3.06 2.89 0.14
KHE-101 EPE 2845 35 8.93 8.36 0.11

DU E R 153

PEHUIR B AZ AR 2 B A AT B B AR 15
Y BT R RAR 2 120 m, 5% 2 648 m, A%t
235 528 m. HAAK 530 m, T8 320 m, “EIgHEEE R
56°, M 3.65 km?, /AT 5.15x10* m®. % X s b T
Y18 (2L, R FEAEAE PR 25 BH S (A I 28y, W2 %%
BEN 50.487 km/100 km?, S P-4 FE (1) 2.48 fi5. P
FRIE R, R 6 SR 2 8] 59 BESE_EA7 A
HIVKTIRF- 65, T 223K 456 m, 4540k I iy e HAT
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WERERE. KRS A B 350, RAETE KR
T PR, B IR 0.196x10° m?. 3% 6™ SE 44 Shy v
FEAE T YIRS, T BE IR 114 120355 D) A v B ) e A AR
TIHREAAE. AT AT (36 7)), sbin] B FU 4
1 5 K X TR 4.96%38 1% 5.87% , RF-NSGA-TI 15
G R ME o IX 25 e 550 bR i Ko — 3, HAL T
RF-GA BRI 45 5

3)AKMAT T

TEIRMIP AR 28 K HE A T B2 BRI 9 KA T B, i
RNFAR AL 962 m F e A 1 350 m, AN i 2258
388 m. HOFEIIEELN 340, WIEMIFIZh 21.02x
104 m?, AU 415.8x10* m?. 7EH T b %0
PR KRR T4 VIR, AR P2k 2444 , W7)2
WIEILF] 43.56 km/100 km?, B PR ER) 2.51 1%, 1
PP AR L, X SERRAE N HOE SR L T AR
S, UATE SRR AR Z R AE TR, F% it
PUBH S () 45 A U 2, T e S B0 B FHZE. A
RINE e A3 A (36 7)), o] B Wi i 5 5 & X T R
10.28%34 M%) 12.24% , RF-NSGA-II i1 5 & k43 X
SRR SR X —3, HAGT RF-GA BRI
USRS

4) K47 H5%

TRI i IR 2N BRI A K47 W3, 12 DX I 3k i ¢
TR IR 2 615 m, J5 GG Ri35 2 956 m, = 22
g 341 m. YL AN 6.08x10% m?, EHEREELA) 21 m, F
Py R Ry 530, HEANGEL, W AT 2k 102.3x10* m?,
WAL HIWr, iz E T2 % 5 | S 2. AE 1 o
Fa T 7 T, VM SR AR 3 452, AT VLB 2y
BRI I, W22 R 67.45 km /100 km?, J& F-1
BN 3.56 fi5. SZ Wi R, TS XA S JR
i 1% S 38 5 R A 114 P JEL R A e U S R A B
YR on A R AR 2, M AR 2 MR Y
H T ARFAE. 35 2 T 6 (1 1 T R A1 Ay 9 B 1 0 I 0
BET 2%, BE N % 32035 D) A v Wi 1) e A= $ARE T AR
%M. FASRLNT Fu AT (38 7)), BT BETIN HE 5 B & IX
RN 7.96%38 3 8.16% , RF-NSGA-II £ %1 5 %k
PO X 25 RSS2 PRig I X 4 —2, HALF RF-GA
PR TR 25 5.

5) HO3 i3k

TEICIRAT A% LA BT (1 HO3 M3, % X IR 2%

AR ] 3 021 m, J5 S i R 3 225 m, AHX &
#2204 m. WP HIARL R 8.21x10* m?, KA 325 m,
SRR RE R 370 RBU TR 123.7x10° m?, & F R
VI M TTRA 3 T, R AT LT R B R T
e DI, A2 8 B Sl 43.56 km/100 km?, S - 34 %
FE) 2.56 £, ZBIWBLF R, YRS RA T8
55, T8 R A HERRUA Wi A b B S Y 2R aE RS
PR W IR rh A T 2R, T S 32 BT A
X R 2 A T kAR SR T RE RSB A5 . H
R FRUT E AT (38 7)), BRIl B T o o8 52 & IX T AL
3.21%34 3 3.83% , RE-NSGA-IT £7 5, K1k 43 X 45
R SPRIE S X —8, HALF RF-GA BRI i
gh
452 BEABSE5FERZESW
N TIRABRRIX IR ENEE S FHERE,
ARG IR E A 0 11 B, @k L H
WIEMNGT, RGN I I 0 FE 1 E R K 2
(7). X —R 4 FE 038 () MO A5 A PR AIE , B e TR
PEUT LA R DI T 3 06 I O, DA T B 4 T b PR A
TR 9 E AT LA A s (8] A A Sl A e
B 2 & TR e B e I B R B, e
TE PTG AN [R] DI 35 ¢ 35 A B B HORH R i IX
PR RE. RIS, A 45 BrZ i) i 22 5 0T LA R
ATREM EHER R, JFifE— P IEX e R AR SO H
KB EVE A

FFE X3k 3L T 392 Abird, 5 RF-GA %!
X EE , RE-NSGA-IT #5574 T30 H 4% A1) B = B & X 1T
RS e85 5, Ho IR EE B 2 H AR A 2
SEIR . RN A LV I B R I A T A
ATVL KRB X, J2 ) T AT FMARE A VLAY 58I AL
2 o W72 28 B X — . AR A ROMRAE 3 A
2 B (S AT KIS ), o3 A KRB LL b R ) T
W, 33X — DRI T EH R A L bk R T LU BRI 7 R
PRI S ICAL AR SR AR s Jb 2, R i 1
I 7 e R B R R L BE . A2 B 5 S AR 1 N T 1 FH
M), 5 25 Tt A A B T (A0 DX, B 28 B T B AN
Fa g AT, 2 Ok & 0 E sl N K.
I, 256 M TR AU SRR IR 3T $8 R T i X ek
W F R A ML AN S [ e A B, ShitE—20
I FE TR IEHEAL T 8 ZAR .
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A FEAE IR R TR XA T TR E B
TR, R RF-NSGA-II 74 (£ HArflfb) 5 RF-GA
(A H BRI BEAT X HE , 4 TR bR (HERAE 4 013K |
FEUREL F XA Prd . mFoR s i 1 i AR i b
AREEIETT 12 AN R T2 TOEA , S AR RS R ik
)T 0.877. MR LR BN, RFE-NSGA-IT #5715 5 &
X, BESHEIX, gk XKIEF & AR 14.95%,
29.52%,24.63%, T RE-GA KT, 255 & v b DX I,
F AL TR T TR FIA RS VLB ST AL DR R
AT VTR DX 5. 3 4 XA U 37 52 2% 1) b S+ v 52
M), ARVH PG RIS, mEONCA bR T
e, U A IR LT . 32 DX b B F 1 A 2, g
F&E ARG RERE , I ER R T IR
&1

W iR M, FEF RE-NSGA-II RIS 5 A i
B FOUAT AR THEERDRG FE . A AR BT AR X ZF L
e S SR 2 S B S B TR A, (B 7E
PERINGRROR FBAS T — e 80R.

Wil 2 e A R RS T, MLAR ST AE T
PEVEN T N T S0 R BT XEAS SCRFSE AL 3N
JRBRME, RAW TAERT UL T JLAN i e 1)1E
T AR S REABERAC B b, DA 1 AR AR O
D7k DS TR R 2) IR A B o - 1 ik R
fE R, DARRMRECHE e, o i il e AL = T 45
A5 )L AL #2% 2T AR (AR S8 A S
R, UAEORFRRG B 0 A4 N SRl e v

6 4HiE

AR T AR B AR X, B X v
B REAR T 50 DR e B A2y i i T AR S 500
4 N5, FEIEYE S B ETES R RE-NSGA-II
B (Z BHArAL ), FEAGH LT 458

1) HT 11 562 AbiE s ek R 8o, RS
50 m 25 DX ] e AR i, BRI Ay v e )LV
FEASE 456 Pearson ST . Gini R L RFHAE
6 U R B T B I S R AR 12 AN s R
S N SO R TE S SO = 1 R i = | K VA U R T
= RIS DX Y AR R AT R R X Ry
ATHE S DUHAT | WA S8 T4k DL SR A VTR 3

LK. X I TG 3 B A, W2 AR, A A )
TR, AR E , [l AZ B4 2 R 3 1 2l . ixX
SEIR 2R T80T MR A BT R G R 2 v, TR T
BENS I B RS 22, I R AR IR T E 1 Re
5A1F.

2)454G NSGA-II(Z BRI ) X BEAL AR AR Y 3
7T A& S0, 23 34 h I9RERIYI 2k 15 0 T sk
BRI ) e KU B S SR B B, SR
S A HERRE (0.827) . 015 (0.819) A5 i Ji
(0.801).F1(0.827). H%¢ RF-NSGA-II %1 5 RF-GA
R ROC HiZEFN AUC fH, &P RF-NSGA-II &5
) AUC {EAF] 0.877, om0 & A FINAS B . 43 Hr
IR, 87%LA T B T 5 & X D B X, Her g
5 R X BT SR IR F) 15.6 46100 km?, TR 5 & IX
BRI I 5 AN R 0.028 428/100 km? X —45 KB 5 &
X A5G0 5 W 9% i 2 AFAE IEAH DG OC &

3V N UERE AL AR , AW LI T 2 Ab SR v
I SR 3 A B AR A v A A T IR e AR )2 %
SRR YOS Z % B T 35 km/100 km?,
HI S i TR X1 24 2 2% B (18.64 km/100 km?).
X — 25 AR 7N T 3K S X S5 SRR i BRI () B A AN
PR, HE—HAIN T RE-NSGA-IT #5845 Bt 4 P
FERE.
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