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Abstract; In this study,we investigated the main factors influencing the development of landslides in
southeast Tibet by using the random forest model to determine the susceptibility of the area to them.
We identified 306 landslides in the area through field investigations, the interpretation of remote
sensing data,and the literature. Moreover,we used the frequency ratio model to quickly determine the
susceptibility of the area to landslides, and chose non-landslide samples for regions with a low
susceptibility to them to provide a suitable dataset to train the random forest model. The weights of
the parameters were calculated to generate a map of the susceptibility of the area to landslides to
analyze the main factors controlling their occurrence. The accuracy of the proposed model was verified
by plotting its ROC curve and calculating the AUC of the offline curve. The results of predictions by
the model showed that highly susceptible areas were mainly concentrated at the confluence of Yigong
Zangbo and Palong Zangbo, and in the large bend of Yarlung Zangbo River. The density of faults,
elevation, and slope were, respectively, the three most important features with regard to the
susceptibility to landslides, and the AUC of 0. 940 of the model showed that it was accurate. Our
analysis showed that the study area had a complex geological structure owing to the long-term
influence of tectonic action, with large faults on the east and west sides, and the Himalayan frontal
fault zone on the south side. With the development of the fault zones,especially in the region that was
highly susceptible to landslides,the faults intersected,and multiple extrusions led to the fragmentation
of rocks and the development of joints. Therefore, the intersection of Yigong Zangbo and Palong
Zangbo as well as the region containing the large bend of Yarlung Zangbo River were highly
susceptible to landslides. The proposed model provided a theoretical basis for accurately predicting
landslides and appropriately managing disasters in southeast Tibet,
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Fig. 1

Overview of the study area
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Fig. 2 Flowchart of the random forest model
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Fig. 5 Map of factors influencing landslides
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Table 2 Frequency ratios of the evaluative factors

A T Iy FR H 7 Wi FR AT WA FR
A <2214 7.51 D <4.8 1.09 G <0.15 0.07
2 214~<C3 120  3.52 4.8~<6.4 0.75 0.15~<20.2 1.69
3120~<C3 786  0.48 6.4~<8.4 0. 90 0.2~<20.3 1.12
=>3286 0. 04 8.4~<C11.5 0.76 =0. 3 1.50
B <58 0.56 11.5~<16 3. 67 H L es] 0.31
58~<C118 0. 90 =16 4.65 BECA 1.71
118~<C179 1.35 E 1 1.54 B IR A A 1.69
179~<C238 2.02 1~<1.6 1.01 1R fi 2 0. 60
238~<298 0.76 1.6~<C2.5 0. 80 1 <19 0.33
=298 0. 30 =2.5 2.39 19~<C38 0.96
C <13 0.22 F <—6 1.25 38~<I57 3.26
13~<C24 0. 45 —6~<<—2 0.82 57~<76 4.01
24~<33 1.04 —2~<0 1.16 76~<96 1.54
33~<C42 1. 80 0~<2 0. 82 =96 0.16
42~<53 0.96 2~<5 1.24
=53 1.10 =5 0.75
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Fig.7 Map of classification of the susceptibility of the study area to landslides
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Table 3 Statistics of zoning for susceptibility to landslides

oy RS IX Sy KR/ km® AL B/ 2

3 DX N TSR/ AL A3 DX NI L/ 06 43 DX P 3 B/ (&b - 100 km )

K5 & IX 6139.3 22.71 1
BAK 5 KX 10229. 5 37.83 4
th 5 & IX 6335.6 23.43 14
B K IX 2830. 9 10. 47 69
"o K IX 1503. 4 5.56 218

0.33 0.016
1. 31 0.039
4.58 0.220
22.55 2.437
71. 24 14.5
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R P 5B 4% A 19 a5 1 SF- 2 3k e 19 o D
L OR TSN T M IR X TR T
RO PEAT A —f b B, A5 D T 2% SR R L T )2
R AR R M R B R R RIE
ol oy A 2 Hb DX B R B R DN L il A
RIPF S5 XA UGE FH 1Y 9 AP R A7 2
PEHEST , PR3 M HE T A s SRR Iy 7 )2 %5
B (35.63%) B R (21. 96 %) IR (13. 68 %) JHE
TR BEHE £ (6. 24 0) (HL R I B (5. 53 %0) Ak
(4.95%) HUJE LA B (4. 39%) T & (3. 87 %) .
P (3.75%0) o X5 v 3 K R Ak K
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55 45 )2 A TE AL 3 R F ORI 2 AR I DX R
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e I G 5 AR B A & b TR A B K X
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JE A,
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FE AR VR B BIL AR PR TR B AR R TR o, AUC
R 0. 940, 3 W 2 455 70 100 00 &0 S 5 o HL EL A %
B AT EEE . ROC il 2 2 — Bh & R A I 5
WL LR Ae bR R 1-HE S L A AR R OR R
JE . ROC HHZe BB YL 0~ 1, iy 28 1 B i 1R
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B4 AT AR B ROC il 8 28 F 1 AL CAUC) BU(E
HNWr . A AUC {8 8 55 00 3z Y1l 25 455 80 i 751 0
RE ST BR A, Blan AUC™0. 9, 48 2% 15 I 2k 5 Ak %
430, 8<TAUC<C0. 9, QR F & R #2475 0. 5
AUC20. 8, X 2% 12 A5 78 300 2% 2 5 225 X AUC
T 0.5, UL BH A A 25 OR H A S % 0 (H 5 1
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oA IR A 102 W 3k 0 EE A R A R B e A
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e JHO3 M3 (15 8),
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T LA 5 18 Ak T 5 BRI W 240 FL g o — 5 1
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AHXT G 22 3K8 405 m, WA K 550 m, P 380 m.
SE YR S35, W B AL 3. 81 km” L AR RS
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Fig.8 Map of typical locations that were susceptible to landslides
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Fig. 11 Map of the landslide in Bari village
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Table 4 Distribution of landslides in the study area

B TE K/ km B/ 4k hi b/ % W/ b ekm™)
WEERHMICO 12. 4 17 5.56 1.37
Fov i B R 23.1 25 8. 17 1.09
R L ity 2 9E 21.3 20 6. 54 0.94
U] A 5 &8 A IR | 36. 1 26 8.50 0.72
WrsEZEM2 78. 1 51 16. 67 0. 65
G N ) 60. 1 35 11.44 0.58
EENEHES 52.8 27 8.82 0.51
101 EPFE W& 19.1 9 2.94 0.47
SR RTINS S I 1l R 90. 7 28 9.15 0.31
4 PR A 88. 4 24 7.84 0.27
Nz g BREE 90. 9 11 3.59 0.12
I 5 2 S 59. 6 6 1.96 0.10
KHEZE 101 B 292. 1 27 8.82 0.09
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