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Susceptibility analysis on influencing factors of rockfalls
and landslides in Tibet

WU Sen', ZHANG Wen?, LIU Minsheng’
(1. Sichuan Institute of Geological Engineering Investigation Group Co. Ltd., Chengdu, Sichuan 610032, China;
2. Institute of Exploration Technology, Chinese Academy of Geological Sciences, Chengdu, Sichuan 611734, China)

Abstract: Geological disasters such as rockfalls and landslides are common in the Tibet region due to its complex topography,
strong tectonic movements, and diverse climate conditions. These disasters have an increasingly significant impact on the
region's economic construction and social development. In order to assess the susceptibility of rockfalls and landslides in a
quantitative manner, this study selected eight factors, including slope, aspect, topographic relief, slope shape, elevation, distance
to fault, river density, and engineering geological group, to conduct the sensitivity analysis of the influencing factors by
applying GIS and certainty factor analysis methods. The research shows that there is a direct correlation between rockfall,
landslide and influencing factors, and the susceptibility of these hazards is high in the areas with: (1) a slope greater than 30°,

(2) aspect facing southeast, south, or southwest direction, (3) topographic relief of 200 ~ 800 m/km?, (4) concave slope,
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(5) elevation between 1 500 and 4 500 m, (6) distance between 0 and 3 km to fault, (7) river density greater than 0.5 km/km?,

(8) lithologies identified by the codes of YJ2, TS1, TS2, and BZ1. The susceptibility of the factors is ranked in descending order

as slope > engineering geological group > elevation > slope shape > river density > topographic relief > aspect > distance to

fault. These results can be used as a reference for assessing the susceptibility of rockfalls and landslides in Tibet.

Keywords: Tibet region; rockfall; landslide; influencing factor; susceptibility analysis; certainty factor
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Fig. 1 Distribution map of rockfalls and landslides in Tibet region
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Table 1 Classification standard for influencing factors and value of certainty factors
M 52 WK mAL PP/(4k-km?) CF, CF,
[0,5] 0 0.000 00 -1.000
(5, 10] 7 0.000 04 -0.990
(10, 15] 55 0.000 41 -0.894
(15,20] 115 0.001 00 —0.741
(20,25] 233 0.002 21 —0.425
W) (¢ (25, 30] 374 0.003 90 0.015 0.79
(30,35] 565 0.007 03 0.456
(35,40] 724 0.012 71 0.701
(40, 45] 855 0.026 24 0.857
(45,50 779 0.048 39 0.924
(50, 55] 576 0.074 80 0.952
>55 434 0.070 67 0.949
- 0 0.000 00 -1.000
dtin 473 0.003 01 —-0.217
LR 434 0.002 88 —0.250
R 564 0.003 75 -0.022
Wi MR 676 0.004 68 0.180 0.36
R 795 0.005 08 0.245
L 778 0.005 15 0.255
(| 550 0.003 73 -0.030
bl i) 447 0.003 15 —0.181
[0, 100] 65 0.000 18 -0.952
(100, 200] 378 0.001 71 —0.557
(200, 300] 871 0.005 04 0.239
(300, 400] 1242 0.007 57 0.495
SRR k) (400, 500] 1110 0.008 71 0.561 0.49
(500, 600] 594 0.007 16 0.466
(600, 700] 263 0.005 24 0.268
(700, 800] 129 0.004 52 0.151
(800, 900] 42 0.002 81 -0.270
>900 23 0.001 99 —0.483
—4 41 0.048 35 0.924
-3 231 0.034 19 0.891
34 -2 918 0.016 77 0.774
( fﬁfﬁjﬁ@ﬁﬂﬁ -1 1147 0.007 03 0.455
%%%ﬁ%ﬁ 0 1288 0.002 02 -0.475 0.59
AT B 1 741 0.002 89 —0.248
T T Y ) 2 261 0.003 62 -0.058
3 84 0.002 71 -0.295
4 6 0.001 05 -0.728
[0, 1 000] 31 0.002 28 —0.407
(1 000, 1 500] 34 0.003 30 -0.141
(1500, 2 000 113 0.010 31 0.630
(2 000, 2 500] 121 0.011 36 0.664
—— (2 500, 3 000] 297 0.023 65 0.841 0.68
(3 000, 3 500] 796 0.042 13 0.912
(3 500, 4 000] 1348 0.030 21 0.876
(4 000, 4 500] 1335 0.010 64 0.642
(4 500, 5 000] 590 0.001 19 -0.691
>5 000 52 0.000 11 -0.972
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[0,1] 855 0.006 32 0.394

(1,2] 748 0.005 97 0.358

(2,3] 583 0.005 24 0.268

(3, 4] 417 0.004 26 0.098

— (4, 5] 351 0.004 04 0.049
i/ km . 6] 314 0.004 06 0.055 033

(6,7 217 0.003 16 -0.177
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a ﬁ%ﬁﬁfﬁﬁ:ﬁ)ﬂ}t@%\ %ﬁ:‘@%\ leaadl(sX2) 984 0.003 90 0.015 073

IR R — PR BRI A AL (TS 1047 0.016 22 0.766

IR R R 55 S AL I IR A 21 (TS2) 898 0.006 85 0.441
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A, DL IR 3(b) 2 BH : BT X N AS [R]85 1) 4 X5 A 35
MR R T A —E WK, CF; TERI R I L FE 1] 74
)3 A IEAEL, 3 3 A3 1) ok A ) BH3E, 1% 3 N3 1)
DX [H] 32 2 . 78R, MR B, ARy A Ak
JUEE, IS TR A IR S R X

(3) AR

Hi T R AR 7R DX AR G 1y 22, AR AR AR
5 2R S B R AR E . LA 100 m/km? Sy (1] BB F 5
X HJE AR R 4R 10 91 (5% 1), WK 2(c), HUE A IR
JE Ay AU o A P, ULIR] 3(e) 6 s RAR B 5 R
By EYAETE T IEAS AR, 7E 200 ~ 800 m/km’
FUA B s

(4o

YTV 24 A b R i iR A, — T LAY
MBS . HEIEHE . B BOE BB E T A Ik
N FTARZS L T K A3 A, SE T 5 i Ak ReeE pE LT, 4 ]
PIE WY — BRI — BRI 38 9 A~4559, Hoh (i
BN, 0 A EHLRTE B, IEAE BN, (e ORI

AT, TE AR AR ORI T U (R D), WL 2(d) . BB
FARE A L, DL 3(d) FRBH: FFE X AN RIIE 43 X
SH . WY R B AT COC R, B A BB M
WL MY, CF; BB 3, B IX A
JiiRE RS S A TR A LB AE R E N LI 1A L W
Sy K, SRR R, 3X 2R T XN MR Y 3 5
TE UK ALK RE A, B T ARPUST SR B, AT
SRR | WS A A

(5) iR

WFFEIX N FE 24 ~ 8 848 m ZM A ANZ5E, R[] 3 P it
BN AU . N TR TG shsi BE R [R], 5200 35 35 . T 3k
19 &A= o LA 500 m Sy fia] BB i 92 X e B2 ) 434 10 9%
(F 1), WK 2(e), MR FSHUBME /i, WIE 3(e)
W: =R SRR WA R IER R R, m
7E 1500 ~ 4 500 m, CF; S IEAH, R WIZ RN AA
A2 1 ) 9 E AU o K IX R AR R TR S R AR
DX, Nl 2k AN [ (435 3l 02 45 Jo 0 1 b S 3R, FLiX
X[ 710 Bl P A B B R A, DT S i 25 A 35 L Y B i)



Hh T B S B R A AR

5% 33

L S
W ()
10~5

[120~25 7 40~45
E05~10 [ 125~30 45~50 O
[110~15 [ 130~35 0 50~55
[C15~20 [ 135~40 B0 >55

200 400 km
[ R

(a) Bl

— R

I i 3 o :
HOEERAREE/ (m-km2)
[0 0~100  T7400~500
[ 100~200 ——1500~600
[C200~300 T1600~700 [ 1800~900 0 200 400 km
[ 300~400 [1700~800 [_1>900 _—

(¢) MIERIRE > A

C ) s bl s
R /m ,
[ 0~1 000 [2500~3 000

[~ 1000~1500 |3 000~3500 __14500~5000
[ 1500~2000 [ 3500~4000 1>5000
[2000~2 500 [ 4 000~4 500 0 200 400 km

(e) mfEmALE

= Mg

C s an,
TR/ (kmkm 2
[10.00~0.25 W 1.00~1.25
£10.25~0.50 Wl 1.25~1.50

[0.50~0.75 il >1.50 0 200 400 km
[10.75~1.00

(g) TR g 434 &
TS S (2023) 0055

| [ 5
— R
—— WA

C A T
i)/ (°)

B (-1)
ik (0-225)

B (157.5-2025) O

Al (22.5-67.5) =%T‘€( 2%%23;%2755 )

LR (675~1125)  mmyidr (292.5~337.5)
AR (112.5~157.5) ElL (337.5~360)

(b) Hem Al

F=1 g 5t

A T g

®

T G, R KRR,
-1 B3 Em4 0 200 400 km

(d) Bk

oo [
b= YA
B=] 2ot

HF 3 A4 32 1 S /km
BO~1 __4-5 [08~9
1~2 = 5~6 Em9~10

23 T=6~7 EZ>10
=i 0 200 400 km

(f) BOHb BRI RE 2 A1 14

C i ™
TR A

[7Q [ ISX1[ |BZ1

CYJ1 0 SX2 B BZ2

Y2 LTSI 0 200 400 km
N YJ3 0 TS2

(h) TREHLFTA A

E2 migREgnEFo6E

Fig. 2 Distribution map of influencing factors for rockfalls and landslides in Tibet region

200 400 km
(S

B4 L0 g, 0l IR, IR



2023 4E SRR, 5 VUTHUH DK B S ) R AR BT <115 -

073} CF, =~ P/ (k) 007s . 08| CFy PP/ (k) o005 &
% 050 —PPy (fbkm?) 0.06 2 & 0.50 PPy (hbkm?) " Y2
Ne 0.25 0055 M 025 0.004 5

\_‘
#H 0 0.04 = ﬁ 0 0.003 —
8 -0.25 0.03 = -0.25 0.002 &~
£ -0.50 0028  E-050 s
—0.75 e %11 -0.75 gm .
~1.00 L=—3 q 100 H—— A
s NN A @ LS S S e @ N

NICARAC &,&%?g«"gq / ‘1, > U O R R

R/ ( Bt
(a) W srstguge i a4 (b)) ) 3 FSUBME oA 5]

399 CFy=~ PP/ (h-km2)] %010 7 09 CF, = PP/ (hkm?) g'ggl
050 PPy (Jib-km2){0-008 <= 50 PPy (Abkm?) 52
ﬁ 0.25 0.006 34 & 0.25 ggg =
=0 - = ) 03
-025 0.004 o> 1 -0.25 0.02 &
£ -0.50 o002 & E 050 0.01

~0.75 o & 0T - —_, &
100 S OSSOSO S 0T, 3 2 9 0 1 2 3 4 R
U’@ﬁ&b$§§§¥§§g£§§§aﬁ YWY (MBS — HZE MBS )
MR (mknd) (d) BB 5 SRS
) IR B S 2 UM E S A5 1B
2 o -

1.00 *P%F/ (Lplf/,ﬁft ) 0.05 (1)9(5) CF; = PP/ (fhkm?) 0.007

0.75 m _e - . 2 0.006 £
;‘@ 0.50 0.04Q ﬁ; 0.50 PPy (Ab-km™) 0.005&
% 025 003~ % 025 0.004 —
= ) = )
18-025 0028 1E-025 \v‘/ 0.003 &
s o, = oo

100 s—do & ~1.00 NN o=
s \/\6\5j,w9’%%6/ '5%53("/ ubﬁb‘?’b 7 SR 'V N e ‘°/ N 0;’\ 7
——— BELH 3 B 2 km
(&) ErfRAr R () 0 Ml JoA) it B 5 43 e 231 [

1.00 [ == CF, — PP/ (bkm?) 0.014 7 1.00 PP/VikmﬂP4?J(&thmzoﬂ7i

075 F o’ (il 0.012 0.75 0.06
& 050 PPy (Jb-km?) 0.010 _g & 0.50 0.05 g
t 025 0008 = % 025 0.04 =
5 00s 0.006 - ﬁ_o.zg 003 2
£ —0.50 0.004 ~ &= —0.50 0.02 &~

—0.75 ?,,ff‘/ 0.002 - -0.75 {//“\H,,-\\ 0.01 -
-1.00 : 0o = -1.00 - 0 &

W% EE/ (km-km™ )
(g ) 07 P B 43 F AU S AT 5]

E3 mHSE

4\\ & 4\% & ,Q&%\ &g» 4)\ 4;\, Q
CARHL TS H
(h) TREHBTA 5 SRS A R

HIEF &S EGEESHE

Fig. 3 Distribution curve and histogram of each classified influencing factor for rockfalls and landslides in Tibet region
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