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Abstract: Loess has unique water sensitivity and structural properties, and is extremely sensitive to water. In addition, extreme rainfall
events on the Loess Plateau have significantly increased in recent years, and regional shallow loess landslides have occurred frequently,
making this region one of the most frequent landslide prone areas in the world. This study takes the shallow loess landslide watershed in
Chengguan District, Lanzhou City, Gansu Province as the research object. Through field investigation, data collection, and indoor
mechanical experiments, data on influencing factors and model parameters were obtained. Combined with XG Boost machine learning
model and Scoops3D physical mechanics model, the risk analysis of shallow loess landslides under different rainfall conditions was
carried out. The results show that the extremely high and high prone areas are mainly located in the mountainous and hilly areas on both
sides of the Lanzhou Basin, accounting for 16.42% and 3.75% of the total area, respectively. The top four factors contributing to
landslide impact are slope, rainfall, elevation, and terrain undulation; The stability analysis results of the landslide show that with the
increase of rainfall intensity, light rain conditions have the most significant impact on the increase of the area of the unstable and
unstable zones, and the overall slope stability in the region is developing towards an unstable and unstable state. The hazard analysis
results of I} the landslide show that the influence area of the extremely dangerous area in the study area changes most obviously under
light rain, heavy rain and rainstorm conditions, with an area increase of at least 1.35km? The aim of this study is to conduct a risk
assessment of rainfall induced shallow loess landslides using a combined model, providing effective scientific basis for the development
of human settlements and the safe operation of major engineering projects in the Chinese Loess Plateau region.

Key words Shallow loess landslide; Machine learning; Scoops3D model; Landslide hazard analysis
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Fig.1 Location and general situation of the study area

70

500 100
REL
60
400 4 80m 7
- # E 50
g 7
3001 b 60 % = 40
b 2
=4 Bm
%200- 40 g 20
& E a_
g 120
1001 —— tppmit P20 &
= 10
—e— H 5K B 5
0 0 0
1980 1990 2000 2010 2020 1 2 3 4 5 6 7 8 9 10 11 12
I} [A(year) i [1](month)

B 2 BRI RAIE CRIBEESE, 20190
Fig.2 Characteristics of precipitation distribution (Zhu et al., 2019)
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Fig.3 Development characteristics of geological hazards in Chengguan District, Lanzhou City
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Table 1 Information on landslide susceptibility evaluation factors based on XGBoost model
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Fig.5 Principles of Machine Learning Models
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Table 2 Modeling mechanical parameters
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Table 3 Scoops3D Model Search Parameter Setting Table
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Table 4 Correlation test of evaluation factors
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Fig.8 Grading diagram of susceptibility evaluation factors
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Fig.9 T Results of susceptibility evaluation based on XGBoost model
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Table 5 Partition Table for Vulnerability Evaluation Based on XGBoost Model

.- g Rk 43 X TR 43 X TR
X /km? i E/%
AR 5 X 57.32887 26.05
&5 & IX 75.06319 34.12
XGBoost 5 R IX 4321354 19.64
=R IX 36.12846 16.42
Wi 5 R IX. 8.26593 3.75
}\uﬁ?l’%{ 0.033
IS ] 0.04
PRI B B ] 0.045
B (0] ] 0.046
TWI — 0.061
- HbFI . 0.065
RALR R - 0072
== — 0.074
HuTE AR E ] 0.099
e - 0.117
[ 2K ] 0.153
e 0.19¢

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

BT stik
Bl 10 HFoTakEHES
Fig.10 Factor contribution ranking
3 BIEREMSITER
AR BB A TR HTE) (GB/T 32864-2016) 3T Scoops3D H Y [ A [F]
RN 25 A1 IR JE B L S A REGHAT TGy, ol iRERE X (1.5<Fs). FasElX (1.3
SFs<1.5), EARENX (1.1<Fs<1.3). KFaEX (1.0<Fs<1.1). AaEX (Fs<1.0),

LB 11 gk 6, nJ LRI FE X FETER Lol T, RARE DXORIANER & X (1) T AR A AR A T
TR 0.84%, X Is#E A S IAN X FoE H s . BEAEWT 7T X PR SR B2 0038, #lAs e XCRIER
JE X THAR S AILE B8 /b, /N AL K Lol B ToLTHE 45 R BoR R Aa e XA
Fag X AR SR 509 8.52 km®y 24.35 km®. 24.39km’. B 50 X AE(GE /N Tolit, 3
IRAGSE X 5 ANFEE DX THAR A 2 5l 25 G 0, 34X 3 B 12 X S8R A M 7K 3 SR A R O UK,
W 5 TE B R AR e R, B 51 R ™ B R 5 22 4 ) . BeAk, X PRI TR W T
BT GE B, R AT DU TR I 9 Y S0mmyd S0 A 100mmv/d J5, RAESE X MIAFASE X (1)
AR AR A S S 0 P, (EL A A e X R R [X T AR R 2 30/ 1 41.61km”, [RRE SR
BT 8 A T A0 R RS It B SR AR, AR S (R I AT X N K TRIAR IS FE AR e R

ﬁo



36°5'0m1L

36°0'0" Ik

36°5'0" Ik

36°0'0" L

36°10"0"it

36°100" 1k
1

IU3°5£]‘0“?F\ lU3“5l5'0"?ﬁ 104"({'0"?\ :--'}' 103“5?’0"5{ 103“5?‘0"5‘7\ lﬂd”(}‘(}"?ﬁ
(@) EMommd | =7 (b)h F20mmrd |
|
Scoops3D fit . S@upﬁbﬁﬂ -
o EHEEAE A T T o THRA A =
- R E (1. 5<Fs) r2 S- I R (1. 5<Fs) S
B #45E (1. 3<Fs<1.5) 2 = I %4 52 (1. 3SFs<_1.5) =
015 3 6 E%ggﬁﬂ';ﬂsﬁl'” 015 3 6 Eﬁ?ﬁ?%“‘#iﬁsﬁ”’
- N =Fs<1. - f5E (I=Fs<1.
fm W A (Fs<1) E— ko . (Fs<1)
103°5E]'0“2F 103“5l5'0"?F 104"(;'0"?-\ 103"SI0’0"3E 103"SI5‘0"3E 104°6‘0“3ﬁ
103°5l0'0“?r§ 103°5l5'0"?r1 104"0:0"%:’ # 1(]1“5.[)‘(]“?12 103“5?'0"3‘1‘: 104“(:'0"?:‘:
(cykmaommal = ¥ (d) % 8omm/d |
% W$E
o
Fel 451
Scoops3D T 9
o R A g T Y n
I {2 (1. S<Fs) R ST e s<Fs) B
Eﬁéfﬁ:é'ﬂl 3) =k = 55?%3(?15221 3 ;-;
Bisd ® BB (1<Fs<l]) 0153 6 g Rfs (1<Fs<iD)
ki . (<) ——kin \‘ =%g§ ((Fs<]) k
103°5|0‘0“3E 103°S|5'0“7‘F 104"(;‘0"?1:» 103°SID‘0“!'1‘< IOJ°SI5'0“7E 104“(;'0"}"5
11 ETF Scoops3D HEEIE 2 it 431X
Fig.11 Stability partitioning based on Scoops3D model
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Table 6 Stability partition table based on Scoops3D model
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