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Fig.1 Flow chart of LSP modeling under different non—
landslide sample selection methods
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Fig. 2 Overview of Nankang District and landslide inventory
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Tab.1 Frequency ratios of some environmental factors
FEIHEE T BEE HA EXHHERA HHEEE% A ST S B % FrlE
0~2.9 570276 27.64 35 1.35 0.05
2.9~6.2 465 255 22.55 369 14.20 0.63
6.2~9.7 342 869 16.62 639 24.60 1.48
/) 9.7~13.2 et 276 438 13.40 731 28.14 2.10
13.2~16.9 200 695 9.73 525 20.21 2.08
16.9~21.2 125 840 6.10 248 9.55 1.56
21.2~26.9 62 731 3.04 50 1.92 0.63
26.9~47.0 18 898 0.92 1 0.04 0.04
0~0.2 105 908 5.13 55 2.12 0.41
0.2~0.4 158 398 7.68 230 8.85 1.15
0.4~0.5 214 485 10.40 360 13.86 1.33
— 0.5~0.6 o 257 696 12.49 362 13.93 1.12
0.6~0.7 361 880 17.54 563 21.67 1.24
0.7~0.8 361 004 17.50 508 19.55 1.12
0.8~0.9 379 524 18.40 325 12.51 0.68
0.9~1.1 224107 10.86 195 751 0.69
AR 815922 39.55 1453 55.93 1.41
BRIR Eh A o 688 947 33.40 336 12.93 0.39
HEEE T T Sl 546 081 26.47 809 31.14 1.18
K3, 12 052 0.58 0 0 0
0~0.26 11978 0.58 0 0 0
0.26~0.40 68 643 3.33 35 1.35 0.40
0.40~0.49 144 291 6.99 147 5.66 0.81
NDVI 0.49~0.56 o 261 494 12.68 325 12,51 0.99
0.56~0.63 454 414 22.03 664 25.56 1.16
0.63~0.69 528 457 25.62 755 29.06 1.13
0.69~0.75 430 066 20.85 595 22.90 1.10
0.75~1.00 163 658 7.93 77 2.96 0.37
1244~1260.7 988 032 47.89 767 29.52 0.62
1260.7~1288.0 268 563 13.02 252 9.70 0.75
1288.0~1322.9 222 824 10.80 159 6.12 0.57
1322.9~1356.4 142 997 6.93 200 7.70 1.11
FRMMEmM i35y EOH 88 902 431 310 11.93 2.77
1385.2~1414.1 130 065 6.30 323 12.43 1.97
1414.1~1446.0 120 523 5.84 274 10.55 1.81
1446.0~1484.0 101 096 4.90 313 12.05 2.46
15.2~20.8 40 258 1.95 31 1.19 0.61
20.8~22.4 191 256 9.27 105 4.04 0.44
224~235 200 373 9.71 130 5.00 0.52
R 23.5~252 o 718 403 34.82 884 34.03 0.98
252~272 339452 16.45 381 14.67 0.89
27.2~29.4 230 867 11.19 400 15.40 1.38
29.4~31.4 281 905 13.66 560 21.56 1.58
31.4~35.0 60 488 2.93 107 4.12 1.40
0~0.9 370 601 17.96 215 8.28 0.46
0.9~138 535714 25.97 1150 4426 1.70
1.8~2.8 414 650 20.10 752 28.95 1.44
B k™) 2.8~3.7 - 299 942 14.54 238 9.16 0.63
3.7~4.6 254 921 12.36 187 7.20 0.58
46~58 131311 6.37 42 1.62 0.25
5.8~79 40 545 1.97 14 0.54 0.27
7.9~11.9 15318 0.74 0 0 0
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Fig.3 Basic environmental factors of landslide
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Fig. 4 Landslide susceptibility maps under different non—landslide selection methods
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Tab. 2 Statistical results of susceptibility classification based on five non—landslide sample selection methods
i) G RAEG 5 FfHLRF 3% BERF ZZ X RF IV-RF W BRF C 1) S BRE(L : 2)
AR 616910 620 509 621 957 619 707 597233 1314580
{13 518 089 512 803 510232 623 012 522179 185297
4 XA K L3 411937 410 366 417 291 409 461 452 337 104 720
[ 309 247 314 817 307 034 207 269 304 671 308 872
e 206 819 204 507 206 488 203 553 186 582 149 533
PRAL 29.90 30.08 30.15 30.04 28.95 63.72
{iS 25.11 24.86 24.73 30.20 2531 8.98
% %@gﬁi il 19.97 19.89 20.23 19.85 21.93 5.08
= 14.99 15.26 14.88 10.05 14.77 14.97
W 10.03 9.91 10.01 9.87 9.04 7.25
PRAE 20 75 21 108 4 141
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Uncertainties of Landslide Susceptibility Prediction Modeling: Influence of Different Selection Methods of
“Non-landslide Samples”
HUANG Faming', ZENG Shiyi', YAO Chi"", XIONG Haowen', FAN Xuanmei*, HUANG Jinsong’

(1.School of Infrastructure Eng., Nanchang Univ., Nanchang 330031, China;
2.State Key Lab. of Geohazard Prevention and Geoenvironment Protection, Chengdu Univ. of Technol., Chengdu 610059, China;
3.ARC Centre of Excellence for Geotechnical Sci. and Eng., Univ. of Newcastle, Newcastle 2287, Australia)

Abstract: How to select non-landslide samples for landslide susceptibility prediction (LSP) modeling is an important uncertainty affecting the
LSP results. To study the influence of different non-landslide sample selection methods on LSP modeling, five sampling methods were proposed
(Randomly selected from the whole area, from the specific attribute area with a slope lower than 5°, from the area outside buffer zone which is
300 m from each landslide, selected by information value method, selected by Semi-supervised machine learning) with the same number of land-
slide grid units, and coupled with Random Forest (RF) to construct random selection-RF, low-slope RF, buffer-based RF, IV-RF, and semi-super-
vised RF models for LSP. Taking Nankang County of Jiangxi province as the study area, a total of 19 environmental factors such as elevation,
slope, population density, and road density were acquired, and 233 landslide inventories were obtained. The landslide inventory was divided into
2598 grids as landslide samples to construct the input-output of the above-coupled model. Then, the prediction accuracy and the distribution char-
acteristics of predicted landslide susceptibility indexes were used to analyze the LSP modeling uncertainty. To further solve the problem of un-
reasonable distribution of landslide susceptibility indexes predicted by the coupled model, a sample set with a 1:2 ratio of landslide to non-land-
slide was used for LSP, and the condition of the sample set with equal proportion was compared in semi-supervised RF. Results showed that:
1) The prediction accuracy of models such as low-slope RF, buffer-based RF, IV-RF, and semi-supervised RF was substantially better than that of
the random selection-RF model, suggesting that accurate selection of non-landslide samples was critical for LSP. 2) The modeling performance of
the semi-supervised RF was optimal, which predicted the distribution characteristics of landslide susceptibility indexes more accurately and reli-
ably at landslide :non-landslide = 1:2 than at 1: 1. It is necessary to explore the ratio of landslide to non-landslide samples in depth in future stud-
ies.

Key words: landslide susceptibility prediction; non-landslide samples selection; semi-supervised machine learning; information value; random

forest
(i KEZ)

S i R S . R SR S S i R S S S S S S i R I R S S R S R R S S S R S S S . S R R S e S
3| 3483\ :Huang Faming,Zeng Shiyi,Yao Chi,et al.Uncertainties of landslide susceptibility prediction modeling: Influence of \
different selection methods of “non-landslide samples”[J].Advanced Engineering Sciences,2024,56(1):169—182.[# & ] &4
a1k, A5 i 5 R M AN A B AN - S T AR i R A i By SR A D). TR R A 5 4R 2024,56(1):
169-182.]

iR S S S IR R S S R SR U R IR R R R IR SR I S R U S SR R R U U R IR R R SR IR U S R S S R R S R SR 2

> o > o -

'
J
'
‘



	1 滑坡易发性预测建模方法
	1.1 研究思路
	1.2 非滑坡样本选择
	1.3 随机森林（RF）模型
	1.4 滑坡易发性建模不确定性评价
	1.4.1 基于ROC曲线的精度分析
	1.4.2 基于混淆矩阵的精度评价
	1.4.3 滑坡易发性指数分布


	2 研究区概况及环境因子选取
	2.1 南康区概况及其滑坡编录
	2.2 数据源
	2.3 环境因子频率比分析
	2.3.1 地形地貌因子
	2.3.2 基础地质因子
	2.3.3 气象水文因子
	2.3.4 地表覆被因子


	3 不同非滑坡选择下的易发性结果
	3.1 RF的易发性建模
	3.2 滑坡易发性预测结果

	4 滑坡易发性预测结果不确定性分析
	4.1 模型精度评价
	4.1.1 ROC精度评价
	4.1.2 精度统计指标

	4.2 不同非滑坡样本选择方式的易发性指数分布
	4.3 滑坡环境因子重要性分析

	5 讨　论
	5.1 滑坡易发性分区结果
	5.2 不同非滑坡样本选择方式下的易发性建模
	5.3 半监督机器学习中滑坡与非滑坡不同比例的预测建模

	6 结　论
	参考文献

