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Comparative analysis of landslide susceptibility

based on different evaluation units
—A case study of Ledu District in Haidong City, Qinghai Province

Li Yuanyuan', Li Huamin®
(1.School of Resources and Security, Henan Vocational College of Industry and Information Technology,
Jiaozuo, Henan 454000, China; 2.School of Energy, Henan Polytechnic University, Jiaozuo, Henan 454000, China)

Abstract: [ Objective] The impact of different evaluation units (grid units and slope units) on the accuracy and
reliability of regional landslide susceptibility assessment was explored in order to provide a scientific basis for
landslide risk management and disaster prevention and mitigation planning. [ Methods] Taking the Huangshui
River basin in Ledu District, Qinghai Province as the study area, 12 influencing factors such as slope, aspect, and
terrain relief were selected to construct a geospatial database. The random forest model was used to establish
landslide susceptibility assessment models based on grid units and slope units, respectively, with parameters
optimized through grid search. The prediction accuracy, factor importance, and susceptibility zoning effects of the
two unit-based models were compared using the confusion matrix, ROC curve, and landslide frequency ratio
analysis. [Results] @ Annual rainfall was the primary controlling factor for both unit types, but the importance

ranking of the remaining factors showed significant differences, reflecting the scale effect of spatial division
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methods. @ The random forest model performed well under both unit types (slope unit AUC=0.905, grid unit

AUC=0.838) , with slope units outperforming grid units in indicators such as accuracy, recall, and F, score.

(® The susceptibility zoning results indicated that grid units exhibited stronger clustering of disaster points in high-

risk areas, making them more suitable for engineering management or detailed planning. Slope units achieved

better overall accuracy, facilitating regional management. [ Conclusion] Slope units show greater advantages in

overall model accuracy, making them suitable for regional disaster prevention management, while grid units

perform better in fine-scale assessment of high-risk areas, making them applicable for engineering management,

and capable of promoting the refined implementation of disaster prevention and mitigation planning.

Keywords: landslide susceptibility ; random forest; grid unit; slope unit; model evaluation; Ledu District in

Haidong City, Qinghai Province
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Fig.1 Distribution of landslides at Ledu District,
Haidong City, Qinghai Province
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Fig.3 Division of slope units at Ledu District
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Table 3 Optimal parameter combinations of model
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Table 4 Confusion matrix of landslide identification results
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Table 5 Evaluation indicators of confusion matrix

o IEERR R A [l R )
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Fig.5 ROC curves of different evaluation units
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Fig.6 Landslide susceptibility zonation of Ledu District
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Table 6 Statistical results of landslide susceptibility

risk zonation in study area
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Fig.7 Importance ranking of landshde-affecting factors in Ledu District
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Fig.8 Interpretability analysis of random forest model

43 TFMETHMER

AR BT AN A ST 4 R 3 B e MY Y
FHVEH 500 o A% 50T R A0 0 35— (T BRL B AR 4 R
JFE T A B R 3 M E RN PR S G BE 3 3 A B PR

Oy S TR R oy R X R B o AR R
e v Ty s DXOB S Lo A i Bl B P RE B e T R M AR
JL , 1 WA AR 5 o0 AR IR 0 JR) ¥ A AN AR e DX R T T
B E A T TR B P AR A AL PR A . M



513

AEILTCAF TN [ PPAN FRIC AY 38 B 2R T L0 A 225

T L A R ITAE Sk 8 B H B Bh g 2 BT AR SR K
L3 oy, 9 R DA SR IR JE o Sy 32, R AE 1 55 )R
/N 25 SRS ) o X <SP 7 A% (i AR A B & X
P4 50 1 B O A1 B P 3R AT, AT A R B 1 4
VRORS B AN B e e i o 28 R B, T X I A 4 L
(B A5 E B0 R AR F 5% 45 38 ST A T R R AR LR
B e D - g T VA 0 R TR AR R . FEAS
[Fi) b 550 DX RS S5 0, W Rl 8 0T 1Y) 3R B 0T BB AE AE
225 BN, e B R AR Y DR L i X )
Bl B S MR RS 5 A P BR MBS K G 5 AR
LA Ty O, B B OT PG 323 D55 5 AE = LU Ik 4 b
X, B A 5T B AT Bl 2 BE S A A R 3 R
B RAE . 5 LRI, DEM 43358 25 52 i 45 51 - 3 A%
43 B 1T 8 ) 55 00 RS 20T Y O B T o
B CAn LiDARD W AT 58 3 — 25 0K H 7E A e AU
DR O o A 38 R TR A AR B M AUC 4§
8 A5 X L AN PF A BT I RO AT L & B ;A B PR T
FEAEARNG A IR F, 4 805 7 T 3 T A
JC, X— R FEE T _HEMIE R EME TR B
B AR J5T DX < R38BT DA 43 K I R I A 26 i B B
U SRS RN N G N AT o i 19 R G R e o =
PG WP 2P E B 2L R T 2 o) 5] B R
B AR 5 T A AR B0 R N R R A 4 RO PR A
BB 3 A R [R) b SR A TR 2 T IR — BT Y
17 00, T B0 JE M MR L G N T MR S N
PE o R b, MRS B0 7 SR SRS 41 20 i A R KRS
Ry TR (= = v S < I ) W2 0 S R 7
Sy DX R XK 5 B R g L R OT O
T 5 0 AR TR v B AR RN AR A X AT A
AP0 B A B ) L A

5 45

AR5 B B | B RN A AT 9 S R T R
SE 12 W s R, 43 B0 2E 30 m A AR BT R AR
BT b R B AL AR b A Y B R R O
FE XS Lo #r, 4R 45 LU 4518

(1) 7E A% B0 R SR o0 PR M 00 T, F
F¥IX 83.07%,96.92 % 1 Y ¥4 76 RF A5 1 00 43 X
i o 2 & IXN s i AUC, ACC, PRE,
RECALL, F,-score %5 A% & 48 5 % Lt 28 B, Bifi 1L % AR
FE R IT M o0 T A BRI, BT ol
AR Y B T IS A TR RS B T YA R T AR

(2) R R 7 i B R R e 45 R W, R R AR
PR 500 T ¥ R 1 0 B . % XY
AR K, K AR B VR 3 B, 7 58 % I R 9 1 0 W

SRR E . A H IR AR S A
PETEA [6] B TC T A7 76 W] W 22 5 AR B T AN (] 2 [ )
3 75 O PR 5 fife B T 9 B2 i

(3) W oy S AEVE M o, WA 500 55 AR BT A
S BRI A AR — S B TR 22 S o AN A A
JL 5 B Al B PR3 SR TG A A Y AR A2 S 5 T AR B B 0T
I T THT K SO HB A B R MR A B A T N Y
PR AR o e DX A S SCR T AR B B 0T, T T
TV T A0 A S I G S SR A B0, LR TR
I8 4 LA B 1 AR 2 1

2 % 3Lk (References)

(1] 206, 4 5 ¢ R, 55 R0 3R Sh #2210 1 3 5

R B8 6F L AIE S - A ] v i g 3O 9 [T ] PG e B,
2025,58(2):51-65.
Li Guangming, Yang Yufei, Tang Yaming, et al. Com-
parison study in landslide susceptibility assessment by
using data-driven models: A case study from the middle
stream of the Yellow River [J]. Northwestern Geology,
2025,58(2):51-65.

(2] %5, WRSCH , BBUE B T 255 90 KU Al A9 i S L

X & i R A AL - LA W 48 i K T AR AR IX g ) [T ]
9 FE 2 ,2021,36(4):119-125.
Dai Jun, Chen Wenjun, Shen Shujuan. Spatial optimiza-
tion of rural settlements in plateau mountain area based
on comprehensive disaster risk assessment: A case study
in Ledu District, Haidong City in Qinghai Province [J].
Journal of Catastrophology, 2021,36(4):119-125.

[3] #iHaih, 240 B, 2l 5t , 45 20 i it XK £ 9 AL

H5 9 Sl AOM B FT Ik R [T ] N RGBT, 2021, 43(8)
108-116.
Zhu Yanbo, Lan Hengxing, Peng Jianbing, et al.
Research progress of water-soil disaster mechanism and
disaster chain effect in the middle reaches of the Yellow
River basin [J]. Yellow River, 2021,43(8):108-116.

(4] LFTE B, IMER, 5 BT A IF4 B ITHY =ik

JE DX 3 B S PR L A BT = BB A ) [T ). 35 AR
S (G BRBF D L 2024, 54(5) : 1629-1644.
An Xuelian, Mi Changlin, Sun Deliang, et al. Compari-
son of landslide susceptibility in Three Gorges reservoir
area based on different evaluation units: Take Yunyang
County in Chongqing as an example [J]. Journal of Jilin
University (Earth Science Edition) , 2024,54(5) :1629-
1644.

[5] wodkfe, 4, B, 5% ARR B IXTER PN - TR0
LR R R S A S M TR A - LA G e N B SR
BB LT B B, 2025,45(4) :540-552.

Shen Qiuhua, Wang Jun, Li Hao, et al. Characteristics

and risk assessment of group landslide-debris flow disas-



226

JK A PR T A

46 %

[6]

[7]

[10]

[11]

[12]

ter chain in the hilly mountains of south China: A case
study of the Magui River basin in Gaozhou, western
Guangdong [J]. Tropical Geography, 2025, 45 (4) :
540-552.
VR, EREHE BB ZR, 45 R [RSEAN BT 1 B 2 R
VAR E XF b 2 A (7. TR BT i, 2024, 32(5) -
1640-1653.
Xu Lie, Ju Nengpan, Deng Mingdong, et al. Compara-
tive analysis of landslide susceptibility assessment accu-
racy in different evaluation units [J]. Journal of Engineer-
ing Geology, 2024,32(5):1640-1653.
RS, Res e, BT, A 3T R AR SR Sl A R A R
R YK S E RABHLE [T]. M Bk AL 5, 2024, 49
(12):4635-4658.
Guo Changbao, Wu Ruian, Zhong Ning, et al. Large
landslides along active tectonic zones of eastern Tibetan
Plateau: Background and mechanism of landslide forma-
tion [ J]. Earth Science, 2024,49(12) :4635-4658.
FHR 2, SR I, R b, &5 . B T AS IRV S o0 9 T
Sy B AT AR X LT T[T ], A AR K F 2441, 2019, 28(€6)
137-145.
Tian Shujun, Zhang Shanshan, Tang Qingsong, et al.
Comparative study of landslide susceptibility assessment
based on different evaluation units [ J]. Journal of Natural
Disasters, 2019,28(6):137-145.
T R skt gk XS A, 45 . AR B 5T R T A 3 IBORE
J5 20 X 3 5 R AETE M g (] A A S T
F2E 4, 2025,44(3):602-617.
Yang Zhongkang, Zhang Shishu, Deng Jianhui, et al.
The impact of slope unit scale and landslide sampling
methods on regional landslide susceptibility assessment
[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2025,44(3):602-617.
Cul Yulong, Xie Zhengyuan, Xu Chong, et al. Com-
parative study on the effectiveness of landslide suscepti-
bility assessment based on different evaluation units and
models [J]. Geological Journal, 2025, 60 (10) : 2432-
2446.
JEI, By R AL T SR B T 19 /0N DX I B K ) R T
TP AR LT ] R4, 2015, 35(1) :91-98.
Tang Chuan, Ma Guochao. Small regional geohazards
susceptibility mapping based on geomorphic unit [J].
Scientia Geographica Sinica, 2015,35(1):91-98.
BRI, SR, AR IR TR T 5 E Bk A
FERE X B W S R MR AN (D], b BaE 4 L 2015, 34
(11)>:2108-2115.
Xue Qiang, Zhang Maosheng, Li Lin. Loess landslide
susceptibility evaluation based on slope unit and informa-

tion value method in Baota District, Yan’an [J]. Geo-

[13]

[14]

[17]

[18]

logical Bulletin of China, 2015,34(11):2108-2115.
Wik, i, TARRR 55 2 R0 2 A8 B X S i 3 5
RAE EAG AN [T]. A AR 9 F F4R, 2021, 30(2) : 36-51.
Yang Qiang, Wang Gaofeng, Ding Weicui, et al. Sus-
ceptibility and accuracy evaluation of regional landsldie
based on multiple hybrid models [J]. Journal of Natural
Disasters, 2021,30(2):36-51.

BRIRT by DO, B, 45 TR SR O FIAE -
55 ] U5 1) 9 3 5 R PR T O« LA = e A IX e B ) S
BRI L i [T ] AR TR 54l L 2025, 47(5) : 1090-
1101.

Cai Huanyu, Yi Qinglin, Deng Maolin, et al. Landslide
susceptibility assessment based on slope units and infor-
mation value-logistic regression: A case study of the
Xiangxi and Zhaxi River basins in the Three Gorges
Reservoir area [J]. China Earthquake Engineering
Journal, 2025,47(5):1090-1101.

PR SRR R, R L A TR A T I U v T S
RERN G Z ZMATH [T K £ R 758 iz, 2024, 44
(2):245-257.

Gao Chongyue, Zhao Jianyun, Wang Zhichao, et al.
Identification and susceptibility evaluation of potential
geological hazards in Huangshui River basin of Qinghai
Province [J]. Bulletin of Soil and Water Conservation,
2024,44(2) :245-257.

FUEW WSS P AR, A BRI K e g el T 3 K
FIHNG 5 LY [T]. AR K E E4i,2025,34(1
85-94.

Wang Hongming, Shi Yun, Ping Jiwei, et al. Identifica-
tion and susceptibility evaluation of landslide hazard in
drainage period of hydropower station basin [J]. Journal
of Natural Disasters, 2025,34(1):85-94.

FIE 5t IR SF OB TR BE DG E I RO R
T 114 7K B A G T A UL S 3 2 e M VE A [T 0 22
% ,2024(S1):237-241.

Li Zheng, Leng Liang, Sun Yongxin, et al. Landslide
susceptibility assessment in the river cascade develop-
ment basin based on the IV-LM coupling model [J].
Bulletin of Surveying and Mapping, 2024 (S1)
237-241.

KA, 2% 10400, % B T RO gt Sl as o o
RURE 5 009 3 2 AN T AR AR LT Bl R 5
##,2025,25(5):1827-1839.

Liu Shandong, Li Jun, Jiang Xingyuan, et al. Optimiza-
tion of landslide susceptibility assessment method cou-
pling mathematical statistics and machine learning
models [J].
2025,25(5):1827-1839.

SRR, A R R S AL T 4B R

Science Technology and Engineering,



513

AEILTCAF TN [ PPAN FRIC AY 38 B 2R T L0 A

227

[23]

[24]

T 5 RV 7 i D] M BR (5 BBk 2 2 4, 2025, 27
(5):1113-1128.

Weng Mingkai, Xiao Guirong. A landslide susceptibility
assessment method integrating training sample optimiza-
tion and machine learning [J]. Journal of Geo-Informa-
tion Science, 2025,27(5):1113-1128.

Jet I8 2% L 0 I, X E L AR R TL AR A 2] O vk Btk
IVM-RF #4152 8 A fi5 3 9 F Fa B 05 37 4 - DLSE 2 i
EFHE N BILT]. s BRI A, 2025, 44(3) : 280-295.
Qu Pengxin, Xie Wanli, Liu Qiqi, et al. Collapse and
landslide risk assessment based on machine learning
improved IVM-RF coupling method: A case study of
Zhidan County, Yan’an City [J]. Bulletin of Geological
Science and Technology, 2025,44(3):280-295.

TS N, B A S A AL S PLAS o
T B &L YN IR A B B 5 R MR PRAN [T ] R A5 B
FHR,2025,27(4):979-993.

Su Zhiping, Yang Chengsheng, Wang Ziqian. Land-
slide susceptibility assessment in Nujiang canyon using
negative sample optimization and machine learning
models [J]. Journal of Geo-Information Science, 2025,
27(4):979-993.

Sholichin M, Othman F, Prayogo T B, et al. Assess-
ing landslide susceptibility and formulating adaptation
strategies in the Konto watershed, East Java, Indonesia
[J]. International Journal of Disaster Risk Reduction,
2024,113:104797.

FRALL, T B, IhE s B TR R AR AR L ) 5 S 8
DAL 18 3 5 e M - LA PO B X o [T,
PRUFE R 22448 CH AR B RO , 2022, 39(5) 1 47-57.
Zhang Junyi, Ding Yuekai, Sun Deliang. Landslide sus-
ceptibility evaluation based on different sample propor-
tion and super parameter optimization: Take Wulong
District of Chongqing Municipality as an example [J].
Journal of Chongqing Normal University (Natural Sci-
ence), 2022,39(5):47-57.

Rajappan S P, Babu M, Manoharan A N, et al. Land-

[25]

[26]

(27]

[28]

[29]

slide susceptibility evaluation of Iruvazhinji watershed of
Chaliyar River, central Kerala, India, using frequency
ratio approach [J]. Journal of Degraded and Mining
Lands Management, 2025,12(2):7111-7122.

EU RIS RS S R TR R AL A ) B Y
e 5y Ak o3 M Bead i MESEAR [T] B e R 5 TR,
2025,25(2):513-520.

Wang Jie, Lin Chengjie, Liang Fengming, et al. Land-
slide susceptibility analysis and adaptability evaluation
based on different machine learning models [J]. Science
Technology and Engineering, 2025,25(2):513-520.
A B IRtk et 55— A BT CBAM TEE Il
iU YOLOVSn Yy i ke Iy ¥ L. 02 F 24y 5 T
P BbaE2#41,2025,33(5):1231-1238.

Qu Wei, Gong Mingli, Xu Rongtang, et al. A landslide
detection method based on CBAM attention mechanism
optimized for YOLOv8n [J]. Journal of Basic Science
and Engineering, 2025,33(5):1231-1238.

AR, XU, F AR, 5F G 22 U S A 0 Y B
A5 T B B e Uy vk [T 95K 24, 2023, 38 (4) ¢
179-186.

Pu Weilai, Liu Dunlong, Sang Xuejia, et al. An intelli-
gent identification method of landslide deformation stage
based on multi-source heterogeneous data [J]. Journal
of Catastrophology, 2023,38(4):179-186.

XS, ST, AT JR 5, 45 R T AL 27 20 B9 4 VD VLU ek
JZ WY 5 BRI [T KR K HL B AR (s 300, 2024,
55(10):53-70.

Zhao Peng, Wen Gang, He Zhanchang, et al. Shallow
landslide susceptibility assessment in Jinsha River basin
based on machine learning models [J]. Water Resources
and Hydropower Engineering, 2024,55(10):53-70.
Hailu S, Deribew K T, Teferi E, et al. Spatial assess-
ment employing fusion logistic regression and frequency
ratio models to monitor landslide susceptibility in the
upper Blue Nile basin of Ethiopia: Muger watershed
[J]. Environmental Systems Research, 2024,13(1):54.

[Velvavalvavalvavalvavalvavalvevalvavalvavalvavalvavalvavalvavalvavalvavalvevalvavalvevalvavelvavalvavalvavalvavalvavalvea valvavalvevalvavalvavalvavalvavalvavalvavalve valvel

[30]

(E#% 180 M)

WRIER , LA M A £, 55 . 1980—2015 4F 2 1 B B 4t B¢
RIS 258 93 A1 S AR RRAE 53 A LT ] A TR 241, 2019,
35(15):256-265.

Chen Zhengfa, Shi Dongmei, He Wei, et al. Spatio-
temporal distribution and evolution characteristics of
slope farmland resources in Yunnan from 1980 to 2015

[J]. Transactions of the Chinese Society of Agricultural

[31]

Engineering, 2019,35(15):256-265.

AL SN A B OK R 2R A TR LA R i
xR AT ], o E KA, 2021C14) : 51-52.

Li Yong, Fu Lei. Experiences and measures for compre-
hensive control of soil and water loss in sloping farmland
of Guizhou Province [J]. China Water Resources, 2021
(14):51-52.



