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Evaluation of landslide susceptibility at Guilin City, Guangxi Zhuang
Autonomous Region based on hyperparameter optimization
and shapely additive explanations

Liu Zihan, Su Huiwei, Zeng Mingyue
(Guangxi Key Laboratory of Culture and Tourism Smart
Technology, Guilin Tourism University, Guilin, Guangxi 541006, China)
Abstract: [ Objective] A landslide susceptibility evaluation framework that integrates the characteristics of Karst
landforms was constructed, in order to reveal the dominant factors and their interaction mechanisms, and provide a
theoretical basis for the precise control of landslide risks in Karst landform areas. [ Methods] The study area was
Guilin City, Guangxi Zhuang Autonomous Region. We innovatively integrated Karst characteristics to construct a
geospatial database containing nine key factors. Five machine learning models-logistic regression (LR) , support
vector machine (SVM) , random forest (RF) , gradient boosting machine (GBM) , and XGBoost-were used for
landslide susceptibility modeling. Hyperparameters were optimized via a grid search, and the model performance

was evaluated using accuracy and area under the receiver operating characteristic curve (AUC) metrics. The
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shapley additive explanations (SHAP) algorithm was applied to quantify the contributions of the various factors
and their interactive effects. [ Results] The ensemble models RF and XGBoost exhibited the best performance,
achieving the highest accuracy (0.85 and 0.84, respectively) and AUC values (0.93 and 0.92, respectively). All
models showed a trend of a sharp increase in landslide density with decreasing land area. The RF model yielded the
highest landslide density in the extremely high-risk zones (0.164 events/km®). The SHAP analysis indicated that
the groundwater content was the most influential Karst factor in most models. It also revealed the interactive
effects of the normalized difference vegetation index, distance to rivers, and soil type. The ensemble models
exhibited high consistency in terms of feature interpretation. [ Conclusion] Integrating ensemble models such as
RF with the SHAP framework significantly improves the accuracy and interpretability of landslide susceptibility
mapping in Karst regions. The results of this study confirm the synergistic disaster-forming mechanism between
the groundwater content and soil type.
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Fig.3 Feature factor diagram of landslide susceptibility at Guilin City
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Fig.4 Landslide susceptibility assessment of Guiling City using five machine learning methods
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Table 3 Classification statistics of landslide susceptibility mapping results
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Table 4 Performance indicators of different models
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TRF L 0.73 0.67 0.96 0.79 0.79
B B ST HL 0.83 0.84 0.85 0.84 0.92
XGBoost# 8  0.84 0.84 0.85 0.84 0.92
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Fig.5 ROC curves for different landslide susceptibility
models in Guilin City

T 3 U Ty M AR v AR 114 0 1) BE ) AN A
TRIAE 53 200KS BE 8 b L, SR WAL X T Bl R A 1 SR 4R
o X EEFE R DAA [F] 4 R S A X A3 U 5 AR W
WEREA I RE Ty A5 R 5 5 R M 43 X0 23 [R) 2 30 v
— B, LR BB AR B h R S, L
FE A B b [T B4 45 A AR AR AR AR M 2 AR
38 H A5 () I e 0 i A R 1 5 Y R

i HIL 7R AR R R R AR i e ok R A R
ik 0.85, AUC {8 5 ik 0.93, F,-score 75 4k 5 7£ 0.86 fY
1o KOV o A TR TR il BV B A DX 2 B R A

BIfi o Rk 0.90 1 4 Il iy P58 43 1L 50 W 3
SR PR T 0.82 14 K B 58 ) 7 bR A HG T 45
REAWE TS, mE RS e EMLS S, E
s H BB 7E B 2 M X, DA B o 50 30 T B
BT B e DX foff FL T e %8 3K 0.164 f81] / ke * (1) Ji
PRl ik — 2D IR W R AR GE 28 40) 43 b Y3 i il 5t 5 0
B

6 B2 2 THHLCGBM) FI XGBoost K TR ft 481 4k 5
[ RE O S EL e B2 AR AL, 45 48 A 3 b T i fi, AUC
{E 7] R 0.92, ELA 38 K (9 B 10 PE g, 0K 1 2% (0.84)
T T A B BEORE Y B AT TR Ak Sy i e AN
L W7 1 T A AR, B AE By R Moy X B A A
Rl 5 v AR XS R ) o R, LA Il SR IS T
B AL AR PR, 33X AT AE S SO AE DU I A 0 AE T BN
TH1AH S ORSF 3 5 17 3043 BT GBM RS B 3 43 1 3
SR AR AR Z) % DX 1)1 AR 0T 1

TE ARG B R RY | S ) R L (SVMD 3R B
e 3t ) A TET R A ) H A DR Rk 0.96, i 3 i T
fib AT, 3R W LA 4 4 OE 2SR AR T T A R BEOURR . SR
T, 5 1 AL 9 0.67, AUC {2 0.79, 1 B 3% 455 84 7f
FE B S R R AR o R R AT R 22 b R T A S
T B A, SVM LU ) TR 5 2 XS 4 B R I
FEAR AR IE TR AR T A % A 5 3R v XU XY
0 FEAH X S8z, UK % 5 s R L X 5 T SO SR
Bras Rwy G o 258 A H AR 4% 50 1 R A
B M e A X A 55, 55 SVM MY, HE A [A] 3R A
(0.83) , (EAF i R 4LAK AL N 0.67, AUCHE N 0.74,
7 LA AR M O R Ak B KR AE 28 B HEA T A AE
A i S A o 3 (] 0 AR ) 5 B Sy LY b 7 e T
LM R R B 2% AR A B 5 R i R BR
(BRSBTS e 1
VR 227 B 8 e i 7 A AR 3 B R 1 % IR o o

Kt ML A% bk . XGBoost 5 GBM 7& it B & 3 KU BF
M 8 5 3 MR RE O B, U AE B X & AR AR
O Z 1 Tn) B, 4 AR 2 ) O ik R B A 32 Ak g
15 FNEE . SVM BUFE A Ry 58 H iR
Hz 3% R ) HC o Sz 0 R A B 5 22 8 [l )3 DU S R R X
PR ME S IE R E TSR R T ik . 458K
P XK 55 0 32 B R AR o BT, A OB R A 5 ik
117 gy R IX R I T B Y U R AR DU RE T R ROk
Hb 5T T R A0 AL DA 5 XU 4 1 B A A A
2.5 ETSHAPHEBE K EREMYE

T BOE OHL R A S T O R Akl R
23 [A) S PR AR AE XS b K E B R A R E L.
P& Th BB B Al fg B, AR SC 51 A SHAP (shapley



198

JK A PR T A

o545 %

additive explanations) J5 ¥ , X 2% Fl I A5 0 (% i o afF
A7 % e, 1 10 4 735 AN [) DXL X6 34 39 & A HE 238 10 AH XoF
DR 5 2 HALH

P 6 Sz e 1 5 oA B 4 e AIE BT MR (R A 22 S, v
B — AT AT — A AFRAE B B 6 R — A FEAR

AR B8 S R IR AR B R/, SHAP (EBECR , 3810 1%
R A X S Sy T 3 A IE ri) BT RR AR o DA B GE B
PRI ST A B O ) R SHAP R X 3 3= 22 4 vk
TE S @ b 3R W] BE B 5 88 B3 5K W , W Bk A i n]
REPEASA

a #E R M b K AL A& AR c FHFYa
H R KA & B T KSR s | e —te—— =t <%0l DNNRIT TN Y
$th 2 HEL R AR FiE e ere e P 3 B B By e m pad PRV RBE S =t
PR BHE R o e ——fe— HFHREFLE o e s WTFKEE | o -
s 3] O e e £ s e — 40| -
B W7 BE .. VA — Ak A A 4 B e o efepo— PR HREE  -——
B A 7 BE or et B VAT 97 Y o B W BE S -
5 — 1R AE 48 2 i) N e b ) B A |
i 1l R b 2 B = f— VA — 4 3 6 B -
7K U g 7R S 7K i Sk AR P e e Hh 2 4 it A 3
o+ R K b ) 2 - 7k ¥ e 7 +
4 3 2 -1 0 1 2 -0.3 0.2 -0.1 0 0.1 0.2 -1 0 1 2 3
SHAP{H SHAPH SHAPH
d T#HEaEM e XGBoost
B £ R s WFAGRE |- e RAEE
H— BB RS o o e — e R 7
R A& | - oefelre = 2 R A2 e R, b
40| - r— B W7 S BE S s fetp——
BEBEHER o oo oo Ex E B
B YA 97 B et EF VRT3 s
E W7 2 BE B e VA — 4 AL B i 3 S | st
R 2K Y R B et
T 2R R 2 - K R —— e
7K U g 7R b i 2 - "
-0.3-0.2-0.1 0 0.1 0.2 0.3 3 2 -1 0 1 2 3
SHAPH SHAPH

Elo BHEBFERMBZER

Fig.6 Feature contribution summary diagram of different models
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Fig.7 Feature importance ranking of different model
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