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Explainable High-Resolution Landslide Risk Assessment
Considering Predisposing and Triggering Factors
- Application to the 2024 Noto Peninsula Heavy Rainfall Event -

Yuya Tanaka*, Shintaro Goto**

Abstract: This study presents a high-resolution, 50-m landslide-occurrence probability model that integrates 18
static predisposing factors with 2 dynamic triggering factors—high-resolution rainfall (XRAIN) and soil water
index (XSWI)—within a machine-learning framework. We apply the model to the 2024 Noto Peninsula heavy-
rainfall event to evaluate performance. CatBoost was the best-performing algorithm, achieving a PR-AUC 0f 0.213
(=2.7% the random baseline of 0.077). The resulting hazard maps showed good agreement with mapped damage
extents. Ten-minute predictions captured the expansion of high-risk areas as rainfall intensified and a post-peak
lag consistent with XSWI accumulation. Model interpretability and physical plausibility were supported by SHAP
(SHapley Additive exPlanations). The proposed method refines spatial resolution from 1 km to 50 m—yielding
roughly a 400-fold increase in grid-cell density—and provides probabilistic risk estimates with associated
explanations to support practical decision-making in disaster preparedness.

Keywords: 11055 (landslide), %K & 75K (predisposing and triggering factors), U A 7 FAfi (risk assessment)
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Model PR-AUC  Brier Score F1 ROC-AUC
(a) CatBoost 0.213 0.065 0.269 0.755
(b) RF 0.210 0.065 0.267 0.756
(c) HGBoost 0.204 0.066 0.256 0.754
(d) LightGBM 0.203 0.065 0.256 0.749
(e) XGBoost 0.198 0.066 0.253 0.751
(f) RUSBoost 0.180 0.066 0.242 0.732
(9) BRF 0.179 0.067 0.238 0.708
(h) LR 0.172 0.067 0.232 0.723
(i) EEC 0.159 0.067 0.237 0.711
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(c) Histogram-based Gradient Boosting (HGBoost)

(a) Categorical Boosting (CatBoost)
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(d) Light Gradient Boosting Machine (LightGBM)

(e) Extreme Gradient Boosting (XGBoost)
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(f) Random Under-Sampling Boosting (RUSBoost)

mﬂ "'*g'\- ¥ - i)

37°30N
T

37°30N
T

37°30'N
T

i

5

OO WK EREGE

. Very high (5,051)
High (10,224)

OO IWKEREEER
. Very high (3,587)
High (9,664)

WK ERERE
B Very high (2,381)
High (8,254)

37°20N
T

37°20'N
T

37°20'N

Moderate (19,828)
Low (41,165)
B Very low (59,833)
I

Moderate (18,870)
Low (43,718)
. Very low (60,854)

Moderate (19,717)
Low (37,738)

S ? . Very low (61,347)

25
e —
1 km 1

5 10

25

L km | km |

L L L
136°50'E 137°E 137°10'E 136°50'E 137°E 137°10'E 136°50'E 137°E 137°10'E

(h) Logistic Regression (LR)
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(9) Balanced Random Forest (BRF)
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