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Fig.2 Technical workflow of assessment method for flash flood hazard based on stacked ensemble learning
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Fig.3  Principle of the stacked ensemble method
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Fig.7 Receiver Operating Characteristic (ROC) curve
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Tab.3 Accuracy assessment results of selected models

il WG 2R/ % KGR/ % AR/ % F1 5380/ % AUC/ %
RF 87.59 88.06 86.76 87.41 95.32
LR 88.32 86.11 91.18 88.57 94.12

GBDT 87.59 90.48 83.82 87.02 94.74

MLP 88.32 90. 62 85.29 87.88 95.87

Stacking 90.51 91.04 89.71 90.37 96.87
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An Innovative Approach to Risk Assessment of Flash Flood
Based on Stacked Ensemble Learning: An Empirical Study of
the Post-Shock Area of the Wenchuan Earthquake, China

JIA Qian'", XIONG Junnan' , SHANG Yiwei'”, XIAO Huiwen’, WANG Qisheng’

(1. a. College of Geosciences and Technology; b. School of Civil Engineering and Geomatics, Southwest
Petroleum University, Chengdu 610500, China; 2. Sichuan Water Development Investigation, Design &
Research Co. , Lid. , Chengdu 610500, China; 3. The 4th Geological Brigade of Sichuan, Chengdu 611130, China)

Abstract ; Risk assessment of flash flood is a prerequisite of flood-related geo-disaster chain prevention and control.
Although machine learning algorithms were introduced for flash flood modeling to assess their susceptibility with
high efficiency, but a single model generally suffer from the defects of overfitting or insufficient generalization
capacity. Some integrated model improve the prediction performance and model robustness through model fusion,
but its modeling mechanism and applicability need to be deeply explored and verified.

In this study, it proposed an innovative approach to flash flood risk assessment based on Stacking algorithm,
and took an empirical study of the post-shock area of the Wenchuan earthquake in 2008, china. It constructed four
single machine learning models ( Random Forest, RF; Logistic Regression, LR; Gradient Boosting Decision Tree,
GBDT; Multilayer Perceptron, MLP) and a Stacked Ensemble ( SE) model which evolved from a fusion of the four
machine learning algorithms. Then it systematically validated the comparative advantages of the SE model in the
process of flash flood susceptibility assessment.

(1) The stacked ensemble model significantly outperformed single models in terms of accuracy (90.51% )
and F1 score (90.37% ), with only a 1.33% difference between recall and precision rates, demonstrating superior
balance and overall performance.

(2) The AUC ( Area Under the Curve) value obtained in the SE model reached 96.87% , an improvement of
1.55% , 2.75% , 2.13% , and 1. 00% compared to RF, LR, GBDT, and MLP, respectively, verifying the
effectiveness of the ensemble approach in enhancing prediction accuracy.

(3) Feature importance analysis revealed that distance to water systems (0. 047), Normalized Difference
Vegetation Index (NDVI) (0.029), and slope (0.028) were the key driving factors for flash flood occurrences,
followed by water area elevation difference (0.027 ), elevation (0.017 ), and impervious surface density
(0.016).

(4) In the post-shock area of Wenchuan earthquake, the extremely high and high-risk of flash flood zones
were concentrated in the eastern low-lying areas and along high-altitude rivers in the west.

This study provides an innovative approach to flash flood risk identification in earthquake-affected areas, and
the ensemble model framework constructed can serve as a paradigm reference for disaster assessment research in

complex terrain areas.
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