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Improvement of RIME optimized integrated model for offshore monopile scour
depth prediction
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Abstract Based on monopile scour test data, an ensemble model integrating extreme gradient boosting (XGBoost), light gradient
boosting machine (LightGBM), and random forest (RF) was proposed, and the hyperparameters and ensemble weights were
optimized using an improved globalized rime optimization algorithm (GRIME) for predicting scour depth around monopile
foundations. Meanwhile, Shapley additive explanations (SHAP) were employed for interpretability analysis. Results show that the
proposed model exhibits the best predictive performance under both dimensional and dimensionless parameter combinations.
Compared with other machine learning models, the average root mean square error (RMSE) of the test set is reduced by 12.71% and
21.33%, while the average coefficient of determination (R*) is improved by 2.27% and 3.23%, respectively. SHAP analysis show
that near-bed current velocity (U,) and velocity ratio are the key parameters affecting the prediction results of scour depth and relative
scour depth, and the dimensionless-parameter-based model exhibits stronger interpretability and is more consistent with physical
variation laws.
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