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A Surrogate Model for Decision Support in Heavy Rainfall Control: 3D Turbulence Prediction
Using Fourier Neural Operators with Focus on Vortex Structure Simulation
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Fourier neural operators (FNOs) have attracted increasing interest as surrogate models for large-eddy simulation

(LES) in meteorological and urban microclimate fields. FNOs benefit from predicting global large-scale turbulence

by focusing on low-frequency Fourier modal learning and truncating high-frequency Fourier modes. However, their

performance is limited by the loss of high-frequency modal features, which leads to insufficient representation of

vortex structure details. To mitigate this problem, we investigate two alternative models based on FNOs: a
convolutional output—layer—enhanced FNO (FNO1) and a ResNet-based FNO (FNO2). The future 50 time steps of

three-dimensional unsteady wind speed are set as the prediction target, using the past 5 time steps as input. The

results show that FNO2 more effectively preserves coherent vortex structures and shows closer agreement with LES

results than the original FNO, FNO1, and ResNet in terms of vorticity prediction error evaluations.
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(b) Per-time-step MAE of |w| (rooftop region)
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