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Recent advances in machine learning have shown that neural networks can approximate operators through
specialized architectures known as neural operators. In this work, we investigate the use of Fourier Neural
Operators (FNOs) to model the physics of infrasound propagation in randomly layered media, mapping sound
speed fields to acoustic waveforms. This method is evaluated by predicting the scattering of both broadband
and narrowband acoustic wave packets by stochastic Gravity Wave (GW) fields, which are known to signif-
icantly influences atmospheric infrasound variability. We compute GW fields using a stochastic multiwave
series that captures the vertical wavenumber power spectral density and introduces intermittency. Inspired
by reduced-order modeling, we propose a variant of FNOs that learns the optimal number of modes for rep-
resenting the integral kernel in the Fourier layers. These modes enable the FNOs to accurately capture the
complex interactions between incoming infrasound and vertically distributed small-scale structures in the
sound speed profile. When applied to the inverse problem of estimating GW fields from acoustic waveforms,
this approach proves to be orders of magnitude more efficient compared to traditional finite-difference solvers.
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