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Path loss modeling of the coupling between tropospheric scatter
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Abstract: The coexistence of atmospheric ducting and tropospheric scattering complicates path-loss prediction for mari-
time over-the-horizon communication. To address the limitations of single-mode models in representing hybrid propaga-
tion, a dual-mechanism coupled path-loss model based on the parabolic equation (PE) was developed. A mesoscale nu-
merical model was used to derive spatially inhomogeneous meteorological fields with high spatiotemporal resolution.
The PE was then applied to calculate the electric fields associated with evaporation ducting and tropospheric scattering.
The two field components were incoherently combined using a weighting factor to obtain the path loss under dual-
mechanism coexistence. Cross-sea link measurements showed good agreement between the predicted and measured path
losses, with a mean absolute error below 4 dB and a root-mean-square error below 5 dB over 300 km. The proposed
model provides higher prediction accuracy than existing models and supports the design and performance evaluation of
maritime tropospheric over-the-horizon communication systems.
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