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Abstract: Traditional skywave over-the-horizon (OTH) channel modeling inadequately accounted for tropospheric radio
wave propagation effects, failing to effectively characterize the geometric distortion of ionosphere-troposphere cross-
medium long-distance propagation paths in complex atmospheric environments, which led to significant prediction er-
rors for long-range channels. To address this limitation, a unified ionosphere-troposphere cross-medium skywave OTH
channel modeling method was proposed. Firstly, a 3D ray-tracing algorithm was employed based on an integrated
ionosphere-troposphere atmospheric spatial environment model to simulate cross-medium propagation and extract chan-
nel parameters in delay and Doppler domains. Subsequently, a computational modeling-driven approach was developed
to unify the propagation model and the traditional skywave link transmission framework. Experimental validation on a
5 000 km long-distance link demonstrates that the proposed model achieves an 86% correlation coefficient with measured
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