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Tropospheric delays have been a major error source for space geodetic techniques and the
performance of their modeling is significantly limited due to the high spatiotemporal variability of
the moisture in the lower atmosphere. In this study, tropospheric zenith wet delay (ZWD)
modeling was realized based on the machine learning (random forest approach, RF) and using 10
years (2010-2019) of radiosonde measurements at 586 globally distributed stations. Subsequently,
the ZWD modeling accuracy was validated based on the sounding profiles across the globe for the
year 2020. We find that ZWD modeling accuracy is significantly improved by taking account
meteorological parameters in the functional formulation, especially for surface water vapor
pressure. When surface meteorological data are available, the RF-based ZWD models with
meteorological parameterization can achieve an overall accuracy of 2.9 cm and the bias close to
zero across the globe, which clearly outperforms current empirical models, such as the GPT3, or
other models based on surface meteorological measurements. From the analyses of spatial
characteristics of the ZWD accuracy, it can be concluded that the RF-based ZWD models especially
mitigate the systematic biases in the regions with monsoon climate and tropical rainforest climate

types.
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