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Abstract: To enhance the performance of precise point positioning (PPP) in the global navigation satellite system (GNSS), we used GNSS data,
radiosonde data and the fifth generation of reanalysis data from the European Centre for Medium-range Weather Forecasts (ERAS) to accurately
calculated zenith wet delays (ZWD) in the study area, and proposed PPP methods constrained by ZWD calculated from radiosonde stations and
from ERAS data (ERAS ZWD). Then, we compared the positioning performance of standard static/kinematic PPP, standard static/kinematic PPP
with gradient estimation, PPP constrained by ERAS ZWD, and PPP constrained by radiosonde ZWD, and examined the impact of station height
and latitude on ZWD estimation accuracy and static PPP performance. The results indicate that there is a high consistency between ZWD estimat-
ed by GNSS and that calculated from radiosonde data, suggesting the higher reliability of radiosonde-derived ZWD. In terms of PPP convergence
time, the PPP constrained by radiosonde data and ERAS5 ZWD improved convergence speed by more than 55% and 50%, respectively, compared
to the standard static PPP method. Kinematic PPP constrained by ERAS ZWD and radiosonde ZWD also showed improvements in convergence
speed of over 50% compared to both standard PPP methods. Compared to standard static PPP, priori ZWD constraints significantly enhanced po-
sitioning accuracy with 1 to 8 hours of observational data. The positioning accuracy of PPP constrained by ERAS ZWD and radiosonde ZWD im-
proved by 2.80%, 4.05%, 11.40%, and 3.74%, 4.05%, 14.04% in the E, N, and U directions, respectively, compared to standard static PPP. How-
ever, the improvements were limited for long-term observations (16 and 24 hours), which indicated that priori ZWD constraints had a more pro-

nounced effect on the positioning accuracy for short-term observational data. Changes in station elevation significantly affected both convergence
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speed and positioning accuracy, while latitude changes had some impact on convergence speed but showed no consistent trend regarding position-

ing accuracy.
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