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Abstract

Accurate modeling of precipitation in urban and mountainous regions is of great importance in meteorology and
atmospheric sciences due to its key role in water resource management and in mitigating the damages caused by
extreme weather events. In this study, the performance of the WRF numerical model with seven different physical
parameterization schemes was evaluated in simulating precipitation during the second half of 2022 for selected
stations in northern and northwestern Iran. The datasets used included observed precipitation from synoptic
stations and precipitable water vapor (PWV) derived from permanent stations of the country’s Global Navigation
Satellite Systems (GNSS) network. After quality control of the data, comparisons were made using statistical
indices including the Spearman correlation coefficient (ps), the normalized root mean square error (nRMSE), and
the normalized mean absolute error ("(MAE). The results indicated that the WRF model was able to reproduce the
temporal pattern of rainfall occurrence at most stations, although some discrepancies were found in estimating
rainfall intensity. The Spearman correlation between simulated and observed precipitation ranged from 0.26 to
0.71, while NRMSE and nMAE values varied between 50-145% and 50-90%, respectively. Analysis of the
relationship between PWV and precipitation also revealed a significant positive correlation at most stations
(ranging from 0.63 to 0.95). The ALKH, AZUI, Olll, and OIIP stations exhibited the highest consistency between
datasets. Based on the integrated analyses, Scheme No. 5 showed the highest mean correlation with both
observational and PWV data, although the 95% confidence intervals of Schemes 3 and 4 overlapped with it,
indicating that its statistical superiority at the 0.05 significance level is not conclusive. These findings highlight
that selecting an appropriate physical parameterization scheme in the WRF model and simultaneously utilizing
GNSS and synoptic station data can significantly enhance precipitation prediction accuracy, contributing to the
improvement of flood warning systems and water resource management.
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