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Diagnosing the underestimation of a southwest-vortex heavy
precipitation event by CMA-GFS
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Abstract: A persistent heavy precipitation event associated with the rapid development of a
southwest-vortex occurred over northeastern Sichuan Province on 29—30 June 2025. CMA-GFS
reasonably captures the occurrence and general location of the event but markedly underestimates the

areal extent of torrential rainfall and its peak intensity. Using precipitation observations, ERAS
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reanalysis data, and CMA-GFS operational forecasts, we analyzed forecast biases in circulation
patterns, vorticity budget, apparent heat source (Q,) , vertical circulation structure, and the vertically
integrated moisture budget. The results show that CMA-GFS fails to reproduce the rapid development
of the southwest-vortex and substantially underestimates its intensity. The positive contribution of the
divergence term near 800 hPa is too weak, resulting in insufficient low-level positive vorticity growth.
Low-level convergence is less organized, ascent is weaker, and upward vorticity transport is reduced.
0, is also underestimated and is poorly coordinated with low-level convergence and ascent, preventing
the development of a deep vertical structure. Vertically integrated moisture transport southeast of the
heavy-rainfall region is too weak. Insufficient inflow from the south and excessive outflow to the north
lead to a marked reduction in regional net moisture input. These dynamical, thermodynamic, and
moisture biases weaken the positive feedback loop involving low-level convergence and stretching,
vortex development, entrainment of warm and moist air, and diabatic heating, thereby contributing to
the underestimation of both the intensity and spatial extent of heavy precipitation. Sensitivity
experiments show that reducing convective momentum mixing enhances the low-level divergence-
term, lower-to-middle-tropospheric vertical vorticity transport, Q, regional net moisture input, and
precipitation. Correcting the initial moisture bias along the moisture-inflow pathway also increases
moisture input and precipitation over the target region, while the combined adjustment yields the
greatest improvement. These results provide useful guidance for diagnosing CMA-GFS forecast biases

in southwest-vortex-related heavy precipitation and for improving the representation of the relevant

XX &

physical processes.
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