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Abstract

Using multi-source observational data from ground meteorological stations, regional automatic
weather stations, Fengyun series meteorological satellites, new-generation weather radars, and the
MICAPS operational system, this study conducts a comprehensive diagnostic analysis of the regional
heavy rainfall event in Renshou County from May 2 to 3, 2021. The results indicate that this event ex-
hibited distinct characteristics of warm-area precipitation combined with systematic precipitation. In-
itially, under conditions of high temperature and humidity, accumulated atmospheric instability trig-
gered scattered severe convective weather. Later, influenced by the convergence of cold and warm air
masses, atmospheric stratospheric instability intensified, leading to sustained regional heavy rainfall.
Key influencing factors included: sustained transport of abundant moisture by the low-level southwest
jet stream, strong vertical wind shear promoting convective development, and pronounced conver-
gence-lifting motions in the middle and lower troposphere. The spatiotemporal coupling of these ele-
ments collectively formed the physical mechanism behind this extreme precipitation event. Forecast
errors primarily stemmed from underestimating the precipitation amplification effect triggered by the
southward movement of cold air and insufficient assessment of precipitation intensity resulting from
secondary releases of instability energy.
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