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Abstract

Understanding the distinct dynamical processes govermning the formation of clockwise (CW) and counterclockwise (CCW)
tornadoes in complex island environments remains a significant challenge for science and weather forecasting. This study examines
two rare tornado events in Taiwan: a CW tornado in 2011 and a CCW tornado in 2019. Neither of these tornadoes was part of a
supercell storm. Using the Weather Research and Forecasting (WRF) model with ultra-high-resolution (40-meter) Large-Eddy
Simulations (LES), we recreated the interactions between different scales of weather and the core structures of both tornado events,

surpassing the capabilities of previous observational-based studies.

Our simulations reveal the complete formation process and support the view that island-induced tornadoes arise primarily from the
interaction between non-supercell convective systems and the ambient environment. The results also show a bottom-up sequence: a
surface-generated vortex forms from horizontal wind shear in the convergent environment, then strengthens via vorticity stretching
as it couples with updrafts from neighboring mesoscale convective cells. The clockwise (CW) and counterclockwise (CCW)
rotation of tornadoes reveals how local circulation influences rotation direction in this study. This study highlights the importance of
high-resolution (sub-100 m) simulations in understanding the key formation characteristics of these short-lived yet powerful.
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