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Abstract

This study analyzes a case of winter boundary layer wind speed oscillation that occurred
on January 16, 2021. It uses high-temporal-resolution wind speed observational data from the
Taichung Wind Measurement Tower and employs the WRF (Weather Research and
Forecasting) model with a one-way nested LES (Large Eddy Simulation) setup for high-
resolution simulations to investigate the case in detail. The analysis reveals that when the
continental high-pressure system moves out to sea, cold air flows southward along the Taiwan
Strait and is blocked by the terrain of Fujian, China. This blockage forces the cold air to advance
eastward, gradually approaching Taiwan's western coast. In this case, the observed wind speed
oscillation is attributed to Kelvin—Helmholtz instability triggered by vertical wind shear at the
interface between the northeasterly and southwesterly winds. Wave vertical profiles show that
the warming effect in the sinking area corresponds to the strong wind zone, with lower
atmospheric pressure, while the cooling effect in the rising area corresponds to the weak wind
zone, with higher atmospheric pressure. Sensitivity experiments demonstrate that the terrain of
Fujian, China, significantly influences the speed and intensity of the cold air movement.
Additionally, this study consolidates the results from this event and a 2018 case (Chien et al.
2024), using data from the Central Weather Administration’s RWRF (Radar Weather Research
and Forecasting) model. Regional averages of vertical wind shear, sea-level pressure gradients,
and wind speed are calculated and analyzed in correlation with the wind speed oscillation data

from the wind measurement tower. The findings lead to the establishment of a wind speed
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oscillation checklist, aimed at deepening the understanding of the mechanisms behind short-

period wind speed oscillations and providing references for their prediction.

Keywords: wind oscillation, Large-eddy simulations, WRF. doi: 10.53106/02540002
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