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Abstract

This study investigates wind direction discrepancies at different locations along the west coast of Taiwan during
strong northeast monsoon events. A total of 20 representative monsoon cases were selected during two periods of time:



October 2016 to March 2017, and October 2022 to March 2023. Wind measurements were obtained from three
meteorological masts: the Taipower (TP) offshore mast (approximately 6 km offshore, 95 m height), the Taiwan
Generations Corp. (TGC) offshore mast (approximately 8 km offshore, 86 m height), and the BSMI onshore mast in
Qingshui, Taichung (approximately 100 m height). A total of 11 (2016-2017) and 9 (2022—2023) strong monsoon
events were collected for comparison. All data underwent quality control based on Tests 6, 7, and 8 as defined in the
Manual for Real-Time Quality Control of Coastal and Oceanic Wind Observations published by NOAA (2003),
ensuring logical consistency and data reliability. The overall data rejection rate was below 1%, with the exception of
Test 7, which flagged approximately 5% of the records which revealed no significant issues by visual inspection.
While the NOAA manual is designed for U.S. coastal and atmospheric environments, it remains a commonly
referenced guideline in the absence of a Taiwan-specific quality control standard for wind data.

The results revealed significant discrepancies in wind direction between the locations of the offshore and onshore
masts. During 20162017, the TP offshore mast recorded a mean wind direction of 316.02° (NNW), while BSMI
recorded 29.58° (NNE), with a difference of over 70°. In 2022-2023, TGC offshore mast recorded 345.71°, and
BSMI recorded 28.69°, with a difference exceeding 40°. Surface weather charts showed a stable northeasterly flow
during these events, and ground-level observations in Taichung also indicated typical northeast wind direction.
However, the offshore masts showed a northwesterly direction, suggesting that the wind direction shifted with the
locations of the wind masts.

Multiple mechanisms may contribute to this discrepancy, including the Ekman spiral effect, differences in surface
roughness between ocean and land, and terrain-induced channeling or deflection. While Ekman theory suggests
clockwise turning of wind with height in the Northern Hemisphere, it is generally accepted that within the first 100
meters above ground, the turning angle is rather limited (Tse et al., 2016). Additional factors such as local terrain
effects and surface friction may significantly influence the wind direction in atmospheric boundary layer subjected to
different weather conditions (Pena et al. 2014).

This study demonstrates that along the west coast of Taiwan, the atmospheric boundary layers at different locations
show substantial wind direction shifts at the elevation height of 100 m, which could be due to the effects of surface
friction and terrain topology. These findings highlight the importance of accounting for spatial wind variability and
boundary layer processes in offshore wind resource assessments.
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