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Doppler Lidar Data Analysis with a Viscous Flow Theory
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Abstract

Doppler lidar measurements made at Taichung Harbor in February 2025 unveiled that when strong north-east wind
prevailed the atmospheric boundary layer can be treated as a time-averaged two-dimensional boundary layer with a
thickness up to 1 km, capped by a thermal inversion layer of 0.5 km in thickness. This observation provides a physical
ground for an analysis on the atmospheric boundary layer over the ocean surface offshore Taichung Harbor. The analysis
was enabled with the wind and wave data obtained from an offshore met tower near the harbor. By assuming that the
boundary layer is fully roughened by waves on the ocean surface, the characteristic roughness height was reduced from a
log velocity profile (Clauser 1956; Schlichting 1968). Since at the ocean surface the viscous force is balanced by the
pressure gradient (White 1975), the pressure gradient term was successfully evaluated with a near-wall velocity profile by
adopting an expression inspired by Spalding (1962). Subsequently, a momentum budget analysis for flow in the
freestream was carried out, in which two forcing terms of the pressure gradient and the Coriolis force are included
(Pedlosky 1979). As a result, it is found that the pressure gradient effect is predominant over the Coriolis force effect in
this case.
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