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A Physics-based parameterization of air-sea momentum flux at high wind speeds and its impact on atmospheric and oceanic modeling
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In most atmospheric and oceanic models such as typhoon, storm surge and wind wave prediction models, air-sea momentum flux at high wind speeds has been parameterized using a bulk formula based on extrapolation from field measurements in weak-to-moderate wind regimes less than 25 m/s. The bulk formula yields monotonic increase of the drag coefficient (Cd) with wind speed. However, recent observational, laboratory, theoretical, and modeling studies suggest that the behaviors of Cd at high winds are very different from those at weak-to-moderate winds, that is, the Cd levels off at high wind speeds and is strongly wave-dependent. 

This study investigates the behavior of wave-dependent Cd at high wind conditions and its effect on atmospheric/oceanic modeling using a coupled wind-wave (CWW) model. The CWW model estimates the wind stress by explicitly calculating the wave-induced stress from an ocean wave model and a wave boundary layer model. This approach allows for the estimation of the drag coefficient and the equivalent surface roughness for any given surface wave fields 
Based on the CWW model simulations for ten tropical cyclones in the Atlantic Ocean, a new bulk parameterization of the air–sea momentum flux for high wind speeds is proposed. The parameterization describes how the roughness length increases linearly with wind speed and the neutral Cd tends to level off at high wind speeds. The proposed parameterization with the CWW model has been applied for various atmospheric/oceanic modeling as well as the development of the coupled hurricane-wave-ocean model. These results will be discussed. 

