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Parameterization of air sea momentum exchange under high wind conditions

An accurate estimate of momentum flux between the atmosphere and the ocean is a key boundary condition for
hurricane modeling and forecasting. The momentum flux is usually parameterized by a drag coefficient, which is
considered to be a function of wind speed and stability and does not account for the effect of sea states. Consensus
has it that the drag coefficient at low to moderate winds increases with wind speed based on numerous past field
observations. However, the drag coefficient at high winds is inconclusive due to lack of direct field measurements.

To investigate the spatial distribution of the drag coefficient under hurricane conditions, NOAA/NCEP
WAVEWATCH-III, an ocean surface wave model, and a wave boundary layer model are combined to include the
surface wave effect on momentum flux calculation. Furthermore, based on the results of idealized uniform wind
experiments from 10 m/s to 60m/s, a new parameterization is proposed to express the drag coefficient as a
function of the input wave age (the phase speed of dominant wind forced waves divided by the wind friction
velocity) and wind speed. The results show the drag coefficient levels off at high wind speed and are qualitatively
consistent with recent field observations by Powell (2003), who conducted wind profile measurements around
hurricane eyes using Global Positioning System dropwind-sonde (GPS sonde) since 1997. Their findings also
revealed the variability of the drag coefficient at different quadrants of hurricanes. This observation provides
guidance for further improvement of the drag coefficient parameterization.
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