Turbulent Transfer Coefficients: Observational constraints

I have spent some time analyzing several data sets of fluxes and transfer coefficients.  I have used three fairly large surface-based sets.  The data come from the tropics, mid-latitudes, and high latitude storm tracks. They are mostly open ocean but with some coastal cases.
*University of Connecticut (Jim Edson) – data from FLIP, the Martha’s Vineyard Observatory (a coastal tower), and moored discus buoys (CLIMODE) at 15-20 min. resolution.  There 14,902 values for Cd and 14,987 values for CH.

*University of Miamia (Will Drennan) – data from 7 campaigns with the ASIS spar buoy at 30min. resolution. There are 1928 values for Cd.

*NOAA/ESRL PSD (Chris Fairall) – data from 18 cruises of research vessels at 60-min resolution. There are 5,121 values for Cd and 4,120 values for CE.

The sampling uncertainty for a single transfer coefficient observation is 0.4E-3 (the ship data are lower quality so it takes an hour of data to achieve this while the two other sources need about half that averaging time).  The data have been averaged in wind speed bins from 1-25 m/sec.  The bin-averages for each set and a grand-average line are shown in FigX1.  Only the UConn database has observations for wind speed exceeding 20 m/s (157 for Cd and 237 for CH).  For wind speed less than 20 m/s the three independent data sets are in good agreement; the grand average values are constrained to about 5% for both Cd and CE/CH (there is more variability at very low wind speeds where wave effects and weak fluxes are issues).  The divergence of the ESRL CE and UConn CH values at high wind speeds hints at sea spray effects.  The UConn data give no indication of Cd leveling off at high wind speeds.
I have also looked at three aircraft datasets.
*U. Miami (Will Drennan) – data from NOAA P-3 hurricane flights as part of CBLAST high; observations at heights between 75-200 m.
*University of East Anglia (Ian Renfrew) – data from BAE146 flights as part of GFDex study; observations at heights between 30-50 m.

*Universidad Nacional Autonoma de Mexico (Graciela Raga) – data from EPIC and GOTEX flights on the NCAR C-130; observations at heights between 25-35 m.

Fig. X2 shows the surface-based data and the aircraft data together with lines representing a spectrum of commonly used parameterizations (NCEP reanalysis, NCEP operational, ECMWF reanalysis, Large and Pond, and COARE3.0).  With the exception of NCEP reanalysis, the parameterizations fit the ship observations fairly well between 0-15 m/s; COARE3.0 is the best fit.


For CE the aircraft data agree somewhat with the surface-based observations and hint at increasing CE with wind speed.  The aircraft data scatter is considerable, but remember that these represent essentially five campaigns (a total of 600 data points) compared to the huge database (over 20,000 points) for the surface-based observations.  For Cd the aircraft data do not seem to add much to our confidence we understand what is going on.  The CBLAST data indicated Cd levels off and perhaps decreases with wind speed but this is contradicted by the GOTEX data.  

To summarize, the surface-based observations constrain wind speed bin-averaged Cd, Ce, and Ch to within about 5% for wind speed less than 19 m/s.  The limited surface-based observations show Cd continues to increase with wind speed up to 25 m/s.   The aircraft and surface-based data suggest that up to 25 m/s there is at most a weak increase in Ce (10% over the span of 20 m/s); no dramatic sea spray enhancements are observed.
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Figure X1a.  10-m neutral turbulent transfer coefficients as a function of 10-m neutral wind speed from direct surface-based observations.  Symbols are:  circle – U. Connecticut (FLIP, Martha’s Vineyard Observatory, and moored buoys), diamond – U. Miami (ASIS spar buoy), and square – NOAA/ESRL (ships).  Upper panel: Cd10n; Lower panel: CE10n (ESRL) and CH10n (U. Connecticut).  The black line is the mean of the data sets.
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Figure X2a.  10-m neutral turbulent momentum transfer coefficient as a function of 10-m neutral wind speed.  Symbols are from direct observations: blue – surface and red – aircraft.  The dashed lines are parameterizations: blue – ECMWF, green – NCEP reanalysis, cyan – NCEP operational, magenta – Large and Pond, black – COARE3.0.  Surface-based symbols are:  circle – U. Connecticut, diamond – U. Miami (ASIS), and square – NOAA/ESRL.  Aircraft symbols are: star – UNAM, right triangle – U. East Anglia, and left-pointing triangle – U. Miami (CBLAST). 
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Figure X2b.  10-m neutral turbulent scalar (heat or moisture) transfer coefficient as a function of 10-m neutral wind speed.  Symbols are from direct observations: blue – surface and red – aircraft.  The dashed lines are parameterizations: blue – ECMWF, green – NCEP reanalysis, cyan – NCEP operational, magenta – Large and Pond, black – COARE3.0.  Surface-based symbols are:  circle – U. Connecticut (CH) and square – NOAA/ESRL (CE).  Aircraft (all CE) symbols are: star – UNAM, right triangle – U. East Anglia, and left-pointing triangle – U. Miami (CBLAST).  Note the U. Connecticut values are CH and may be influenced by sea spray evaporative cooling at high wind speeds.
