 SEQ CHAPTER \h \r 1COARE BULK AIR-SEA FLUX ALGORITHM

January 1, 2000

C. Fairall (NOAA/ERL)

E.F. Bradley (CSIRO Land and Water)

History
In 1993, Chris Fairall, Frank Bradley and David Rogers began development of a bulk air-sea flux algorithm for use by the COARE community. Based on the model of Liu, Katsaros and Businger (1979, LKB), it took account of the light wind, strongly convective conditions over tropical oceans. Version 1.0 was released in November 1993, and included modifications to the basic LKB code for wind roughness length (Smith, 1988), Monin-Obukhov profile functions for strong convection, and low-wind "gustiness" (Godfrey and Beljaars, 1991). Version 2.0 (August 1994) included code to model the cool skin physics (Saunders, 1967), and also daytime near-surface warming based on a simplified version of the Price, Weller and Pinkel (1986) ocean mixing model (Fairall et al., 1996a). These optional features enable conversion from bulk to true skin temperature for calculating the fluxes. Calculation of fluxes of momentum (Caldwell and Elliott,

1971) and sensible heat (Gosnell, Fairall and Webster, 1995) due to rainfall are incorporated in the code, as is the so-called Webb correction to latent heat flux which arises from the requirement that the net dry mass flux be zero (Webb et al., 1980). The formalism of the

algorithm is fully described in Fairall et al. (1996b).

The next major modifications to the algorithm were made at the COARE Air-Sea Interaction (Flux) Group Workshop in Honolulu, 2-4 August 1995 (Bradley and Weller, 1995). Transfer coefficients were adjusted by six percent to give better average agreement with covariance latent heat fluxes from several COARE ships. This produced version 2.5b, which has been used successfully on various ocean-atmosphere field campaigns by members of the Flux Group, at various locations and from a variety of platforms. At the Woods Hole workshop, 9-11 October 1996 (Bradley and Weller, 1997) it was agreed that no further development would be attempted to the community version of the COARE Bulk Flux Algorithm, and that a version 2.5b bulk algorithm "package" would be made available, consisting of the fortran source code and a test data set. This was released at a meeting of the Flux Group at NCAR, 14-16 May 1997

(Bradley, Moncrieff and Weller, 1997), and was made available from the following archive sites:

1. The Florida State University COAPS (Center for Ocean Atmospheric Prediction Studies)

http://www.coaps.fsu.edu/COARE/flux_algor/

OR

ftp://coaremet.fsu.edu/pub/coare/flux_algor/

2. Scripps Institution of Oceanography Physical Oceanography Research Division

http://penarth.ucsd.edu/coare/

OR

ftp://penarth.ucsd.edu/coare/

3. NCAR (National Center for Atmospheric Research) Data Support Section

http://www.scd.ucar.edu/dss/datasets/ds606.1.html

In December of 1999, Bradley and Fairall made available version 2.6a in both fortran and matlab forms.  The new version of the model has several changes that are summarized as follows:

1.  The empirical constants in the convective portion of the profile functions have been changed  for improved matching to direct profile observations (Grachev et al., 1999).  These are referred to as psiu_26 and psit_26; the original forms are referred to as psiu_25 and psit_25.

2.  The Kansas stable profile functions have been replaced by those from Beljaars and Holtslag (1991) which is a better fit to new profile data taken over the Arctic ice cap in the SHEBA project.

3.  A fixed value of the Charnock parameter (=0.011) has been replaced by a formulation with a simple wind-speed dependence above 12 m/s based on data from Yelland and Taylor (1996) and Hare et al. (1999).

4.  The Liu et al. (1979) scalar roughness relationship [ fx(Rr) ] has been replaced with a much simpler one that fits both the COARE, several additional ETL flux data sets,  and HEXMAX data base (DeCosmo et al., 1996).

5.  The stability iteration loop has been reduced from 20 to 3 using bulk Richardson number parameterization for an improved first guess (Grachev and Fairall, 1997).

6.  The latent heat flux has been reformulated in terms of mixing ratio, q, instead of water vapor density, Q, to eliminate the need for a Webb et al. (1980) correction.  This change is not apparent in the input variables, which used mean  mixing ratio (as does version 2.6).  However, the original transfer coefficients were fit to the measurements of fluxes in the form <w’Q’>/a rather than the correlation of vertical velocity with mixing ratio, because <w’Q’> was the actual measured quantity.  In the new version of the model, we have fit the transfer coefficients to <w’Q’>/a + Webb = <w’q’> because the mixing ratio is the quantity that is fundamentally conserved during mixing.

Description of the bulk algorithm "package"
The "package" consists of a input data, bulk algorithm program, and output data files: 

Input data

test2_5b.dat     (Test data set, with headers)

test2_5b.txt     (Test data set, without headers)

Programs

cor2_5bf.for  (Fortran source code) and .m (matlab source code).  This is the original version 2.5 setup to use the Fairall near-surface temperature sensor for Ts bulk.

cor2_5bh.for  (Fortran source code) and .m (matlab source code).  This is the original version 2.5 setup to use the MSP 6m-depth temperature sensor for Ts bulk.

cor2_6af.for  (Fortran source code) and .m (matlab source code).  This is the new version 2.6 setup to use the Fairall near-surface temperature sensor for Ts bulk.

cor2_6ah.for  (Fortran source code) and .m (matlab source code).  This is the new version 2.6 setup to use the MSP 6m-depth temperature sensor for Ts bulk.

Output files (version N=5 or 6; sea surface T source X=f or h)

tst2_NaX.out    
Fortran output file from test data

tst2_NaX_out.txt    
Matlab output file from test data in ascii format

tst2_NaX_out.mat    
Matlab output file from test data as matlab mat file

Bulk algorithm program
A full description of the code and the test data set appears at the head of the fortran file. We provide some notes here:

1. The input "read" statement is set up for the test data file test2_5b.dat . This consists of four days of Moana Wave COARE data, 26-29 Nov 1992, prepared from Chris Fairall's hourly data file wavhr2_5.asc dated 31/10/96. A full description of the Moana Wave operations, instruments and data set is given at 

http://www.ncdc.noaa.gov/coare/catalog/data/air_sea_fluxes/moana_flux.html

2. Only those observations required by the flux algorithm were extracted from Chris' lines of data, excepting that his independently calculated bulk fluxes are included for comparison.

3. Some parameters are not input, but must be redefined in the code if necessary (e.g., the height of sensors (hum, htm), the bulk temperature sensor depth (ts_depth), needed for calculation of the warm layer effect, and pressure and mixed layer height (pp and zi) if available).

4. Because Chris' Tsea was measured at only 0.05m depth, we have added Ts at 6m depth from Mike Gregg's Advanced Microstructure Profiler (AMP, but called MSP in the file) to demonstrate the warm layer code. The Profiler was operated from the Moana Wave during

leg 1, and the data was kindly provided in suitable form for the test file by Hemantha Wijesekera (Oceanography Dept., Oregon State University).

5. The warm layer and/or cool skin code may be bypassed by setting jwarm and/or jcool to zero in the code.  Note that if jcool or jwarm are set to zero, then values for dt_cool and dt_warm are still computed and passed back by the code, but are not used in calculations of the flux.

6. To demonstrate the warm layer and cool skin, we output the respective delta-temperatures and the warm layer thickness. Note that dt_warm is the warming across the entire warm layer--only if tk_pwp is less than the sensor depth (ts_depth = 6m in the test case) will 


T0=ts-dt_cool*jcool+dt_warm*jwarm. Otherwise, a linear profile is assumed, and the appropriate fraction of warming above the bulk sensor calculated.  Chris' Tsea at 0.05m depth will generally include most of the warm layer but not the cool skin effect.

7. The Webb correction to latent heat flux is now included because we have adjusted the transfer coefficient to include it.  Instead of the correction to the latent heat flux, the new version of the code returns the mean vertical velocity appropriate for applying the Webb correction to any measurements of scalar concentration flux.  The sensible heat flux due to rainfall is NOT added internally in the code. This is output separately, and may be accounted for at the user's discretion.

Test input file

1
Date:  YYMMDDHHmmss, YY=year, MM=month, DD=day, HH=hour, mm=minute,ss=sec

2
U:     true wind speed at 15-m height  m/s

3
Tsea:  sea surface temp (at about 0.05m depth)  deg.C

4
Tair:  Vaisala air temperature (about 15 m)  deg.C

5
qair:  Vaisala air specific humidity (about 15 m)  g/kg

6
Hsb:   Fairall's original BASIC code bulk sensible heat flux  W/m2

7
Hlb:   Fairall's original BASIC code bulk latent heat flux   W/m2

8
Taub:  Fairall's original BASIC code bulk surface stress  N/m2

9
Rs:    solar irradiance  W/m2

10
Rl:    downwelling longwave irradiance  W/m2

11
Rain:  precipitation mm/hr

12
Lat:   Latitude

13
Lon:   Longitude

14
MSP:   MSP temperature at 6m depth  deg.C

Test output file

1
index:  data line number

2
xtime:  YYMMDDHHmmss, date and time as read in

3
hsb:    Fairall's bulk sensible heat flux as read in  W/m2

4
hlb:    Fairall's bulk latent heat flux as read in   W/m2

5
taub:   Fairall's bulk surface stress as read in    N/m2

6
ts:     Bulk water temperature: MSP at 6m depth (h version) or Fairall at 0.05 m depth (f version) as read in  deg.C

7
HF:     calculated sensible heat flux   W/m2

8
EF:     calculated latent heat flux    W/m2

9
TAU:    calculated surface stress   N/m2

10
T0:     calculated sea skin temperature   deg.C

11
Webb  correction to latent heat flux (2.5)  W/m2 or mean vertical velocity (2.6) m/s

12
RainF:  sensible heat flux due to precipitation   W/m2

13
rain:   precipitation mm/hr as read in

14
dt_cool:  cool skin effect  deg.C

15
dt_warm:  total warming across warm layer thickness  deg.C

16
tk_pwp:   warm layer thickness  m

MATLAB Programs
cor2_5bf .m and cor2_5bh .m

Read the data, do the warm layer calculations, draw some graphs, write the new files


Calls the flux and cool skin subroutine cor25.m




This routine operates of the data vector



x=[u us ts t qs q Rs Rl rain zi  P zu zt zq lat jcool]


and returns a long data vector of 21 quantities described at the end of the routine.
Other subroutines used: psiu_25.m, psit_25.m, qsee.m, grv.m

cor2_6af .m and cor2_6ah .m

Read the data, do the warm layer calculations, draw some graphs, write the new files


Calls the flux and cool skin subroutine cor26.m




This routine operates of the data vector



x=[u us ts t qs q Rs Rl rain zi  P zu zt zq lat jcool]


and returns a long data vector of 21 quantities described at the end of the routine.
Other subroutines used: psiu_26.m, psit_26.m, qsee.m, grv.m

Note: if you are not interested in the warm layer, then fluxes can be computed by calling cor25(x) or cor26a(x) as a simple function.
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