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Abstract 
The surface turbulent fluxes estimated from satellite observations are reprocessed 

for QuikSCAT period October 1999 – November 2009 (Bentamy et al, 2013). They are 

calculated as daily turbulent air-sea fluxes over global oceans with a spatial resolution of 

0.25° in longitude and latitude. The main improvements with respect to V2 version flux 

products (Bentamy et al, 2008) are related to the improvements of the specific air 

humidity estimation from radiometer measurements, to the assessment of the surface 

winds retrieved from QuikSCAT scatterometers, and to the use of the new objective 

method allowing the calculation of flux analyses over the global oceans. The new 

turbulent fluxes are estimated using Fairall et al (2003) bulk algorithm. The required bulk 

variables such as surface wind speed (W10) and specific air humidity (Qa10) at 10m height 

are both estimated from remotely sensed measurements.  W10 is obtained from SeaWind 

scatterometer on board QuikSCAT satellite. A new empirical model relating brightness 

temperatures (Tb) from special sensor microwave imager (SSM/I) and Qa10 is developed. 

It is an extension of the previous model (Bentamy et al, 2003). In addition to Tb 

variables, it includes sea surface temperature (SST) and air – sea temperature difference 

variables. The new satellite Qa10 are used in combination with the newly reprocessed 

QuikSCAT V3, the latest version of sea surface temperature (SST) analyses provided by 

the National Climatic Data Center (NCDC), and with 10m air temperature estimated from 

the European Centre for Medium Weather Forecasts (ECMWF) re-analyses (ERA 

Interim). The resulting gridded fields of W10, Qa10, wind stress (τ), latent heat flux 

(LHF), and sensible heat (SHF) flux fields are first validated against daily-averaged in-

situ data. For the accuracy determination purpose, in-situ data derived from buoys are 

used. They are provided by Météo-France and U.K. MetOffice (MFUK), the National 

Data Buoy Center (NDBC), the Tropical Atmosphere Ocean Project (TAO), the Pilot 

Research Moored Array in the Atlantic project (PIRATA), and by the Research Moored 
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Array for African–Asian–Australian Monsoon Analysis and Prediction project (RAMA). 

They consist of buoys moored off US coasts (NDBC), off European seas (MFUK), and 

along the Atlantic (PIRATA), Indian (RAMA), and Pacific (TAO) tropical oceans. To 

further investigate the quality of satellite daily fluxes, comparisons are performed with 

in-situ from scientific experiments such as GASEX, EGEE, SHOWEX, and ETL. At 

global scale, the spatial and temporal satellite flux patterns are compared to those from 

ICOADS, ERA Interim, and CSFR.  

For validation purpose, buoy wind, specific air humidity, and air temperature are 

converted to the standard height of 10 m using the COARE3.0 algorithm of Fairall et al. 

(2003). Experiment data are available at 10m height. 

1. Validation of Satellite Turbulent Fluxes 
 

1.1 Moored Buoy Comparisons 
 

The validation of the resulting fields is performed though comprehensive 

comparisons with moored buoy (Figure 1) daily 10-m wind speed, 10-m specific air 

humidity, wind stress, latent heat flux , and sensible heat. Buoy data are hourly averaged. 

Buoy wind, specific air humidity, air temperature are converted to the standard height of 

10m using the COARE3.0 algorithm of Fairall et al. (2003). The latter is also used to 

estimate buoy turbulent fluxes. Daily averaged buoy bulk variables and related turbulent 

fluxes are estimated as arithmetic mean of hourly data. Comparison results are 

summarized in Table 1. Figures 2, 3, and 4 illustrate the comparisons between buoy and 

satellite daily wind stress, latent heat flux, and sensible heat flux estimates during the 

period 1999 – 2009. The buoy and satellite bulk variables  as well as turbulent fluxes (τ, 

LHF, SHF) have a good agreement.  The buoy and satellite surface wind speeds, specific 

air humidities, air temperatures, and wind stress magnitude exhibit quite high correlation 

ranging between 0.86 and 0.96. The corresponding root mean square (rms) differences 

are in general lower than 2m/s and than 1.30g/kg for W10 and Qa10, respectively. For 

latent heat flux, the rms deviations are lower than 30W/m² for MFK and Tropical buoy 

comparisons. The highest LHF discrepancy is found for NDBC buoy comparison. Similar 

good agreements are found for SHF. The rms differences do not exceed 10W/m². Such 
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results assess the quality of the new fluxes and indicate an enhancement of derived-

satellite fluxes compared to previous estimations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Buoy networks used for validation purposes. NDBC, TAO/PIRATA/RAMA, and UKMF 
buoys are in blue, black, and red colors, respectively. 
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Table 1: :  Statistical parameters of differences between daily buoy (MFUK, NDBC, TAO, 
PIRATA,RAMA(Tropical)) and  satellite  wind speeds (Speed in  ms-1), wind directions (direction in 
degree), 1m specific humidity (gkg-1) wind stress amplitude (Stress in dyn/m²),  latent and sensible  
heat fluxes (in Wm-²). Numbers to the right of mooring names are sampling length of buoy and 
satellite collocated daily data during the period November 1999 – November 2009. 
 MFUK(19318) NDBC(60796) Tropical(102234) 

 Bias STD Cor. Bias STD Cor. Bias STD Cor. 

Speed -0.25 1.47 0.92 -0.25 1.08 0.94 -0.25 1.23 0.85 

Direction 0 19 1.76 -5 23 1.74 -4 17 1.65 

Humidity(Qa10) -0.22 0.83 0.94 -0.68 1.29 0.97 -0.34 1.01 0.87 

Stress -0.01 0.06 0.92 -0.01 0.04 0.95 -0.01 0.03 0.85 

Latent heat 4 26 0.89 13 37 0.90 2 30 0.80 

Sensible heat -0.6 8 0.94 -1.3 9.8 0.96 -4.4 6.4 0.77 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Comparisons of  Daily wind stress (a), latent hat flux (b), and sensible heat flux (c) derived from MFUK buoys  
and from satellite estimates for the period 1999 – 2009.  

 

 

Figure 3: Comparisons of  Daily wind stress (a), latent hat flux (b), and sensible heat flux (c) derived from NDBC 
buoys  and from satellite estimates for the period 1999 – 2009.  
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1.2 In-situ Comparison Results 
 

To assess the quality of the new release satellite fluxes, three different groups of in 

situ data are used (Figure 5). The first group includes flux observations from the Air-Sea 

Interaction Spar (ASIS) buoy (Graber et al, 2000) The campaigns include the Shoaling 

Waves Experiment (SHOWEX), the Etude de la circulation océanique et de sa variabilité 

dans le Golfe de Guinee (EGEE) 2006 and the Gas Exchange  (GASEX) 2001. 

SHOWEX was designed to study the properties and evolution of surface gravity waves in 

intermediate and shalllow waters. It was conducted at Duck, North Carolina, USA from 

October to November 1999 and covered a range of wind speeds up to 16m/s. GASEX 

2001 took place in the eastern equatorial Pacific in February 2001. 

In-situ data are also compared to flux products described briefly hereafter: 

1.2.1 ICOADS NOCSv2 flux product 
The NOCS fluxes (National Oceanography Centre Surface flux dataset version 2 ) 

is available daily, gridded at 1°x1° resolution  (Berry et al, 2011). The NOCS fluxes are 

calculated from in situ observations from Voluntary Observing Ships (VOS), adjusted for 

known biases, and gridded to provide global coverage using optimal interpolation. 

Known biases include issues such as: ship heat island effects and changing height of 

observations due to increases in the mean height of vessels over time for air temperatures; 

 

   

Figure 4: Comparisons of  Daily wind stress (a), latent hat flux (b), and sensible heat flux (c) derived from Tropical 
buoys (TAO, PIRATA, RAMA)  and from satellite estimates for the period 1999 – 2009.  
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inadequate ventilation of wet bulb thermometers for humidity; changes in observation 

methods from bucket temperatures to engine room intake or hull sensors for SST; and the 

influence of anemometers on visual observations and flow distortion due to ship 

superstructure on wind speeds. All observations are adjusted to 10m reference height, and 

the bulk formulae of Smith (1980, 1988) were used to calculate turbulent fluxes. 

1.2.2 ERA Interim flux product 
The model fluxes are produced on a global 0.75°x0.75° grid, every 12 hours, which 

are averaged to daily values. This is a near-real time analysis, with improved model 

physics to ERA-40 and a 12 hour 4DVar assimilation system (Simmons et al, 2006).  

1.2.3 CFSR flux product 
The Climate Forecast System Re-analysis (CFSR) is the most recent hindcast 

produced by NCEP (National Centres for Environmental Prediction). It is provided on a 

global 0.3°x0.3° grid, every 6 hours, which have been averaged to daily values. The 

model is a fully coupled atmosphere-ocean-land-sea ice model and is described in (Saha 

et al, 2010)  

1.2.4 Colocation 
In order to compare the ship-observed and daily mean global product fluxes, the 

best estimate of collocated and co-temporal fluxes were calculated. The ship observations 

were averaged over the 24 hours corresponding to the product means and the product 

fluxes were averaged over the spatial extent covered by the ship in that 24 hours.  

 

 

 

 

 

 

 



Institut Français pour la Recherche et l’Exploitation de la MER(IFREMER)  / LOS     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.5 Comparison of daily mean fluxes from global products collocated with in 
situ ship observations.  

Figure 6 shows the comparisons between the in situ and  the product fluxes, while 

table 1 summarizes the statistics calculated for each comparison. The in situ data tends to 

fall within very similar ranges for most cruises, outliers in most of the plots in figure 2 

are from SHOWEX and EGEE cruises, and the product showing the largest scatter is the 

NOCS product. This scatter is due to the fact that values of particular grid-points of that 

product on a particular day, such as during a field campaign, may not contain any 

observations, but may be produced by optimal interpolation from observations at 

surrounding grid-points.  

 

 

Figure 5 : Tracks of field campaigns used in this study. 
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Figure 6. Comparisons between in situ data and product fluxes for NOCS (top row), 
Satellite (second row), ERA (third row) and CFSR (bottom row) for latent heat flux 
(LHF, first column), sensible heat flux (SHF, second column), atmospheric humidity (Qa, 
third column) and wind speed (last column). 

 

Biases between in situ and product heat fluxes are all negative, so the products 

overestimate the fluxes in general compared to observations. Correlations are between 

0.81 and 0.84 for all products, and are highest for the ERA product, similar for CFSR and 

SATFlux products, and lowest for NOCS.  



Institut Français pour la Recherche et l’Exploitation de la MER(IFREMER)  / LOS     

The satellite-derived latent heat fluxes have the lowest bias and RMSE of all products, at 

-6 and 31.5W/m2. Occasional extreme values above 200 W/m2, mainly observed during 

SHOWEX, which tend to be overestimated in the model products and produce scatter in 

the comparison with the NOCS product, are quite well reproduced by the satellite-derived 

product.  

For the sensible heat fluxes, however, while the satellite-derived product RMSE is close 

to or better than the other products, it shows the largest bias with the in situ values. As for 

the latent heat fluxes, the extreme values are better reproduced by the satellite-derived 

product than the others, and the slope of the regression line is also better for this product.  

Looking at the comparisons for the humidity and wind speed, which determine the latent 

heat fluxes, again there is more scatter evident in the comparison with NOCS. The Qa10 

bias is positive in all cases, which corresponds with the negative LHF biases noted above. 

ERA has the largest RMSE and a bias twice that of the other products. While the 

satellite-derived Qa10 has the largest bias of the remaining products, it has the lowest 

RMSE and the highest correlation compared to the other products.  

For wind speeds, ERA shows the only positive bias, and it is clear from both Figure 6 and 

Table 2 that the CFSR wind speed RMSE and correlation is much improved over the 

ERA product. Both the slope of the regression fit and the correlation show that the CFSR 

wind speeds are improved in terms of the underestimation of high values and the 

overestimation of low wind speeds, noted for ERA wind.
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Table 2: Table 1. Statistics of comparisons (O – F) between flux products (F) and in situ 
observations (O) 

 SATFlux NOCS ERA CFSR 

LHF 

Bias -6.0 -6.24 -17.4 -19.83 

Std Dev 31.5 38.97 37.7 48.5 

Correlation 0.82 0.74 0.84 0.81 

m 0.75 0.72 0.98 0.98 

c 29.7 33.5 19.1 19.13 

SHF 

Bias -7.0 -1.53 -6.3 -4.87 

Std Dev 11.9 11.83 12.4 12.4 

Correlation 0.82 0.73 0.84 0.84 

m 0.94 0.87 1.13 1.13 

c 7.5 2.47 5.4 5.4 

Qa10 

Bias 0.49 0.37 0.8 0.38 

Std Dev 1.26 1.3 1.7 1.64 

Correlation 0.97 0.98 0.98 0.98 

m 0.84 0.86 0.78 0.76 

c 1.66 1.6 2.3 2.9 

W10 

Bias -0.49 -0.05 0.06 -0.53 

Std Dev 1.83 1.67 1,76 1.23 

Correlation 0.74 0.73 0.74 0.89 

m 0.76 0.6 0.79 0.9 

c 1.9 2.4 1.19 1.1 
 

 

 



Institut Français pour la Recherche et l’Exploitation de la MER(IFREMER)  / LOS  
 

 

2. Product and Format 
The turbulent flux products are available at 

ftp://ftp.ifremer.fr/ifremer/cersat/products/gridded/flux-merged/v3/ 

Example of daily file name is : 

1999122500-1999122600_daily-ifremer-L3-flux.nc 

Meaning that daily analyses are estimated from remotely sensed data occurring between 
December, 25th 199900h:00 and December, 26th 1999 00h:00 UTC. 

The products are stored using the NetCDF format.  

Please see Unidata netCDF pages for more information, and to retrieve netCDF software 
package. 

NetCDF data is: 

• Self-Describing. A netCDF file includes information about the data it contains. 

• Architecture-independent. A netCDF file is represented in a form that can be accessed 
by computers with different ways of storing integers, characters, and floating-point 
numbers. 

• Direct-access. A small subset of a large dataset may be accessed efficiently, without 
first reading through all the preceding data. 

• Appendable. Data can be appended to a netCDF dataset along one dimension without 
copying the dataset or redefining its structure. The structure of a netCDF dataset can be 
changed, though this sometimes causes the dataset to be copied. 

• Sharable. One writer and multiple readers may simultaneously access the same netCDF 
file.  

NetCDF data can be browsed and used through a number of software, like:  

• ncBrowse: http://www.epic.noaa.gov/java/ncBrowse/, 
• NetCDF Operator (NCO): http://nco.sourceforge.net/ 
• IDL, Matlab, Fortran, … 

 

 

 

netcdf 1999122500-1999122600_daily-ifremer-L3-flux { 
dimensions: 

ftp://ftp.ifremer.fr/ifremer/cersat/products/gridded/flux-merged/v3/
http://www.epic.noaa.gov/java/ncBrowse/
http://nco.sourceforge.net/
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 latitude = 720 ; 
 longitude = 1440 ; 
 time = 1 ; 
 depth = 1 ; 
 
variables: 
 float latitude(latitude) ; 
  latitude:long_name = "latitude" ; 
  latitude:units = "degrees_north" ; 
  latitude:valid_min = -80. ; 
  latitude:valid_max = 80. ; 
 float longitude(longitude) ; 
  longitude:long_name = "longitude" ; 
  longitude:units = "degrees_east" ; 
  longitude:valid_min = -180. ; 
  longitude:valid_max = 180. ; 
 long time(time) ; 
  time:long_name = "time" ; 
  time:units = "hours since 1900-1-1 0:0:0" ; 
 long depth(depth) ; 
  depth:long_name = "depth level" ; 
  depth:units = "m" ; 
  depth:positive = "up" ; 
 short wind_speed(time, depth, latitude, longitude) ; 
  wind_speed:long_name = "wind speed module" ; 
  wind_speed:units = "m s-1" ; 
  wind_speed:valid_min = 0. ; 
  wind_speed:valid_max = 60. ; 
  wind_speed:add_offset = 0. ; 
  wind_speed:scale_factor = 0.01 ; 
  wind_speed:_FillValue = 32767s ; 
  wind_speed:missing_value = 32767. ; 
 short eastward_wind(time, depth, latitude, longitude) ; 
  eastward_wind:long_name = "u-component of wind" ; 
  eastward_wind:units = "m s-1" ; 
  eastward_wind:valid_min = -60. ; 
  eastward_wind:valid_max = 60. ; 
  eastward_wind:add_offset = 0. ; 
  eastward_wind:scale_factor = 0.01 ; 
  eastward_wind:_FillValue = 32767s ; 
  eastward_wind:missing_value = 32767. ; 
 short northward_wind(time, depth, latitude, longitude) ; 
  northward_wind:long_name = "v-component of wind" ; 
  northward_wind:units = "m s-1" ; 
  northward_wind:valid_min = -60. ; 
  northward_wind:valid_max = 60. ; 
  northward_wind:add_offset = 0. ; 
  northward_wind:scale_factor = 0.01 ; 
  northward_wind:_FillValue = 32767s ; 
  northward_wind:missing_value = 32767. ; 
 short wind_stress(time, depth, latitude, longitude) ; 
  wind_stress:long_name = "wind stress module" ; 
  wind_stress:units = "Pa" ; 
  wind_stress:valid_min = 0. ; 
  wind_stress:valid_max = 2.5 ; 
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  wind_stress:add_offset = 0. ; 
  wind_stress:scale_factor = 0.001 ; 
  wind_stress:_FillValue = 32767s ; 
  wind_stress:missing_value = 32767. ; 
 short surface_downward_eastward_stress(time, depth, latitude, 
longitude) ; 
  surface_downward_eastward_stress:long_name = "U-component of 
Surface Wind Stress" ; 
  surface_downward_eastward_stress:units = "Pa" ; 
  surface_downward_eastward_stress:valid_min = -2.5 ; 
  surface_downward_eastward_stress:valid_max = 2.5 ; 
  surface_downward_eastward_stress:add_offset = 0. ; 
  surface_downward_eastward_stress:scale_factor = 0.001 ; 
  surface_downward_eastward_stress:_FillValue = 32767s ; 
  surface_downward_eastward_stress:missing_value = 32767. ; 
 short surface_downward_northward_stress(time, depth, latitude, 
longitude) ; 
  surface_downward_northward_stress:long_name = "V-component 
of Surface Wind Stress" ; 
  surface_downward_northward_stress:units = "Pa" ; 
  surface_downward_northward_stress:valid_min = -2.5 ; 
  surface_downward_northward_stress:valid_max = 2.5 ; 
  surface_downward_northward_stress:add_offset = 0. ; 
  surface_downward_northward_stress:scale_factor = 0.001 ; 
  surface_downward_northward_stress:_FillValue = 32767s ; 
  surface_downward_northward_stress:missing_value = 32767. ; 
 short surface_upward_latent_heat_flux(time, depth, latitude, 
longitude) ; 
  surface_upward_latent_heat_flux:long_name = "Surface Flux of 
Latent Heat" ; 
  surface_upward_latent_heat_flux:units = "W m-2" ; 
  surface_upward_latent_heat_flux:valid_min = -10. ; 
  surface_upward_latent_heat_flux:valid_max = 800. ; 
  surface_upward_latent_heat_flux:add_offset = 0. ; 
  surface_upward_latent_heat_flux:scale_factor = 0.1 ; 
  surface_upward_latent_heat_flux:_FillValue = 32767s ; 
  surface_upward_latent_heat_flux:missing_value = 32767. ; 
 short surface_upward_sensible_heat_flux(time, depth, latitude, 
longitude) ; 
  surface_upward_sensible_heat_flux:long_name = "Surface Flux 
of Sensible Heat" ; 
  surface_upward_sensible_heat_flux:units = "W m-2" ; 
  surface_upward_sensible_heat_flux:valid_min = -100. ; 
  surface_upward_sensible_heat_flux:valid_max = 200. ; 
  surface_upward_sensible_heat_flux:add_offset = 0. ; 
  surface_upward_sensible_heat_flux:scale_factor = 0.1 ; 
  surface_upward_sensible_heat_flux:_FillValue = 32767s ; 
  surface_upward_sensible_heat_flux:missing_value = 32767. ; 
 short sea_surface_temperature(time, depth, latitude, longitude) ; 
  sea_surface_temperature:long_name = "sea surface 
temperature" ; 
  sea_surface_temperature:units = "deg. K" ; 
  sea_surface_temperature:valid_min = 0. ; 
  sea_surface_temperature:valid_max = 40. ; 
  sea_surface_temperature:add_offset = 273.15 ; 



Institut Français pour la Recherche et l’Exploitation de la MER(IFREMER)  / LOS  
 

 

  sea_surface_temperature:scale_factor = 0.01 ; 
  sea_surface_temperature:_FillValue = 32767s ; 
  sea_surface_temperature:missing_value = 32767. ; 
 short air_temperature(time, depth, latitude, longitude) ; 
  air_temperature:long_name = "air temperature" ; 
  air_temperature:units = "deg. K" ; 
  air_temperature:valid_min = -10. ; 
  air_temperature:valid_max = 40. ; 
  air_temperature:add_offset = 273.15 ; 
  air_temperature:scale_factor = 0.01 ; 
  air_temperature:_FillValue = 32767s ; 
  air_temperature:missing_value = 32767. ; 
 short specific_humidity(time, depth, latitude, longitude) ; 
  specific_humidity:long_name = "Specific humidity" ; 
  specific_humidity:units = "kg/kg" ; 
  specific_humidity:valid_min = 0. ; 
  specific_humidity:valid_max = 100. ; 
  specific_humidity:add_offset = 0. ; 
  specific_humidity:scale_factor = 1.e-05 ; 
  specific_humidity:_FillValue = 32767s ; 
  specific_humidity:missing_value = 32767. ; 
 
// global attributes: 
  :title = "Fluxes" ; 
  :Conventions = "COARDS" ; 
  :creation_date = "20130516T095138" ; 
  :product_version = "4.0" ; 
  :software_version = "4.0" ; 
  :Reference = " Abderrahim Bentamy , Semyon A. Grodsky , 
Kristina Katsaros , Alberto M.Mestas-Nunez , Bruno Blanke & Fabien 
Desbiolles (2013): Improvement in air sea flux estimates derived from 
satellite observations, International Journal of Remote Sensing, 34:14, 
5243-5261" ; 
  :southernmost_lat = -89.75 ; 
  :northernmost_lat = 90. ; 
  :latitude_resolution = 0.25 ; 
  :westernmost_longitude = 0.25 ; 
  :easternmost_longitude = 360. ; 
  :longitude_resolution = 0.25 ; 
  :minimum_altitude = 10. ; 
  :maximum_altitude = 10. ; 
  :altitude_resolution = 0. ; 
  :start_date = "19991225T000000" ; 
  :stop_date = "19991226T000000" ; 
  :field_type = "daily" ; 
  :institution = "IFREMER / CERSAT" ; 
  :contact = "Abderrahim.Bentamy@ifremer.fr" ; 
} 
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