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Recent interest in global fields of surface forcing of the ocean led to WCRP/SCOR working group for evaluation.  Their findings (in the form of a comprehensive report, a conference proceedings, and a special issue in JOURNAL OF CLIMATE 16 (4): FEB 2003. 18 Articles) are now available.  We will briefly summarize those and subsequent conclusions.

Here we will consider the turbulent, radiative, and precipitation fluxes (components of the surface heat, momentum, and mass budgets).  The ‘products’ we will consider are in situ measurements, satellite, and NWP flux estimates.  For in situ sources, we consider both direct and indirect estimates.  Indirect methods applied to COAPS/VOS- data are the main source of data for global in situ flux products (such as the Southhampton climiatology).  For example, turbulent fluxes may be estimated with direct covariance computations from measurements of the high-speed turbulent components or by bulk methods derived from measurements of local wind speed, air temperature and humidity, and sea surface temperature (SST).  Numerous NWP products (operational and reanalysis) are available and the time series goes back several decades.  Satellite products are still experimental and are not produced operationally.  Limtited time periods are presently available from 4-5 research groups.
For turbulent fluxes, much progress has been made in the last 5 years and direct and indirect in situ methods have uncertainties less than 5-10% for time scales on the order of a week.  However, to achieve such accuracies with bulk methods requires heroic efforts to determine the bulk variables with sufficient accuracy.  Both satellite and NWP products are essentially based on bulk relationships; both have shown significant problems when compared to high-quality surface in situ references. For example, two different satellite products disagree by 80 W/m2 for annual averages of latent heat flux near the equator.  Comparable disagreements can be found between in situ and NWP products in the midlatitude storm tracks.  Surface stress is by far the best flux from these methods (although there are still questions about the stress direction versus the wind direction and the relationship to local wave fields).   

For radiative fluxes, present seagoing  pyanometer/pyrgeometer data bases are very limited and do not achieve the accuracy available from land-based standards.  Indirect in situ methods (based on cloud observer assessments and radiative parameterizations) suffer from conceptual problems, but may be regionally tunable to direct method accuracies for sufficiently long time averages (this is still debated in the community).  Satellite methods (which essentially relate observations of upward flux to downward flux via radiative transfer models) are very good for solar flux on weekly – monthly time scales.  For downward IR flux, the connection to upward flux is weaker (particularly in the presence of clouds) and the variability of the IR flux is particularly problematical.  Where NWP products have trouble representing the clouds (e.g., equatorial upwelling zones) they have biases in radiative fluxes.     

For precipitation (or evaporation-precipitation), none of the present products appear to be suitable for ocean reanalysis purposes.  Island measurements are considered to be biased estimators of open ocean precipitation.  Direct in situ methods from seagoing platforms are subject to exposure and wind errors that suggest even highly 
massaged research-grade measurements are only good to 10%.  Radar, microwave, and IR-based methods must be considered to be uncertain by nearly 50% at any specific location, but accuracy may be improved with increasing spatial averaging.  Because of its highly intermittent nature, sampling is a uniquely critical problem for precipitation.  Even space-based radars (e.g., TRMM) may be poorly sampled on 1-month time scales.  NWP products have similar qualities to satellite products, although computations of E-P might give much better results in regions with good network sampling of atmospheric profiles.

Ocean reanalysis efforts would certainly benefit from the development of a blended flux product.  However, the error/decorrelation characteristics of each of the products must be determined in a systematic way. 


The following table gives some crude estimates of the best accuracy of research-grade in situ measurements (which we consider a reference point for satellite and NWP methods).
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Table 1

Closest
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Absolute In Situ Accuracies
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5 km                                                  
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•
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20 km

•
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50 km
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du

=0.2 

m/s
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=0.2 C

dT

a

=0.2 C

dq

a

=0.2 g/kg   (1% tropics, 6% polar) 
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Table 1

Closest Thing to a Standard: In Situ Methods

Absolute In Situ Accuracies

		                         Direct                        Indirect	      ~1 day Decorrelation-scale

		Precipitation	10% and 0.1 mm/d            Z-R 50%		   5 km                                                  



                                                                       Pol, q-Conv 25%

		Hs+Hl	5% and 3 W/m2                 Similar*		 100 km

		Rsd		2% and 1 W/m2	             Poor		  20 km

		Rld		2.5 W/m2                           Fair		  50 km



*Accuracy requirements for bulk variables:

du=0.2 m/s

dTs=0.2 C

dTa=0.2 C

dqa=0.2 g/kg   (1% tropics, 6% polar) 








