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Constructing datasets of surface fluxes is an area in which there is much to be gained from an approach integrating in situ observations with satellite retrievals and model output or reanalysis. None of the three sources (in situ, satellite, model) can yet be used to generate global high quality surface flux products on their own. 

It should be noted that although there may be pragmatic reasons for focussing this particular proposal on the 'satellite-era' that there is much work to be done for the 'pre-satellite-era'. 

Direct turbulent flux measurements are rare and fluxes are usually calculated using parameterisations from the basic meteorological variables which are all 'essential climate variables' in the GCOS Implementation Plan. In situ radiation measurements are more common and are an important verification/validation/calibration source for satellite fields of surface radiation. In situ precipitation measurement is problematic, particularly at sea. Satellites give various estimates of precipitation but calibration is a serious issue. 

For surface turbulent heat flux estimates over then ocean we therefore require high quality fields of basic meteorological variables (air temperature, sea surface temperature, surface humidity, wind speed and direction and surface pressure) from which to calculate heat exchange using 'bulk formulae'. [Note that the exchange coefficients, especially at high and low wind speeds, contain uncertainty]. Traditionally, co-located observations of air temperature, sea surface temperature, surface humidity, wind speed and direction and surface pressure have been used. However if fields of sufficient resolution (as yet undefined) are available then it should be possible to relax the requirement for co-location. Of the required variables for turbulent flux calculation, the air temperature, surface humidity and (less importantly for surface fluxes) surface pressure are not retrieved from satellites with good accuracy. It is therefore particularly important for surface flux calculation that air temperature and humidity are obtained with good accuracy from in situ data. There are different issues for different variables. For example, satellites do not give good estimates of marine surface air temperature. Ship measurements of air temperature from the Voluntary Observing Ships (VOS) collated in the International Comprehensive Ocean-Atmosphere Dataset (ICOADS) have known biases due to solar radiative heating. These VOS biases can be detected in the NCEP1 Reanalysis, but could be corrected in the VOS data before assimilation. 

For those ocean surface variables that are obtainable from satellites with good accuracy (e.g. winds and SST) the overlap between in situ and satellite observations of the same variables is valuable in improving understanding of both the in situ observations and satellite retrievals. The satellite information is particularly valuable in providing information in regions that are poorly sampled in the in situ record. The value of in situ data in extending the period of record to many decades should not be overlooked. 

Ocean surface radiation and precipitation are variables that are estimated from parameters reported by ships (precipitation estimates from the present weather code and radiation from a combination of cloud cover and meteorological variables) and are retrievable from satellites. Comparison of the indirect methods used by the ships with the satellite estimates has the potential to provide improved ship-based estimates of ocean surface radiation and precipitation in the pre-satellite era. Absolute values of precipitation in particular will be hard to determine. 

Reanalyses are an important resource but those currently available have well-documented problems with their surface flux fields. Surface based reanalyses with a goal of producing good surface fluxes would be welcomed. It should be noted that if we "assimilate all remotely sensed and in situ data into a coupled, comprehensive earth system model" then we will have no independent data for validation. 

The WGSF at their recent meeting stressed the need for routine model/in situ/satellite intercomparisons of surface fluxes at selected sites. This is proposed by the SURFA project which aims to routinely compare surface fluxes from a range of atmospheric models with in situ estimates but which has progressed slowly. 

The WGSF also has an interest in ocean biogeochemical fluxes, it is not clear whether these data are included in the proposal.

