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The new  potential gained from several satellite  data (ERS-1/2, ADEOS-1/2, DMSP, QuikScat, Metop, Topex/Poseidon, Jason, Envisat, GFO) should be exploited for research development in various domains. For  instance the scatterometer  wind fields will be used jointly with other satellite sources, to improve the accuracy of the satellite estimates of turbulent fluxes. Merging wind measurements from scatterometers and other satellites will also allow to improve the resolution of the surface wind fields, in both time and space, witch is useful for oceanic circulation, air-sea interaction process, wave modeling,  and for sea surface salinity retrievals. 
 I. Estimation of turbulent fluxes

Within WCRP/WGSF,  our project will focus its attention on satellite estimates of the wind field (speed and direction), wind stress (magnitude and direction), latent and sensible heat fluxes, and oceanic precipitation which are the dominant surface forcing terms for ocean circulation.

First, the work will attempt to evaluate the models and methods used to estimate ocean surface fluxes from satellite observations. Attention to the impact of the satellite data on the calculation of surface parameters, which are important in bulk parameterization, will be given. The accuracy of the remotely sensed flux parameters should be determined through comprehensive comparisons with in-situ data that will be made available by WGSF team.

The resulting flux fields will be available at IFREMER web site (www.ifremer.fr/cersat) with several facilities.

1. Ocean surface wind vector 
The results derived from studies related to the comparisons  between remotely sensed wind vectors retrieved from several instruments  will be used.  Biases between the different data sources will be evaluated and removed so data from the various sensors can be merged in the analysis processes. Most of the inter-comparisons will be performed over regions with in-situ data (NDBC, TAO, PIRATA, Uk Met office and Meteo France, EPPE, WHOI). 

2 Surface wind stress 

Following the wind vector evaluation, the project will focus on the computation of ocean surface wind stress from available satellite wind observations (scatterometers (ASCAT, ERS-2, QuikScat), altimeters (ERS-2, Topex/Poseidon, Jason, Envisat) radiometers (SSM/I) on a grid point of 0.5  0.5 in longitude and latitude. The global gridded daily, weekly, and monthly wind stress values will be derived from these instantaneous wind stress estimates. The wind stress computations will use bulk aerodynamic formulation. Variations in the efficiency of turbulent exchange (therefore affecting the bulk exchange coefficients) are most strongly due to atmospheric stratification influences as buoyancy forces contribute to or diminish the turbulence generated by the wind shear. For our calculation and with regard to previous estimation (Bentamy et al, 1998) of satellite-derived momentum flux, we shall employ the formulation of Smith (1988) for the drag coefficient appropriate for open ocean and deep waters. It is valid for wind speeds between 6 m/s and 25 m/s. The formulation proposed by Fairall et al (2003) will be tested.

Variations in the surface roughness also contribute to the variability of the turbulent exchange, but over the ocean these effects are relatively subtle. Current formulations depend on the roughness length varying with either the friction velocity or wave age. The friction velocity dependence is the well known relation of Charnock (1956). The wave age dependence relates the phase velocity of the waves at the peak of the spectrum to the wind speed at anemometer height (Donelan, 1991). The wave age considerations are limited to wind and waves aligned in the same direction and, therefore, exclude many of the conditions found on the open ocean, i.e., arbitrary swells and crossed seas. The Smith (1988) formulation implicitly includes all possible relative directions, in so far as they were represented in the data set giving rise to the empirical models.

3 Latent and sensible  heat fluxes

Surface fluxes of momentum heat and water vapor provide some of the dominant processes responsible for climate variability. Estimates of the surface fluxes, whether they use in-situ, numerical analysis, or satellite data, rely on the bulk formulae (e.g., Smith, 1988), which parameterize the fluxes in terms of the observed quantities. In the past, the various surface flux atlases (e.g., Bunker, 1976; Hastenrath and Lamb, 1978; Hastenrath, 1980; Esben and Reynolds, 1981; Wear et al., 1981; Hsiung, 1985; Isemer and Hass, 1987; Oberhuber, 1988; Bottomley et al., 1990; Da Silva, 1995) have used different versions of the bulk formulae and, as a result, the estimated fluxes vary significantly from one atlas to another. In this project, we will ensure that flux estimates are consistent and based on the most recent satellite estimation methods. All these surface fluxes depend on the surface wind, whose importance for the goals of our study cannot be overly stressed. The aim of this activity is to continue estimation of the latent heat and sensible flux derived from several satellite sensors (Bentamy et al, 2003). The global latent and sensible heat flux calculations will be  based on the combination of brightness temperature measurements from SSM/I, SST analysis data retrieved from SAF Ocean /Sea Ice and/or from NCEP/NCAR data bases, and surface winds from ASCAT, ERS-2 and QuikScat scatterometers The spatial resolution will be  0.5° in longitude and latitude, while two temporal resolutions will be available :  weekly and monthly. The flux estimates will be calculated using the bulk aerodynamic formulation developed by Bentamy et al (2003). However, comparison with other satellite products (HOAPS, GSSTF) will be performed and statistical parameters will be provided. 

This proposal will exploit this new satellite climatology in performing the following scientific subtask:

· Evaluation of scatterometer (ERS-2, ADEOS-1, QuikScat, ADEOS-2, ASCAT) wind data impact on the latent heat flux estimation, especially in tropical areas. 

· Comparison of satellite flux estimates with available COADS data, an existing satellite flux atlas and meteorological analysis and/or re-analysis (ECMWF, ERA-40,  NCEP).

4 Ocean precipitation 

Estimation of evaporation and precipitation (E-P) (section 3.3) over the ocean are essential to advancing the quantitative understanding of the global hydrological cycle. About 78% of global precipitation and 86% of evaporation occurs over the oceans. The value of E-P controls the thermohaline circulation. Precipitation is thus an important variable for determining the salt balance in the upper layers of the sea. It is, however, poorly known and rarely included in climatologies of the surface fluxes. Satellite methods for estimating rain rates exist (e.g., Petty and Katsaros, 1994), but the community has not yet reached consensus on the algorithms, in part due to the coarse resolution of the instruments and lack of other quantitative precipitation data over the sea for calibration. 

The objective of this project is not the calibration of a new empirical model relating satellite sensor measurements to oceanic rain rate. Our work aims to use and evaluate the main published satellite precipitation algorithms to calculate instantaneous and gridded rain rate estimates. Using the ASCAT, ERS-2 scatterometer, and DMSP SSM/I, we will use Petty and Katsaros (1994), Bauer et al. (1993), and Ferraro et al. (1995) to retrieve rain rates over the globe. The two latest have been used to generate HOAPS (Hamburg Ocean Atmosphere Parameters and Fluxes from Satellite Data) and GPCP (Global Precipitation Climatology Project) climatologies, respectively. Particular attention will be given to precipitation estimation in tropical regions (30N-30S). The resulting instantaneous rain estimates will be compared with available estimates based on volunteer observing ship (VOS) qualitative observations, buoy measurements (e.g., TAO, Pilot Research Moored Array in the Tropical Atlantic [PIRATA]), and Tropical Rainfall Measuring Mission (TRMM) retrieved rain rate data. The comparison results will be employed to evaluate the accuracy of each algorithm, using similar statistical procedures. In particular, we will examine space and time scales for which VOS, buoys, and satellite information about oceanic precipitation can be compared. According to statistical results, one algorithm will be used for deriving rain rate and then E-P fields at global scales on the same grid than turbulent fluxes.

II.   High resolution   wind fields

The remotely sensed wind observations will be used to enhance the determination of global wind fields in terms of the accuracy, and time and space resolutions. A method has been developed and tested to estimate daily surface wind vector fields over the global oceans (Bentamy et al, 2002) from meging satellite data. It is based on the principal component analysis and on a geostatistical analysis. Gridded wind fields will be estimated with a space resolution of 0.5° in longitude and latitude, and four time resolutions : 12 hours, daily, weekly, and monthly. Some specific study will be carry out to investigate the improvement of wind field resolution for coastal modelling purposes.

The accuracy of the resulting wind fields will be investigated through a comprehensive comparison with averaged buoy wind estimates. In addition, case studies will be carried out on limited data sets to evaluate and inter-compare satellite wind products with meteorological analysis from ECMWF
