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The Mercator Océan Monitoring and Forecasting System is routinely operated in real-time in Toulouse by the Mercator Project since early 2001. It has been regularly upgraded through three prototypes of increasing complexity (PSY1, PSY2 and PSY3), expanding the geographical coverage from regional to global, improving models and assimilation schemes.

We focus here on the North Atlantic and Mediterranean High Resolution Prototype PSY2 and ocean forecasting benefits from the use of Argo data. The ocean model is based on OPA-8.1, a general circulation model developed at LODYC (IPSL Paris), and is designed to simulate the Atlantic and Mediterranean oceans with a very high horizontal resolution (5 to 7 km). The assimilation system is based on the Reduced-Order Optimal Interpolation algorithm and uses 1D vertical multivariate EOFs to extract statistically-coherent information from the observations. The multivariate PSY2v2 system assimilates conjointly altimeter data from the SSALTO/DUACS database, RTG-SST Sea Surface Temperatures from NCEP and in situ observations from the CORIOLIS database, including ARGO temperature and salinity profiles. The previous version of the system (PSY2v1) only took into account the satellite Sea Level Anomalies (SLA) in the data assimilation process. Therefore, the impact of the use of the ARGO floats measurements by the forecasting system can be assessed in a quantitative way by comparing the results of the two versions of the system.

One example is that of the Bay of Biscay, along a vertical section extending from southern Brittany to La Coruña, in north-western Spain (Figure 1). 
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Figure 1 : Positions of the Argo floats (blue dots) and also of CTD measurements (red dots) and XBT measurements (orange dots) obtained by the Thalassa research ship. These three types of measurements are assimilated into the PSY2v2 prototype.
Temperature measurements obtained by the Thalassa, an oceanographic research ship belonging to Ifremer, are compared on Figure 2 with results from the Mercator system, both from its previous version PSY2v1 (without assimilation of in situ data) and its current version PSY2v2 (which does assimilate in situ data, in particular that from the Argo floats).
In situ measurements improve the performance of the system, as expected. This is particularly true for the ocean surface: the temperature of the mixed layer and the gradient of the thermocline are both more accurately characterised (the temperature is warmer and the gradient steeper). This is also true at deeper levels, particularly with large-scale phenomena which are better simulated as more than a year's worth of in situ data has been assimilated.
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Figure 2 : Measured temperature section (top panel), PSY2v1 temperature section in °C without assimilation of in situ data (middle panel), PSY2v2 temperature section in °C with assimilation of in situ data (bottom panel).
This improvement is even more apparent in the salinity sections (Figure 3). One of the characteristics of the waters in the Bay of Biscay is the presence of Mediterranean Water, which is saltier than Atlantic water and is found at depths of around 800 m to 1200 m. This water comes from the Mediterranean Sea and flows deep down through the Straits of Gibraltar. This water mass, which was not simulated by the old version (middle panel) is shown in the new simulation (bottom panel) at the correct depth, with correct salinity values. The salinity of surface waters is also better simulated: saltier than without assimilation of in situ measurements. Lastly, other specific salinity structures, caused by the continental shelf, are also better simulated with the assimilation of in situ measurements.
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Figure 3 : Measured salinity section in psu (top panel), PSY2v1 salinity section in psu, without assimilation of in situ data (middle panel), PSY2v2 salinity section in psu, with assimilation of in situ data (bottom panel). The black circle corresponds to the presence of Mediterranean Water.
The PSY2v2 high resolution forecasting system prepares the future MERSEA global multivariate system at 1/12° horizontal resolution, planned for 2008. Comparisons with the PSY3v1 global ¼° forecasting system (currently running operationally and assimilating only satellite SLA) and with in situ measurements  (Figure 4) also illustrate the improvements that we can expect from the additional assimilation of in situ profiles in the global system. The PSY3v1 Labrador sea temperature (in black) is close to the Levitus climatology (in blue), whereas the high resolution multivariate system PSY2v2 temperature (in red) is closer to the in situ profile (triangles), even before this particular profile is assimilated by the system (which is the case here).
In the subtropical gyre, the global ¼° temperature and salinity is fresher and colder than the in situ observations (which in this case are close to the climatology). This is a well known drawback of the density correction that is applied when only altimetry data is assimilated. This bias does not appear in the high resolution multivariate system PSY2v2 (in red).
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Figure 4 : The global ¼° PSY3v1 and PSY2v2 results are compared with in situ measurements located in the Labrador Sea and in the subtropical gyre on the 8th of November.
Early evaluations of the contribution made to the Mercator simulations by in situ measurements in general and the Argo floats in particular thus suggest that the qualitative leap is comparable to that experienced in meteorological forecasting when balloon probes were first launched into the atmosphere across the world. Further improvements will come not only from an increase in the number of these profiling floats, but also, to a great extent, from an improvement in the methods used to assimilate these data into the ocean models.

