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1. Introduction

One of the main objective of ARGO project is the monitoring of the large scale and low-frequency variability of the temperature and salinity fields. For the restitution of those fields, the aliasing of the mesoscale signal is a crucial problem that impose the average of several cycles of profiling floats. The work done in the frame of the task 1.1 consists to analyse the contribution of different profiling arrays. It was done into two step. The first one used outputs and profiling float simulations derived of a primitive equation model of the North Atlantic Ocean (CLIPPER, MNATL-1/3°). The method is based on the reconstruction of the temperature and salinity fields at several depths  using an optimal interpolation method. The results obtained with different arrays (1°x1°, 3)x3°, 5°x5°) were compared with the reference fields given by the model. Furthermore, a sensitive study of the a priori definition of the large scale and low frequency  reference field was led like that the effect of the float dispersion during time.  The second step consists to refine the previous results using a higher resolution model (CLIPPER 1/6°). 

2. Analyses with a 1/3° primitive equations model

All the results are discussed in a dedicated paper : Design  of an array of profiling floats in the North Atlantic from model simulations (Guinehut et al., 2002). Firstly, the results are sensitive to the a priori definition of the large scale and low-frequency reference fields. However, they show that a three-degree array with a ten-day cycle can retrieve most of the variance of the large scale and low-frequency signal. Secondly, the comparison between Eulerian and Lagrangian arrays shows only a slight degradation in the results due to the dispersion of the floats. 

3. Analyses with a 1/6° primitive equations model

The previous study (Guinehut et al., 2002) presents an important limitation due to the model resolution. Indeed, the model ability to simulate the mesoscale variability is dependent upon the resolution, in this case 1/3°. Nevertheless, several studies, focused on space scale solved by altimetry, was led using comparable model resolution (Greenslade et al., 1997, Le Traon and Dibarboure, 1999).

Four years of simulated profiling float array, coming from the ATL6-V8 1/6° experience of the CLIPPER project, was used in order to study the impact of the mesoscale field and consequently the impact of the model resolution, and the impact of the lagrangian dispersion of the floats along time (approximately 4 years corresponding to the simulation duration). The method is similar to the previous used for the 1/3° experience (Guinehut, 2002) and was applied to the temperature field at 200 m. 

3.1. The data

The ATL6-V8 experience simulates a lagrangian floats array, positioning on the 1° by 1° regular grid at the beginning. The parking depth of the floats is situated at 500 m. They sample the thermohaline model field every 10 days, whereas, at the same time, the evolution of the thermohaline field on the initial regular array is equally sampled every 10 days. This allow us to compare results obtained with lagrangian and eulerian array respectively. The 1995 to 1998 years of the simulation is used, and the area is comprised between 20°S to 70°N to be comparable to the previous study. 

Besides, the monthly mean field were used to create a reference data base. As it was the case the 1/3° MNATL model, temperature field anomalies were firstly computed with respect to a 4 year mean (1995-1998). A 2D loess filter (Greenslade et al, 1997) with a cut-off wavelength of 10° in latitude and in longitude (corresponding to 6°x6°  box averages) was the applied to extract the large scale component of the temperature field, and then create the reference field. 

The variance of the reference field at 200 m (figure 1a) exhibits large scale structures with maximum values greater than 1°C near New Founland and in the Amazon mouth. Values are significantly lower in the centre of subtropical gyres (0.2°C). 

The mesoscale field comes from the differences between the instantaneous temperature field sampled at the regular fixed array and the large scale reference field deduced from the data analysis of the model. The variance of the mesoscale field (figure 1b) is characterised by relatively high values (> 1-2°C) situated in the Gulf-Stream area, Golf of Mexico, offshore of Amazon mouth and lastly in the North equatorial current (NEC) 

(a) rms of the large scale field,T at 200 m
           (b) rms of the mesoscale field, T at 200m 
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(c) Noise/signal ratio – T 200 m

Figure 1 : (a) rms of the large scale monthly means field at 200 m (reference field) (°C), (b) rms of the mesoscale part of temperature field at 200 m (°C), (c) noise/signal ratio of the temperature field at 200 m (1 corresponds to 100%) for the 1995 to 1998 years.

The resulting mesoscale noise (figure 1c) has strong values, higher than 500% in the Golf of Mexico, Gulf-Stream and NEC. This noise is twice stronger than the one estimated from MNATL1/3° simulations. This shows that the mesoscale activity in a high resolution model is  significantly more important  and consequently that the mesoscale field aliasing is a potential problem for the large scale retrieval. Furthermore, the space scales estimated from the reference field are similar both for 1/3° and 1/6° models. 

3.2. Impact of the resolution model

The regular fixed array (1°x1°) was sub-sampled every 3° in order to simulate an eulerian array comparable to the theoretical Argo array. An objective analysis (Bretherton et al, 1976) was then used to reconstruct the large scale variations of the temperature field at 200 m. The 10 days analysis, computed since 1995 to 1998, and the monthly means of the analysed fields are compared to the reference field. 

The variance of the mapping error for the eulerian array (3°x3°) (figure 2a) exhibits lower values for the whole area than the ones observed for the reference field variance (figure 1a). On average, the mapping error is of about 0.2°C, corresponding to 30% of the signal variance. (table 1). The previous results obtained with the MNATL- 1/3° model demonstrate that 80% of the large scale and low frequency temperature field variance is retrieved with an 3°x3° array (Argo type). The results deduced from the CLIPPER 1/6° simulation are significantly deteriorated with only 70% of the variance restored. Indeed, the mapping error is larger is the 1/6° simulation (figure 2) especially in area of intense mesoscale activity as the Gulf-Stream (0.5°C) than is the previous 1/3° simulation (0.2°C, see figure 2c of Guinehut et al. 2002). In the center of sub-polar and sub-tropical gyres, the obtained errors for both simulations are very close. 
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(a) Eulerian array 3°x3°



(b) Lagragian array 3°x3°

Figure 2 : Rms of the temperature field mapping error at 200 m (°C), (a) for the Eulerian array 3°x3°, (b) for the Lagrangian array 3°x3°, for the 1995 to 1998 years. 

The values obtained with the 1/6° CLIPPER simulation should be more realistic. The later having an mesoscale activity more realistic than the MNATL-1/3° one. Those results allow us to point out that aliasing of the mesoscale structures is an important problem for the large scale restoring. More, they shows that the use of the realistic noise in the mapping method is not totally enough and it should be necessary to take into account of the information contained in the others kind of data as the altimetric data, in order to restore the large scale and low frequency signal with a better accuracy.   

	Array
	Rms  of the mapping error

(°C)
	Error of the mapping in %

Of signal variance

	
	T at 200 m rms = 0.38°C

	3°x3° eulerian
	0.20
	28.3

	3°x3° lagrangian
	0.22
	34.8


Table 1 : Mapping error of the temperature field at 200 m. 

3.3. Impact of the lagrangian dispersion of floats

The trajectories of the subsampled float array (3°x3°), drifting at 500 m during one year (figure 3) exhibit a larger dispersion than the one obtained with the 1/3° simulation (figure 4 of the Guinehut et al., 2001). However, the geographic repartition of the floats along the four year of simulation remains relatively homogeneous over the whole domain (figure 4). Consequently, the mapping error variance of the 3°x3° lagrangian array (figure 2b) is very similar to the one deduced from the eulerian array (figure 2a). The mapping error is slightly stronger in the south of the West Indies due to a number of float less important in the area in 1996 and 1997. 
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Figure 3 : Float trajectories from the ATL6-V8 simulation for the 1995 year (3°x3°
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 array). The parking depth is situated at 500 m
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Figure 4 : Variation of lagrangian floats position along time

The temporal evolution of the mapping error field at 200 m do not shows results degradation with time  for the lagrangian array with respect to the eulerian one (figure 5). The lagrangian array mapping error is slightly larger (0.02°C) than the one obtained with the eulerian array, except during the summer months of the 1996 year where the spatial repartition of measurements implies weaker errors. In average for the 4 year of the study, the differences between the twos kind of array are of the order to 0.02°C, corresponding to 5% of the signal variance (table 1).
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Figure 5 : Variation along time of the rms of the mapping monthly error of the large scale field at 200 m (month 1 corresponds to January 1995), for the lagrangian array (dotted line) and for the eulerian array (solid line)

4. Conclusion and future work

Those results show that the use of classical Argo array of profiling float  allows us to retrieve 70% of the large scale and low frequency temperature field variance at 200 m. In that way, it will be necessary to bring  information from other kind of data in order to better estimate the mesoscale activity that considerably impact on the large scale signal retrieval. Firstly, a study will be dedicated to quantify the impact of the altimeter data (task 4.1 of WP4). On the other hand, the comparison between eulerian and lagrangian array demonstrates that the temporal evolution of the ARGO sampling not seems to be a critical problem.  
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