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Context: 4DEnVar is a variational formulation of data assimilation, based on a 4D ensemble (Desroziers et al 2014, 

Arbogast et al 2017). It is a credible alternative to the 4D-Var formulation. A key aspect of 4DEnVar is the 

localisation of spatio-temporal (4D) covariances of background errors ; this localisation aims at dampening 

sampling noise which affects the ensemble estimation of covariances. 

 

Objectives / scientific questions: First implementations of 4DEnVar rely on a simplified form of this localisation: the 

use of a static localisation for cross-covariances between different times of the assimilation window is a rather 

crude approximation, in particular in regions where the mean flow speed is large. 

 

Main results: In order to overcome this difficulty, a Lagrangian advection of the localisation has been proposed 

(Desroziers et al 2016). It has been first tested in the simplified Burgers’ model and then introduced in the real-size 

system associated with the French global model (ARPEGE). The test of this advection in both environments shows a 

significant positive impact in regions where the advection is large. The possibility of using such a Lagrangian 

advection to evolve the static initial covariance matrix in a flow-dependent way inside the assimilation period, in a 

hybrid 4DEnVar formulation, has been also investigated. 

 

 

                      

                         

 

 

  

 

       Figure (a) shows the 4D-Var temperature increment (in color, from -2K (in blue) to +3K (in red)), near 10 km 

height, on 25 May 2014, at the start t0 = 21h of the assimilation window ; the increment is superimposed with the 

background wind field at 21h. The assimilation window is between 21h and 3h. 

      Figure (b) shows the corresponding 4DEnVar increment based on a static localisation. While increment 

structures are similar to 4D-Var, it appears that the 4DEnVar increment amplitude is smaller than the 4D-Var one. 

This is due to the static feature of the localisation, which tends to dampen excessively increments produced by 

observations available at times that are remote from the beginning of the assimilation window. 

      Figure (c) is the 4DEnVar increment based on a localisation advected by the flow. Accounting for the fast 

displacement of error structures, through this advection of localisation, enables one to recover an increment 

amplitude that is consistent with 4D-Var. 

 



Future of the project: 

 

It is planned to conduct intensive experimentation of this approach in the 4DEnVar systems under development at 

Météo-France, for both the global model ARPEGE and the mesoscale model AROME. It is also considered to use 

specific diagnostics, based on the ensemble, in order to validate this approach, and possibly in order to generalize it. 

Nonlinear aspects of 4DEnVar will also be considered. 
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