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The operational 4-Dimensional Variational (4D-Var) data assimilation system at the European 

Centre for Medium-Range Weather Forecasts (ECMWF) was in June 2011 extended to a hybrid 

system, where flow-dependent background error variances for balanced variables were provided 

by an Ensemble of 4D-Var Data Assimilations (EDA) [1, 2, 3]. In addition the EDA was used to 

compute new climatological background error covariances in June 2012. With the June 2013 

upgrade the EDA will provide flow-dependent variance estimates for unbalanced background 

error variables. At the end of 2013 we furthermore plan to extend the number of members from 

10 to 25 to provide an on-line estimation of flow-dependent covariance matrices. All these 

background error related upgrades of the assimilation system have resulted in significant analysis 

and forecast skill improvements. The hybrid system upgrades were a major reason for ECMWF 

forecast improvements during the last three years. The paper will present the EDA-based hybrid 

assimilation system method, associated results, and plans for further development of the hybrid 

assimilation system. We will also discuss the viability of 4D-Var for the future in face of 

challenges like scalability and the need for an accurate tangent-linear approximation.   

 

 

 

 

References 

 

[1] L. Isaksen, M. Bonavita, R. Buizza, M. Fisher, J. Haseler, M. Leutbecher and L. 

Raynaud. “Ensemble of data assimilations at ECMWF” ECMWF Technical Memorandum 

no. 636, 45 pp., December 2010. Available from http://www.ecmwf.int/publications 

  

[2] M. Bonavita, L. Raynaud and L. Isaksen. “Estimating background-error variances with 

the ECMWF Ensemble of Data Assimilations system: some effects of ensemble size and day-

to-day variability” Quart. J. Roy. Meteor. Soc., vol. 137B, no. 655, pp. 423-434, January 

2011. 

 

[3]  M. Bonavita, L. Isaksen and E. Holm. “On the use of EDA background error variances 

in the ECMWF 4D-Var” Quart. J. Roy. Meteor. Soc., vol. 138B, no. 667, pp. 1540–1559, July 

2012. 


