
Diagnosis of error statistis in observation spaeG. Desroziers, L. Berre, B. Chapnik and P. PoliMétéo-Frane, Centre National de Reherhes MétéorologiquesToulouse, FraneMost main operational assimilation systems are now based on the variationalformalism (Lewis and Derber 1985; Courtier and Talagrand 1987, Rabier et al2000). Suh a formalism allows the use of a large spetrum of observations andin partiular satellite data that are not diretly and linearly linked with modelvariables. However, those variational algorithms still rely on the theory of least-variane linear statistial estimation. In the linear estimation theory, eah setof information is given a weight proportional to the inverse of its spei�ed errorovariane. The piees of information are lassially given by observations and abakground estimate of the state of the atmospheri �ow. Analysis systems arethen dependent on appropriate statistis for observation and bakground errors.Unfortunately those statistis are not perfetly known and their determinationremains a major hallenge in assimilation systems.One soure of information on the observation and bakground errors is on-tained in the statistis of the innovations, that is the di�erenes between obser-vations and their bakground ounterparts (Hollingsworth and Lönnberg 1986,Andersson 2003).On the basis of linear estimation theory (Talagrand 1997), it an be shown(see Desroziers et al, 2006) that simple onsisteny diagnostis should be ful�lledin an optimal analysis. These diagnostis an potentially provide an informationon unperfetly known observation and bakground error statistis. Anotheradvantage of these diagnostis is that they are nearly ost-free and an be appliedto any analysis sheme.The appliation of the omputation of the diagnostis on analyses issuedfrom the operational Frenh 4D-Var system shows likely diagnosed values forobservation and bakground errors (see Fig. 1). Even if the values of bak-ground errors annot be diretly used in model spae assimilation sheme, thestudy of these errors an be quite useful to understand the relative impat ofobservations in the analysis for observations that are not diretly related tothe state variables. This is in partiular the ase for satellite data for whihthe diagnosed errors an also be ompared to randomized estimates of bak-ground errors. Sine the observation operator inludes the model integration ina 4D-Var sheme, the proposed diagnosti an be similarly used to diagnose theimpliit evolution of bakground errors in 4D-Var.Furthermore, it an be shown that it is possible to adapt the values spei�edin an analysis sheme by an iterative method. This an be useful to adaptobservation errors but also bakground errors in observation spae that arelassially used in the �rst-guess hek ontrol of observations.The use of suh onsisteny diagnostis also seems to be a promising way totakle the problem of the estimation of orrelation between observation errors.Another domain of interest is the use of the diagnosti of estimation errorin observation spae that will have to be investigated in the future.Nevertheless, suh diagnostis also have to be well understood at the sametime from a theoretial and pratial point of view. In partiular it an be



shown that a spetral vision an be helpful in this perspetive, by highlightingthe role of a sale separation between bakground and observation errors.
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Figure 1: Vertial pro�les of diagnosed square-roots of bakground (solid line)and observation errors (dotted line) for wind radiosonde observations in North-ern Hemisphere, ompared to pro�les of orresponding spei�ed varianes ofbakground (dash-dot line) and observation errors (dashed line). All values arein m/s. The numbers of observations used to ompute statistis are indiatedon the right side of the �gure.Referenes[1℄ E. Andersson. Modelling of innovation statistis. pages 153�164, 2003.Proeedings of the ECMWF Workshop on Reent Developments in DataAssimilation for Atmosphere and Oean, Reading, September 2003.[2℄ P. Courtier. Appliation du ontr�le optimal à la prévision numérique enmétéorologie, 1987. Thèse de dotorat de l'Université Paris VI, 252 pp.[3℄ G. Desroziers, L. Berre, B. Chapnik, and P. Poli. Diagnosis of observation,bakground and analysis error statistis in observation spae. Quart. J. Roy.Meteor. So., 2006. In press.[4℄ A. Hollingsworth and P. Lönnberg. The statistial struture of short-rangeforeast errors as determined from radiosonde data. part I: The wind �eld.Tellus, 38A:111�136, 1986.[5℄ J. M. Lewis and J. C. Derber. The use of adjoint equations to solve avariational adjustment problem with advetive onstraints. Tellus, 37A:309�322, 1985.[6℄ F. Rabier, H. Järvinen, E. Klinker, J.-F. Mahfouf, and A. Simmons. TheECMWF operational implementation of four-dimensional variational assim-ilation. I: Experimental results with simpli�ed physis. Quart. J. Roy. Me-teor. So., 126:1143�1170, 2000.[7℄ O. Talagrand. Assimilation of observations, an introdution. J. Met. So.Japan, 75:191�209, 1997.


