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variance maps at convective scale
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Adaptative denoising of ensemble-based background error variance maps at convective scale ´ etrier, ´ Benjamin Men Thibaut Montmerle, Lo¨ık Berre and Yann Michel ´ eo-France/CNRS) ´ CNRM-GAME (Met Toward flow-dependent background error variances at convective scale: study of two strategies ´ eo-France, ´ At Met the convective-scale model AROME draws its analysis from a 3D-Var scheme. The background error covariances provided to the assimilation system have to be modelled in an appropriate way, since they have a deep impact on the analysis. In the current operational configuration, a spectral covariance model is used with homogeneous climatological variances over the domain whereas they should be heterogeneous and flow-dependent. Consequently, our current system assimilates observations in a sub-optimal way, especially during intense weather events.



Two strategies are investigated to get flow-dependent variances: • interpolating variances from an ensemble assimilation at global scale ´ eo ´ France since July 2008), (AEARP, operational at Met • computing variances from a small ensemble assimilation at convective scale (6 members), and removing the sampling noise with a spatial filter designed especially for convective-scale variances. Whereas the first option has been evaluated with mixed results, the second is still under development and several open questions remain.



Diagnostic study of flow-dependent variance maps over the AROME domain • Questions: Are there consistent flow-dependent features in variances provided by different ensembles ? What are the impacts of systematic and random errors ? • Numerical experiment: Large ensembles (90 members) are deployed for a global-scale ensemble assimilation (AEARP) and a convective-scale ensemble assimilation (AEARO), on a Mediterranean event over France (HyMeX case). Variances are computed for 90-member ensembles and 6-member subsamples. • Diagnostics: Profiles of average variances and of correlations between variances from various configurations and the reference (90-member AEARO variances). • Results: ◦ some coherence in the largest-scales flow-dependent structures provided by the different ensembles, ◦ as expected, discrepancies are larger for small scale structures (either due to sampling noise, or due to system differences), ◦ scaling issues with variables involving spatial derivatives (vorticity/divergence), ◦ the maintenance of such a system.



(∼ 945 hPa), for six configurations. This is one of the cases with the highest correlations.



• Details will be provided in a forthcoming QJRMS paper.



Linear filtering theory



Sample noise in estimated covariances: the Wishart theory  b Given a ensemble of N model states xk , the sample covariance can be computed by: 1 e= B S (1) N −1 N N X X 1 b b T (xk − xb )(xk − xb ) with xb = (2) where S = xbk N k =1



k =1 b e∗



If the states are following a Gaussian distribution xbk ∼ N (x , B ), then S e is following a Wishart distribution [3], giving the distribution of B.



e of the noise-free signal v e∗ can be linearly filtered: The raw estimation v ˆ = Hv e+h v (5) Minimizing the norm expectation between filtered and noise Euclidean  ˆ ||2 , leads to : e∗ − v free signal, E ||v  e∗ , v e) Cov(v e)−1 H = Cov(v (6) ∗ e ) − HE(v e) h = E(v e∗ and the noise ve = v e−v e∗ are independent, Assuming that the signal v the linear filter gain can be rewritten:  e e) − Cov(v ) Cov(v e)−1 H = Cov(v (7)



e is singular and does not have an explicit PDF, but In NWP application, B e −B e ∗ two all moments can yet be computed. The sampling noise Be = B first moments are thus: E[Be ] = 0 h i    1 e∗ e∗ e∗ e∗ e e e e E Bij − E Bij ] Bkl − E[Bkl ] = (Bik Bjl + Bil Bjk ) N −1



Unbalanced component of specific humidity background error variances at level 50



(3) (4)



Since we want to filter variances, the noise covariance can be found from the Wishart theory: 2 e∗ e∗ e Cov(v ) = B ◦B (8) N −1



Methodologies and open questions for the linear filtering of variances Several approaches can be used to compute the filter gain H: e) and Cov(ve ) in a base where they are diagonal, • Expressing approximations of Cov(v so that H is diagonal too (e.g. spectral filters in [1] and [2]). → A spectral base assumes that signal and noise have homogeneous statistics over the domain, which is not the case according to the Wishart theory. Is it efficient even so ? → What base would be the best (wavelets, curvelets, ...) ? • Setting a parametric model of the filter gain H, whose parameters can be computed from: ◦ climatological values, ◦ external data (e.g. background correlation length-scales), e itself, making the filter non-linear. ◦ the raw estimation v → What model would be the best (wavelets thresholding, recursive filters, ...) ? → By what mean can we specify the filter parameters from other data (external calibration, internal optimization, ...) ?



References [1] M. Bonavita, L. Isaksen, and E. Holm. On the use of EDA background error variances in the ECMWF 4D-Var. Quarterly Journal of the Royal Meteorological Society, 2012. [2] L. Raynaud, L. Berre, and G. Desroziers. Objective filtering of ensemble-based background-error variances. Quarterly Journal of the Royal Meteorological Society, 135(642):1177–1199, 2009. [3] J. Wishart. The generalised product moment distribution in samples from a normal multivariate population. Biometrika, 20A(1/2):32–52, 1928.
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