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Forecast errors at convective scale are strongly inhomogeneous and 

anisotropic because of the explicit convection, of diabatic processes, 

of the type of surface, of the coupling files…

Background error (a) variance and (b) LCH tensor for the low-level specific 

humidity deduced from an AROME ensemble of 90 members (Ménétrier et al. 2014)

a) b) 

Introduction



Forecast errors sampled from an ensemble following a Monte-

Carlo approach can add flow dependency in VAR.

En-VAR methods use entirely or partially covariances deduced 

from an ensemble in VAR (Hamill and Snyder (2000); Lorenc (2003); 

Buehner (2005)) :

Hybrid En-VAR merges the advantages of both approaches in a 

flexible way (oper. at global scale at CMC (Buehner et al, 2010) and at 

the MO (Clayton et al, 2012), impl. for LAM (Zhang et al, 2012))

Introduction

Here we will show preliminary results of a En-3DVar that has been 

set up for AROME in the IFS/OOPS framework.
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En3DVar for AROME : perturbations

Use of an EDA based on AROME at 4 km (AEARO) with L members 

to compute background perturbations :

Fisher 2003 ; Kucukkaraca and Fisher (2006); Berre et al 2006
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• Explicit obs. and

LBCs perturb.

• Implicit bkgd

perturb.

• Explicit obs. 

perturb.

• Implicit Bckgd

perturb.



Horizontally averaged background

error standard deviations for

Temperature

σb
c

Ensemble spread

En3DVar for AROME : perturbations

Bc has been calibrated using a 

mix of summer convective and 

winter cases (Brousseau et al. 

2011), whereas here      is 

computed for a winter case

⇒ Less dispersion in 

⇒ An inflation of 2 is applied to 

each perturbations

σb



En3DVar for AROME : formulation

From these L sampled perturbations, a localized Be is computed

with :

The localization matrix C aims in reducing sampling noise by

damping covariances with range (Houtekamer and Mitchell (2001))

Use of a simplified C :

IN is a N x N identity matrix, 1N is composed of M ( x (K+1)) IN
blocks, and      is a N x N correlation matrix



� In this formulation, applying the same vertical variations of Lh

for all variables is possible

� Gaspari and Cohn (1999) compactly supported function is 

chosen on both directions

� Horizontally, two versions have been implemented :

� Spectral, using bi-Fourier decomposition 

� Grid-point, using recursive filters (Purser et al, 2003)

� Vertically, recursive filters with a grid deformation can also be 

activated, following Michel (2012)

En3DVar for AROME : Localization



En3DVar for AROME : Localization

Localization functions with Lh = 250 km and Lv = 0.2 (log(P) levels) :

δi,j,k C

Recursive 

filters

Bi-Fourier



Optimal Lh have also been

diagnosed from the ensemble

using Ménétrier et al. (2015)

iterative mehod (see Y. Michel’s 

talk tomorrow)

En3DVar for AROME : Localization

Lh in km for Temperature and

for different ensemble sizes 

⇒ Variations with vertical levels, 

variables and ensemble size 

have been found



• A pre-conditionning by Be is applied instead of Be
1/2 .

• The DPCG algorithm (Derber and Rosati, 1989; Gürol et al, 

2014) is used with dx as control variable (dim: M x N x (K+1))

• At each iteration, the quantity h = Be g has to be computed,

which is equivalent to solve for the m parameter at time k

(Desroziers et al., 2014) :

En3DVar for AROME : Pre-conditionning

⇒ No control variable change nor additional a variable

⇒ Easy implementation of hybrid versions : simply replace Be

by Bh in the conjugate gradient
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Experimental set-up : cycled forecast/analyses steps

AEARO 4km / 100 members

(all obs)

En3DVar
(conv. obs)

Control : 3DVar
(conv. obs, with Bc)

⇒ Impact on analyses at 18h, scores on 3h forecast averaged

over the 5 analysis times

Impact on analyses



2 obs experiments, +/- 2K Temperature innovations

Vertical cross-sections of T increments

⇒ More localized but more noisy increments

⇒ Information spread coherent with covariances of Bc

3DVar En3DVar

Impact on analyses



3DVar En3DVar

With conventional observations

Impact on analyses

Horizontal cross-sections of T increments at 850 hPa



Active obs

inc(T)850hPa

Bi-Fourier vs. recursive filters

horizontal localizations

⇒No spurious increments in 

observation-void areas with RF

⇒Very close results elsewhere

Impact on analyses

Bi-F RF



Impact on forecast

Impact on spin-up

3DVar

En3DVar

En3DVar infl 2

Same order of imbalances between the different configurations



Impact on forecast

Scores against rawinsondes averaged over 5 

assimilation times for Temperature

⇒ For T, improvements of (o-g) RMS values for almost all levels, 

reduction of the 3-h forecast bias above the tropopause

⇒ Overall, scores are neutral to slightly positive for 3h forecasts

3DVar

En3DVar

(obs – guess)

(obs – analysis)



Perspectives :

•Implement operational satellite and radar observation 

operators 

•En-4DVar, Hybrid versions 

•Work on alternative ensemble design

•Validation and tuning (inflation) using innovation-based 

diagnostics

Conclusions/Perpectives

An experimental En-3DVar has been set up for the AROME -

France and successfully tested with conv. obs. It uses :

•perturbations from an EDA at convective scale

•SP or GP localization methods, with variation on the vertical

•DPCG algorithm with a B pre-conditionning



Thank you for your attention !
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