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Hybrid B formulation in ECMWZF’s ocean reanalysis ORASG6

* Ensemble perturbations (10 members) from an ocean EDA are used to estimate
parameters of the background-error covariance model in 3D-Var FGAT (NEMOVAR).

1) Seasonally-dependent (climatological) estimates of the variances and horizontal
correlation length scales.

2) Flow-dependent estimates of the variances and vertical correlation length scales.

* 1) and 2) are combined in a hybrid formulation of B.

* Significant positive impact compared to the strictly parameterlsed B used in ORASS
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Limitations of the ORASG6 hybrid B formulation

* Inability of the diffusion-based correlation model to account for functional relationships
that depend on spatial scale.

* The correlation model is characterised by a quasi-Gaussian correlation function with a
single, locally-defined diffusion tensor.

* Produces overly localised correlation structures in regions dominated by mesoscale
eddies.

* This presentation describes a multi-scale variant of the correlation model.

1) Incorporates key ideas from scale-dependent localisation (SDL; Buehner and
Shlyaeva, 2015).

2) Can be viewed as an extension of the multi-scale approach of Mirouze et al.
(2016), to account for cross-scale correlations and the specification of parameters
using ensembles.
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Multi-scale B formulation
(Weaver and Chrust, submitted to QJIRMS)

* For each analysis variable a (where the different a are assumed mutually
uncorrelated):
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* The scale-dependent correlation matrix is modelled as
—_ u.ut

where U; ( UJT ) Is a (normalised) diffusion operator whose parameters
characterise correlations for scale i/ (scale )).

= CERFACS

“““““““““““““““““““““““““““““““““““““““““““““““ Joint CP-TT/DA-TT Workshop, 26-30 October 2026



Univariate, scale-dependent localised B
(Buehner and Shlyaeva, 2015)

* For each analysis variable
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* The scale-dependent localisation matrix is modelled as
T
Li; = U,UJ-

where U, (UJT ) Is a (normalised) diffusion operator whose parameters
characterise localisation scale i (scale )).
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Separating scales in the ensemble perturbations
 Define X = (e; e;\,e ) where €, = KE1 {xp - in;}
Inverse of the balance operator

* Separate X into scale-dependent ensembles using a spatial (diffusion) filter F.

* Example with two scales:

X1 = F1(X) Large-scale ensembles
X

X-F (X Smaller-scale ensembles

where X = X; + X,
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Scale-dependent filtering using a diffusion operator

Effective spectral filtering coefficients 104
(Weaver and Mirouze, 2013)
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Scale-dependent climatological (DJF) standard deviations
for temperature

Filtering length scale = 3 x local horizontal grid resolution, with 3 =3
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Scale-dependent climatological (DJF) zonal correlation length scales
for temperature

Filtering length scale = 3 x local horizontal grid resolution, with 3 = 3

Large-scale term Small-scale term
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Temperature correlations

Filtering length scale = 3 x local horizontal grid resolution, for different values of 3

East-west cross-section

East-West surface correlation profiles
Zoomed box: [-74"E. -66°E] = [32.5°N, 42.5°N]
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(c) Twp-scale T-T correlation for 8, = 3. (d) Two-scale T-T correlation for 8, = 4.
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Globally averaged normalised std deviations of OmA and OmB
for temperature

Instrument(s): ARGO (temperature) Area: Global
From 2016-12-30 to 2021-12-29

Experimental period: 2016-2021
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Globally averaged normalised std deviations of OmA and OmB
for salinity

Instrument(s): ARGO (salinity) Area: Global
From 2016-12-30 to 2021-12-29

Experimental period: 2016-2021
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RMS error between SCA_GRD3 and control for temperature
Experimental period: 2016-2021

_temperature RMS error 242 0-200m temperature RMS error 242 200 500m
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RMS error between SCA_GRD3 and control for salinity
Experimental period: 2016-2021

salinity RMS error 242 0-200m salinity RMS error 242 200-500m
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Std dev error between SCA_GRDx and control for SSH
Experimental period: 2016-2021
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Summary and outlook

* Multi-scale B results are positive for temperature and (especially) salinity;
mixed for SSH.

* Better treatment of errors and biases in the MDT and SLA is required (bias
correction; account for correlated errors — see O. Goux’s presentation).

* More Iimpact from multi-scale B expected with higher resolution
configurations (1/12° global; 1.5 km NWS regional).

* Improve computational efficiency using multi-resolution diffusion operator.
* EXxplore vertical as well as horizontal scale-separation.

* Generalise to flow-dependent, multi-scale B formulations (scale-dependent
std deviations; anisotropic diffusion tensors).

* Hybridise with SDL.

= CERFACS

“““““““““““““““““““““““““““““““““““““““““““““““ Joint CP-TT/DA-TT Workshop, 26-30 October 2026



References

1. Buehner, M. and A. Shlyaeva, 2015: Scale-dependent background-error covariance localisation, Tellus,
67, 28027.

2. Chrust, M., Weaver, A. T., Browne, P., Zuo, H. and M. A. Balmaseda, 2025: Impact of ensemble-based
hybrid background-error covariances in ECMWF’s next-generation ocean reanalysis system. Quarterly
Journal of the Royal Meteorological Society, 151, e4914.

3. Mignac, D. and co-authors, 2025: Improvements to the Met Office’s global ocean-sea ice forecasting
system including model and data assimilation changes. Geoscientific Model Development, 18, 3405-
3425.

4. Mirouze, 1., Blockley, E. W., Lea, D. J., Martin, M. J. and M. J. Bell, 2016: A multiple length-scale
correlation operator for ocean data assimilation. Tellus A, 68, 29744,

5. Weaver, A. T. and M. Chrust, 2026: A scale-dependent background-error covariance model for
ensemble-variational data assimilation, with application to ECMWF's ocean reanalysis system.
Submitted to Quarterly Journal of the Royal Meteorological Society.

6. Weaver, A. T. and |. Mirouze, 2013: On the diffusion equation and its application to isotropic and
anisotropic correlation modelling in variational assimilation. Quarterly Journal of the Royal
Meteorological Society, 139, 242-260.

7. Zuo, H. and co-authors, 2026: ORAS6: The new ECMWF ensemble ocean and sea-ice reanalysis-
analysis system and impact on coupled forecasts. In preparation.

= CERFACS

“““““““““““““““““““““““““““““““““““““““““““““““ Joint CP-TT/DA-TT Workshop, 26-30 October 2026



Extra slides



Amplitude of the cross-scale covariance term C;, 1 # |

Required for estimating global normalisation factors

Cross-Scale Amplitude (Surface)
180* 120*wW 60*W o* 60°E 120%E 180°

NS 30°N

0* - o 5 ¥ 0
e

3u'5 e 30°S

000 zow  sow o 60t 1o 180°

0.0 0.2 0.4 0.6
Amplitude

CENTRE EUROPEEN DE RECHERTHE ET DE FORMATION AVANCEE EN CALCUL SCIENTIFIOUE

Joint CP-TT/DA-TT Workshop, 26-30 October 2026



RMS error between SCA_GRD3 and control for temperature
Experimental period: 2016-2021
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