“static” B in SOCA«

3 o
8

e First implementation in ~08/2018 (second B-matrix code sprint)
e Designed to be fast, simple but not necessarily great!
T 17

1
2 2 2 T
B=KF?D,D;C3C;)C2 D;DpF? K

Implemented in soca::ErrorCovariance

1 Fortran BUMP object per domain (ocean, sea ice, wave)
Same correlation operators for all levels/variables. SocaError
in Trait.h

Decorrelation length:

> Qcean: scaled to the Rossby radius of deformation

> Seaice: fixed scale

> Wave: * *

K/ K/ K/
L X X X g

K/
L 44

e Replace CV’/Z C, Cv’/z with 3D bump correlation operator derived from S28S re-forecasts
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Parametric B

|
-
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Depth [m]

Parametric stand
Ocean:

e  Temperature

o  Based on dT/dz Below mixed layer

o  Climatology of SST obs - background within mixed layer
(Hybrid-GODAS, Travis Sluka)

Unbalanced Salinity, currents
Seaice:

[ ]
Wave

e  Significant wave height

d deviation of the background error

Ice concentration, Ice thickness, snow depth
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Ensemble based.-B

e Physically based balance operators
e Background error amplitude based on the
vertical background temperature gradient and
surface climatology of SST OMB’s
e BUMP 3D correlation operator (Benjamin
Menetrier):
o Ensemble based for scales
o Differ for each model levels and variables

Estimated by BUMP for SSH:

2015-03-08T12Z ave_ssh level=1

Rossby radius-based length-scale (current SOCA B): Estimated by BUMP for SST:

2015-03-08T12Z Temp level=1

250.0

218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0

250.0
218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0
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More below
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Default static B in SQ}QA

e First implementation in ~08/2018 (second B-matrix code sprint)
e Afairly standard parametric covariance model for the ocean

1 1 11 1T
2 2 2 2 T
B = KF?D,D;C3CCE DyDypF} K

% 1 BUMP object per domain (ocean,
sea ice, wave), same correlation
operators for all levels/variables.
SocaError in Trait.h
Decorrelation length:

K/
L 44

= > Ocean: scaled to the Rossby BUMP C, operator is similar

. radius of deformation to a diffusion operator at a

— > Seaice: fixed scale fraction of the cct)mputational
cos

62.5

— > Wave: “
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Parametric B

1 lT lT
B = KF2D,D {C)C,,CZ D;DpF}? K'

Vertical convolution

Parametric standard deviation of the background error
Ocean:
e  Temperature
o  Based on dT/dz Below mixed layer
o  Climatology of SST obs - background within mixed layer
(Hybrid-GODAS, Travis Sluka)
° Unbalanced Salinity, currents
Seaice:
e |ce concentration
e |ce thickness
Horizontal filter
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Parametric B

1 1 17 1T .
—@ﬁDprC,,%ChC,g D¢DyF? K
H_J

Weaver et al, 2006

1 0 00 55, g_; ST
K = Ksr 100 Troccoli and Haines. 1999
K cT 0 01 0
_ g = _/ op(T, S, Z)dz
oc Bottom Po
deg = a_T(ST Cooper and Haines, 1996
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https://journals.ametsoc.org/view/journals/mwre/130/1/1520-0493_2002_130_0089_saitpo_2.0.co_2.xml
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/95JC02902

Parametric B

Application example:
Altimeter assimilation

1 1 1
_@'EDprCg Chcg D Multivariate increment for T and S using
—

balance operators in the B-matrix

Weaver et al, 2006 Temperature increment at ON

I 0 00 _3S LA AR
655 = 50T — g |
& i il
K — Bsr 1001 an faines. 1900 /R
KnT KnS [ O ..‘:'. .\ :
K O O ] Salinity increment at ON
| T i /O op(T, S, z) : M :
ong = — dz | M Ll
e Bottom Po '
dcp = a_T(;T Cooper and Haines, 1996
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https://journals.ametsoc.org/view/journals/mwre/130/1/1520-0493_2002_130_0089_saitpo_2.0.co_2.xml
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/95JC02902

Parametric B: Use cases

1 deg global for reanalysis & ocean monitoring

Ya deg global for S2S initialization: Native res h(x), 72 deg B
HAFS initialization: Regional HAT10 % and 1/12 resolution

Gulf Of Mexico (Travis?)

Similar B used at ECMWF, UKMO, Navy/NOAA (NCODA), ...
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Static Covariance Madeling in soca

e Access to SABER/BUMP

e Future plan: Ensemble (climatological or otherwise)
based B (in progress, kind of)
o C derived from an ensemble but parametric D
o D derived from ensemble of (K'X)

bump for soca: Benjamin's Ocean predict presentation
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https://events.ecmwf.int/event/199/contributions/1947/attachments/1164/2144/OceanDA-WS_Menetrier.pdf

Ensemble based.B (m progress”’)

e Physically based balance operators
e Background error amplitude based on the
vertical background temperature gradient and
surface climatology of SST OMB’s
e BUMP 3D correlation operator (Benjamin
Menetrier):
o Ensemble based for scales
o Differ for each model levels and variables

1 11
_ 2 2 T
B =K FﬁDpD D fDPFh K

Replaced by a 3D ensemble based
correlation operator from BUMP
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Ensemble based.-B

e Physically based balance operators
e Background error amplitude based on the
vertical background temperature gradient and
surface climatology of SST OMB’s
e BUMP 3D correlation operator (Benjamin
Menetrier):
o Ensemble based for scales
o Differ for each model levels and variables

Estimated by BUMP for SSH:

2015-03-08T12Z ave_ssh level=1

Rossby radius-based length-scale (current SOCA B): Estimated by BUMP for SST:

2015-03-08T12Z Temp level=1

250.0

218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0

250.0
218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0
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Ensemble based. B

2015-02-10T12Z ave_ssh level=1

2015-02-10T12Z Temp level=1

250.0
218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0

250.0
218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0
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GMAO - SOCA

2015-02-10T12Z Salt level=1

No date corr_rh level=1

250.0
218.8
187.5
156.2
125.0
93.8
62.5
31.2
0.0

250.0
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187.5
156.2
125.0
93.8
62.5
31.2
0.0




For SST: very positive impact
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For temperature: negative impact
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For absolute dynamic topography: neutral impact

obs_absolute_dynamic_topography
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Hybrid Covariance Model
EnVAR increment B —_— &B.SZLGZLZC + 63672,8

Spread
(20 members)

Ice concentration
Background

20150110127 aic

Ice concentration

Sea surface height [m]

Ensemble B provides
cross-covariances between
the ocean and sea ice state

L2 Ice concentration
observations (SSMI/SSMIS)

10

Sea surface temperature [K]

Sea surface salinity [psu]

00
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Observation Databasg

Hybrid Covariance Model
EnVAR increment B —_— &B.SZLGZLZC + 63672,8

Spread
(20 members)

Ice concentration
Background

20150110127 aic

Ice concentration

Sea surface height [m]

Ensemble B provides
cross-covariances between
the ocean and sea ice state

L2 Ice concentration
observations (SSMI/SSMIS)

10

Sea surface temperature [K]

Sea surface salinity [psu]

00
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