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Marine DA development

Credits: Arun 
Chawla

SOCA deliverables
JEDI based 

Initialization of  the 
marine components

Short term
SSFS, SFS, Reanalysis

Long term
RTOFS, UFS
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Status: Marine IODA

IODA: Interface for Observation Data Access                          

Sufficient set of marine UFO for S2S initialization and re-analysis

○ Conventional observations from FNMOC/GODAE:
■ Argo, CTD, XBT
■ Moorings: TAO, PIRATA, RAMA
■ Gliders, surface drifters, …

○ NESDIS absolute dynamic topography:
■ Jason 2-3
■ SARAL
■ Cryosat-2
■ Sentinel-3a

○ Radiance based retrievals
■ NESDIS SST
■ JPL/RSS SSS (SMAP)
■ EMC ice fraction

○ But no Ice thickness/freeboard observations...
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Nonlinear Linear (tangent) Adjoint

Sea-ice Fraction N/A Done Done

Sea-ice Thickness Done Done Done

Sea Surface Height N/A Done Done

Insitu Temperature Done Done Done

Practical Salinity N/A Done Done

Sea Surface 
Temperature

N/A Done Done

Cool skin SST Done Done Done

Sea Surface Salinity N/A Done Done

Significant Wave 
Height

generic UFO: Interpolation only

Status: Marine UFO
(March-April 2019 code sprint)
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UFO: Unified Forward Operator



Data base IODA converter H(x) 3DVAR

FNMOC:: Profiles (Profilers and 
moorings)

FNMOC:: Surface Drifters

NESDIS:: RADS

NCEP-Data tank:: L2-SST (AVHRR: 
GOES-16, VIIRS-NPP, HIMAWARI-
8, NOAA-19, METOP-A)

NCEP bufr:: Profiles, ships, buoys, 
drifters, gliders,altimeters,  ...

EMC::Ice fraction

JPL & RSS:: SMAP

Hybrid-GODAS all obs

GMAO all obs

NESDIS::SST (All sensors)

Status: Marine IODA/UFO
(March-April 2019 code sprint)
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Status: JEDI model encapsulation

Credits: Arun 
Chawla

JEDI encapsulation of marine 
models

○ MOM6 + Generic sea-ice
○ GEOS (MOM6)
○ CICE6
○ WW3
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3DVAR 3DVAR-FGAT EDA 4D-Hybrid 
EnVAR

At least 5 
members

At least 20 
members

High HPC 
footprint

Small HPC 
footprint

Note: All VAR algorithms are available in 
observation or state space

3DVAR: Implemented
3DVAR-FGAT: Implemented for MOM6 only
EDA: Not implemented yet
4D-Hybrid: In progress (missing LETKF or EnKF for 
perturbation)

Single deterministic member

DA methods targeted for implementation

Status: Algorithm Implementation
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Status: Algorithm Implementation
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Switch to dual-space solver
DRIPCG (state) to RPCG (obs)

● Faster convergence
● less memory used (70% less)

Obs-space configuration State-space configuration



Status Overview: Cycling

3DVAR cycling with multivariate Static B
○ GFDL MOM6 at 1 degree (since January 2018)
○ ¼ degree MOM6-CICE5-FV3 in progress (May 24, 2019)
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● Assimilation of Jason-3 ADT
● 24hr window (2018-07-23 to 

2018-07-30)
● 3DVAR-fgat



Examples: 30 days Cycling
1 deg MOM6

sea surface salinity 
SMAP

Altimetry
Jason-2, Jason-3, Sentinel-3a,

Cryosat-2, SARAL

sea surface temperature (IR)
AVHRR (metopa, noaa19)

VIIRS (suomi-npp)

sea surface temperature (MW)
GMI, AMSR2, WindSatInsitu T/S

1 day of observations
( 2018-04-15 )
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Examples: 30 days Cycling
1 deg MOM6

Satellite sensors cycled 
through 3DVAR
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Examples: 30 days Cycling
1 deg MOM6
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Examples: 30 days Cycling
1 deg MOM6

2018-04-15 2018-05-15



Examples: MOM6-CICE5-FV3 cycling
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24hr window, start 2013-10-01
3DVAR for ¼ degree MOM6
GMI L2 SST + NESDIS-RADS ADT (SARAL, CryoSat-2, Jason-2, Jason-3)

[m] [K]

-12hr 12hr

2013-10-02 12z

Concatenated observation in ioda format

24hr “warm” 
forecast with 
FV3-MOM6-CICE5

¼ degree SST increment¼ degree SSH increment



Status Overview: Coupled DA
multi-domain UFO
Coupled UFO: Ocean surface/Atmosphere

○ OSE with AMSU-A & GMI (See Hamideh Ebrahimi poster)
○ Cool skin

Implemented by 
Hamideh, figure 
from Santha

Cool skin SST UFO

[K]

Observed - Background 
skin sst

April 15, 2018 (24hr window)
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Observed - Analysis 
skin sst



Coupled Covariance model: Ocean/Sea-ice
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Coupled increment (sst & ice-fraction) resulting 
from the assimilation of sea-ice concentration. Sea-ice thickness Level 

2 processing
(Alfred Wegener 
Institute). Data set 
provided courtesy of Dr.  
Sinéad Louise Farrell.

3DVAR

3DEnVA
R

Status Overview: Coupled DA
coupled B



FY2019 plans

FY2019 to do list:

● Prototype DA system for NOAA/EMC & NASA/GMAO (ocean & sea-ice)

● Participation in the SSF benchmark tests (NOAA/EMC)

● NOAA/CPC Ocean monitoring?

● Prototype implementation of a 4D EnVAR/LETKF

● Prototype Coupled UFO (CRTM based SMAP, GMI)

● Diurnal SST UFO (Cool skin UFO done) 

● CICE6 & WW3 interfaces 

FY2019 code sprints:

● Marine IODA/UFO (March/April 2019)

● Marine model interface (NOAA MOM6-FV3-CICE, GEOS coupled, WW3, CICE6)

● Multi-domain UFO
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