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OUTLINE

1. Motivation

Two recent studies: ECCO Darwin CO2 flux in SO (led by Dustin Carrol)

and Evaluation of ECCOs in SO (led by Yoshi Nakayama)

2. Result

ECCO v4r5 (+ECCO v4r4 if applicable), ECCO LLC270-alpha;

sea-ice cover (SSM/I);

freeboard / sea-ice thickness / snow depth (IceSat2/CryoSat2) 3.

Summary



 Study 1: ECCO Darwin CO2 flux in SO 

1. LLC270-alpha: ~1/3-degree, optimized over 1992-2017, extended 2018-near present

2. ECCO v4r4: ~1 degree, optimized over 1992-2017;

3. ECCO v4r5: ~1 degree, optimized over 1992-2019, extended 2020-near present

The different solutions lead to different 
CO2 flux in Southern Ocean (shown right),
even for the same config of Darwin model.
LLC270-alpha and v4r4 have more similarity,
but v4r5 are much more different. 

Less sea-ice =>

    less freshwater export =>

        deeper MLD =>

            higher upwelling of pCO2
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Study 2: Evaluation of ECCOs in SO 



OUTLINE

1. Motivation

2. Result

ECCO v4r5 (+ECCO v4r4 if applicable), ECCO LLC270-alpha;

sea-ice cover (SSM/I);

freeboard + sea-ice thickness + snow depth (IceSat2/CryoSat2)

3. Summary



Comparison of Southern Ocean sea ice among different ECCOs

1. LLC270-alpha: ~1/3-degree, optimized over 1992-2017, extended 2018-near present

2. ECCO v4r4: ~1 degree, optimized over 1992-2017;

3. ECCO v4r5: ~1 degree, optimized over 1992-2019, extended 2020-near present

Comparison

1. Time series of sea ice extent for the v4r4, v4r5, and llc270 vs SSM/I

 September (max) and March (min)

2. 2019-2022 period September and March mean 

 sea-ice area, 

 sea-ice freeboard,

 sea-ice thickness, and 

 snow depth

 monthly mean and its anomaly pattern wrt 4-year mean

 observation: sea-ice cover from SSM/I (NSIDC);  

        sea-ice freeboard from IS2 (courtesy of Ian Fenty@JPL)

        sea-ice thickness, snow depth from IS2/CS2 (courtesy of Sahra Kacimi@JPL)
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OUTLINE

1. Motivation

2. Result

3. Summary

➢ ECCO-v4r5 has better agreement with satellite observation: 

b/c its sea-ice adjoint? Or ice-shelf package? 

➢ “sub-optimal” extension seems working for variation of sea-ice cover:

b/c realistic atmospheric re-analysis forcing? climatology adjustment? 

➢ large mismatch with observation of sea-ice freeboard, sea-ice thickness, 

and snow depth: including sea-ice freeboard observation (being                            

employed in ongoing optimization) and even direct sea-ice thickness / 

snow depth observations for next-gen state estimate?

➢ additional angle: sea-ice age (MY, FY recent trend)?
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Time series of
sea-ice extent
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