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ECCO2:  High-Resolution Global-Ocean and Sea-Ice Data Synthesis 
Objective: synthesis of global-ocean and sea-ice data that covers the full ocean depth and that permits eddies. 
Motivation: improved estimates and models of ocean carbon cycle, understand recent evolution of polar 
oceans, monitor time-evolving term balances within and between different components of Earth system, etc. 

Velocity (m/s) 
At 15 m depth 

Forward model: 

•  MITgcm 

•  cubed-sphere 
  configuration 

•  18-km 
  horizontal grid 

•  50 vertical 
  levels 

•  modified Leith 
  viscosity 

•  KPP vertical 
  mixing 

•  dynamic- 
  thermodynamic 
  sea ice 



Data constraints: 
-  sea level anomaly 
-  time-mean sea level 
- sea surface temperature 
-  temperature/salinity profiles 
-  sea ice concentration 
-  sea ice motion 
-  sea ice thickness 

~80 control parameters: 
-  initial temperature and salinity conditions 
- atmospheric surface boundary conditions 
-  background vertical diffusivity 
- critical Richardson numbers for Large et al. (1994) KPP scheme 
- air-ocean, ice-ocean, air-ice drag coefficients 
-  ice/ocean/snow albedo coefficients 
- bottom drag and vertical viscosity 

1992-present eddying 
global-ocean and sea-
ice solution obtained 

using a Green’s 
function approach 



Eddying, global-ocean, and sea ice solution obtained using 
the adjoint method to adjust ~109 control parameters 

Cost functions reduction during first 22 
forward-adjoint iterations  

•   Baseline solution derived 
from optimized Green’s 
function solution and OCCA 
(Forget 2010) climatology 

•  Optimization period is 
beginning of ARGO-rich 
period (January 1994 to 
April 1995) 

•  Huge computation: ~1 
week per forward-adjoint 
iteration on 900 CPUs and  
3.6 TB of RAM 

•  41% overall cost function 
reduction after 22 forward-
adjoint iterations 



Reduction of root-mean-square model-data residual 

rms(Optimized – AMSRE SST) – rms(Baseline – AMSRE SST) 

rms(Optimized – ENVISAT SSH) – rms(Baseline – ENVISAT SSH) 

°C 

m 



Importance of using physically consistent solutions for tracer studies 

McKinley, 2002 

Estimate of CO2 air-sea flux during 97-98 El Niño 
(mol/m2/yr) based on Kalman filter solution 

Estimate based on smoothed solution 

Observed estimate of CO2 flux 
during 92-93 El Niño (mol/m2/yr) 

 Feely et al., 1999 
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