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ECCO Global Ocean-Sea Ice Synthesis

In-situ observations Satellite 
data

• Assimilate a diverse sets of satellite and in-situ observations using 
inverse methods.

• Ocean state estimation products from 1992 onward, extended routinely 
(1950-2001 for G-ECCO)

• Mainly gear towards climate & biogeochemistry applications



From Global to Regional Estimation

Global: (1° to 18 km, 23 to 50 levels)
• Core effort: ECCO Central Solution – a.k.a. 

ECCO-CLIVAR (adjoint)
• ECCO-JPL near realtime estimation (Kalman 

filter & smoother)
• ECCO2/3 eddy-permitting estimation (Green’s 

function, adjoint)
• G-ECCO (adjoint, five decades)

Regional (downscaling):
• Southern Ocean
• Tropical Pacific
• Gulf of Mexico
• California Current System



ECCO Central Solution: observations (Table 1) & Key Attributes (Table 2)

Table 2

Table 1

In data server In production Upcoming



Version 4 of ECCO Central Solution

• Inclusion of the Arctic Ocean

• Prognostic sea ice model & its adjoint

• Inclusion of mixing parameters as control 

Estimated sea ice circulation

Global grid

Estimated time-mean global MOC



Understanding sea level budget: windUnderstanding sea level budget: wind--forced variabilityforced variability

Total Variability ζρW

Advective Transport AW Diffusive Transport MW

Steric height budget:

ζρ = A + M + F
Piecuch & Ponte (2011) GRL 38

cm



Cost function reduction

Forward/adjoint iteration

ARGO S cost reduction

ARGO T cost reduction
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ECCO2  adjoint-based optimization of an eddying 
global-ocean & sea ice MITgcm configuration

• Data constraints currently include JASON SLA, AMSR-E
SST, ARGO T/S profiles, and OCCA T/S climatology.

• Control variables are initial T/S and atmospheric
boundary conditions (wind, precipitation, air
temperature and humidity, incoming radiation)



(Nguyen, Menemenlis, and Kwok, 2009) 

Salt-plume parameterization in ECCO2 improves 
representation of the Arctic halocline

Arctic hydrographic stations

Observations
Baseline simulation
With plume parameterization





Adjoint sensitivities of sub-ice shelf melt rates to ocean circulation
under Pine Island Ice Shelf, West Antarctica

(Heimbach and Losch, submitted)

Heimbach and Losch have 
developed an adjoint model for 
the MITgcm ice shelf cavity 
model.

As a first demonstration of this 
new capability, they investigated 
the sensitivity of sub-ice shelf 
melt rates to changes in the 
oceanic state.

The inferred sensitivities reveal 
a dominant time scale of 
roughly 60 days over which the 
shelf exit is connected to the 
deep interior.

To the extent that these 
transient patterns are robust 
they carry important information 
for decision-making in 
observation deployment and 
monitoring.



• Domain: 78° South to 24.7° South 
• 1/6°, 42 depth levels (partial cells)
• Initial and northern boundary conditions derived 

from and constrained to G. Forget’s (2010) 1°
resolution global state estimate (OCCA).

• Full (and adjointable) coupled sea-ice model

Vertically integrated 
(barotropic) transport 
streamfunction [Sv] (2005-
2006 average)

SOSE solutions available at http://sose.ucsd.edu/DATA/



CASE
an eddy-resolving state 

estimate of the California 
Coastal System

Matt Mazloff, Bruce Cornuelle
Scripps Institution of Oceanography, 

Univ. California, San Diego



CASE: 1/16o with 72 levels
27.2oN – 40oN,
230oE – coast
currently Jan 2007 
through July 2009

A well observed ocean 
region (gliders,
moorings, 
PIES, etc.)



SSH anomaly on May 30 2010: (a) MITgcm one-month forecast; (b) 
MITgcm REF Run; (c ) AVISO analysis, (d) HYCOM global analysis.

Gulf of Mexico Analysis and Forecast

Courtesy B. 
Cornuelle, SIO



Summary

•ECCO Central Solution evolving from version 2 to 
version 4, with major improvements to handle the 
Arctic Ocean data assimilation.

•ECCO-2 evolves towards ECCO-3, with heavy 
emphasis on ocean-ice shelf interaction and 
carbon flux studies.

• Various regional high-resolution estimation and 
ocean forecasting systems.



Backup



(Nguyen, Menemenlis, and Kwok, 2011) 

An optimized, property-conserving Arctic Ocean simulation 

Sea ice extent Sea ice velocity Sea ice flux

Sea ice thickness

Pacific water circulation, upper 200 m (1994-2004)



Modeling ice shelf-ocean interactions
Courtesy of Michael Schodlok

ECCO2 estimates of basal melting
Freshwater flux (59 mSv or 1600 Gt/a) is double 
previous (BRIOS) estimates, more consistent with 
mass loss derived from ICESat/GLAS data (55 
mSv), comparable in size with iceberg calving 
(2000 Gt/a).

Antarctic Bottom Water formation
Freshwater input from basal melt decreases High 
Salinity Shelf Water production, which affects 
Antarctic Bottom Water production and meridional 
overturning.

Coupling with ISSM
Experimental coupling with JPL/UCI ISSM is 
underway for improved estimates of ice shelf-
ocean boundary conditions.


