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Origins of ECCO

In the 80’s and the 90’s, several major world-wide efforts to observe the global ocean were initiated, including the World Ocean
Circulation Experiment (WOCE), the Tropical Ocean Global Atmosphere (TOGA) program, the Joint Global Ocean Flux Study 
(JGOFS), and the launch of the TOPEX/Poseidon satellite altimeter in 1992.

But the most important consequences of the ocean for climate, e.g., transports of heat and energy, the uptake of carbon from 
the atmosphere, and interactions with sea ice and ice sheets are not directly measurable.

Furthermore, the set of available ocean observations is extremely diverse, including in situ observations of temperature, salinity, 
velocity, and biogeochemical properties, and satellite-based observations of sea level, temperature, wind stress, etc.

These observations are connected to each other and to the desired derived quantities via the equations of fluid dynamics.

For understanding of the present-day climate, the extent to which it is changing, the places in which nutrients are being moved,
and a host of other scientific questions, we need systematic syntheses of the observations with our best understanding of the
physical principles determining ocean circulation. 



An early vision of ocean state estimation from
Wunsch (1982) in honor of Munk’s 65th birthday

W. Munk C. Wunsch



June 1999: A Consortium for Ocean Circulation and Climate Estimation
National Ocean Partnership Program (NOPP) proposal led by Detlef Stammer

A consortium of scientists at the Massachusetts Institute of Technology, the Jet Propulsion Laboratory, the Scripps 
Institution of Oceanography, and the Max Planck Institut für Meteorologie of Hamburg proposes a five-year NOPP 
“node” to bring ocean state estimation from its current experimental status to a practical and quasi-operational tool 
for studying large-scale ocean dynamics, designing observational strategies, and examining the oceans role in 
climate variability.

August, 1999: First ECCO Consortium Meeting at Scripps Institution of Oceanography

A consortium name was discussed.  D. Stammer presented a straw man OCCE (Ocean Circulation and Climate 
Estimation), taken from title of proposal.  The later suggestion of EGOS (Estimation of the Global Ocean State) was 
rejected in favor of OCCE.  However, there was a suggestion after the meeting (C. Eckert) to change OCCE into:
ECCO (Estimation of the Circulation and Climate of the Ocean).  The consortium voted for ECCO after the meeting.

The ECCO acronym soon morphed to:
“Estimating the Circulation and Climate of the Ocean”.



Observing the ocean is like blind men observing an elephant.



Strengths and limitations of in-situ observations

❖ Closest to ocean truth ☺

❖ … but very limited spatiotemporal coverage 

➢ point measurement in time and space is not necessarily 

representative of large-scale, long-period average

➢ contamination by geophysical and instrument noise

➢ possibility of aliasing



Strengths and limitations of satellite observations

❖ Global coverage ☺

❖ … but indirect observation of limited 

oceanographic variables 

➢ limited to near-surface or depth-integrated observables

➢ errors due to, e.g., atmospheric variability and retrieval 

algorithms

➢ sampling issues due to, e.g., footprint size and episodic 

sampling



Strengths and limitations of numerical models

❖ Complete space-time description ☺

❖ … but imperfect representation of truth 

➢ discretization errors

➢ subgrid-scale parameterization errors

➢ boundary condition errors



How can we get a description of global ocean circulation that 

is as complete and as close to truth as possible?

1. Observe ocean circulation using satellite and in-situ instruments.

2. Construct numerical ocean models based on primitive equations and 

empirical parameterizations.

3. Use the observations to improve the numerical ocean circulation model 

and to adjust empirical  parameterizations and boundary conditions.

4. Make practical and scientific predictions.

5. Acquire new observations to evaluate and constrain model predictions.



ECCO PRODUCTS AND TOOLS

• The “Estimating the Circulation and Climate of the Ocean” (ECCO) consortium endeavors 

to produce the best possible estimates of ocean circulation and its role in climate. 

• Solutions are obtained by combining state-of-the-art ocean circulation models with 

global ocean and sea-ice data in a physically and statistically consistent manner. 

• Products are being utilized in studies on ocean variability, biological cycles, coastal 
physics, water cycle, ocean-cryosphere interactions, and geodesy



ECCO state estimates are physically-consistent solutions of free-running models that are made 
consistent with observational data and their uncertainties.

Inverse problem:

Solve for a set of model initial conditions, atmospheric boundary conditions, and ocean mixing parameters 
such that residuals between the model solution and the observations are minimized in a least-squares sense.

Traditional ocean reanalysis
ECCO trajectory and state



Automatic differentiation tools developed and used by ECCO

TAMC and TAF OPENAD

http://www-unix.mcs.anl.gov/~utke/OpenAD/http://www.fastopt.com/



ECCO Version 4 data 
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ECCO V4 now includes an adjointable thermodynamic sea-ice model

• Previous ECCO V4 ocean state 

estimates included a 

dynamic/thermodynamic sea-ice model 

whose adjoint was unstable.

• We incorporated an new adjointable 

thermodynamic sea-ice model and 

added daily sea-ice concentration data 

constraints.

• Experiments demonstrate substantial 

and rapid reduction of model-data misfit 

using the new sea-ice model and data 

constraints

Arctic sea ice concentration. Credit: NSIDC

Constraining the state estimate to satellite sea-ice concentration data



ECCO V4 now includes a data-constrained thermodynamic Antarctic ice-shelf model

Constraining the state estimate to Antarctic ice-shelf basal melt data

“3 equation” ocean/ice melt model

Rignot et al., 2013
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Global Mean Sea Level and Ocean Bottom Pressure 

Trends: ECCO V4 vs. multi-mission satellite product and

GRACE
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Global Mean Sea Level Trend: ECCO V4 vs. Multi-mission Satellite

Product



Upper Ocean Heat Content: ECCO V4 vs. NOAA OHC

product



ECCO Version 4

Roemmich & Gilson 
gridded Argo dataset

Courtesy of Chris Piecuch, WHOI

Basin-Scale 0-2000m Ocean Salinity: ECCO V4 vs. Argo Hydrography 

Product
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