
• The “Estimating the Circulation and Climate of the Ocean” (ECCO)
consortium is directed at making 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 nearly complete global ocean data sets 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, and are available for general applications.

ECCO TOWN HALL
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1. What is ECCO?



Goal: to make the best possible estimates of 
ocean circulation and climate. 

ECCO state estimates are multi-platform, multi-
instrument synthesis products that integrate 
ocean and ice observations and models

The ECCO Consortium is an international group 
of scientists working at several institutions



ECCO state estimates are multi-platform, multi-instrument 
synthesis products that integrate observations and models
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ECCO Version 4 is our flagship ocean state 
estimate.   
The first adjoint-based, multi-decadal 3D time-
evolving global ocean and sea-ice state estimate.

Latest Product: Version 4 Release 4, 1992-2017

ECCO “Central Production” Timeline
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A new 4-D (space and time) 
reconstruction of the global 
ocean and sea-ice state from 
1992-2017

The reconstruction is a 
synthesis of > 108 in situ and 
satellite remote sensing 
observational data with a 
coupled ocean and sea-ice 
general circulation model

The model is made consistent
with the observational data in 
a least-squares sense using the 
model’s adjoint.
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Red :  traditional ocean reanalysis
Blue :  ECCO trajectory and state

ECCO Central Production v4: Release 4



Roemmich & Gilson 
Argo Ocean Hydrography

ECCO version 4 
(> 108 ocean observations, 

including Argo)

Ocean Hydrography products vs. ECCO products

Evans, Forget, et al., JPO (2017)
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Question 1: What is the volume of different water temperature
classes in the North Atlantic subtropical gyre?

Water Temperature Class Volume Anomaly



Ocean Hydrography products vs. ECCO products
Question 2: What is the time rate of change of the

volumes of these water temperature classes?

Evans, Forget, et al., JPO (2017)
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Volumetric rate of change

Volumetric rate of change due to diabatic air–sea fluxes 

ECCO v4Roemmich & Gilson 
Argo Ocean Hydrography

ECCO v4



Red line :  traditional ocean reanalysis
Blue :  ECCO trajectory and state

Unlike traditional ocean reanalyses and ocean
hydrography products, ECCO state estimates are 

dynamically consistent with the physics and 
thermodynamics of the coupled ocean and sea-ice system.

Ocean Hydrography products vs. ECCO products



2. What is provided in 
ECCO v4 Release 4?



Monthly and daily mean fields 

Ocean + sea-ice
• T, S, u, v, w, η, ρ, Φ
• Sea-ice and snow h and c
• Lateral and vertical fluxes 

of volume, heat, salt, and 
momentum

Atmosphere
• T, q, |u|, τ, long- and 

radiative fluxes
• Air–sea-ice–ocean fluxes of 

heat, moisture, energy, and 
momentum

Subgrid-scale mixing 
parameters
• 3D GM κ and Redi κ
• 3D vertical diffusivity 

0.5° Iat-lon

Fields are provided on two grids

“lat-lon-cap 90”

13 tiles of 90x90x50



Variable Observations

Sea surface height
ERS-1/2 (1992-2001), TOPEX/Poseidon (1993-2005), GFO (2001-2007), 
ENVISAT (2002-2012), Jason-1 (2002-2008), Jason-2 (2008-2017), 
CryoSat-2 (2011-2017), SARAL/AltiKa (2013-2017), Jason-3 (2016-2017), 

In situ temperature 
profiles

Argo floats (1995-2017), CTDs (1992-2017), XBTs (1992-2017), 
marine mammals (APB 2004-2017), gliders (2003-2017), Ice-
Tethered Profilers (ITP, 2004-2017), moorings (1992-2017)

In situ salinity profiles CTDs (1992-2017), moorings (1992-2017), Argo floats (1997-2017), 
gliders (2003-2017), marine mammals (APB 2004-2017), ITP (2004-2017), 

Sea surface temp. AVHRR (1992-2017)

Sea surface salinity Aquarius (2011-2015) 

Sea-ice concentration SSM/I (1992-2009), SSMIS (2006-2017)

Ocean bot. pressure GRACE (2002-2016), JPL MASCON Solution

T and S climatology World Ocean Atlas 2009 

Mean dynamic 
Topography DTU17 (1992-2015)

Observational data used to constrain the model

New or updated items from are indicated in red.



Documentation
• Summary
• Analysis plots 
• Instructions for re-running the model 

and calculating budgets

State estimate fields (NetCDF)

Observational data

Fields required to re-run the model
• Grid geometry
• Configuration files
• Model initial conditions
• Atmospheric and hydrological 

boundary conditions

https://ecco.jpl.nasa.gov/drive/files/Version4/Release4

ECCO on NASA PODAAC
Physical Oceanography Distributed Active Archive Center

https://ecco.jpl.nasa.gov/drive/files/Version4/Release4


3. Some comparisons to 
observations



Observations
NASA altimetry

Sea Surface Height Linear Trend: 1992-2015

ECCO v4r3

mm/yr



Global mean sea level and ocean bottom pressure

Global mean time-series of sea level and ocean bottom 
pressure (in equivalent sea level) of ECCO V4 Release 4 

in comparison to observations.



Improved Representation of Sea Level Drivers

Both ECCOv4r4 (blue) and 
ECCOv4r3 (red) accurately 
reproduce the observed trends in 
global mean sea level (black)

R4 has significantly improved 
representation of the steric and 
barystatic components of sea 
level.
• ECCOv4r3 under-represented 

steric sea level trend and over-
represented barystatic sea 
level. 

• ECCOv4r4 steric and 
barystatic terms are now much 
closer to observations (from 
Argo and GRACE)

Courtesy of Thomas Frederiske, JPL



Observations
(DTU-13)

ECCO v4

Mean Dynamic Topography



Pacific Ocean Salinity   0-2000m

ECCO v4

R&G Argo 
hydrography 
product

ECCO v4

R&G Argo 
hydrography 
product
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Uncertainty-normalized 
model-data: in situ T and S

350 m
Temperature

350 m
Salinity



4. Example applications: 
Highlighted work



ECCO state estimates (a) faithfully reproduce a large number of in 
situ and satellite remote sensing ocean and sea ice observations 
and (b) satisfy the laws of physics and thermodynamics.  

This makes them useful for a wide range of science investigations 
including:

global and regional sea level variability,
ocean T and S variability,
ocean-cryosphere interactions, 
Atlantic Meridional Overturning Circulation,
carbon cycle,
biological cycles, 
coastal physics, 
water cycle, 
geodesy/Earth rotation,
El Niño,
+many others!



ECCO at the 2019 AGU Fall Meeting
C41C-1477
The role of ocean warming in the widespread retreat of 
Greenland’s marine-terminating glaciers
Michael Wood

C21D-1469
Sensitivity of submarine melting of 79N glacier to ocean 
forcing
Lars Henrik Smedsrud

C13A-06
Iceberg, right ahead!: The surprising and ongoing 
collapse of an East Antarctic ice shelf in response to 
changes in the ocean environment
Catherine Walker

A43I-3043
Variation of the surface coastal current in the marginal 
sea off the west coast of Sumatra during the Pre-YMC 
and YMC periods
Qoosaku Moteki

G53A-04
Improved Global Nonlinear Surface Mass Variation 
Estimates from Geodetic Displacements and 
Reconciliation with GRACE Data
Xiaoping Wu

A53Q-3130
Importance of Coccolithophores in the Ocean Deep 
Biomass
Amos Winter

GC31I-1330
Reacting CO2 and limestone to alkalize the ocean and 
sequester Anthropogenic CO2
William Berelson

S33D-0608
Time Scales of Variations in Seafloor P Signals at 
Subduction Zone Margins from Sims and In Situ Data
Emmanuel Soliman M Garcia

S33D-0611
Intercomparison of Ocean Models for Improving the 
Detectability of Seafloor Vertical Deformations from 
Ocean Bottom Pressure Observations: Applications to 
Several Subduction Zones around the Pacific Ocean.
Yoichiro Dobashi

OS11D-1508
Seasonal and Interannual variability of freshwater 
transport at River-Dominated Ocean Margin Systems 
from 1992-2018: Results from the global ECCO2 with 
real-time discharge
Yang Feng
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5. Analysis tools and tutorials

• ECCO v4 Python tutorial, ecco-v4-py
• Gcmfaces Matlab/Octave
• Xmitgcm / xgcm
• ECCO Summer School Resoures
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Updated ECCO v4 Python Tutorial

http://ecco-v4-python-tutorial.readthedocs.io/

http://ecco-v4-python-tutorial.readthedocs.io/


ecco_v4_py is a Python package for reading, analyzing, and 
plotting ECCO v4 state estimate fields. 

12/17/19 30

https://github.com/ECCO-GROUP/ECCOv4-py

ecco_v4_py Python Package

New capabilities in 2019:
• Global mean sea level 

anomalies
• Global and regional heat, 

salt, and volume transports 
and budgets

• Heat, salt, and volume 
transport across arbitrary 
sections (e.g., GO-SHIP 
lines, OSNAP arrays)

• Overturning stream functions
• More plotting examples
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gcmfaces is a Matlab/Octave toolbox to 
handle gridded Earth variables as sets of 
connected arrays. 

Its object-oriented approach allows users to 
write generic, compact analysis codes that 
readily become applicable to a wide variety 
of grids

Natively handles the lat-lon-cap grid used in 
ECCO version 4. 

gcmfaces: Matlab/Octave Toolbox

https://gcmfaces.readthedocs.io/en/latest/index.html
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xmitgcm is a Python package for reading MITgcm binary MDS 
files into xarray data structures  
http://xmitgcm.readthedocs.org

xgcm is a Python package for working with the datasets 
produced by numerical General Circulation Models (GCMs) and 
similar gridded datasets that are amenable to finite 
volume analysis. http://xmitgcm.readthedocs.io/en/latest/

xmitgcm and xgcm: Python Packages

http://xmitgcm.readthedocs.org/
http://xmitgcm.readthedocs.io/en/latest/


Updated ECCO 
website 

https://ecco.jpl.nasa.gov

https://ecco.jpl.nasa.gov/


Updated ECCO 
website 

https://ecco.jpl.nasa.gov

Includes instructions 
for reproducing the 
state estimate with 

the MITgcm

https://ecco.jpl.nasa.gov/


Updated ECCO 
website 

https://ecco.jpl.nasa.gov

Let us feature your 
work!

https://ecco.jpl.nasa.gov/


1. State estimation 
2. Ocean dynamics & variability
3. Ocean modeling
4. Observational oceanography: in-
situ, ARGO floats, satellites, 
cryosphere
5. Climate variability
6. Decadal survey
7. Pacific, Indian, Atlantic, Arctic, and 
Southern Ocean circulation
8. Tracer budgets
9. High resolution modeling
10. Physics of sea level

11. Air-sea fluxes & water mass
12. Sea ice
13. Global salt budgets & water cycle
14. Ecology & ECCO Darwin
15. Coupled modeling & assimilation
16. Ice-ocean interactions
17. Regional state estimates
18. Ocean biochemistry
19. Ocean mixing
20. Algorithmic differentiation (AD)
21. Adjoint sensitivities
22. Budgets
23. + others

Topics Covered

ECCO Summer School May 2019
https://www.eccosummerschool.org/



ECCO Summer School May 19-31 2019
https://www.eccosummerschool.org/

Lecture materials and video available

Ichiro Fukumori lecturing on state 
estimation at the ECCO Summer School



6. Regional ECCO projects



28ºC

–2ºC

Main Features
• 2002-2017
• 1/3 degree resolution
• Improved Arctic Ocean circulation 

and water mass representation
• Improved transport across Arctic 

and Nordic Seas gateways
• Improved bathymetry to capture 

transports through important 
gateways

• Currently adding Greenland glacier 
melt runoff and improving 
representation of sea ice

A regional ocean state estimate with a focus on 
the Arctic ocean and sea-ice processes

The Arctic Subpolar gyre sTate Estimate (ASTE)
An Ngyuen and others, U. of Texas, Austin

https://web.corral.tacc.utexas.edu/OceanProjects/ASTE/



Main Features
• 2008-2012 and 2013-2018
• 1/3 degree resolution
• First ECCO family state estimate to 

use Biogeochemical Argo data (pH, 
nitrate, oxygen, bio-optics)

• Biogeochemical model includes 
micronutrients, macronutrients, 
alkalinity, pH, carbon, & oxygen

A regional biogeochemical state estimate 
to advance understanding of the variability 
and sensitivity of ocean fertility, ocean 
acidification, carbon content, and oxygen 
minimum zones in the S. Ocean.

Arianne Verdy and Matthew Mazloff, SIO

Floats superimposed on B-SOSE

http://sose.ucsd.edu/



7. Future directions



ECCO Future Directions

Modeling and 
Estimation 

Ice shelves and tidewater glaciers parameterizations

New cryosphere observations (e.g., sea ice thickness),
ice shelf basal ocean melt rates

New controls (e.g., time-variable ocean mixing parameters)

Ocean Biogeochemistry

Higher spatial resolution 1/3° 10–25km grid (llc270)

Modeling Tools
Online passive tracer tool

Open-source algorithmic differentiation and generic adjoint

Community

Facing Big Data Challenges: Data distribution, analysis

Annual ECCO Meeting and Community Workshop

20th year Symposium 2020

20th year Special Issue 2020
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Facing Big Data Challenges

ECCO Data Distribution // Data Volumes
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• How can we efficiently distribute 
ECCO products to researchers?

• How can we facilitate the scientific 
analysis of ECCO products?



ECCO Reproducibility // Computational Costs  
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Facing Big Data Challenges

• How can we ensure reproducibility for 
researchers without access to large, 
dedicated supercomputer resources?



• ECCO Data Distribution and Analysis
• ECCO Reproducibility

Data Access and the 
ECCO Ocean and Ice 

State Estimate

NASA's Advancing Collaborative Connections for Earth System 

Science (ACCESS) Program 

Advancing Collaborative Connections for Earth System Science

Facing Big Data Challenges



ECCO data distribution via PODAAC



ECCO analysis portal, Data Analysis Tool



ECCO analysis portal, Data Analysis Tool



ECCO analysis portal

Online portal that allows 
users to analyze ECCO 
products “on the cloud” 
using Jupyter Notebooks

ECCO files stored 
remotely in cloud (e.g., 
AWS)

Calculations involving 
ECCO datasets 
performed ”on the cloud”, 
results (small) returned to 
user.



ECCO 20th anniversary Symposium

Ø Look back on the past and look ahead into 
the future
• Evolution of products
• Science accomplishments
• Novel and multidisciplinary applications

Ø Summer 2020

Ø Location TBD (Probably Cambridge, MA)

A symposium to mark the 20th anniversary of ECCO
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More information, links to ECCO products
https://ecco.jpl.nasa.gov
http://eccosummerschool.org
http://podaac.jpl.nasa.gov/

Tutorial & Tools
http://ecco-v4-python-tutorial.readthedocs.io
http://eccov4.readthedocs.io

Getting support
mailto: ecco-support@mit.edu

ECCO Town Hall

https://ecco.jpl.nasa.gov/
http://eccosummerschool.org/
http://podaac.jpl.nasa.gov/
http://ecco-v4-python-tutorial.readthedocs.io/
http://eccov4.readthedocs.io/
mailto:ecco-support@mit.edu

