
ECCO TOWN HALL
HOW TO USE THE LATEST ECCO OCEAN STATE ESTIMATE

• 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.
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1. What is ECCO?
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ECCO Consortium

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

ECCO state estimates are multi-platform, 
multi-instrument synthesis products



Regional ECCO 
products

• SOSE
• B-SOSE
• ASTE
• California/GoM

& others

The ECCO Central Production state estimate is flagship product
>> Always our best reconstruction of the global ocean.
Currently in Version 4, Release 3:    Covering the period 1992-2017
>> The first adjoint-based, multi-decadal global ocean and sea-ice state estimate.

ECCO2 18 km

ECCO2 was a global multi-
decadal eddy-permitting 
estimate. Derived with the 
Green’s function approach

ECCO v4
release 1 

ECCO v4
release 2 

ECCO v4
release 3 

20162014 2018

ECCO version 4 (1°)

ECCO-KFS is a 1° estimate 
to support near real-time 
applications.  Derived with 
Kalman filter/smoother.

ECCO-KFS 1°

ECCO v0
(MIT/SIO)

ECCO v1
(SIO)

ECCO v2
(MIT)

ECCO v3
(MIT)

2002 2004 2006 2009

ECCO versions 0-3 ( >1°)

ECCO Product Timeline

2020+

ECCO version 5 (1/3°)

2019



A new 4-D (space and time) 
reconstruction of the global 
ocean and sea-ice state from 
1992-2015

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 3



Roemmich & Gilson 
Ocean Hydrography

(Argo)

ECCO version 4 
Ocean State Estimate

(> 108 ocean obs, 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?

Argo ECCO v4



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

volumes of different water temperature classes?

Evans, Forget, et al., JPO (2017)

Argo ECCO v4

Monthly diabatic transformation 
due to air–sea heat fluxes 
NCEP + Reynolds SST

Monthly diabatic transformation 
due to air–sea heat fluxes 

ECCO v4
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Red line :  traditional ocean reanalysis
Blue :  ECCO trajectory and state

Unlike traditional ocean reanalyses and 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 the 
ECCO v4 Release 3 state 
estimate?



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 

Curvilinear Cartesian
“lat-lon-cap 90”

Interpolated 
0.5° Iat-lon

13 tiles of 90x90x50

Fields are provided on two grids



Variable Observations

Sea surface height
TOPEX/Poseidon (1993-2005), Jason-1 (2002-08), 
Jason-2 (2008-15), Geosat-Follow-On (2001-07), CryoSat-2 (2011-15), 
ERS-1/2 (1992-2001), ENVISAT (2002-12), SARAL/AltiKa (2013-15)

In situ temperature 
profiles

Argo floats (1995-2015), XBTs (1992-2008), CTDs (1992-2011), Southern 
Elephant seals as Oceanographic Samplers (SEaOS; 2004-2010), Ice-
Tethered Profilers (ITP, 2004-2011) and other high-latitude CTDs and 
moorings

In situ salinity 
profiles

Argo floats (1997-2015), CTDs (1992-2011), SEaOS (2004-2010),
and other high-latitude CTDs and moorings

Sea surface temp. AVHRR (1992-2013)

Sea surface salinity Aquarius (2011-2013) 
Sea-ice 
concentration

SSM/I DMSP-F11 (1992-2000) and -F13 (1995-2009) and SSMIS DMSP-
F17 (2006-2015)

Ocean bot. pressure GRACE (2002-2014), JPL MASCON Solution

T and S climatology World Ocean Atlas 2009 

Mean dynamic 
Topography DTU13 (1992-2012)

Global mean SSH & 
OBP AVISO, CSIRO, NOAA; GRACE

Observational data used to constrain the model

New or updated items from are indicated in red.



Documentation
• Summary
• Analysis plots including climatology
• 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

ftp://ecco.jpl.nasa.gov/Version4/Release3/

Also mirrored at 
https://web.corral.tacc.utexas.edu/OceanProjects/ECCO/ECCOv4/Release3/



3. Some comparisons to 
observations



Observations
NASA altimetry

Sea Surface Height Linear Trend: 1992-2015

ECCO v4r3

mm/yr



Global Mean OBP (mm equiv.)

Global mean sea level and ocean bottom pressure
Global Mean Sea Level (mm)
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Observations
(DTU-13)

ECCO v4r3

Mean Dynamic Topography



Pacific Ocean Salinity   0-2000m

ECCO v4

R&G Argo 
hydrography 
product

ECCO v4

R&G Argo 
hydrography 
product



2000 2005 2010 20151995

model data

residual
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Large-scale SSH variance

ECCO v4
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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,
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 2018 AGU Fall Meeting  (n=25+)
C21D-1379 
What Drives the Sea Ice Volume in 
the Arctic Marginal Ice Zones, An 
Adjoint Sensitivity Study
Arash Bigdeli

OS13D-1517
Sea Surface Salinity Variability in the 
South Atlantic from Satellite and 
Model Data
Pedro De Morais Chiossi

OS52A-01
An update on eddy diffusivity in the 
global ocean from Argo observations
Sylvia T Cole

OS51D-1291 
Seasonal response of river plume to 
freshwater discharge in river-
dominated ocean margins: a multi-
salinity products analysis and 
comparison
Yang Feng

C33F-1638
Investigating Ocean Variability 
around the Greenland Ice Sheet 
through the Synthesis of in-situ and 
Remotely-Sensed Data and a 
General Circulation Model
Ian Fenty

OS31H-1886
The Role of Southern Ocean 
Transports on the Global Ocean 
Circulation
Brady S Ferster

C21C-1331
A Near-Uniform Sea Level and 
Ocean Bottom Pressure Fluctuation 
and its Associated Change in Ocean 
Temperature over the Antarctic Shelf
Ichiro Fukumori

OS52B-05
High-frequency and high-
wavenumber variability in the 
California Current: Evaluating model 
requirements for SWOT 
assimilation
Sarah T Gille

GC51M-0949
Examining Salinity Change in Upper 
Pacific Ocean during Argo Period
Li Guancheng

B41M-2905
Potential Impacts of Remotely-
Sensed Ocean Surface Boundary 
Layer LiDAR Profiler Observations 
on Ocean State Estimation
Daria J Halkides

C33C-21 
Modeling the response of NW 
Greenland to enhanced ocean 
thermal forcing and subglacial 
discharge
Mathieu Morlighem

T33E-0452
Seasonal to several-years-long 
changes in the tidal response to very 
low-frequency earthquakes in 
Ryukyu Trench
Mamoru Nakamura

OS52B-04
Reconstructing 3-Dimensional 
Upper Ocean Circulation based on 
SWOT high-resolution SSH 
measurements
Bo Qiu

OS13D-1529
Assessment of Ocean Reference 
Models as the Basis for Long-Range 
Passive Acoustic Localization
Michael H Ritzwoller

GC41E-1498 
Unsupervised Learning Reveals 
Geography of Global Ocean 
Dynamical Regions
Maike Sonnewald

C34B-03
Does sea ice drive the Antarctic 
Slope Current?
Andrew Stewart

OS23F-1685
Air-sea Interactions in a High-
Resolution Ocean-atmosphere 
Simulation
Ehud Strobach

U13B-13
Drivers of recent salinity trends in 
the subpolar North Atlantic
Jan-Erik Tesdal

OS51E-1300
Meridional asymmetry in recent 
Pacific sea surface height trends
Philip R Thompson

C11A-06 
The canary in Wilkes Land: 
Observations of unexpected marine-
terminating glacier change in East 
Antarctica in response to the 
changing ocean
Catherine C Walker

OS52B-02 On the spatial resolution 
of the future SWOT SSH 
measurements
Jinbo Wang

GC51M-0954
Developing the Capability to 
Inversely Constrain the Estimates of 
Time-Varying River Discharge Using 
Ocean Observation
Xiaochun Wang

C13A-05
Assessing the role of ocean warming 
in the widespread retreat of 
Greenland’s marine-terminating 
glaciers over the past three decades
Michael Wood

GC34C-02
Global reconstruction of historical 
low-frequency ocean heat storage 
and transport
Laure Zanna

OS53C-1354
Mapping Internal Tides using 
Synthetic SWOT Measurements
Zhongxiang Zhao

+ others



5. Analysis tools and tutorials

• ECCO v4 Python tutorial, ecco-v4-py
• Gcmfaces Matlab/Octave
• Xmitgcm / xgcm
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New ECCO v4 Python Tutorial

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

http://ecco-v4-python-tutorial.readthedocs.io/
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New ECCO v4 Python Tutorial

https://github.com/ECCO-GROUP/ECCO-v4-Python-Tutorial

https://github.com/ECCO-GROUP/ECCO-v4-Python-Tutorial


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

12/17/19 27
https://github.com/ECCO-GROUP/ECCOv4-py

ecco_v4_py Python Package

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


New ECCO 
website 

https://ecco.jpl.nasa.gov

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


New ECCO 
website 

https://ecco.jpl.nasa.gov

Includes 
instructions for 
reproducing the 
state estimate 

with the MITgcm

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


New ECCO 
website 

https://ecco.jpl.nasa.gov

Let us feature 
your work!

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


6. Future directions



ECCO Future Directions

Modeling and 
Estimation 

Ice shelves and tidewater glaciers packages

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 [ECCO-Darwin]

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

Modeling Tools
Online passive tracer tool

Open-source algorithmic differentiation and generic adjoint

Community 
Program

Annual ECCO Meeting and Community Workshop

20th year Symposium 2019

20th year Special Issue 2019

ECCO Summer School, May 2019



ECCO Future Directions

Modeling and 
Estimation 

Ice shelves and tidewater glaciers packages

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 [ECCO-Darwin v4]

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

Modeling Tools
Online passive tracer tool

Open-source algorithmic differentiation and generic adjoint

Community 
Program

Annual ECCO Meeting and Community Workshop

20th year Symposium 2019

20th year Special Issue 2019

ECCO Summer School, May 2019



ECCO-Darwin v4

Question: how does the interplay of physical, chemical, and 
biological processes shape the global carbon cycle and 
marine biogeography?

Using the ECCO framework, we have developed a new data-
constrained ocean biogeochemical model (ECCO-Darwin v4) 
to address these topics.

Dustin Carroll and Dimitris Menemenlis



Physics: ECCO LLC 270, Jan 1992–May 
2018 

Biology: 5 Phytoplankton, 2 Zooplankton 
types

Biogeochemical ICs:
• GLODAP V2 climatology (Lauvset et al.

2016)
• ECCO-Darwin v2 (Brix et al. 2015)

Forcing:
• Atmospheric pCO2 forcing (NOAA MBL) 
• Monthly climatological iron dust forcing 

(Mahowald et al. 2009)

Observational Constraints (n = 4038777):
• SOCAT V5 surface fCO2 (Bakker et 

al. 2016)
• GLODAP V2 profiles (Olsen et al. 2017)
• SOCCOM BGC-Argo profiles (Riser et al.

2018)
• UW Argo O2 profiles (Drucker and Riser, 

2016)

Optimization: 
• 13 biogeochemical Green’s Functions

ECCO-Darwin v4

CO2 partial
pressure

CO2 Flux



Outgassing of CO2

Uptake of CO2

ENSO

Case Study: Equatorial Pacific Ocean



Future Directions

• Impact of ENSO events on the global ocean CO2 sink
• Global ECCO-Darwin simulations with biogeochemical river runoff
• Ocean-ice-bio-carbon interactions in Greenland and Antarctica
• Ocean acidification and testing industrial mitigation strategies
• Variability in Arctic Ocean biogeochemistry due to permafrost melt / runoff 

ECCO-Darwin v4 Summary + Future Directions

Using the ECCO framework we have made new estimates of 
the global ocean carbon sink by quantifying drivers of the 
ocean carbon cycle on regional scales

Analysis of the state estimate compliments and informs 
remote and in-situ ocean observations



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 11-12 September 2019

Ø Seaside Forum, Scripps Institution of Oceanography, UC San Diego

A symposium to mark the 20th anniversary of ECCO



ECCO Summer School 2019

Global Ocean State & Parameter Estimation:
From Methods to Applications in 

Oceanographic Research



Date: May 19 – 31, 2019
Location: Friday Harbor Laboratories, UW, Friday Harbor, WA
Target audience: graduate students and early-career scientists
Application deadline: December 17, 2018

More information & updates at: 
http://eccosummerschool.org



The school will introduce the tools and mathematics of 
ocean state and parameter estimation and its 
application to ocean science through a mix of 
• foundational lectures, 
• hands-on tutorials 
• team and individual research projects 

Goal: To nurture the next generation of oceanographers 
and climate scientists so that they may effectively utilize 
ECCO products and the underlying modeling and state 
estimation tools to further advance ocean science and 
ocean state estimation.

Summer School Synopsis I



• data assimilation
• state & parameter 

estimation
• adjoint method
• sensitivity analysis
• algorithmic differentiation
• ocean modeling
• ocean dynamics

• global ocean observing 
system

• physics of sea level
• sea-ice dynamics
• ice sheet-ocean interactions
• ocean tides
• cyberinfrastructure & data 

analytics

Summer School Synopsis II

Topics covered:



Summer school confirmed speakers
1. Jean-Michel Campin, MIT (ocean 

modeling)
2. Meghan Cronin, UW/NOAA (ocean in-

situ observations)
3. Ian Fenty, JPL/Caltech (ice sheet-

ocean interactions)
4. Gael Forget, MIT (mode water 

formation & distribution)
5. Helen A. Fricker, SIO/UCSD (remote 

sensing marine cryosphere)
6. Weiqing Han, UC Boulder (Indian 

Ocean circulation)
7. Christopher Hill, MIT (ocean ecology)
8. Sonya Legg, Princeton/GFDL (ocean 

mixing)
9. Ichiro Fukumori, JPL/Caltech (data 

assimilation/state estimation)
10. Martin Losch, AWI (sea ice physics & 

dynamics)
11. Amala Mahadevan, WHOI (modeling 

the submesoscale)

12. Matthew Mazloff, SIO/UCSD (Southern 
Ocean circulation)

13. Michael McPhaden, NOAA/PMEL 
(Pacific Ocean circulation)

14. Dimitris Menemenlis, JPL/Caltech 
(high-resolution modeling)

15. An T. Nguyen, UT Austin (Arctic Ocean 
circulation)

16. Christopher Piecuch, WHOI (tracer 
budgets)

17. Rui M. Ponte, AER (satellite 
observations and sea level physics)

18. Stephen Riser, UW (the Argo float 
program)

19. Helene Seroussi, JPL/Caltech (ice 
sheet-ocean modelling)

20. Fiamma Straneo, SIO/UCSD (ice-
sheet ocean interactions)

21. LuAnne Thompson, UW (ocean 
dynamics & variability)
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More information
https://ecco.jpl.nasa.gov
http://ecco-group.org
http://eccosummerschool.org

Download the latest ECCO state estimate
ftp://ecco.jpl.nasa.gov/Version4/Release3

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

Getting support
mailto: ecco-support@mit.edu

ECCO Town Hall AGU 2018

https://ecco.jpl.nasa.gov/
http://ecco-group.org/
http://eccosummerschool.org/
ftp://ecco.jpl.nasa.gov/Version4/Release3
http://ecco-v4-python-tutorial.readthedocs.io/
http://eccov4.readthedocs.io/
mailto:ecco-support@mit.edu



