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NASA recent Ocean-
related Missions

Ocean Data Assimilation provides an optimal way 
to synthesize observations with dynamics



ECCO
http://ecco-group.org

Main partners:
Massachusetts Institute of Technology (MIT)

Atmospheric and Environmental Research (AER) 

Main goal: to advance & sustain global ocean state 
estimation for oceanographic & climate research



ECCO Global Ocean State 
Estimation Activities

Model: MITgcm
Resolution: 1° to 18 km, 23 to 50 levels. 
• ECCO-GODAE (adjoint)
• ECCO-JPL near realtime estimation (Kalman filter & 

smoother)
• ECCO2 eddy-permitting ocean sea-ice synthesis 

(Green’s function, adjoint)



ECCO-GODAE

In-situ observations Satellite 
data

• Adjoint-based assimilation of a large suite of satellite & in-situ data
• Production & maintenance being transferred from MIT to JPL
• Continuing improvements of model & assimilation (e.g., sea ice, controls, error cov.)



ECCO-GODAE: synthesis of very diverse observations
Sum = [ 100(obs) + 800(forcing) ] million individual elements

observation instrument product area period dT #

Mean dynamic 
topography (MDT)

• GRACE GGM02
• GRACE SM004-GRACE3

U-Texas (B. Tapley)
CLS/GFZ (A.M. Rio)

global
global

time-mean time-mean 3.2E4

Sea level anomaly 
(SLA)

• T/P, Jason
• ERS, ENVISAT
• GFO

PO.DAAC
AVISO
NOAA, USN

66oN/S
82oN/S
65oN/S

1992 - 2006
1992 - 2006
2001 - 2004

daily
daily
daily

1.7E7
1.2E7
6.6E6

SST • blended, AVHRR (O/I)
• TRMM/TMI
• AMSR-E (MODIS/Aqua)

Reynolds & Smith (1999)
NASA, NOAA
NASA, NOAA

Global
40oN/S

1992 - 2006
1998 - 2003
2001 - 2006

monthly
monthly
monthly

6.5E6
2.9E6

SSS In-situ, ships ECOP (France) Pacific 1992 - 1999 monthly 2.4E4

In-situ T, S • Argo, P-Alace
• XBT
• CTD
• SEaOS
• TOGA/TAO, Pirata

Ifremer, …
S. Behringer (NCEP)
Various
SMRU & BAS (UK)
PMEL/NOAA

“global”
“gobal”
sections
SO
Trop. 
Pac.

2003 - 2006
1992 - 2006
1992 - 2006

1992 - 2006

daily
daily
daily
daily
daily

2.1E7
1.0E7
2.0E6
5.2E5
3.3E6

Mooring velocities • TOGA/TAO, Pirata
• RAPID

PMEL/NOAA
SOC (UK)

Trop. 
Pac.
N. Atl.

1992 - 2006
3/2004 -
5/2005

daily
daily

2 x 1.1E6

Climatological T,S • WOA01 (upper 300 m)
• WOCE

Conkright et al., 2002
Gouretski & Koltermann, 
2004

“global”
“global”

1950 - 2000
1950 - 2002

time-mean
time-mean

2 x 8.1E6

Wind stress QuickScat NOAA, NASA global 1999 - 2004 2-day 2 x 4.7E6

Tide gauge SSH Tide gauges NBDC/NOAA sparse 1992 - 2006 monthly 5.5E4

Flux constraints NCEP/NCAR variances Kalnay et al., 1997 global 1992 - 2006 2-day 4 x 2.0E8

Balance constraints global 1992 - 2006 time-mean 2 x 3.6E5

bathymetry Smith & Sandwell, ETOPO5 global - - -



ECCO-JPL Kalman filter/smoother near real-time ODA system



ECCO2 high-resolution global ocean-sea ice synthesis: 
building capability to utilize SWOT data



ECCO products & tools are geared towards climate 
applications, including biogeochemstry

Examples:

Heat & salt budgets, attribution of forcing mechanisms, 
driving biogeochemical models, (adjoint) sensitivity 
analysis.

• Property conservation is an important requirement for 
climate research and biogeochem. applications

• ECCO products satisfy this requirement.



ECCO products satisfy property conservation

How?
Instead of applying statistical correction to model 
state variables, ECCO corrects sources of model 
errors (e.g., surface forcing, initial state, mixing 
parameters) through inverse estimation.



Examples of mixed-layer temperature (MLT) 
balance studies using ECCO-JPL product



MLT Budget Example: CTIO (60-86°E, 2-10°S)

1999 2002 2007/82

Halkides et al. (2010b)



One- or Two-Way Nested Modeling & Multi-Scale, 3-Dimensional Variational 
(MS-3DVAR) Data Assimilation

Time

Aug.1
00Z

Aug.1
18Z

Aug.1
12Z

Aug.1
06Z
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condition

6-hour 
forecast 

Aug.2
00Z

Xa = xf + xf

Xa

xf

2-day 
forecast 

33.5N

34N

34.5N

03/25−05/15

33.5N

34N

34.5N

0

Large-scale

Mesoscale

(Chao, JPL)

JPL Coastal Ocean Data Assimilation Effort



Real-Time Nowcast (six hourly) and 3-Day Forecast over 
the Southern California Coastal Ocean

(Chao, JPL)http://ourocean.jpl.nasa.gov/SCB



Previous & ongoing interactions with 
UKMO scientists related to ODA

Within the Climate Variability and Predictability Program 
(CLIVAR):

•Effort coordinated by the Global Synthesis and Observation Panel (GSOP): 
intercomparison of ocean synthesis estimates (including DePreSys, Led by Doug 
Smith).

Within the Global Ocean Data Assimilation Experiment 
(GODAE):

•Interactions with UKMO Forecasting Ocean Assimilation Model (FOAM) effort 
(led by Mike Bell, Matt Martin)

•Utility of ODA products for ecosystem research (led by Rosa Barciela)


