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Altimetry-FO (Formulation in FY16; Sentinel-6/Jason-CS)

Earth Science Instruments on ISS:
RapidScat, CATS,

LIS, SAGE Ill (on ISS), TSIS-1/2, OCO-3, /{//U
ECOSTRESS, GEDI,
CLARREO-PF

Suomi NPP
(NOAA)

atlons



Oceanography remains
a sparse dataproblem
observati on

Observational sampling for
ocean temperature in

the upper 2000 m

1950¢ 2010

(recall: mean ocean depth ~ 3900 m)

Abraham et al., ReGeophys(2013) 2000
Wunsch (2016)
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ACan weoptimally combinethese two
Incomplete knowledge reservoirs?

Two iIncomplete
knowledge reservoirs:

ACan we do so in a manner that provides
A global ocean observing useful for climate analysi®

systemé Aenable causal, dynamical attribution
é that is eclectic, sparse, a Adetect small, residual signals
heterogenous Aavoid artificial trends

ACan we provideneasures of uncertainties

Numerical models é with these?

é that require uncertain

Initial / boundary conditions . . .
and model parameters ACan we use simulation iaform efficient

observing strateqgies for climafe
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WHAT'S NEW

The "Estimating the Circulation and Climate of the Ocean" (ECCO) consortium makes the best possible Augmenting a Sea of Data With Dynamics [see all updates]

estimates of ocean circulation and its role in climate. Our solutions combine state-of-the-art ocean
circulation models with global ocean data sets. & Wind at Work [see all featured publications]

What sets us apart from other models? We reproduce observations in a physically and statistically ¢ See how ECCO Supports NASA Science
consistent manner. Over a thousand ECCO-related publications attest to our products' value for
understanding changes in the ocean — including sea level rise, sea ice loss, El Nifio events, and the

: View X Posts by OceanECCO »
cycling of water and carbon.

@@ ECCO at PO.DAAC




ECCO state estimates anelti-platform, multiinstrument, multivariable
synthesis products that integrate ocean and ice observations and models

Sentinel6
MichaelFreilich

GRACE
GRACEO

Coupled Ocean/Seaeae
General Circulation Model
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NASAOs ECCO Ver si o n -ddcadal odeangahdsdn-ace reamalybid |

Ocean model

Massachusetts Institute of Technology general circulation
model MITgcn) coupled ocean, seae, iceshelf model,
and itsadjoint, generated via automatic differentiation

Tile 13

Horizontal resolution A
Nominally tdegee with finer resolution at high latitudes

Tile 10

Vertical resolution
50 unequallyspaced zlevels,dz=10 m at surface

b i

Time window: -
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Chall enges of oreanalysiso for cli

Smoothers vs. filters: dynamical & kinematical consistency

Numerical Weather Prediction (NWPY a filtering problem N. Wiener (1950):
ARelatively abundant data sampling of the-@m. atmosphere Extrapolation, interpolation

and smoothing of stationary

ANWP targets optimal forecasting time series.
C find initial conditions which produce best possible forecast; : ooservation (datay
C dynamical consistency or property conservati@T required’, : seduenta assimiaton rajectory

x : forecast at observation time
--- . state estimate trajectory
0 : state estimate at observation time

) WMO OMM



Chall enges of oreanalysiso for c¢climate

Smoothers vs. filters: dynamical & kinematical consistency

Numerical Weather Prediction (NWPY a filtering problem N. Wiener (1950):
ARelatively abundant data sampling of the-@m. atmosphere Extrapolation, interpolation

and smoothing of stationary

ANWP targets optimal forecasting time series.
C find initial conditions which produce best possible forecast; : ooservation (datay
C dynamical consistency or property conservatN®T requireq® :sequental assimilation trajectory

x : forecast at observation time
--- . state estimate trajectory

Ocean state estimation/reconstructionz a smoothing problem | o : state estimate at observation time
ASparse data sampling of the-B. oce: state

AUnderstanding past & present state 4 °
the ocean is a major goal all by itself

C use observations in an optimal way

C dynamic consistency & property ~ |...--="

conservationESSENTIAfbr climate
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Applicationsofocean r econstructi ons rdanalysesafaor elimades t |
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Global net air -sea fluxes of heat ( EEI) and freshwater ( barystatic sea level)
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ECCO net air -sea heat flux & Earth Energy Imbalance

ECCO Earth Energy Imbalance | Earth Energy Imbalance

Mean: 079 W m? Mean: 0.83 [0.66; 1.15] W.m~*
3
| = Space geodetic trend: 0.03 [0.00; 0.06] W, m~. yr Earth Enargy Storags
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https:// www.aviso.altimetry.fr/ en/data/products/ocean-indicatorsproducts/oceanrheat-contentand-earth-
energyimbalance/globaloceanheat-contentchangeand-earth-energyimbalance.html




ECCO upper ocean and full -depth ocean heat content trends 1992 -2022
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Scientific analyses involving detailed budget calculations

Steric sea level [mm]
!
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Mechanisms of globamean
steric sea level change
(Piecuch& Ponte 2014)

Upper ocean heat content
variability in the N. Atlantic
(Buckley et al. 2014, 2015)

Barotropic vorticity budget

in the subtropical N. Atlantic, | | | -
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Accessing the data
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eoe0e (] v < 7 E] B podaac.jpl.nasa.gov/ECCO

nasa  EARTHDATA Other DAACs ~

N Jet Propulsion Laboratory dQQ / Follow Us ““ | A\
NASA s .
s California Institute of Technology ~ DA Search \

Physical Oceanography Distributed Active Archive Center -

FIND DATA ACCESS DATA RESOURCES ABOUT HELP CLOUD DATA

i

Estimating the éi'rculation a"nc;] Clifﬁate-of the Oceéﬁ\ﬁ(‘E‘CC@_')

ABOUT MISSION DATA NEWS & ANNOUNCEMENTS RESOURCES

ABOUT MISSION

MISSION OBJECTIVES .. . .
Mission Objectives

RELATED LINKS
NASA's Estimating the Circulation and Climate of the Ocean (ECCO) project supports climate research by providing the scientific community

REFERENCES
with the best possible multidecadal reconstructions of Earth’s time-evolving full-depth ocean, sea-ice, and atmospheric surface states and

CITATION METRICS  their associated fluxes.



Select fields from the latestdegree ECCO Central Estimaie
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http://www-ecco-group.org/

eoee ] -~ 7, m 5] podaac.jpl.nasa.gov/dataset/ECCO_L4_SSH_05DEG_MONTH CG& ¢ O] [f] +
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HOME FIND DATA ACCESS DATA RESOURCES ABOUT HELP CLOUD DATA

Home » Dataset Discovery

ECCO Sea Surface Height - Monthly Mean 0.5 Degree (Version 4 Release 4b) SHARE THIS PAGE =
(ECCO_L4_SSH_O5DEG_MONTHLY_VA4R4B)

O Information & Coverage S Data Access B Documentation [] Citation
Version Vdrdb N A S A O S
Processing Level 4 _ EARTH DATA
CLOUD ENABLED .
Start/Stop Date 1992-Jan-01 to 2018-Jan-01 Open SCIEI’]CG
Status: CON
Short Name ECCO_L4_SSH_0O5DEG_MONTHLY_V4R4B ClOUd
Short Name:
Description This dataset contains monthly-averaged dynamic sea surface height interpolated ECCO_L4 SSH_O5DEG_MONTHLY_V4R4B

to a regular 0.5-degree grid from the ECCO Version 4b revision 4 (V4r4b) ocean Collection Concept ID:

and sea-ice state estimate. V4r4b is an errata for ECCO Version 4, Release 4 €2129189405-POCLOUD
(V4r4). Estimating the Circulation and Climate of the Ocean (ECCO) ocean and

Spatial Coverage:
sea-ice state estimates are dynamically and kinematically-consistent P g

reconstructions of the three-dimensional, time-evolving ocean, sea-ice, and N: 90: S: -90° .
surface atmospheric states. ECCO V4r4b is a free-running solution of the 1-degree E: 180 W: 180
global configuration of the MIT general circulation model (MITgcm) that has been Access:

fit to observations in a least-squares sense. Observational data constraints used in ¢ Search Granules

V4r4b include sea surface height (SSH) from satellite altimeters [ERS-1/2, * Browse Granule Listing

TOPEX/Poseidon, GFO, ENVISAT, Jason-1,2,3, CryoSat-2, and SARAL/AIltiKa]; sea

Farmalhilitimes



ECCO Version 4: estimated fields provided to the community

Ocean/Sedce State & Transports  Atmosphere State and AiBea Fluxes

AOcean state: AAtmospheric state:
ATemperature {,) Asurface air temperature
ASalinity &) Aprecipitation
AVelocity/current (1,v,w) Aspecific humidity
ASea surface height Awind speed & wind stress
ADensity Adownwelling short and longvave radiative fluxes
AOcean bottom pressure anomaly AAircsea iceocean fluxes
ASeaice/snow state: Aheat
Aconcentration, Awater (RE+R)
Aice and snow thickness AWind stress (momentum)

A2-D rift velocity (2D)
A3D transports of

i Avolume, heat, salt, momentum Subgridscale mixing parameters
A2D transports of A3D GentMcWilliams and Redi mixirtg
Aseaice and snow volume A3D vertical diffusivity
Vﬂ WMO OMM RED model control parameters

Initial T, and $ are model control parameters



A regional focus:

the coupled Arctic ocean-sea ice system

ANIMAL RIVALS \ FRINGE PHYSICS
. How they decide whether to back off or brawl Wild ways to propd ecues to the stars

- The vanishingnorthy,

What the melting of the Arctic means for
trade, energy and the environment

A 14-PAGE SPECIAL REPORT

The contest to control
the fast-melting Arctic

W‘* WMO OMM

09 2019

NATIONAL
GEOGRAPHIC

AS THE I6E MELTS, THAING TUNDRA
0L RIVALS SCRAMELE WILLSPEED P
FOR POSITION GLOBAL WARMING

ARCTIC
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The Arctic Subpolar Gyre State Estimate (ASTE)
serving the community arcticdataNbFos Arcti c L
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