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Motivation for coupling GEOS and ECCO

Make incremental but significant advances in NASA’s subseasonal-to-
decadal simulation and prediction capability by combining expertise
from two flagship NASA modeling and assimilation efforts.

Objective 1: Coupled ice-ocean-atmosphere simulation, where all three
fluids are integrated globally with km-scale horizontal grid spacing.
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Map of surface current speed from a 1/48° global-ocean
and sea ice simulation carried out using the MITgcm.

Importantly this simulation includes both atmospheric
and tidal forcing and it admits submesoscale eddies and
internal waves.

Over 120 science publications make use of output from
this simulation.

Extensively used for pre-SWQT, internal-wave,
mesoscale, submesoscale, vertical heat flux, and many
other oceanographic studies.

Global, cloud-resolving simulation with GEOS, carried out with
horizontal grid spacing of 1.5-km. Up to 2020, this was the
highest-resolution atmospheric simulation carried out with any
US global model.

Explicit cloud-resolving simulations provide valuable insight on
the ‘grey-zone’ of physics parameterizations, where sub-grid scale
processes are partially resolved.

What is missing from both simulations is high-frequency and
wavenumber, interactive air-sea boundary conditions for more
realistic representation of planetary boundary layers.
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Studying air-sea interactions at mesoscale and submesoscale (< 50 km)

- New atmosphere-land-ocean coupled simulation developed in the context of DYAMOND
(DYnamics of the Atmospheric general circulation Modeled On Non-hydrostatic Domains)

- Makes use of the GEOS (atmosphere/land/ice) and MITgcm (ocean/ice) models.

- Nominal horizontal grid spacing is 1/16° for GEOS and 1/24° for MITgcm.

- Integrated for 14 months with hourly (and some sub-hourly) output of all prognostic and
many diagnostic ocean-atmosphere variables.

Atmospheric field animations available at https://data.nas.nasa.gov/viz/vizdata/DYAMOND- €1440_llc2160/GEOS/index.html ! f)ceanic field animations available at https://data.nas.nasa.g?v/viz/vizd_ata/DYAMOND_cl
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Local air-sea interactions at ocean mesoscale and submesoscale in a Western
Boundary Current (Strobach et al., 2022)

The study focuses on recurring intermittent wind events in the Gulf
Stream region associated with SST anomalies with horizontal scales
smaller than 500-km. These events are associated with a secondary
circulation that acts to fuel the latent heat bursts by transferring dry air

and momentum down to the surface.
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a) Cold synoptic front - no SST front

Mean
Flow

Cold air blows from the right over an SST
change from cold to warm. The red dotted
line represents the atmospheric boundary
layer height (PBL).

a) A cold synoptic front approaches a
gradual Sea Surface Temperature (SST)
gradient (from right to left), the warmer
air at the surface is pushed upward. No
secondary circulation

(b) Cold air blows over an SST front. Higher
atmospheric PBL forms above warmer SST
due to higher mixing at no front
conditions. No secondary circulation.

(c) A cold synoptic front approaches an
SST front and produces momentum
sinking above the front due to mixing.
Secondary circulation enhances the
turbulent fluxes and atmospheric
gradients.

Wind convergence and divergence explained by submesoscale SST fronts trigger a secondary circulation that
transfers dry air and momentum down to surface. This secondary circulation intensifies Latent Heat Flux by 30%.



Uncoupled MITgcm simulation
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Coupled GEOS/MITgcm simulation
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Wind work at the air-sea
interface: A Modeling Study in
Anticipation of Future Space
Missions (Torres, et al., 2022)

The study examines the different
components of wind work, the
transfer of kinetic energy between
the ocean and the atmosphere,
defined as the scalar product of
ocean wind stress and surface
current.

The wind work spans a broad
range of spatial and temporal
scales, from 10 to 3000 km and
one hour to at least 3 months,
emphazing the need to high spatial
and temporal scale information to
study this multiscale phenomenon.



GEOS/MITgcm Coupled Model — Selected Analysis

MJO propagation crossing the Maritime Continent
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ODYSEA (Ocean DYnamics and Surface Exchange with the Atmosphere)

A mission concept for upcoming competition under the NASA Earth System Explorers (ESE) program.

ODYSEA fulfills a longstanding Earth Science community goal by providing the first-ever measurements of total
ocean surface current from space and the first global observations of ocean-surface current-wind interactions.

ODYSEA brings wind and current measurements up to speed to advance Earth system science and operational
applications that save lives.
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Objective 2: Incorporation of ECCO data assimilation assets into GEOS
toward improved subseasonal-to-decadal prediction.

From its inception two decades ago, and indeed in the choice of its very name, the ECCO
project has implicitly assumed that an accurate estimate of the state of the oceanis a
vast reservoir of climate predictive skill.

But simply prescribing ECCO initial conditions to a given coupled ocean-atmosphere
model, regardless of how excellent these initial conditions might be, is not sufficient for
optimally capturing the ocean’s predictive information content.

Predictive skill also depends on the quality of the climate model that is used to evolve
these initial conditions and on the degree to which these initial conditions are consistent
with this coupled climate model.



A first set of ECCO climate predictive skill is provided by the estimation of geographically
(and potentially seasonally) varying background diapycnal and GM-Redi coefficients.

The requirement that ECCO solutions satisfy model equations exactly meant that early
ECCO solutions did not fare well in ocean-reanalyses beauty contests.

Stammer (2005) demonstrated that it was possible to use ECCO adjoint estimation tools
to adjust empirical sub-grid scale parameters, e.g., mixing coefficients.

In a first step towards improving the predictive skill of the GEOS-ECCO model, we are
using the ECCO-V4 model configuration and optimized mixing coefficients.



In a second step towards improving the predictive skill of the GEOS-ECCO model, we
experimented with a Green’s Functions-based (poor-person’s adjoint) adjustment of

empirical model parameters in the coupled system.

Geosci. Model Dev., 15, 2309-2324, 2022
https://doi.org/10.5194/gmd-15-2309-2022
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Abstract. We demonstrate the practicality and effectiveness
of using a Green’s functions estimation approach for adjust-
ing uncertain parameters in an Earth system model (ESM).
This estimation approach has previously been applied to
an intermediate-complexity climate model and to individ-
ual ESM components, e.g., ocean, sea ice, or carbon cy-
cle components. Here, the Green’s functions approach is ap-
plied to a state-of-the-art ESM that comprises a global at-
mosphere/land configuration of the Goddard Earth Observ-
ing System (GEOS) coupled to an ocean and sea ice con-
figuration of the Massachusetts Institute of Technology gen-
eral circulation model (MITgcm). Horizontal grid spacing is



In a third step towards improving the predictive skill of the GEOS-ECCO model, we plan

to use ECCO adjoint-model tools to estimate oceanic initial conditions and air-sea
exchange coefficients.
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GEOS/ECCO summary and ongoing work

A GEOS/ECCO “Nature Run” simulation was conducted at ~6km atmosphere, ~2-4 km ocean
grid spacing for 14 months (2/2020 to 4/2021) with hourly (or sub-hourly) output.

Model fields are already being used to support SWOT and ODYSEA simulators and under
consideration for coupled OSSEs by the SynObs OceanPredict project.

Studies using the GEOS/ECCO model output for mesoscale air-sea interactions, wind work,
MJO propagation, etc., are underway and starting to be published.

Ongoing work aims to set-up a 1/32° atmosphere coupled to a 1/48° ocean simulation.

ECCO-V4 model configuration and optimized mixing parameters are being used for coarse-
resolution simulations and prediction experiments.

A demonstration coupled ocean-atmosphere optimization using the Green’s Functions
estimation approach has been published.

The coupled GEOS/MITgem/ECCO model was recently updated to be part of GEOS-ESM on
github and to use the latest GEOS code base (Jason).

Work is underway to experiment with adjoint-method ocean initialization of subseasonal-to-
decadal hindcasts.



