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Motivation The CFOSAT Mission

* SCAT
Wind scatierametar
Ku-band

@ Directional wave observations from CFOSAT
has shown better scaling of wind-waves

in the growth phase and transition to swell regme.
consequently improved wave forcing is released
to ocean (stress, Stokes,...) and how this affects ocean circulation

€ Evaluate key parameters (surface currents,SST,..) provided by the
ocean/wave coupled experiments with improved sea state
from DA of CFOSAT

€ Impact of waves on ocean circulation key parameters
in critical ocean regions




SWIM wave directional spectra and SWH off-nadir

SWH at off-nadir of CFOSAT 26-27 February 2020
During storm eventin SO
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Capturing directional properties of waves
| during growth phase. We can clearly see
e the change of energy peak in direction




The uniqueness of using directional wave observations from SWIM
in Southern Ocean

Wind-wave growth corrected by the

Assimilation of directional wavenumbers

(Kx-Ky) of partitions from CFOSAT

(Aouf et al.2021)
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Description of model runs

* Wave model MFWAM configuration :
-global scale with grid size 0.5° and model
version CMEMS operational.

- spectral resolution of 24 directions

and 30 frequencies

- atmospheric forcing IFS-ECMWF
(analysis wind and sea-ice fraction)

- period of run : January-June 2020

" Two runs of MFWAM model have been
performed :

- with assimilation of SWH (off-nadir)
and directional wavenumbers from
SWIM wave spectra of CFOSAT

- control run without assimilation

=>Validation of SWH with altimeters
independent data (Jason-3,Saral,S3)

* NEMO model runs : configuration
ORCA (0.25°)

=>wind forcing from IFS-ECMWF
=>two sets of wave forcing with and
without DA of CFOSAT. Coupling
processes : stress modified by waves,
Stokes-Coriolis forcing and wave
breaking induced turbulence
=>reference run without wave forcing

Model MFWAM

Stress

Ta
Ty Stokes drift

Wave-induced turbulence
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Impact of the assimilation of CFOSAT in SO : Jan-Feb-Mar 2020
Comparison with Jason-3, Saral and S3

With DA of CFOSAT

SWH bias map

Without DA

(MaxTrange 80 cm)
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Validation of SWH from MFWAM model : January-June 2020

NO DA of CFOSAT Bias maps in cm (max. 60) with DA of CFOSAT
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Impact of DA of SWIM on wave forcing to ocean model

Average of difference of stress toc with and without DA
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Relevance of Stokes drift in upper ocean layers

Relationship between stokes/current ratio (%),

Wave steepness, SWH

StoKes-currents dependency jan-feb 2020 (m)

Average of Stokes module (DA)Jan-Feb 2020
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Impact of the wave forcing (with DA of CFOSAT) on ocean mixed layer

Average difference (in%) of Ocean Mixed Layer from model NEMO
w/wo wave forcing : Jan-Mar 2020

Différence d'épaisseur moyenne normalisée de la couche de mélange entre le run avec assimilation et le run de contrdle sur la période janvier-mars 2020
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Validation with SST from L4 OSTIA January-June 2020

Bias of SST without wave coupling

Biais moyen de SST du run de contréle sur la période janvier-juin 2020

L T Zonal mean of SST in the tropics (20°S-20°N)

Moyenne zonale du biais de SST sur a friode Janvier-juin 2020 aux tropigues
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Significant reduction of SST bias in the
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Impact of wave forcing on zonal current component : jan-Feb 2020

Mean U-comp (m/s)

jan & feb 2020 Ucomp current coupled NEMO
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Validation of currents with AOML current from drifters

Period of Jan-Mar 2020

without wave coupling With wave coupling (improved with DA)
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Comparison of current intensity from coupled simulation and
L4 CMEMS-currents : January 2020

Mean current intensity from coupled
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Validation of coupled model currents : Jan. & Feb. 2020

Mean Zonal component U of surface current

AOML Drifters
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Validation of coupled model currents : Jan. & Feb. 2020

Mean zonal component U of surface current

Coupledsimu.
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Southern mid & high lats
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Improved U-comp current from coupled compared to L4-CMEMS-MOBS.

For high latitudes we mention the coarse grid size of drifters, which leads
to more uncertainties. This can explain the overestimation from drifters

For latitudes greater than 60°S
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latitude (degrees)

Comparison with WOC (NA-EUL depth 15m) : January 2020

AOML/drifters current
monthly mean

mean total'current-drifters depth 15 m January 2020
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Key messages

-» The assimilation of SWIM directional wave spectra induces a substantial
improvement of sea state description, particularly in the Southern ocean.

- The wave coupling affects significantly the ocean mixed layer and induces
better estimate of ocean key parameters (currents, SST, ...). This is mostly
Induced to improvement of surface stress and Stokes forcing.

-> surface currents from coupled simulation shows remarkable agreement with
Drifters climatology means, particularly in the tropics and ACC circulation trajectory,
and western boundary currents.

- coupled simulation indicates better surface currents than altimetry currents
(L4-CMEMS). The improvement can be remarkable in ocean region as tropics
and southern Australia.

—-> Longer coupled experiment will be conducted in future works with more

validation on ocean parameters in critical regions
[C]
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Coupling Ocean/wave models with DA of CFOSAT
Average SST from NEMO with CFOSAT (jan, fev-mar 2020)

P, Zonal mean of SST (jan-feb-mar 2020)
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