Reconstruction of the 3D mixed-layer
dynamics from space using satellite data,

numerical insight

Aurélien Ponte, Patrice Klein

An illustration of our approach at LPO:

- start with high resolution numerical solutions

- understand the dynamics that takes place

- develop methods in order to reconstruct this dynamics with
data (satellite and in situ)



A numerical testbed of ocean turbulence
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Surface intensified turbulence

surface relative vorticity z=-500m relative vorticity
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Surface intensified turbulence

surface relative vorticity =-500m relative vorticity
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Surface Quasi-Geostrophy

Small Ro(=U/fL) approximation of the dynamics in the presence
of surface density anomalies

In the present regime of turbulence, you can verify that a good
approximation of the horizontal streamfunction is given by:
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Imposing a mixed layer

Surface density
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Visual differences
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Horizontal motions
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Horizontal motions: heuristic explanation

_ 8. No, eSQG solution
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Horizontal motions: heuristic model
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Horizontal motions: heuristic model
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F1G. 4. Surface velocity spectrum estimated from the SSH using geostrophy (black curve),
from the velocity observed at the surface (red curve) and from (4) and u, (using N./f = 30)
(blue curve) in the simulation with a 65m deep ML. Units on the vertical axis are in m?s™2.
kn = 107* rad/m corresponds to a wavelength of 60km. The thin blue curve corresponds to
a surface velocity spectrum estimated from (4) for a ML depth of 200m.



Horizontal motions: Ekma
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Visual differences

w(z=-40m)
filamentary structure
of w astride density ¢
fronts with ML ”

1300

1200

1100

1000

% \ :
\. = @
N e S
— ~
[ ey
’,,
- ’
2 K} S
% i \¢ TI@
j— @ ) . 3 ) \
200 300 400 500

50
40
30
20
10

-10
-20
-30
-40
-50

50
40
30
20
10

-10
-20
-30
-40
-50



Recontruction of the vertical velocity

QG Omega equation: Garrett and Loder 1981

Thermal

SQG vertical velocity wind

2 —— NO
—— | = J (1, by) exp (— kz) +
Ny { v /

(Klein et al. 2009)

Turbulent buoyancy forcing term
— Generalized Omega equation
Giordani et al. 2005



Vertical motions
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Vertical motions: physical space

With mixed layer
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F1G. 6. Snapshots of the vertical velocity field at 40 m with ML (a) and reconstructed field
Wsqg + Wi, (b). Units are m/day.



Conclusion

Vertical mixing was shown:
- to decrease the magnitude of horizontal motions
- increase the magnitude of small scale vertical motions

It is possible to account for the effect of vertical mixing on
horizontal motions with a simple analytical model provided
current at the surface is known and mixed layer depth
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It is possible to reconstruct the vertical velocity field from
3D density and horizontal currents the vertical velocity field
as well as vertical mixing.
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