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Why are coherent eddies so important?

* Agulhas rings participate in the transport of
water masses that impact large-scale
circulation and climate siastoch et ai., Nature, 2008]

* Loop Current rings are the only source of
external water in the Gulf of Mexico and
control hurricane intensification and Eastern
US climate.

[Molina et al., GRL, 2016] [Jaimes et al., Dyn. Atm. Oce., 2016]
[Hamilton et al., JPO, 2018]




Why is their decay so important ?

OGCMs are now eddy-permitting, and Coupled Climate models are
nearly there.

Coherent eddies are explicitly represented.

The processes driving their decay and mixing are not well resolved.

The transport properties of coherent eddies is directly related to
their longevity, diffusive properties and decay rate.

Bad representation of Agulhas ring decay in models may impact
AMOC!

We need observation-based estimates of the
decay of coherent eddies!




How does energy density decay ?
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How does the energy of an eddy decay ?

Energy flux through the
eddy’s boundary
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force work

Wind stress work

(a)

(b)

Turbulent diffusivity Dissipation

(@) (©

-

-~

%(uc —u) - nk,, dl

¢

Ve

€

Vs

(c)
%u.nP’dqu//u —ds %KVEk-nler//peds}dz

o

Trel = pacd[u 1 uél(u’ﬂ —uy)

* |f the eddy’s boundary is a material line, term (a) is null.

* For a geostrophic eddy, term (b) is null.

* At the scale considered here, term (e) is negligible.



... Now let’s apply this to the Gulf of Mexico.
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... But how can we get statistical estimates of the energy, heat and salt
contents of LC rings?

Temperature (sorted raw profiles)

0
» If we take all ARGO profiles within the Gulf of Mexico and sort them by steric height, we - i
get a clear pattern. = 00
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* We sort them by month and fit a spline interpolant to the T and S fields against SSH at a —
given pressure. A=l 2. 04 Ub. 88 4 A2
=> monthly GEM fields - Salinity (sorted raw profiles) .

» For each couple [pressure-dynamic height], we get one single value of temperature and

Pressure [dbar|

@ & B A

=2 =2 k=] (=1

(=] (=] (=] (=]

E—
o W a w w w
B OE OB B B B
w w W
[nsd] -peg

salinity.
* We can reconstruct the whole 3D thermohaline structure of the GoM from gridded altimetry! 200002 o4 06 08 1 12
SSH [m]
; o [RE s _ g m3
LCR edge contours - LCR edge contours (centered) 5 GEM temperature [ %0 T GEM b&lllllp}_ [_p‘ﬂ;}? GEM pot. dens. [kg m™]
= i = % o1 l [c]
£ 200 1 25
& 136.5
= 100 0.9,
= g 20
E 0 08.— 36
'é‘ 100 07" 15
E <00 Bk 10 355
. — ~ 300 0s
-98 -94 -90 -86 -82 -300 -200 -100 © 100 200 300 5 35
Longitude [*W] Zonal distance [km] 0 0.5 1 0 0.5 1 0 0.5 1
Dyn. height [m] Dyn. height [m] Dyn. height [m]

Meunier et al., Remote. Sens., 2022 ‘



Selected examples of “reconstructed” LCRs
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Heat and salt content decay of LCRs

Heat content decay
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Energy decay of LCRs

Kinetic Energy decay
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Mechamcal Energy decay

Energy decay of LCRs
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The effects of wind-current interactions on the eddy’s energy

‘ Adapted from Wilder et al., JPO, 2022

1. Wind stress work. / J[wZas

—H &

=> Wind stress depends on the relative wind speed.
=> Integrating relative wind stress work over the eddy’s area
systematically provides an energy sink.

Dewar and Flierl, JPO, 1987 ; Duhaut amd Straub, JPO, 2006 ;
Renault et al.,, JPO, 2016 ; Renault et al., JPO, 2017;
Wilder et al., JPO, 2022
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Gaube et al., JPO, 2015 ; Wilder et al., JPO, 2022; Renault et al., Nat. Sci. Reports, 2018




The effects of wind-current interactions on the eddy’s energy

* Wind stress work was computed using ERAS reanalysis and gridded scatterometer wind fields.

 ..Wait a minute ... KE decay is EXACTLY equal to wind stress work energy extraction ???1!!

KE and wind stress work
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The effects of wind-current interactions on the eddy’s energy

e It's not that simple ... and there is more to the story ....

 There may be APE to KE energy conversion ! Wind stress work should be compared to
total mechanical energy !

« WSW only accounts to a bit less than 1/3 of total mechanical energy loss!
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The effects of wind-current interactions on the eddy’s energy

* Ekman buoyancy flux converts APE to KE.

 APE decay is entirely controlled by Ekman buoyancy flux !!! (No trick this time !)

APE and Ekman buoyancy flux
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Using Lagrangian “objective” eddy framing methods

Eulerian eddy framing methods are subject to biases and “leakiness”

(Haller, JFM, 2005, Haller and Beron-Vera, JFM, 2013 ; Beron-Vera et al., GRL, 2008 ; Liu et al., JPO, 2019).

The energy flux through the eddy’s boundary can not be exactly estimated because u. can not be computed.

Using Lagrangian “objective” eddy framing methods, the eddy’s boundary becomes a material line and term

(a) disappear.

We use Haller and Beron-Vera (JFM, 2013)’s Null Geodesic Ring method.

As of now, only 4 eddies were extracted using objective framing.

Wind stress work

Turbulent diffusivity
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Using Lagrangian “objective” eddy framing methods

* APE decay is still driven by Ekman buoyancy flux.

APE and Ekman buoyancy flux
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Using Lagrangian “objective” eddy framing methods

* Wind stress work does not participate anymore to mechanical energy decay !
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Why is wind stress work negligible in Lagrangian coherent vortices decay ?

* The long-term coherent material boundary is
located far inside the eddy’s core.

* The high velocity ring is excluded from this . .
boundary. Conservative edges | time = 1 days

e The effect of current on wind stress becomes 28
negligible in the inner core of the eddy.

* ... Inthe end, the portion of the eddy where
wind stress work is extracting energy (the
periphery) gets ripped off by mesoscale
straining and does not participate in long-range
transport.
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=> |Is wind stress work an important process
in coherent eddy decay after all ?



Take home message

Coherent Warm-core rings do lose heat, salt and energy as they drift.

% of mechanical energy is lost before the eddies reach the western
boundary.

Energy decay is maximum in the interior basin.

Wind-current interactions play a major role in energy decay/conversion.

Ekman buoyancy fluxes control APE decay (conversion to KE).

Wind stress work is responsible for ~1/3 of energy loss when using
Eulerian eddy framing ...

... But wind stress work has no impact at all when using Lagrangian eddy
framing.

We still have a lot to do ! Especially in the Lagrangian framework .
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How do coherent eddies decay ?
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