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Circulation of the NW Med

Mean oceanic circulation of the NWMED:
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Mean oceanic circulation of the NWMED:
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The deep convection phenomenon
Open-ocean deep convection:
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The deep convection phenomenon

Open-ocean deep convection:
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Glider deployments in the Med Sea

Gliders are regularly
deployed in the Med
Sea since 2007:

e > 90 deployments,

> 25000 profiles down
to 1000m)

Numerical modelling of the NWMED
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e in the framework of european (MERSEA,
PERSEUS, GROOM, TOSCA) and national
projects (DOCONUG (UK), LIVINGSTONE
(ANR, Fr), PABO (ANR, Fr), REI glider (DGA,
France), IMEDIA (Fr), MOOSE - NW Med Ob-
servatory, INSU-ALLENVI, Fr since 2010).
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Definition

Mechanism of Sl:

Definition: A fluid parcel with Potential Vorticity of opposite sign of the
Coriolis parameter (<0 in the Northern Hemisphere) is unstable to along
isopycnal perturbations.
In a 1D geostrophic framework, the Ertel's PV goes by:

q=(f2+V Au)- Vp o< f(f + Bv)N? — (9b)>  with b= —% (1)

0

Surface forcing (through buoyancy loss or down-front winds) can extract PV by
weakening the stratification (N? ) and enhancing density fronts ((9.b)*> )

down-front Heat loss
winds @ or 2
air ‘ . y
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Mechanism of Sl:

Definition: A fluid parcel with Potential Vorticity of opposite sign of the
Coriolis parameter (<0 in the Northern Hemisphere) is unstable to along
isopycnal perturbations.

In a 1D geostrophic framework, the Ertel’'s PV goes by:

q=(f2+V Au)-Vp o< f(f + Bv)N? — (9b)°  with b= —?
0
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(1)

Surface forcing (through buoyancy loss or down-front winds) can extract PV by
weakening the stratification (N ™) and enhancing density fronts ((0xb)? )

down-front Heat loss

winds
z

Once SI develops, flu-
ids move along isopy-

air y .
& ggx cnals on the vertical

Therma\ibaance
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(x,2) plane and it tends
to restratify the surface
/ layer so that PV ~ 0
(N? and (0:b)? \).

Fast response : O(f"!)
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Mechanism of Sl:

Definition: A fluid parcel with Potential Vorticity of opposite sign of the
Coriolis parameter (<0 in the Northern Hemisphere) is unstable to along
isopycnal perturbations.

In a 1D geostrophic framework, the Ertel’'s PV goes by:

q=(f2+V Au)-Vp o< f(f + Bv)N? — (9b)°  with b= —?
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(1)

Surface forcing (through buoyancy loss or down-front winds) can extract PV by
weakening the stratification (N ™) and enhancing density fronts ((0xb)? )
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Frontal structure of the NC

Glider section at the margin of the mixed patch

Longitude 20/01/2011 NC -—=> 29/01/2011
3 4 5 6 7 &
44 E T T v 13.8 1
500 E
= 100
300 . wofl = 13.7
ko g 200
250| INterise : 300p 5 b
: & 300
S N L A, 2ops T 135
= 5 2 B 400
200 ) 100H S ° 13.4
—_ ) " o - — :
E d 3 @ > 500
£ oo '-g £ NN @ 13.3
150 06c} < D 00 2 Y B iH Sy . :
&5 -100H & =
" s o 700 | 13.2 1
100} 2 -200H §
2 13.1
a0l = 800
, T
50| 4 0 ool g 900 13
5
200d twoms | fE i 129
% 50 100 150 200 250 300 o -20 . 0 20 . 40
x[km] (source: ECMWF forecast) Distance from isobath 1000m [km]

o glider deployment in winter 2011;
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e bottom-reached convection (data from the mooring LION);

u]
o)
I
i
it



Introduction

[e]e]e}

Symmetric instability

(o] o}

Frontal structure of the NC

Glider section at the margin of the mixed patch
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o glider deployment in winter 2011;

Numerical modelling of the NWMED
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e intense winds — daily mean heat loss < -500 W.m?;

e bottom-reached convection (data from the mooring LION);

29/01/2

o The potential temperature exhibits submesoscale variability at the NC

front.

Can these vertical exchanges be the result of SI?
— one can try to estimate the PV at the front.
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PV diagnostic

Estimating the PV from gliders data:

e profiles are projected onto a section perpendicular to the NC path.

e geostrophic currents are estimated from the integration of the vertical
shear (thermal wind balance: fd,v = —dyb) from a filtered density section?
to filter out small isopycnal oscillations due to internal waves.

e the cross-section depth-average currents (estimated by the glider
navigation) are taken as a reference.

o PV = f(f + 9v)N? — (Okb)?
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Model configuration

The

numerical model SYMPHONIE

3D primitive equation hydrostatic
ocean model

realistic configuration of the NWMed

horizontal resolution of 1km,

40 o-vertical levels

surface forcing: ARPERA reanalysis
from Sept 2010 to Dec 2011

boundary conditions prescribed by
Mercator operational model
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Model configuration
Depth [m]

The numerical model SYMPHONIE -4500 4000 -3500 -3000 -2500 -2000 -1500 -1000 -500 0O

e 3D primitive equation hydrostatic
ocean model

43

e realistic configuration of the NWMed

e horizontal resolution of 1km, ) ﬁ :
40 o-vertical levels % W
e surface forcing: ARPERA reanalysis w© ol
from Sept 2010 to Dec 2011 <7 ﬂ

e boundary conditions prescribed by
Mercator operational model e

Latitude

— good representa-
tion of:

deep convection

and

submesoscale frontal
variability.
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PV at different depths (20m, 50m, 100m and 200m)
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Sources of PV extraction at fronts
Surface buoyancy flux: Ekman buoyancy flux:
SuBF = & [3Qnet + poBS(E—P)| EKBF = {“77 - Vb
po [Cp _ po(f +¢)
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Down-front winds

= dense waters onto lighter ones

= high Ekman buoyancy flux correlated
with PV < 0.
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Surface buoyancy flux:

SuBF = £
Po

Buoyancy flux on January 21 2011 [m?s™]
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P

Numerical modelling of the NWMED Conclusion
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Ekman buoyancy flux:

ZAT
EkKBF = | ———| - Vb
{PO(HC)

Ekman buoyancy flux on January 21 2011 [m?s™%]

x10°

6
Longitude

Down-front winds

= dense waters onto lighter ones

= high Ekman buoyancy flux correlated
with PV < 0.

H EkBF
o: 5. SuBF [Thomas, JPO 2005]

Effect on PV when MLD 1

rati

Ekman buoyancy flux > Buoyancy flux
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Temporal Variability
Development of frontal vertical motions

— _x10°

(?u) 1 T

o~ Buoyancy flux

E 05F Ekman buoyancy flux |

3 PV, <0

(1] 20m H

> A4

S 051 y

g

g 1 | Il

e ! ~ x 107

5
200 January 182011 |

E 400 |

-‘:E)L 0
2 600 .

800 - .

£ .
£

o

[
[s]

20 40 60 80 100 120
Distance [km]



Introduction

al modelling of the NWMED Conclusion
000

o]
Temporal Variability
Development of frontal vertical motions
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Temporal Variability

Development of frontal vertical motions

Conclusion
o]

x10°

Buoyancy Flux [m2 5'3]
S
o o w
}

T
Buoyancy flux
[ Ekman buoyancy flux[]
<0

/\’_/“/ 20m H

* T T T 107"

X
January 202011 | O
0

o

n
=3
=]

IN
o
S

=1
=]

Depth [m]

®

o

o
T

Depth [m]

20 40 60 80 100 120
Distance [km]



Introduction
000
Temporal Variability

Development of frontal vertical motions

al modelling of the NWMED Conclusion
o]

-6

— x 10
‘?m 1 I
NE- Buoyancy flux
£ 05 Ekman buoyancy flux[]
x
% PV, <0
i 0 w 20m |
I /
S -05 B
I

T T T 107"
‘_ 5

January 21 2011

n
=3
S

Depth [m]

Depth [m]
o] B
o o o
o o o
Il Il Il
h ¢ s
HEET T [ ama— R

20 40 60 80 100 120
Distance [km]



Introduction Symmetric instability Numerical modelling of the NWMED

Conclusion
000 000 000e0

o]

Temporal Variability
Development of frontal vertical motions
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Temporal Variability
Development of frontal vertical motions
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luation of the PV esti d by the glider

PV estimates by the glider method from model output

total PV with glider sampling [s™] PV — glider method [s™]
x10™ w t x107
5 5
E E
£ 0 £ 0
8 8
s “r s
20 40 60 80 100 120 60 80 100 120
Distance [km] Distance [km]
total PV (sampled like a glider) PV estimated using the glider method

= Good general agreement on the PV.
= Patches of negative PV are preserved!
(despite all hypothesis behind the computation)
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luation of the PV esti d by the glider

PV estimates by the glider method from model output

total PV with glider sampling [s™] PV — glider method [s™]
x10™ w t x107
5 5
E E
£ 0 £ 0
8 8
s “r s
20 40 60 80 100 120 60 80 100 120
Distance [km] Distance [km]
total PV (sampled like a glider) PV estimated using the glider method

= Good general agreement on the PV.
= Patches of negative PV are preserved!
(despite all hypothesis behind the computation)

Things to check:

o effect of the smoothing applied to compute cross-section currents

o effect of the projection (relative to the main current path)
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Conclusion

e Symmetric instability is a possible mechanism for vertical exchanges at
intense oceanic fronts (like in Winter in the Gulf of Lions, when the deep
convection occurs offshore)
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o Glider can estimate the Potential Vorticity at the front with an accuracy
required to preserve negative PV
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convection occurs offshore)

o Glider can estimate the Potential Vorticity at the front with an accuracy
required to preserve negative PV
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e Ekman buoyancy flux at fronts
can be about 2 x > surface
buoyancy flux, but its effect on
the PV destruction can be 10 x
greater!
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Conclusion

e Symmetric instability is a possible mechanism for vertical exchanges at
intense oceanic fronts (like in Winter in the Gulf of Lions, when the deep
convection occurs offshore)

o Glider can estimate the Potential Vorticity at the front with an accuracy
required to preserve negative PV

e The negative PV surfaces correspond to region of strong Ekman buoyancy
flux due to down-front winds

25/01/2013 N 0310272013 e Ekman buoyancy flux at fronts
° " R = can be about 2 x > surface
buoyancy flux, but its effect on
the PV destruction can be 10 x
greater!

e Vertical velocities at front can be
0(100m/day)
— consequence on phyto growth?
[Taylor and Ferrari, GRL 2011]

Pressure [db]
[9ouadsalon|4]°'6o|

. — 1.5
o 20 40 60 80 100 120 140 160 180 200 220 240
Distance [km]

[North-South Chlorophyll section from glider Campe during ASICSMED
deployment in Winter 2013.]
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Conclusion

e Symmetric instability is a possible mechanism for vertical exchanges at
intense oceanic fronts (like in Winter in the Gulf of Lions, when the deep
convection occurs offshore)

o Glider can estimate the Potential Vorticity at the front with an accuracy
required to preserve negative PV

e The negative PV surfaces correspond to region of strong Ekman buoyancy
flux due to down-front winds
25/01/2013 N 03/02/2013 e Ekman buoyancy flux at fronts
° e = 0 ° can be about 2 x > surface
SR buoyancy flux, but its effect on
the PV destruction can be 10 x
greater!

100fi
200 {3
300

e Vertical velocities at front can be
0(100m/day)
— consequence on phyto growth?
[Taylor and Ferrari, GRL 2011]

Pressure [db]
[9ouadsalon|4]°'6o|

800

900 -4

1000 L& — - 1.5
0 20 40 60 80 100 120 140 160 180 200 220 240
Distance [km]

, ‘ _ Thank you for your attention!
[North-South Chlorophyll section from glider Campe during ASICSMED N
deployment in Winter 2013] Any questions?
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