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Listen to the ocean

Transport efficiency of an Agulhas ring from
combined satellite altimetry and Argo profiles
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Motivation: AMOC and transport of Agulhas leakage

Atlantic Meridional Overturning Circulation

= Surface currents

A Deep currents

%  Conversion of QAQUIhas region key
surface o deep component of the global ocean
circulation

', [ ol
% - Agulhas leakage feeds surface
branch of AMOC

= Connection between Indian and
Atlantic basin

= Transported by Agulhas eddies
/ - across South Atlantic Ocean

Warm surface

water
jubtmmcau 2 Efficiency of eddy-driven cross-

Cold, deep
water
gyre

@) basin transport still under debate
Subsurface o (& \
pressure waves ) alfas e . .
—Q_’t/,_ > Studies mainly based on model

Subtropical front or altlmetry data

(from Zahn et al., Nature, 2009)
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Main Aim: Understand Agulhas ring transport efficiency

= Can we quantify the effective contribution of Agulhas rings to the Atlantic
meridional overturning circulation (AMOC) from in-situ observations?

Objective 1: Quantify Agulhas ring transport and exchanges
2 How much and how far Agulhas water is transported by the eddy?
2> Where do exchanges occur?

Objective 2: Identify pathways of exchanged waters

2> Where do the exchanged waters go?

Indian Ocean =\

_ Indonesian throughflow |
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(from Beal et al., 2011)



Novel approach: Combine satellite and in-situ observations to

investigate a specific mesoscale feature

1. Remote sensing: altimetry from AVISO

Absolute Dynamic Topography Surface Geostrophic Currents

2 Global, cloud-free
measurements of sea-level
anomaly

= Daily maps at 1/4 degree
resolution by combining
multiple altimeter observations

2. In-situ: observations from Argo

3739 Floats
3-Sep-2016

P

2> Global network of ey
>3700 free-drifting
profiling floats
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Platforms Geographic area Project Status.

= Deployed in Oct 2014
during Atlantic Meridional
Transect (AMT) 24

SOUTH_ATL_STG_00_mo07a_3901495 M || [Cyele - 134 Date - 2016104118
Gata from OAG

Created Hauwell Studios / Oceanographic Autonomaus C.

SOUTH_ATL_STG__0C_m007d_3901496
South Abantic Ocean

Project : Bio_Argo UK
Deployment : Invalid Date.

ife time : 61

Cycles : 148

Google
A B S

(from http://www.oao.obs-vlifr.fr/maps/en/)

Created Hauwell Studios / Oceanographic Autonomous Observations (OAO)



http://www.oao.obs-vlfr.fr/maps/en/

Starting point: BioArgo float metbio007d

metbio007d
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(from http://www.oao.obs-vlfr.fr/bioargo/PHP/metbio007d/metbio007d.html)
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Starting point: BioArgo float metbio007d

metbio007d
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Zoom Out 1: Origin of the anomaly?

AVISO nrt velocities and adt for 2015-03-23

AVISO nrt velocities and adt for 2014-10-21
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Zoom Out 1: Origin of the anomaly?

AVISO nrt velocities and adt for 2015-03-23

AVISO nrt velocities and adt for 2014-10-21
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AVISO nrt velocities and adt for 2015-10-14

= BioArgo float position
over altimetry-based
surface velocities
(AVISO product)

= Observed anomaly in
02, Tand Sis
associated with
passage of a
mesoscale eddy



Zoom out 2: Origin of the eddy?

AVISO nrt velocities and adt for 2015-07-25
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2 Where did it come
form?

= How old was it?

* =2 Which waters were
transported?

< Lots of eddy activity
+ long time-series

Automated detection
(from Nencioli et al. 2010)




Zoom out 2: Origin of the eddy?

AVISO madt_dt velocities and ssh for 2013-01-01
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Zoom out 2: Origin of the eddy?

AVISO madt_nrt velocities and ssh for 2015-07-25

- Eddy sampled by
BioArgo in
Western South
Atlantic on Jul
2015

= Originated by

merging of two
eddies from
Agulhas region
on Oct 2014

= Agulhas rings
formed in
Eastern South
Atlantic on Jan
2013
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Ocean colour CCI (8-day composﬂes)
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Argo buoy (492 profiles)
dist from eddy center
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Argo buoy (492 profiles)
dist from eddy center
35°S [|e®e 0 to 100 km (73) : T 6
mmm 100 to 200 km (152) i .
Aa 200 to 300 km (267 S 300 !
Ada 0 m (267) E%&\ M . : ) g
40°wW  35°W  30°W  25fwW  20°W  15°W 10°W 5°W 0° °E 10°E 15°E 20°E
Track 8509 between 0 and 100 km (30 profiles) Track 4944 between 0 and 100 km (32 profiles)
o (metbio007 in grey: light in e’qu; darkout) : (metbio007 in grey: light in eddy; dark out)
Y ‘ = B 2
% 10/15 i W
09/15
200} 08/15 200}
407/15
06/15 <
—400} & -400|
- >
E {os/15 £
£ P tien-wrzae g
g . G aem + —04/15§
600 -t Rl
74— Decayto| | [ss5 =
- background| §* Constant
—800 —— = E 01/15 _800l f-l b f
= profile after profiles before
- : 12/14 .
eddy merging| N.. eddy merging
e 10 15 20 25 30 000 15 20 >5 3

In-situ: Argo observations within the eddy

temperature [° C]

25°E

temperature [°C]

0

10/15
07/15
04/15
01/15
10/14
07/14
04/14
01/14
10/13
07/13
04/13
01/13

Date (month/year)

06/14

05/14

04/14

onth/year)

03/14 £
3
02/14 2
01/14
12/13
11/13
10/13

09/13

- Retrieved Argo
profiles within 400
km to the eddy
centre along each
eddy track

Temporal evolution of
temperature profiles
at eddy center

(0 to 100 km)



PML | i

Objective 1: Agulhas ring transport and exchanges

2 How much and how far Agulhas water is transported by the eddy?
> Where do exchanges occur?

Reconstruct volume trapped within the Agulhas ring:

- Satellite provides only surface information (eddy center)

= 3D structure reconstructed using Argo data

0y
Eddy associated with a hen
pressure anomaly E “
It can be approximated "Ei) -800
by a depth-varying =
Gaussian shape -1200 4 100

-100

100  "100

(from Zhang et al., 2014)



Objective 1: Agulhas ring transport and exchanges

2> How much and how far Agulhas leaked water transported by the eddy?

> Where do exchanges occur?

Reconstruct volume trapped within the Agulhas ring:

1. Use Argo profiles from a 3-mo. window :

=}

within the time-series to reconstruct .. ~

sections across the eddy

30°S
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m

Trakcs 4944-4984-8509 & Argo buoys within 300km
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Objective 1: Agulhas ring transport and exchanges

2> How much and how far Agulhas leaked water transported by the eddy?

> Where do exchanges occur?

Reconstruct volume trapped within the Agulhas ring:

Trakcs 4944-498

25°S

30°S

2. From Argo profiles compute eddy
section of pressure anomaly; for

s \‘ oo P
Bome .S
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each depth fit observations with
idealised Gaussian profile
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Objective 1: Agulhas ring transport and exchanges

2> How much and how far Agulhas leaked water transported by the eddy?
> Where do exchanges occur?

Reconstruct volume trapped within the Agulhas ring:

Potential vorticity
300

200 1

100 A

3. From reconstructed idealised eddy
section compute velocities (throught
geostrophy) and relative vorticity

—100 A

Distance from center (km)
(=]

—200 1

4. Define eddy bou_ndarie§ \_Nith depth S0 % o G 6 w0 a0 3
based on potential vorticity Distance from center (km)

. 1 OP _Ug Ovg _8,0
w=—ar O (=T+5 B =g (f+(
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Objective 1: Agulhas ring transport and exchanges

2> How much and how far Agulhas leaked water transported by the eddy?
> Where do exchanges occur?

Reconstruct volume trapped within the Agulhas ring:

4.

5. Compute the total eddy volume by

integrating the resulting volumes at
each depth

Depth (m)

(from Zhang et al., 2014)



Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

(Gaussian fit at various succesive
months completely automated and
unsupervised)
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Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

(Gaussian fit at various succesive
months completely automated and
unsupervised)
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Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

(Gaussian fit at various succesive
months completely automated and
unsupervised)
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Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

(Gaussian fit at various succesive
months completely automated and
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Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

(Gaussian fit at various succesive
months completely automated and
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Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

(Gaussian fit at various succesive
months completely automated and
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Results 1: Agulhas ring transport and exchanges

Time series of eddy volume

Trakcs 4944-4984-8509 & Argo buoys within 300km
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Results 1: Agulhas ring transport and exchanges
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Time series of eddy volume
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Objective 2: Fate of exchanged waters
> Where do the exchanged waters go?

Lagrangian analysis

e Each month particles deployed within 150 km from eddy center

* Advected for 6 months: AVISO velocity field + RK4 advection scheme
* |Investigate final dispersion patterns

£y 0984 Tom 2014-93.01 0 2024 082/ eddy 4984 displacement from 20140301 to 20140827
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Results 2: Fate of exchanged waters
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Results 2: Fate of exchanged waters
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Conclusions

Agulhas ring transport efficiency

- Eddy most efficient mechanism for westward transport (~0.3 Sv year” eddy™)

* Major volume losses due to bottom interaction (Walvis and Mid-Atlantic ridges)
* Volume almost entirely conserved within ridges

- However, constant exchanges with eddy core (diffusive-like processes)

- Water exchanges not uniform with depth

- After mid-atlantic ridge (eddy merging) exchanged water keeps contributing to
AMOC

New questions
- What is the fate of the exchanged water at depth?
* How to quantify the diffusive-like exchanges?

- How representative is this particular eddy?

fne@pml.ac.uk
Y @f nencio
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