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le système du Courant des Aiguilles

Agulhas Retroflection23, sheds rings, eddies and filaments to the west,
representing a leakage of Indo-Pacific waters into the Atlantic down to
depths of more than 2,000 m (refs 1, 5–7; Figs 2 and 3).

The Agulhas Current is fed in the main by recirculating subtropical
gyre waters, but also by waters from the Red and Arabian seas, from the
Indonesian throughflow and from the equatorial Indian Ocean via
Mozambique Channel eddies and the East Madagascar Current
(EMC)24,25 (Fig. 3). Long-term moorings in the narrows of the
Mozambique Channel show that four or five large (350-km) anticyc-
lonic eddies drift southwards through the channel per year, carrying a
mean transport of 17 Sv (ref. 26). Interannual variability is high (9 Sv),
owing to upstream variations related to the phase of the Indian Ocean
Dipole mode, an intrinsic mode of coupled climate variability in the
tropical Indian Ocean26. The EMC is less well measured. At 20u S there is
an estimated transport of 20 Sv (refs 27, 28), whereas close to the south-
ern tip of Madagascar the geostrophic transport is increased to about
35 Sv (ref. 29). The Agulhas Current itself has a mean transport of 70 Sv
at 32u S (ref. 30). Its variability on seasonal to longer timescales remains
unknown. Estimates of Agulhas leakage are highly uncertain, ranging
between 2 and 15 Sv, with about four to six Agulhas rings shed per
year1,2,31.

There has been conflicting evidence over the years for the existence of
an EMC retroflection32–36. Dynamically, the large-scale wind field does
not require the EMC to feed an eastward interior flow as it does at the
latitude of the Agulhas Retroflection. Most recent research points to the
EMC linking to the Agulhas Current by means of westwards-drifting

eddies and dipoles shed off the tip of Madagascar34,35. Although there is a
shallow (,200-m) eastward flow (the South Indian Countercurrent;
Fig. 3) around 25u S (ref. 37) that may connect intermittently with the
EMC36, mean dynamic topography, satellite and water mass measure-
ments show it to be part of a basin-wide recirculation to the south and
east of Madagascar that is fed by waters from the southwest29,37–39.

Observations have recently shown, as predicted dynamically8, that the
Agulhas system and the southern Indian Ocean subtropical gyre are
embedded in a Southern Hemisphere supergyre that connects the
Atlantic, Indian and Pacific basins31,38,40 (Fig. 1). The Atlantic and
Indian oceans are connected south of Africa by westward Agulhas leakage
and the eastward South Atlantic Current. Hence, a proportion of Agulhas
leakage remains in the South Atlantic subtropical gyre, some ends up in
the supergyre, circulating back into the Indo-Pacific via the South Atlantic
Current, and the remainder feeds into the surface arm of the AMOC and
crosses the equator.

The strength of the connectivity between Agulhas leakage and the
AMOC is important for global climate impacts but is beyond direct
observations. As a source of the AMOC, Agulhas leakage (warm-water
route) competes with intermediate waters from the Drake Passage (cold-
water route)41,42. Several hydrographic inverse models have implied that
the cold-water route dominates43, although some previous hydrographic
studies concluded otherwise41. A careful model-data reanalysis4 suggests
that the AMOC is largely fed by Agulhas leakage and that inverse models
deal poorly with large, opposing flows such as those found south of
Africa (Figs 1 and 3). This is because hydrographic inverse models work
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Figure 3 | Agulhas leakage advects warm, saline waters into the Atlantic,
predominantly through Agulhas rings. Sea surface temperature (SST) for 23
May 2009, showing water at 23–25 uC in the Agulhas Current and Retroflection.
North–south migrations of the STF (related to wind curl changes) and/or the
retroflection loop (related to varying Agulhas strength) can choke or open the
‘‘leakage gap’’ between Africa and the STF. Leakage takes place largely by means
of Agulhas rings. Main circulation features and observation programs are
highlighted. Monitoring and repeat measurement programmes in the region
include Agulhas Current Time-series (ACT), Indian–Atlantic Exchange in
Present and Past Climate (INATEX), the Agulhas Return Current (ARC)

air–sea flux buoy and the GoodHope repeat-hydrography line.
Palaeoceanographic measurements are being collected in four (coring) regions
under the European GATEWAYS programme. Individual sediment core
locations are marked for the Cape Basin record17 (CBR), MD96207712 and
Agulhas Bank splice90 (ABS). Coral cores are being collected under the Climate
and Anthropological Change (CLIMATCH) and Marine and Coastal Science
for Management (MASMA) programmes. SICC is the shallow South Indian
Countercurrent. SST data are from the NAVOCEANO K10 analysis with
combined satellite infrared and microwave measurements, made available
through the GHRSST project93. EMC, East Madagascar Current.
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un challenge pour les modélisateurs…

extension and positive values (i.e., increased transport) on
the south side. This indicates a southward shift of the mean
current path in simulation G22 compared to G04. The path
of the Kuroshio after its separates from Japan is better
located in POP1/10 (but not in OCCAM), but the intense
high/low dipole of mssh south of Japan (also seen in
OCCAM, Fig. 13c,e) is in strong disagreement with
observations.

Eke shows a significant reduction in the Kuroshio
extension in simulation G22 (Fig. 5a). In the observations,
high eke levels are found much farther to the east (see
Fig. 5b). POP1/10 (no figure shown, see Maltrud and
McClean 2005) simulates a rather realistic eastward
extension of eke in the North Pacific Ocean, indicating
that simulating this feature could be more a resolution issue
than a current topography interaction issue.

Fig. 12 Same as Fig. 8 (plots of
eke in cm2 s−2) for the Cape
Basin in the South Atlantic

559

Barnier et al. (2006)



un challenge pour les modélisateurs…

Mean Kinetic Energy (contours, lignes fines)  
vs Eddy Kinetic Energy (couleurs, lignes épaisses)  

Deshayes et al. (in prep.)
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comparaison de 2 réanalyses globales…

… aux données disponibles qui n’ont pas été assimilées

Name Resolution Forcing Model Vertical layers Data Assimilation

scheme datasets

GLORYS2v3 1/25 ERA-
INTERIM

NEMO z-level 75 EnKF, 
SEEK + 
3D-var T/S 
biases 
reduction

SST,SSH, 
CORA3.1 
database

GLBb0.08 1/12 NOGAPS HYCOM hybrid 32 3D-Var SST,SSH, 
in situ obs

• observations par satellite ASAR >> intensité des courants de surface 
• flotteurs dérivants en surface >> EKE 
• mouillages le long des lignes ACE, ACT et LOCO >> structure verticale 

des courants, transports intégrés

Cooper et al. (in prep.)



structure et vitesse en surface
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variabilité méso-échelle

Cooper et al. (in prep.)

EKE à partir 
de flotteurs 
dérivants



variabilité méso-échelle

Cooper et al. (in prep.)

EKE  
GLORYS2v3



variabilité méso-échelle
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structure verticale

ACE

Cooper et al. (in prep.)

observations

GLORYS2v3 GLBb0.08
(condition 
partial slip 

pour 
GLORYS2v3)



structure verticale

ACT
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transports intégrés
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Cooper et al. (in prep.)
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Validation de deux réanalyses océaniques globales  
pour le système du Courant des Aiguilles  

par comparaison à des observations non assimilées

✓ GLORYS2v3 et GLBb0.08 sous-estiment les courants en surface (vs ASAR), 
✓ la structure en EKE est bien reproduite, mais l’intensité est largement sous-

estimée (vs flotteurs dérivants), 
✓ la structure verticale du Courant des Aiguilles est la plus réaliste  

(cf mouillages) dans GLBb0.08, 
✓ les transports intégrés sont plus proches des observations (mouillages) 

dans GLORYS2v3. 

D’où proviennent ces différences : 
- base de données + méthode d’assimilation ? 
- choix numériques et physiques des modèles OGCM (NEMO vs HYCOM) ? 

>> importance d’avoir des observations (in situ) non assimilées pour valider 
les réanalyses océaniques !


