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The Agulhas Current is the strongest western boundary current in the Southern 

Hemisphere and plays an important role in the exchange of heat and salt between the 

Indian and South Atlantic Ocean basins, thereby affecting global climate. The 

variability in the northern Agulhas Current is influenced by mesoscale eddies, 

originating from the Mozambique Channel and south of Madagascar and which 

propagate toward the offshore edge of the Agulhas Current. Whilst existing numerical 

models are successfully able to capture many aspects of the Agulhas Current, they 

tend to overestimate or underestimate the frequency and size of the source region 

eddies and associated eddy kinetic energy (EKE) levels . 

 

Previous studies have shown that coupled ocean-atmosphere models are better able to 

simulate mesoscale variability than uncoupled models. This is because coupled 

models are able to incorporate important air-sea interactions through the inclusion of 

small-scale processes in the ocean which enable the atmosphere to be more 

realistically forced. In this study, we compare two simulation experiments in a 

regional Hybrid Coordinate Ocean Model (HYCOM), in which we change the local 

wind forcing, and using an eddy tracking algorithm we quantify the local effect of the 

current feedback on mesoscale eddies forming in the Mozambique Channel and South 

of Madagascar and their interaction with the northern Agulhas Current. Although 

neither of the HYCOM simulations models are coupled ocean-atmosphere models, the 

effect of the surface current on the wind is accounted for in the forcing. The first 

simulation experiment is forced by absolute winds (ABS); the second is forced by 

relative winds (the wind speed relative to the surface current speed) (REL).  

 

Changing the wind forcing in the regional HYCOM has resulted in a reduction in 

wind stress from ABS to REL, particularly in the Mozambique Channel, south of 

Madagascar and the Agulhas Current and a 33% reduction in EKE in the regional 

HYCOM. Results from REL are more representative of the EKE observed in the 

satellite product, AVISO compared to ABS.  The mean kinetic energy (MKE) from 

ABS to REL is also significantly reduced, with the exception of an increase in MKE 

in the core of the Agulhas Current as well as the SEMC, improving the representation 

of the Agulhas Current in the regional HYCOM.  The pattern of the EKE and MKE 

reductions from ABS to REL is strongly reflective of those seen in the wind stress, 

indicating the influence of the wind stress on the energy of the Agulhas Current 

system. 



 

There is a reduction in eddy EKE from ABS to REL in the Mozambique Channel, 

south of Madagascar and in the Agulhas Current of approximately 100 − 400 cm2
.s

-2
. 

The difference in residual EKE between ABS and REL is approximately 2.5 times 

more than that of the difference in eddy EKE. This implies that the contribution of 

mesoscale eddies to the overall EKE is not as important as other forms of variability 

in the Agulhas Current system.  

 

In addition to this, an investigation into the eddy properties indicates that a change in 

wind forcing in the regional HYCOM has a significant dampening effect on the 

eddies. There is a reduction in eddy amplitudes, radii and circum-averaged speeds 

from ABS to REL as well as a decrease in anti-cyclonic eddy life-spans. Additionaly, 

there are significantly more eddies tracked in ABS than REL, which could suggest 

that eddy formation is linked with increased energy imparted on the ocean currents in 

HYCOM in the absolute winds simulation. Through the process of “mechanical 

dampening”, a reduced EKE has enabled a more accurate representation of cyclonic 

and anti-cyclonic eddy dynamics in the source region of the Agulhas Current and that 

the eddy-current dissipation processes are better simulated in the regional HYCOM.  

 

 

 

 

 

 

 

 

 


