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Abstract 
The greater Agulhas Current is one of the most energet-
ic current sys tems in the global ocean. It plays a funda-
mental role in the regional marine environment, affect-
ing its resources and ecosystem, the regional weather and 
the global climate on a broad range of temporal and spa-
tial scales. In the absence of a coherent in-situ and satel-
lite based observing system in the region, modelling and 
data assimilation techniques play a crucial role in provid-
ing better forecasts of this complicated western boundary 
current system. In this study we use a regional implemen-
tation of the Hybrid Coordinate Ocean Model (HYCOM) 
and assimilate along-track satellite sea level anomaly (SLA) 
data using the Ensemble Optimal Interpolation (EnOI) 
data assimilation scheme. In comparison to independ-
ent in-situ drifter observations we show that data assim-
ilation reduces the error compared to a free model run 
over a two-year period. Mesoscale features are placed in 
more consistent agreement with the drifter trajectories, 
and the error calculated from the drifter measurements 
for eddy kinetic energy and surface velocities are reduced. 
Although a more realistic representation of the mesoscale 
dynamics in the greater Agulhas region is obtained, the 
assimilation appears to introduce a sea surface tempera-
ture bias in the Agulhas Return Current, which is associ-
ated with a misrepresentation of the Agulhas Return Cur-
rent that lead to an erroneous correlation in the update.

Background
Advancing the predictability of the intense currents sur-
rounding southern Africa represents of direct benefit to 
operational oceanography activities in South Africa. While 
there are various global operational data assimilation sys-
tems (e.g. MyOcean), none are specifically developed for 
the Agulhas system. Indeed, there have been no region-
ally focused data assimilation experiments in the Agulhas 

since 1996 [1].
Realistic simulations of the Agulhas system are complicated by 
the highly non-linear nature of the mesoscale variability gov-
erning the Agulhas Current and retroflection regime. With few 
exceptions, most model simulations produce a bias where the 
mean Agulhas retroflection position is too far to the east (up-
stream), and Agulhas rings consistently follow a straight and 
narrow route into the South Atlantic Ocean. In a global mod-
el, Thoppil et al., [2] show that increasing the model resolu-
tion from 1/12º to 1/25º does not improve the Agulhas retrof-
lection and ring shedding bias. Moreover, model simulations 
are shown to be highly sensitive to changes in the numerical 
schemes. For instance, different numerical approaches, such 

as improving the numerical 
precision or the conserva-
tion properties of the mo-
mentum advection scheme, 
or smoothing the topogra-
phy and adding a parame-
terization for horizontal vis-
cosity, produce significantly 
different representations of 
the Agulhas Current and ret-
roflection.
Data assimilation provides 
the means to estimate a phys-
ically consistent 3D estimate 
of the ocean state facilitat-
ing improved predictability 
of the region. 
In this study we present a regional data assimilation system of 
the greater Agulhas Current system, where we assimilate sat-
ellite altimeter along-track SLA data into a HYCOM [3] mod-
el of the Agulhas using the Ensemble Optimal Interpolation 
(EnOI, [4]) data assimilation scheme.

Summary & conclusions
In general, assimilating along-track SLA data using the EnOI 
assimilation scheme improves the characterisation of the 
mesoscale dynamics (Fig. 1) and reduces the uncertainties 
in HYCOM. Mesoscale features are placed in more consistent 
agreement with drifter trajectories (Fig. 2), and the RMSE in 
estimated for eddy kinetic energy and surface velocities in 
FREE and ANALYSIS is reduced.
While the mesoscale variability is improved, the SST distribu-
tion, on the other hand, is degraded. This is due to a SSH bias in 
the static ensemble resulting in an incorrect correlation with 
SST. As a result, the overall SST RMSE is not improved and a 
6ºC warming is introduced in the Agulhas Return Current (Fig. 
4).
Future work towards improving he system includes:

• Improving the static ensemble (HYCOM)
• Improving the assimilation scheme (introduce age er-

ror estimate)
• Assimilateingmore observations (e.g. satellite SSTs & 

Argo profiles)

References
[1] Evensen, G., van Leeuwen, P.: Assimilation of Geosat al-
timeter data for the Agulhas Current using the Ensemble 
Kalman Filter with a quasi-geostrophic model. Monthly 
Weather Rev. 24, 85–96 (1996).
[2] Thoppil, P.G., Richman, J.G., Hogan, P.J.: Energetics of 
a global ocean circulation model compared to observa-
tions. Geophys. Res. Lett. 38, doi:10.1029/2011GL048,347 
(2011).
[3] Bleck, R.: An oceanic general circulation model framed 
in hybrid isopycnic-Cartesian co-ordinates. Ocean Model-
ling 37, 55–88 (2002).
[4] Oke, P., Allen, J., Miller, R., Egbert, G., Kosro, P.: Assim-
ilation of surface velocity data into a primitive equation 
coastal ocean model. J. Geophys. Res. 107, doi:10.1029/
2000JC000,511 (2002).

Fig. 2  Daily velocity magnitudes (m/s) from ANALYSIS (red), FREE 
(green) and drifter 71114 (black) at the corresponding daily median 
positions of the drifter. The improved correlation with drifter 71114 
and RMSE from ANALYSIS and FREE shows that mesoscale features are 
placed in more consistent agreement with drifter trajectories through 
the assimilation.

Fig. 1  Mean surface eddy kinetic energy (EKE, cm2/s2) derived from surface velocities of (a) the drifter data, (b) ANALYSIS, and (c) FREE. 
The distribution of EKE throughout the Agulhas system is improved in ANALYSIS. The free-running regional model (c) is used to generate 
the static ensemble for the EnOI. Note the absence of EKE in the Agulhas Return Current indicates that the dynamics there are poorly re-
solved resulting in a wrong multivariate correlation and an incorrect update of the SSTs (Fig. 3).

Fig. 3  Mean sea surface temperatures (ºC) from (a) the drifter data, (b) ANALYSIS, and (c) FREE. The assimilation has intro- duced a large 
warming bias in the Agulhas Return Current between 36º-40ºS, with water temperatures ranging from 21º- 22ºC (Fig. 7b) instead of 16º-20º 
(Fig. 7a), according to the drifter observations.

Fig. 4  (a) Scatter diagram of SST (ºC) versus SSH (m) at 30ºE and 42ºS (red diamond) from satellite ob-
servations (black), ANALYSIS (red) and FREE (green). (b) Spatial SST RMSE difference (RMSEFREE − RMSE-

ANALYSIS in ºC) calculated against the drifter SST data.


