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Extratropical interannual variability
with application to the Agulhas retroflection

Sybren Drijthout, KNMI, De Bilt

This special project is part of a larger programme in which the relation between variable in-
terocean exchange in the Agulhas Retroflection region, the Atlantic thermohaline circulation and
climate variability above Europe are investigated.

Within this programme a hierarchy of ocean and atmosphere models is used to investigate
1) The transfer from Indian Ocean Water from Agulhas Rings to the Conveyor Belt in the South
Atlantic
2) The pathways of the Conveyor Belt in the South Atlantic.

3) The dynamics of coupled variability in the South Atlantic.
4) Analysis of South Atlantic covariability from the COADS dataset and NCEP and ERA reanalysis.

Ad 1:

In 2002 we reported on the mixing of tracer and watermass from developing non-stationary
Agulhas Rings. This work has been extended with a description of the dynamics that underlie the
mixing. We focused on lobe dynamics using concepts developed in dynamical systems theory. In
particular the separatrix has been estimated, a streamline in the co-moving frame of the ring that
separates closed and open streamlines. In Figure 1 it is seen that upstream of the stagnation point
where the separatrix crosses itself, a lobe develops associated with the mixing of tracer and water

mass.

Ad 2:

In 2002 we reported the details of the contribution of the Agulhas leakage to the thermohaline
circulation. Last year we focused on the Agulhas leakage and its relation to the total circulation in
the South Atlantic Ocean. The figure shows in orange and blue the contributions from the Agulhas
Current and Drake Passage to the thermohaline circulation. Thick black arrows indicate currents
in the South Atlantic Ocean that do not contribute to the thermohaline circulation. The strong
east- and westward currents south of Africa hamper the quantification of Agulhas leakage to the

thermohaline circulation from observations.



Ad 3:

In 2002 we reported on coupling the MICOM Ocean model to a global atmospheric primitive
equation model of intermediate complexity (SPEEDY) in cooperation with ICTP Trieste (Molteni).
The following improvements have been made: A new cloud scheme, with a better representation of
low clouds over stratiform subtropical cloud areas. A new 2 meter temperature scheme, resulting
in better fluxes. The development of a flexible coupler of th e intermediate complexity AGCM
(Speedy), a land model and a hierarchy of ocean models (slab mixed layer, linear ocean model,
and MICOM). Hindcasts with Speedy were performed to optimize the response of the tropical
circulation in Speedy to NINO 3 anomalies. Figure 3 shows the correlation between Nino 3 SST
anomalies and rainfall, for the NCEP reanalysis, the older Speedy version and the new, retuned
version. Also, Hindcasts with MICOM were performed in the Atlantic over the Reanalysis period.
Ocean processes that determine SST variability are studied now. The coupled model reproduces
coupled patterns of variability (e.g. covariability of SST and SLP) see Figure 4. Results with a
hierarchy of ocean models confirm that patterns of SST variability in the South Atlantic are induced

by wind mixing and latent heat fluxes.

Ad 4:

The work on the covariability of ocean and atmosphere in the South Atlantic ocean has been
continued. The focus changed from interannual to intermonthly variability. As for the longer
timescales (see last year’s report) the dominant modes of covariability have been obtained through
an SVD analysis of SST and SLP. Subsequently, the importance of different forcing mechanisms
(heat flux, advection, entrainment) in generating and destroying these patterns has been investi-
gated. The main conclusion is that SST anomalies are forced by anomalous winds, mainly through
its influence on turbulent heat flux and through altered mixed-layer deepening, and are destroyed
by anomalous turbulent heat flux. No systematic feedback of SST anomalies on the atmospheric
circulation could be found. Coupled variability in the South Atlantic is thus atmosphere-driven
with the ocean responding passively.

Figure 5 shows the patterns of the first two SVD of SST (colours) at three times, three months
before the maximum of the SST pattern (lag -3), at the maximum (lag 0) and three months
thereafter (lag 3). Superimposed are the patterns of total heat flux associated with the respective
SST pattern. If both SST and heat flux have the same sign, the heat flux is forcing the pattern.
If their sign is opposite, heat flux damps. Clearly, both SST patterns are partly forced by heat
flux (SVD 1 in the region of maximum SST anomaly in a region stretching from South Africa
northwestward, SVD 2 in the northeastern region), but damped after they have reached their

maximum.
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Figure Captions

Figure 1. Tracer concentration and separatrix (thick line) in the upper layer.
Figure 2. The impact of Agulhas leakage on the thermohaline circulation in the Atlantic.

Figure 3. Correlation between Nino3 SST anomalies and rainfall, for the NCEP reanalysis, the

old version of Speedy, and the new retuned version of Speedy.

Figure 4. Combined SVD analysis of MSLP and SST anomalies for the Speedy-MICOM run
(upper panel), passive mixed layer run (middle panel) and passive mixed layer + Ekman + wind

mixing run (lower panel).

Figure 5. The first two SVD modes of SST (with lag -3, 0, and 3 months before the maximum
SST). Superimposed are the patterns for heat flux.
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