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•  Overview of southern African climate and tropical 
Atlantic SST 

•  South American monsoon, Benguela Ninos and 
SW African rainfall 



Three key regional ocean areas for southern African climate :    Agulhas 
retroflec7on / ring shedding, thermocline ridge in SW Indian Ocean, 
Angola Benguela Frontal Zone,  
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Seasonality of tropical Atlantic SST modes 



Lubbecke et al 2010 



Left: mean FMA OI SST anomalies for 1984 (a); 1986(d) 1995(g) and 2001 (j) isocontour at 0.5°C, 1.5°C and 
2.5°C.  Middle: mean FMA integrated moisture flux anomalies from the surface to 300 hPa flux anomalies 
for 1984 (b), 1986 (e) 1995 (h) and 2001 (k) in g/kg.m/s.  Right: mean FMA rain rate normalized anomalies 
for 1984 (c), 1986( f) 1995 (i) and 2001 (l).  

• Pos. correlation between 
SSTA and rainfall anomaly 

• Strength of SSTA not linear 
corr. with rainfall anomaly 

• Moisture transport from SW 
Indian Ocean important 

(Rouault et al,2003) 

Composites of warm events in the tropical South East Atlantic 



Does the South American monsoon 
affect SW African rainfall? 

•  Large rainfall anomalies occur over Brazil prior to 
the onset of the Benguela Niño 

•  Anomalous convection in the South American 
monsoon influences both SE Atlantic SST and 
rainfall over Angola / Namibia 

•  Direct teleconnection via anomalous atmospheric 
circulation induced by monsoon anomalies 

•  Indirect teleconnection via induced atmos circulation 
on tropical SE Atlantic SST 



Fig. 1. Spatial distribution (left panel) of the second variability mode of 
annual total precipitation over South America (1961-2000), which explains 
14% of the variance and the map of correlation coefficients with SST (right 
panel). In this map, the shades indicate the levels of confidence (better than 
0.90) for positive and negative correlation coefficients. Grimm and Reason 
(2011) 



Fig. 2. (Left column) Difference in SST between composites of Benguela Niños and Benguela Niñas for (a) 
November of year preceding the event, b) January of the event year, c) March of the event year. Units are in K. The 
color bar indicates the levels of confidence (better than 0.90) for positive and negative differences. (Right column) 
Difference in rainfall between composites of Benguela Niños and Benguela Niñas for d) November of year 
preceding the event, e) January of the event year, f) March of the event year. The color bar indicates differences in 
mm. 

Grimm and 
Reason 
(2011) 



Fig.3. (Left column) Difference in zonally asymmetric streamfunction at 850 hPa between composites of Benguela 
Niños and Benguela Niñas for (a) November of year preceding the event, b) January of the event year, c) March 
of the event year. (Right column) Difference in rainfall between composites of Benguela Niños and Benguela 
Niñas for d) November of year preceding the event, e) January of the event year, f) March of the event year. Units 
are 106 m2 s-1. The color bar indicates the levels of confidence (better than 0.90) for positive and negative 
differences. 

Grimm and 
Reason (2011) 



Vertical wind 
anomalies 

Grimm and 
Reason (2011) 



Influence functions of a 
vorticity equation model 
with a divergence source 



Difference in divergence at 200 hPa between composites of Benguela Niños and 
Benguela Niñas for January of the event year, The color bar indicates the levels of 
confidence (better than 0.90) for positive and negative differences. The red (blue) 
ellipses indicate regions of significant positive (negative) divergence difference in South 
America and Africa  



              South Atlantic SST modes 

The first three rotated EOFs of the 
South Atlantic upper ocean 
temperatures.  

Mode 1 is a generalised Atlantic / 
Benguela Niño. 

Mode 2 is related to ENSO 

Mode 3 is a midlatitude interdecadal 
mode 

Lagged correlation between EOF2 and Niño 3.4 
SST - strongest correlations when the Niño 3.4 
index leads about one season.  

Colberg and Reason, 
(2007) 



El Niño Southern Oscillation (ENSO) 

• Tends to manifest over SE Atlantic via the Pacific South America (PSA) 
wavetrain, particularly in the austral summer and autumn 
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Figure: El Niño (left) 
and La Niña (right) 
SST anomalies 
during the austral 
winter of the event 
to the autumn after 
the mature phase 
(Colberg et al., 
2004) 
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ENSO projection on the tropical 
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Figure 5: Seasonal 
composites of temperature 
anomalies for the El Niño 
onset and mature phase 
are shown in a vertical 
cross-sections along 
9-10°S in ORCA model.  
The apparent cooling near 
the ABFZ is strenghtening  
from JAS to JFM and 
propagates to deeper 
levels.  

red.     



SST +ve event Wind +ve event 

Co-evolving dipole-like SST patterns in mid-latitudes of the S 
Hem oceans : Hermes and Reason, J. Climate (2005) 

Dipole index time 
series: red South 
Indian; black South 
Atlantic 



Summary 

•  South East Atlantic manifests local coupled modes 
(Atlantic/Benguela Niños)  

•  Strong anomalies in the South American monsoon 
can influence SE Atlantic SSTA, particularly in ABFZ 
region, in summer/autumn 

•  SE Atlantic also exhibits a strong response to ENSO 
and a midlatitude SST dipole mode 

•  These SST patterns all influence southern African 
rainfall 
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Figure: Shows the 500hPa pressure during the onset (JAS) and 
mature (JFM) phase of El Nino (left) and  La Nina (right) 



El Nino (left) and La Nina (right) SST anomalies 

Colberg et al.  (2004) 





Meridional shift 
larger than South 
Indian HP but much 
less than N Atlantic 
or NE Pacific HP 

Zonal shift much 
less than South 
Indian HP 

Note: suggestion of 
semi-annual 
oscillation in 
position – more 
prominent in south 


