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Figure 2. Climatological annual mean conditions over the 
Pan American region. Vectors denote surface winds, 
orange-yellow shading denotes precipitation, and gray-
blue shading denotes stratus cloud decks. Over both the 
Atlantic and Pacific, the ITCZ is located well to the north of 
the equator, and southeasterly trades extend across the 
equator. The stratus cloud decks are more extensive in the 
Southern Hemisphere.

Annual Mean Precipitation, Winds and Stratus Cloud Decks 

•  Similarities: 
ITCZ/Cold Tongue Complex, Near Surface Seasonal Cycle, Stratus Cloud Decks, … 

•  Differences:  
Basin Size,  Land Interactions, Coastal Orography, Ocean Circulation, … 



(From Deser et al., 2006) 



AD 

AB Front 

SODA Reanalysis 

The coastal current system along  
the southeastern Pacific coast is  
different from that in the Atlantic 



•  Why does maximum SST bias 
occur at the ABF where the SST 
gradient is strongest? 

•  To what extent can the warm SST 
bias be attributed to errors in 
atmosphere models and to what 
extent can it be attributed to local 
oceanic dynamics? 

•  If latter, what oceanic processes 
are responsible for the SST bias?  

From Rouault 



Hypothesis: 

JJA cold tongue SST 
bias originates from 
AGCM bias in 
simulating MAM 
convection in Amazon 
and ITCZ region, 
resulting a weaker-
than-observed 
equatorial trade.  





Uncoupled 27km WRF simulations: May precipitation and V10 bias 

(m/s) 

(m/s) 

(mm/day) 

(mm/day) 

“Dry case” (KF convection and CAM radiation) 

“Wet case” (BM convection and RRTM/Goddard radiation) 

•  WRF simulations are 
sensitive to physics 
parameterizations 

•  Two cases – a dry 
and a wet Amazon 
bias – are chosen to 
test Richter and Xie 
hypothesis 

•  Coupled WRF-ROMS 
simulations are 
conducted to 
examine the effect 
on the Amazon bias 
on SST 

•  Chris Patricola will 
talk in more detail 
about these results 
tomorrow 

strong westerly bias 

moderate northwesterly bias 



(K) 

SST Bias from Coupled WRF-ROMS Simulation: “dry case” 

WRF (27km) coupled to ROMS (9km) with 1 hour coupling 
step. The simulations were initialized with NCEP/CFSR 
reanalysis in May 1 and with 6-hour climatological lateral 
boundary conditions derived from NCEP/CFSR reanalysis. 

•  In spite of the strong 
precipitation and wind 
biases over the 
Amazon, the coupled 
model has only a 
moderate equatorial 
SST bias (~1°C), 
suggesting a weak 
Bjerknes feedback 

•  Strong warm SST 
bias develops at the 
ABF region, in spite 
of an initial cold SST 
bias in the region  

Moderate SST bias 



SST bias from Coupled WRF-ROMS Simulation: “wet case” 

(K) 

•  In spite of the weaker 
precipitation and wind 
biases over the 
Amazon, the coupled 
model produces a 
stronger equatorial 
SST bias (~1°C), 
suggesting a vital role 
of local feedbacks 

•  Strong warm SST bias 
also develops at the 
ABF region, which 
seemingly originated 
from the equatorial 
region. Why? 

WRF-ROMS coupled simulations suggest that the warm 
SST bias along the eastern equatorial region and off the 
coast of southern Africa depend more strongly on local 
biases than biases over the Amazon. 

stronger SST bias 

? 



SST Error in ODA Products in Reference to Reynolds SST  
HYCOM SST – Reynolds SST SODA SST – Reynolds SST 

Large SST 
bias along 
the ABF 

Large SST 
bias along 
the ABF 





Large Marine Ecosystems, vol. 14, "The Benguela: 
predicting a large marine ecosystem", edited by V. 
Shannon, G. Hempel, P. Malanotte-Rizzoli, C. 
Moloney and J. Woods, Elsevier, Amsterdam, 2006.  

Veitch et al. 2010: Modeling Equilibrium 
Dynamics of the Benguela Current System. 
J. Phys. Oceanogr. 40, 1942-1964. 



From Colberg and Reason (2006) 

Enhanced Trade Wind  
Enhanced Curl×τ 
Enhanced ABF

Reduced Trade Wind  
Reduced Curl×τ 
Reduced ABF



BC from NCEP/CFSR 

BC from NCEP/CFSR 



HYCOM ODA NCEP/CFSR ROMS Forced With COREII 

Averaged over 2004-2007 and bias in reference to high-resolution Reynolds SST 

In both HYCOM ODA and ROMS, warm SST biases appear along the Benguela coast. In HYCOM ODA, the 
strong warm SST bias coincides with an intense poleward current near ABF.  



NCEP/CFSR 

Averaged over 2004-2007 and 1° in off-shore direction 

Both HYCOM and ROMS failed to simulate the sharp thermocline of the warm water north of ABF.  

HYCOM ODA 

ROMS With 
OCREII 



Averaged over 2004-2007 and 1° in off-shore direction 

HYCOM ODA ROMS with COREII 

Both HYCOM and ROMS have maximum temperature bias in subsurface. HYCOM simulates 
a stronger Angola Current and Poleward Undercurrent. ROMS forced with COREII produces 
a deeper Benguela Current. 



NCEP/CFSR 

Potential causes of the warm SST bias: 1) overshoot of the AC, such as in HYCOM, can  cause a large SST 
bias near the ABF. The warm bias is then advected by the PUC to the south and upwelled to the surface and 
2) too-diffused thermocline, as seen in both HYCOM and ROMS, causes a subsurface warm bias, which is 
then advected by the PUC and upwelled to the surface. 

HYCOM ODA 

ROMS With 
COREII 



NCEP/CFSR COREII 

V at 10m 

Surface 
Air Temp 

Repeat the 11-year ROMS 
simulation (1997-2007) 
using NCEP/CFSR data 
set for computing wind 
stresses, latent and 
sensible heat fluxes, while 
keeping the same short 
and long wave radiation 
fluxes. Note that V at 10 m 
in NCEP/CFSR reanalysis 
is more intense along the 
coast. 



ROMS Forced With COREII 

Averaged over 2004-2007 
ROMS forced with NCEP/CFSR produced a stronger warm SST biases at the ABF and along the Benguela 
coast. The stronger bias seems to be related to a stronger Angola Current near the ABF. 

ROMS Forced With NCEP/CFSR 



Averaged over 2004-2007 and 1° in off-shore direction 

ROMS with NCEP/CFSR ROMS with COREII 

With NCEP/CFSR winds, the ROMS produced a stronger Angola current and PUC, causing 
more warm water to spread southward.  



NCEP/CFSR COREII 







ROMS Forced With COREII ROMS Forced With NCEP/CFSR 



ROMS Forced With COREII 

ROMS Forced With NCEP/CFSR 

Observation (Brandt et al.) 



NCEP/CFSR 

Observation (Brandt etal) 



(Veitch et al. 2010, JPO) 



(Veitch et al. 2010, JPO) 



(Veitch et al. 2010, JPO) 


