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Introduction 
•  Current state-of-the-art climate models do not simulate 

tropical Atlantic climate with appropriate degree of 
realism due to reasons that are not yet fully understood 
(simply increasing resolution does not resolve biases)  

! general directions for progress: 
     1) determine details of all relevant processes at 
spatial and temporal scales of interest (stratus clouds, …) 
     2) understand their synergy and improve numerical 
representation of the annual cycle 
     3) advance the state of data assimilation in coupled 
models – dynamically consistent analysis, i.e., optimal 
state estimate of the coupled climate system is critical 
for initialization of intraseasonal to interannual climate 
prediction    



Method 
•  NOAA/GFDL CM2.1 + coupled data 

assimilation system (an ensemble 
filter applied to CM2.1) used for 
global annual climate forecast 

•  Here focus on time evolution of 
climatology biases (mean of 10 
member climate forecasts) as they 
grow (decay) with respect to 
observations (all historical forcing 
CM2.1 runs) 

Fixing biases in annual mean and 
annual cycle has very high priority for 
development of comprehensive 
coupled climate models 



•  Biases in 
climatology likely 
firstly arise from 
errors in  
simulation of P 
and tropical heat 
sources  

   (often in the wrong 
place at the wrong 
time) 

 ITCZ has too high 
P, and swings too 
far north and too 
far south 





Biases in precipitation and surface wind stress after 3 months 

South of deep tropics - too strong subtropical high leads to too strong southeasterly 



•  Diagnosing time evolution of specific errors 
in annual cycle in the south tropical Atlantic  

Climatology of 
290-member 
ensemble  

Seasonally 
dependent vs. 
seasonally 
independent 
climate biases 



SST and wind stress climatology biases (NODC/WOA05, OSU/SCOW)  



Mixed layer depth (0.5oC surface difference criterion) climatology biases (WOA05)  



Ocean surface current climatology biases (IPRC/SCUD)  



•  Basin scale viewpoint - 2 distinct regions in 
the off-equatorial tropical south Atlantic: 

   1) Basin interior – seasonally dependent 
SST cooling, surface wind amplification 
and weak surface currents  
 2) African (Angola-Benguela) coastal zone 
– persistently higher SST, weaker coastal 
wind and weaker Benguela current 
  Important to identify and understand 
differences between short and long time 
scales (feedbacks) for evolution of biases 



Basin interior averages 



Basin interior averages 



Basin interior averages 



African coastal zone averages 



African coastal zone averages 



African coastal zone averages 



Counterclockwise propagation of a set of 
bundled climatology biases: 

•  Stratus-SST feedback (primary effect) 
•  WES feedback and ocean currents errors 
•  Anticyclonic propagation of epicenter of 

stratus anomaly along SEC path 
•  Seasonally dependent initiation, growth/

decay and termination of gyre-guided 
climate anomalies 

•  North tropical Atlantic counterpart oscillates between 
African and South America   
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Conclusions and future directions 
•  Atlantic ITCZ swings too far north and too far 

south, and precipitates too much 
•  Substantial difference between interior basin 

domain and coastal region in the off-equatorial 
south tropical Atlantic: multiple atmospheric and 
oceanic sources of climatology biases 

•  Stratus-SST feedback plays a key role in the 
identified gyre-guided seasonal propagation of 
coupled biases in the south tropical Atlantic  

Fixing annual mean and annual cycle biases is 
a crucial step for the development of the next 
generation of climate prediction systems relying 
on coupled data assimilation for IC 



Mahalo 

stay tuned for more results ... 


