




Biases in the GFDL CM2.1 
shading: SST; vectors: sfc winds; contours: precip 



Surface current (vectors) and its 
meridional component (shading) 

control simulation vs. observation (AOML drifters) 
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Surface currents: difference between 
CTRL and observations 



Equatorial Atlantic SST gradient 
IPCC AR4 models – climate of the 20th century 
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annual mean SST along the equator Models 

Richter and Xie (2008) 



Longitude-time sections of equatorial SST bias 

CMIP ensemble 
and surface winds 

AMIP ensemble 

Seasonal evolution of biases 

key season MAM 



MAM sfc zonal wind vs. JJA SST at the equator 
x-axis: avg of zonal wind, 40W-10W, 2S-2N, MAM 

y-axis: gradient of SST 40W-8E, avg 2S, 2N, JJA 
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AMIP runs: bias of precip (shading) and 
surface winds (vectors) 

MAM 

observations AMIP model ensemble 

decreased sea-level pressure 
gradient along the equator 



MAM precip vs. sfc zonal wind at the equator 
x-axis: gradient of precip, 80W-50W minus 0-30E, 5S-5N, MAM 

y-axis: avg of sfc zonal wind 30W-0, avg 2S-2N, MAM 
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Southeast Atlantic 
biases 

Seasonal prediction 
models 
European models from the 
DEMETER project 

SST bias [K] 
3-month hindcasts 
initialization: August 
hindcast for November 

figure from Huang et al. 2007 



Mechanism 
MAM 

dry precip and  
evaporation wet precip 

decreased SLP gradient 

westerly bias 

deep 
t’cline 



Mechanism 
JJA 

monsoon  

deep 
t’cline 

SST bias 
matures  



3 Hypotheses 

1)  JJA SST biases caused by MAM surface winds 
on the equator (supported by Chang et al. 
2007, Richter and Xie 2008, Wahl et al. 2009) 

2)  MAM surface wind related to terrestrial 
precipitation biases over tropical South America 
and Africa (supported by Chang et al. 2008, 
Richter and Xie 2008, Wahl et al. 2009) 

3)  terrestrial precipitation biases due to 
deficiencies in land surface models (some 
evidence from Richter et al. 2011) 





Goals of GCM experiments 

•  corroborate results from intermodel 
comparison (hypotheses 1-3) with GCM 
sensitivity tests using one particular model 

•  use this model to test the link between 
–  land surface conditions and terrestrial 

precipitation in equatorial South America and 
Africa (3) 

–  terrestrial precipitation and equatorial Atlantic 
MAM surface winds (2) 

– MAM equatorial sfc winds and JJA SST (1) 





Setup of GCM experiments 
•  replace model calculated wind stress with 

observed climatology from icoads 
•  changes only “felt” by oceanic component 
•  only momentum flux modified; sensible and 

latent heat flux still calculated using model 
generated surface winds   focus on 
dynamic effects of wind stress 

•  TAU_MAM: replace wind stress between 
1S-1N; linear tapering with model generated 
fields 9S-1S, 1N-9N 

•  CTRL simulation: 300-year integration with 
1990 radiative forcing 



Lineup of experiments 

•  TAU_MAM: prescribe equatorial Atlantic wind 
stress (1S-1N) from observed climatology 
during MAM only 

•  TAU_ALL: similar to TAU_MAM but prescribe 
wind stress all year 

•  TAU30: similar to TAU_ALL but extend 
overriding zone to 30S-30N 

•  TAU_JJA: similar to TAU_MAM but prescribe 
wind stress in JJA instead of MAM 



observations CTRL 

TAU_MAM TAU_MAM - CTRL 

Lon-time sections 
along the equator 
shading: SST 
vectors: sfc winds 
contours: D20 (10m) 
average 2S-2N 



TAU_MAM 
minus obs 

SST (shading), sfc winds (vectors), and 
precipitation (contours, 2mm/day) 

TAU_MAM 
minus CTRL 



Upper ocean temperature (shading) and 
currents (vectors) 

difference between TAU_MAM and CTRL 

MAM JJA 



Additional changes when surface wind 
stress is prescribed year round 

SST (shading), sfc winds (vectors), and 
precipitation (contours, 2mm/day) 



Additional changes when overriding zone 
is extended to 30S - 30N  





Lineup of experiments 

•  AMZN: set surface albedo 0 (CTRL: 0.15) for 
Amazon rain forest; coupled and AGCM-only 
experiments  increase surface temperature 
and convection 

•  CGO: set surface albedo to 0.5 (average in 
CTRL: 0.3) and soil moisture to 200kg/m3 
(average in CTRL: 50kg/m3) for Congo basin 
 decrease surface temperature and 
convection 



experiment “black Amazon” 
set surface albedo to 0 for 
Amazon rainforest 

MAM changes in precip (mm/d) 
and sfc winds for AGCM-only 
experiment 

JJA changes in SST (K) 
and sfc winds for coupled GCM 
experiment 



Influence of Congo basin 
MAM precipitation (shading, mm/d), surface winds 
(vectors), and surface temperatures (contours, 1K) 

experiment Congo desert: set Congo basin albedo to 
desert values, soil moisture to swamp values 



Influence of Congo basin 
JJA SST (shading), sfc winds (vectors) and 

precipitation (contours, 1mm/day) 





Lineup of experiments 

•  TAU_ALL: similar to TAU_MAM but prescribe 
wind stress all year (as before) 

•  TAU30: similar to TAU_ALL but extend 
overriding zone to 30S-30N (as before) 

•  TAU_ABA: prescribe wind stress over Angola-
Benguela Area (ABA); 8E-coast, 26S-12S; 
MAM only 



Longitude-time section of 
 SST (shading) and 
precipitation (contours) 

CTRL - obs TAU_ALL - CTRL 

TAU30 - CTRL TAU_ABA - CTRL 



Annual mean ocean temperature (shading) and ocean 
currents (vectors) averaged between 0-50m 



Link between equatorial and southeast 
Atlantic SST biases  



Weakened anticyclonic circulation 



Conclusions – equatorial Atlantic 

•  sensitivity tests with the GFDL CM 2.1 confirm 
the crucial role of MAM equatorial sfc winds in 
equatorial SST biases 

•  experiments suggest that land surface 
conditions in tropical South America and Africa 
have the potential to drastically change 
equatorial Atlantic sfc winds 

•  weaker-than-observed equatorial sfc winds 
might be due to deficiencies in both land surface 
models and convective parameterizations  
further studies needed 



Conclusions – southeast Atlantic 

•  several factors contribute to southeast Atlantic 
SST biases: 
–  weaker than observed equatorial sfc winds shoal the 

thermocline along the southwest African coast and 
shift the Angola-Benguela Frontal Zone poleward 

–  weaker than observed along-shore winds have a 
similar effect 

–  strength of the subtropical high seems to be important 
–  additional factors suggested by other studies: 

stratocumulus feedback; offshore transport by 
unresolved mesoscale eddies; unknown unkowns… 



Factors contributing to equatorial 
Atlantic SST biases in GCMs 

terrestrial precip 
biases in MAM 

equatorial sfc 
winds in MAM 

equatorial SST 
biases in JJA 

southward dis- 
placed ITCZ 

SE Atlantic 
biases 

land surface 
deficiencies 

convective param 
biases 

weak subtrop 
anticyclone 



What steps are needed to further improve 
models? 

•  bridge the gap between diagnostics (e.g. “weakend 
Walker circulation”) and development of model 
parameterizations 

•  understand how convective heating and its vertical 
structure influence equatorial surface winds; how does 
this depend on the convective parameterization used? 

•  investigate the role of mesoscale convective systems in 
setting up convection over land; can these effects be 
parameterized in GCMs? 

•  improve land surface parameterizations: can we 
leverage existing in-situ and satellite observations? 

•  develop standard metrics to evaluate model progress 



Bjerknes feedback: CMIP-AMIP 
precip (shd; mm/d), SST(contours; K), and sfc wind (m/s) 

MAM 

JJA 



Biases in CMIP runs 
surface winds [m/s] and …. 

20°C isotherm depth [m] SST [K] 


