
Climate model bias in equatorial Atlantic and 
possible reasons



• The tropical Atlantic atmosphere and ocean host a large variety of important and
intriguing weather and climate phenomena.

• They include the intertropical convergence zone (ITCZ), trade winds, easterly waves,
hurricanes, the equatorial branches of the meridional overturning circulations in both
the ocean and atmosphere, an equatorial cold tongue, and zonal and meridional
modes of the tropical Atlantic variability

• This region is influenced by many remote factors:

➢ Atmospheric deep convection over Amazonia (Wang and Fu

2007) and West Africa (Ruiz-Barradas et al. 2003)

➢ North Atlantic decadal variability (Xie and Tanimoto 1998)

➢ Teleconnections with the Pacific Ocean (Aceituno 1988; Chiang

et al. 2002; Klein et al. 1999; Enfield and Mayer 1997).
Wang and Fu 2007 (JC)

Atmospheric deep convection over Amazonia
(OLR: shading; 10-m wind: contours)



Global climate models suffer from misrepresentations of mechanisms and persistent
systematic biases over Equatorial Altantic (Davey et al. 2002; Breugem et al. 2006; Deser
et al. 2006; Richter and Xie 2008).

DeWitt 2005

❖ High SST associated with an erroneously deep mixed layer in the 
Gulf of Guinea -> a reversed zonal gradient of equatorial SST -> 
warm east – cold west 

❖ Other biases: 

➢ Underestimation of low-level clouds off the African coast and 
over the southeast Atlantic (Huang et al. 2007; Hu et al. 2011) 

➢ A southward shift of the ITCZ (Deser et al. 2006)
➢ Deficient (excessive) rainfall over Amazonia (West Africa) 

(Richter and Xie 2008)
➢ An erroneous east-to-west equatorial gradient in sea level 

pressure (SLP) (Chang et al. 2007; Richter and Xie 2008) 
➢ Weak equatorial surface easterlies known as the westerly bias.

These biases include: 

Bias: peak in boreal 
summer, start in spring



Some possible causes for the westerly biases and SST biases

The warm bias in the eastern equatorial Atlantic may weaken or reverse the zonal gradient 
in SST, introducing a westerly bias through the mechanism of Lindzen and Nigam (1987).

SST gradients force low-level winds 
and convergence in the tropics

Seo et al. (2006)

Huang et al. (2007)

The major cause of the warm SST bias in the east Atlantic is an excess of shortwave 
radiation associated with an underestimation of the stratocumulus cloud decks

DeWitt (2005)

Reducing the equatorial Atlantic surface westerly bias significantly improves 
upwelling in the east Atlantic and the cross-Atlantic equatorial SST gradient in 
coupled models
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Possible Root Causes of Surface Westerly Biases over the Equatorial Atlantic in Global Climate 
Models
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1. Pressure gradient 
force

zonal component of the 
mixed-layer wind

2. Momentum entrainment

Zonal momentum equation for a well-mixed boundary layer model at the equator

𝜔𝐸 is the entrainment velocity 
across the top of the mixed layer

Wiki: Entrainment is a phenomenon of the atmosphere which occurs when a turbulent 
flow captures a non-turbulent flow. It is typically used to refer to the capture of a wind 
flow of high moisture content, or in the case of tropical cyclones, the capture of drier air.

Detrainment is the opposite effect, when the air from a convective cloud, usually at its 
top, is injected in the environment.
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Calculating diabatic heating Q1 using centered and forward 
difference schemes for horizontal and vertical derivatives

The apparent heating source Q1 was estimated to represent the vertical 
structure of diabatic heating in the AMIP2 models

Larger westerly biases are associated with 
weaker low-level diabatic heating

850–700 hPa
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Shading: Q1 between top and bottom terciles
Contour: zonal wind between top and bottom terciles In the lower troposphere, excessive 

westerlies (𝛿u>0) in the top tercile 
are generally accompanied by a 
deficit in Q1 (𝛿Q1 < 0)

The correspondence between 𝛿u and 
𝛿Q1 is, however, not perfect. For 
example, there is an apparent lag 
between the peaks of low-level 𝛿Q1

and lower-tropospheric 𝛿u. Other 
factors for the westerly bias must 
also exist.
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Momentum 
entrainment
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The amplitude of E during MAM is larger than that in the zonal 
SLP gradient force P, suggesting a dominant role of E.
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AGCMs suffer from biases of a reversed zonal gradient in SST and weak surface 
easterlies (the westerly bias) in the equatorial Atlantic during boreal spring. 

The first root is insufficient lower-tropospheric diabatic heating over Amazonia. 

The second root is erroneously weak zonal momentum flux (entrainment) across the 
top of the boundary layer. 

Q1

Summary


