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✴ CM2.5 (high-resolution 
version of CM2.1) shows 
the better simulation 
skills for rainfall than 
that in CM2.1 (IPCC-AR4 
model)
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✴ Seasonal phase-locking of the 
interannual variations in the northern 
tropical Atlantic is better in CM2.5

hurricane season

Accurate prediction of the Atlantic 
hurricane activity, Sahel and Brazil 
rainfall in summer. 
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GFDL Climate Models CM2.1 and CM2.5

✴ Using two fully coupled ocean-atmosphere models developed 
at the Geophysical Fluid Dynamics Laboratory (CM2.1: our 
IPCC-AR4 model and basis of our seasonal to decadal forecast 
system, and CM2.5: our new high-resolution global climate 
model), the character and sources of SST and precipitation 
biases in the tropical Atlantic have been investigated. 

Model Atmosphere Ocean Land Comments

CM2.1 2° lon. × 2.5° lat.
24 levels

1° lon. × 1/3-1° lat. LM2 IPCC-AR4 model

CM2.5
50 km,

32 levels, 
cubed sphere grid

25 km in Tropics to 9 
km in polar region 

square grid, 
uses z* vertical coord.

LM3
Higher resolution 

ocean and atmosphere 
Uses iceberg in ocean. 
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Seasonal variation



Seasonal variation

✴ CM2.5 shows better simulation skill in rainfall over the Sahel 
and North Brazil than that in CM2.1. 



Seasonal variation

✴ Summer West African Monsoon and the Guinea Dome is better in CM2.5



Seasonal variation

✴ Meridional migration of the ITCZ is better in CM2.5



Seasonal variation



Interannual variation

hurricane season

Weak decay 
in CM2.1

✴ Seasonal phase-locking of the 
interannual variations in the northern 
tropical Atlantic is better in CM2.5



How are those mechanism simulated by GFDL climate models ?

✴ Decay phase: Coupled linked with the Guinea Dome (Doi et al. 2009, Climate Dyn.; Doi et al. 2010, JC)

How to explain the seasonal phase locking of the 
interannual variations of the northern tropical Atlantic SST  

✴ Developing phase: Wind-Evaporation-SST (WES) positive feedback                           
(Carton et al., 1996; Chang et al., 1997; Xie 1999)

The WES feedback through the ITCZ 
migration: anomalously northward migration of 
the ITCZ causes the southwesterly wind 
anomaly in the Northern Hemisphere and 
weaker trade wind. This results in weaker 
evaporation and thus suppressed latent heat 
loss, leading to warmer SSTA. The outcome is 
further northward migration of the ITCZ.

The Guinea Dome becomes unusually cold as a 
result of stronger Ekman upwelling associated 
with the positive wind stress curl anomaly owing 
to anomalously northward migration of the ITCZ. 
It plays an important role on the decay of the 
warm SSTA through entrainment. 



Interannual variation
Wind-Evaporation-SST positive feedback



Interannual variation
Thermal dome negative feedback

✴  An unrealistic air-sea coupled feedback linked with a subsurface doming of the 
thermocline in the northeastern tropical Atlnatic (the Guinea Dome)



Summary

Annual mean

✴  Although both two models have warm SST biases in the eastern tropical Atlantic, CM2.5 
successfully simulates the reasonable rainfall over the Sahel and northern Brazil, while 
CM2.1 shows much less rainfall than that in the observation and CM2.5. 

Seasonal variation

Interannual variation

✴ CM2.5 shows better simulation skill in annual cycle of rainfall over the Sahel and North 
Brazil than that in CM2.1. It may be due to the improved West African Monsoon.

✴ CM2.1 shows anomalously large meridional swings of the ITCZ compared to the 
observation. This bias is also reduced in CM2.5.

✴ CM2.5 shows much better simulation skills for the seasonal phase-locking of the 
interannual variations of the northern tropical Atlantic SST than that in CM2.1. In 
CM2.1, the decay of the interannual SST anomaly is slow and weak compared to that 
in observations and CM2.5. 

✴ Accurate prediction of the Atlantic hurricane activity, 
Sahel and Brazil rainfall in summer. 
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