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Intense tropical rainfall occurs in a narrow belt near the equator, called the inter-tropical 

convergence zone (ITCZ). In the past decade, the atmospheric energy budget has been used to 

explain changes in the zonal-mean ITCZ position. The energetics framework provides a mechanism 

for extratropics-to-tropics teleconnections, which have been postulated from paleoclimate records. 

In atmosphere-only models, the ITCZ shifts toward the warmed hemisphere, regardless of the 

latitudinal position of thermal forcing, in order for the Hadley circulation to transport energy toward 

the colder hemisphere. However, recent studies using fully coupled models show that tropical rainfall 

can be rather insensitive to extratropical forcing when ocean dynamics is included.  

In this study, we proceed to investigate the role of ocean dynamics, which has not yet been identified 

in a systematic manner. We propose to build a hierarchy of ocean models to systematically explore 

the full dynamical response of the coupled climate system. Here, we build gray radiation atmospheric 

model that is coupled to ocean models of different levels of complexity. As a first step, we explore 

the effect of meridional Ekman heat advection while neglecting the upwelling effect on the ITCZ 

response to prescribed extratropical thermal forcing. The tropical component of Ekman advection is 

a negative feedback that partially compensates the prescribed forcing, whereas the extratropical 

component is a positive feedback that amplifies the prescribed forcing. Overall, the tropical negative 

feedback dominates over the extratropical positive feedback. Thus, including Ekman advection 

reduces the need for atmospheric energy transport, thereby dampening the ITCZ response.  

Next, the upwelling effect is included by considering a deep return flow whose temperature is 

diagnosed from the SST. The extratropical positive feedback nearly vanishes because of 

compensating effects of advection by the deep return flow. The subtropical response of Ekman 

suction is a negative feedback that partially compensates the prescribed forcing, whereas the deep 

tropical response of Ekman pumping is a positive feedback that amplifies the prescribed forcing. 

Overall, the subtropical negative feedback dominates over the deep tropical positive feedback. Thus, 

the wind-driven ocean circulation reduces the need for atmospheric energy transport, thereby 

dampening the ITCZ response. 

 

 


