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ABSTRACT 

The intertropical convergence zone (ITCZ) stays in the northern hemisphere over the Atlantic 
and eastern Pacific, even though the annual mean position of the sun is on the equator. To study 
some processes that contribute to this asymmetry about the equator, we use a two-dimensional 
model which neglects zonal variations and consists of an ocean model with a mixed layer 
coupled to a simple atmospheric model. In this coupled model, the atmosphere not only trans
ports momentum into the ocean, but also directly affects sea surface temperature by means of 
wind stirring and surface latent heat flux. Under equatorially symmetric conditions, the model 
has, in addition to an equatorially symmetric solution, two asymmetric solutions with a single 
ITCZ that forms in only one hemisphere. Strong equatorial upwelling is essential for the 
asymmetry. Local oceanic turbulent processes involving vertical mixing and surface latent heat 
flux, which are dependent on wind speed, also contribute to the asymmetry. 

1. Introduction 

Solar radiation is the ultimate source of 
energy for motion in the atmosphere and oceans. 
The intertropical convergence zone (ITCZ), the 
ascending branch of the atmospheric Hadley cell in 
which a huge amount of latent heat is released, 
follows the seasonal migration of the sun in the 
zonal-mean sense. In the Atlantic and eastern 
Pacific sectors, however, it resides in the northern 
hemisphere throughout the year (Kornfield et al., 
1967; Hubert et al., 1969; Mitchell and Wallace, 
1992). The north-south asymmetry in the atmo
spheric circulation is associated with a corre
sponding one in the ocean: a zonally-oriented 
band of high sea surface temperature (SST) is 
collocated with the ITCZ to the north of the 
equator, while low SST is found at the same 
latitude in the southern hemisphere. In the boreal 
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spring when the eastern equatorial Pacific warms 
up, two ITCZs are sometimes observed simul
taneously in both hemispheres. 

The reasons for the asymmetric climatic condi
tions in the eastern tropical Pacific and Atlantic 
seem related to geographic asymmetries, in the 
distribution of continents and in the orienta
tion of coast lines for example. The purpose of 
the paper is not to explore such factors but to 
explore whether, in a world that has continental 
geometries perfectly symmetric about the equator, 
the ocean-atmospheric response to symmetric 
solar forcing can be asymmetric. Pike ( 1971) first 
investigated such a possibility and showed that a 
single ITCZ in one hemisphere is possible even 
when the SST is symmetric about the equator and 
has two off-equatorial maxima. 

The focus of this paper is on the role of oceanic 
mixing process and surface evaporation in estab
lishing asymmetries relative to the equator. In the 
eastern tropical Pacific, where the thermocline is 
shallow, wind-induced upwelling readily affects 
the sea surface temperature. This, however, can 
only happen in the presence of mixing processes 
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