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ABSTRACT

Although the distribution of sunshine is symmetrical about the equator, the earth’s climate is not. Climatic
asymmeltries are prominent in the eastern tropical Pacific and Atlantic Oceans where the regions of maximum
sea surface temperature, convective cloud cover, and rainfall are north of the equator. This is the result of two
sets of factors: interactions between the ocean and atmosphere that are capable of converting symmetry into
asymmetry, and the geometries of the continents that determine in which longitudes the interactions are effective
and in which hemisphere the warmest waters and the intertropical convergence zone are located. The ocean—
atmosphere interactions are most effective where the thermocline is shallow because the winds can readily affect
sea surface temperatures in such regions. The thermocline happens to shoal in the eastern equatorial Pacific and
Atlantic, but not in the eastern Indian Ocean, because easterly trade winds prevail over the tropical Atlantic and
Pacific whereas monsoons, with a far larger meridional component, are dominant over the Indian Ocean. That
is how the global distribution of the continents, by determining the large-scale wind patterns, causes climatic
asymmetries to be prominent in some bands of longitude but not others. The explanation for asymmetries that
favor the Northern rather than Southern Hemisphere with the warmest waters and the ITCZ involves the details
of the local coastal geometries: the bulge of western Africa to the north of the Gulf of Guinea and the slope of
the western coast of the Americas relative to meridians. Low-level stratus clouds over cold waters are crucial to

the maintenance of the asymmetries.

1. Introduction

Although the time-averaged solar radiation has a
maximum precisely at the equator, the earth’s climate
has asymmetries relative to the equator that are most
pronounced in the eastern tropical Pacific and Atlantic
Oceans. Figure 1 shows that in those regions the inter-
tropical convergence zone, where cloudiness of con-
vective origin and rainfall have maxima, is several hun-
dred kilometers north of the equator. The surface winds
converge onto the ITCZ so that both zonal and merid-
ional components of the winds have asymmetries. The
ITCZ is located over the warmest surface waters that
are associated with an eastward oceanic current, the
North Equatorial Countercurrent, that has no counter-
part south of the equator (Philander 1990). These cli-
matic asymmetries must be a consequence of the asym-
metries of the continents relative to the equator. But
which aspects of the continental geometries favor
asymmetries in some longitudes rather than others, and
why is the Northern rather than Southern Hemisphere
favored with the warmest surface waters and the heav-
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iest rainfall? The answer to these riddles is composed
of two parts: The first involves physical instabilities and
feedbacks that amplify an initial perturbation to a sym-
metric state so that that state becomes asymmetric. This
part of the argument favors neither hemispheres; the
instabilities can cause the ITCZ to be either north or
south of the equator. The second part of the argument
involves specific aspects of the continents that deter-
mine why the instabilities and feedbacks are effective
in some regions and not others and why they keep the
ITCZ north rather than south of the equator. The results
in this paper demonstrate how both the global distri-
bution of the continents and the details of local coastal
geometries in certain tropical regions influence the cli-
matic asymmetries.

Previous steady-state studies of the location of the
ITCZ assumed axisymmetry. Pike (1971) showed that
cold surface waters at the equator, associated with oce-
anic upwelling, prevents the ITCZ from being located
there. Charney (1971) and Waliser and Somerville
(1994) argue that the off-equatorial position of the
ITCZ depends on a positive feedback between atmo-
spheric heating associated with moist deep convection
and boundary-layer convergence of moisture that feeds
the convection and is also intensified by the convection.
This feedback, which is most effective in the band of
latitudes from 4° to 12°, displaces the ITCZ from the






