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ABSTRACT

Recent observational studies have suggested that interactions between the atmosphere and the ocean play an
important role in the pronounced annual cycle of the eastern equatorial Pacific and Atlantic Oceans. The key to
this atmosphere—ocean interaction is a positive feedback between the surface winds and the local SST gradients
in the cold tongue/ITCZ complex regions, which leads to an instability in the coupled system. By means of
linear instability analyses and numerical model experiments, such an instability mechanism is explored in a
simple coupled ocean--atmosphere system. The instability analysis yields a family of antisymmetric and sym-
metric unstable SST modes. The antisymmetric mode has the most rapid growth rate. The most unstable anti-
symmetric mode occurs at zero wavenumber and has zero frequency. The symmetric SST mode, although its
growth rate is smaller, has a structure at annual period that appears to resemble the observed westward propa-
gating feature in the annual cycle of near-equatorial zonal wind and SST. Unlike the ENSO type of coupled
unstable modes, the modes of relevance to the seasonal cycle do not involve changes in the thermocline depth.
The growth rates of these modes are linearly proportional to the mean vertical temperature gradient and inversely
proportional to the depth of mean thermocline in the ocean. Because of the shallow thermocline and strong
subsurface thermal gradients in the eastern Pacific and Atlantic Oceans, these coupled unstable modes strongly
influence the seasonal cycles of those regions. On the basis of theoretical analyses and the observational evidence,
it is suggested that the antisymmetric SST mode may be instrumental in rapidly reestablishing the cold tongues
in the eastern Pacific and Atlantic Oceans during the Northern Hemisphere summer, whereas the symmetric SST
mode contributes to the westward propagating feature in the annual cycle of near-equatorial zonal winds
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and SST.

1. Introduction

The seasonal cycle, the forced response of the earth’s
climate to the periodic change in the solar radiation,
involves complex interactions between the atmosphere,
ocean, and the land surfaces. These interactions mani-
fest themselves in the distinctive character of the sea-
sonal cycle in different parts of the globe. For example,
in the Tropics, climate conditions have striking asym-
metries relative to the equator in the Atlantic and east-
emn Pacific but are essentially symmetrical about the
equator elsewhere. These asymmetries characterize
time-mean conditions and also the seasonal cycle. Their
distinguishing features include sea surface temperature
maxima to the north of the equator, atmospheric con-
vective. zones over the warmest water to the north of
the equator, southerly winds that cross the equator in
the Northern Hemisphere, and an eastward oceanic cur-
rent, the North Equatorial Countercurrent, that has no
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counterpart south of the equator in the eastern tropical
Pacific and Atlantic. Both oceanic and the atmospheric
aspects of these asymmetries have been explained as
the response of the ocean to the winds and as the re-
sponse of the atmosphere to sea surface temperature
patterns, respectively. Such an approach, however,
begs half the answer because the asymmetries should
be explained as the response of the coupled ocean—
atmosphere—land system to the solar radiation that the
earth absorbs. This paper explores how interactions be-
tween the ocean and atmosphere contribute to the
asymmetries in the equatorial eastern Pacific and At-
lantic.

The importance of ocean—atmosphere interactions in
the annual cycle of the eastern Pacific and Atlantic
Oceans has been demonstrated in recent observational
studies (Mitchell and Wallace 1992; Wang 1994).
These studies have unambiguously shown that the an-
nual variations of the sea surface temperature (SST) in
these regions are highly correlated with fluctuations in
the local winds, both zonal component and meridional
components. In particular, Mitchell and Wallace
(1992) found that the increase in northward wind stress






