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ABSTRACT

Although the sun ‘‘crosses’’ the equator twice a year, the eastern equatorial Pacific has a pronounced annual
cycle, in sea surface temperature and in both components of the surface winds for example. (This is in contrast
to the Indian Ocean and western Pacific where a semiannual oscillation of the zonal wind is the dominant signal
on the equator.) Calculations with a relatively simple coupled ocean—-atmosphere model indicate that the prin-
cipal reason for this phenomenon is the marked asymmetry, relative to the equator, of the time-averaged climatic
conditions in the eastern tropical Pacific. The important asymmetries are in surface winds, oceanic currents, and
sea surface temperature: The time-averaged winds and currents have northward components at the equator and
the warmest waters are north of the equator. Because of those asymmetries, seasonally varying solar radiation
that is strictly antisymmetric relative to the equator can force a response that has a symmetric component. The
amplitude of the resultant annual cycle at the equator depends on interactions between the ocean and atmosphere,
and on positive feedbacks that involve low-level stratus clouds that form over cold surface waters.

1. Introduction

Although the sun ‘‘crosses’’ the equator twice a year,
an annual harmonic is dominant in the sea surface tem-
perature variations of the eastern tropical Pacific and
Atlantic. Figure 1 shows that the phase of this annual
cycle is that of the seasons of the Southern Hemi-
sphere—temperatures are at a maximum toward the
end of the southern summer—and that the temperature
and zonal wind fluctuations are highly correlated on the
equator at 110°W and 30°W. The correlation is negli-
gible at the island Gan (0°, 70°E) in the central Indian
Ocean where a semiannual signal dominates the zonal
wind variations. Figure 2 offers another perspective on
the special character of the seasonal cycle in the eastern
tropical Pacific and Atlantic, and on the contrast be-
tween oceanic and continental variations. It shows con-
ditions close to the extremes of the seasonal cycle. In
October, sea surface temperatures at and to the south
of the equator are low, the intense southeast trades
cross the equator, and the intertropical convergence
zone is farthest north. That is not the case over the
continents where the maximum cloudiness has already
moved southward and is near the equator (because Oc-
tober is close to the equinox). During the subsequent
months, as the sun ‘‘moves’’ farther south, it carries
the continental convective zones with it, but over the
waters of the eastern tropical Pacific and Atlantic the
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ITCZ remains in a northerly position. By April, long
after the southern solstice, the waters south of the equa-
tor have warmed sufficiently for the ITCZ to move to-
ward the equator (Mitchell and Wallace 1992).

There is little difficulty in explaining the annual cy-
cle near the equator if we take a strictly atmospheric
point of view and regard changes in the temperature of
the surfaces below the atmosphere as given. Those tem-
perature changes strongly affect the atmosphere and, in
part, are responsible for the seasonal changes in at-
mospheric conditions. The two following mechanisms
are of particular importance over the eastern tropical
Pacific and Atlantic: 1) pressure gradients in the lower
atmosphere created by the sea surface temperature gra-
dients (Lindzen and Nigam 1987) and 2) movements
of the convective zones that remain over the warmest
waters and onto which the winds converge (Matsuno
1966; Gill 1980). If the warmest waters, and hence the
convective zone onto which the northeast and southeast
trades converge, move back and forth across the equa-
tor as in the western Pacific, then at the equator the
zonal winds will have a semiannual cycle. If, however,
the warmest water is always north of the equator so that
the ITCZ is always north of the equator, as is usually
the case in the eastern Pacific, then the southeast trades
always prevail near the equator. Their intensity fluc-
tuates from intense to weak so that, at the equator, both
components of the wind have an annual cycle. Thus,
the annual fluctuations in sea surface temperatures near
the equator can translate into annual variations in the
winds and other meteorological parameters.

From an oceanic point of view the annual harmonic
in sea surface temperature at the equator is attributable






