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ABSTRACT

A linear theory is proposed that can explain both the period and the westward propagation of the equatorial
annual cycles in the SST and zonal wind. A coupled model linearized about a mean state of the air-sea system
is used. This model allows the surface winds to directly change the SST through surface evaporation and vertical
mixing, in contrast to the formulation of the conventional air-sea coupling models that emphasize the effects
of winds on ocean dynamics. It is demonstrated that the characteristics of the equatorial seasonal cycle, including
its period, phase, and amplitude, are determined to a large extent by the mean state of the air-sea coupling
system. The meridional wind, which is specified here, is the most important forcing for the annual cycle in SST,
suggesting that the equatorial annual cycle is the response to an annual solar forcing in the off-equatorial regions.

1. Imtroduction

In most of the world oceans the annual cycle in sea
surface temperature (SST) is directly forced and readily
" explained by that in the solar radiation. An exception
occurs on the equator, where the solar radiation is
dominated by a semiannual cycle. Nevertheless, a pro-
nounced SST annual cycle is observed at the equator
in the Atlantic, eastern, and central Pacific, whose
phase propagates westward from the eastern coasts
(Horel 1982). The lack of an annual cycle in solar ra-
diation and its phase variation in the zonal direction
suggests that this equatorial annual cycle in SST is a
product of ocean-atmosphere interactions.

Although both the annual and El Nifio/Southern
Oscillation (ENSO) cycles involve the development
and decay of the equatorial cold tongue, there is an
apparent difference in their thermodynamics. Figure
1 shows the time~-depth section of ocean temperature
obtained from a TOGA-TAO mooring at the equator
and 110°W. The 1986-87 El Nifio is associated with
a significant deepening of thermocline. The change
in the thermocline depth has been demonstrated to
be the primary cause of the SST variation on the
ENSO timescale (Philander and Seigel 1985). Al-
though the SST annual cycle has a comparable am-
plitude with the ENSO cycle, the thermocline depth
changes little in regular seasonal cycles of 1984 and
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1985, compared to the large change during a period
from 1986 to 1987. The annual signal in temperature
is confined to the top 40 m of water (see also Fig. 8a
of McPhaden and Taft 1988). In the boreal spring,
the surface water starts warming up and stratifying.
In the boreal fall, on the other hand, it cools down
and a mixed layer develops. This stratification and
destratification of the upper 40-m water column sug-
gests that there is a large change in the strength of
vertical mixing in the upper ocean on the seasonal
timescale.

This study explores this vertical mixing mechanism
for the SST annual cycle using a simple coupled ocean-
atmosphere model. We consider a simple setting in which
the solar radiation is the external forcing with a finite
semiannual and a zero annual cycle at the equator. The
model is linearized about a mean state of the air-sea
coupling system. We will argue that the northerly position
of the intertropical convergence zone (ITCZ) is a key to
setting the pericd of the seasonal cycle. The maintenance
of the northerly ITCZ is studied and reported in separate
papers (Xie 1994; Xie and Philander 1994). The dynamic
response of the ocean to the seasonally varying surface
winds associated with the ITCZ and its thermodynamic
consequences have been discussed by Philander and Pa-
canowski (1981) in an ocean-only model and by Mitchell
and Wallace (1992) in an observational study. The same
wind variation could have a direct effect on the mixed-
layer temperature since it changes the turbulence kinetic
energy flux and evaporation at the ocean surface, as re-
vealed in limited turbulence measurements in the eastern
equatorial Pacific (Herbert et al. 1991; Gregg et al. 1985).
These diabatic effects will be emphasized in our model.






