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ABSTRACT 

In the tropical Pacific Ocean, the cold phase of both interannual and seasonal sea surface tem­
perature variations is characterized by cold waters off the coast of South America and a 
pronounced equatorial tongue of cold surface waters in the eastern Pacific. The warm phase, in 
both cases, is marked by the weakening or complete absence of these features. Despite these 
striking similarities, very different physical processes are dominant on seasonal and interannual 
time scales. Interannually, a horizontal redistribution of warm surface waters, the dynamical 
response of the ocean to changes in the winds, is of primary importance. What matters most 
seasonally are two local processes: seasonal upwelling associated with a divergence of surface 
currents, and the seasonal modulation of mixing processes, by heat fluxes, that control to what 
extent upwelling induced by the mean winds influences sea surface temperatures. These results 
shed light on the different requirements that coupled ocean-atmosphere models should meet if 
they are to reproduce both seasonal and interannual variability. The results also make a case for 
measurements, along a meridian in the eastern tropical Pacific, that focus on the relations 
between sea surface temperature changes, heat flux variations and mixing processes. 

1. Introduction 

The seasonal changes in sea surface temperature 
in the tropical Pacific, shown in Fig. 1, are 
remarkably similar to the interannual changes 
associated with the Southern Oscillation. The cold 
phase of both the seasonal and interannual fluc­
tuations is characterized by low sea surface tem­
peratures off the coast of South America and a 
pronounced equatorial tongue of cold surface 
waters in the eastern Pacific. The warm phase of 
both fluctuations is marked by the weakening or 
complete absence of these cold features. The inter­
annual variations have been studied in great detail 
(see Philander ( 1990) for a review) and are known 
to be determined by the dynamical response of 
the upper ocean to changes in the winds. Given 
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the similarities between the seasonal and inter­
annual sea surface temperature variations it seems 
reasonable to assume that seasonal changes too 
are governed by the dynamical response of the 
ocean to variations in the wind. Some investigators 
suggest that the response to the meridional com­
ponent of the wind is of particular importance 
in the eastern tropical Pacific. Philander and 
Pacanowski (1981) showed that a model forced 
with strictly north-south winds can reproduce a 
realistic sea surface temperature pattern. Mitchell 
and Wallace (1992), on the basis of data analyses, 
also conclude that variations in the meridional 
winds contribute significantly to seasonal sea sur­
face temperature changes. Seager et al. (1988) use 
an oceanic model to argue that, because of the 
sensitivity of the equatorial zone to zonal winds, 
the relatively modest seasonal change in the zonal 
winds has a substantial effect on sea surface tem­
peratures. 

The measurements in Fig. 2, temperature fluc­
tuations on the equator at ll0°W as a function of 
































