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ABSTRACT

During El Nifio Southern Oscillation events modest anomalies amplify spatially and temporally until the
entire tropical Pacific Ocean and the global atmospheric circulation are affected. Unstable interactions between
the ocean and atmosphere could cause this amplification when the release of latent heat by the ocean affects
the atmosphere.in such a manner that the altered surface winds induce the further release of latent heat.
Coupled shallow water models are used to simulate this instability which is modulated by the seasonal movements
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of the atmospheric convergence zones.

1. Imtroduction

The term El Nifio refers to the interannual ap-
pearance of unusual oceanographic conditions—ex-
ceptionally high sea-surface temperatures, for exam-
ple,—in the tropical Pacific. The term Southern Os-
cillation refers to interannual changes in the
atmospheric pressure gradient across the tropical Pa-
cific and, more generally, to other associated meteo-
rological changes such as variations in the intensity of
the trade winds. Bjerknes (1966) pointed out that El
Nifio and Southern Oscillation events coincide and
that they are two aspects of the same phenomenon
(ENSO). He suggested that the events are caused by
interactions between the ocean and atmosphere. This
idea has been dormant for nearly twenty years. During
that time there has been enormous progress in our
understanding of the response of the tropical oceans
to specified changes in the surface winds, and in our
understanding of the response of the atmosphere to
heat sources in the tropics. The purpose of this paper
is to reexamine the interactions between the tropical
oceans and atmosphere in the light of these results and
to propose that ENSO is indeed caused by interactions
between the tropical Pacific Ocean and atmosphere.

During El Nifio Southern Oscillation (ENSO) events,
anomalous conditions in the ocean and atmosphere
amplify simultaneously, In 1982 for example, modest
anomalies that first appeared in the western tropical
Pacific Ocean in May grew spatially and temporally
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until they reached a maximum amplitude in October
(see Fig. 1). By that time intense westerly winds had
penetrated into the central tropical Pacific Ocean, and
sea surface temperatures in the central and eastern
tropical Pacific were exceptionally high (Halpern et
al., 1983; Rasmusson and Wallace, 1983; Cane, 1983;
Philander, 1983a,b). During the more common ENSO
events, those of 1972 and 1976 for example, precursors
with a modest amplitude appear in the western and
eastern tropical Pacific in February and March. Six
months later the anomalies have grown considerably,
in amplitude and in areal extent so that the entire
tropical Pacific is affected (Rasmussen and Carpenter,
1982). This simultaneous growth of anomalous con-
ditions in the ocean and atmosphere suggests that air-
sea interactions are of central importance in the answer
to the key question, namely, What causes modest initial
anomalies to amplify spatially and temporally during
ENSO events?

Most studies of ENSO address two different gues-
tions: What is the response of the ocean to the changes
in surface winds observed during ENSO? What is the
response of the atmosphere to the high sea surface
temperatures observed during ENSO? Though answers
to these questions do not explain why ENSO occurs,
they greatly enhance our undersianding of these events.
The oceanographic studies (Wyrtki, 1975; Hurlburt ez
al., 1976, McCreary, 1976; Philander, 1981), reveal
that the weakening of the trade winds during ENSQO
causes a horizontal redistribution of heat in the upper






