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ABSTRACT

Tropical warm pools appear as the primary mode in the distribution of tropical sea surface temperature
(SST). Most previous studies have focused on the role of atmospheric processes in homogenizing tempera-
tures in the warm pool and establishing the observed statistical SST distribution. In this paper, a hierarchy
of models is used to illustrate both oceanic and atmospheric mechanisms that contribute to the establish-
ment of tropical warm pools. It is found that individual atmospheric processes have competing effects on the
SST distribution: atmospheric heat transport tends to homogenize SST, while the spatial structure of
atmospheric humidity and surface wind speeds tends to remove homogeneity. The latter effects dominate,
and under atmosphere-only processes there is no warm pool. Ocean dynamics counter this effect by
homogenizing SST, and it is argued that ocean dynamics is fundamental to the existence of the warm pool.
Under easterly wind stress, the thermocline is deep in the west and shallow in the east. Because of this,
poleward Ekman transport of water at the surface, compensated by equatorward geostrophic flow below
and linked by equatorial upwelling, creates a cold tongue in the east but homogenizes SST in the west,
creating a warm pool. High clouds may also homogenize the SST by reducing the surface solar radiation
over the warmest water, but the strength of this feedback is quite uncertain. Implications for the role of
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these processes in climate change are discussed.

1. Introduction

One of the most prominent features of the tropical
oceans is the existence of the warm pools, vast areas of
water with relatively homogenous temperatures (Fig.
la). This feature is well illustrated by the frequency
distribution of sea surface temperature (Fig. 1b). There
are two important characteristics of this distribution
that distinguish the warm pool: First, the distribution is
negatively skewed with a peak frequency of SST at
28°C, two degrees below the maximum SST. Second,
over 50% of the area in the Tropics has SSTs in the
range of 28° £ 1°C, indicating a high degree of homo-
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geneity of SST. These features of statistical distribution
of SST are remarkably constant from season to season,
and even from year to year (Sobel et al. 2002). In ad-
dition to being a defining feature of the tropical oceans,
the size and temperature of the warm pool are likely to
be important factors in regulating the mean climate and
in climate change (Pierrehumbert 1995). At present,
there is no theory for what sets these aspects of the
warm pool.

The skewness in the distribution of tropical SSTs has
previously been interpreted to imply that there is some
process that regulates the maximum SST. That is, as the
SST approaches a threshold, it is limited from further
warming by some regulating mechanism, and as a result
there is a clustering of SSTs near that threshold value.
Prior studies have suggested different possible regulat-
ing mechanisms. Ramanathan and Collins (1991) pro-
posed the existence of a “cirrus cloud thermostat”: as






















































