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ABSTRACT

An oceanic GCM is used to investigate the response of the tropical and subtropical thermocline circulation
and structure to different wind stress patterns. Although the subtropical winds do not affect the transport or the
speed of the Equatorial Undercurrent significantly, they do change the equatorial temperature field in the lower
part of the equatorial thermocline significantly. A weaker subtropical wind curl causes a cooling of the subsurface
equatorial region and, hence, an intensification of the equatorial thermocline. A weakening of the subtropical
wind curl by a factor of 2 cools the equatorial lower thermocline water by 2°C.

1. Introduction

Observations give clear evidence of an exchange of
mass between the subtropical and the equatorial oceans
(Tsuchiya 1981; Tsuchiya et al. 1989; Fine et al. 1981;
Fine 1987; Toggweiler et al. 1989). Recent numerical
and theoretical analyses confirm the close connection
between the subtropical and the equatorial thermocline
circulation (McCreary and Yu 1992; McCreary and
Lu 1994; Liu et al. 1994; Liu 1994). For example, in
a GCM study, Liu et al. (1994) found that about 2/3
of the water of the Equatorial Undercurrent (EUC) in
the western part of a basin comes from the eastern part
of the subtropical gyre. Liu (1994) uses a simple ven-
tilated thermocline model to examine the physical
mechanisms that determine the water exchange be-
tween the Tropics and subtropics. One purpose of this
paper is to test Liu’s (1994 ) results with GCM exper-
iments. In addition, we investigate the response of the
tropical circulation and temperature field to subtropical
winds.

First, we investigate to what extent changes in the
subtropical winds affect the EUC. Liu (1994) finds
that the equatorward mass flux is mainly determined
by the tropical easterly wind at the southern boundary
of the subtropical gyre rather than by the winds over
the subtropical gyre. A stronger subtropical wind curl
only produces an enhanced recirculation within the
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subtropical gyre. Hence, one may speculate that the
EUC transport will not be changed by the subtropical
wind significantly. This inference needs to be con-
firmed.

Next, we turn to the equatorial thermocline struc-
ture. The insensitivity of the EUC to subtropical winds
could lead one to conclude that the equatorial tem-
perature field is not affected by the subtropical wind
either. Our calculations indicate otherwise: the sub-
tropical wind does change the tropical temperature field
significantly.

This paper is arranged as follows. The model and
the experiments will be introduced in section 2. In sec-
tion 3, we discuss the connection between the tropical
and subtropical circulation from integrated transport
fields. Section 4 focuses on the response of the equa-
torial circulation, particularly the EUC, to various
subtropical and tropical wind forcing. Section 5 reports
the response of equatorial thermocline to various wind
forcing. A summary and further discussion are given
in section 6. Some details about the spinup process of
the subtropical-tropical temperature field will also be
given in the appendix.

2. The model and the experiments
a. The model

The finite differencing is the same as Bryan (1969)
as implemented in the GFDL MOM 1.0 code (Paca-
nowski et al. 1991). The domain is an idealized rec-
tangular basin from 40°S to 40°N in latitude and from
0° to 60° in longitude, with a flat bottom at 3000 m.
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