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ABSTRACT

Experiments with an oceanic general circulation model indicate that the tropical and subtropical oceanic
circulations are linked in three ways. Far from coasts in the oceanic interior, equatorial surface waters flow
poleward to the southern part of the subtropical gyre, and then are subducted and returned in the thermocline
to the upper part of the core of the Equatorial Undercurrent. There is, in addition, a surface western boundary
current that carries waters from the equatorial region to the northern part of the subtropical gyre. After subduction,
that water reaches the equator by means of a subsurface western boundary current and provides a substantial
part (2/3 approximately) of the initial transport of the Equatorial Undercurrent. The eastward flow in the
Equatorial Undercurrent is part of an intense equatorial cell in which water rises to the surface at the equator,
drifts westward and poleward, then sinks near 3° latitude to flow equatorward where it rejoins the undercurrent.

1. Introduction

Although there have been numerous studies of the
subtropical oceanic circulation [see Rhines (1986) and
Pedlosky (1991) for reviews] and of the oceanic cir-
culation of the upper equatorial oceans [see McCreary
(1985) and Philander (1990) for reviews), little attention
has been paid to the links between the equatorial and
subtropical circulations. Information about these links
is available from hydrographic and direct measure-
ments in the Pacific, which show that a substantial
portion of water in and below the Equatorial Under-
current is supplied from the south by a narrow coastal
western boundary current, which can be traced back
to the extratropics (Tsuchiya et al. 1989). Isopycnal
analysis of salinity and other tracers (Tsuchiya 1981)
indicates that the 13°C mode water below the equa-
torial thermocline of the eastern Pacific can be traced
back to the surface layers near New Zealand.
Toggweiler et al. (1989) point out that the origin of
this water can be traced further to the Circumpolar
Current and to the waters off Peru near the equator.

These observations suggest that the upper equatorial
and the subtropical oceans are connected both in the
oceanic interior and along the western boundary. Ped-
losky (1987) proposed a model in which subducted

Corresponding author address: Zhengyu Liu, Department of At-
mospheric and Oceanic Sciences, 1225 W. Dayton St., University of
Wisconsin—Madison, Madison, W1 53706.

E-mail: znl@ocean.meteor.wisc.edu

© 1994 American Meteorological Society

extratropical surface water reaches the equatorial region
where it joins the Equatorial Undercurrent. McCreary
and Yu (1992) and Liu (1994) obtain similar results
and discuss the physical mechanisms that effect the
latitudinal exchange of mass.

In this paper we continue to investigate the links
between the Tropics and subtropics by means of
oceanic GCM experiments. We pay particular attention
to the three-dimensional structure of the flow and show
that incorrect inferences can be drawn from results for
the streamfunction, a two-dimensional field. The paper
is arranged as follows. Section 2 introduces the model
and the experiments to be performed; section 3 studies
the mass exchange as inferred from the flow and trans-
port fields. In section 4, particle trajectories are used
to further study the three-dimensional structure of the
water exchange. We will trace water that is subducted
in the subtropics to the equatorial region and then turn
to the trajectories of water parcels that flow from the
equatorial region toward the subtropics. In section 5,
we attempt to identify the origin of the Equatorial Un-
dercurrent. Section 6 summarizes the results.

2. The mode! and the experiments

The method of solution for the equations is that of
Bryan (1969) as implemented in the GFDL MOM code
(Pacanowski et al. 1991). The domain is an idealized
rectangular basin from 40°S to 40°N in latitude and
from 0° to 60° in longitude, with a flat bottom at 3000
m. The longitudinal resolution is 1°; the latitudinal
resolution is 1/3° within 6° of the equator and increases






