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ABSTRACT

The author considers two oceanic basins separated by a meridional wall. The wall contains a gap that is
initially blocked by a gate; westward winds are allowed to blow over the two-layered oceans creating western
boundary currents and a sea level difference between the basins. The conceptual gate is then removed and the
resulting nonlinear flow is computed.

The analytical calculations are based on a simple wind-driven general circulation model and a nonlinear
integrated momentum constraint. Two classes of nonlinear solutions are constructed. One corresponds to a
situation where the flow through the gap originates from the right-hand side (looking upstream) of the inner
Pacific basin and the other to a situation where the flow originates from the left-hand side. It is suggested that
the actual Indonesian Throughflow is composed of both of these classes of flows; that is, the throughflow
corresponds to an exchange via two adjacent gaps.

Computations suggest that approximately 6 Sv (Sv = 10 m? s™') enter the passages from the North Pacific
and ! Sv from the South Pacific giving a total of 7 Sv. This may resolve the apparent difficulty associated with
existing linear theories (and nonlinear theories that neglect western boundary currents), which predict that

without strong turbulent diffusion only South Pacific water can enter the passages.

1. Introduction

The exchange of water between oceans is an inter-
esting oceanographic problem. Of particular impor-
tance is the exchange between the Pacific and the Indian
Oceans (via the Indonesian passages) because of its
potentially unique relationship to El Nifio and the
“Great Global Conveyor.” In this article the question
of how much water flows through the Indonesian pas-
sages and the origin of these waters will be addressed
theoretically using nonlinear dynamics. The Indone-
sian passages are too broad to be influenced by the so-
called “hydraulic control” and yet too narrow to allow
free flow through them. They “choke” the flow ! in the
sense that only a fraction of a typical western boundary
current transport can enter them. Namely, they allow
a transport that is much smaller than the 50 Sv (Sv
= 10% m?s™') or so that would have been present in
the region had the Indonesian Archipelago been com-
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! Note that the term “choked flow” is used here in a manner that
is somewhat different from that used in smaller-scale flows where a
choking effect is typically associated with a constriction that causes
the water speed to be so high that surface gravity waves cannot prop-
agate against it.
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pletely open water. This is so because, under such con-
ditions, the Indian and the Pacific Oceans would have
been a single ocean with Australia an island away from
all continents.

Traditionally, most oceanic processes have been
taken to be either linear or very close to linear. Fur-
thermore, traditionally, nonlinearity has been viewed
as a process that plays a secondary role. We shall see
that, in contrast to this traditional viewpoint, where
exchange processes are concerned, nonlinearity is of
extreme importance.

a. Observational background
1) TRANSPORT

Until recently, estimates of the average volume
transport through the Indonesian passages were in-
ferred from indirect measurements such as box models
or inverse methods (Wyrtki 1961; Piola and Gordon
1984; Fine 1985; Fu 1986). These estimates range from
1.7 to 14 Sv. Using the Levitus annual mean data,
Godfrey (1989) estimated the transport to be about 12
Sv. The first direct measurements were made by Mur-
ray and Arief (1988) who examined the flow through
the Lombok Strait that constitutes only a part of the
total Indonesian Throughflow. They found that, on
the average, 2 Sv flowed through the strait. More re-
cently, Meyers et al. (1994) used XBT profiles over a
period of six years to show that the average transport
of the upper 400 m is roughly 11 Sv. Fieux et al. (1994)
and Cresswell et al. (1993 ) measured similar transports.
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