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ABSTRACT

A time-dependent, three-dimensional primitive-equation model is used here to study meanders that develop
upstream of a western boundary current along a continental slope blocked by a diabathic topographic featqre.
It is found that episodic, large-amplitude meanders and shelfard intrusions occur at upstream distances, which
coincide approximately with the topographic standing wavelength. In addition to its potential applications to
other problems of front-topography interaction, the phenomenon may be relevant to branching and eddy
intrusions of the Kuroshio southwest of Kyushu, Japan, and to the initiation and amplification of Gulf Stream
meanders upstream of the “Charleston Bump,” a topographic hump on the continental stope of the U.S. South

Atlantic Bight.

1. Introduction

Observations indicate that the Gulf Stream (GS)
along the continental slope of the South Atlantic Bight
(SAB; see, e.g., Bane 1983) and the Kuroshio (KU)
along the East China Sea (ECS; Sugimoto et al. 1988)
continental slope develop instabilities and meanders.
Numerical models (Orlanski and Cox 1973; Chao and
Kao 1987; Oey 1988) suggest that the instabilities are
baroclinic. While models with no bottom slope (e.g.,
Oey 1988) give realistic-looking meanders, inclusion
of a continental slope gives less intense, small-ampli-
tude meanders (Orlanski and Cox 1973). One objective
of the present study is to investigate, through modeling,
how topographic irregularities can induce finite-am-
plitude meanders more in accord with observations.
There may be other mechanisms that can conceivably
trigger meanders—transport variations by winds, for
example. Topographic perturbations are, to us, more
primitive and should be addressed. Specifically, we
study the effects of deflection and blocking on a western
boundary current (WBC) by a topographic feature on
the continental slope. Two examples are: deflection of
the Gulf Stream by the Charleston Bump in the South
Atlantic Bight and blocking of the Kuroshio along the
East China Sea continental slope by the island of Kyu-
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shu, Japan (Fig. 1). The latter is studied in this paper,
because it is also a limiting case of a seamount that
rises above the sea surface. The blocking of the front
by a seamount or “bump” involves somewhat different
dynamics and will be discussed in a later paper.

The Kuroshio flows along the ECS continental
slope /shelfbreak from north of Taiwan (25°N, 122°E)
to about 300 km southwest of the island of Kyushu,
Japan (29°N, 127°E), where it deflects eastward (Fig.
1). The deflection is due in part to diverging bottom
topography, which in a region extending southwestward
for about 300 km from Kyushu shows bottom shoaling
with depths of less than 1000 m. We will henceforth
refer to this bottom feature as the Kyushu shoal. How-
ever, observations suggest that not all of the Kuroshio
water is deflected seaward. Part of the Kuroshio water
branches shelfward to become the Tsushima Current
and the Yellow Sea Warm Current (Nitani 1972; Guan
1983), as we schematically show in Fig. 1.

The schematic in Fig. 1 tends to give the impression
that shelfward branching of the Kuroshio is continuous.
Recent studies suggest, however, that the branching is
made up of cumulative intrusions, across the shelf-
break, of eddies from the Kuroshio (Huh 1982; Ichiye
1984; Muneyama et al. 1984). Huh’s satellite images
show that warm eddies, which presumably are shed
from the Kuroshio, are often present southwest of
Kyushu. Similar eddies are also seen in the images pre-
sented by Muneyama et al., who further supported their
findings with hydrographic and current meter mea-
surements.,

While the present research is motivated by these
specific observations, we raise the following questions
of relevance to the studies of WBC/shelf interactive
dynamics in general. (i) Since topographic Rossby






