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ABSTRACT

To understand Guif Stream meanders in the South Atlantic Bight, the growth of three-dimensional perturbations
along two-dimensional frontal zones is examined by using linearized primitive equations. The Fourier-Galerkin
method and the orthogonal collocation method are combined to formulate the spectral model. Emphasis is
placed on the effects of cross-frontal topographic slope on the stability of the front, and on the characteristics
of the most unstable modes. Attention is directed to the cross sections upstream and downstream of the Charleston
Bump, which is a topographic feature near 31°N. The major results obtained from this linear study are that 1)
the growth rate of the most unstable mode decreases and the associated phase speed increases after incorporating
cross-front topographic gradients; 2) the most unstable solution found in the region downstream of the Charleston
Bump has a slightly longer wavelength and slower phase speed than those found in the region upstream of

the Bump.

1. Introduction
a. Observed meanders

Finite amplitude wavelike meanders are dominant
mesoscale features of the Gulf Stream in the South
Atlantic Bight (SAB) (Fig. 1). Webster (1961) de-
scribed meanders off Onslow Bay as a type of skewed
wave motion that consists of an intense offshore flow
and a broad, confused onshore flow. In the 1970s and
1980s, several observational projects conducted in the
SAB provide us with a considerable amount of infor-
mation on meanders (Lee and Mayer 1979; Lee et al.
1981; Bane et al. 1981; Brooks and Bane 1983). A
typical meander consists of a southwestward extrusion
of warm Gulf Stream water, with cooler water entrained
between the extrusion and the stream. The cyclonic
circulation within the resulting cold  water dome is
consistent with upwelled isotherms, and the anticy-
clonic circulation within warm filaments is consistent
with the downwelled isotherms. A warm filament
reaches only a few tens of meters deep, while a cold
water dome can reach a depth more than 200 m and
extend shoreward beneath the warm filament. Mean-
ders can develop into so-called “backward breaking”
waves in two days. They occur on the average of once
per week.
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As meanders propagate northeastward in the SAB,
their scales generally increase and their phase speeds
decrease. Filaments off Georgia depicted by Lee et al.
(1981) have offshore scales between 30 and 40 km and
a depth of about 20 m. Their downstream scales range
from 100 to 200 km. Embedded cold cores move
downstream at speeds between 40 and 60 km day ™!
(Lee and Atkinson 1983). Scales become larger in the
region off South Carolina according to AXBT data an-
alyzed by Bane et al. (1981 ). Warm filaments are about
50 km wide in the offshore direction and about 50 m
deep. Downstream scales reach 200-300 km between
Charleston and Cape Hatteras. A decrease in the phase
speed between Charleston and Cape Hatteras was re-
ported by both Legeckis (1979) and Bane et al. (1981).
An average phase speed off Onslow Bay is approxi-
mately 35 km day ™! or less.

Many authors surmise that meanders result from
local barotropic and baroclinic instabilities. The pri-
mary objective of carrying out instability studies is to
find out how much of the observed phenomena can
be explained by linear theory and to answer the fol-
lowing questions: 1) Is the Gulf Stream really unstable?
2) What is the role played by the bottom topography
in producing meanders along the Gulf Stream front?
3) Are the changes of meander scales and propagation
speeds due to changing characteristics of the most un-
stable wave associated with mean conditions at different
cross sections?

b. Theoretical background

The classical linear mechanism of baroclinic insta-
bility considered by Charney (1947) and Eady ( 1949)






