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ABSTRACT

A two-dimensional (x-z) primitive equation model is used to study the interaction between a deep cold jet
on a sloping bottom and the bottom boundary layer (BBL) of the deep ocean. Two closure schemes are used:
a standard second order turbulence closure (SOTC) scheme (the level 2¥2 model of Mellor and Yamada), and
a new eddy viscosity closure scheme (K-model). The latter is a computationally simple model that produces
very similar eddy viscosity and velocity fields as the more complicated SOTC-model while saving about 20%
of the computational time.

The results of the numerical simulations compare favorably to observations from the base of the North
Atlantic continental rise where the cold jet known as the Cold Filament (CF) is found. The interaction between
the CF and the BBL is found to be dominated by cross-isotherm Ekman flow, resulting in an asymmetry effect
with different dynamics at each one of the fronts associated with the CF. Some of the unusual characteristics
of this region are explained with the aid of the numerical experiments. These are: velocity profiles significantly
different from those obtained by classical Ekman dynamics, unstable BBLs and detachment of bottom layers.
Spatial variations in the characteristics of the BBL which are often neglected in deep-ocean studies are found
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to be significant in this region.

1. Introduction

Pools or ribbons of cold water flowing on the bottom
of the ocean are not uncommon features in the western
North Atlantic (e.g., Armi and D’Asaro 1980; Ebbes-
meyer et al. 1986; Weatherly and Kelley 1982). In this
paper, the dynamics of one such a feature, the Cold
Filament (CF) (Weatherly and Kelley 1982, 1985) is
studied with a numerical model.

In previous analytical studies of cold eddies on a
sloping bottom (e.g., Nof 1983) or cold stream bottom
flow (e.g., Smith 1975), bottom friction was either ne-
glected (the former one) or was taken in a form of a
simple drag law (the latter one). External forcing is
often neglected as well in such studies. However, in
the energetic region discussed here [i.e., in the High
Energetic Bottom Boundary Layer Experiment (HEB-
BLE) area, at ~40°N, 63°W, ~4900 in depth], bot-
tom turbulence and boundary layer dynamics may play
a dominant role. The complicated interaction between
a CF-like feature and the BBL suggests that numerical
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rather than analytical models are preferred to study
this region. On the other hand, numerical models used
to study the deep-ocean BBL are often one-dimensional
(e.g., McLean and Yean 1987; Richards 1982; Weath-
erly and Martin 1978), assuming negligible spatial
variations. However, in the HEBBLE area the near-
bottom layers show significant spatial variations with
frontal structures having horizontal scales of a few in-
ternal Rossby radii of deformation for the CF (Ezer
and Weatherly 1989a).

Notwithstanding the observations of Weatherly and
Kelley (1982, 1985) that suggest that the CF is a rel-
atively stable, robust feature, the study of Griffiths et
al. (1982) could be interpreted to imply that a CF-like
feature would be unstable and would break up. How-
ever, there are some reasons to believe that this infer-
ence may not be appropriate for the CF case. First,
breakup of a jet into a chain of eddies in their study
occurred only when the width of the jet was comparable
to its radius of deformation, while the CF width is more
than eight times its radius of deformation. Second, the
Jets considered by them were essentially frictionless,
while the CF is highly frictional flow.

The simple linear BBL model of Ezer and Weatherly
(1989) indicates the spatial variations of the BBL and
the bottom mixed layer (BML) thicknesses and the
distinction between the two across the CF. Neverthe-
less, nonlinearity in the momentum equations, tem-
perature advection and horizontal diffusion effects may
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