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ABSTRACT

Data from a CTD station and three expendable current profiler drops at the center of the sill of the Faroe
Bank Channel are used to examine the structure of the northwestward outflow of cold, relatively fresh, dense
water from the Norwegian Sea into the Atlantic Ocean. A bottom boundary layer is present and exerts a bottom
stress estimated at 3.5 Pa using observations in the log-layer. The shear at the interface between the outflow
water and the water above is sufficiently strong to overcome the stratification and generate shear instabilities.
The large stress at the bottom boundary creates an Ekman layer and thus a secondary cross-channel flow to the
southwest there. A flow of similar magnitude but to the northeast is found in the high shear region at the
interface. Hence, these data suggest a spiral velocity pattern in the outflow, created by the Ekman flow in the
bottom boundary layer and cross-channel flow at the interface. This proposed circulation scheme explains the
pinching of the density field observed at the southwest channel wall in CTD sections across the channel.

1. Introduction

Investigators in the 1960s discovered a northwest-
ward outflow of cold, relatively fresh, dense water from
the Norwegian Sea into the North Atlantic through the
Faroe Bank Channel. An excellent review of early work
is given by Borenis and Lundberg (1988). Their anal-
ysis of a CTD (conductivity-temperature-depth ) and
“Pisa”-type current meter survey of the region resulted
in an estimated 1.5 X 10% m?s™! of outflow colder
than 3°C during May 1983. Hydraulic control theory
was applied to predict the transport of the outflow.

Analysis of data from combined CTD and ADCP
(acoustic Doppler current profiler) surveys in spring
1987 and spring 1988 and a current meter array de-
ployed during the intervening year resulted in an es-
timate of 1.9 X 10® m® s~ for the outflow colder than
3°C(Saunders 1990). The current meter data indicated
that the outflow was fairly steady. The velocities and
temperatures measured by the array were used to cal-
culate a time series of gradient Richardson numbers
(R1i) over a 200-m interval. These estimates were low
enough at times to suggest shear instabilities as a pos-
sible mixing mechanism at the interface between the
inflowing and outflowing water. Water mass properties
were shown to change significantly along the channel,
arguably owing to this mixing.

Data from three expendable current profiler (XCP)
drops and a CTD station in the center of the sill of the
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Faroe Bank Channel (Fig. 1) are used to describe pre-
viously undocumented features of the circulation in
the channel. First we use these data to describe the
bottom boundary layer (BBL) of the outflow and to
estimate the bottom stress. Then we estimate values of
Ri in the channel, which suggest that mixing owing to
shear instabilities at the interface between the outflow
and the warmer water above may be significant. Finally,
we discuss the mean structure of the velocity and the
density and how it is related to these secondary aspects
of the circulation.

2. The data

Three XCPs (Sanford et al. 1982), numbers 738,
742, and 746, were dropped from the USNS Kane dur-
ing cruise 270581 at the center of the sill of the Faroe
Bank Channel (61.43°N, 8.34°W) at 4-hour intervals
on 24 May 1981, just after CTD station 135161 had
been occupied in the same location (Fig. 1). The probes
reached the bottom at depths of 816 m, 828 m, and
821 m, respectively. The maximum CTD station pres-
sure was 836 dbar. The temperature and velocity pro-
files for all three probes were similar, showing a cold
outflow moving northwestward below a warm inflow
moving southeastward, as expected.

A third-order polynomial is fit for density anomaly
(0,) against temperature using the {-dbar CTD station
data. The relation is similar to that documented in
recent investigations (Borends and Lundberg 1988;
Saunders 1990). The standard deviation of the o, values
from the fit and o, values from the CTD is 0.007
kg m™3. This polynomial is applied to the temperature






