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Rigid topographic control of currents in the Nordic Seas
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[1] Neutrally buoyant floats, deployed across the northern
slope of the Iceland-Faroe Ridge at 800m depth, reveal tight
topographic control of their movement: a cluster of 22 floats
drifts southeast to the Faroe-Shetland Channel where it
bifurcates such that floats deployed over the upper slope
turn south and eventually exit the Norwegian Sea through
the Faroe Bank Channel, and floats over the deeper slope
turn north in the Norwegian Sea. A subset of the latter group
moves quickly north along the western slope of the Vering
Plateau and divides with most of the floats turning east into
the Lofoten Basin and the remainder circulating
cyclonically around the Norwegian Basin. This study
establishes that i) the Faroe Bank Channel overflow
waters must come from along the slope north of the
Faroes, not the interior of the Norwegian Sea, and ii)
exchange of intermediate waters between basins takes place
along topographically controlled routes. Citation: Sgiland,
H., M. D. Prater, and T. Rossby (2008), Rigid topographic control
of currents in the Nordic Seas, Geophys. Res. Lett., 35, L18607,
doi:10.1029/2008GL034846.

1. Introduction

[2] With hydrographic surveys of the Nordic Seas
stretching back for more than 100 years [Helland-Hansen
and Nansen, 1909] we have long known that warm waters
from the North Atlantic flow north along the eastern margin
of the Nordic Seas while cold waters from the Arctic flow
south along the western margin, i.e., along the East Green-
land coast [Blindheim and Osterhus, 2005]. But how fluid
moves within and between these basins has been difficult to
determine from the distribution of water properties alone, in
part because the temperature-salinity contrasts weaken with
increasing depth, but more fundamentally because observed
water property distributions reflect both advective and
diffusive processes, and there exists no a priori test or
methodology for distinguishing between the two. Deliber-
ate, time-dependent tracers, give valuable information on
expanding domains of occupation, but have only limited
ability to sort out the contributing processes. Our under-
standing of the deep-water circulation is even more frag-
mentary. However, we do know that in the weakly stratified
deep waters the shape of the ocean bottom significantly
constrains fluid motion. Indeed, statistics of currents from
moorings show significant orientation of mean flows and
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polarization of eddy variability along isobaths [e.g., Luyten,
1977], but these tell us little about how spreading actually
occurs at depth. Lagrangian techniques, on the other hand,
trace out fluid trajectories directly [e.g., Bower and Hunt,
2000]. The extent to which float tracks follow bathymetric
contours, whether ‘deterministically’ or ‘statistically’, can
give us considerable insight into the dynamics of bathymetric
control.

[3] To improve our knowledge and understanding of the
circulation in the southern Nordic Seas, a cooperative
program (Bjerknes Centre for Climate Research, Institute
of Marine Research and University of Rhode Island) using
acoustically-tracked subsurface drifting RAFOS floats com-
menced in late September 2004. A major objective of the
study was to examine pathways of spreading in the Nor-
wegian Basin. The hypothesis we wished to test was
whether and how tightly floats would follow topographic
contours as they drifted around the Norwegian Basin on the
one hand, and what happens to floats over contours that are
not closed in that basin. In particular, we find that flow
towards the Faroe-Shetland Channel (FSC) is in fact very
tightly controlled by bathymetry.

2. Methods and Data

[4] The Lagrangian technique used here, acoustically-
tracked RAFOS floats, has been employed in numerous
studies since its first application ~25 years ago. For
example, Prater and Rossby [2005] and Bower and Hunt
[2000] use floats to track Faroe Bank Channel (FBC)
overflow waters in the Iceland Basin and the deep western
boundary current off North America. The technology of
floats and acoustic tracking are described in detail by
Rossby et al. [1986]. The floats used here were ballasted
for isobaric operation (800 m depth). Acoustic navigation
for geolocating the floats was provided by 6 sound sources
deployed around the Norwegian Basin and 2 in the north-
cast Atlantic (Figure 1). The floats were able to hear the
sources at distances of O(500) km or more. Our best
estimate is that the tracks are accurate to 2—3 km. At the
end of their underwater missions, the floats drop their
ballast, return to the surface and telemeter the collected
position, temperature and pressure data to the ARGOS
satellite system. In all 26 RAFOS floats were deployed
(29 September-1 October 2004); 24 reported good data
back, and 22 of these were submerged for 18 months and
surfaced late March 2006. Only the 22 RAFOS floats with
18 month missions are used in this paper. CTD stations
taken during float deployments indicated that the floats
were deployed in Arctic Intermediate Waters (AIW: —0.5
to +0.5°C, 34.87 to 34.90 PSU) [Hansen and Osterhus,
2000, p. 117] north of the baroclinic Iceland-Faroe Front.
Pressure data from the floats just after equilibration suggest
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Figure 1. Displacement vectors of floats deployed north of
the Faroes. The deployment positions (open circles) and
surfacing positions (black circles) for the 22 floats that were
submerged for 18 months. Graphic abbreviations are:
Greenland (Gr), Norwegian Basin (NB), Iceland (Ic),
Iceland-Faroe Ridge (IFR), Faroe Islands (FI), Faroe Bank
Channel (FBC), Faroe-Shetland Channel (FSC), Lofoten
Basin (LB), Vering Plateau (VP), Mohn Ridge (MR), and
Norway (No). Bathymetry shades transition at 200, 500,
1000, 2000, and 3000 m depth. These apply to all figures.
The 8 open boxes indicate sound source positions.

that they settled within a few 10s of meters of the targeted
800 m depth.

3. Results

[s] The RAFOS floats were deployed in the southern
Norwegian Sea at the depth of the AIW (~800 m) over the
northern slope of the Iceland-Faroe Ridge (IFR), a part of
the ridge system that separates the Nordic Seas from the
North Atlantic. Figure 1 shows the displacement vectors for
the 22 floats that were submerged for 18 months. From their
initial deployment consisting of two lines on the northern
slope of the IFR with two additional clusters farther north
over the nearly flat bottom (Figure 2), the floats spread out
over a huge area: 8 left the Nordic Seas and surfaced in the
North Atlantic, the other 14 remained in the Nordic Seas of
which 9 ended their missions in the Norwegian Basin, and
the remaining 5 in the Lofoten Basin. One might from this
large spread suspect considerable eddy activity. In fact,
whether they surface in the North Atlantic or Nordic Seas
was decided almost deterministically by where, exactly,
they were deployed over the IFR.

[6] Figure 2 focuses on the floats’ initial movements after
deployment and reveals how the large-scale separation seen
in Figure 1 is in fact determined on a very local scale: with
one exception floats deployed in waters less than 1750 m
deep (the shallow group, SG) entered the FSC, eventually
exiting through the FBC into the North Atlantic [Hansen
and Osterhus, 2007], whereas floats in waters deeper than
1750 m (the deep group, DG) without fail turned northeast
and moved into the central Norwegian Basin or continued
north along the Scandinavian continental margin. Not a
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single float from the DG turned south into the FSC. The DG
floats heading east-northeast (cyan and blue tracks in
Figure 2) cut across any potential pathway from the Nor-
wegian Basin to the FSC. From these two observations we
conclude that waters that escape into the North Atlantic
must come from along the slope and not from the interior of
the Norwegian Sea. On average, the floats drifted for 3
months along the 300 km between the deployment site and
this bifurcation point at the northeastern corner of the Faroe
Plateau. One SG float turned north and two others drifted
over deeper waters for a while. The eight floats that turned
south into the FSC at first followed approximately the
1600 m isobath, but shortly after exhibit a rather erratic
eddy motion. We return to this in the discussion. The time
spent by the various floats in the channel varied enormously
(2 to 12 months) but as noted all did eventually pass
through the FBC into the northeast Atlantic.

[7] Of the 14 DG floats, 9 eventually end up moving
rapidly north along the western slope of the Vering Plateau
of which 5 turn east along the northern slope into the
Lofoten Basin (Figure 3a). Significantly, all 9 floats con-
verge at 67°N where the topographic slope is steep (from
2000 to 3000 m in ~30 km). We can think of this as a
topographically controlled pathway. The tracks organize
themselves into a very narrow flow centered at the
2500 m isobath (Figure 3b) with an average speed of
~0.12 ms~'. We estimate roughly 6 x 10° m®s~" transport
at depth by assuming the float movements represent the
water column between the underside of the Norwegian
Atlantic Current (at ~500 m depth) and the bottom (2500
m): 0.1 ms™' x 2000 m in the vertical x ~30 km width.
This large transport along the Vering margin is most likely
driven by the positive windstress curl over the region [Nast
and Isachsen, 2003]. A corresponding estimate of flux from
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Figure 2. All float trajectories in the region north of the
Faroe Islands. Red trajectories denote floats that entered
the North Atlantic through the Faroe Shetland Channel and
the Faroe Bank Channel Overflow, while blue and cyan
trajectories denote floats that completed their missions in
Norwegian and Lofoten Basins, respectively. The black line
marks the 1750 m contour, which distinguishes the
deployment depth boundary (with the exception of one
float) between the northerly and southerly trajectories.
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