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Introduction

Temporal variability of overflow hydrography from moorings

AUV based hydrography and turbulence measurements

The Denmark Strait overflow contributes roughly half (∼3.4 Sv) of the total volume transport

The temporal variability of the water properties in the bottom layer is dominated by

An AUV equipped with a CTD and a microstructure sensor was used to

of the Nordic overflows. The overflows double their volume by entraining ambient water as

alternated warming and cooling, with pulses of overflow water renewing the plume in

reveal small spatial-scale changes of hydrographic properties and

they descend into the subpolar North Atlantic, and together with Labrador Sea Water feed

time scales of 1.5-2 days, associated with the propagation of mesoscale eddies. These

turbulence within the shear zone above the DSOW plume. Figure 4

the deep branch of the AMOC. The variability of the overflows is thus expected to reflect on

pulses are accompanied by higher frequency variability, with time scales of a few

reveals a large spread in the T/S properties and density during an AUV

the properties and strength of the AMOC. Beyond 200 km from the sill, entrainment into the

minutes, probably related to breaking internal waves or Kelvin-Helmholtz instabilities.

dive along the continental slope (at 100 m above the sea floor). The

Denmark Strait overflow is dominated by mesoscale eddies. In the region of strongest

changes go along with an increase in the along-slope flow speed from

entrainment, between 100 km and and 200 km downstream of the sill, smaller scale

0.5 to 1.0 m/s during the dive (Fig. 5, top panel), possibly indicating the

processes (e.g. internal wave breaking, Kelvin-Helmholtz instabilities) are thought to

passage of an eddy. The dissipation exhibits large values during the

dominate the mixing1. However, this small scale mixing and its contribution to overall

second half of the dive, reaching 10-6 W/kg, when the flow speed is

variability of the overflow is still poorly understood. Here we present preliminary results from

high, and a transition from fresh to saline waters takes place.

a 2-month experiment carried out in the region of strong entrainment, combining
measurements from CTD, moored instruments and microstructure probes mounted on a
free-falling profiler and an Autonomous Underwater Vehicle (AUV), with the latter used for
horizontal profiling of dissipation and hydrography.
Figure 2: Hovmöller
diagram of the bottom
layer temperature at
the centre of the
mooring array: whole
deployment
(above)
and 3-day zoom (left).

The experiment
A mooring array equipped with current meters, current profilers and T/S sensors was
deployed in the summer of 2012. The array was designed to provide high resolution of the
spatial and temporal variability of currents and hydrographic properties. During the
deployment of the moorings, an extensive hydrographic survey of the region was made, with
nearly 100 CTD/LADCP profiles measured. Several of these profiles were complemented by
microstructure measurements of the turbulent bottom layer, using a microstructure sonde

Turbulence and dissipation rates from MSS profiles

(MSS) lowered with the CTD frame and deployed at a chosen depth using the rosette.

To examine processes controlling the entrainment of ambient water into the overflow plume,

Horizontal profiling of the local microstructure was also done, using probes mounted on an

measurements of turbulent dissipation rate were carried out by a quasi free-falling, loosely

AUV. The high frequency variability of the plume was investigated by means of several yo-yo

tethered MSS. Using the measured vertical profiles of dissipation, the entrainment rate as

CTD profiles. The moorings were recovered after two months in the water.

well as bottom and interfacial stresses were estimated. These estimates are much smaller
than bulk estimates of entrainment calculated from the downstream change of the mean

Greenland
Iceland

Figure 1: Topography of the region where the
hydrographic and microstructure survey was carried out;
the approximate path of the overflow is indicated by the
red line. The image below shows the mooring positions,
CTD stations and AUV tracks.

Figure
4:
Θ/S
relationship
on
a
depth
contour-following track along the Greenland
continental slope (see inset) in the shear zone above
the DSOW plume. The small circles represent
AUV-based measurements at 1350 m depth (roughly
100 m above the sea floor), with the color indicating
the distance from the track’s starting point.

Figure 5: Upper panel: The blue and green lines show
the AUV’s speed through water and above the
ground, respectively. The black line represents the
along-slope (westward) flow speed. The blue and red
lines in the lower panel show dissipation of turbulent
kinetic energy as inferred separately from two shear
probes mounted on the AUV. The dashed black line
represents an estimate of the noise level.

Conclusions

properties in the plume, suggesting the lateral stirring due to mesoscale eddies rather than
diapycnal mixing to be the main contributor to entrainment. In the interfacial layer, the

We carried out an investigation of entrainment of ambient waters in the Denmark Strait

overturning scale extracted from conventional CTD data (the Thorpe scale) was found to be

Overflow in the region of strongest, turbulent mixing. The hydrography of the plume shows

proportional to the Ozmidov scale calculated from turbulence dissipation rate and buoyancy

variability dominated by the propagation of mesoscale eddies, with smaller scale processes

frequency, with the proportionality constant of 1.1±0.7 and the correlation of 0.77. (Further

adding higher frequency modulation on time scales of 10-30 minutes. Dissipation rates were

details on the MSS measurements can be found in poster EGU2013-8124, Session AS2.2.)

estimated from both vertical and horizontal microstructure profiling, with values as large as
10-6 W/kg.
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Figure 3: Microstructure profile of the overflow plume.
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