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The Denmark Strait (DS) is one of the major 
pathways for dense water leaving the Arctic 
Mediterranean by  overflowing  the Greenland-
Scotland  Ridge and becoming part of the North 
Atlantic Deep Water. Volume transports of the 
overflow were obtained for almost two decades 
from one or two moorings. It was found that the 
transport is strongly variable from daily to weekly 
timescales. The aim is to understand the 
mechanisms of spatial and temporal variability  of 
the overflow on these scales. 

Fig 2.: Positions of the moorings from the 
2014-15 deployment period: DS22 at -33 km 
from sill, DS21  at -20 km and DS2, DS20, 
DS1 at -10 km, -5 km, 0km, respectively . In 
the background the  downstream velocity 
distribution at the sill of Denmark Strait as 
measured during Poseidon cruise P486 in 
June 2015 is shown. 
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Motivation 

Instruments 

Topographic map of the study area 
showing the pathway for dense water 
(dotted red arrow), the inflowing Atlantic 
water (red arrow) and the mooring site in 
Denmark Strait (DS; orange ).  

In the period from 2014 to 2015, the mooring array used for monitoring the overflow was 
expanded from two to five moorings in order to better resolve  the spatial variability.  

Fig 3: Configuration of the moorings 
deployed in summer 2015 : 
Left panel: The current meter (RCM ) 
at DS22 
Middle panel: The acoustic profiler in 
a bottom frame at DS21 
Right panel: The acoustic  profilers in 
a floatation buoy at DS2, DS20 and 
DS1 

The mean velocity structure at the DS mooring array shows a bottom intensified 
southwestward flowing plume that follows  the topography. Strongest velocities on 
average and variances are found at DS20 and DS2 on the western flank of the passage 
and decreasing east- and westwards.    

The maximum correlation of the  hourly 
bandpass filtered (40h-10d cut-off) along-
stream (v) and cross-stream velocity (u) 
components.  
For  u the correlation  is much more 
pronounced than for v  and  highest between 
neighbouring  moorings decreasing with 
further distance. While the correlation is 
positive for u between all moorings, the v 
component is significantely anticorrelated 
between   DS20 and DS21 and  DS2 and DS22.     
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Stick plots of hourly bandpass filtered 
velocity  cutoff  (40h-10d)  at 400m depth.  
 
 On time scales between 2-10 days the 
flucutations of the overflow velocity is 
dominated by the passage of meso-scale  
vortices associated with a rotation of the 
velocity vectors. 

The spectra of velocity can be decomposed into clockwise and counterclockwise 
components as described in Emery & Thomson (2004) : 
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dominant sense of rotation where,  r>0 means counterclockwise and  r<0  clockwise 
rotation.  

Rotary spectra of  daily averaged  40h low-pass filtered data for 100m above bottom  (upper 
panel). 
Rotary coefficient calculated for frequency bands that show peaks  in the spectra, namely 3-4 
days, 5-6 days and 9-10 days and for 100 m to the bottom with a 50m resolution (lower panel). 
 
The  dominant sense of rotation changes from DS1 to DS22 from predominately 
counterclockwise to clockwise rotation.  On periods  between 3-4 days the rotation is 
counterclockwise for DS1 and DS20. The longer the periods the larger the tendency for 
clockwise rotation. 

Fig. 7: Diagram of maximum correlation  
of hourly bandpass filtered velocity (40-

10d cutoff  at 400m depth between 
indivdual mooring sites. The lower 
triangle across-stream velocity (u), the 
upper triangle along-stream omponent 
(v).  

The  variability is possibly related to the passage 
of  meso-scale eddies - The mean flow through 
the passage can be modified by them depending 
on their size, position and sense of rotation- 
amplifying or reducing the measured flow.  

Positions of the moorings. Four acoustic profilers 
(ADCPs, DS1,DS20,DS2,DS21) and one point current 
meter (RCM; DS22) were deployed between the 
deepest point and 33 km westward onto the 
Greenlandic shelf. In the background the  
downstream velocity distribution at the sill of 
Denmark Strait as measured during Poseidon cruise 
P486 in June 2015 is shown. 

Three 75kHz Long Ranger 
ADCPs were moored 
within an floatation buoy 
(right panel)  and one was 
installed in a bottom 
frame  (middle panel).  

Erroneous velocity profiles from the Long Ranger data were detected and a 
correction scheme as described by Nunes et al. was applied (see their poster). 

The time series of the overflow volume transport.  
It can be decomposed. in its high and low frequently fluctuating constituents. The  
spectrum reveals the energy maximum in a band from 2 -10 days for the high- frequency 
part and  40 to 60 days for the low-frequency part. 

Results 

Conclusion 

From the extended mooring array we were able to describe the temporal and spatial 
variability of the Denmark Strait overflow plume, that is most energectic on timescales 
from days to weeks and from the deepest point of the sill  onto the Greenlandic  shelf .  
Different mechanisms  are assumed to be the source of this variability but their individual 
impact could not yet be indentified. This will be part of the ongoing work. 

In the  temperature time series  events of  about 1 
day duration  with intrusions  of much warmer water 
are observed . These warm events affect mostly the 
three easternmost  moorings. 
 
Sometimes, but not in every case, the velocity time 
series show a reversal of the flow from 
southwestward to northeastward direction at the 
same time of the warm event.  
 
It is not clear wheather this occurs due to the 
westward shift of the Atlantic water front  or by the 
passage of strong eddies  carrying warm water.    

A shifting of the front of the Atlantic inflow and its recirculation or passing topographic 
waves are further possible mechanisms for forcing the observed variability.  
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