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For transport estimates the thickness of the 
overflow plume is typically derived from the 
depth of maximum velocity shear measured 
with Acoustic  Doppler Current  Profilers 
(ADCP). 
During 2011 to 2014 Pressure Inverted Echo 
Sounders (PIES) were added to the mooring 
sites (Fig. 1). The thickness of the plume of 
overflow water that is usually characterized to 
be denser than σϴ=27.8 kgm-3 can be estimated 
from hydrographic profiles that were obtained 
from travel time measurements of the PIES. 

We are aiming to answer the following questions: 
 

• How well do the  volume  transport estimates  from the  „shear“ and 
the „isopycnal“ approach  agree? 

• What is the variability of hydrographic  variables within the 
watercolumn? 

• How do hydraulic transport estimates compare to observations? 
 
  

The Denmark Strait (DS) and Faroe 
Bank Channel (FBC) are 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.    
 

Fig 2.: Examples of profiles of along-strait 
velocity (left) and potential temperature 
(right). The overflow plume thickness (red 
lines) is derived either from the depth of 
maximum shear or from the σϴ=27.8 kgm-3 
isopycnal.  

Hydraulic control theory links the strength of the overflows to the height of the 
reservoir and density changes of the water upstream of the sills (Fig. 3). PIES were 
moored   200 km upstream of DS  and  FBC sill to  obtain those variables and to 

investigate if hydraulic control theory applies. 

 From a selection of historical CTD profiles  (Fig. 4 a,b)  data  are sorted by τ and cubic 
smoothing splines are  fitted  (Fig. 4 c) to construct  look up tables   that relate  profiles 
of  potential temperature ϴ (Fig.4 d), salinity  S and density ρ to τ measurements from 
PIES at  the  DS sill.  For the  PIES at the northern entrance to the strait and the FBC  
individual look up tables were created (not shown here).  

Fig. 5: Sections of ϴ across DS sill. The left column shows CTD measurements from June 2012 (Fig. 5 top) 
and July 2014 (Fig. 5 bottom). On the right side the sections are reconstructed by simulating τ from the 
CTD data and using the look-up table.  

Time series of velocity and temperature  at DS sill  
(Fig. 6) show: 
• Warmest signals and strongest velocitites  

during winter   
• Stronger outflow at times with  smaller plume 

thickness and vice versa  
Is this a reason for  the non-seasonality of the 
transport time series? 
 

• Agreement of the upper bound of the overflow plume from two independent 
approaches verifies that shear method is a sufficient tool for the volume 
transport estimate of the DS overflow  

• Agreement between averaged  hydraulic  control and observed transport 
estimates within 0.3 Sv  for DS and for FBC 

• Hint of seasonality in ϴ and  S  for DS that in combination with seasonality in 
velocities might induce non-seasonality of volume transport  

Assuming the topographic shape of the strait as a wide rectangle of maximum volume 
transports  Q can be estimated from: 
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where g = gravity, f =coriolis force ,Δρ=density difference, ρ=density and heff  = the 
upstream reservoir height above the sill(see Fig. 3) .  Considering a parabolic shape this 
equation is multiplied by the factor 9/16  (Stern, 2004). 

The GEM is the first empirical mode of observed hydrographic properties. 
A brief description of the methods  that follow Meinen and Watts (2000)  is given 
exemplarily for DS sill: 
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The mean values  of observed and theoretical  transports  agree within 0.3 Sv for DS and 
FBC (Fig. 8) .  The variability in DS is damped  by strong variations in density contrast.  In FBC 
variablity in reservoir height is dominating the volume transports.  
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“Shear” and “isopycnal” method are compared 
(Fig.7). Mean transports are  2.7 and  3.0  Sv 
respectively (Table 1).  
The differences  between both methods are large at 
high temporal resolution, e.g. hourly,  and negligible 
considering longer time scales, e.g.  monthly. 
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Fig. 1: Topographic map of  the study area showing 
pathways for dense water (red arrows) and the mooring 
sites in Denmark Strait (DS) and Faroe Bank channel (FBC) .  

The round trip travel time of an  acoustic signal  
from the seafloor to the surface and back is  

defined as:                    𝜏 = 2 
1

𝜌gc
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𝑝
 𝑑𝑝,  Eq.1 

where p=pressure, ρ=density, g=gravity, 
c=sound velocity. 

Hydraulic control 

Fig. 3: Illustration of hydraulic control 
theory. The strength of the  overflow   is 
determined by density  differences (ρ2-ρ1) 
and reservoir height heff of dense water .  

Fig. 4:  
a) Map of  DS and positions of CTD 
profiles (red dots) that were used to 
create the GEM fields. 
b) Monthly distribution of CTD 
profiles. 
c)  Observations of ϴ, S and σϴ 

 plotted as function of τ at 500 dbar 
and p (red dots). A cubic smoothing 
spline is fitted to this data (cyan 
line).   
d) Final GEM look up table for ϴ as 
function of τ at 500 dbar.  

To validate the performance of the look up tables we compare observations with 
reconstructed profiles. Sections  across the DS sill from two cruises  were reconstructed 
(see Fig 5.) The two different conditions in DS are clearly covered by this method and 
the  structure is well represented, although some details differ. 
 

Fig. 6: Hovmoeller plots of 20-day lowpass filtered along-
strait velocity (top) and potential temperature profiles from 
τ measurements (bottom) and overflow thickness derived 
form “shear” and “isopycnal” method.  

Fig. 7: Time series of daily volume transports  
from “shear” (red) and ”isopyncal” (blues) 
approach. Thick lines: 20-day-low pass filtered 
data. Gaps are due to lack of ADCP data. 

Fig. 8: Time series  of  
monthly volume transports  
from observations (red) and 
from hydraulic control 
theory (blue) following Eq. 
2.  
Dotted lines: mean values. 
Left: DS; right: FBC. 

Table 1.: Mean values and standard deviations of 
volume transport time series at DS sill for the „shear“ 
and „isopycnal“ approach  from hourly, daily and 
monthly averaged data. 
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