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Wadden Sea Observatories 
Coupling high-resolution time-series with cross-sectional volume fluxes 
 

Wadden Sea Poles 

Operated since 2000 from March to November  
10-minute time series  
Data transmission in real-time (two-way communication) 
Public data access within 20 minutes 
 
Bottom mounted ADCP 

Operated since 2002 over all seasons of the year 
15 minute time series of vertical current profiles 
 
Research vessel 

Cross-sectional surveys at choke points   
ADCP-Pile 
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Calibration of volume transports 

Ship ADCP 

Bottom ADCP 

Estuarine Circulation and Sediment Budget 
Concept 
A persistent horizontal density gradient between the Wadden Sea and the German 
Bight, as observed by numerous observation stations, may initiate residual 
estuarine circulation as a means to balance sediment export due to turbulent 
diffusion. As the density gradients are weak, tidal straining is predicted to be the 
dominant process.  
Model experiments predict among others that this process causes more 
homogeneous vertical current profiles during flood than during ebb, dependent on 
the horizontal density gradients.  
 
Observational validation 
Analysis of bottom mounted ADCP current profiles shows that the curvature of the 
current vertical profiles follows indeed the horizontal density gradient. 
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g*Δρ*h/(ρ0*u2) 

Δρ= ρHW - ρLW  
h=water depth  

Ebb/Flood asymmetry 
z0 Ebb/z0 Flood vs. Simpson number 

Difference of ebb and flood  
velocity profiles 

Differences in water density ρ between the German 
Bight and the Wadden Sea (Transects Jade Bay, 
April 2009) demonstrate the persistent horizontal 
density gradient. 

Gross primary production calculated from oxygen time 
series at the Hörnum pole position. The amplitude of the O2 
Fourier components was used to estimate GPP. after the 
formalism developed by Tom Cox, University Antwerp. 

Estimating Gross Primary Pro-
duction from oxygen saturation 
time series 
Oxygen time series over several years and accompanying field 
surveys reveal major influencing parameters for O2 saturation: 

 Time series shows maxima in spring (spring bloom) and 
higher variability in summer than in winter 

 Cross-shore surveys show that, in most cases, oxygen 
concentration decreases on entering the Wadden Sea: 
oxygen is consumed: This creates a permanent cross-shore 
oxygen saturation gradient.  

 Gross primary production is estimated from the amplitude of 
the 12 – h – Fourier components.  
 

 

Transects show usually a decrease in oxygen concentration 
on entering the Wadden Sea (Jade Bay, April 2009). The 
Inner Jade Bay is on the left, the North Sea to the right. 
This concentration gradient creates oscillations in the time 
series. 

Time series of oxygen saturation, Jade Bay, 2009. The peaks, 
particularly in spring, are consequences of the spring bloom. In 
summer, the variability in oxygen saturation is larger than in 
winter.  
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