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ABSTRACT 

The paper will focus on hydrodynamics of the Rhine ROFI in its most northerly extent near IJmuiden. A bottom-mounted ADCP 
was deployed near IJmuiden and measured for almost 6 months. Observations show that the largest difference in ellipticity between 
surface and bottom mostly occurred during neap tide, suggesting that the water column was stratified, leading to a cross-shore 
circulation. However, for 3 out of the 11 neap tides no ellipticity difference was observed and during 1 out of the 10 spring tides a 
strong ellipticity difference occurred. To understand the causes of these irregularities a model was set up with GOTM. Based on the 
depth-averaged currents the barotropic pressure gradient is determined. Using a simple advection equation the salinity profile was 
estimated at the measurement location and used as input for the model. We were able to simulate the overall characteristics of the 
observed flow patterns. Model results show a strong link between wind stress magnitude and direction and reduced stratification during 
low energetic neap tides. An increased fresh water discharge was the cause for the strong ellipticity difference during spring tide. The 
strong effect of wind speed and direction on the onset of stratification of the Rhine ROFI has never been shown before. Furthermore, 
the results show that during the 150 days of observations the plume always reached IJmuiden.  

 

INTRODUCTION 

The focus of this paper is on the effect of the Rhine outflow, 
tidal conditions and meteorological forcing on the velocity profiles 
near the port of IJmuiden. A better understanding of the effects of 
human interventions (for example the construction of Maasvlakte 
2) on the transport of freshwater and fines near the Dutch coast is 
needed and measurements play a crucial role therein.  The river 
Rhine debouches into the North Sea near the port of Rotterdam. It 
creates a buoyant freshwater plume that drives a coastal current to 
the north due to the Coriolis force. The resulting cross-shore and 
alongshore density differences have a clear imprint on the tidal 
and on the tidally averaged currents.   Averaged over tides the 
freshwater plume drives a mean circulation to the north and a 
circulation in the cross-shore where currents near the bottom are 
directed landward and seaward near the surface. This circulation 
transports suspended matter to the coast and is one of the reasons 
of the increased mud transport in the nearshore region. The 
interaction between tides, vertical mixing and stratification may 
result in periodic stratification. While on the one hand tides cause 
mixing of the water column, on the other hand the shear in the 
tidal currents results in transport of fresher water over saline 
waters, reducing mixing and enhancing stratification.  These 
competing mechanisms can be captured by the Simpson number 
(horizontal Richardson number) as defined in Stacey et al. [2001] 
based on the earlier work on strain induced periodic stratification 
(SIPS) of the Rhine ROFI by Simpson [1990]:  

 

∗
     (1) 

 
where Sx is the horizontal salinity gradient, β=7.7 10-4 PSU-1 is the 
influence of salinity on the density, g is gravitational acceleration, 
H is water depth and u* is the friction velocity. When the Simpson 

number is larger than a critical value (typically taken as 0.1) the 
water column can be stratified near neap tides but well-mixed near 
spring tides, for smaller than critical values the water column is 
well-mixed during the entire spring-neap cycle, for much larger 
than critical values the water column is stratified during the whole 
spring-neap tidal cycle. When the water column is stratified this 
strongly impacts on the observed tidal currents. Stratification 
results in reduced mixing, causing the upper and lower water 
column to decouple, which results in opposite rotating current 
vectors in the top and bottom layers [Souza and Simpson, 1996]. 
These counter rotating currents result in periodic up- and 
downwelling near the coast [de Boer et al., 2009], affecting 
stratification but also the transport of fines.  
  The vertical structure of the freshwater plume is also affected by 
winds.  Munchow and Garvine [1993] and Visser [1994] argue 
that upwelling winds enhance stratification, while downwelling 
winds reduce it. Joordens et al. [2001] have shown how a period 
of strong downwelling winds may have limited the freshwater 
transport and hence intensified density gradients. When the wind 
relaxed the enhanced density gradients drove a stronger flow, 
enhancing mean and semi-diurnal stratification.  Wind driven 
currents may also enhance mixing thereby reducing the vertical 
salinity gradients. 
The aim of this paper is to study the effect of tides, winds and 
waves on the hydrodynamics near IJmuiden. We have a unique 
half year dataset of observed 1D velocity profiles and for two 
periods of 26 and 10 days, respectively, also concurrent salinity 
and temperature observations. Using these data and the model 
results obtained with the GOTM model we will show the dynamic 
nature of the plume near IJmuiden and discuss the effects of wind 
and tides on the onset of stratification and the imprint on the 
observed velocity profiles.  
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differences (stratified water column) between the surface and 
bottom. This transition was a function of the horizontal salinity 
gradient, the magnitude of the depth-averaged currents and wind 
speed and direction. Stronger tidal currents resulted in less 
stratification, while increased spatial differences in salinities 
enhanced stratification. We further showed that wind has a very 
strong influence on the occurrence of stratification events.  
Landward directed and downwelling favoring alongshore winds 
diminished the effect of a significant cross-shore salinity gradient, 
while seaward directed and upwelling favoring winds enhanced 
stratification and the presence of ellipticity differences.. The effect 
of wind will probably even be stronger in 3D models when the 
presence of a nearby coast poses a boundary for onshore directed 
currents. 

Using the model results, the absence or weakness of events 
during neap tides could all be explained by unfavorable wind 
directions or strong wind force. The stratification event that 
occurred during spring tide was preceded by a discharge event at 
the sluices of IJmuiden, thereby enhancing horizontal salinity 
gradients, and occurred during a period with weak offshore 
directed winds that enhanced the stratification.  

Clearly, the existence of these events showed that the stratified 
region of the Rhine ROFI indeed reaches all the way to IJmuiden. 
Stratification could lead to an ellipticity event during neap tide, 
but since the horizontal salinity gradients were relatively small, 
any counteracting influence, such as the wind force or direction 
could already suppress such an event.  
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