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The objective of my PhD research has been to understand and quantify the influence of the Rhine river plume acting as a narrow coastal conduit for the transport of less saline water and SPM. 
Tidal straining
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During periods of vertical stratification (neap tide, low energy winds) a strong semi-diurnal variation is present in the cross-shore velocities (Simpson et al. 1993, OA; Visser et al, 1994, OA), whereas normally the tidal currents are directed along the coast over the entire water depth. However, when the coastal zone is stratified, the bottom and surface layer start to behave differently. Reduced mixing between the surface and bottom layer allows the two layers to behave partly independently. Due to Earth rotation the surface layer is deflected towards the right. Consequently, after flood the surface currents are redirected towards the coast, instead of dropping to zero at slack. In contrast, after ebb the surface current are redirected offshore, instead of dropping to zero at slack. Due to continuity requirements at the coast, the bottom layer can only respond to the cross shore surface velocities with a cross shore component in the opposite direction. Therefore, when the surface currents are onshore, the bottom currents are directed offshore. Of course, earth rotation also tries to deflect the bottom currents to the right. However, the effect of Coriolis on the surface layers is stronger because they flow faster. (This resembles the spiraling flow in river bends where the centrifugal force on the surface layers deflects the surface velocities outwards and as such forces the bottom velocities to be deflected inwards.) Hence the cross-shore bottom and surface velocities are opposite in a stratified coastal zone. The alongshore surface and bottom velocities are still in phase though. The resulting surface and bottom velocities can be described with counter-rotating tidal ellipses. The resulting cross shore velocity shear can be up to 70 cm/s and interacts with the cross shore density gradient. This leads to periodic stratification (Simpson and Souza, 1995, JGR) From LW to HW the surface currents are directed offshore. They advect fresher coastal water offshore. Meanwhile, the bottom currents are directed onshore and advect saltier water onshore. Due to this differential advection the region is stratified at HW. From HW to LW the process reversed. The fresh surface waters are advected back towards the coast, while the saltier bottom waters are advected back seawards. Consequently, at LW the water column is close to uniform again.
Upwelling induced by tidal straining
The tidal straining mechanism should lead to upwelling (UW) and downwelling (DW) at the coast. The presence of UW of colder water has indeed been observed in Sea Surface Temperature satellite images from NOAA/KNMI in May. When the coastal zone is stratified, solar heating causes the surface waters to heat faster then the surrounding well-mixed waters. In these circumstances upwelling can clearly be observed (De Boer et al, 2007). An excellent series of images in May 1990 shows a 5 to 10 km wide and 100 km long band of cold water reappearing every HW. Between the HWs the band disappears. This shows the large spatial scale of tidal straining in the DCZ.
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