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More than 2800 days of currents measurements with a benthic tripod and almost 400 days with a
bottom mounted ADCP have been collected in the Belgian part of the North Sea during the period
2005-2013. These data have been used to derive the bottom shear stress from the current profile
and the high frequency currents and have been used to validate the modelled bottom stresses. The
validated model allows to get insight in the spatial and temporal variability of the bottom
roughness.

Introduction

Bottom shear stress links the sea floor to the water column, and is a prime factor for the calculation
of sediment transport, including erosion, resuspension and deposition, and bottom morphology.
Bottom shear stress is influenced by a large number of factors, including the surface sediment
texture, micro-bathymetry, benthic organismes, all influencing the bottom roughness.

In literature, many different methods are available for the calculation of the bottom shear stress,
ranging from simple models, using a constant drag coefficient and depth-averaged currents, to
complicated ones that take the different bottom boundary layers and the instantaneous bottom
shear stresses in a wave cycle into account.

Comparison of the model results with measurements is not only important for validation of the
model, but also to gain more insight in the variability of the bottom roughness, both in space and
time. However, measuring bottom stresses is difficult and the (lack of) qualitative bottom stress
measurements may hamper a sound validation of the model results.

Bottom shear stress measurements

Since 2005 more than 70 deployments have been carried out using benthic tripods. The frame was
equipped with (1) a SonTek ADV Ocean point current sensor and a downward looking SonTek 3MHz
ADP current profiler for currents; (2) a Sequoia LISST-100X Laser In-Situ Scattering &
Transmissometer for particle size distribution and the volumetric concentration of the material in
suspension; (3) a Sea-Bird SBE37 thermosalinograph for temperature and salinity; (4) optical
backscatter sensors for turbidity in the water column. Furthermore RDI bottom mounted Acoustic
Doppler Current Profilers, type Sentinel 1200 kHz Workhorse, were deployed to measure the
complete current profile.

Over the period 2005-2013 more than 2100 days of current measurements are available from the
tripods and about 400 days from the ADCPs. Most of the data (68%) were collected in the nearshore
in the vicinity of the port of Zeebrugge (MOW1) (see Fig. 1.), but also at some more offshore
stations current data were collected.

The bottom shear stress was derived from the current measurements using three methods. The first
one calculates the bottom shear stress and bottom roughness, and their associated error ranges,
from a least-square regression of the current profile for the lower part of the water column using
the data from the ADP and ADCP (Wilkinson, 1983). In the second method, the bottom shear stress
is calculated from the high frequency ADV current measurements using the second moment
(turbulent) statistics (Andersen et al., 2007). Since the bottom shear stress is assumed to be linearly
related to the turbulent kinetic energy, it can be calculated from the variance of the current
fluctuations (Stapleton and Huntley, 1995). Finally, the intertial dissipation method was applied,
including a correction for the advection of waves (Trowbridge and Elgar, 2001; Sherwood et al.,
2006). In this method, the bottom shear stress is calculated as a function of the turbulent
dissipation, derived from the energy spectrum of the currents.
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Fig. 1. Position of the measuring stations: O0S: Oosthinder, BLI: Bligh Bank, GOO: Gootebank, MOO: MOWO, BLB:
Blankenberge, MO1: MOW1, WZB: WZ-Boei, KNB: Knokkebank.

Bottom shear stress calculations using a numerical model

The modules of Soulsby and Clarke (2005) and Malarkey and Davies (2012) have been used to
calculate the bottom shear stress. Both modules parameterise the complex model results in an
efficient way, so that they can be included in larger scale sediment transport models. Currents were
calculated using a three-dimensional hydrodynamic model, based on the COHERENS software
(Luyten, 2014), waves were calculated using an implementation of the WAM model (WAMDIG, 1988).
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