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Abstract

Resuspension, transport, and deposition of sediments over the continental shelf and slope are complex processes and
there is still a need to understand the underlying spatial and temporal dynamical scales. As a step towards this goal, a two-
dimensional slice model (zero gradients in the alongshore direction) based on the primitive flow equations and a range of
sediment classes has been developed. The circulation is forced from rest by upwelling or downwelling winds, which are
spatially uniform. Results are presented for a range of wind speeds and sediment settling speeds. Upwelling flows carry
fine sediments (low settling speeds) far offshore within the surface Ekman layer, and significant deposition eventually
occurs beyond the shelf break. However, coarser sediments quickly settle out of the deeper onshore component of the cir-
culation, which can lead to accumulation of bottom sediments within the coastal zone. Downwelling flows are more effec-
tive at transporting coarse sediments off the shelf. However, strong vertical mixing at the shelf break ensures that some
material is also carried into the surface Ekman layer and returned onshore. The concentrations and settling fluxes of coarse
sediments decrease offshore and increase with depth under both upwelling and downwelling conditions, consistent with
trends observed in sediment trap data. However, finer sediments decrease with depth (upwelling) or reach a maximum
around the depth of the shelf break (downwelling). It is shown that under uniform wind conditions, suspended sediment
concentrations and settling fluxes decay offshore over a length scale of order ss/qf|ws|, where ss is the wind stress, q the
water density, f the Coriolis parameter, and ws is the sediment settling velocity. This scaling applies to both upwelling
and downwelling conditions, provided offshore transport is dominated by wind-driven advection, rather than horizontal
diffusion.
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1. Introduction

Sediment transport across the continental shelf and slope is central to our understanding of marine geolog-
ical processes, as well as having important implications for the distribution of particle reactive nutrients and
pollutants, water column productivity, benthic ecology, and the global carbon budget. There is a wide range of
physical processes responsible for this transport, including wind-driven flows, internal waves, wave-orbital
flows, and buoyant plumes (see review by Nittrouer and Wright, 1994). However, there has been surprisingly
little investigation of the underlying dynamics controlling the distribution of sediments on continental shelves.
Even the ubiquitous decline in turbidity with offshore distance (McCave, 1972) has only been explained loosely
in terms of offshore diffusion. This study focuses on the important role of wind forcing by modeling the sed-
iment distributions and transport in both upwelling and downwelling systems.

The approach adopted here is to develop a vertical-slice cross-shelf model (zero gradients in the alongshelf
direction) incorporating a simple shelf–slope bathymetry. Idealized wind and wave fields were applied to this
system, generating bottom stresses capable of resuspending bottom sediments. The circulation generated in
similar systems by upwelling winds has been investigated by Hamilton and Rattray (1978), Foo (1981), Kundu
(1984), Allen et al. (1995), and Austin and Lentz (2002). The corresponding downwelling circulation was con-
sidered by Allen and Newberger (1996) and Austin and Lentz (2002), while Xing et al. (1999) examined the
impact of time varying seasonal winds and surface heat fluxes. Since these studies have already described
the dynamics of the water movement in considerable detail, the main focus here will be on the sediment trans-
port dynamics.

Amin and Huthnance (1999) have used a steady-state cross-shelf model to investigate the role of horizontal
and vertical diffusion on cross-slope sediment distributions, while neglecting the role of advection. However,
Harris and Wiberg (2001) have since used their own cross-shelf model to show that time-dependence and hor-
izontal advection play a strong role in determining sediment transport, resuspension and deposition patterns.
This is particularly true in shelf systems where Ekman boundary layer dynamics can significantly complicate
the vertical structure of the horizontal advection pattern (e.g. Csanady, 1982) with major implications for sed-
iment movements (Kachel and Smith, 1989). One potential limitation of the sediment transport models of
both Harris and Wiberg (2001) and Shapiro (2004) was the use of idealized flow fields with zero vertical advec-
tion and the absence of stratification effects on vertical mixing profiles. Three-dimensional stratified circulation
models have recently been used to investigate sediment transport in the vertical-slice cross-shelf geometry
under a range of forcing conditions, including barotropic and baroclinic tides, imposed along-shelf flows,
and upwelling and downwelling winds (Davies and Xing, 2002; Davies et al., 2002). These studies have started
to demonstrate the potential range of interactions between cross-shelf circulation cells and the resuspension
and settlement of sediments. A similar modeling approach has therefore been adopted here, with a particular
focus on understanding and quantifying the dynamical effects of wind-stress and sediment settling rates on the
scales of sediment transport.

2. Model description

Flow fields and sediment distributions were calculated over a two-dimensional vertical slice, orientated per-
pendicular to the coastline and extending offshore over an idealized shelf–slope bathymetry. The water depth
increased linearly from 20 m at the coast to 80 m at the shelf-break 12 km offshore, then more rapidly to 500 m
over a linear slope of width 20 km. The domain then extended a further 12 km offshore over flat bathymetry.
The Coriolis parameter was assumed to have a constant value of f = 1 · 10�4 s�1. The water column was ini-
tially stratified with the temperature profile shown in Fig. 1, without any horizontal gradients and an uniform
salinity of 35 psu.

Boundary conditions were periodic in the alongshore direction, ensuring zero alongshore gradients in all
flow properties. Free-slip conditions were applied at the coastal boundary, while the offshore boundary was
open. The temperature and salinity profiles at the open boundary were held fixed at their initial values
(Fig. 1). The free surface height at the offshore boundary was also clamped at its initial value. In reality,
the offshore boundary conditions are established by basin-scale processes, and the modeled circulation near
this boundary may not be universally representative. A sponge layer with horizontal viscosity increasing expo-
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