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Abstract

Abstract

In the continental shelf region, topography is an important factor for cross-shelf
transport. Based on the previous studies, a formulation is proposed to evaluate the
topographically inducing onshore transport related with the advection and friction
effects.

The theoretical equation explains the relationship between topography and the
vertical/cross-shelf transports. When the flow in zero order is adong the favorable
isobaths, the nonlinear advection can generate the vertical and cross-shelf transport
through the whole water column. The favorable isobaths are characterized by the
variations of some parameters along isobaths, e.g., depth second derivation, curvature,
of the isobaths, slope and sheared velocity multiplied by the variation of slope. When
the curvature of an isobath changes from cyclonic to anti-cyclonic, or in the strong
anti-cyclonic sheared region, the isobath converges in the downstream direction can
cause upwelling and onshore transport. The friction function has two parts, those are,
the bottom Ekman pumping and the bottom Ekman effect, and the former is
controlled by the relative vorticity in the zero order induced by the second derivative
of depth, curvature of isobaths and the slope, while the latter is affected by the
along-isobath velocities and the slope. The divergent or convergent isobaths can cause
smaller or larger onshore transports under the Ekman effect. This paper focuses on the
topographic mechanism to study the cross-shelf transport over the variable
topography in the Northern South China Sea (NSCS).

NSCS is amargina sea with complex bottom geography and irregular coastlines.
One of its typical topography feature is the widened shelf in east of Pearl River
Estuary. In the shelf off Shanwei near 115.0°E, 30.0 m, 40.0 m and 50.0 m isobaths
convex on shore, and the width of shelf is narrowed to 140.0 km. Then isobaths
extend northeastward, with separating 30.0 m and 50.0 m isobaths. The 30.0 m
isobath parallels to the coast and extends into the Taiwan Strait, while 50.0 m isobath

extends offshore until encounters the Taiwan Bank (TB), forming the width of 200.0
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km. Then a widened shelf is formed between the 30.0 m and 50.0 m isobath. On the
west of the shallow bank, 40.0 m isobath veers onshore and converges with 50.0 m,
60.0 m, 70.0 m isobaths to the south boundary of TB, of which topography is similar
with the topography near 115.0°E.

The observed data and three-dimensional model are used here to study the onshore
transport in the NSCS. Then the theoretical model is applied in the continental shelf of
NSCS to study the topographic mechanism for cross-shelf transport.

Both the observed data and numerical model showed the cross-shelf transport
during summertime in 2009 in the NSCS had two feathers. First, the onshore
transports over two regions with convex onshore isobaths near 115.0°E and 117.0°E
occured at all the water column, which was quite different from the general
circulation in the boundary surface and bottom layers. Another onshore transport over
a distinctly eastward widened shelf with smoother isobaths, between 115.0°E and
117.0°E, showed a cross-shelf transport located in the 20.0 m bottom layer.

Three numerical experiments are carried out and the results suggest the advection
function is the key factor for generating the onshore transport over the regions near
115.0°E and 117.0°E, and the friction function gives a smaller contribution to onshore
transport in the bottom layer. However, the transport over the widened shelf is mainly
caused by the bottom friction function and bottom Ekman effect.

Combining the model and theoretical methods, the topography mechanism of
cross-shelf transport in the NSCS is concluded as bel ow.

The cross-shelf transports in the two regions near 115.0°E and 117.0°E with
convex isobaths onshore are mainly caused by the curvature of isobath from
cyclonical to anti-cyclonical, which generate the relative vorticity in zero order from
positive to negative and thus upwelling and onshore transport. Moreover, in the
anti-cyclonical sheared region, the convergent isobath downstream can cause onshore
velocity near 115.0°E. The bottom friction gives a smaller contribution to these two
regionsin the bottom layer.

The onshore transport in the widened shelf region with smoother isobaths between
115.0°E and 117.0°E is mainly induced by the bottom friction in the bottom layer. The

v
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high along-isobath velocities lead the strong onshore transport under the bottom
Ekman effect in the boundary layer. However, the bottom Ekman pumping effect

generates smaller onshore current over thisregion.

Key Words. Topography; Onshore transport; Vorticity advection function; Friction
function; Northern South China Sea
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