396

JOURNAL OF PHYSICAL OCEANOGRAPHY

VOLUME 20

Scattering of Coastal-Trapped Waves by Irregularities in Coastline and Topography*

JOHN L. WILKIN**
Joint Program in Oceanographic Engineering, MIT jWHOI, Woods Hole, Massachuselts .

DaviD C. CHAPMAN
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts

(Manuscript received 24 April 1989, in final form 27 September 1989)

ABSTRACT

The scattering of freely-propagating coastal-trapped waves (CTWs) by large variations in coastline and to-
pography is studied using a numerical model which accomodates arbitrary density stratification, bathymetry
and coastline. Particular attention is paid to the role of stratification which in moderate amounts can eliminate
backscattered free-waves which occur, theoretically, in a barotropic ocean.

Numerical simulations using widening and narrowing shelf topographies show that the strength of the forward-
scattering into transmitted CTW modes is proportional to a topographic warp factor which estimates the severity
of the topographic irregularities. The forward-scattering is further amplified by density stratification. Within the
scattering region itself, the strengths of the scattered-wave-induced currents exhibit substantial variation over
short spatial scales. There is generally a marked intensification of the flow within the scattering region, and
rapid variations in phase. On narrowing shelves, the influence of the scattering can extend upstream into the
region of uniform topography even when no freely-propagating backscattered waves exist.

A simulation is conducted of CTW scattering at a site on the East Coast of Australia where observations
suggest the presence of scattered freely-propagating CTWs. The success of the model simulation in reproducing
features of observations supports the notion that realistic shelf geometries can scatter significant levels of CTW
energy, and that the scattered waves can have an appreciable signal in current-meter observations made on the
continental shelf. This suggests that, along irregular coastlines, it is important to account for the possibility that

CTW scattering may be occurring if oceanographic observations are to be interpreted correctly.

1. Introduction

Over the past twenty years, oceanographic obser-
vations have revealed that patterns of sea-level and
current fluctuations with periods of a day or more
propagate along the continental shelves of many of the
world’s oceans. These subinertial-frequency wavelike
motions, which extend across the width of the shelf
and are often generated by winds many hundreds of
kilometers from where they are observed, account for
a major part of the large-scale, low-frequency current
and sea-level variability along many coastlines. Theo-
retical studies have attributed these motions to wind-
driven and/or freely propagating coastal-trapped waves
(CTWs) which travel cyclonically with respect to the
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deep sea, i.e. with the coast on the right (left) in the
Northern (Southern) Hemisphere.

Statistical analyses of sea-level, current and wind data
combined with models of CTW dynamics along the
coast of Peru (Smith 1978), the west coast of North
America (Halliwell and Allen 1987) and the East Aus-
tralian coast (Freeland et al, 1986; Church et al. 1986a)
confirm that the waves observed there have speeds and
across-shelf structures consistent with those expected
from theoretical analyses. Further validation of CTW
theory is provided by applications of the first-order
wave equation (FOWE) method (e.g. Clarke and Van
Gorder 1986) in situations where the long wave ap-
proximation can be made (i.c., wave periods are in the
range of several days to a few weeks and alongshelf
scales of motion are much greater than the shelf width).
Along relatively straight coasts, the FOWE studies of
Battisti and Hickey (1984), Church et al. (1986b),
Chapman (1987), and Mitchum and Clarke (1986)
obtained generally good agreement between observed
and hindcast sea-level and alongshelf current fluctua-
tions.

However, most coastlines vary significantly over
spatial scales much shorter than CTW length scales






