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ENERGY. REGIMES AROUND THE AUSTRALIAN COAST

Eric C. F. Bird

Department of Geography
University of Melbourne

Parkville, Australia 3052

The Australian coast receives energy generated partly by +-jh«i
movements in the surrounding seas, partly bywind-formed waves
(including ocean swells of distant derivation and occasional storm
surges, notably in the zone subject to tropical cyclones), and partly by
the direct effects of wind action, particularly onshore winds.

In addition, there are subsidiary energy inputs, generally
localised, minor, and episodic: for example, outflowing currents at the
mouths of rivers and estuarine lagoons, and the waves produced by
tsunamis, the outcome mainly of Pacific-margin seismic events, trans
mitted into Australian waters. Tsunamis reaching the Australian coast
line have been on a small scale: the Chilean earthquake of May 1960,
which produced waves 40 metres high on the coast of Japan, was recorded
as perturbations of only + 0.7 metres on the tide gauge at Cronulla,
south of Sydney. On the other hand, occasional storm surges resulting
from meteorological effects have temporarily raised sea level by up to
2 metres on parts of the coast of southern Australia, notably in the
South Australian gulfs; by 3 to 7 metres on the shores of the Gulf of
Carpentaria, and by as much as 13 metres during the 1889 cyclone north
of Cooktown, in north Queensland (Noye 1972).

The prevailing energy regimes inAustralian coastal waters take the
form of interacting tides, waves and currents, with sector variations
around the 20,000 kilometre Australian coastline determined partly by
zonal climatic and oceanic factors, and partly by sea floor and coastal
configuration. There are also temporal variations, seasonal, cyclic,
and irregular.

Consideration of energy regimes around the Australian coast has
been largely in terms of geamorphological consequences and ecological
effects in the coastal environment (e.g. Jennings and Bird 1967), with
only incidental attention to the possibilities of economic utilisation
of energy derived frcm tides, waves and currents. This paper will deal
first with the geamorphological and related ecological aspects of these
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energy regimes, and then with prospects of utilisation.

TIDAL ENERGY

Tidal oscillations of sea level around the Australian coastline and
<-jrial currents in coastal waters result from the approach of tide waves
(as distinct from 'tidal waves', i.e. tsunamis), diurnal and semi
diurnal, generated by solar and lunar gravitational forces in the
Pacific and Indian oceans (Easton 1970). Fig. 1 shows the typical
pattern of tide wave transmission to the Australian coastline. One such
wave moves in from the south-east, through the Tasman Sea, its crest
arriving on the New South Wales and east Tasmanian coastlines as an
almost simultaneous high tide, then swinging round south of Tasmania to
move in towards the southern shores of the Australian continent. There
is a convergence of high tide within Bass Strait, usually north of
Tasmania, although at spring tides the meeting is north-west or west of
that island. Another tide wave arrives from the Coral Sea, filtering in
through gaps in the Great Barrier Reef, and a third moves in from the
Indian Ocean, swinging towards the north coastline and entering the
Arafura Sea, where it mixes with an independent tidal circulation
generated around a node within the Gulf of Carpentaria.

Tide ranges recorded at coastal stations are influenced by the
varying width of the continental shelf, and by coastal configuration.
Around the southern half of the continent, from North West Cape to
Fraser Island, mean maximum tide ranges on open coasts are less than
1.5 metres. At the heads of the South Australian gulfs,within Western-
port Bay, and around the shores of Bass Strait, tide ranges increase to
between 2.0 and 2.5 metres, but the narrow entrance to Port Phillip Bay
impedes tirtai inflow and outflow, reducing mean maximum tide ranges from
1.8 metres outside to less than 0.9 metres within the bay. On the
northern coasts of Australia, mean maximum tide ranges exceed 1.5 metres,
except on parts of the shoreline of the Gulf of Carpentaria. Between
North West Cape and Melville Island the tide wave arriving from the
Indian Ocean is refracted and retarded in such a way as to increase
tide ranges to between 3.0 and 8.0 metres, and within King Sound and the
Kimberley gulfs they are still higher, attaining 10.5 metres in Collier
Bay. Between Fraser Island and Cape York the coastline inshore from the
Great Barrier Reefs has mean maximum tide ranges of 1.5 to 3.0 metres,
with slightly higher ranges in the vicinity of Mackay, increasing to
more than 6.0 metres within Broad Sound.

Tidal currents are generally weak off coasts where the tide range
is less than 1.5 metres, but they become much stronger where tidal flow
is confined, as at the entrances to estuaries and lagoons, or landlocked
embayments such as Port Phillip Bay, or the passages betvreen Bass Strait
islands. Such localities are marked by sea floor topographies shaped by
strong currents, with interdigitating shoal and channel features, and
scoured hollows known as tidal colks. On the northern coast of
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Australia, much stronger tidal currents are generated, particularly in
gulfs such as King Sound, in the estuaries of such rivers as the Ord,
the Victoria, and the Daly, and in narrow straits between islands: for
example Apsley Strait, between Melville and Bathurst Island, where
currents of up to 10 knots have been reported. Tidal scour is also
strong in passages between the Torres Strait islands and in Clarence
Strait, north-east of Darwin, where currents have shaped the growth of
coral reefs, and maintained elongated deeps, and in bays and inlets on
the east Queensland coast, particularly in Broad Sound, where tidal
currents have shaped an intricate shoal and channel topography.

In geamorphological terms, tide range determines the width of the
inter-tidal zone and the vertical distribution of wave energy reaching
the shore. Typically, sectors with large tide ranges have broad inter-
tidal zones with sandflats or mudflats, or ridge and runnel topography,
and often salt marshes or mangroves around high tide level, reached only
briefly by wave action at the peak of the tide. The heads of the South
Australian gulfs and the inner shores of Westemport Bay show such
features, as do the shores of King Sound in the north-west, and several
of the bays and inlets of the east Queensland coast. On the other hand,
the Kimberley gulfs have sectors of steep coast where the inter-tidal
zone is narrow and rocky, despite tide ranges of up to 10.5 metres.
Where the tide range is small, wave energy is more concentrated in
vertical distribution, and coastlines are typically cliffed and rocky
or beach-fringed; but shore sectors where wave attack is impeded by the
protection of headlands, islands or reefs may show more varied patterns
of deposition, with muddy as well as sandy sediment, and some develop
ment of salt marsh or mangrove swamp. Thus on the South Australian
coast near Ceduna, where mean maximum tide range is less than a metre,
sectors of bay and island shores protected from oceanic wave action are
mangrove-fringed.

WAVE ENERGY

Much of the southern and western coastline of Australia receives
ocean swell generated by strong westerly winds in the Southern Ocean,
notably south of latitude 40 S and between longitudes 80 and 140 ;B.
Orthogonals of waves thus generated follow great circle courses as they
fan out eastwards, so that the predominant swell in sea areas off the
southern and western coasts of Australia approaches from the south-west
(Fig. 2). Coastal waters between North West Cape and the southern
shores of Tasmania are rarely calm: even on windless days there is
usually a south-westerly swell moving in to the shore, typically with a
wave period of 12 to 16 seconds. The energy actually received as such
waves break on the shore depends partly on aspect and partly on the
width and configuration of the continental shelf, across which the ocean
swell is refracted and gradually diminished. Where the bordering shelf
is of uniform width, coastal sectors that face south-west, directly into
the approaching swell, receive higher wave energy than sectors facing in
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other directions. The south-west facing coast between Discovery Bay and
Port Campbell-in Victoria is notable for the strength and consistency of
ocean swell arriving across a relatively narrow shelf, whereas the coast
near Ceduna in South Australia, of similar aspect, receives attenuated
swell that has traversed a broader and shallower shelf.

Davies (1977) suggested distance offshore to the 20 metre isobath
as a convenient index of sea floor profile influencing depletion of
energy as waves reach the coastline. This distance is in fact so
variable that attempts to portray it on a small scale map are of little
value, but there is certainly a broad contrast between the southern half
of the continent, from North-West Cape around to Fraser Island, where
the 20 metre isobath is generally within a kilometre of major headlands
and up to 5 kilometres off sandy bay shorelines, and the northern coast,
where the 20 metre isobath ranges from 5 to 25 kilometres offshore.
There are also variations related to the route taken by the incoming
swell. Thus the south-westerly swell which is transmitted on either
side of King Island into Bass Strait to reach the western shores of
Wilson's Promontory and Flinders Island also extends around the eastern
side of Tasmania, becoming southerly and south-easterly as it moves in
towards the Ninety Mile Beach and the New South Wales coast, in somewhat
weakened form as a result of dispersal and refraction.

In addition to these oceanic waves of remote origin there are waves
generated locally by wind action over coastal waters. On the southern
and western coast coastlines of Australia these are also predominantly
south-westerly, accompanying and reinforcing the ocean swell arriving
from this direction, and on the eastern coastline the onshore south
easterly winds have a similar augmenting effect, producing relatively
strong wave action as far north as Fraser Island, beyond which a broad
ening shelf and intercepting reef structures diminish the energy of
waves reaching the coastline. South-easterly waves can also be
important in coastal waters in and around Bass Strait, generated by
winds ahead of stumer anticyclones.

The southern half of the Australian continent is thus subject to
ocean swell and locally-generated waves, producing relatively high wave
energy conditions. In geamorphological terms, these result in bold
cliffing, abrasion platforms cut into coastal rock outcrops, and
extensive sandy 'surf beaches'. River mouths and lagoon outlets are
typically constricted by wave-built spits and bars, and in dry periods
when outflow weakens seme of them are sealed off altogether by sand
deposition. There are variations related to aspect and sea floor
topography off headlands and embayments. Where the waves arrive at an
angle to the shoreline they became refracted in such a way as to
anticipate, and eventually fit, asymmetrically curved sandy shorelines
trailing away from rocky headlands. Thus the predominant south-easterly
waves on the New South Wales coast have generated a succession of such
embayments, sharply curved at their southern ends where the waves are
much refracted and weakened, and straightening northwards as the shore-
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line approaches a south-easterly orientation, subject to less refracted,
stronger wave action. Other variations are related to the sheltering
effects of reefs and islands, in the lee of which cliffs give place to
gentler bluffs, inlets are less sand-encumbered, and salt marsh or
mangrove shores may be present. Landlocked embayments, such as Port
Phillip and Westernport Bays, subject to little oceanic wave action,
show such features, related to low to moderate locally-generated wave
energy.

In northern Australia, from North-West Cape to Cape York, wave
energy is generally much lower than around the southern half of the
continent. Cliffs are rare, and the long curving 'surf beaches' of
southern Australia give place to irregular and intermittent sandy shore
lines, complicated by the presence of spits and bars, interrupted by
mangrove-fringed tidal inlets, and by river mouths: the De Grey, for
example, has built a protruding lobate delta, a landform otherwise rare
in Australia. As has been noted, large tide ranges diminish the effect
iveness of waves approaching the shore, but wave action is in any case
much weaker in these tropical sea areas, where strong winds occur much
less frequently than in southern waters. Ocean swell fades out across
the widening north-west shelf and the steadiest winds, easterly and
south-easterly, head offshore. However, in the western part of the
Gulf of Carpentaria these are onshore winds, and Groote Eylandt and
the Arnhem Land coast receive south-easterly wave action, particularly
in the winter months. South-easterly trade winds also generate moderate
wave action in coastal waters inshore from the Great Barrier Reef on the
east Queensland coast, notably between May and November. In the summer
months winds are more variable, and sometimes north-easterly waves
augment an ocean swell moving in from the Coral Sea to reach the coast
line behind gaps in the Great Barrier Reef such as Trinity Opening, north
of Cairns.

The prevalence of low to moderate wave energy regimes in tropical
Australia is interrupted by occasional tropical cyclones, bringing strong
wind action to generate large waves and storm surges which can achieve
dramatic short changes in a few hours. Such cyclones develop sporadic
ally off the northern coastline in the summer months, and each year a few
of them move into coastal waters and become devastating, the intensified
wave action having severe impact on sectors of up to 200 kilometres of
coastline in any one event. Brief episodes of large waves and storm
surge are responsible for such features as the hurling of blocks of dune
limestone up on to a rocky platform 3 metres above ordinary high tide
level on the coast near Cape Cuvier in north-western Australia, and the
disruption and piling up of slabs of calcareous beach rock on the shore
near Port Hedland. Cyclone Althea, which moved in across the Queensland
coast just north of Townsville on Christmas Eve 1971, raised high tide
2.85 metres above predicted level, cut back sandy beaches by up to 15
metres, and smashed harbour structures (Kopley 1974).

Wave energy regimes around the Australian coast have generally been
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considered in relative terms: the high, moderate and low wave energy
categories described by Davies (1972) and others. On the local scale,
use has been made of refraction coefficients calculated from the relative
spacing of wave orthogonals in deep water and at the shoreline to express
relative energy variations due to wave refraction. Attempts to define
wave energy categories quantitatively have run into problems: one
suggestion has been to take mean annual significant wave height (i.e.
the mean heights of the highest one-third of waves recorded) as an
indication, high wave energy conditions being those where this figure
exceeds 1.0 metres, moderate wave energy 0.3 to 1.0 metres, and low wave
energy less than 0.3 metres (Bird 1976a). However, it is difficult to
obtain long-term data on wave heights for the calculation of such an
index, and an assessment of wave energy should really take account of
wave length (or period) as well as wave height. The well-known empirical
relationship E oc VTJr (quoted, for instance, by King 1972) expresses the
energy accompanying ideal waves in deep water, but is of little relevance
to the effects of wave energy approaching the coast. More direct
measurements, such as wave impact pressures recorded on dynamometers,
have been used to analyse nearshore process effects (see for example
Kirk 1973) but it is difficult to establish a quantitative assessment of
wave energy in relation to large scale coastal features because of the
complex and episodic nature of wave processes. Calculations of wave
energy in terms of horse-power, watts, ergs, or joules have not proved
helpful in geomorphological process-response studies, but such calcul
ations may be of more relevance to the question of possible utilisation
of wave energy as a source of power.

ENERGY RESOURCES

Though difficult to measure, it is evident that the energy of tides,
currents and waves around Australia is enormous, but widely dispersed.
At present, over 90 per cent of Australia's energy requirements are
obtained from the burning of fossil fuels, about 2 per cent coming from
hydroelectric power (Kirov 1971). Uranium is available, but there are
no nuclear power stations. The 'energy crisis' in recent years has
stimulated enquiry into actual and potential resources in terms of
Australia's present and future energy demands. It appears that coal
reserves will last for at least a century, and natural gas for some
decades, but that an oil shortage is likely to develop before the turn
of the century. It would be economically feasible to double exisiting
production of hvdroelectricity, and there is some optimism over the
potential use of solar energy, it being estimated that Australia's
present energy demands could be supplied from a 1000 square mile *sun
farm' in the dry interior. Other possible sources of energy considered
include tidal and wave energy, bearing in mind that about 70 per cent of
Australia's 14 million population lives within 20 kilometres of the
coastline.

The best prospect for tidal power generation is in the macrotidal
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coastal environment of the Kimberleys, in north-west Australia, where
Lewis (1963) identified 25 sites suitable for tidal hydroelectric
stations similar to that built by the French at La Ranee in Brittany.
He calculated a potential annual output from these 25 stations of 843,180
million kWh, noting that Australia's total power production in 1960 was
only 25,000 million kWh. In 1974, D.W. Saunders of the Western
Australian Fuel and Power Carmissian outlined a scheme for i-irfol power
generation at one of Lewis' sites at Secure Bay, a branch of Collier Bay,
where there is a spectacular rushing current through a narrow steep-
sided entrance (The Funnel) as the tide rises and falls over a range of
up to 10 metres. A dam here could enclose a tidal basin of 180 square
kilometres and confine the ebb and flow through 30 turbines to generate
power up to a peak of 570 megawatts. If seme of this power were used to
pump water into a high level storage to drive a second power station
during slack water phases, a steady output of 170 megawatts could be
assured (Fig. 3).

In a more recent review, Saunders (1976) has a much less optimistic
assessment of Kimberley tidal power prospects. Only four of Lewis' 25
localities (Secure Bay, Walcott Inlet, George Water and St George's
Basin) are now considered favourable in terms of basin size, dam length,
and power production costs, and the remoteness of energy markets rules
out any early development of these. The introduction of mineral
processing and industry in the Kimberley region is the most likely way
of utilising these tidal energy resources, but there are no plans for
such developments at this stage.

The South Australian gulfs, near Adelaide, have augmented tides that
could be harnessed for power supplies to that city, and to industrial
centres at Whyalla and Port Pirie, but it is unlikely that the strong
currents at the entrance to Port Phillip Bay will be so used, because
the installation of a dam here would halt navigation and close the major
ports at Melbourne and Geelong.

Energy could be derived from ocean waves moving in towards Australia
by such devices as rotating vanes of the kind proposed by Stephen Salter
in Britain, either anchored or drifting, the generated electricity being
used to produce electrolytic hydrogen as a fuel. Other suggestions for
power production include the installation of giant windmills along
sectors of the coastline of southern Australia where onshore winds are
relatively strong and consistent. Dr Harris Stewart of the Atlantic
Oceancgraphic and Meteorological Laboratories in Florida has suggested
that electricity could be generated by large-diameter turbines suspended
in the path of relatively slow-moving ocean currents such as the Gulf
Stream. Similar possibilities exist around Australia, where ocean
currents flow north along the west coast, east along the south coast,
south along the east coast, and west along the north coast (Weber 1977).

It is recognised that there are many problems. Apart from the
expense and the engineering difficulties presented by the construction
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Fig. 3 Proposed tidal hydroelectric power generation system at Collier
Bay, north-western Australia.
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of tidal power stations and devices to tap wave and wind energy on a
large scale, the structures required would have major environmental
impacts. Any scheme designed to utilise tidal or wave energy involves a
hazard or impedance to navigation, and would have direct and indirect
geamorphological and ecological consequences: for example an estuary
dammed for tidal pcwer generation becomes a lagoon with a modified
tidal regime, and probably accelerated siltation, as well as changing
ecologically. Structures anchored in coastal waters and built along the
coastline would intrude sharply upon existing scenery (Fig. 4), and
undoubtedly there would be strong opposition to them from environmental
ists, particularly as there is a prospect of generating more than enough
power from solar energy installations sited inland.

In Australia, as elsewhere, there has recently been widespread
beach erosion. The reasons for this have been discussed by Bird (1976b).
Wave energy has lately been expended destructively, rather than
constructively, eroding sandy material from beaches and removing much of
it offshore to the sea floor. Increasingly aware that conventional anti-
erosion works such as sea walls tend to accentuate this problem, coastal
engineers have introduced artificial beach nourishment schemes, whereby
sand brought from the sea floor (or from inland quarries) is piped on to
the shore to restore depleted beaches. In such schemes the power used
in ships, dredges, pumps and bulldozers is based on oil. The beach
deficit generated by natural wave energy is thus being made good, but at
the expense of burning non-renewable fossil fuels. It would be prefer
able to utilise energy drawn from renewable resources for such purposes
as this, and perhaps particularly appropriate to use a fuel supply
generated by the waves themselves: for example, electrolytic hydrogen
could be produced from drifting rotatory vanes in offshore waters, and
processed as a fuel supply for such coastal engineering projects. In
Australia, as elsewhere, such rationalisations of power demand and energy
supply may be expected to emerge as conventional non-renewable energy
resources become depleted, but at this stage it is difficult to forecast
which of the energy regimes around the Australian coast will prove most
useful in terms of engineering, economics, and environmentalist!).

I would like to acknowledge the help of Frank Fisher, Department of
Geography, University of Melbourne, for advice on tidal power production,
and Robert Bartlett of the same department, who drew the diagrams.
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Fig. 4 Impression of the environmental impact of wave and wind energy
utilisation systems on a sector of the Australian coast
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