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When I was asked if I would serve as vice-chairman of our first Australian Branch
committee I was surprised. Not only was I no meteorologist, but Melbourne appeared
to be singularly well-provided with real meteorologists. 1 was told, however, that
the committee already had a meteorologist as prospective chairman and now wanted an
oceanographer. Again I was bound to plead ignorance and to explain that I was a
classical fluid dynamicist. But even that was to no avail, and I am here giving
the chairman's talk on oceanography to meteorologists!

The Australian Branch has always regarded the atmosphere and oceans as dynam-
ically inseparable except on relatively short time scales, and has seen its interests
as extending to both atmosphere and oceans. I doubt that this conviction has been
apparent to many outside the Branch, and I am bound to admit that it may even have
escaped the attention of some within; but the fact is that our heart is more or less
in the right place. Thus when the Interim Australian Science and Technology Council -
ASTEC - was given the brief to inquire into and advise the Australian Government on
the present state and future needs of marine science in Australia it needed only a
little prompting before our Branch was invited to make a submission. -The broad idea
was that we were to cover the physical side of marine science.

THE ASTEC MARINE SCIENCE INQUIRY

Towards the end of September the chairman of ASTEC, Dr J.A.L. Matheson, wrote to a :
small number of individuals, most of whom could be regarded as representative of
jnstitutions, learned societies and other groups concerned with some aspect of marine \
science, inviting them to report briefly their views on the development of the marine
sciences in Australia. Because of political pressures, ASTEC is constrained to make

at least an interim report before the end of the year, and for this reason could allow
contributors no more than four weeks to complete their submissions. Several addi-
tional submissions have been invited since the first round and some others have been
offered without invitation, but the total number remains relatively small. A working
group of consultants has also been formed under the chaimmanship of a Council member,
Professor R.0. Slatyer, and including Dr E.C.F. Bird of the geography department at

the University of Melbourne, Dr D.J. Griffin of the Australian Museum, Dr G. Murphy

of the CSIRO Division of Fisheries and Oceanography and myself. This committee will
have the task of consolidating a short report to ASTEC from the many submissions.

It is perhaps a disadvantage that three of the members of this group are biologists,
with only Bird as a coastal geomorphologist and myself somewhere on the physical side

as exceptions. In particular, the working group lacks experience in marine engineering,
marine geology and chemistry, although Dr Matheson's original letter cited the areas of
interest as including: coastal geomorphology, physical oceanography, tidal and estua-
rine phenomena, marine biology, marine geology, marine and coastal engineering,
aquaculture, hydrography and coastal defences.

\
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The reaction of our Branch committee on receiving this letter was to write to
a group of our own fellows and others involved in physical oceanography, inviting
them to let us have their views so that we might prepare a submission on the basis
of this material and of the knowledge of some of our own committee members. We have
had fifteen replies, and these formed the starting point for our submission, for
which I must take the main responsibility although I have had a great deal of help
from John Zillman. I shall base the remainder of my talk on our submission which
follows. ‘

SUBMISSION ON MARINE SCIENCES IN AUSTRALIA

Marine science encompasses a very wide range of disc¢iplines in the broad study and
utilisation of the open ocean, the sea bed and sea surface, and coastal margins.

The basic sciences include physical and chemical oceanography, marine geology and
geophysics, coastal geomorphology,and the biology of marine organisms; branches of
engineering and technology include the design of harbours and coastal and shelf
structures, undersea cables and pipes, buoys, shipping and transport, hydrography,
navigation, and coastal protection; and areas of applied science include fisheries,
fish and shellfish cultivation, seaweeds, the identification and exploitation of
mineral deposits including hydrocarbons and gravel, pollution control including oil,
city, agricultural and radioactive wastes, and defence. Although these are normally
studied as a series of separate pure and applied disciplines, in the marine environ-
ment they both interact in a distinctive way and they have related needs for ship
and other support that make it practicable and rewarding to interrelate the studies
of the separate disciplines.

As an example, the anchovy fishery off the west coast of South America is one
of the most prolific fisheries in the world and results from upwelling currents
that are rich in nutrients. From time to time, however, upwelling ceases and the
region is occupied by poorer tropical surface waters with resulting massive changes
in the ecosystem. This phenomenon is known as El Nifio, and the apparently local
changes are due in all probability to distant causes that substantially modify the
ocean circulation in that part of the eastern Pacific. In this case an improved
understanding of the general circulation in an extensive region of the Pacific
Ocean may be needed to explain the variations’adequately. Such an increase in
knowledge will not prevent El Nino in the future, but it may allow forecasts that
will provide advance notice of possible variations in the anchovy harvest in the
future.

Our Society accepts that marine science is an interdisciplinary subject and
that there are both scientific and logistic reasons against isolating its parts.
Our own experience, however, lies in the physical sciences and we have therefore
addressed ourselves to the present state and future needs in physical and chemical
oceanography, on the grounds that others will cover the other components of the’
field and that. ASTEC has itself made arrangements for the production of a balanced
report from the various submissions. We see the atmosphere and oceans as a single
strongly-coupled dynamic system, neither part of which should be studied in isolation
except on short time scales. On seasonal and climatological time scales the ocean,
with its high thermal capacity and marked thermal inertia relative to the atmosphere,
plays a major role in modifying atmospheric behaviour and must ultimately provide
the basis for an understanding of climatic change. Our knowledge of atmosphere-
ocean dynamics is at present totally inadequate as a basis for seasonal forecasting,
but the potential reward for Australia of even a moderately effective system of
seasonal forecasts is so large in terms of primary production (for example, Maunder
1970) that in our view Australia should now give high priority to establishing a
viable, if limited, program of physical oceanography in the open oceans about us.
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We are bound to point out that the study of physical oceanography in Australia
is at present fragmented, unbalanced and largely ineffective, and that morale amongst
the existing scientists scattered through university departments, CSIRO divisions and
other establishments is low. There is an urgent need for a broad statement of policy
for marine science within Australia and for some organisational framework within
which Australians.can begin to work towards agreed objectives. We have wélcomed the
establishment of the Australian Institute of Marine Science at Townsville, but we see
this as an isolated response to a particular situation and we urge that the larger
questions should now be resolved so that a more balanced program can be started and
developed as money becomes available, :

Finally, a proportion only of our fellows are involved in physical oceanography
and a number of physical oceanographers are not fellows of our Society. For this
reason we have solicited contributions from those we believed might wish to contri-
bute, and have thus attempted to act for the field of physical oceanography rather
than in the immediate interests of our own membership. In the very short time that
has been available it has been impossible for us to circulate a draft of our
submission either to our contributors or to our fellows, and for this reason we urge
that our contributors be given the opportunity of commenting directly on the interim
report that will be prepared by ASTEC, and that some mechanism be provided for taking
account of these and other comments.

The importance of physical oceanography to Australia

Physical oceanography is concerned with observing and understanding the basic
state and the dynamics of the oceans, and is the source of background knowledge for
many other scientific, technological and ecological studies. The following sections
sketch the relevance of physical oceanography to Australia.

(i) There is accumulating evidence that weather, climate and climatic change
throughout the world are associated strongly with the state, motion and energy distrib-
ution of the oceans, although the mechanisms involved are not well understood. Thus,
on the one hand, it appears that better data on the thermal structure of the surface
layers of the ocean in the Australian region will be needed for improvement in weather
prediction on the scale of a few days; and on the other hand, that seasonal and longer
term forecasting are likely to develop satisfactorily only on the basis of a better
physical understanding of atmosphere-ocean coupling at all scales, from the general
ocean circulation on the scale of thousands of kilometres to local air-sea inter-
action on the scale of hundreds of metres or less. The magnitude of the task is
increased by the geographical extent of the Australian region, ranging from the Coral,
Arafura and Timor Seas in the north with associated patterns of tropical weather
including tropical cyclones, to the great body of the Southern Ocean in the south and
the temperate weather sequence of cyclones and anticyclones that influences the lives
of most Australians and may profoundly affect their economic pursuits.

(ii) Physical and chemical oceanographic data play an important role in fisheries
research and development, and the CSIRO Division of Fisheries and Oceanography has
long maintained a small group which has carried out programs in association with a
number of fisheries. Detailed studies of water movement and structure are generally
an essential component of research into the life cycles of the various living
resources of the sea and require physical and chemical support for fisheries biolo-
gists. Sea surface temperature often plays an important role, and work on the
location from the air of thermal fronts at sea has been developed to an operational
stage and used in the tuna fishery, as tuna are found to favour these rather sharply
defined boundaries of bodies of relatively warm water. Recent and apparently
unrelated work at the Australian Institute of Marine Science at Townsville on
inhomogeneities in the distribution of plankton at sea hds shown a tendency for
preferential collection in regions of enhanced gradient in temperature, salinity or
velocity. This work on plankton illustrates the interaction between biological
behaviour and physical state and emphasises the importance of physical variability
at meso and micro scales, another imperfectly understood field; it may also relate
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to the behaviour of tuna. Much more sophisticated satellite monitoring of sea
surface temperatures has been used in the United States to detect the cold waters
of coastal upwelling systems which tend to be rich in nutrients and to support large
fish populations, as in the case of the anchovy fishery off Peru and Ecuador. The
dynamics of coastal upwelling systems are at present under study as part of a
cooperative international program on Coastal Upwelling Ecosystems Analysis (CUEA),
and scientists from eight nations will take part in an intensive period of field
experiments on the Peruvian upwelling ecosystems 'in 1976 and 1977. A significant
.region of upwelling occurs between Broome and Wyndham on the Northwest Shelf, and
merits study in terms both of its physical and chemical oceanography and of its
fisheries productivity. Other areas in which new technology has been adopted for
fisheries use include detection by sonar, originally developed for naval purposes.

(iii) Efficient port and harbour management and the safe navigation of ships of

all kinds in coastal and enclosed waters depend on a thorough knowledge of tidal
processes, shelf circulation and waves. The present generation of very large, deep
draught bulk cargo and tanker ships must be operated with reduced margins of depth
on the Northwest Shelf and in the region of the Great Barrier Reef. At Torres
Strait ships are taken through the shallow and possibly variable channel on the
tidal flow, with much less margin in depth than the tidal range and with only a
single telemetered tide gauge for determination of water depth in a situation where
local tidal behaviour is poorly known and water depths respond also to wind and
storm conditions. Even under less extreme conditions the bulk carrier Sygna was
lost aground off Newcastle because she could not be manoeuvred away from an offshore
anchorage in a rising wind, and the Lake Illawarra was sunk and breached the Tasman
Bridge across the River Derwent because she could not be handled in the tidal flow.
There is likely to be increasing use of large ships, and in particular Torres Strait
is likely to grow in importance as a ship passage. Thus precise information on sea
levels, tidal heights and tidal currents are needed for safe and economic navigation,
and also for coastal engineering works, offshore mining, and for mapping and
charting. A knowledge will be required also of meteorological effects on mean water
levels, on the resonant characteristics of estuaries, bays and gulfs, on channel
movement under the effects of tidal streams and on the effects of wind-produced waves
and ocean swell,

(iv) The design of coastal and offshore structures, harbour construction, oil and
mineral exploration and extraction, and the laying and maintenance of pipes and
cables requires an extensive data base on and an understanding of wave climatology,
the statistics of extreme events, susceptibility to surges and turbidity currents,
and patterns of sediment scouring, transport and deposition. There is likely to be
an increasing investment in engineering and structural work around the Australian
coast, with a corresponding need for a supporting program of measurement and
research. Problems of coastal protection require similar data and also the predic-
tion of waves and surges induced by cyclones and other storms. On a larger scale,
optimal ship routing requires a knowledge of sea states, surface currents and
visibilities on an operational basis.

(v) Serious concern at pollution levels in the oceans and the desire to preserve

" coastal environments have replaced the old belief that the oceans would provide a
sink for wastes. Pollution involving heavy metals, plastics, oil, heat and many
other components is causing trouble in estuaries and coastal waters and arises from
the discharge of raw or treated industrial and agricultural wastes, sewage and oil,
Pollution levels extend through shelf waters and into the open oceans, which also
receive a substantial pollutant input through the atmosphere. Lead levels in the
open ocean have risen sharply since lead compounds were introduced as petrol
additives, and both shellfish and pelagic fish tend to show accumulations of heavy
metals and pesticides. The possibility of pollution by radioactive wastes has long
been of concern; and open ocean pollution by oil slicks now appears to be increasing
at a disturbing rate. Pollution studies involve a wide range of basic disciplines:
pollutants are brought to the sea especially in rivers and effluent discharge and via
the atmosphere, they are advected by currents and wind-drift and diffused by ocean
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mixing processes, they suffer chemical change and biological make up, and are
absorbed and react on particle surfaces and at the water-sediment boundary. The
basic physical and chemical processes are in many cases complex and imperfectly
understood, and yet pollution of ocean and coastal waters is increasingly a matter

of international concern, in which acceptable levels of contamination and methods

of testing have to be agreed between governments on the best available scientific
knowledge. Local baseline studies, selected monitoring programs and studies of
pathways for particular pollutants in the sea will be needed. An informed Australian
view will at times be necessary and can best be based on the knowledge and experience
of an active local program, preferably based in a multidisciplinary laboratory. The
Australian Institute of Marine Science has initiated a program on tropical marine
pollution which will be concerned initially with trace metals and later with
chlorinated hydrocarbons in Barrier Reef and inshore waters.

(vi) Marine search and rescue operations require a detailed knowledge of meteoro-
logical and oceanographic conditions on both operational and climatological
probability bases. Drift and current knowledge for the Australian region is not
good. '

(vii) Hydrography is based on the preparation of charts and involves. sounding and
the measurement or prediction of tides and currents. A scientific presence, or at
least a scientific awareness and capability is likely to serve in Australia's favour
in the future in questions of sovereignty and utilisation of our continental margins.

(viii) Defence programs, carried out by the Royal Australian Navy Research Labora-
tories and others, emphasise underwater communications and detection and require a
knowledge of deep sea density and current structure.

The importance of Australia to physical oceanography

Four-fifths of the southern hemisphere is covered by oceans, with the Pacific,
Atlantic and Indian Oceans merging into the Southern Ocean, which provides the only
continuous ocean path around the earth. The Antarctic Circumpolar Current is both
one of the largest ocean currents and the only one with a closed east-west path;
it exhibits strong variability, and the transport through Drake Passage has been
shown in a recent International Southern Ocean Study (IS0S) program to fluctuate
through perhaps two orders of magnitude from about 1 sverdrup* to its characteristic
flux of over 200 sverdrup. The Polar Front or Antarctic Convergence, separating
antarctic water from the warmer sub-antarctic water, shows strong local variability;
variations in the surface position of the polar front depend on atmospheric winds,
and in turn modify the thermal coupling between ocean and atmosphere in the southern
zone., Variations from season to season and from year to year in antarctic sea ice
cover also modify ocean-atmosphere interactions, and particularly the thermal
budget, in ways that are not yet understood but which may be expected to relate with
climatic variability on scales of time from a season to a century.

The Pacific, Atlantic and Indian Oceans merge at their southern extremities in
the Southern Ocean, and are coupled to it especially by the generation of cold dense
Antarctic Bottom Water which forms mainly in the Weddell Sea but also elsewhere round
the margin of Antarctica and flows northwards in western boundary currents into each
of the major ocean basins. The waters around Antarctica provide the principal region
of the world's oceans where atmospheric and sea ice.interaction with surface water
generates abyssal water for the whole ocean system. This bottom water moves north-
ward and upwells in middle latitudes of the northern hemisphere where it influences
world patterns of climate and serves also as a primary nutrient carrier. Antarctic
Intermediate Water is formed at the polar front and plays a role in the large scale
heat budget of the Southern Ocean. The formation of antarctic bottom water is known
to depend on wind and sea ice cover, but detailed mechanisms have yet to be established.

* 1 sverdrup = 106 cubic metres per second.
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Australia occupies one of the key positions for studies of the Southern Ocean
and its climatic influence. The longest of three zonal passages, totalling 60° in
longitude and with north-south extent varying between 35° and 24° of ‘latitude lies
south of Australia and New Zealand. The zone with depth exceeding 1000 m, however,
provides a passage of only 10° of latitude .between the Macquarie Ridge and the
Balleny Islands, and this presents an effective passage of width and latitude
comparable to those of Drake Passage, and one of the possible transects across which
to measure or in time monitor the zonal transport of the antarctic circumpolar
current. Southern Ocean research has traditionally been carried out by northern
hemisphere nations, and for the most part still is in spite of the great distance
from their home ports. Australia, however, is in an especially favourable geograph-
ical position with direct access to the Southern Ocean from both its northern and
southern boundaries, and also.to the Pacific and Indian Oceans; it has a well-
established industrial base and a reasonably sophisticated level of technology, and
although it already has a reputation for research and development in meteorology,
the system of short-term forecasts is of limited help in forecasting likely seasonal
trends that might be used in planning crop strategies or in estimating likely crop
and animal yields. Seasonal forecasting is not at present possible, at least on a
scientific basis, but in the northern hemisphere where a considerably better cover
of meteorological data is available monthly forecasts are produced in a number of
countries with moderate success.

At present Australia devotes little attention to either near-shore or open-ocean
oceanography in comparison with other countries of comparable population and technical
development, especially in the broad area of physical oceanography. To draw a
comparison with other countries which border the Southern Ocean, New Zealand has had
an Oceanographic Institute for some years, with a refitted sea-going oceanographic
ship; Argentina has recently taken ovér the operation of the US research vessel
Eltanin and is operating her in southern waters with some United States assistance;
and South Africa has recently reorganised research in marine science by establishing
the National Research Institute of Oceanology through regrouping other activities
into a single centre of CSIR type.

The relationship between research, data management,
operational programs and project work

The subject of physical oceanography is based on field observation and can be
carried out only if adequate ship and other observational facilities are available.
The particular facilities needed depend on the programs in hand, but may include
surface and deep-water moored and drifting buoys, sensing from satellites, aeroplane
observation and efficient telemetry, although the principal observing platform still
remains the sea-going ship. Viable programs depend also on supporting theoretical,
laboratory and computer studies in preparation for and in analysis of data obtained
from field experiments or from monitoring, but such programs cannot themselves be
based on theoretical and numerical studies as a substitute for field observation.

Effective research in physical oceanography requires access to a broad range
of observational data obtained by the research group, by other agencies within
Australia and by others in the international oceanographic community. The need for
observational data from the open sea and nearshore waters is, however, much greater
than that for any research program, and once ship experiments have been started they
are likely to initiate a flow of data to serve operational and other needs. The
quality of this data is likely to benefit significantly from the presence of an
active research group, but the systematic collection and management of oceanographic
data for a variety of users is an operational and not a research activity and ought
to be the responsibility of a department or other operational agency of the Australian
Government and not of a research institution.
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