Is the world entering a period of major
long-term climatic change? Devastating
droughts in Africa and Asia, increases in
the Arctic ice cover, and other events
(including the recent floods in Australia)
have sparked off a stream of prophecies.
Some people have predicted another Ice
Age.

While it’s possible that big changes are
under way, there’s no scientific basis for
believing that they are says Dr Brian
Tucker, Chief of the csiro Division of
Atmospheric Physics. We just don’t know.
Meteorology has some way to go before
climate prediction becomes possible.

However, the science is advancing at
an unprecedented pace, and researchers
are concerning themselves with climate
change as well as with day-to-day weather.
One reason for the progress made in re-
cent years and optimism about future
advances is the advent of weather satel-
lites. These have greatly increased the
amount of information coming to meteo-
rologists and should provide a lot more in
the future. Just as important has been the
development of computer-based mathe-
matical models of the atmosphere. It is
these models that hold out the hope that
scientific climate prediction may event-
ually become reality.

The main research organization en-
gaged in modelling the Southern Hemis-
phere’s atmosphere is the Australian
Numerical Meteorology Research Centre
(formerly the Commonwealth Meteoro-
logy Research Centre), set up in Mel-
bourne in 1969. This is run jointly by the
Department of Science and csIro.
Closely related to the Centre is the CSIRO
Division of Atmospheric Physics.

One of the chief interests of scientists
at the Division, at Aspendale beside Port
Phillip Bay, is research aimed at gaining
" a better understanding of the atmospheric
processes responsible for weather and for
climate change. Mathematical represen-
tation of these is an essential part of the
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modellers’ work, and clearly the more that
1s known about the processes the better
the models can be. So the Centre and the
Division have common interests. Dr
Tucker’s interests cover the whole field;
he was Officer-in-Charge of the Centre
for its first 4 years and moved to the
Division in 1973. Mr Reginald Clarke
currently leads the Centre’s research
program.

Observations

The Bureau of Meteorology is now using
models developed at the Centre to help
with regular 24- and 36-hour weather
forecasting. However nobody is attempt-
ing yet to forecast the types of weather
conditions that can be expected months
and years ahead with models; knowledge
of the way the atmosphere works is not
nearly complete enough for this sort of
climate forecasting. More information
from weather observations is needed too,
particularly in the Southern Hemisphere,
where observation points are very sparse
over the vast expanses of ocean. A precise
description of the present world-wide
climate is impossible without comprehen-
sive global observations. Also the obser-
vations are needed by scientists making
detailed studies of the physical mechan-
isms controlling climate,

The flow of data from observations is
increasing rapidly. In recent years satel-
lites have begun providing valuable
information on temperatures at different
levels in the atmosphere as well as
photographs of cloud patterns. Another
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possible, but not in the near
future.

new development in data collection
recently tested by American and French
scientists is the use of balloons circum-
navigating the earth at constant altitudes
to send “down information on winds,
temperatures, and moisture.

In 1977 an international project will
begin, arranged under the Global Atmos-
pheric Research Program (GARP), aimed
at greatly increasing the amount of data
available. The launching of five satellites,
to be stationed at fizxed positions over the
equator, is planned as an important part
of this project. Together, these will -con-
stantly observe most of the planet. One
of them, to be put up by Japan, will
have Australia permanently in its sights.
Dr Tucker is looking forward with
enthusiasm to the information it will
provide.

This satellite will take photographs over
Australia every hour or so. Cloud features
with a diameter as small as 1 km will be
visible and, for the first time, it should be
possible to monitor almost continuously
local fogs, showers, and thunderstorms
over the continent and surrounding sea.
One of the satellite’s main uses as a data
source will be in telling observers what
winds are blowing in tropical areas. This
very important information often is not
available now. The satellite will provide
it by monitoring the movement of cloud
systems.

Atmospheric processes

Understanding of the atmosphere’s pro-
cesses is also growing, and Dr Tucker
expects the increased data flow from 1977
to greatly assist scientists working out the
details of what goes on. Many projects are
going ahead at the Division aimed at
filling in some of the gaps.

In one project, the role of clouds in
absorbing and radiating energy from the
sun is being studied. The scientists esti-
mate, on the basis of their current theory,
that a 19, increase in output from the sun
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A satellite stationed over the Amazon

Basin sent back this
remarkable photo.
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should be accompanied by a temperature
rise of 0-3°C on the ground and a 19,
increase in cloud cover. Observations
from weather satellites confirm the cloud
cover prediction; cloud increases between
July and January by about 6%, and so
does the radiation energy supplied to the
earth—because of the decrease in the
distance between the sun and the earth..

Scientists at the Division are also
examining interactions between the sea
and air, which may have big effects on
climate. In an experiment about to begin,
a buoy, designed at the Division, will be
launched from the south coast of Western
Australia and, hopefully, will be recovered
south of Tasmania a few months later. It
will send radio signals to an American
satellite overhead, which will relay data
back to Aspendale.

Instruments on the buoy will measure
moisture and heat movement between sea
and air, and the transfer of momentum
from the ocean to the air when strong
winds whip up the ocean surface. The
buoy will keep a record of its observations,
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so if it is recovered the scientists will be
able to check the recorded data against
the information transmitted by the satel-
lite. If the experiment works well, more
buoys may follow.

Also in pursuit of information on air-
sea interactions, a group from the Division
took part last year in an international
study in the South China Sea, setting up
measuring instruments on three low-lying
reefs. During the winter months the ocean
surface there is 10°C warmer than the
air—the biggest difference anywhere in
the world—and the scientists expect to
learn a lot from the study, which contin-
ues this year. :

Models and maths

Mathematical modeiling of the atmos-
phere involves representing atmospheric
processes in the form of equations. Data
describing atmospheric conditions are put
to work in these equations. If the equa-
tions represent reality accurately and the
input data are adequate, the output data
will describe atmospheric conditions that

can be expected to exist at some set time
in the future.

Realistic atmospheric modelling would
not be possible without computers—
because the atmosphere’s activities are so
complex. For example, the models used by
the Bureau in 24-hour weather forecasting
deal with several million pieces of in-
formation for each forecast. The Bureau’s
computer takes about 100 minutes to
process all this information.

Although climate forecasting is not yet
possible, models are helping to build up
understanding of atmospheric processes
that can lead to changed weather patterns.
In one recent experiment, scientists at the
Centre used a model to look at what
would happen if the temperature of the
ocean surface rose by up to 4°C over an
area about the size of Australia centred
just east of New Zealand. One outcome
predicted was a big reduction in rainfall
over New South Wales and Queensland.

In another experiment, they looked at
possible effects of debris deposited in the
upper atmosphere by a volcano erupting



Through another lens the satellite took
this close-up of a hutricane over the
Gulf of Mexico. The $ame Aiirricane can
be seen in the wide-angle shot opposite,

in the tropics. The computer output
suggested that average temperatures would
fall noticeably near the equator and the
Poles, but hardly at all in the subtropics.

Checking against reality

The results of experiments like these can
sometimes be tested by observations.
When this is possible, the scientists gain
a good idea of how accurate their models
are. Checking against reality is a very
important part of the development of
atmospheric models.

Improvements in modelling techniques,
as well as in observations and understand-
ing of atmospheric processes, are bringing
closer the day when climate forecasting
may prove possible. Recently scientists at
the Centre have excited interest around
the world with their development of a way
of representing the atmosphere using
wave patterns rather than the normal grids
of points. Trials with a wave-based
weather forecasting model have proved
very successful, and possible applications
in climate work are being looked at.
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The shaded areas show the fields of vision of the five satellites in the
G.A.R.P. project scheduled for 1977.

Climate can change

Big long-term changes in climate have
occurred in the past. As Dr Tucker
pointed out in a recent radio talk, the
North and South Poles have probably
been free of ice for about 900 million of
the past 1000 million years, so average
temperatures have been quite a lot warmer
than they are now. That big changes have
happened in relatively recent times is
shown by evidence of past civilizations in
what is now the Sahara Desert and agri-
cultural settlements in parts of Greenland
now covered by ice.

However, he also pointed out that big
changes occur in weather patterns from
year to year when no long-term climatic
change is under way. ‘Eighteen months
ago we experienced the last in a succession
of pretty nasty droughts in Australia, but
no drought statements have been issued
since May 1973’, he said. ‘Recently
floods have been the thing. Perhaps we
can thank Dorothea MacKellar that here
these variations are regarded as normal

and prompt little speculation of climate
change.” Her poem ‘My Country’, with its
description of Australia as a land ‘of
droughts and flooding rains’, is part of our
folklore.

The prospects for predicting climate
change? Dr Tucker believes it will become
possible, but not in the near future. He
expects season-to-season climate fore-
casting to be considerably easier to achieve
than accurate year-to-year prediction. He
thinks it will be some time before scientists
will understand the atmosphere’s pro-
cesses in sufficient detail to produce
models that will make accurate long-
term climate prediction possible.
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