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Dr G.B. Tucker

Environmental issues continue to occupy centre stage
in matters of public concem. Passionately held beliefs
and alignments have characterized debates on the
environment and the economy, and on conservation
and development. These topics evoke strong
emotions, and confrontationist arguments from both
sides often confuse the issue by hyperbole and
extravagant rhetoric. It is all the more important,
therefore, for sound objective scientific assessment
both of the physical problems and of the arguments of
protagonists to be available to the general public and
to policy makers. The Chief Executive of CSIRO,
Dr John Stocker, has recently referred to the role of
CSIRO as being "an honest broker" in such matters.

In this report of research progress at the CSIRO
Division of Atmospheric Research, the role of
atmospheric scientists in making such assessments is
clear. We are fortunate in being able to combine
objective environmental appraisals with sff ong
scientific progress in each of our four research
Programs: Global Atmospheric Change, Atmospheric
Pollution, Remote Sensing, and Water Resources.
Significant achievements in selected problems
associated with weather. climate and atmosoheric

pollution have been possible because of disciplinary
skills and knowledge resident at the Division, some of
which have been built up over past decades. The
relevance and effective application of this expertise to
national problems is attested by the research grants
and extemal funding listed in our financial statement.
We have been careful to undertake these studies
without compromising the strategic component of our
research which is the font for future applications.

At the same time, however, it is part of our ongoing
plan to persuade authorities which are not yet
disposed to make full use of skills and achievements
to use us rather than to divert precious resources to
setting up research programs of their own. The
Division already has strong links with State and
Commonwealth Govemment Departments and with
various tertiary institutions. It also maintains an active
program of intemational scientific collaboration.

Climate research being undertaken at the Division is
now substantial by world standards. All four of our
formal Programs contribute to this topic. We have
been able to make strong advances on several fronts
by combining the expertise of atmospheric chemists,
scientists concemed with physical processes, and
general circulation modellers. A Climate Research
Laboratory was constructed recently to allow many of
those who specialize in these areas to work in
proximity to each other. The laboratory was opened in
March 1990 by the Prime Minister, The Right
Honourable R.J. Hawke. This was the first Prime
Ministerial visit to the Aspendale site in the
Division's history.

It is a pleasure to acknowledge a sense of community
within the Division, a sense of pride in past
achievements, an obvious enjoyment of internal and
extemal interactions and a real commitment to the
challenge of the future.

G.B. Tucker
Chief of Division
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The Organisation

CSIRO was established in 1926.Its main concem was
research for agriculture and primary industry. As the
organisation developed it began catering to secondary
industries and in 1949 was charged with undertaking
strategic research on behalf of all industries in
Australia.

About 2500 scientists are employed by CSIRO. The
major objectives of the Organisation are to:

. carry out strategic research that can be applied by
Australian industry or Government for community
benefit

. collaborate with other institutions and industry to
strengthen the research effort and ensure its transfer
and application

. lead and promote an expanded science and
technology effort in Australia

The lnstitute

Research is performed in 35 Divisions and Research
Units. The Division of Atmospheric Research is
part of the Institute of Natural Resources and
Environment. The Institute aims to provide the
scientific knowledge required for the effective
management and conservation of Ausffalia's natural
resources and environment, particularly in relation to
the conservation and protection of natural heritage and
sustainable use by dependent industries.

The Division

Research at the Division is aimed at improving our
understanding of the physics, dynamics and chemistry
of the atmosphere of both the Australian region and
the globe. Investigations focus on studies of weather
and climate, and atmospheric pollution. The Division
seeks to provide the best possible advice on practical
problems which are relevant to community concems
and to industry.

The Division has a staff of approximately 150,
including 90 scientists and 60 support staff.

Scientific activities are carried out within four
research programs:

. Global Atmospheric Change

. AtmosphericPollution

. Remote Sensing

. Water Resources

The Divisional Advisory Committee

Since its inception in 1984, the Divisional Advisory
Committee has given invaluable advice to the Chief
on policy and other matters. The aim of the
Committee is to assist the Division in its ongoing
efforts to achieve appropriate, viable research
directions which respond to the needs of the
Australian community.

Chairman
MrA.F. Rainbird
Deputy Chief Executive
Civil Aviation Authority

Mr R.P. Llewelyn (Retiring member)
Former Manager, Research and Development
State Electricity Commission of Victoria

Dr I.R. McPhail
Director-General
Department of Environment and Planning
South Australia

Mr T. Silverson
Former Executive Director
ICI Australia Ltd

Dr G.B. Tucker
Chief
Division of Atmospheric Research

Secretary to the Committee
Dr W.J. Bouma
Scientific Assistant to the Chief
Division of Atmospheric Research
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Opening of the Glimate Research
Laboratory
"I am delighted to be here at the CSIRO Division of
Atmospheric Research to inspect your research work
on the changes taking place in the regional and global
atmosphere ...lt is vitally important work,for there is
no greater global environmental concern than the
greenhouse ffict and the depletion of the ozone layer
...The CSIRO enjoys afine reputationfor outstanding
research and development work.Your research
program here is a credit to all of you."

This is an exffact from the speech by the Prime
Minister, The Right Honourable R.J. Hawke, at the
opening of the Climate Research Laboratory at the
Division on 19 March 1990. Also present were the
Minister for Science, Mr Barry Jones, the Minister for
Environment, Senator Graham Richrrdson, and the
new Chief Executive of the CSIRO. Dr iohn Stocker.

Following the opening, Mr and Mrs Hawke and the
official party were shown the new building after
which ttrey visited the Geophysical Fluid Dynamics
Laboratory for a demonsfration of water-tank
experiments which simulate real-life atmospheric
pollution problems.

The Climate Research Laboratory is used for climate
change modelling which involves calculating the
effects of greenhouse gas emissions on factors such as
rainfall, cloudiness, sea level and atmospheric
temperature. Climate model results and other
information are being used to establish the likely
regional impacts of the greenhouse effect. The
Division is currently investigating how a number of
states and territories are likely to be affected.

The new 1200 square metre building, which contains
some 60 offices and workrooms as well as a new
committee room, was completed on schedule and
within budget.

The Prime Minister, The Right Honourable R.J. Hawke, opening the Division's new Climate Research Laboratory. Seated (from left) are
Mr Barry Jones, Senator Graham Richardson, Dr Brian Tucker and Mrs Hazel Hawke.

c
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Program Leader
Dr Graeme Pearman

Human activities are increasing the atmospheric
concentrations of certain greenhouse gases, including
carbon dioxide, methane, nitrous oxide and
chlorofluorocarbons. This is likely to upset the
solar-terrestrial radiation balance, leading to global
warming and consequent changes in climate.

For many years the Division has been monitoring the
chemical composition of the atmosphere. This has led
to advances in understanding of sources, transport,
distribution, and sinks of important trace gas species
and particles. Such knowledge is essential for
predicting future change and for assessing the likely
impacts of strategies to limit emissions.

The way in which Australia is likely to be affected by
climate change is of vital interest. The main emphasis
of research is on the construction and development of
computer general circulation models. These models
synthesize the atmospheric, terrestrial and oceanic
processes which contribute to climate. Arange of
information, including model results and historical
data, is being used to assess the likely impact of
climate change on a regional basis.

Greenhouse gases

The Division is currently upgrading its gas-measuring
equipment. Substantial improvements in precision,
sensitivity and efficiency will provide access to
important new information about the composition of
our atmosphere.

The Global Atmospheric Sampling Laboratory
(GASLAB) has been created to house new
instruments. A Finnigan-MAl 252 mass spectrometer
and new gas chromatographs will expand the range of
gas species able to be measured. Acentralized
computer will control the measurement sequences,
process and archive data, and provide comprehensive
qualrty control and analysis.

Projects
. The mechanisms and causes of increases in

non-reactive gases (carbon dioxide, methane and
chlorofluorocarbons) in the global atmosphere

. Scientific support for the Cape Grim Baseline
Atmospheric Pollution Station

. Chemical, physical and biological mechanisms
regulating reactive gases and aerosols in the
global atmosphere
General circulation studies of the dynamics
and physics of global and regional atmosphedc
change
Regional climate change estimates and impact
ASSESSMENT

Ocean/Atmosphere modelling relevant to
climate change and prediction
Biospheric inputs to atmospheric general
circulation and climate prediction models

Air samples collected since 1978 are providing detailed information
about the changing composition of the world's atmosphere

The new laboratory is being funded in part by the
Department of Arts, Sports, the Environment, Tourism
and Territories (DASETT).

The carbon cycle
Carbon dioxide is currently responsible for more than
half of the likely increase in global warming
associated with the release of greenhouse gases into
the atmosphere. Recent research has shown that the
oceans may be taking up less cmbon dioxide than
previously supposed. This suggests that elements of
the biosphere on the continents, such as trees,
grassland and crops may be absorbing and
sequestering more of this gas.

The impact of plants on the concentration of carbon
dioxide is a topic of great interest. World-wide
clearing of forests adds to the amount in the
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atmosphere, while re-growth and enhanced plant
productivity in a carbon dioxide-rich atmosphere can
result in absorption. If recent ocean uptake estimates
are correct, the role of plants is the most uncerlain part
of the atmospheric carbon budget. Model
development and new measurement proglams should
help clarify this issue.

The cycle and global budgets ofcarbon and other
radiatively active gases are explored using a hierarchy
of computer models. One-dimensional models are
used for studies of global features on decadal to
century timescales, two-dimensional models for
surface exchange and seasonal behaviour, and
three-dimensional models for detailed transport and
exchange processes.

Antarctic ice cores
An accurate determination of the past concentrations
and exchanges of greenhouse gases is a key factor in
understanding their current budgets. It will also help
evaluate the contribution of the gases to current
greenhouse warming. The Australian Antarctic
Division's ice-core drilling program provides
Divisional scientists with access to samples of air
trapped during the past millenia in Antarctic ice.

A significant ice core, containing air which spans the
last 150 years, is being examined. The spread of ages
of the air is only eight years and the mean age is
determined within one year. Precise measurements of
oxygen and carbon will shed light on details of the

carbon budget and should also indicate the relative
importance of the oceans and the biosphere as sinks
for carbon dioxide over the century timescale.

Techniques are also being developed to investigate
tropospheric ozone chemistry. This would provide
information on the way in which the chemistry of the
atmosphere has changed since the industria^
revolution. The establishment of the ICELAB Oce
Core Extraction Laboratory) at the Division will
benefit this work.

Cape Grim Baseline Air Pollution Station
It is now over 20 years since the World Meteorol-
ogical Organisation (WMO) saw the need for a global
network of stations to monitor long-term trends in
atmospheric c omposition. Au stralia's contribution to
this network was established at Cape Grim, in
north-westem Tasmania, n 1976. This station, jointly
managed by the Bureau of Meteorology and CSIRO,
plays a vital role in evaluating the impact of human
activities on the global atmosphere.

Cape Grim is an important part of the global network
as it is one of the few monitoring stations in the
southem hemisphere and one of the most
sophisticated in the world. Measurements of
greenhouse gases provide valuable information for
assessing the likely nature and extent of future
greenhouse-induced climate change. Carbon and other
isotope ratios assist the identification of the sources
and sinks ofthese greenhouse gases.

The Cape Grim Baseline Air Pollution Station
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In addition to being greenhouse gases, chloro-
fluorocarbons have been implicated in depletion of
stratospheric ozone. The measured increase in
concentrations of these gases in the atmosphere has
provided vital information for the Montreal Protocol.
The Protocol, which has recently been revised, is an
international agreement designed to limit the
production of ozone-depleting chemicals.

Various particles are known to act as nuclei upon
which water droplets can form in clouds. Dimethyl
sulfide, produced by decomposing sea plants, is a
significant source of naturally occurring atmospheric
sulfur. The number of sulfur-containing particles
above the oceans strongly influences the persistence
of clouds, the reflection of radiation and the likelihood
of rain, Instruments at Cape Grim have been used for
some time to provide data on dimethyl sulfide
concentration and aerosol particles.

Extensive intemational collaborative work is
performed at the station. Activities, data and research
results at Cape Grim represent Australia's main
contribution to the United Nations WMO Backsround
Air Pollution Monitoring Network.

Oxides of nitrogen
Microbial processes play a major role in cycling
compounds through the atmosphere. Nitric oxide
(NO), a gas associated wittr regional air pollution, is
produced by both nitrifying and denitrifying microbes.
The first measurement of nitric oxide release from
soils was made by Divisional scientists more than ten
years ago. However, until now it has been difficult
relating laboratory measurements to those obtained in
the field.

Emissions of gases from crops
are being studied using
s peci al ly con stru cted ch am b ers

Flow-through soil columns have commonly been used
for investigating the release and uptake of gases. The
Division has successfully devised an empirical kinetic
model to represent the bulk production and uptake of
nitric oxide within soil. Under certain specified
conditions, column data for a specific type of soil can
be used to determine the field flux.

Wheat field studies
In order to maintain protein levels, large quantities of
fertilizer nitrogen are applied to irrigated wheat.
However, much of this fertilizer - an expensive
commodity - may never be taken up by the crop. In
fact, it has been shown that more than half of the
nitrogen may rapidly enter the atmosphere.

The Goulbum Valley in northem Victoria was used as
the site for a detailed study of gas fluxes.
Measurements of nitric oxide emissions were made at
crop height in a chamber constructed from an
aluminium frame surrounded by transparent plastic
sheeting.

Emissions from fertilized wheat fields were up to ten
times greater than those from unfertilized fields. Soil
processes represent the major source of nitric oxide
lost to the atmosphere. Even after the wheat had been
harvested, significant quantities of nitrogen were still
being released from the bare soil.

General circulation modelling

A concerted effort is being made to improve our
knowledge of the way in which global and regional
climate is likely to respond to increasing
concentrations of greenhouse gases. The general
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circulation models used for this research are
continually being refined. For studies'of specific
regions, atmospheric limited-area models are being
developed. The interaction between oceans and the
atmosphere has a significant impact on climate; hence
the importance of coupling ocean and atmospheric
models.

In order to model the complexity of the atmosphere, a
great deal of computer power is needed. Considerable
attention has been given to increasing the speed of
the models, both on the Cyber 205 computer and on
the new CRAY Y^\4P supercomputer.

The Division's four-level model is being extended to
nine vertical levels. Preliminary experiments are well
under way in establishing the model's climatology,
and results so far are encouraging.

The first greenhouse experiment, using the Division's
four-level model coupled to a simple ocean, has been
completed. This experiment incorporated doubled
atmospheric carbon dioxide concentrations. Results
indicate considerable changes to the world's
temperature pattems. Under greenhouse conditions,
the model suggests major warming especially in arid
regions such as Westem Australia. The model
continues to show large year-to-year variability, so
that individual cool years still occur despite the
average warming.

An intense effort is now underway to improve the
ocean component of this climate model, and to
improve the way in which clouds,land surface
processes and air-sea interactions are incorporated.

Li mited-area model Ii ng
Global circulation models have a horizontal resolution
of approximately 500 km, whereas local-precipitation
and soil-moisture pattems are often related to
small-scale features. Running a global model at high
horizontal resolution is prohibitively expensive. An
attractive altemative is to carry out a full global
greenhouse simulation at the usual resolution and then
nest a higher-resolution mesoscale model within it, so
that the global model is essentially supplying the
broad climatology. A limited-area model has been
developed with an extensive set of physical
parameterizations. Encouraging results have been
obtained from a number of 120-day integrations using
a 250 km grid. Extended higher-resolution (50 km
grid) simulations are planned.

Land surtace modelling
The Division is using its experience in boundary-layer
and land-surface physics to improve the
representation of the surface and atmospheric
boundary layer in general circulation models. In order
to take properly into account land surface comprising
vegetation or soil, a soil-canopy scheme needs to be

Mean sea level pressure for January as obserued (above) and from
the CSIRO four-level model (below)

incorporated into the models. Such a scheme, as well
as an appropriate boundaryJayer representation, is
being formulated and tested.

The next stage of development will involve climate
sensitivity runs using the four-level general circulation
model. The impact of incorporating soil and canopy
properties will be investigated and comparisons of
model results with observations will be made.

Middle atmosphere modelling
The model used in this study extends 100 km upwards
through the atmosphere. Considerable experimentation
has taken place regarding the incorporation of intemal
gravity-wave drag and its interaction with tides in the
middle atmosphere. The simulation shows that intemal
gravity waves generated at the surface experience a
variefy of interactions as they propagate upwards,
frequently reaching the mesosphere before any
absorption occurs. Complex mutual interchanges occur
between the tides and gravity waves, with the model
successfully simulating much of the variability in
winds and temperatures in the mesosphere.

Ocean modelling
For realistic prediction of climate change, oceanic
models must be coupled to atmospheric models.
Oceanic processes exert a major influence on climate.
Sea-surface temperature determines the heat exchange
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Contours of average number of days in winter when daily minimum
temperatures are less than or equal to 0'C, before (above), and
after (below), a 3'C uniform greenhouse warming

between the atmosphere and the oceans, and thus, to a
large extent, the energy available to drive the
atmosphere. Furthermore, the thermal capacity of the
oceans and the factthat they act as a sink for carbon
dioxide will delay the warming anticipated as a result
of the greenhouse effect.

Experiments have been performed with an ocean
model obtained from the Geophysical Fluid Dynamics
Laboratory, Princeton. Realistic ocean-floor
topography and increased horizontal resolution have
been added. This has improved the representation of
surface, coastal and equatorial currents. Ultimately, a
twelve-level version of the ocean model will be
coupled to the Division's atmospheric model.

The impact of climate change

Divisional scientists are aiming to provide the best
available estimates of the likely Australian regional
climatic changes and impacts of the greenhouse effect.

Information is being obtained from a variety of
sources. Local and overseas climate models for the
Australian region are being used. Limited-area models
are being modified to simulate specific meteorological
phenomena such as tropical cyclones and cold fronts.
The models will then be used to study sensitivity of
such phenomena to changes in large-scale climate.
The historical data record, fossil records, and physical
arguments are also important. It must be realized that
none of these methods is perfect and there will
continue to be uncertainties. The objective is to
naJrow these uncerlainties, weigh the balance of
evidence, and provide the best available advice.

Model results
In order to assess the impact of increased levels of
greenhouse gases, results from general circulation
models incorporating doubled carbon dioxide
concentrations are compared with those using current
concentrations. Anumber ofoverseas and local
models have been analysed.

One of the necessary conditions for having confidence
in model greenhouse simulations is that they
satisfactorily represent current Australian climate in
control runs. Of the various general circulation model
simulation results available in computer-compatible
form, only the CSIRO and the United Kingdom
Meteorological Office models gave acceptable results.
Other, more recent simulations may well be better.

All greenhouse simulations show surface temperature
warming of about Z'Cto 5'C averaged over all
Australian grid points. Greater warming occurs inland
and in the drier parts of the continent and less along
the coast, but there is little agreement between the
predicted rainfall changes. The Division's model,
which performed well in its control run over Australia,
indicates an increase of approximately l07o n
summer rainfall in northern and eastem Australia.
Conversely, it shows a decrease in winter rainfall of
between LOVo and20Vo n the south-west of the
country. These changes correspond to a generally
southward shift of the high pressure belt in both
January and July over Australia.

It must be stressed that these are preliminary results.
Soil moisture and run-off depend on both rainfall and
evaporation and the latter has not yet been examined.
In general, a 3'C to 4'C warming would result in a
llvo to l5%o inqease in evaporation. However, therc
could be significant local variations associated with
topography and other factors.

Analysis of historical data
The impact on Victoria of a uniform 3"C warming has
been analysed. Warming of this magnitude would have
important implications for agriculture, fire frequency
and winter snow accumulation. In many parts of the

Research Beport 1 988-1 990
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Thermal expansion of the oceans and melting of land-based ice contribute to rising sea levels

state, the number of days in which maximum
temperatures are at least 35"C would double.

Cerlain crops, such as apples, nuts and stone fruits
require winter chill conditions or "vemalisation".
Under wafiner conditions, the number of cold days
necessary for these crops to fruit will drop and the
viability of production in certain areas may disappear.

It must be stressed that this initial analysis, supported
by the Victorian Government's Greenhouse Program,
is based on a number of crude assumptions and simply
provides a guide to a number of possible impacts.

Sea-level rise and the Australian coastline
A national workshop on the greenhouse effect,
sea-level rise and the Australian coastline was held at
the Division in 1989. The principal conclusion was

that the expected rise in global average sea level by
the middle of next century will be between 10 cm and
50 cm. At the regional and local level, there may be
imporlant differences in relative sea level due to a
range of meteorological and oceanographic factors
which may change due to global warming. These
factors include storm surges, wave activity, and
variations in coastal cuffents. Changes in the
frequency, location and magnitude of extreme events,
such as those associated with tropical cyclones and
east-coast low pressure systems may have the greatest
short-term effect on many coastal areas.

The climate change impact work is being supported
by the Department of the Arts, Sporl, the
Environment, Tourism and Territories (DASETT), and
by various state and territory governments.
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Atmospheric pollution occurs when substances are
present at concenffations sufficiently above normal
ambient levels to produce a measurable effect on
humans, animals, plants or materials. These
substances may come from natural or man-made
sources and may exist as gases, liquids, or solid
particles. The major man-made sources include
transportation, power generation, buming of
biomass, and industrial processes. Once released into
the atmosphere, pollutants may then be transported,
diluted, and physically and chemically transformed.
The relationship between emission levels and airbome
concentrations at different locations is an impoflant
area of interest.

The Atmospheric Pollution Program is studying the
factors which influence air pollution and analysing
impacts of specified pollutant sources. A variety of
techniques are employed, including theoretical
analysis, numerical model and laboratory
experiments, as well as field measurements.

A number of urban and regional studies have recently
been performed. Analysis of the hydrocarbon
composition of air has been carried out in Melboume's
westem suburbs. Power generating regions of Victoria,
Queensland, New South Wales and Westem Australia
have been studied. Important collaborative work
continues with colleagues overseas, while expertise
built up at the Division has been applied to a specific
air pollution project in Korea.

Dispersion of smoke plumes

Field studies
Our understanding of dispersion under convective
conditions is improving rapidly through theoretical
research and laboratory experiments. Convection in
the atmosphere is the upward movement of air which
has been heated by contact with the ground.

Until recently, there has been no field data which
adequately cover parameters such as plume buoyancy

Projects
. Theoretical and experimental studies of

turbulent dispersion in the atmospheric
boundary layer

. Air quality dynamics: Research and applications

. Air quality and visibility studies

. Bushfiremeteorology

flux, stack height, and atmospheric stability. In order
to collect such data, a major plume-dispersion study
funded by the National Energy Research,
Development and Demonstration Council (NERDDC)
was undertaken at Tarong power station in southem
Queensland during 1988 and 1989. Tarong is a
modem 1400 MW power station operated by the
Queensland Electricity Commission (QEC).

Detailed measurements of emissions were made under
a variety of convective conditions. Meteorological
data, such as the depth of convection and the surface
heat flux, defined the state of the convective boundary
layer. Turbulence and wind-field measurements
determined the influence of local terrain.

A variety of experimental techniques were used
during this study. By scanning rapidly through a range
of elevation angles at various azimuths, a lidar
provided detailed measurements of plume
concentrations. Turbulence and wind-field
measurements were made with an acoustic radar, and
radiosondes measured wind speed and direction,
humidity, and temperature. Time-exposure
photographs of the plume were taken from suitable
vantage points. In addition to routine logging of stack
gas temperature and flow rate, monitoring of NO* and
SO2 was performed in the stack and downwind at
ground level.

The Tarong Power Station

11
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The behaviour of smoke plumes in the atmosphere is studied in this 4000 litre modelling tank. Saline solutions are used to generate the
buoyancy flux normally produced by heat.

The data set thus obtained is being used to improve
atmospheric-dispersion prediction procedures under
development within CSIRO and elsewhere. It will
also facilitate calibration of laboratory facilities such
as the Monash Universitv Environmental Wind
Tunnel.

This collaborative field study involved the CSIRO
Division of Coal Technology and Centre for
Environmental Mechanics, and scientists from the
QEC, Queensland University of Technology, and
Flinders University.

Laboratory and theoretical studies
The Division's new laboratory facility for studying
plume dispersion in a convective boundary layer has
been described in the 1985-1988 Research Report.
Preliminary results from analysis of the effect of
buoyancy on plume rise and dispersion are in good
agreement with other laboratory data and the field
data from the Tarong study. A program of quantitative
dispersion measurements is due to start in July 1990.

Lagrangian stochastic models are being developed to
study a range of dispersion processes. Models to
predict the mean concentration field and dispersion in
an absolute reference frame and the concentration
variance and dispersion relative to the plume
centre-of-mass are being studied. Work being
undertaken ranges from fundamental research directed
at improving the basis for these models, to the
development of applications to specific atmospheric
dispersion problems.

The choice of model formulation for a particular study
and the abiliry of the model to accurately deal with a
wide range of flows are areas of continued
investigation. This fundamental work has led to anew
understanding of Lagrangian acceleration statistics and
their importance in developing soundly-based models.

On the more applied side, stochastic models for
dispersion in the convective boundary layer have been
developed. The Lagrangian stochastic approach has
also been extended to model the dispersion of heavy
particles such as dust and pollen, by including the
effects of inertia and settling. This extended model
provides a good representation of wind tunnel data on
the dispersion of particles of this type.

Numerical modell ing

Numerical modelling has been used in a number of
regional air-quality studies to predict wind speed and
direction at different heights and at high resolution.
This method relies on simulations of atmospheric flow
pattern developments from an initial observed state.In
the model, particles are then transported by the winds
and also allowed to diffuse accordins to turbulence
theory.

A similar approach has been used to study moming
fumigation events and associated ground-level
concentrations within 30 km of stack emitters.
Fumigation occurs when the shallow nocturnal
inversion is replaced by a growing convective
boundarv laver as the moming sun heats the Earth's



surface. The layer grows to encompass the entire
plume and turbulence can bring the plume to the
ground. For a few hours, high smoke concentrations
may occur at ground level close to the stack. Later in
the day, the convective boundary layer grows higher
and convection increases in intensity, thereby diluting
the plume.

On-going research has resulted in improvements to
model representation of ground-level concentrations
of air pollutants. Such research can improve control
strategies designed to significant$ reduce pollution
levels from emission sites.

Internal boundary layers

Internal boundary layers in the atmosphere are caused
by the horizontal movement of air across a
discontinuity in some property of the surface. This can
occur when air flows across a coastline, where
changes in surface temperature and roughness are
prominent.

With on-shore flow, a convective thermal intemal
boundary layer grows inland from the coast. This can
then have an impact on pollution from industrial sites
located in the coastal region. During off-shore flow,
the growth of the stable intemal boundary layer over
the sea is much smaller. Earlier work at the Division
showed that this could influence the motion of
summer-time cold fronts as they approach the
coastline of south-eastem Australia.

A number of observational studies were carried out in
the summer of 1984 and 1985 using the CSIRO F27
research aircraft. Flights over the sea to the south-west
of Mt. Gambier demonstrated the dependence of
internal boundary layer depth on several factors,
including the amount of open water across which the
wind is blowing, the strength of the wind itself, and
the temperature difference between land and sea. The
results were consistent with an earlier numerical study.

A major review of the intemal boundary layer has
been published, covering both small-scale and
mesoscale aspects. Boundary layer response to a
patchwork landscape, and the representation of
surface heterogeneity in numerical models of the
atmosphere are areas wofthy of further study.

Mesoscale models often need to evaluate the depth of
the boundary layer. Modifications to existing models
to account for the growth of the thermal internal
boundary layer in on-shore flow have improved the
description of pollutant mixing. Such mixing was
found to be particularly important when simulating
numerically the impact of advected sea-breeze air on
pollution ffansport in the Latrobe Valley.

Air quality analysis in Korea

A number of regional air quality studies have been
completed, both in Australia and overseas. One such
study, sponsored by the World Health Organisation,
was conducted in Seoul, the capital of South Korea.

Air pollution is a major problem in this city and
residents have made many cornplaints about specific
sources of pollution. The Korean Ministry of the
Environment recognised that proper source reviews
would be necessary before it granted licences for the
discharge of pollutants. Such reviews, which relate
emissions to local air quality, involve mathematical
models, the meteorology of the region, and
background air quality. The model computes the
expected local air pollution levels around the source
allowing a judgment of the suitability of the proposed
emitter for its particular locality.

The Division has advised the Ministry on air quality
monitoring, and air pollution data evaluation; on the
establishment of alarm systems for air pollution
episodes; and on indoor air pollution standards.
Underground shopping areas are a feature of Seoul
and a declaration of air quality standards has recently
been announced.

Hydrocarbons in urban air

During the last decade, predictive models have been
developed to simulate the transport and dispersion of
power station emissions in the Melboume area. A
study of air composition was performed in, and close
to, the westem suburbs to provide data for verification
of these models. Non-methanic hydrocarbon
concentrations were measured at ground level and
from an aircraft.

In order to monitor continuously concentrations at an
unattended site, the Division has developed an

rr
I
I
t
\
\

High-rise apartmentbuildings in Seoul, South Korea
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automatic, high-precision gas chromatograph which
will operate for up to seven days at a time. It is
self-calibrating and can monitor individual
hydrocarbons of one to ten carbon atoms in
composition.

The highest non-methanic hydrocarbon concentrations
at Point Cook, 20 km to the south-west of Melboume,
occured when winds were from the north-east. It is
likely that these winds were carrying polluted air from
the westem suburbs. This supposition is supported by
the fact that lowest concentrations were measured
when winds blew from the south: un area with few
hydrocarbon sources.

Not surprisingly, measurements taken in the western
suburbs showed higher concentrations of
hydrocarbons than at Point Cook. The proximity of
the suburbs to industrial and motor vehicle sources
accounts for this. The presence of lighter
hydrocarbons (Cz, Cg) in the air is consistent with the
suggestion of emissions from industrial sources.

This work was performed under contract to the
Victorian Environment Protection Authority (EPA).

Aerosols and visibility

One of the most noticeable effects of air pollution is
reduction of visibility. This occurs because gas
molecules and aerosols are able to both absorb and
scatter light.

A pilot study of visibility-reducing particulate material
during autumn and winter has commenced in
Melboume. Much of this material has been found to
have a high carbon content, the majority of organic
origin. Photochemical reactions, vehicle emissions,
biomass buming and soil all contribute to the amount
of fine particles in urban air. Nitrate was the main
inorganic species contributing to light scattering. This

Arrays of matches in a wind tunnel are used to investigate fire
propagation

Monitoring urban air pollution. Air is drawn into the bag for
subsequent analysis.

EPA-funded project involves both physical and
chemical analysis as well as a study of sources of
aerosols.

Bushfire meteorology

The development of a personal-computer-based
fire-spread model which acts as adata assimilation
tool is a project of high priority. Recent efforts aim to
develop better mathematical sub-models to improve
the overall model. The latest version of the National
Bushfire Model was tested by the State Electricity
Commission of Victoria in the Latrobe Valley during
the 1989/90 bushfire season. The software performed
well and during the coming year programs will be
developed to access the latest topographic map
databases.

It has been suggested that forest-fire spread can be
modelled using percolation theory. This theory
endeavours to explain the factors which determine
whether or not movement will occur through a
particular medium. Random arrays of buming
matches were used to test this; the results showed that
simple percolation theory does not predict the
observed behaviour of fire-fronts in this exoeriment.
Therefore, a more complex theory has been developed
to explain laboratory results.
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RBivTOTE SENSING

Program Leader
Dr Maftin PIaft

Remote sensing is the acquisition of information by
instruments remote from the phenomena under study.
These instruments can be passive, receiving radiation
from reflected sunlight or heat emissions from the
ground. Altematively, they can be active, measuring
the scattering from clouds and aerosols of a
transmitted light pulse.

Different materials absorb and reflect the sun's
radiation in different ways. This enables passive
detectors, mounted on satellites and aircraft, to obtain
a great deal of infomation about the earth's surface,
and the way in which radiation passes through and
interacts with the atmosphere.

The Remote Sensing Program is applying its satellite
research to a range of environmental and community
concems. It is developing new methods to improve
our knowledge of atmospheric and surface properties.
Collaborative design work on new satellite-mounted
instruments, such as the along track scanning
radiometer and the atmospheric pressure scanner,
represents a tangible contribution to Ausffalian and
international space research.

The development and applications of ground-based
active laser radar, or lidar, continues. Cloud and
aerosol studies enhance our knowledge of climate
and atmospheric pollution. Lidar is regularly used
as part of joint studies with other Divisional
Programs as well as in combination with satellite
measurements.

From July 1990, this Program will be known as
"Radiation and Climate".

Glouds and radiation

The influence of clouds on the amount of solar
radiation reaching the earth's surface represents one
of the greatest uncertainties in the prediction of
climate and climate change. Clouds can reduce the
amount of radiation by reflecting it back into space.

Projects
. Satellite data applications: Mechanisms

regulating the surface radiation balance and
climate

. Commercializationof CSIDA

. New instruments for meteorological satellites

. Determination of cloud and aerosol properties
by remote sensing

. Science and applications of along track scanning
radiometer (ATSR)

. Supply of satellite value-added products to
outside customers

This results in cooling. Conversely, clouds are also
able to absorb infrared radiation emitted from the
ground. This causes warming. Overall, clouds keep
our atmosphere cooler than it would otherwise be.
Without them, the earth's average surface temperature
would rise from 15'C to 30'C.

It is important to assess which type of cloud is likely
to predominate as concentrations of greenhouse gases
increase. High clouds would have a positive feedback,
enhancing warming, while low clouds may slow down
the warming rate.

Tiny condensation nuclei in the atmosphere add to the
uncertainty associated with climate change. Industrial
smoke and pollution from other anthropogenic
sources may be increasing the amount of these
particles. This may lead to increased reflection of
sunlight. Clearly, the impact on the earth's radiation
balance of clouds and particles is a vital area of future
research.

The investigation of cloud properties is being carried
out by ground-based and satellite remote sensing
techniques described below.

Lidar

The Experimental Cloud Lidar Pilot Study (ECLIPS)
is an intemational observational progrilm aiming to
obtain information on cloud structure and the
interaction of radiation with clouds.

Clouds at many different altitudes have been
examined from the Division's site in Aspendale. Lidar
and radiometers were used in conjunction with
visible and infrared cloud images supplied by the
CSIDA system. Observations were timed to coincide
with satellite overpasses. The data collected will
ultimately help elucidate the relationship between
cloud properties and the amount of radiation received
at ground level.



Division of Atmospheric Research

The ECLIPS program is run jointly by the Division
and NASA Langley Research Centre. Anumber of
other laboratories from around the world are also
taking part. The next intensive observational phase
will be in May 1991.

The Global Backscatter Experiment (GLOBE) is
designed to accurately determine atmospheric aerosol
concentrations. In tum, these aerosol particles may be
used to measure global wind from space. This would
be achieved by using a satellite-mounted lidar to
measure the frequency change of radiation reflected
from the particles as they are carried by prevailing
winds.

The Division collaborated with NASA scientists
during the Melbourne stage of the first survey. The
CSIRO F27 andthe GLOBE DC-S aircrafts were used
to obtain afinospheric particle information at a range of
altitudes. As a comparison, atmospheric profiles from
ground level were made with lidar. This was a joint
project between the Division's Global Atmospheric
Change Group and the Remote Sensing Group.

Lidar's versatility has made it a valuable tool for a
number of field studies. As part of the Tarong Power
Station study (page 11), smoke plumes were scanned
at various elevation angles. True plume characteristics
are derived from raw data by algorithms which
account for the loss of power or attenuation of the
laser pulse as it passes through the smoke.

The instrument was also used during the Ausffalian
Winter Storms Experiment (page 21). Very dense,low
cloud and mist often made measurements difficult, but
the lidar accurately distinguished between water and
ice clouds. It also supplied information on liquid water
content and the size and concentration of droplets.

A new multi-purpose scanning lidar is presently being
designed. This three-wavelength instrument, will be
used for general purpose plume, boundary layer and
cloud work. It will perform at high speed and willbe
able to deduce boundary-layer winds and
temperatures in the upper atmosphere.

CSIDA

The CSIRO System for Interactive Data Analysis
(CSIDA) was established primarily to provide satellite
data and an interactive analysis system for Divisional
Programs. It also provides data and various
value-added products to primary industry, govemment
agencies and tertiary institutions. Value-added
products include normalized-difference vegetation
indices for agricultural or fire-hazard applications,
true-colour imagery for television weather
presentation, and sea-surface temperature charts
aimed primarily at the fishing industry. CSIDAhas
generated, and been involved with, a number of
commercial ventures. A detailed description of the
development of CSIDA and its previous activities can
be found in the Division's 1983-1985 and 1985-1988
Research Reports.

CSIDA is currently being upgraded to operate on a
networked configuration of Sun Unix workstations.
Satellite data will feed directly into the network via a
newly developed formatter card. Signal degradation
due to cellular phone interference has been virtually
eliminated by a new antenna feed. These, and
additional planned improvements to the receiver,
should enable the system to provide the data and
manipulative power necessary for Divisional research
activities requiring accurate interpretation of
remotely-sensed data.

The quantitative application of satellite data depends
on accurate calibration. Anovel scheme has been
devised to perform this routinely. In order to derive
surface characteristics, corrections must be made for
atmospheric scattering and absolption. Algorithms for
this purpose are being developed and applied.

CSlDA-produced maps provide information to the Victorian Country
Fire Authority on rural fire potential

Aligning the Division's lidar for ground-based observations of clouds
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Land surface temperature
and frost risk
Frost is a major limiting factor to wheat production in
southem Australia. As well as the direct damage to
crops caused by frost, avoidance strategies can lead to
substantial reductions in yields. It is important,
therefore, to determine the earliest safe date for
planting. Until now, farmers have had to rely on data
which, in most regions, was determined from screen
temperature measurements taken during the 1930s.
There are considerable problems in relating such data
to temperatures in the field. In addition, land-use
changes have since occurred.

There is a real need for reliable, detailed and
up-to-date data for determination of frost risk. This
project aims to use satellite temperature data to
determine the areas of greatest risk. In conjunction, a
breeding and field-assessment program, operated by
the Victorian Crops Research Institute, is determining
the performance of short-season varieties of barley
and wheat.

A small field site has been established in the Mallee in
north-western Victoria. The Division is collecting and
analysing temperature data from satellites using
CSIDA and validating it at ground level. This
provides valuable information about the relationship
between satellite data and land-surface temperatures,
and other parameters such as land forms, soils and
vegetation types. It has also highlighted the variations
between traditional screen temperature measurements,
and the actual temperature experienced by the crop.

Ultimately, maps will be produced which indicate
various statistics such as the date ofthe last
occurrence of a particular temperature, the average
length of the frost-risk period, and the average number
and intensity of late-spring frosts. The Wheat
Research Council is partially funding this work which
is a collaborative venture with the Victorian Crops
Research Institute, the Mallee Research Station, the
South Australian Department of Agriculture and Waite
Agricultural Institute in Adelaide.

Apart from frost risk, validation of satellite-measured
land surface temperatures is important in its own
right, and problems in intelpretation are currently
being investigated. The frost risk project has benefited
this investigation.

Satel lite instrumentation

Atmo sphe ri c p ressu re sca n ne r
As Australia's weather is influenced so much by the
Southem,Indian and Pacific Oceans, accurate
meteorological information from these regions is
crucial for accurate forecasting. Until now there has

A range of sensors allows accurate measurement of the
temperatures experienced at crop height during the growing period

been no way of measuring atmospheric surface
pressure in areas where there are no monitoring
stations. The development of a satellite-borne
instrument to measure pressure will be of significant
benefit to weather forecasting.

The Division is investigating a passive instrument in
which a high-resolution spectrograph analyses
reflected sunlight. The mass of oxygen in a column is
determined from the amount of light absorbed by
oxygen. As this gas is well mixed in the atmosphere,
the mass of oxygen is directly related to atmospheric
pressure.

An airbome prototype has been designed and
manufactured by the Division in collaboration with
the Division of Materials Science and Technology and
AUSPACE. The prototype was mounted in the
CSIRO F27 research aircraft and flown over both sea
and land from Townsville in 1989. Results from this
flight were encouraging. The technical simplicity of
the instrument is a major advantage over complex
microwave and lidar svstems which have also been
investigated.

The ability to resolve reflected and scattered radiation
is crucial to the project. The next stage of testing will
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Volcanic eruptions can present a hazard to aviation. The CSIRO
volcanic ash detector is designed to distinguish volcanic ash clouds
from normal rain clouds.

involve a site with a high tower or mountain. Sunlight
reflected from the sea through ahaze of aerosols will
allow the spectrograph to receive both components of
radiation in order to test pressure-retrieval procedures.

Measurement of surface temperature
from space
Developmental work on the along track scanning
radiometer (ATSR) continues. This instrument, which
is designed to provide accurate satellite measurements
of sea-surface temperature, is to be carried on the

European Remote-sensing Satellite (ERS - 1 ). Launch
is scheduled for early 1991.

ATSR data willbe used for deriving global sea-surface
temperature maps for climate models as well as for a
variety of land and atmospheric applications. The
instrument's dual view will be invaluable for
measurements of land-surface temperature, snow and
ice monitoring, and large-scale flood assessment. More
detailed descriptions of the ATSR will be found in the
Division's previous Research Reports.

Volcanic ash detection

In 1982, a British Airways B-747 aircraft, en route
from Kuala Lumpur to Perth, plunged 7000 m after all
four of its engines stopped. The engine failure was
caused by the intake of particles from an ash cloud
produced by the eruption of an lndonesian volcano
earlier in the day. Eventually an engine was restarted
and a successful emergency landing was made in
Jakarta.

This is just one of many cases in which damage has
occurred to a plane as a result of it inadvertently
flyitrg through volcanic debris. As a result, scientists
and the aviation industry have been seriously
considering practical means of detecting ash clouds
and alerting commercial airlines of any danger.

The Division, in conjunction with ttre CSIRO Office
of Space Science and Applications (COSSA), has
proposed the development of an improved waming
system using satellite instruments. The Japanese
geostationary meteorological satellite provides
high-resolution imagery for the Australian region
every 30 minutes. The ash cloud detection method
employs both visible and infrared wavelengths.

In addition, a sophisticated infrared sensor for use on
board aircraft has been patented. Differential emission
techniques are used to distinguish ash clouds from
normal water and ice clouds. A two-dimensional
image of cloud formations is produced and displayed
on the pilot's instrument panel. Testing of such an
airbome instrument will take place shortly.
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W,ITER RESoURCES

Program Leader
Mr Banie Hunt

Evaporation, condensation and precipitation
constantly cycle water between the oceans, the
atmosphere and the land. The Water Resources
Program is improving our understanding of these
processes, with particular emphasis on the way in
which they influence Australia's climate. Numerical
modelling at a range of different scales, and
observations from field studies are being used to
advance our knowledge.

Drought has brought great devastation to this country.
Understanding the causes of drought and being able to
predict its occurrence would clearly be extremely
valuable. Current activity is focussing on the
influence of El Niflo sea-surface temperature
anomalies in the Pacific Ocean. Acoupled
oceanic-atmospheric model is being developed and
refined.

A number of field experiments have been undertaken
to investigate regional cloud and rain systems. Model
development is aimed at improved prediction of
precipitation. Related to this work is a major
consultancy study investigating the viability of cloud
seeding over a large catchment area. The focus has
been on the precipitation potential of winter storms.

The way in which land is used can have an impact on
regional climate. The role of evaporation from
irrigated areas is being examined. This work is
leading to the development of detailed
soil/vegetation/atmospheric dynamics models which
will improve the representation of evaporation in
climate models.

Drought studies

In order to provide a major focus for numerical
modelling of drought, the Centre for Drought
Research has been set up within the Division. The
main objective of work carried out in the Centre will
be to identify and model the way in which droughts
form, develop and terminate.

Projects
. Drought studies
. Cloud processes and quantitative precipitation

forecasting
. Surface moisture impact on climate
. Winter storms and cloud seeding

A testable drought prediction scheme has now been
successfully developed. This relies on the inclusion of
sea-surface temperature anomalies into the Division's
fourlevel general circulation model.

El Niflo sea-surface temperature anomalies have a
major impact on the world's climate. Australian
rainfall is very much influenced by such anomalies.
Therefore, initial simulations have been restricted to
El Niflo events. The role of other sea-surface
temperature anomalies will be assessed in future
experiments.

The first simulations involved superimposing El Niflo
sea-surface temperature anomalies on the January
temperature distribution used in the model. The model
successfully reproduced the major observed rainfall
changes associated with El Niflo events, including
droughts over eastem Australia and Venezuela, and
increased rainfall in the central Pacific and Peru.

More realistic simulations, starting from different
initial conditions, have also been conducted. Results
confirm that the model accurately simulates the
seasonal variability of rainfall for most of the regions
influenced by El Niflo. It is evident that multiple
simulations are necessary because of the variations
generated by slight changes to initial conditions.

As a specific test, a simulation of the 1988 United
States drought was performed using the cold
temperatures observed in the Pacific. The decreased
rainfall over North America, as well as the
corresponding enhanced rainfall experienced in
Australia, was successfully modelled. The drought
was associated with La Nifia, the opposite phase of
El Niffo. This adds to confidence in the model as it has
successfully simulated both types of events.

A simple model of the Pacific Ocean, 30"N to 30"S,
has been developed. It is driven by wind distributions
obtained by coupling the model to a Bureau of
Meteorology atmospheric model. To date,
experiments have concentrated on the El Niflo of
1982. Predicted temperature anomalies at monthly
intervals were inserted into the Division's four-layer
model, resulting in simulations for the period from
January 1982to May 1983. Rainfall patterns over
Australia were reproduced well for some months and
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Dew - an important factor antrolling local climate

poorly for others. Although the drought was predicted
to break somewhat earlier than it acnrally did, overall
the results were encouraging. If better simulations of
sea-surface temperature anomalies can be made,
useful information about rainfall variations over
Australia, perhaps a year in advance, should be
possible. There is still the need for a great deal of
further research.

Surface moisture and climate

Evaporation of water is an important factor
controlling the world's climate. Several studies by
Divisional scientists have helped to clarify the impact
of surface water on local atmospheric circulations and
the depth of the boundary layer.

The influence of temperature on evaporation from wet
surfaces has been investigated numerically. As
temperature increases, more evaporation occurs,
leaving less energy available to heat and expand the
boundary layer. Aircraft observations from an
irrigated region in north-east Colorado were analysed
as part of a study aiming to identify inland breezes
produced by the temperature contrasts between this
region and its dry surroundings. This is one example
of the way in which land-use can have an impact on
local climate. The work was performed jointly with
Colorado State University.

Local climate is also influenced by dew-fall. Dew
forms at cold temperatures when water vapour close
to the ground cools and condenses. Surface dew not
only acts as a source of water to plants and soil in
semi-arid regions, it affects boundary-layer growth
during the moming. The amount of dew depends on
numerous factors, including wind speed, absolute
temperature, relative humidity, soil-canopy
characteristics and cloudiness. Observations indicate
that the horizontal movement of moisture in the
nocturnal boundary layer can be responsible for

producing large amounts of dew. In areas where
small-scale advection of atmospheric moisture is
significant, dew-fall can be responsible for the
accumulation on the surface of up to a millimetre of
water by sunrise. One-dimensional models of the
atmosphere cannot simulate such high dew events.

Precipitation forecasti ng

Modelling ot clouds and rainfall
Clouds and precipitation are a central component of
the earth's hydrological cycle. Latent heat released by
clouds in the tropics drives global circulation, while
the clouds themselves regulate incoming and outgoing
radiation. The processes generating clouds and rain
vary from large scale - of the order of thousands of
kilometres - to just a few kilometres. As this range
of resolution is beyond general circulation models,
mesoscale or intermediate scale models have been
devised to properly describe the detailed sffucture of
cloud systems. The Regional Atmospheric Modeling
System (RAMS), from Colorado State University, is
being used at the Division for this purpose.

During the Australian Winter Storms Experiment,
extensive observations of precipitation and cloud
structure were made over the Thomson River
catchment area in Victoria. Data obtained during
periods of high rainfall will be used to test RAMS,
which should be able to provide cloud information
which will be helpful in evaluating the Experiment.
Thus far, model simulations of rainfall rate and cloud
properties compare well with aircraft, radiometer and
surface observations. The Australian Water Resources
Advisory Council (AWRAC) is supporting this work.

Structure of cold fronts
The summer-time cool change in south-eastem
Australia is often difficult to forecast. The Cold Fronts
Research hogram in the early 1980s improved the
understanding of such cool changes and resulted in
development of a conceptual model of the process.
Details of the Program can be found in the Division's
1983-1985 Research Report. More recently, Adelaide
airport has been used as the site for further analysis of
the structure of cold fronts. Information from the
University of Adelaide VHF radar, and radiosonde
ascents has extended the original model. The radar
observations, in conjunction with routine Bureau of
Meteorology observations, have been used to form a
model of winter cold fronts. This model has been
strengthened by studies associated with the Australian
Winter Storms Experiment.

Tropical cyclo ne formation
It is likely that convective heating plays an important
role in the development of tropical cyclones in
northern Australia. Improved understanding of the
formation of cvclones would be of sreat value to
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The instrumented nose cone of the CSIRO F27 - used to obtain
data about tropical cyclones. Turbulence vanes measure air motion.

forecasters. In 1987, the CSIRC F27 research aircraft
and two US planes were used in an extensive
investigation of tropical cyclone kma while it was
developing over the Gulf of Carpentaria. This study,
with scientists from the National Center for
Atmospheric Research (NCAR) andTexas A& M
University, found that the cyclone developed a very
broad rain-band with a relatively chaotic convective
structure. At low and midlevels in the atmosphere a
strong wind maximum was observed. The importance
of these features to the genesis of the tropical cyclone
is being investigated using the Division's mesoscale
model.

The Australian Winter Storms
Experiment

The first Australian Winter Storms Experiment was
conducted during July and August 1988. It supponed
a five-year Melboume and Metropolitan Board of
Works (MMBW) cloud seeding experiment designed
to show whether, and to what extent, precipitation can
be increased over the Thomson Dam. This is one of
Melboume's major water catchment areas, and is
located near the Baw Baw Plateau. about 100 km east
of the city.

The Experiment was specifically concemed with the
interaction of winds with mountains and the associated
development of clouds and precipitation. Arange of
sophisticated equipment was used. Omegasondes were
launched from a nearby site to measure wind flow and
thermodynamic variables. Rain and snowfall were
measured using a series of digital bucket gauges. The
CSIRO research aircraft sampled clouds at various

The radiometer, constructed at the Division for the Second
Australian Winter Storms Experi ment

heights in order to provide a thorough picture of cloud
and precipitation development in the moist winds
rising over the mountains.

Remote sensing measurements of liquid water in the
clouds were made using the Division's lidar as well as
a microwave radiometer brought from the United
States especially for this purpose. Such measurements
are crucial for assessing whether seeding will be
effective.

Preliminary results indicate that cloud seeding will be
most effective when the wind is from the south-west.
This usually occurs after the passage of a cold front
and results in a significant amount of supercooled
liquid water in air forced upwards by mountains in the
area. The Division, acting as scientific consultant, has
identified shallow orographic clouds upwind and over
the mountains as a new class of clouds for seeding.

The Australian Winter Storms Experiment has been
sponsored by the Division and also received support
from the MMBW, the Australian Urban Water
Research Association, the Bureau of Meteorology,
Toyota Motor Company and QANTAS. Overseas
support came from the United States National Science
Foundation, the National Oceanic and Atmospheric
Administration (NOAA) and the Desert Research
Institute of Nevada.

The importance of the radiometer measurements
indicated the need for a locally manufactured
instrument. The Division has constructed a
radiometer for use during the second Australian
Winter Storms Experiment.
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W' =x"rnal funding

1987/88 1988/89 1989/90

External funding 1985-1990. The Division's total expenditure for 1988/89 was $6.71 million,
12.4% of which came from non-appropriation sources. The total expenditure for 1989/90 was
$8.77 million, with 31 .1% of this coming from non-appropriation sources.

Contributor
Australian Wool
Corporation
Department of Agriculture
andRural Affairs
Wheat Research Council
NERDDC
NERDDC
AWRAC
AWRAC
ARC

ARC

DASETT
DASETT

DASETT

DASETT

DASETT
DASETT
DASET:T

Department of Science
DITAC
SEC (Vic)
EPA (Vic)
SPCC (NSW)
cc (Nr)
EPA(WA)
Various
DASETT

Various

Lead Scientist
B. Hunt

M. Plan

I. Galbally
B. Sawford
R. Francey
B. Ryan
B. Hunt
B. Pittock

I. Barton

G. Peannan
R. Francey

R. Francey

J. McGregor

B. Pittoek
B. Hunt
J. Garratt

G. Pearman
F. Prata
B. Sawford
B. Pittock
B. Pirtock
B. Pittock
B. Pittock

B. Hunt

Grant
$164 000

$54 000

$10 000
$70 000
$9s 000
$94 000
$96 000
$30 000

$17 000

$129 500
$239 000

$95 500

$639 500

$222000
$210 000
$265 000

$395 000
$5 000

$140 000
$150 000
$100 000
$80 000
$60 000
$48 000
$20 000

$3 428 500
$l 473 000

$4 901s00

63%

Research grants and external funding - 1988/89, 1989/90 combined

Subject
Prediction of large-scale droughts in AusFalia

Frost risk

Gaseous nitrogen emissions
Power station atrnospheric dispersion
Meridional carbon isotope variations
Quantitative precipitation modelling
Drought prediction
Development and testing of climate-biosphere

relationship (Fellowship)
ATSR development: sea surface

temperature studies
Climate change co-ordination
Measurement program: upgrading

greenhouse gas measruements
Measurement program: historical records -

Antarctic ice cores
General circulation modelling of

regional climate change
Detailed estimates of regional clirnate change
Modelling oceanic processes relevant to climate
Satellite monitoring of Ausnalian

regional climate conditions
Baseline air pollution prograrn
ATSR operational data processing package
Atmospheric dispersion @ellowship)
Greenhouse research - Victoria
Greenhouse research- NSW
Greenhouse research - NT
Greenhouse research - WA
Extemally funded visits
Intergovernmental Panel on Climate Change

Sub total
Research contracts and other revenue

Total
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SuppoRT SERVICES

Administration

The Administrative Group provides personnel and
financial services to the Division including
recruitment, budgeting, purchasing, word processing,
reception, travel and transport facilities.

During the reporting period, the administration was
involved in a major recruitment campaign due to the
Division's success in obtaining extemal funds. Some
45 staff were recruited. The training program for
administrative personnel continued with enhanced
management information systems being introduced to
cope with the changed administrative environment in
the organisation.

A major building program was undertaken with the
construction of the Climate Research Laboratory. The
Administrative Group was required to ffansfer to this
new building to enable its former area to be used for a
major laboratory upgrade related to the new GASLAB.

Engineering Facilities Group

The engineering work of the Division is centrally
controlled by the Divisional Engineer. It is divided
into three areas: mechanical engineering, electronic
instrument development, and site engineering.

The Site Engineering Group has been responsible for
a number of major laboratory upgrades. A new
CSIDA laboratory has been outfitted and the
GASLAB has been created.

Significant mechanical and electronic projects are
described below. In addition, numerous other projects
have been undertaken, including construction of

sensors for the land-surface temperature study and
work on the atmospheric pressure scanner and the
convection tank.

Liquid water radiometer
The liquid water radiometer is a dual-channel
microwave instrument. The higher frequency is
sensitive to liquid water and the lower frequency to
water vapour. The instrument was housed on a truck
and will initially be located on Mt. Baw Baw as part
of the Second Australian Winter Storms Experiment,
described elsewhere in this report.

Automatic rain-water co I lecto rs
These collectors are now being successfully used in
the Latrobe Valley. After rain is detected by a
tipping-bucket gauge, a lid opens, exposing the
collection bottle. There are eight such bottles and they
advance once per day. The instrument is automatically
controlled and logs rainfall data.

Sea-surtace profiler
In order to verify data received from satellites, the
sea-surface profiler has been designed to accurately
monitor the temperature just above and below the sea.
It will be towed behind the CSIRO research vessel,
the RV Franklin, supplying accurate temperature data
to an on-board logger.

Data acquisition and control system
The Electronics Group has designed data loggers for
two different field experiments. One was required for
the Melboume Aerosol Study; the other for the Cape
Grim Baseline Station. In both cases, flexible
large-scale data storage was necessary. This has been
achieved by producing an interface between the
hardware to be controlled and a commerciallv-
available data-acquisition card.

Consultation to industry
During the reporting period, a member of the
Electronics Group was seconded to the BHP Central
Research Laboratories. As Project Development
Manager, the officer was responsible for the design,
development and manufacture of three laser
time-of-flight instruments for use in the iron-making
industry.

Gomputer Services Group

This Division is one of the major users of computers
in CSIRO. The increasing complexity of numerical
models requires a powerful, sophisticated computing
resource. The Computer Services Group provides a
wide range of computer support services to all theDiscussing job specifications in the Electronics Laboratory
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Division's computer users. A local area network
provides rapid access from individual terminals, PCs,
or workstations, to local and remote computer
resources, including the CRAY Y-l\/Plz
supercomputer. The Group is responsible for the
planning, installation and maintenance of the network
and all centrally-operated computer facilities. In
addition, support is provided to PCs, X-Terminals,
workstations, printers and other hardware. The central
facilities are available 24-hours-a-day.

A five-year plan, prepared in 1986, highlighted the
need for significant development of the local facilities.
This has now been largely implemented and the
Division's Computing Committee is now preparing a
new plan to guide the way into the mid 1990s.

Early in 1989, a site-wide Ethemet local-area network
was installed, complimenting the existing data PBX
serial network. Shortly aftel aSilicon Graphics
computer and three graphics workstations were
purchased. The number of PCs in the Division has
steadily increased; the majority are connected to the
network. This provides access to a wide range of local
facilities which are used extensively, particularly for
analysis and presentation of large data sets.

In 1990, CSIRO's Cyber 205 supercomputer was
replaced by the CRAY Y-l\/IPlz supercomputer,
operated jointly by CSIRO, Leading Edge
Technologies and Cray Research; collectively known
as the Joint Supercomputer Facility. Many of the
Division's research activities require access to the
CRAY supercomputer. In order to facilitate this, a
high speed link (2Mb/s) - the only such high-speed
link to the supercomputer - has been installed
between Aspendale and South Melbourne. This also
connects the Divisional network to the newly formed
AARNet, permitting remote access and electronic
mail services to many thousands of computers
world-wide.

Scientific Services Group

Scientific communication is becoming increasingly
important. There is a need for the exchange of
information within the Division, within CSIRO, with
scientific colleagues in Australia and overseas, and
with industry and the community. The Scientific
Services Group aims to facilitate this exchange.

Newslefters are produced on a regular basis to inform
the Division of activities and current research of
fellow staff members. The DAR Bulletin reaches out
to a wider audience, both within Australia and

overseas, providing descriptions of recent scientific
work and listing publications. This exchange of
information is just one of the ways in which the
Division keeps scientific bodies around the world
informed of its latest activities. A longer-term record
of the Division's work is contained in the Research
Report.

The graphics staff and the photographer offer a
service which enables scientists to present their results
in a polished, appealing manner.

An important task performed by the Group is
scientific administration and scientific support for the
Chief. The Organisation maintains a database of
research projects, and Divisional entries are regularly
up-dated.

The dissemination and sharing of information at
conferences and workshops is actively encouraged.
The organisation of such events forms part of the role
of the Group.

Divisional Library
The Division maintains an extensive libraw which
operates as part of the Australia-wide CSIRO Library
Network. Implementation of CLINES, the
Organisation's integrated on-line automated library
system, is continuing.In addition, the library
contributes to the Australian Bibliographic Network.
This provides a range of reader services, including
reference services, access to local and overseas
databases, an in-house library newsletter, structured
circulation of new material, and the provision of a
local catalogue. Extensiye use is made of new
technologies including microcomputers and
CD-ROM products.

The Division's centrally operated computer facility
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Lecture courses presented
The Division recognizes the importance of maintaining
strong links with universities and other tertiary
institutions. A number of staff have presented graduate
and undergraduate courses :

Beer, Tom
Universi'ty of Melbourne, 1988
Introductory Physical Oceanography to Second Year
Meteorology students

Bouma,Willem
Footscray Institute of Technology, 1989
Atmospheric Physics, Ozone Depletion and the
Greenhouse Effect to Applied Physics students

Etheridge, David
University of Melboume, 1988, 1989
General Climatology to Third Year Science students

Fraser, Paul
Wollongong University, 1988, 89
Atmospheric Chemistryto Third Yeai Chemistry
students

Garratt, John
Monash University, 1988, 1989, 1990
The Atmospheric Boundary Layer to Honours and
Masters students

Hughes, Roger
University of Melboume, 1988
Variational Methods to Fourth Year Electrical
Engineering students

l : ! ,  : :
iliil . '

at Australian tertiary institutions
McGregor, John

Monash University, 1989, 1990
Atmospheric Enyironment to Third Year Mathematics
students

Manins, Peter
Royal Melboume Institute of Technology, 1988, 1990
Air Pollution and Power Engineering to Engineering
students

Pittock, Barrie
Monash University, 1988, 1989
Environmental Impacts of Nuclear War to First Year
Geography students
Melboume University, 1990
Greenhouse Effect and Agriculture to Fourth Year
Agriculture students

Ryan, Brian
Universiry of Melboume, 1990
Tropical Clouds and Cloud Systems to Honours and
Graduate Meteorology students

Smith, Ian
University of Melbourne, 1990
Solar qndTerrestrial Radiation to Third Year
Meteorology students

,lffi

Regular seminars ensure that staff and visitors are informed of scientific activities both within and outside the Division
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CONTERENCES

Overseas conference presentations

Conferences provide an important means by which
Divisional scientists present and explain the work they
are doing. In addition, there is the opportunity for
important contact and interaction with colleagues
from other organisations.

A major effort was made for the 59th ANTZA\AS
Congress, held in Hobart in February 1990. The
theme was "Global Change and the Southwest
Pacific". Many presentations were made by members
of the Division, including an introductory address by
the Chief, Dr Brian Tucker. The Liversidge Lecture,
entitled "The Greenhouse Effect: Interfacing Science
and Policy" was delivered by Dr Graeme Pearman,
the Division's Assistant Chief.

The following is a list of overseas conference
presentations. An indication of the number and range
of presentations in Australia can be found in the many
references to conference proceedings in the
publications section of this report.

1988
Environmental Effects of Nuclear War: Scientific Consensus
and Global Policy Implications, Stockholm, Sweden,
20-22 August
Pittock, A.B. - Environmental impacts on Ausffalia of a nuclear war
Pittock, A.B. - The environmental impact of nuclear war: policy

implications

Workshop on Wildfire Severity and Global Climatic Change,
Boulder, Colorado, USA,28 September - l October
Beer, T. - Australian bushfire danger under changing climatic

regimes

New Zealand Meteorological Service Annual Scientific
Conference, Wellington, New Zealand, 4{ October
Abbs, D.J. - Wind field modelling and pollutant transport for the

Lanobe Valley

Interaction of the Global Carbon and Climate Systems, Lake
Arrowhead, California, USA, 2+28 October
Enting, I.G. - Detecting departures from steady-state oceanic

uptake of CO2
Francey, R.J. and P.P. Tans - Oxygen-18 in atmospheric CO2

Workshop on Meteorology and Atmospheric Dispersion in a
Coastal Area, Roskilde, Denmark, 26-28 October
Physick, WL. and D.J. Abbs - A three-dimensional study of

pollutant dispersion in a coastal valley

Workshop on International Cooperation in Atmospheric Re-
search Aircraft, Boulder, Colorado, USA,2-3 November
Ryan, B.F. - The CSIRO F27 research atqaft
Ryan, B.F. - Allocating flight time on research aircraft and

allocating use of other facilities

1989
Dahlem Workshop on Exchange of Thace Gases Between
Terrestrial Ecosystems and the Atmosphere, Berlin,
19-24 February
Galbally, I.E. - Factors controlling NO* emissions from soils
Galbally, l.E. et al. - What regulates production and consumprion

of trace gases in ecosystems: biology or physicochemistry?
Galbally, l.E. et al. - Priorities for an international research

program on trace gas exchange

Geophysical Monitoring for Climatic Change Annual Meeting,
Boulder, Colorado, USA,8-9 March
Fraser, P.J. - Chloroform and methylchloride measurements at

Cape Grim

Workshop on Remote Sensing for Land and Sea Resource
Surveys and Evaluation in the Pacific: Applications,
Co-ordination and Tiaining, Port Yila, Vanuatu, T-11 April
Dilley, A.C. - The CSIRO System for Interactive Data Analysis

(CSIDA): a system for acquiring, processing and displaying
meteorological satellite data

International Conference on Global and Regional Environ-
mental Atmospheric Chemistry, Beijing, China, FlO May
Galbally, I.E., C.P. Meyer, C. Johansson, J.R. Freney, C.J. Smith,

S.L. Chapman and L. Duffy - Emission of nitrogen oxides (NOa)
and related nitrogen transformations in winter irrigated wheat
fertilized with urea

Bushfire Meteorology and Dynamics, Canberra,
28-29 September 1989
Convener T. Beer

IGBPPlanning Workshop on Sea-level Change and
the Australian Coastline, Aspendale,
2-3 October 19E9
ConvenerA.B. Pittock

Remote Sensing in Meteorology and Climatology
Aspendale, 10 October 1989
Convener C.M.R. Platt

Gonferences and Workshops supported by the Division
International Conference on Thopical Meteorology,
Brisbane,,1-8 Juty 1988
Conveners H. Hendon and D. Karoly

International Global Atmospheric Chemistry (IGAC)
Workshop, Benalla, Victoria, 7-11 November 1988
Convener I. Galbally

The Scientific Application of Baseline Observations
of Atmospheric Composition, Aspendale,
14-17 November 198E
Convener R.J. Francey

Parameterization of Radiative Processes, Aspendale,
15 June 1989
Convener C.M.R. Platt
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Galbally, LE., I.A. Weeks, S.T. Bentley, F. Carnovale and M.E.
Cope - Atrnospheric Cz to Cro hydrocarbons and ozone
production in the Latrobe Valley, Ausnalia

Fifth WMO Scientific Conference on Weather Modification
and Applied Cloud Physics, Beijing, China,8-12 May
Huggins, A.W., A.B. Long and B. Campistron - The impact of

mesoscale precipitation bands on liquid water and precipitation
efficiency in a winter mountain storm in Utah

Long, A.B. - The Melbourne winter storm cloud seeding
experiment for urban water supply augmentation

Eighteenth Conference on Hurricanes and Ttopical
Meteorology, San Diego, California, USA, 16-19 May
Bames, G.M., E. Zipser and B.F. Ryan - Rainband structure in

developing tropical cyclone Irma

Fifth International TOVS Study Conference, Toulouse,
Fnance, ?A-28 July
Prata, A.J. and I.J. Barton - Retrieval of inversions from TOVS.

AVHRR and simulated AISR radiances

WCRP Workshop on Planetry Boundary-Layer Modelling,
ECMWF, Reading, England, 14-16 August
Ganatt, J.R. - The sensitivity of large-scale models to PBL and

land-surface parameterisations
Garratt, J.R. - Representation of the land-surface: Vegetation and

sub-grid variability

Fourth European AVHRR Userst Meeting, Rothenburg,
Germany,4$ September
Mitchell, R.M. - Atmospheric conection of vegetation indices

using splitpass AVHRR imagery
Prata, A.J., R. Cechet, I.J. Barton and D.T. Llewellyn-Jones - The

along track scanning radiometer for ERS-I: Data simulation and
scan geomeuy

Eighth World Clean Air Congress, The Hague, Holland
11-15 September
Manins, P.C. - Models for impact on air qualiry - The Latrobe

Valley AirShed Study

Third International CO2 Meeting, Hinterzarten, Germany,
16-20 October
Enting, I.G. - Kalman filtering in the analysis of COz data
Enting, I.G., J.V. Mansbridge and R.J Francey - Detecting the role

of terresnial biota from the atmospheric COz record
Francey, R.J. and P.P. Tans - Global variations in 18O of

affnospheric CO2
Levin, I., V. Hesshaimer, R. Glockler, B. Kromer, K.O. Murmich

and R.J. Francey - Radiocarbon in annospheric CO2: global
distribution and ffends

Pearman, G.I., I.G. Enting, R.J. Francey and J.V. Mansbridge -
Possible oceanic biota effects on atrnospheric COz distribution
in the southern hemisphere

Third International Conference on Southern Hemisphere
Meteorology & Oceanography, Buenos Aires, Brazil,
1.3-17 November
Allan, R.J. and J.I. Pariwono - Ocean-atmosphere interactions in

low latitude Aushalasia
Baines, P.G. - Topographic effects on the mean tropospheric flow

pattem around Antarctica
Baines, P.G. and K. Fraedrich - Topographic effects on the mean

tropospheric flow pattem around Antarctica

Cai, W. - Equatorial undercurrent in a revised layered numerical
model

Orlanski, I., M. Marino, C. Menendez and J. Katzfey - The role of
cyclones in the daily variability of Antarctic ozone

Reason C. and J. Jury - Aspects of the forcing, structure and
propagation of the coastal lows of Southem Africa

Jury M. and C. Reason - Subsidence in the Angulhas-Benguela
transition zone arising from a reversal of heat fluxes

Intergovernmental Panel on Climate Change Meeting,
Cambridge, Massachusetts, USA, 18-20 November
Fraser, P.J. - Carbon monoxide

Fourth Latin American Symposium on Remote Sensing,
Bariloche, Argentina, 19-26 November
Dilley, A.C., C.C. Elsum, P.J. Tumer and R.M. Mitchell -

Ausfalian AVHRR reception and analysis systems and some
research and development activities

1990
Scope Workshop on Thace Gas Exchange in a Global
Perspective, Sigtuna, Sweden, 1.9-23 February
Galbally I.E. - Tropical land use and trace gas emissions
Galbally I.E., C.P. Meyer, C. Johansson, J.R. Freney, C.J. Smith,

R.R. Sherlock, S.L. Chapman and L. Duffy - Emission of
nitrogen oxides (NO*) and related nitogen transformations in
winter irigated wheat fenilized with urea

Tropical Ozone and Atmospheric Change Conference, Penang,
Malaysia, 20-23 February
Whetton, P.H. and A.B. Pittock - The greenhouse effect, climate

change and sea-level rise

fnternational Clean Air Conference, Auckland, New Zealand,
25-30 March
Gras, J.L. - "Baseline" particle measurements in Southern Ocean

alr
Gras, J.L., G.P. Ayers, R.W Gillett and S.T. Bentley - Regional

visibility and aerosol properties in south-eastern Australia
Manins, P.C. - Pollutant dispersion in complex terrain: the Latrobe

Valley example
Post, D.A. and H.A. Bridgman - Fogwater acidity and quality in

South East Australia

Fourth International Meeting on Statistical Climatology,
Rotorua, New Zealand,2T-31 March
Beer, T. - Rainfall as a fractal process

International Meeting on Global Climate Change, Rome, Italy,
23-25 April
Hunt, B.G. - Australian research and response to the greenhouse

effect

Ninth Symposium on Thrbulence and Diffusion, Roskilde,
Denmark, 30 April - 3 May
Hibberd, M.F. and B.L. Sawford - Anew saline laboratory model

for studying dispersion in the convective boundary layer
Sawford, B.L., S.A. Young, G. Patterson, E.F. Bradley,

J.N. Carras, D.J. Williams, A.L. Lange, C.J. Thomson and
N.J. Clark - The Tarong power station convective atmospheric
dispersion study

TRACER Meeting, Virginia Beach, Yirginia, USA,2-3 May
Fraser, P.J, - Carbon monoxide measurement: Calibration and

inter-laboratory comparison



Division of Atmospheric Research

Srnnn

Chief of Division
G.B. Tucker BSc PhD DIC FIS

Personal Assistant to the Chief
R. Baum

Assistant Chief of Division
G.I. Pearman BSc PhD FAA

Scientific Assistant to the Chief
(Scientific Services Officer)
W.J. Bouma MSc PhD

Divisional Secretary
(Administrative Services Officer)
D.M. Slater

Chief Research Scientist
B.G. Hunt BSc(Hons) MSc

Senior Principal Research Scientists
P.G. Baines BABSc PhD
R.J. Francey BSc PhD
P.J. Fraser BSc PhD
J.S. Frederiksen BSc PhD DSc FAIP
I.E. Galbalty MSc
J.R. Ganatt BSc PhD DIC
P.C. Manins BSc BE PhD
A.B. Pittock MSc PhD
C.M.R. Plaa MSc PhD
B.L. Sawford BSc PhD DIC

Principal Research Scientists
G.P. Ayers BSc PhD
I.J. Barton BSc PhD
LG. Enting PhD
J.L. Gras BSc(Hons) PhD
R.L. Hughes MEngSc PhD
A.B. Long BAMS PhD
J.L. McGregor BSc PhD
D.M. O'Brien MSc PhD
W.L. Physick BSc PhD
B.F. Ryan BSc PhD
L.P. Steele MSc PhD*

Senior Research Scientists
R. Boers MSc PhD*
M.F. Hibberd BSc(Hons) PhD
J.B. Jensen MSc PhD*
R.M. Mitchell BSc(Hons) PhD
A.J. Prata BSc MSc DPhil ARCS DIC
I.N. Smith BSC PhD*

Research Scientists
D.J. Abbs BSc PhD
R.J. Allan BSc PhD*
M.S. Borgas MSc PhD
M.R. Dix BSc(Hons) PhD
A.C. Hirst MSc PhD*
J.J. Katzfey MSc PhD*
A.M. Moore BSc DPhil*
S.P. O'Farrell MSc PhD*
C.J. Reason MSc MPhil PhD*
R. Suppiah BA(Hons) MSc PhD*

Y. Wang BSc PhDx
I.G. Watterson BSc MSc PhD*
P.H. Whetton BSc PhD*

Principal Experimental Scientists
R.C. Bell BSc(Hons) PhD
A.C. Dilley BSc

Senior Experimental Scientists
J.W. Bennett DipElecEng
R.W. GiuettBSc
H.B. Gordon BSc PhD
R.H. Hill BE DipElecEng
P.J. Tumer BSc(Hons) PhD

Experimental Scientists
C.E. Allison BSc(Hons) PhDx
D.J. BeardsmoreARMIT
S.T. Bentley BSc(Hons)
W. Cai MSc*
R. Cechet BSc
A.G. Davies BA
H.L. Davies BSc DipEd DipComp MEnvStudx
S. Drury BSc*
A.J. Eccleston BAppSc ARMIT
M. Edwards LRIC
C.C. Elsum BAppSc
D.M. Etheridge BSc MSc*
J. Evans BSc(Hons) PhD*
H. Granek BSc(Hons) PhD
M.R. Haylock BSc*
K.J. Hennessy BSc(IIons)
E. Kowalczyk BSc MEngSc
P.B. Krummel BAppSc*
S. Lee PhD*
J.V. Mansbridge BSc(Hons) PhD
C.P. Meyer BSc PhD
R.R. Mleczko BSc(Hons) MSc GAIP*
J.A. Noonan BSc(Hons) PhD*
R.C. O'Brien BAppSc
G.R. Patterson BAppSc
D.A. Post BSc(Hons)*
S.A. Richardson BSc
F.J. Robbins BSc PhD
L.D. Rotstayn BSc(Hons) DipEd*
C.M. Tivendale BSc
C.G. Walley DipMechEng
K.J. WalshBAMSc
I.A. Weeks BSc(Hons) PhD
S.A. Young BSc(Hons) PhD

Scientific Services Officers
S.G. Faragher BSc PhD*
P.N. Holper BSc(Hons) DipEd*

Librarian
E.A. Davy BSc Diplib AALIA

Library Officer
G.J. Burt Assoc DipliblnfSc

Honorary Research Fellow
E.K. Webb BABSc



Senior Technical Officers
J.M. Bathols
F.R. de Silva
C.M. Elsworth
H.S. Goodman CertlnstrTech
G. Grauze
R.J. Henry
V. Jemmeson GradDipComm
S.M. Kepert
R.J. McVay
D.L. Murray
N.G. Richards
G.F. Rutter
G.O. Scott
B. Tumer
D.S. WhillasARMIT
J. Wren

Technical Officers
S.A. Coram
T.H. Firestone
P.J. Nelson
B.S. Petraitis CertTechElec*
R. Soriano BSc*
L.G. Tout
E.D. Welch

Technical Assistants
C.L. Can*
N. Derek
M.R. Hayes BSc*
S.A. Higgins
M. Lucarelli*
S.P. IvlcEwan*
P.W. Selleck*
C.A. Smith

Administrative Services Offi cers
K.W. Barker
J.M. Buchanan
L.N. Crilleyx
N.G. Cumming*
J.M. Dobinson
J.L. Foletti*
P.R. Hanis
A.J. Hopkins
P.G. Jungwirth*
P.M. Kaing
M. Laricchia DipEd
A.E. Peck
N.A. Peppin*
K.B. Rodrigues BSc
Y.J. Strange
M.B. Swingler
J.D. Williamson*

Senior Laboratory Craftsman
A. Reynolds

Storeman
P.R. Harris

Handyman
G. Broome

Apprentices
P. Bradley*
D.A. Hartwick
R. McDonald*

* Joined the Division during the reporting period 1988-1990




