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FonrwoRD

Dr Brian Tucker

This will be my last foreword in a Divisional
Research Report because the new Chief, Graeme
Pearman, takes over the reins when I retire on
1 November I992.Effecively Graeme and I have
been working in harness for several years and it is a
pleasure to hand over responsibility to someone who
has played a major part in developing the strong
scientific skills and achievements in the Division over
the past decade or more, and who has a clear
progressive vision for the future.

The Division has recently been reviewed from the
point of view of future directions. This review
comments favourably on the scientific platforms
developed which can act as springboards into the

future. It made particularly favourable remarks about
the new Environmental Consulting and Research
Unit, and the advances in science and application of
air pollution meteorology (including chemistry)
associated with that program. National and
international interactions already established bear
witness to the exciting future for this general area of
research. As a sequel to a CSIRO Air Quality
Workshop held during the year at the Division, an
international workshop on Air Pollution Problems and
Modelling is being planned for March 1993 involving
representatives from industry and science from
Australia, New Zealand and South-East Asian
countries.

Another feature noted by the Review and one which is
attaining increasing international recognition is the
hierarchy of general circulation models developed in
our Climate Research Laboratory (mentioned in the
1988-1990 Research Report). This strong facility is
an essential component of an attack on the broad
climate variability and climate change problem which
also involves dynamical, physical and chemical
research in other associated programs in the Division.
It represents an integrated research philosophy which
few, if any, other atmospheric science research
institutions in the world possess to the same extent.

I am tempted to dwell on a number of successful and
promising scientific initiatives developed at the
Division over the past five years or so: these would
include the Global Atrnospheric Sampling Laboratory,
extreme precipitation modelling and its relevance to
probable maximum precipitation estimates, acid rain
studies in Australia and South-East Asia, outstanding
theoretical research into global dynamics, and a new
atmospheric boundary layer textbook. But such a list
could be extended much further, and adequate
coverage is well beyond the scope of this Foreword. I
shall simply end by saying that it is with some pride
that I leave the Division in such a sound and
progressive state. It will obviously continue to play a
significant part in Australia's future and in the
international development of afinospheric science.

Dr Brian Tlrcker
Chief of Division
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INTnODUCTION

Research in the national interest
The behaviour of the atmosphere through weather,
climate and pollution affects all Australians, including
much of our socio-economic activity and our natural
environment. In turn, there is increasing awareness of
how human activities can have a significant impact on
the atmospheric environment.

The Division's research effort is designed to be in the
national interest, of benefit to the nation as a whole.

Australia's unique position
The significance of atmospheric research in Australia
in general, and that carried out by the Division in
particular, is closely linked to Ausffalia's unique
position as a large and isolated continent in the
southern hemisphere. The country encompasses a
wide range of climatic regimes, while the climate
itself is highly variable. Strategic research on the
southern hemisphere atrnosphere and oceans is
essential for a successful application of improved
understanding for the benefit of Australia. Hence,
much of the Division's research is focused on issues
unique to Australia and the southern hemisphere, and
involves a wide range of collaborative activities with
other research organisations here and overseas.

International role
The atrnosphere knows no national boundaries, and its
dynamical behaviour and many of the associated
physical mechanisms are global in nature. This has
significant consequences for the scope of the
Division's research activities. These activities need to
take a global perspective in order to properly address
the scientific issues, and to allow the appropriate
implications to be assessed for the benefit of Ausffalia.

Research Programs
Scientific activities are carried out within four
research Programs.

The Atmospheric Pollution and Applied Meteorology
Program studies factors which influence air pollution
and bushfires. The focus is on identifying sources of
pollution and the way in which it is formed,
transported and dispersed. The interaction between
winds and geographical features is an important
aspect of this work.

CSIRO's Chief Executive, Dr John Stocker (left), and
Leader of GASLAB, Dr Roger Francey, atthe official
opening of the new laboratory

Changes in the chemical composition of the
atmosphere are occurring both regionally and globally.
At a global level there is now strong evidence that
these changes are likely to bring about significant
modifications to climate as a result of the enhanced
greenhouse effect. Research inthe Global
Atmospheric Change Program seeks to discover why
the chemistry of the atmosphere is changing and how
it is likely to change in future.

As the earth's weather is driven by radiation from the
sun, a precise understanding of the way solar radiation
interacts with the atmosphere is essential to our
understanding of weather and climate.T\e Radiation
and Climate Progratn uses remote sensing
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The June 1992 meeting of the Avisional Advisory Committee. From left to right: Dr Brian Tucker; Dr Brian Robinson;
The Hon. Fred Chaney; Assistant Chief , Dr Graeme Pearman; Mr Alan Rainbird; Dr Willem Bouma; and lnstitute Director,
Dr Roy Green.

instruments on board satellites, planes and on the
ground to collect information about the atrnosphere,
the oceans, and land surfaces.

T\eWater Resources and Climate Change Program
focuses on the way in which climate influences the
water budget. Practical means of forecasting droughts
are being devised and research is improving our
understanding of storms and rain-bearing systems.
There is a strong emphasis on developing and refining
computer models of the atmosphere. Of key interest
are the likely changes to our climate caused by the
enhanced greenhouse effect.

The Divisional Advisory Gommittee
Since 1984, the Divisional Advisory Committee has
provided valuable feedback and advice to the Division
on policy issues and on the appropriateness and
direction of our research activities.

The composition of the Advisory Committee at its
most recent meeting (26 June 1992) was:

Chairman
MrAlan Rainbird
Former Deputy Chief Executive
Civil Aviation Authoritv

The Hon. Fred Chaney, MP
Federal Member for Pearce
Shadow Minister for Sustainable Development
and the Environment

Dr Doug Gauntlett
Deputy Director,
Bureau of Meteorology

Drlan McPhail
Executive Director,
Commonwealth Environment Protection Authoritv

Dr Brian Robinson
Chairman,
Environment Protection Authority (Victoria)

MrTerry Silverson
Former Executive Director.
ICI AustraliaLtd

Ex-Officio Member
Dr Brian Tircker
Chief of Division

Secretary to the Committee
Dr Willem Bouma
Executive Assistant, Science Policy
Division of Atrnospheric Research
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A model showing the site's appearance following completion of the building project.

Site redevelopment
The Division is about to commence a major
redevelopment of its Aspendale site. CSIRO has
provided $3.5 million for the construction of new
facilities and the refurbishment of existing buildings.

The Division will gain new laboratory facilities as
well as a new library, lecture theafe, electronics
workshop and canteen. Administrative and executive
offices will also be constructed.

Stage one of the project will be a laboratory for
development of remote sensing instruments including
the atmospheric pressure sensor and a new lidar.

Current laboratories in the main building will then be
modernized and expanded. These laboratories will
continue to be used for research into climate and
climate change, ozone depletion, remote sensing
applications, atrnospheric chemistry and acid rain.

The redevelopment is expected to be completed by
February 1994.

8
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ATVTOSPHERIC PoLLUTIoN AND AppITnn
MnrnoRoLoGY

Vision
To undertake world-class research and development
in afrnospheric pollution and regional meteorology.

Objectives
I To increase knowledge of surface, orographic

and boundary-layer processes in order to
improve the analysis and prediction of urban
and regional air pollution.

I To apply knowledge gained to
customer-oriented projects, primarily through
an Environmental Consulting and Research
Unit (ECRU) and a Rainwater Srudy Unit.

Introduction
The nature and severity of air pollution depend on the
source, chemical transformations of pollutants,
transport by local and regional winds, dispersion by
turbulence in the atmospheric boundary layer, and
local topography. The Program aims to improve
understanding of each of these factors.

Research includes theoretical analysis, numerical
model development and simulations, laboratory
experiments and field measurements. Applied and
consulting workrely on numerical models of the
atrnosphere, dynamical and chemical pollution
models, field work and data analysis.

There are two complementary research streams
- atmospheric pollution and applied meteorology.

Atmospheric pollution research involves strategic
research focused on theoretical and experimental
studies of turbulent dispersion in the atrnospheric
boundary layer. Major regional studies are being
undertaken.

Applied meteorology studies incorporate the
development and evaluation of surface,
boundaryJayer and orographic parameterisation
schemes in numerical models used for pollution and
climate studies.

Dr John Garraft,
Program Leader

Turbulent dispersion
Turbulence is a complex phenomenon which affects
all atmospheric processes, particularly dispersion.

The Division has developed sophisticated computer
models of dispersion. New approaches to air pollution
studies me based on up-to-date knowledge and
measurement.

Theoretical studies
Lagrangian theories are being used to better
understand the statistics of dispersion in the
atmosphere.

Advances in theory are leading to a variety of direct
benefits. These include improved modelling of the
transport of pollutant emissions and better estimates
of the uncertainty of such modelling. Estimates of
short-term peak concentrations are being applied to
odour modelling, and the Division has developed the
ability to model the interaction of multiple pollution
sources.

Experimental studies and field work
Laboratory experiments play an important role in
bridging the gap between idealized situations that can
be studied theoretically and the complex conditions
encountered in the atrnosphere.

The Division's 4000-litre modelling tank provides
detailed data on the structure and growth of the
convective boundary layer. It also gives information
about the effect of boundary-layer turbulence on
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Dr Brian Sawford and Dr Michael Borgas examine results
from their dispersion model.

buoyant plumes and the interaction of these plumes
with the inversion layer.

Wind-tunnel measurements have provided high
quality data with which to develop theories and
statistical dispersion relationships for concentration
fl uctuations in particular.

IJltimately, theoretical and laboratory studies depend
on field data for verification. An intensive field study
of dispersion from a power station under strongly
convective conditions was completed at Tarong,
Queensland in 1989.

During the study, the Divisional lidar was used to
measure the three-dimensional distribution of plume
concentration. These data are now being used to
assess model simulations.

More details of the Tiarong power station experiment can
be found in the Division's 1988-1990 Research Report.

Air Pollution Meteorology
Numerical modelling
Numerical modelling complements the theoretical and
experimental techniques used for studying regional
wind flows in complex conditions.

The Division has developed a prognostic numerical
wind-field model to describe regional winds as they
vary throughout the day. As well as its applications to
air pollution studies, the model is used for climate
investigations, nested within global general circulation
models. (More details of this limited-area model are
presented in the Water Resources and Climate Change
Program section of the Report). A Lagrangian particle
model, which accurately describes the dispersion of
pollutants, has been coupled to the wind-field model
to produce a highly sophisticated numerical

Studying plume dispersion in a laboratory water tank. This is an upside-down down view of the tank. Dye injected from a moving
nozzle represents a smoke plume. The atmospheric convective boundary layer is simulated by low-density salt solution sitting
above a concentrated solution. Buoyancy is generated by a saline solution diffusing through a membrane at the top of the tank.

10
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prognostic wind and pollutant dispersion model. The
Lagrangian Afinospheric Dispersion Model (LADM),
is well-suited to studies of hilly, coastal areas and
other complex regions, particularly where measured
data are scarce.

LADM has already been used extensively throughout
Australia for research and for industry-funded
projects. Potential applications of LADM are
numerous. They include emergency response to
industrial accidents, real-time emission controls on
industry, siting of new power stations and bushfire
control.

Air pol lution consultancies
The Environmental Consulting and Research Unit
(ECRU) has been estabtshed within the Division to
deal with commercial activities. ECRU staff include
scientists experienced in air pollution chemistry and
dispersion, meteorology and numerical modelling.

In a project for the New South Wales Electricity
Commission, ECRU was asked for advice on locating
a possible new power station so as to minimise air
pollution problems.

Simulations with LADM involved modelling a
case-study day and comparing the results with
observations, determining a worst-case scenario for
present power station emissions, and producing a

A computer-generated
simulation, using LADM,
showing disperiion of two
plumes from potential
power station sites in a
mountainous region of
Australia.

worst-case scenario under which the impact of a new
emitter at each of four proposed sites was evaluated.

Results of the investigation were presented as a report
and as a video.

Modelling of emissions from the existing power
stations included morning fumigation, high midday
pollution concentrations caused by convective mixing,
and inland penetration of the sea breeze. Clearly
evident were different plume directions depending on
whether they were caught in the sea breeze or were
high enough to be transported by the gradient wind.

On behalf of the Western Australian Energy
Commission and the Environmental Protection
Authority, ECRU has investigated how the Kwinana
Power Station could comply with a new State
Environment Protection Policy.

ECRU has also been involved in air pollution
assessments for the Newcastle region of New South
Wales, and for Gladstone in Queensland.

Recently, LADM was used to predict smog circulation
for the Perth Airshed Photochemical Study. The
predictions showed pollutant build-up due to
recirculation over Perth. This recirculation is due to
the afternoon onset of a sea breeze which carries

11
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An electron microscope enables Dr John Gras to determine
the size and nature of aerosol particles collected during a
study of visibility reduction in Melbourne.

pollutants inland. In the evening, the breeze weakens,
and polluted air moves back over the city.

In the Philippines, the World Health Organization
sponsored a study that led to the construction of an air
pollution model showing how pollutant concentrations
vary across Manila. The model allows assessments to
be made of the way in which motor vehicles, industry
and power stations contribute to air pollution.

In lapan, a salt-stratified water-tank towing facility for
modelling stable air flow has been established with
Divisional assistance at the National R.esearch
Institute for Pollution and Resources in Tsukuba.

Air quality and visibility
Melbourne Aerosol Study
In large cities, aerosol particles in the atmosphere
often significantly reduce visibility by scattering and
absorbing light. In Melbourne, visibility problems
occur most frequently during autumn because of
stable atrnospheric conditions.

In the past,little has been known about sources of
aerosol particles in Melbourne. The Melboume
Aerosol Study, a collaborative project with the
Victorian Environment Protection Authority, was
designed to improve ourknowledge. The study
focussed on the chemisury and microphysics of
aerosol particles.

On days of low visibility, particles were collected
from two sites close to the city. Analysis showed that
particles responsible for reducing visibility were
small, typically with radii between
0.1 and 0.15 micrometres. Carbon was the main
element present, accounting for 66Vo of the mass.

Motor vehicles, secondaryproduction and smoke were
the main sources of annospheric aerosol particles. Most
of the smoke is likely to have come from domestic wood
burning. This form of heating consumes over 400 000
tonnes of wood each year in Melbourne. Buming of
leaves also adds to the smoke problem.

Photochemical smog
Naturally occurring hydrocarbons
Studies of Melbourne air have shown that
photochemical production of ozone will only occur
when hydrocarbon concentrations are sufficiently
high. Hydrocarbons come from anthropogenic sources
such as motor vehicles, and natural sources such as
plants.

To control smog, we need to know the contribution
that plants make to the levels of reactive hydrocarbons
in the air.

In a project with the Environment Protection
Authority of Victoria, air samples were collected in a
Iarge park on the outskirts of the city. The park was
forested, with eucalypts, wattles, and tea-fiees. These
native plants release isoprene and terpenes, which are
far more reactive than most anthropogenic
hydrocarbons.

Analysis showed that, for much of the collecting
period, isoprene made a major contribution to the
hydrocarbon reactivity of the air. This suggests that
the compound can contribute significantly to
Melbourne's photochemical smog problems.

Vehicle emissions
Since 1986, new cars in Ausfialia have had catalytic
converters in their exhaust systems. These converters
reduce the amounts of oxides of nitrogen, carbon
monoxide and unburnt petrol escaping into the air.

12
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PaulSelleck uses a
laptop computer to
download rainfalldata
from an automatic
rainwater sampler
designed and built
at the Division.

In 1983-84, a detailed study was undermken of
Melbourne's air quality. To assess the impact of catalytic
converters, a similar study was carried out in 1990.

Measurements were made of air collected in the
central business district. The results show that,
compared to 1983-84, concentrations of non-methane
hydrocarbons and carbon monoxide have dropped by
45Vo and3TVo respectively. Concentrations of oxides
of nitrogen and methane have remained essentially
unchanged.

Analysis of exhaust gases shows that catalytic
converters are increasing the proportion of methane
and other alkanes while decreasing the proportion of
olefins, acetylene and aromatics.

This study was a collaborative project with the
Environment Protection Authoritv of Victoria.

Rainwater composition
Coal-burning power stations in Victoria's Latrobe
Valley supply most of the State's electricity. Amajor
ten-year investigation of air quality, ttre Latrobe Valley
Airshed Study, concluded in 1988. Following this
Study, the issue of acidic deposition due to emissions
of sulfur dioxide and oxides of nitrogen was raised.

A two-year rainwater composition study, initiated
jointly by the Division and the State Electricity

Commission of Victoria, began in early 1990. Field
sampling was carried out at a small number of sites
within the Valley.

The conclusion is that power stations are not
contributing significantly to rainwater acidity. In fact,
rainwater acidity levels throughout the Lafrobe Valley
are from ten to one-hundred times lower than those
found capable of harming plants and animals by direct
contact.

However, rainfall is just one way in which acidic
particles can reach the ground. Dry deposition also
can occur, in which sulfur dioxide and other acidic
gases and aerosols come into direct contact with the
ground. Neither the relative importance of dry
deposition of acidic particles, nor an investigation of
long-range transport of emissions, was included in the
study.

To carry out the samptng program, CSIRO designed
and built a sophisticated automatic rainwater sampler.
Specially suited for use in remote locations, the
sampler collects and stores rainwater for subsequent
chemical analysis. The instrument is now being
marketed around the world by the Australian company
Ecotech Pty Ltd.

Two rainwater studies in New South Wales for Pacific
Power have followed the Latrobe Valley work. The
Division has assessed rainwater composition,
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atrnospheric gas concentrations and data on surface
water and soil properties in the Hunter Valley. A
three-year study has just begun of rainwater
composition and acidic deposition in the western
coalfields, 130 kilometres from Sydney.

Projects have also been completed in South-East Asia.
A report on acid deposition has been provided to
Tenaga Nasional Berhad (the Malaysian National
Electricity Authority). Rainwater, gas and aerosol
sampling have been undertaken in Jakarta and around
the Suralaya power station in Western Java.

Applied meteorology
The climate of a region, and its day+o-day weather
have a major influence on mixing and transport of
pollutants.

The most important chemical and dynamical
processes affecting air quality occur in the
atrnospheric boundary layer. This is the lowest part of
the atmosphere, in which air is well mixed. The top of
the boundary Tayer canrange from 50 metres to
2 kilometres above the ground.

Boundary-layer structure is related to the underlying
surface and to orographic features. The Division's
mesoscale models - used for local and regional
pollution studies - and general circulation models
- used for studying regional and global climate
- rely on accurate representations ofthe surface, the
atmospheric boundary layer, and orography.

Mode I I i ng b iosphericatmos pheric
interactions
General circulation models tend to simplify the
complex exchanges of gases and energy between soil
surfaces, plants and the atmosphere. Thus, much
effort is being made to develop and evaluate a
physically-sound biospheric scheme, incorporating
soil and canopy processes, surface hydrology,
boundary-layer mixing, boundary-layer clouds,
sub-grid orography, and surface heterogeneity.

The Division has devised and tested a one-
dimensional stand-alone soil-+anopy model. The
model incorporates many of the important elements
controlling local climate. These elements include soil
type, surface albedo and roughness, exchange of
water vapour by plants, deep soil percolation, and
snow accumulation and melting.

The model's performancc has been tested by
comparing its output with observations from
continental regions around the world and with the
output from more detailed mesoscale models.
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Dr Humio Mitsudera is studying ocean currents using a
rotating tank. Water flowing into the tank models the
wind-driven currents flowing through Bass Strait into the
Tasman Sea.

General circulation model simulations incorporating
elements of the soil+anopy scheme have been
completed. This has enabled the geographical
distribution of vegetation, surface albedo and
aerodynamic roughness over land surfaces - using a
data set from the US National Aeronautics and Space
Administration (NASA) - to be incorporated
realistically for the first time in our models.

The extensive simulations have yielded information
on the sensitivity of regional climate to the model
changes as well as highlighting weaknesses. Using
information from overseas general circulation model
simulations, the study has emphasised the tendency
for surface net radiaton over continents to be
over-estimated in numerical models.

Fluid transport
The oceans act as enormous storage reservoirs for
heat. Large-scale ocean currents are important
components of the climate system, transporting vast
amounts of heat away from equatoialregions towards



Research Report 1 990-1 992

the poles. Yet the dynamics of these cunents are still
poorly understood.

The location at which curents move away from
coastal areas may vary, influencing local rainfall.
Increasing global temperatures due to the enhanced
greenhouse effect may affect current behaviour.

The Bass Strait overflow occlus at the eastern edge of
the continental shelf, where water depth increases
rapidly. In winter, atmospheric cold fronts push Bass
Sffait water eastward. The cold, salty water leaving
the Strait sinks, dropping to a depth of about
400 metres. This giant underwater waterfall has a
major impact on regional current patt€rns.

The Shell Company of Australia is funding a
laborutory tank investigation of the overflow. Amodel
of the eastern part of Bass Snait is immersed in

density-stratified fluid which simulates vertical
variations in the ocean's density. The tank rotates,
mimicking the rotation of the earth. Dyed salty water
is introduced, allowing the passage of the outflow to
be followed.

Bushfire met@rology
The impact of climate change on fre-danger indices
throughout Aushalia is being examined in a
collaborative project between the Division, the
Division of Forestry and Monash University. The
index is likely to rise in cenfral, western and
south-eastern Australia, but to fall, or remain
unchanged, in the rest of the country.

This study confirms that long-term forest fire danger
is sfiongly linked to relative humidity. Thus, fire
danger is likely to increase in response to any decline
in average relative humidity.

15
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GIonAL ATMOSPHERIC CUAXGE

Vision
To provide world-class studies of the changing
composition of the earth's atmosphere, the causes
and effects of these changes and the efficiency and
compliance of any Australian and international
activities to minimize these changes.

Objectives
I To quanti$ and understand the mechanisms

regulating climatically-active and
ozonedepleting gases and aerosol in the
regional and global atrnosphere.

I Develop information on future atrnospheric
composition, and the effectiveness of proposed
regulatory actions, particularly where these
changes may affect the Ausfialian community.

Introduction
There is now strong evidence that the enhanced
gteenhouse effect will significantly modify regional
and global climate early next century. Some changes
may be beneficial, others may not.

Greatest benefits. and least dislocation to the
Australian community, will be achieved by having
available reliable predictions of the likely changes.

We need to understand why atmospheric composition
is changing, how it will change in future, and how the
climate system will respond to these changes.

This Program involves observations, numerical
modelling and theoretical studies. These activities are
improving our understanding of sources, sinks,
exchange mechanisms and transformations of
climatically-important gases and aerosol. Also of
interest are gases which deplete stratospheric ozone.

Information comes from global sampling of the
atmosphere, analysis of ancient air trapped in
Antarctic ice, and studies of trace-gas emissions and
aerosol production over Australia, the Southern Ocean
and South-East Asia.

Mr lan Galbally,
Program Leader

GASLAB
The Division's Global Atmospheric Sampling
Laboratory (GASLAB) has been operating since the
end of 1990.

In GASLAB, precise measurements are made of the
major greenhouse and ozone-depleting gases in air
samples collected from around the world.

Measurement sequences are controlled by a
centralised computer that processes and archives data,
and provides comprehensive quality control and
analysis.

Measurements are made of both trace-gas
concentrations, using an array of gas chromatographs,
and trace gas isotopic composition, using
sophisticated mass spectrometer systems. For both
atrnospheric carbon dioxide and methane, stable
carbon isotope measurements help distinguish
between biological sources and physical and chemical
sources of the gases.

Air samples collected from around the world are
analysed within GASLAB. In addition, continuous,
high-precision monitoring is conducted at the Cape
Grim Baseline Air Pollution Station in Tasmania.
There is extensive collaboration between GASLAB
and Cape Grim in sample collection, instrumentation,
calibration and data analysis. The Station, run jointly
by the Bureau of Meteorology and CSIRO, is one of
the foremost stations of the World Meteorological
Organization (WMO) Global Aunosphere Watch
proglam set up to monitor the chemical composition
of the atmosphere.

l 6
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Significant funding for GASLAB comes from the
Departrnent of the Arts, Sport, the Environment and
Territories. Logistic support from collaborating
institutions in Australia and around the world is an
essential component of the GASLAB operation.

Dr Paul Steele prepares air flasks for chromatographic
analysis in GASLAB.

ICELAB
Associated with GASLAB is the Ice Core Extraction
Laboratory (ICELAB). Here, analysis takes place of
tiny bubbles of air trapped in Antarctic ice cores
drilled by the Australian Antarctic Division.

Ice cores from Law Dome, 100 kilometres from
Aushalia's Casey Station, are currently being
examined. Law Dome is an ideal site for core
collection. The simple flow pattern and high snowfall
means that annual ice layers can be accurately dated
over the holocene (last l0 000 years). The most
recent$ trapped arr, from the 1970s, is of a similar
age to the Division's archived air samples, thus
allowing direct comparisons to be made.

The Law Dome core has shown the way in which
atmospheric methane concentrations have varied in
the past. Levels rose almost continuously from the
1840s to the 1970s. The only exception to the rapid
glowth during that period occurred from 1920 to

1945, when growth rate stabilised. The most likely
explanation for the observed stabilisation is reduced
global methane emissions,linked to the downturn in
fossil fuel production during the two World Wars and
the Great Depression of the 1930s.

Methane
Atmospheric methane concentrations have risen from
about 750 parts per billion by volume (ppbv) prior to
the industrial revolution to a current global average of
1700 ppbv.

However, latest measurements are showing that, while
methane is still accumulating in the atrnosphere, the
growh rate is now declining. This finding is based on
analysis of air collected from a United States global
network of flask sampling sites. The network was
originally established and operated by scientists who
now work for the Division.

In 1983, the methane growth rate was about 13.3 ppbv
a year. By 1990 it had fallen to about 9.5 ppbv a year.
If the decline in growth rate continues unabated,
atrnospheric methane concentration is likely to peak
by the year 2006, after which it will begin to drop.

The reasons for the change are not clear, although it is
in the northern hemisphere that the rate is dropping
most dramatically. About 30Vo of atmospheric
methane is released from land fills, coal mines and
natural gas exfiaction. One possible explanation for
the slow-down in accumulation is that there has been
an increased effort to trap and burn methane for
energy rather than allowing it to escape into the
atrnosphere.

Another possible explanation is that concentrations of
the hydroxyl radical, the main sink for methane, are
increasing. High hydroxyl radical concenffations are
usually associated with increased urbanisation and
industrial activiw.

Tropospheric ozone
Ozone in the stratosphere is essential for life, protecting
us from harmful ulfaviolet radiation. In the troposphere,
however, ozone is a pollutant associated with
photochemical smog. It is also a greenhouse gas.

Until the 1970s, it was assumed that, except neulr
urban areas during high pollution, tropospheric ozone
was chemically inert and originated from the
stratosphere. However, this hypothesis did not
satisfactorily explain differences in tropospheric
ozone concentrations between the northern and the
southern hemisphere.
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r
David Etheridge slices a section of Antarctic ice core, provided by the Australian Antarctic Division, in ICELAB prior to extraction
of air for analysis.

It became clear that photochemical reactions may be
producing and destroying ozone in the non-urban
troposphere. Until recently, there has been little
experimental evidence to support this theory.

Ozone and hydrogen peroxide concenffations have now
been continuously monitored at Cape Grim for ayear.
Hydrogen peroxide is of interest because it is produced
during the photochemical breakdown of ozone.

Maximum ozone concentrations occurred in winter
when levels of hydrogen peroxide were low. In
sufilmer, ozone concentrations were at a minimum,
coinciding with peak peroxide concenffations. The
numerical model used for this study accurately
simulated the observed concentration changes.

This is the first conclusive evidence that
photochemistry dominates the ozone budget in much
of the troposphere.

Chlorofluorocarbons
and methyl chloroform
The Montreal Protocol, an international treaty limiting
the production of ozone-depleting substances, such as
chlorofluorocarbons (CFCs) and methyl chloroform,
appears to be working.

Measurements taken at Cape Grim show that
increases in the tropospheric concentration of
CFC-ll, CFC-12 and methyl chloroform are slowing.
The rate of increase of CFCs and methyl chloroform
have declined from abott 5Vo a year during most of
the 1980s to about 3Vo snce 7988.

The methyl chloroform data suggest that the tropical
tropospheric abundance of hydroxyl radical - the
major sink for methyl chloroform and methane - is
increasing by about IVo pr year. (This increase in
hydroxyl concentration would make a significant
contribution to the observed decline in methane
growth rate.)

Despite the slowdown in the rate of increase of a
number of ozone-depleting chemicals, satellite data
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show a statistically significant loss of stratospheric
ozone over southern Ausffalia. snatospheric ozone
losses over Sydney, for example, during the 1980s
corresponded to an increase in LIV-B radiation at
ground level of about 6Vo.

The Division calculates that the Montreal hotocol (as
amended in 1990) is likely to result in stratospheric
chlorine concentrations peaking at 4.1 ppbv in the
y ear 200f' not returning to I 987 levels of 2 ppbv until
2060. The Protocol is due to be revised again in
November 1992.

Sources of greenhouse gases
Carbon cycle modelling
A range of theoretical studies are being undertaken to
improve our understanding of the global carbon cycle.
The Division's carbon cycle modelling activities place
particular emphasis on quantifying the uncertainties in
model-based estimates. Anew formalism has been
developed for combining the estimates and
uncertainties from the many disparate types of
information about the carbon cycle.

A box-diffusion model of the ocean, coupled to
lumped representations of the atrnosphere and
terrestrial biota, is employed for long time-scale
studies. It has been used to calculate projected carbon
dioxide concentrations for the next century, as part of
the studies for the 1990Intergovernmental Panel on
Climate Change (IPCC) Report. The model has also
been used to predict that adopting the 'Toronto target'
of reducing carbon dioxide emissions to 807o of 1988
levels by the year 2005, will lead to carbon dioxide
concentrations of around 47 0 ppm in the year 2 I 00
compared to 830 ppm resulting from the IPCC
' Business-as-Usual' scenario.

TWo-dimensional models are used to deduce the
latitudinal variations of sources and sinks of carbon
dioxide from the spatial distribution of carbon dioxide
concentrations. New techniques have been developed
to quantify the uncertainties in these 'inverse

calculations'.

In mid- 199 1, a new three-dimensional transpoft
modelling program was established with the support
of the State Electricity Commission of Victoria.
Three-dimensional modelling makes it possible to
explore the longitudinal variability in greenhouse gas
distributions. It also provides the capabitity of
resolving the synoptic-scale variability, or 'chemical

weather', associated with transport variability that is
averaged-out in two-dimensional models.

Emissions from soil
Agricultural practices change the way in which soils
release and take up gases. To better understand the
impact of agriculture on greenhouse gas emissions
from soils, a field experiment has been undertaken in
north-western Victoria.

Two sites with similar soil types were selected. At one
site the land was in a natural, untouched state, covered
with eucalypts and spinifex. The second site, a few
kilometres away, had been intensively farmed for
60 years.

Measurements were made in autumn and then
repeated in winter, spring and summer.

Gas fluxes were measured by placing a
specially-constructed transparent chamber over a
small area of soil. Changes in concentrations within
the chamber of carbon dioxide, niftous oxide,
methane, carbon monoxide and oxides of nitrogen
were monitored.

In autumn and winter, soil respiration rates were
higher at the natural site than at the farm. However,
seasonal changes were far grcater than any differences
between locations.

Methane is absorbed by soil and then oxidised. The
amount of methane consumed by natural processes in
Australian soils was found to be considerable. In fact,
it is equivalent to all the methane produced by
livestock in this country.

Nitrous oxide, on the other hand, is emitted from soil.
Emission rates were low. However, the area of
semi-arid land on earth is large, and this work
suggests that these regions are a major global source
of the gas.

As well as providing information about the way in
which agricultural activities affect gas emissions, data
collected will also tell us about seasonal variations of
gas fluxes from Ausffalia's arid regions. Ultimately,
the experiment will improve estimates of our annual
production of greenhouse gases.

Following this study, the Division organised a
workshop designed to gather current knowledge and
to recommend priorities for future research and
monitoring. The Workshop on Agriculture and
Greenhouse in South-Eastern Australia attracted more
than 40 scientists, agricultural extension officers and
policy-makers from Australia and New Tnaland.

This project has been funded by the Victorian Office
of the Environment and the Commonwealth
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Professor Shang Shuhui, a visitor to the Division from the lnstitute of Applied Ecology in China, monitors the release of
greenhouse gases from soil at a site in northern Victoria.

Department of the Arts, Sport, the Environment and
Territories, and has been supported by the Victorian
Department of Food and Agriculture.

Urban emissions
In cooperation with the Environment Protection
Authority of Victoria, the Division has completed a
preliminary study of methane and nitrous oxide
release from motor vehicles.

Air samples were collected in Melbourne's cenffal
business district during the morning peak hour and
subsequently analysed by gas chromatography.

Methane was estimated to make up about 16%o of the
hydrocarbons present in the air samples. Based on this
study, Australian motor vehicles release 92 000 tonnes
of methane and 5 000 tonnes of nitrous oxide each
year.

Aerosol
Air at its cleanest may contain between 10 and 100
tiny liquid and solid aerosol particles in every cubic
centimetre. Heavily polluted air may have up to
100 000 particles per cubic centimetre.

Aerosol particles influence the amount of solar
radiation reaching the earth's surface as well as how
much infrared radiation from the surface disappears
into space.

The particles also act as cloud condensation nuclei,
playing a major role in determining the amount and
type of clouds. Without clouds, average surface
temperature would rise from about 15oC to about
30t. Global warming is likely to be accelerated if
high altitude clouds become more prevalent in future.
This is an example of a positive feedback on world
temperatures.

While fossil fuel burning is increasing the amount of
carbon dioxide in the atmosphere, it is also adding to
the amount of sulfate aerosol particles in the
atmosphere. By reflecting more solar energy, these
particles could be limiting the amount of warming
obsewed, especially in the northern hemisphere,
where most the world's fossil fuels are being
consumed.

The second greatest source of sulfur-based aerosol
particles is a natural one - marine plankton. Some
planlctonic marine algae produce dimethyl sulfide
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(DMS) as they metabolize. One estimate has
suggested that these plants produce more sulfur each
year than the total sulfur output from the world's
volcanoes. Once released into the atrnosphere, DMS is
quickly oxidised to sulfur-containing aerosol particles
which act as cloud condensation nuclei.

This relationship between DMS emissions and cloud
condensation nuclei may provide another climate
feedback mechanism that may help minimize
global warming. The suggestion is that as world
temperature increases, plankton metabolize at a
greaterrate, producing more DMS. The number of
sulfur particles increases, clouds become brighter and
more reflective and have more of a cooling effect.

To test the hypothesis, information is needed about the
relationship between cloud condensation nuclei
numbers and the concentration of sulfur-containing
aerosol particles in clean marine air. There is only one
place in the world where these data exist - for the
last ten years measurements have been made at Cape
Grim.

The measurements show a sfrong link between
atrnospheric DMS and sulfate aerosol particles,
adding weight to the theory that marine plankton play
an important role in regulating climate.

Dr Greg Ayers inspects an aerosol collector on the
observation deck at the Cape Grim Baseline Station.
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Vision
A Program to undertake quality research into the
interaction of solar and infrared radiation with the
atmosphere and surface, interactions which
ultimately determine our present climate and
environment, to respond to Australian community
needs in remote sensing and to collaborate with
Australian and international agencies with similar
interests.

Objectives
Reduce the present uncertainties in predictions
of climate and climate change due to radiative
cloud and surface feedback processes, using
satellite and surface remote sensing methods
and theoretical models.

Use and interpret satellite data sets, develop
aerospace instrumentation where appropriate,
and apply our improved knowledge to user
needs in the Australian communift

I

l

lntroduction
Our environment and climate are determined by the
interaction of solar and infrared radiation with the
earth's surface and atmosphere. It is this interaction
that is the focus for the Program.

Clouds have a major influence on the earth's energy
balance. It is clear that clouds are likely to have a
feedback effect on global warming. What is unclear,
however, is the likely nature of this feedback. The
Intergovernmental Panel on Climate Change (IPCC)
has recognized this uncertainty, calling for a better
understanding of radiative and structural properties of
clouds. This will lead to improvements in the way
clouds are represented in climate models.

Better measurements of land- and sea-surface
temperatures are needed for climate models. Data
from National Oceanic and Atmospheric
Administration (NOAA) satellites and from the Along
Track Scanning Radiometer (ATSR) on board the
ERS-I satellite are improving the accuracy of such
measurements.

The Program has made a rnejor contribution to the
development of remote sensing instruments.
Instruments currently being developed include an

Dr Martin Plaft,
Program Leader

atmospheric pressure sensor, an aircraft-mounted
instrument for the detection of volcanic ash clouds.
and a three-wavelength scanning lidar for
ground-based afinospheric monitoring.

Atmospheric processes
Clouds and radiation
The second observational phase of the Experimental
Cloud Lidar Pilot Study (ECLIPS) took place in
mid-1991. ECLIPS, which involves scientists from
around the world, is directed from the Division. The
study is designed to obtain information on cloud
structure and the interaction of clouds with radiation.

Ground-based lidars (laser radars) provide
information, often inaccessible to satellite
instruments, on cloud-base height and cloud
extinction (light absorption).

An interesting phenomenon detected by lidar
measurements at Aspendale was the nucleation and
$owh of cloud droplets as they ascended within
stratocumulus clouds. Extinction profiles compare
well with theoretically determined growttr curves.

At times, measured extinction values were less than
predicted. This is likely to be due to entrainment of
dry air into cloud tops due to radiative cooling. Lidar
readings indicate, not only the mean extinction, but a
measure of the variability and, thus, the turbulent
processes involved.

In heavily populated and industrialised regions, clouds
contain high concentrations of condensation nuclei.
This increases extinction, reflecting more solar
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radiation back into space, acting as a negative
feedback to global warming. Lidar observations of
clouds in the northern hemisphere will provide an
interesting comparison with observations made here.

Dr Stuaft Young check the focusing mechanism of the
Divisional lidar. The lidar sends powertd laser pulses into
the atmosphere. Airborne particles reflectthe laser beam
back into an optical telescope connected to a processing
system. The time taken for the pulse to be reflected gives
the height of the particles, while the strength of the signal
indicates the amount of material present.

ECLIPS measurements will be made next year at the
Cape Grim Baseline Air Pollution Station and in New
Guinea. The New Guinea measurements are to be part
of the Tropical Oceans and Global Atmosphere
Coupled Ocean Atrnosphere Response Experiment
(TOGA COARE).

The Division is currently constructing a sophisticated
new lidar. The new instrument features a high
repetition rate laser, allowing rapid scanning of the
boundary-layer, and can operate at three wavelengths.
These features give the lidar great versatility.

The United States Department of Energy is funding
the construction of a new infrared radiometer. The

instrument will be used for cloud studies at sites in
Northern America and the western Pacific.

Reg io nal c lo ud cl i mato log ies
Locally available, high-resolution NOAA and
Geostationary Meteorological Satellite (GMS) data
are being used to investigate cloud cover over the
Australian region. Diurnal and seasonal distribution
will be described in a project designed to provide
information for international studies as well as
regional modelling studies. To date, few comparisons
with observations have been made of model-generated
cloudiness, so the data will be important both for
validating regional studies and for providing baseline
measurements to assess climate change.

This workhas a number of directresearch applications.
Of particular interest will be information about the
relationship between aerosol concentrations over the
ocean and cloudiness. Cloud statistics can also show the
amount of light available to plants for photosynthesis,
valuable information for biological studies.

Measuring surtace pressure from space
Weather forecasting, especially for the Australian
region, would benefit significantly if it were possible
to measure accurately atmospheric surface pressure
from space.

A prototype of an atmospheric pressure sensor,
designed to be mounted on a satellite, has been
developed at the Division. The sensor consists of a
high resolution spectrognph tuned to a wavelength at
which oxygen is the only absorbing molecule. Light
reflected from the ocean's surface up to the sensor
will be analysed. Since oxygen is well-mixed in the
atrnosphere, the absorption by this gas indicates the
mass of air present above the ocean surface and,
hence, the atmospheric pressure.

Optical, thermal and mechanical properties of the
instrument are being examined and extensive
modelling and instrumental analysis is underway.

The Australian Space Office is supporting the project.
VIPAC Engineers and Scientists Ltd has appointed
two staff members to work at the Division.

Volcanic ash over Australia
The eruption in June 1991 of Mount Pinatubo in the
Philippines blasted millions of tonnes of sulfur
dioxide and ash high into the atrnosphere.

The flrst recording of aerosol from Mount Pinatubo
over Ausffalia was made at the Division. On 19 July,
lidar soundings at Aspendale showed the presence of
an offshoot of the main ash cloud at a heisht of
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22 kilometres. That evening, and in the weeks and
months following, spectacular sunsets were seen in
many parts of Australia.

According to NASA, the Mount Pinatubo eruption
increased the amount of silicate dust and aerosol in
the stratosphere by 60 to 80 times. Once in the
stratosphere, sulfur dioxide is oxidized, forming tiny
aerosol droplets of sulfuric acid. These droplets are
very efficient at scattering solar radiation back into
space. While ash falls out of the atmosphere within
months, the sulfuric acid droplets are likely to remain
for up to three years.

Almost a year after the eruption of Pinatubo, the
particles it released are still densely distributed
throughout the atmosphere, ranging in height from
15 to 30 kilometres, with a peak concentration at
approximately 1 8 kilometres. Horizontally, the
greatest concentration is near the equator, but material
has been measured at high latitudes in both
hemispheres.

As well as possibly temporarily off-setting the
recently recorded rise in the earth's surface
temperature, the volcanic aerosol may act like polar
stratospheric clouds, accelerating ozone depleting
reactions.

Surlace processes
Measuring sea-surtace temperatures
The Along Track Scanning Radiometer, first proposed
as a satellite instrument bv the Division over ten vears

Dr Denis O'Brien subjects
the atmospheric pressu re
sensor to vibration testing
in preparation for mounting
the instrument in an
aircraft. This testing is
being done at the
laboratories of VIPAC
Engineers and Scientists
Ltd in Melbourne.

ago, was launched from French Guiana on board the
ERS-I satellite in July 1991.

The radiometer was built by a consortium of institutes
in the United Kingdom, France and Australia. It is
designed to provide accurate measurements of
sea-surface temperatures. This will be of great use for
forecasting climate variations and in assessing climate
change.

A feature of the insrument is its dual view of the
earth's surface. The forward scan in addition to the
normal downward looking scan, when matched for the
same location, allows corrections to be made for the
intervening atrnosphere.

Several research vessel cruises have been undertaken
in the Coral Sea to compare ground-based
measurements with those from the ATSR. Results
from these validations show that the instrument is
performing as expected - sea-surf4ce temperature
measurements are accurate to within 0.25C.

The ATSR project is led by the Rutherford Appleton
Laboratory in the United Kingdom. Support for
Australian involvement has come from the
Department of Industry, Technology and Commerce.

Plans for the ERS-2 satellite are well underway. The
satellite, which is to be launched in 1994, will also
carry anATSR. The Division will be the Australian
leader of the scientific program to validate and use
sea-surface temperature and other measurements
made bv the radiometer.
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An infrared image of southern Australia produced bythe
Along Track Scanning Radiometer on board the ERS-I
satellite. Cloud cover, lakes and major rivers are clearly
visible.

Measuring land-surtace temperatures
Accurate measurement of land-surface temDerature
from space is important for weather forecasling and
other applications. Temperature measurements are
also critical to our understanding of air-land energy
and moisture exchanges.

However, measuring land surface temperature from
satellite instruments is difficult Variations in
affnospheric water vapour and surface emissivity
introduce uncertainties. Errors in temperature
measurements of complex landforms canbe up to 3t.

The Division is improving ihe accuracy of remotely
sensed land surface temperatures. In conjunction with
a related field experiment on frost risk, extensive
temperature measurements have been made in a wheat
field in north-western Victoria. These measurements
were regularly compared with those derived from
satellite-mounted instruments. This has enabled the
development of new land-surface temperature
algorithms that include both atmospheric and
emissivity corrections.

To investigate different surface Wpes, a similar study
at two new sites, one in New South Wales and one in
Queensland, will begin soon.

The frost risk project has now been completed and
seasonal maps of frost occurrence have been
produced. The project has shown that temperature
variations across growing regions can be mapped

Dr Fred Prata and Dr lan Barton with a prototype of their
Airborne Hazard Detection System, which has been
designed to give airline pilots advanced warning of volcanic
ash in their flight path.

successfully using satellite technology. These maps
can improve the efficiency of farming operations. For
example, sowing times and alternative crops can be
chosen to reduce the impact of frost. An extension
booHet for farmers on frost incidence and its regional
variations is being produced by the Division with the
Victorian Dry Land Farming Institute in Horsham.

Further details of the frost risk project appear in the
Division's 1988-1 990 Research Report.

Improving aviation safety
An instrument has been developed to warn pilots of
volcanic ash clouds. Volcanic ash can be hazardous to
planes, as the tiny particles of silica may melt when
drawn into a jet engine, preventing air flow and
causing the engines to stall.

The Division's Airborne HazardDetection System is a
multi-channel infra-red radiometer, able to distinguish
between volcanic clouds and normal water and ice
clouds at distances of up to 100 kilometres. This is
achieved by measuring the clouds'thermal radiation
at 11 and 12 micrometre wavelengths, where volcanic
clouds differ most from water clouds.

Successful testing of the instrument has been done on
the slopes of Mount Sakurajima, an active volcano in
southern Japan. The tests, conducted in cooperation
with Kyoto University, confirmed theoretical and
modellins studies.
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Using sophisticated software, the Division's CSIDA facility collects and processes data from up to six satellite overpasses each
day. Here, Janice Bathols checks details of cloud coverage on a satellite image of southern Australia.

CSIDA
The CSIRO System for Interactive Data Analysis
(CSIDA) regularly collects high-resolution picture
transmission data from NOAA polar-orbiting
meteorological satellites.

CSIDA provides data for scientific activities within
the Division, and produces a variety of value-added
products. These include bushfire risk maps, images
for television weather services, frcst risk maps, and
sea-surface temperature charts for the fishing indrrsny.
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Vision
A hogram providing a world-class climatic
modelling facility that is capable of addressing
currently perceived, as well as developing,
environmental issues of regional and global
concern both as a domestic and international
consultant.

Objectives
t To develop systematically the individual

components of a climatic modelling facility and
to apply them separately or collectively to
critical environmental problems.

I To convert current qualitative understanding to
quantitative outcomes so that sound decisions
can be made in such areas as greenhouse
impacts or drought prediction.

I To use results in appropriate consulting studies
both nationally and internationally.

Introduction
The driving force determining our climate is heating
by incoming short-wave radiation from the sun and
cooling by long-wave radiation into space. The
world's climate depends on complex interactions
between the atmosphere, the oceans and other
components of the climate system.

General circulation models provide a powerful tool
for studying climate and climate change. The Division
has developed a range of world-class general
circulation models and limited-area models. Results
from these models are being applied to critical
environmental issues.

The Program has tfuee research streams: climate
change research, drought prediction, and precipitation
studies.

Climate change research is producing scenarios and
assessments of the likely nature of climate change
resulting from the enhanced greenhouse effect. This
work relies on increasingly complex and more
realistic general circulation models. Limited-area
models in both stand-alone and nested modes also
provide important information, permitting finer details
to be studied. The likely impacts of climate change are

Mr Banie Hunt,
Program Leader

currently being assessed for Australian States and
Territories and for international authorities.

Drought studies within the Dvision rely on model
simulations and predictions of seasonal and interannual
variability, particularly ofrainfall. Past and forecast
records of sea-surface temperatures provide important
data for these studies, which are aimed at developing a
reliable drought prediction scheme.

Limited-area models are an excellent tool for
investigating intense precipitation events, such as
tropical cyclones and storm systems, and convective
mechanisms. A major objective of the Division's
precipitation research is to investigate the possibility
of improving current estimates of probable maximum
precipitation. In addition, an extensive precipitation
enhancement study, including cloud seeding and
innovative research, has been conducted in
conjunction with Melboume Water.

General circulation modelling
The development and application of general
circulation models is of central importance to climate
and climate change research in Ausfialia. The models
must be capable of considering all the atrnospheric,
terresftial and oceanic processes that determine our
climate.

Climate change investigations are carried out by first
simulating present climate, using current atrnospheric
carbon dioxide concentrations. The simulation is then
repeated using doubled, or gradually increasing, levels
of carbon dioxide.

27



Division of Atmospheric Research

Dr Hal Gordon uses the CSIRO 9Jevel model to investigate the effect of a doubling of atmospheric carbon dioxide
conentrations.

Intensive model development and testing continues.
To better represent processes near the earth's surface
and in the sffatosphere, increased vertical resolution is
needed. The dynamical framework of the CSIRO
4-level model served as a framework for the
construction of a 9-level model. Using prescribed
sea-surface temperatures, the model is now able to
realistically simulate most of the important features of
the atmospheric general circulation on a diurnally and
seasonally varying basis.

The 9-level model has been used for a 4O-year
simulation of present climate. Using a slab ocean,
excellent agreement was found with observed
precipitation, mean sea-level pressure, surface
temperafure variations over Australia and jet-sfieam
patterns.

A 60-year simulation with doubled carbon dioxide
levels produces a mean annual surface warming near
the upper range estimated by the IPCC, but
comparable with results from other models using
similar cloud parameterisation schemes.

Horizontal resolution in the 9-level model is a grid
size equivalent to 350 x 610 kilometres. To improve

results for regional simulations, horizontal resolution
is to be doubled.

Coupling atmospheric
ano oceanrc mooels
Oceans are an important part of our climate system,
storing heat in summer, releasing it in winter, and
transporting it towards the poles. Thus, to realistically
simulate climate, atrnospheric models must be
coupled to oceanic models.

This coupling is important, as the rate of heat uptake
by the deep oceans and any consequent change in
deep ocean circulation may have agreatbearing on
the impacts of the enhanced greenhouse effect.

Oceans are also a major sink for carbon dioxide. Any
changes to circulation patterns will affect the carbon
cycle and, therefore, atmospheric concentrations of
carbon dioxide.

The Division is developing 12- and 36-level ocean
general circulation models with horizontal resolution
equivalent to that of the CSIRO 4- and 9-level
atmospheric models. The fust coupled
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atrnospheric--oceanic model runs have been
completed. Preliminary carbon cycle experiments
with the oceanic model are designed to assess the way
in which oceans are likely to affect transient carbon
dioxide concentrations in the atrnosphere.

Warming due to the enhanced greenhouse effect is
likely to be more pronounced near the poles than
elsewhere. This is almost entirely due to changes in
the albedo, or reflectivity, of polar regions. Warming
leads to melting of snow and ice, decreasing the
amount of solar radiation reflected back into space.
Thus, further warming is expected - this is a positive
feedback. In addition, warming reduces the thickness
of floating ice, allowing a greater flux of heat from the
ocean in winter, further enhancing surface warming.
An improved model of sea-ice formation and decay
has been developed and coupled to the CSIRO 9-level
model.

Limited-area model ling
Global circulation models have a horizontal resolution
of approximately 500 kilometres, whereas local
precipitation and soil-moisture patterns are often
related to small-scale features. The Great Dividing
Range, which has a major impact on Australian
climate, is not represented at all in 5O0-kilometre
resolution models. Running a global model at higher
horizontal resolution can be prohibitively expensive.
An attractive alternative is to carry out a full global
simulation and then nest a higher-resolution
mesoscale model within it, so that the global model is
supplying the broad climatology.

The Division's limited-area model has been nested
within the CSIRO 9-level model, supplying a
hor2ontal resolution of 250 and I25 kilometres.
Experiments for enhanced greenhouse conditions
involving detailed regional simulations should soon
be possible.

The limited-area model has also been used for
meteorological studies. Weather phenomena such as
east-coast lows and tropical cyclones have been
examined with a 7S-kilometre horizontal resolution
and 18 vertical levels.

Predicting drought
The Division's Centre for Drought Research is using
atrnospheric general circulation models to assess the
spatial relationship between sea-surface temperatue
anomalies and drought in Australia. The influence of
land-surface conditions and internal atrnospheric
variability me also being investigated.

Most large-scale, long lasting droughts in the eastern
half of Ausfalia are related to EI Niflo events. This is
why simulating such events is a fundamental part of
the drought program.

Experimental predictions of Australia's climate,
particularly rainfall, for 12 months ahead have been
made for 1991 and 1992 md will be continued for
future years. Increasingly realistic simulations should
lead to improved predictions.

The impact of climate change
The Division is using its expertise to suggest the way
in which the enhanced greenhouse effect may alter
our climate. The Climate Impact Group provides
specific and regional scenarios of plausible changes in
various parts of the country for use by groups who
wish to assess sensitivity to climate change.

One likely change identified by the Group is an
increase in the frequency of heavy rain events. The
CSIRO 4-level and 9-level general circulation models
both suggest that, in future, the time between heavy
rainfalls may decrease significantly in Australia and
many other parts of the world.

If such changes were to occur, the frequency of
flooding would increase. This would have serious
implications for the design of drains, dams and
bridges.

Dr Barrie Piftock and Dr Hal Gordon discuss the results of
general circulation models run on the CRAY Y-MP
supercomputer. A high-speed link joins the Aspendale site
to South Melbourne, where the supercomputer is housed.
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The Division's Climate lmpact Group believes thatthe enhanced greenhouse effect may lead to a general increase in rainfall
intensity and a concomitant increase in the incidence of flooding.

The Group has produced annual reports for the
Victorian, Northern Territory, Western Australian and
New South Wales Governments.

As well as detailing possible rainfall changes, the annual
reports contain extensive information about likely
changes to tempemture, sea level and other
meteorological phenomena- The way these changes may
affect agriculture, water supplies, snow fields, fire
danger, floods, and temperature exfremes is also
examined in conjunction with experts in these fields.

Information from a variery of sources is used to
prepare these reports, including results from local and
overseas general circulation models, from limited-area
models, and from the analyses of historical records
and palaeoclimatic information.

The Climate Impact Group is funded partly by the
Department of the Arts, Sport, the Environment,
Tourism and Territories, and partly by the State and
Territory govemments listed above.

Gloud Processes
General circulation models and limited-area models
do not have the resolution to explicitly treat
convection and cloud-radiation processes. lnstead,
these processes must be parameterised. To improve
the models, a better description must be found of
shallow and deep convection, and the impact of
clouds on radiation fluxes.

During field work, measurements have been made of
the microphysical and radiative properties of both
shallow and deep mixed-phase clouds. Mean particle
size and distribution of liquid water and ice in clouds
will be used to determine radiative properties.

P reci pitati o n fo recasti ng
Dam spillways must have sufficient capacity to safely
carry away water during a sudden downpour over the
catchment area. Water authorities rely on estimates of
probable maximum precipitation for the design of
spillways, which are expensive to build.

Probable maximum precipitation is an estimate of the
highest rainfall event likely to occur over the
catchment area. It is determined statisticallv from
analysis of historical rainfall patterns.
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Numerical modelling is being used to investigate the
validity of probable maximum precipitation estimates.
The model chosen for the exercise is Colorado State
University's Regional Atmospheric Modelling
System. Already, the model has satisfactorily
simulated flow fields, cloud physics and precipitation
observed during the Australian Winter Storms
Experiment.

This five-year project is funded by the Major Urban
Water Authorities of Australia.

Assessing a cloud seding experiment
Residents of Melbourne pay approximately $400 for
each megalitre of water they consume. These charges
are among the highest in Australia. With water use
growing at about 2Vo per year, Melbourne Water is
keen to augment its supplies without the enofinous
cost of new water storage projects.

The Division is analysing data from a five-year
experiment designed to show to what extent cloud
seeding increases precipitation over the main
Thomson catchment area. This area was chosen partly
because ofthe presence of orographic clouds
produced by the Baw Baw Plateau and neighbouring
ridges forming the western boundary of the catchment.

Intensive observational programs were conducted in
1988 and 1990. Sophisticated monitoring equipment
was installed within and around the catchment area.

The Bureau of Meteorology supplied an Omegasonde
unit to describe aftnospheric structure furing winter
storms. The CSIRO research aircraft sampled clouds
at various heights, providing a thorough picture of
cloud and precipitation development. Melbourne
Water and the Division provided computer-recording
rain gauges.

A microwave radiometer from the United States
measured the amount of liquid water present in
clouds. Liquid water measurements are necessary for
deciding whether seeding is likely to be effective.
Subsequently, the Division constructed its own
radiometer for the experiment.

Although statistical analysis of seeding effects is st'rll
underway, the research has shown that the
post-cold-front part of a winter storm provides the best
opporunity for seeding. Under these conditions, about
600 megalines of super-cooled liquid water is available
for precipitation each hour. This demonsrates the very
large potential benefit of cloud seeding.
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SuppORT SERvICES

Administration
The administrative group provides human and
financial resources support to the Division including
staff recruitment, budgeting, purchasing and stores,
word processing, reception, travel and transport
facilities. It also supports the commercialisation of our
research by providing negotiation and contract
services.

The devolving of many of the CSIRO corporate centre
activities to Divisions has seen arapidincrease in the
range of responsibilities of Divisional administrative
stalf and during the past two years many training
progl:lms have been undertaken to meet these new
responsibilities.

Anew human resources management system
(CHRIS) was installed on our administrative
computing system. This provides strategic human
resources information for senior management and has
increased the efficiency of current administrative
functions.

Further work has been done on the provision of
accurate and comprehensive financial data to all
management levels. This is particularly vital due to
the increasing range of funding sources and our
obligations under environmental consulting contracts.

Planning commenced for a major site redevelopment
program to commence in the 1992-93 financial year
that will provide new laboratories and apermanent
home for the administrative group and consolidate the
stores, canteen, lecture theatre, administration, library
and executive offices in one central area. This will
create more integrated and efficient accommodation
for these vital services.

Computer Seruices Group
Powerful computer systems linked together by
high-speed networks are important tools supporting
the Division's research activities. Scientists have
access to a network of locally installed computer
servers and graphics workstations, as well as remote
supercomputers. On their desktop, most staffhave
either a PC, X-terminal, t r UNIX workstation
connected to the Divisional local area network.
Access to the CSIRO's CRAY Y-MP supercomputer,
located in Melbourne, is provided by a 2 Mb per
second link. This also connects the Divisional network

to the Australian Academic ResearchNetwork
(AARNet), providing world-wide interactive access to
remote computers, electronic mail, file ffansfer and
news group services.

The Computer Services Group provides a wide range
of computing and network services. A computer
machine-room houses a range of computer servers
and data communications equipment. This facility
operates 24-hours-a-day, and is protected by a
recently installed fre extinguisher system and an
electronically-controlled security system.

Other services provide by the Group include
installation and maintenance of an extensive local area
network and its connection to AARNet, general
support for desktop equipment, as well as staff
training.

Engineering Facilities Group
The Engineering Facilities Group encompasses
electronic design and construction, mechanical design
and construction, and site engineering.

Electronic Design Facility
Design capabilities have been upgraded by the
incorporation of a number of software packages, thus
producing an integrated computer aided design (CAD)
system. The Facility's design porrfolio now includes
computer-aided circuit and mechanical drafting,
printed circuit design, and analog and digital circuit
simulation. In addition, electronically programmable
logic devices are employed.

Listed below are a number of recently completed key
projects, all of which have involved the integrated
CAD system..

Airborne Hazard Detection System
A major achievement has been the construction of the
Airborne HazardDetection System which has been
tested in Tasmania and Japan.

C SIRO I ntelligent Data Tblemetry System
The CSIRO Intelligent Data Telemetry System
(CSIDAT) consists of eight stations telemetering data
to a central station. The data are then telemetered to
NOAA satellites. CSIDAI is solar powered and fully
self-contained. CSIDATis being used to verify
surface temperature measurements made by satellites.
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Craig Smith in the Mechanical Laboratory fabricating the
support for a new satellite-tracUng antenna.

Several systems are planned and the first has been
installed at Hay in New South Wales.

Sea-surface profiler
A data-logging system was developed for
investigating air-sea interaction. The data-logger
recorded temperature at several points in the bottom
two metres of the atmosphere and the top two metres
of the ocean while being towed by the CSIRO
research vessel, theRY FranHin.

Current elecffonics projects include the design of a
radiometer for the Atmospheric Radiation
Measurement (ARM) Project, sensors for the
Southern Ocean Aircraft Experiment, instrumentation
for the atrnospheric pressure sensor, development of
the mini-lidar and fibre-optic laser interface
equipment.

Mechanical Laboratory
Major achievements include the construction of a
large towing tank and filting system for the
Geophysical Fluid Dynamics Laboratory. The tank,

measuring 4 m x Zmx 0.4 m, was designed for
studying flow over topography.

Extensive work for GASLAB and ICELAB has
improved automation and efficiency of atrnospheric
trace gas measurements.

Mechanical Design
The Division's machining facility has been
strengthened by the introduction of CAD systems.
Currently, a major project is the design of a
multi-wavelength scanning lidar for studying optical
properties of clouds and aerosols, and for tracking
smoke plumes.

Site *ruices
Major projects have included the construction of
GASLAB and the refurbishment of the CSIDA
satellite feception laboratory. The Site Services Group
will play a major role in the forthcoming
redevelopment of the Aspendale site.

Scientific Seruices Group
The Scientific Services Group supports the Divisional
research effort through the provision of public
relations activities, as well as editorial, graphics,
photography, and library services. The Group
maintains and fosters interactions with a wide varietv
of stakeholders.

Communication
The Group's communication activities are designed to
facilitate recognition of the quality and importance of
the Division's scientific work. Objectives of the
Group also include the generation of income in
support of our research, commercial exploitation of
techniques and instruments, and encouragement of
collaborative research activities.

The Division plays a major role in providing
independent, authoritative information on a range of
scientific issues. The Group regularly presents media
briefings and issues press releases. In addition,
presentations are made at conferences and various
public gatherings.

Publications
The Group produces the biennial Research Report,
our external newsletter, the DAR Bulletin, and an
internal newsletter. Assistance is a also provided for
the production of technical papers, policy papers and
other reports.

To meet a large demand for accurate, up-to-date
information on a range of topical issues relevant to
atrnospheric resealch, information papers (brief
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Divisional librarian, Ms Liz Davy, cataloguing the Division's latest aquisitions

overviews examining specific topics) and information
sheets (general information) are frequently produced
and updated.

Graphics and photography
The Group supports the Division's requirements for
high quality audio-visual material. The photography
and graphics section assists with preparation for
scientific publications and presentations.

Divisional graphic artists provide support for
technical and scientific illustrations for publications,
seminars and conference presentations. Increasingly,
they are assisting in the preparation of high quality
posters for conferences.

The Divisional photographer provides material for
publications and presentations. The provision of video
services is expanding rapidly, and has resulted in a
number. of high-quality video recordings
demonstrating and illustrating the Division's research
activities.

Divisional library
The Division maintains an extensive library which
operates as part of the Australia-wide CSIRO library
network and provides a full range of services to users.
The library is a fullparticipant in CLINES, CSIRO's
integrated on-line automated library system. Aproject
team to plan for the next generation system has been
set up and we will be heavily involved through the
Divisional Librarian's membership of that team.

In 7991, the Library cooperated with the CSIRO
Management Information Systems Branch to develop
CLASS (CLINES Local Auxiliary Search System), a
microcomputer-based catalogue which has been
widely adopted throughout CSIRO libraries. The
library has taken over responsibility for the Division's
publication and reprint collections and has developed
a series of machine-readable databases of all
publication since our foundation n 1946.

Plans for the construction of a new library are now
finalised and it is anticipated that the new premises
will be ready early in 1994.
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FTNnNCES

1990/91 1991192
Expenditure

The Division's total expndilure for 199041 was $14.80 million, after deducting constuction msts of the Climate Research
Laboratory Non-appropriation sources representd 33.7% of expenditure. ln 1991-92, total expenditure was $12.75 million, after
deducting abnormal expenditure associated with suryrcomputer writeback. Non-appropriation sources awunted for 34.9/o of
expenditure.

1 6

1 4

1 2

1 0

Research grants and external funds
Contributor
Association of Fluorocarbon Consumers and Manufacturers
Australian National University (NGAC)
Austalian Water Resoruces Advisory Council
Bureau of Meteorology
Conservation Cornrnission of the Northem Tenitory
Cofton Research and Development Corporation
Defence Science and Tbchnology Organisation
Department of Agriculture and Rural Atrairs (Vic.)
Department of Conservation, Forests and Lands (Vic.)
Departrnent of Industry, Tecbnology and Commerce
Department of Primary Industry and Energy
Department of the Arts, Spot, the Environment and Terriories
Department of Water Resources (NSW)
Electricity Commission (NSI[)
Electricity Commission (WA)
State Pollution Control Commission (NSW)
Environrnent Protection Authority (Vic.)
Environnrent Protection Authority (WA)
It{elboumeWater
Mount Isa Mines Ltd
Rural Industries Research and Development Corporation
Shell Company Austalia Ltd
State Electricity Commission (Vic.)
Tenaga Nasional B erhad (Malaysia)
United Stat€s Departnentof Energy
University of New SouthWales (ARQ
Wool Research and Develqrment Fund

Otlrcr grants and consultancies
Contributions in kind (Mainly overseas travel)

Total

1e0-e1($)
25 000

10 000
t87 200
107 800

15 000
75 045

80 100
r55 632

r 465 249

15 000
97 M5

107 800
2290n
110 000
151 000

30 000
79 08s

n 699
130 813

213 000
120 000

3 431E67

1ee1-e2 ($)

50 500
74846

357 255
rr3 5t4
60 000
16 000
24 r72
48 000
62570
18,695

1 151 882
10 000
31346
L92r9

113 514
t87 9Tl
Lzl 854
L45 938
35 000
45 000
30 000

2r3 026
24 450
18 314
58 843

131 303

293 50r
120 000

3 576669
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VrsrroRS

Short-term visitors

Dr Tom Ackerman, Pennsylvania State University, USA
Dr H. Akimoto, Environment Agency of Japan
Prof. Jorge de las Alas, University of the Philippines
Ms Leonie Andrews, Department of Industry, Technology

and Commerce
Mr S. Araki, Environment Agency of Japan
Mr Gary Banks, Industry Commission
Mr John Beard, Bureau of Meteorology
Mr George Beardsley, Department of Industry,

Technology and Commerce
Dr Henry Berko, Califomia State University, USA
Prof. S.K. Bhattacharya, Physical Research Laboratory

India
Dr Roger Bird, Australian Nuclear Science and

Technology Organisation
Mr Giorgio Boggio, Commission of the European

Communities
Dr Carl Brenninkmeijer, Department of Scientific and

Industrial Research. New Zealand
Dr Edward Browell, NASALangley Research Center,

USA
Dr Brendan BuckleS Columbia University, USA
Mr Alex Campbell, Senior Vice President, Western

Australian Farmers' Federation
Dr Frank Carnovale, Environment Protection Authority of

Victoria
Dr Tom Casedevall, US Geological Survey, USA
The Hon. Fred Chaney, Shadow Minister for the

Environment
Dr Bern Chapman, CSIRO Division of Coal and Energy

Technology
Dr John Chappell, Australian National University
Dr Ric Charlton, Chairman and Chief Execurive Officer,

Shell Australia Limited
Dr Peter Chester, Executive Director, National Power

Company, UK
Mr Andrew Chisholm, Research Fellow, Thsman Institute
Dr Paul Christianson, Boeing Corporation, USA
Dr Ed Cook, Columbia University, USA
Mr Martin Cope, Environment Protection Authority of

Victoria
Mr Michael Crowe, Victorian Govemment Greenhouse

Unit
Dr Noel Davidson, Bureau of Meteorology
Dr Jim Easson, Bureau of Meteorology
Dr Dan Endres, National Oceanic and Atrnospheric

Administration, USA
Dr Carl Erickson, Boeing Corporation, USA
Dr Noel Ethridge, Aberdeen Research Centre, Scotland
Dr David Farmer, Institute of Ocean Studies, Canada
Dr Graham Farquhar, Australian National University
Prof. Paolo Fasella, Director-General of Science. Research

and Development, Commission of the European
Communities

Dr Eldon Ferguson, National Oceanic and Afinospheric
Administration, USA

Dr Kevin Folley, CSIRO Board Member
Dr Bruce Forgan, Bureau of Meteorology
Dr Y. Fujinuma, Environment Agency of Japan
Dr Doug Gauntlett, Deputy Director, Bureau of

Meteorology
Mr Bruce Gooday, Industry Commission
Dr Don Grainger, Department of Scientific and Industrial

Research, New Zealand
Prof. David Green, Science Adviser to the Hon. Ros Kelly
Dr Roy Green, Director, CSIRO Institute of Natural

Resources and Environment
Mr Alan HalI, Snowy Mountains Hydroelectric Authority
Dr Malcolm HaIl, Multifunction Polis
Mr Bohdan Harasymiw, State Electricity Commission of

Victoria
Mr Bill Hare, Austratan Conservation Foundation
Dr Graham Harris, Director, COSSA
Prof. Stuart Harris, Australian National University
Prof. Peter Hartley, Research Fellow, Tasman Institute
Dr John Head, Australian National University
Dr Dennis Hearn, Environment Protection Authority of

Victoria
Dr David Heggie, Bureau of Mineral Resources
Mr Wayne Hennessy, Coal Research Association of

New Zealand
Dr Peter Hertan, General Manager, Energy Victoria
Mr John Heussler, Grazier, Queensland
Dr Bruce Hicks, National Oceanic andAtmospheric

Administration, USA
Ms Wakako Hironaka, Japanese Parliamentary

Delegation on the Environment
Dr Greg Holland, Bureau of Meteorology
Dr Peter Howarth, Department of Foreign Affairs and

Trade
Dr Hu Tao, Inner Mongolia Meteorological Service Centre
Mr David Hughes, Manager, Environmental Affairs,

Mount Isa Mines Ltd
Mr Huynh Nguyen Lan, Hydrometeorological Service,

Vietnam
Mr Huynh Van Anh, Hydrometeorological Service,

Vietnam
Mr Neil Inall, Media Consultant, Sydney
Dr Gen Inoue, Environment Agency of Japan
Mr Amos Israeli, Israel Meteorological Service
Dr T.Ito, Japan Meteorological Agency
Dr John Ivey, Australian GovemmentAnalytical

Laboratories
Dr K. Izumi, EnvironmentAgency of Japan
Prof. Jimmy de Jager, Univeniry of the Orange Free

State, South Africa
Prof. Paul Jarvis, University of Edinburgh, Scotland
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Mr David Johns, Department of Primary Industries and
Energy

Mr Graham Johnson, CSIRO Division of Coal and
Energy Technology

Dr Wally Johnson, Bureau of Mineral Resources
Dr Bob Joynt, State Electricity Commission of Victoria
Dr John Keefer, Aberdeen Research Centre, Scotland
Dr Ralph Keeling, National Center for Afrnospheric

Research, USA
Mr Bryan Kelly, Shell Australia Limited
Mr Peter Kennedy, Deputy Secretary, Departrnent of the

Arts, Sport, the Environment, Tourism and Territories
Mr Douglas Laing, Executive Offrcer, Ambassador for the

Environment
Dr Keith Lassay, Departrnent of Scientific and lndustrial

Research, New Zealand
Mr Jim Le Cornu, Shell Australia Limited
Dr Paul Lehmann, Bureau of Meteorology
Dr John Le Marshall, Bureau of Meteorology
Mr Le Minh Duc, Hydrometeorological Service, Vietnam
Mr Le Nguyen Thong, Hydrometeorological Service,

Vieftam
Mr Le Quang Huynh, Hydrometeorological Service,

Vietram
Mr Li Sirong, Ministry of Agriculture, China
Dr Jennette Lindesay, University of Witswatersrand,

South Africa
Mr Liu Duhui, State Meteorological Administration of

China
Prof. Liu Qingsi, Beijing Normal University, China
Mr Liu Yutang, Heilongjiang Electric Power Bureau,

China
Dr David Llewellyn-Jones, Rutherford Appleton

Laboratory Englano
Dr John Lloyd, Australian National University
Dr GeoffLove, Indusffy Commission
Dr David Lowe, Deparfrnent of Scientific and Indusfiial

Research, New Zealand
Mr Lu Zhao, Heilongjiang Electric Power Bureau, China
Prcf. Mervyn Lynch, Curtin University, Westem Australia
Prof. Greg MacCrae, Carnegie Melton Universiry, USA
Prof. Dan MacNamara, University of the Philippines
Dr Martin Manning, Deparfrnent of Scientific and

Industrial Research, New Zealand
Mr Brian Martin, Manager, Victorian Govemment

Greenhouse Unit
Dr H. Matsueda, Japan Meteorological Agency
Mr Koji Matsuura, Japanese Parliamentary Delegation on

the Environment
Dr Ken McCracken, Australian Space Board
Mr Ian McFarlane. Shell Australia Limited
Mr Peter McGauran, Shadow Minister for Science and

Technology
Dr Bruce Middleton, Executive Director, Australian Space

Office
Dr Graham Mills, Bureau of Meteorology
Dr A.P. Mitra, Commonwealth Scientific and hdustrial

Research, India
Mr Des Moore, Acting Director,Institute of Public Affain
Dr Alan Moran. Tasman Institute
Dr Brett Mullan, New Zealand Meteorological Service

Ms Michelle Murphy, Departnent of Foreign Affairs and
Trade

Dr Mike Murray, Chiel CSIRO Division of Materials
Science andTechnology

Dr T. Nakazawa, Tohoku University, Japan
Mr Guiseppe Nastri, European Communities Delegation
Dr Nguyen Duc Ngu, Hydrometeorological Service,

Vietnam
Dr Neville Nicholls, Bureau of Meteorology
Dr Y. Nojiri, Environment Agency of Japan
Dr Peter Novotny, Bureau of Meteorology
Dr Barry Osmond, Australian National University
Ms Wendy Parsons, Manager, Public Affairs and

Communication. CSIRO Institute of Natural Resources
and Environment

Dr Andrew Pik, Manager, Policy and Planning, CSIRO
Institute of Natural Resources and Environment

Dr Cecily Rasmussen, James Cook University, Queensland
Dr Mike Raupach, CSIRO Centre for Environmental

Mechanics
Dr Jim Renwick, New Zealand Meteorological Service
Mr Ed Roberts, Auspace
Mr James Roberts, Industry Commission
Dr Brian Robinson, Chairman, Environment Protectron

Authority, Victoria
Prof. Henning Rodhe, University of Stockholm, Sweden
Dr Keith Ryan, CSIRO Division of Applied Physics
Mr Kazuo Saito, Japanese Parliamentary Delegation on

the Environment
Dr Hans Schneider, CSIRO Division of Applied Physics
Mr Barry Schultz, Director, Australian Fishing Enterprises
Dr Derek Scotney, Director, Soil and krigation Research

Institute, South Africa
Ms Shu Huifen, Ministry of Energy, China
Dr Abraham Singels, University of the Orange Free State,

South Africa
Dr Fred Singer, University of Virginia, USA
Dr W.L. Smith, University of Wsconsin, USA
Hon. Sir Ninian Stephen, Ambassador for the Environment
Prcf. Graeme Stephens, Colorado State Universify, USA
Dr John Stocker, Ctrief Executive, CSIRO
Dr John Stone, Institute of Public Affairs
Dr Boyd Strain, Duke University, USA
Mr Akira Takahashi, Office of Meteorological Satellite

Planning, Japan
Dr Y. Thkeuchi, EnvironmentAgency of Japan
Dr Takeshi Tanonaka, Global Environmental Forum,

Japan
Mr Greg Thill, Manager, Human Resources and Finance,

CSIRO Institute of Natural Resources and Environment
Dr Tian Xiting, State Space Offrce, China
Dr Bronte fillbrook, CSIRO Division of Oceanography
Dr H. Tsuruta, Ministry of Agriculture, Forestry and

Fisheries, Japan
Dr Claudio Tirniz, Australian Nuclear Science and

Technology Organisation
Dr Ian Thohy, British Aerospaceg,ustralia
Dr H. Ueda, Kyushu University, Japan
Dr T. Uehiro, Environment Agency of Japan
Dr M. Utiyama, Environment Agency of Japan
Dr Akula Venkatram, ENSR Consulting and Engineering,

USA
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Dr Bob Walko, Colorado State University, USA
Ms Penny Wensley, Department of Foreign Affairs and

Trade
Dr Stuart Whittlestone, Australian Nuclear Science and

Technology Organisation
Dr Garry Willets, University of Sydney
Prof. Martin Williams, Monash Univenity
Mr Bob Wilson, Managing Director, NSW Water Board
Dr Ian Wilson, CSIRO Division of Materials Science and

Technology
Dr Stephen Wilson, Wollongong University
Dr Wu Peizhong, Second kstitute of Oceanography, China
Mr Xu Dingfeng, China Electricity Council
Dr S. Yamamoto, Ministry of Intemational Trade and

Industry Japan

Lon ger-term scientif ic visitors

Prof. Bitl Cotton, Department of Afrnospheric Science,
Colorado State University, USA
22February-9April 1991

Dr Jim Elkins, National Oceanic and Atmospheric
Administration, USA
29 November - 14 December 1990

Dr Keith Lassey, National Institute of Water and
Atmospheric Research, New Zealand
5 September - 14 September 1992

Prof. Li Chonryin, Institute of Atmospheric Physics,
Academy of Science, Beijing, China
9 November 1991- [ Apnl1.992

Dr David L,owe, National Institute of Water and
Atmospheric Research, New Zealand
6 February - 15 February 1992

Prof. Soon-Ung Park, Department of Atmospheric
Sciences, Seoul National University, Republic of Korea
15 December l99l - 13 February 1992

Prof. Stuart Penkett, School of Environmental Sciences,
University of East Anglia, England
17 January - 14 February 1991

Dr Yu Guohui, State Oceanic Administration, China
MrYu Lixing, Ministry of Energy, China
Dr Yu Yunyue, Ocean University of Qingdao, China
Dr Zhang Hongxiang, Second Institute of Oceanography,

China
Mdm Zhang Miaoling, Jiangsu Provincial Academy of

Agdcultual Sciences, China
Mdm Zhang Ming, Ministry of Agriculture, China
Mdm Zhang Qiaoling, Ministry of Agriculture, China
Mr Zhang Wei, Beijing Agricultural University, China
Dr Zhou Changbao, Second Institute of Oceanography,

China
Dr John Zillman, Director, Bureau of Meteorology

Prof. Paul Quay, School of Oceanography, University of
Washington, USA
2lanuary - 30 March 1992

Mr Roger Ridley, Industrial and Environmental
Meteorology Section, New Zealand Meteorological
Service
3 March- 16 Apn1I992

Prof. Shang Shuhui, Institute of Applied Ecology,
Academy of Science, China
21 January - 17 August 1991

Dr Pieter Tans, National Oceanic and Atrnospheric
Administration, USA
9 March - 18 March 1992

Dr Neil Thivett, Aftnospheric Environment Services,
Canada, Gas Standards l,aboratory Canada
9 March- 24Mmchl992

Dr Tsuneharu Yonetani, Head, Climate Change and
Impacts Laboratory National Research Institute for
Earth Science and Disaster Prevention, Ibaraki-Ken,
Japan
16 March- 2 Aprld1992
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AnTTIIATIoNS

The committees, panels and editorial boards on which staff
members served are listed below.

Allan, Robert
Committee Member, Australian Meteorological and

Oceanographic Society (AMOS)

Ayers, Greg
Associate Editor, Clean Air
Member, Intemational Association for Meteorology and

Afrnspheric Physics (IAMAP) Commission on
Afinospheric Chemisny and Global Pollution

Member, Steering Committee, Intemational Global
Atnospheric Chemistry's APARE Activity

Convener, Intemational Global Atmospheric
Chemistry's DEBITS Activity

Baines, Peter
Associate Editor, Australian M eteorolo gical Magazine
Member, Editorial Board, Dynannics of Atmospheres

and Oceans
Member, Intemational Commission for Dynamic

Meteorology
Member, Intemational Commission for Dynamic

Meteorology, Working Group C (Mesoscale Dynamics)

Barton, fan
Member, UK-France-Australia Along Track Scanning

Radiometer (ATSR) Science Team
Member, MODIS Science Team for NASA s Earth

Observing System (EOS)

Beer, Tom
Associate E dltor, Australian Meteorolo gical Magazine,

Internationnl Journnl of Wildland F ire
Editorial Board, Environment International
Editor-in-Chief, AMOS publications
Member.AMOS Council
Chairman, AMOS Awards and Publications Committees

Bouma,Willem
Member, Cape Grim Baseline Air Pollution Station

(CGBAPS) Working Group
Member, Australia and New Zealand Environment

Council (ANAC) Greenhouse Task Force
Member, Judglng Panel for 1990 BHP Prize
Secretary, Divisional Advisory Committee

DavyrLrz
Chairman and Victorian representative, CLINES

User Group
Member, CSIRO Next Library System Project Team

Francey, Roger
Guest Editor, Journal of Atmospheric Chemistry
Consultant, Intemational Atomic Energy Agency, Vienna

Fraser, Paul
Member, Working Group l,Intergovemmental Panel on

Climate Change
Chairman, Measurements and Trends Group, NASA

CFC and Halon Trends, Emissions and Lifetime
Assessment

Chairman, Source gases: Emissions and Trends Group,
IINEP/TIMO I99 | Oznne As sessment

Convener, Trace gas intercalibrations and
intercomparisons project, IGBP, Intemational Global
Annospheric Chemistry (IGAC) Core Project

Member, Advanced Global Afinospheric Gases
Experiment (AGAGE)

Member, CGBAPS Working Group
Member, ANreC Oznne Protection Consultative

Committee
Member, Commission for Aunospheric Sciences

(WMO) Working Group on Environmental Pollution
and Annospheric Chemisnry

Frederiksen, Jorgen
Member, Editorial Committee, Quarterly Journal of the

Royal M e te orolo gic al S o ciety

Galbally,Ian
Member, CGBAPS Working Group
Member, Scientific Advisory Commitee SCOPE

Biospheric Trace Gas Emissions Project
Secretary, Intemational Commission on Annospheric

and Global Pollution, IAMAP
Member, Scientific Steering Committee of the IGAC

Project
Member, Expert Group on Greenhouse Gases of the

Joint Scientific Committee of the World Climate
Research Program

Member, Executive Committee NASA Global
Tropospheric Experiment - Pacific Exploratory
Mission

Chairperson, Australian Update of IPCC Working
Group 1, Greenhouse Gases and Climate Forcing

Associate Editor, J ourrwl of Atmospheric Chemistry
Member, Editorial Bond, Tellus

Garratt, John
Member, Editorial Boardof Bound.ary Layer

Meteorology
Member, Intemational Commission on Dynamic

Meteorology,IAMAP

Gras, John
Member, CGBAPS Working Group
Member, IGAC Multi-Phase Atmospheric Chemistry

Committee
Member, WMO GAW Aerosol ExpertPanel
Member,IAMAP Committee on Nucleation and

Atrnospheric Aerosols
Member, Global Aerosol Climatology and Effects

Program (GACEP) Stratospheric Aerosol Committee
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Hughes, Roger
Editor, Pure and. Applied Geophysics
Corresponding Member, WMO Commission for

Aunospheric Sciences, Medium- and Long-Range
Weather Prediction Research

Hunt Barrie
Member, National Committee for Climate and

Arnospheric Change
Discipline member, Scientific Committee on

Solar-Terrestrial Physics
Associate Editor, C limate Dynamics

Jensen, Jgrgen
Member, Aircraft Advisory Committee, CSIRO Offrce

of Space Science and Applications (COSSA)

Manins, Peter
Associate Editor, Clean Air

Pearman, Graeme
Vice-President, Australian Meteorological and

Oceanographic Society
Member, Australian Academy of Science Nafional

Committee for Climate and Atmospheric Sciences
Member, Australian Academy of Science National

Committee for the International Geosphere-Biosphere
Program (IGBP)

Member, Society of Automotive Engineers, Australia,
Environmental Pollution Advisory Committee

Member, CGBAPS Working Group
Member, IGBP Working Group on Global Change

System for Analysis Research and Training (STARI)
Board Member, Climate lnstitute, Washington, DC
Member, South Australian Sea-Level Advisory

Committee
Chairman, Organisers' Panel, Dahlem Konferenzen,

9-14 December 1990

Pittock, Barrie
Member, Australian National Committee for the

Environment
Member, IAMAP/ruGG International Commission on

Climate
Initiator, Project 5: Australia-UK-New Z,ealand

Tripartite Agreement on Collaboration on Climate
Ctrange

Member, Editorial Boards,Journal of Natural Hazards,
Climate C hange, Interutotionnl J ournal of
Climatology

Member, Asian Region Modelling Group, IGBP

Platt" Martin
Member, IAMAP Intemational Radiation Commission,

Rapporteur on Clouds and Radiation
Member, Intemational Committee for Laser

Arnospheric Studies

Executive Member. Intemational Commission on Cloud
Physics

Chairman, Scientific Committee for the Intemational
Experimental Cloud Lidar Pilot Study (ECLIPS)

Member, Scientific Committee for the Lidar in Space
Technolory Experiment (LffE)

Chairman, Australian Institute of Physics Remote
Sensing Group

Member, Australian Academy of Science National
Committee on the Global Energy andWater Cycle
Experiment (GEWEX)

Prata, Fred
Member, IGBPWorking Group onland Surface

Temperafures
Member, Along Track Scanning Radiometer for ERS-1,

ESA Science Team

Ryan, Brian
Member, Aircraft Advisory Committee, COSSA

Sawford, Brian
Leader, Non-Reactive Gases hoject Team, Latrobe

Valley AirshedStudy
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Steele, Paul
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CoNTERENCES

Gonferences and Workshops
supported by the Division
Workshop on Carbon Storage by Terrestrial Biota and Soils,
Aspendale, 18 July 1990
Convener: Dr Roger Francey

Australian Climate Research: Present and Future.
Melbourne University 27-28 November 1990
Convener: Dr Ian Simmonds

Workshop on Ie Core Research Progress, Aspendale,
11 Decrmber 1.990
Conveners: Dr Roger Francey and Mr David Etheridge

Climate Change Research Program Annual Review,
Aspendale, LlOMay l99l
Convener: Dr Graeme Pearman

ASCAWorkshop on Greenhouse Gases and Climate Change:
An Asian Perspective, Melbourne, 17-21 June 1991
Conveners: Dr Graeme Pearman and Dr Willem Bouma

Workshop on the Climatic Impact of the Mt Pinatubo
Eruption, Aspendale, 16 October 1991
Convener: Dr Ian Barton

International Conference on the Physical Causes ofDrought
and Desertification, Melbourne University,
9-1.3 December, 1991
Convener: Mr Barrie Hunt

Fourth Air-Sea Interaction Conferencrc, Melbourne,
3{ February 1992
Convener: Dr Peter Baines

Third Australasian Conference on the Physics of Remote
Sensing of Atmosphere and Oceans, Melbourne University,
10-14 February 1992
Convener: Dr Martin PlaU

Workshop on Tasmanian Thee Rings, Aspendale,2 March 1992
Convener: Dr Roger Francey

Thae Gas Measurement in Both Hemispheres, Aspendale,
11-13 March 1992
Conveners: Dr Greg Ayers and Dr Paul Fraser

The Carbon-l3 Constraint on the Global Carbon Budget,
Aspendale, 16 March L992
Convener: Dr Roger Francey

Workshop on Agriculture and Greenhouse in South-Eastern
Australia, Aspendale, 18-19 March 1992
Convener: Mr Ian Galbally

Workshop on Inverse Modelling hoblerns in Atmospheric
Constituent Thansporf Aspendale, 20 March 1992
Convener: Dr Ian Enting

DSIR/CSIRO Chief Executives' Symposium on Atmospheric
Research, Queenstown, New Zealand, ?.?-?A Apnll992
Conveners: Dr Brian Tircker. Dr Willem Bouma

Climate Change Research Program Annual Review,
Aspendale, ?,f22 i['lay 1992
Convener: Dr Graeme Pearman

Workshop on the El Nifro - Southern Oscillation, Melbourne,
15 June 1992
Convener: Mr Barrie Hunt

Overseas conference presentations

The following is a list of oveneas conference presentations
by Divisional staff. 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.

1990

International TOGA Scientific Conference, Honolulu, Hawaii,
JutY
Hirst, A.C. 'On simple coupled ocean atmosphere models,

equatorial instabilities and ENSO'

AMS Cloud Physics Conference, San Francisco, Californiq
USA,July
Jensen, J.B. 'The 1988 Ausnalian Winter Storms Experiment: case

study: 6 August 1988"
Jensen, J.B. and LeMone, M.A. 'Some aspects of the structure and

dynamics of Hawaiian cloud bands'

Malaysian Science Congress, Kuala Lumpa, Malaysia, August
Pittock, A.B. 'The greenhouse effect: global and regional impacts'

Third ECLIPS Workshop, Pirano, Italy, October
Platt, C.M.R. 'Report on the Third ECLIPS Workshop, Porano,

laly, 25 -27 October 1 990'

Fourth International lVorkshop on Multiple Scattering in
Lidar Experiments, trlorence, Italy, October
Plaa, C.M.R. and Young, S.A. 'Multiple scattering inthe overlap

region of a lidar system: calculations and observations in
status fog'

1991

International Conference on Climatic Impacts on the
Environment and Societp Tsukuba, Japan, January
Pittock, A.B. 'Developing regional climate change scenarios'

71st American Meteorological Society Annual Meeting, New
Orleans, USA, January
Young, S.A., Cutten, D.R., Lynch, M.J. andDavies, J.E. 'Lidar

derived backscatter and extinction of maritime aerosols'

41



Division of Atmospheric Research

NOAA, CMDL Annual Meeting Boulder, Coloradq USA'
March
Gras, J.L. 'Southern ocean atrnospheric condensation nucleus

programme: some results'

19th Conference on Hurricanes and Tiopical Meteorolory,
Miami, Floridq USA, May
Evans, J.L. 'Tropical cyclone sensitivity to sea-surface

temperatures'

Fifth Conference on the Meteorology and Oceanography of
the Coastal Zone, Miami, Florida, USA, May
Mclnnes, K.L. and McBride, J.L. 'On the forcing mechanisms of

the Souther$ Buster'

Symposium on Thopospheric Chemistry of the Antarctic
Region, Boulder, Colorado, USA, June
Etheridge, D.M., Pearman, G.I. and Fraser, P.J. 'Changes in

tropospheric methane between 1840 and 1980, from a high
cumulation-rate ice core'

Clarkson T. and Fraser, P.J. 'Vertical profiles of trace gases in the
Antarctic troposphere'

Conway T.J. and Steele, L.P. 'The changing composition of the
Antarctic noposphere. Carbon dioxide and methane
distributions and variations'

Gordon Research Conference on Atmospheric Chemistry' New
Hampton, New Hampshire, USA, June
Fraser, P.J. 'Distribution and trends of greenhouse gases and

related tracers'

First International Symposium on Yolcanic Ash and Aviation
Safety, Seatle, Washington, USA, July
Prata, A.J. and Barton, LJ. 'Detection and discrimination of

volcanic ash using ffiared radiomety. Part 1: theory. Part 2:
experimental'

NASAMeeting on Tiends and Lifetimes of CFCs' HCFCs'
Halons and Related Species, Newport Beach, Californiar USAt
July
Fraser, P.J. 'Trends and global distributions of CFCs, HCFCs,

halons and related species'

International Conference on Parallel Computing' London,
England, August
Frances, R., Abramson, D., Rotstyn, L.D. and Dix, M.R. 'SIMD

climate modelling'

IAMAP Symposium on Aerosol-Cloud Climate Interaction,
Vienna, Austria, August
Boers, R. 'Atnospheric feedback in statocumulus clouds'
Lemus, L., Platt, C.M.R., Jensen, D. and Budd, W.F. 'Cloud

radiative forcing in a general circulation model'
Platt, C.M.R.' The ECLIPS experiment - lidar sensing of cloud

properties from the ground'
Platt, C.M.R., Young, S.A. and Patterson, G.R. 'Observations of

cloud height and extinction coeff,rcient in Australia in the
ECLIPS experiment'

Platt, C.M.R. and Arking, A. 'Sma[ particles in cimrs clouds in
the first FIRE experiment'

NATO Workshop on the Global Carbon Cycle, II Ciocco' Italy,
September
Enting, I.E. and Pearman, G.I. 'Average global disnibutions of

carbon dioxide'

International Symposium on the Little Ice Age Climate, Tokyo
Japan, September
Cook, E., Bird, T., Peterson, M., Barbety, M. and Francey, R.J.

'The little ice age in Tasmanian tree rings'

35th Oholo Conference, Eilat, Israel, October
Sawford, BI. 'Recent developments in the Lagrangian stochastic

theory of turbulent dispersion'

lfth International Technical Meeting of NATO-CMS on Air
Pollution Modelling and its Application, Crete, Greece,
October
Physick, W.L., Noonan, J.A., Manins, P.C., Hurley, P.J. and

Malfroy, H. 'Application of coupled prognostic windfield and
Lagrangian dispersion models for air quality purposes in a
region of coastal terrain'

CIIAMPPWorkshop on Fluid Flow on the Sphere' Boulder,
USA, October
McGregor, J.L. 'An economical procedure for determining

departure points on the sphere'

Fifth Conference on Climate Variations, Denver, USA' October
McGregor, J.L. and Walsh, K.J. 'Summertime climate simulations

for the Australian region using a nested model'

Global Climate Change, its Mitigation through Improved
Production and Use of Energy, Los Alamos, New Mexicot
USA. October
Whetton, P.H. 'Toward regional climate change scenarios: how far

can we go?'

LJNEP/WMO Stratospheric Ozone Assessment Meeting' Les
Diablerets Switzerland, October
Fraser, P.J. 'Trends and global disnibutions of ozone depleting

trace gases'

Climate System Modelling Program Workshop, Fort Collins'
USA,0ctober
Garratt, J.R. 'surface net radiation: models versus observations'

Simulation of Interannual and Intraseasonal Monsoon
Yariability, Boulder, Colorado, October
Gordon, H.B. 'A comparison of five climate simulations produced

by the CSIROS model with MONEG 1987-88 SST anomalies
against a ten-year model climatology'

ENEA Conference, Italy, October
Hunt, B.G. 'Greenhouse modelling at the CSIRO Division of

Atmospheric Resemch'

OSA Topical meeting on Optical Remote Sensing of the
Atmosphere, Williamsburg, Virginia, USAr November
Young, S.A., Patterson, G.R. and Manson, P.J. 'Lidar

measurements of the evolution of the Mt. Pinatubo aerosol
cloud over Melbourne, Austalia'

Plan, C.M.R. 'The Experimental Cloud Lidar Pilot Study
(ECLIPS) Program'

44th Annual Meeting of the Division of Fluid Dynamics'
American Physical Society, Scottsdale, Arizona, November
Evans, J.L. 'Structure changes of an axisymmetric vortex under an

imposed absolute vorticity gradient'

ARM Science Team Meeting Denver, Colorado, USA'
November
Platt, C.M.R. 'Use of ECLIPS techniques in the ARM program'
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AGU Fall Meeting, San Francisco, USA, December
Gras, J.L. 'CN and CCN in Southem Ocean air: is there a

proportional relationship with DMS?'

WMO GAW Aeroool Experts Meeting Boulder, USA,
December
Gras, J.L. 'The Cape Grim Aerosol hogram'

International Conference on Mesoscale Meteorology and
TAMEX, Taipei, Thiwan, December
Katzfey, J.J. 'An Australian east coast low: sensitivity study and

energetics'
KaEfey, JJ.'Storm-relative isentropic frontogenesis: the

importance of synoptic-scale vertical motion'
Orlanski, I. and Katdey, J.J. 'Development of a cyclone wave in

the South Pacific'

1992

Third Symposium on Global Change Studies, Atlanta, USA,
January
Walsh K.J., McGregor, J.L., Katdey, J.J. and Rotstayn, L.D.

'Modelling climate change over Ausftalia with a nested model'

NASA Climate Satellite Workshop, New York, USA, February
Gras, J.R. 'Tropospheric Aerosol'
Gras, J.R. 'CN/CCN Climatologies'
Gras, J.R. 'WMO GAW Programme'

Atmospheric Modelling fntercomparison Meeting, San
Francisco, California, USA, February
Hunt, B.G. 'Chaotic ffiuences on multi-annual simulations'

DSIRiCSIRO Chief Executives' Symposium on Atmospheric
Research, Queenstown, New Zealand, April
Abbs, D.J. 'Applications of a nested numerical model to

catchment size regions'
Enting, I.G. 'Modelling long-lived greenhouse gases in the global

aunosphere'
Gras. J.L. 'Southem Ocean and Antarctic aerosol studies'
Jensen, J.B. 'The parameterisation of precipitation in numerical

models: verification using in-cloud observations'
Kavfey, J.J. 'A simulation of an Austratan east-coast low:

sensitivity to physical parameterization'
Ryan, B.F. 'The problems of modelling extreme precipitation

associated with tropical storms'
Tucker, G.B, 'A strategy for using numerical models to determine

probable maximum precipitation over catchment-size regions'

Fifth AGAGE Meeting, Ballynahinch, Ireland, May
Steele, L.P. 'Analysis of Cape Grim and calibration of GAGE

methane data'

Fourth ECLIPS Workshop, Toronto, Canaila,May
Platt, C.M.R. 'Scientific and Climate Applications inECLIPS'
Platt, C.M.R. 'Report on the Fourth ECLIPS Workshop, Toronto,

May 1992'

World Congress of Dermatology, New Yorkr USA, June
Marks, R. and Fraser, P.J. 'Ozone depletion and human health:

fact or fiction?'

Symposium on the Tiopospheric Chemistry of the Antarctic
Region, Boulder, Colorado, USA, June
Etheridge, D.M. 'Changers in tropospheric methane between 1841

and 1978 from a hish accumulation-rate Antarctic ice core'

Lecture courses presented at Australian tertiary institutions
Beer, Tom

Univenity of Melboume
1991, Physics of the Ocearc to Third Year Science
students (l3lectures)
1992, Physics of the Oceans to Third Year Science
students (13 lectures)
1992, Micrometeorology to Third Year Meteorology
students (13 lectures)

GaIbaIIy Ian
University of Melboume
L991, Atmospheric Chemisrr) to Masters Chemical
Engineering students. Coune included lectures by
GregAyers and Paul Fraser (l2lectures)
1992, Air Pollwion Measurement to Masters Ctremical
Engineering students. Coune included lectures by
John Gras (12lectures)

Garratt, John
MonashUnivenity
1990, 1991, 1992, The Atmospher ic B oundary l"ayer
to Honours and Masters Science students (22 lectures)

Hugtm, Roger
University of Melboume
1991, Geophysical Fluid Dyrnmics to Fourth Year
Mathematics students (13 lectures)

McGregor, John
Monash University
199O, Atmospheric Environment to Third, Year
Mathematics students (20 lectures)

Ryan, Brian
University of Melboume
l99O,Iggl,Tropical Clouds and Cloud Systems to
Honours and Graduate Meteorology snrdents (10
Iectures)

Smith,Ian
University of Melboume
1990, 1991, 1992, Solar andTenestrial Radiationto
Third Year Meteorology students (13 lectures)
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PUnITCATIONS

Allan, RJ., Beck, K. and Mtchell, W.M. (1990). Sea level and
rainfall correlations in Australia: tropical li*s. Journal of Cli-
mate,3(8), 838-846.

Allan, RJ. (1991). Ausnalasia [Regional case studies of telecon-
nections: physical aspectsl. In M.H. Glanv., R.W. Katz and N.
Nicholls (editors.), Teleconnec tions linking worldwide climnte
ano mnlie s : s ci e ntific bas is and s oc ie ta I imp a ct. p. 7 3-120.
Cambridge: Cambridge University Press.

Allan, RJ., Nicholls, N., Jones, P.D. and Butterworth, I.J. (1991).
A further extension of the Tahiti-Darwin SOI, early ENSO
events and Darwin pressure. Jourml of Climate,4(7),743-
749.

Allan, RJ, Mitchell, C.D. and Pittock, A.B. (editors). (1992).
The greenltouse effect: regional implicatiotts forWestern Aus-
tralia: annual report, 1990-91. [Aspendale, Vic.]: CSIRO;
W.A. Environment Protection Authority.

Allison, C.E., Cramer, J.E., Hop, C.E.C.A., Szulejko, J.E. and
McMahon, T.B. (1991). Strong hydrogen bonding in gas-
phase ions. A high-pressure mass spectrometric study of the
proton affinity, proton transfer kinetics, and hydrogen-bonding
capability of iron pentacarbonyl. Journal of the Arnerican
C he mica I S o c iety, lI3, 4/69447 3.

Ingemann, S., Kluft, E., Nibbering, N.M.M., Allison, C.E., Der-
rick, P.J. and Hammerum, S. (191). Time-dependence of the
isotope effecs in the unimolecular dissociation of tertiary
amine molecular ions. Organic Mass Spectrometry,26(10),
875-881.

Stringer, M.B., Underwood, D.J., Bowie, J.H., Allison, C.E., Don-
chi, K.F. and Derrick, P.J. (L992).Is the Mclafferty
rezurangement of ketones concerted or stepwise? The applica-
tion of kinetic isotope effecs . Organic Mass Spectrometry,
27(3),27U276.

Ayers, G.P. (1990). Tropical annospheric acidity: what now and
where to? In B.N. Noller and M.S. Chadha (editors.), Chemis-
try and the environment: proceedings of regional symposium.
Brisbane. p. l2I-132. London: Commonwealth Science Coun-
cil.

Ayers, G.P. and Gillett, R.W. (1990). Tropospheric chemical com-
position: an overview of experimenal methods in
measuremenl Reviews of Geophysics, 28(3), 297 -314.

Ayers, G.P. and Larson, T.V. (1990). Numerical study of droplet
size dependent chemistry in oceanic, wintertime stratus cloud
at southem mid-latitudes. Journal of Annospheric Chemkny,
11(1-2), 143-167.

Wilson, S.R. and Ayers, G.P. (editors). (199O). Baseline Atmos-
p her ic P ro gram ( Aus tra lia )(1 988). [Canberra, A.C.T.] :
Department of Adminisrative Services, Bureau of Meteorol-
ogy in cooperation with CSIRO Division of Atnospheric
Research.

Ivey, J.P., Ayers, G.P. and Mclean, T. (1990). Dimethylsulfide. In
Baseline Atmospheric Program (Austalia)(1988). p. 49. [Can-
bena, A.C.T.I: Deparrnent of Science, Bureau of Meteorolog5r
in cooperation with CSIRO Division of Aftnospheric Research.

Ayers, G.P. (1991). The Intemational Global Arnospheric Chem-
istry Project's debit activity: a summary. Clean Air,z5(l),6-7 .

Ayers, G.P. and Bentley, S.T. (1991). Meteorological perspectives
on site selection for a rain-water composition study in the La-
trobe Valley. Austalian Meteorolo gical Magazirrc, 39Q),
95-103.

Ayers, G.P. and Gillett, R.W. (1991). Quadrupod aerosol sampler.
In S.R. Wilson and J.L. Gras (editors.), Baseline Atmospheric
Program (Australia)(1989). p. 57-58. [Canbena, A.C.T.]: De-
parrnent of the Arts, Sport, the Environment, Tourism and
Territories, Bureau of Meteorology in cooperation with
CSIRO Division of Atnospheric Research.

Ayers, G.P. and Gras, J.L. (191). Seasonal relationship between
cloud condensation nuclei and aerosol methanesulphonate in
marine air. Na ture, 353(647), 834-835.

Ayers, G.P. and Manton, M.J. (1991). Rainwater composition at
two BAPMoN regional stations in SE Austalia.Tellus,
438(s),379-389.

Ayers, G.P., Ivey, J.P. and Gillett, R.W. (1991). Coherence be-
tween seasonal cycles of dimethyl sulphide,
methanesulphonate and sulphate in mulne atr. Nature,
349(6308), 4O+4n6.

Ivey, J., Ayers, G.P. and Kittler, P. (1991). Dimethylsulfide in
baseline air. h S.R. Wilson and J.L. Gras (editors.), Baseline
Atrnospheric P ro gram (Australia)(1989). p. 56. [Canberra,
A.C.T.I: Departrnent of the Arts, Sport, the Environment, Tour-
ism and Territories, Bureau of Meteorology in cooperation
with CSIRO Division of Atnospheric Research.

Ivey, J., Ayers, G.P. and Kiuler, P. (1991). High volume sampler.
In S.R. Wilson and J.L. Gras (editors.), Baseline Atrnospheric
Program (Austalia)(1989). p. 55-56. [Canbena, A.C.T.]: De-
partnent of the Arts, Sport, the Envionment, Tourism and
Territories, Bureau of Meteorology in cooperation with
CSIRO Division of Arnospheric Research.

Baines, P.G. (1990). Inroduction [Oceanic hydraulics]. Pure and
App lied G eoplty slcs, 133(4), 57 L-57 2.

Baines, P.G. and Granek, J. (1990). Hydraulic models of deep
snadfied flows over topography. In L.J. Pratt (edircr.), Tfte
physical oceanography of sea straits. p.245-269. Dordrecht:
Kluwer.

Baines, P.G. and Palmer, T.N. (1990). Rationalefor a ncw physi-
cally-based parameterization of subgri.dscale orographic
effects. @wopean Centre for Medium-Range Weather Fore-
casts. Research Departrnent. Technical memorandum 169).
[Reading, Eng.]: ECMWF.

Baines, P.G., Hubbert, G. and Power, S. (1991). Fluid transport
through Bass Strair Continerual Shelf Research, X(3), 269-
293.

Baines, P.G., Mitsudera, H. and Murray, DJ. (1991). Aspects
ofocean behaviour relevant to climate change: theoretical
and laboratory studies of the dynamics of coastal currents:
first interim report.fAspendalel: CSIRO Division of Atmos-
pheric Research.

Baines, P.G., Mitsudera, H. and Murray, DL. (1992). Aspects
of ocean behaviour relevaw to climate change: theoretical
and laboratory studies of the dynamics of coastal currents:
second interim report. f,Aspendalel: CSIRO Division of At-
mospheric Research.

Divisional authors are shown in bold typeface. This list does not include the following types ofpublications: abstacts of conference
papers, book reviews, Divisional information sheets and internal or non-technical Divisional reports.
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Barton, I.J. (1991). Infrared continuum water vapor absorption
coefficients derived from satolhte data- Applied Optics,
30(21), 2929-2934.

Barton, I.J. (1991). Passive remote sensing instrumentation. In D.
De Vries (eAitor.), Proceedings of the fifih IIN\FAOMMOIESA
training course on thz use ofremote sensing in hydrological
and agrometeorological applications. Canberra. (COSSA pub-
lication 026). p. 63-69. [Canberra]: CSIRO Offrce of Space
Science and Applications.

Barton, I.J. and Forgan, B. (1991). Measurements and climatic ef-
fect of the Mt. Pinatubo volcanic eruption: report of a joint
CSIRO-Bureau of Meteorology workshop. Clean Air,25(4),
L39-r40.

Coppin, PA., Bradley, EF., Barton, IJ. and Godfrey, J.S. (1991).
Simultaneous observations of sea-surface temperature in the
westem equatorial Pacific Ocean by bulk, radiative and satel-
lite methods. Ioumal of geophysical research,
96(SupplemenD, 3401-3409.

Barton, I.J. (199). Satellite-derived sea surface temperatures: a
comparison between operational, theoretical, and experimental
algorithms.,Iournal of Applied Meteorology, 3f (5), 433-442.

Barton, IJ" Prata, AJ, Watterson, I.G. and Young, S-A,.
(1992).Identification of the Mount Hudson volcanic cloud
over SE Austra1,ia. Geophy sical Research Letters, L9(12),
r2tL-I2t4.

Beardsmore, DJ. and Pearman G.I. (1990). Baseline carbon di-
oxide concentrations. In Easeline Annspheric Program
( Australia)(1988). p. 38-39. [Canberra, A.C.T.]: Deparftnent
of Science, Bureau of Meteorology in cooperation with
CSIRO Division of Arnospheric Research.

Beardsmore, DJ. and Pearman, G.f. Q99l). Baseline carbon di-
oxide concentrations. In S.R. Wilson and J.L. Gras (editors.),
Base line Atrnospheric Pro gram (Australia)(1989). p. 5G-51.
[Canberra A.C.T.]: Departnent of the Arts, Sport, the Environ-
ment, Tourism and Territories, Bureau of Meteorology in
cooperation with CSIRO Division of Atrnospheric Research.

Beer, T. (1990). The Applied Environmetrics environmental ta-
bles. In P. Zamem. (editor.), Computer techniques in
enyironmcntal studies III: proceedings of the Third Interna-
tiorwl Conference on Development and Application of
Computer Studies. Montreal, Canada- p.469476. Southamp
ton : Computational Mechanics.

Beer, T. (1990). Modelling Australian bushfires. In P. Zannetti
(editor.), Computer techniques in environmental studies III:
proceedings ofthe Third Internationnl Conference on Develop-
ment and Applicarton of Computer Studies. Montreal, Canada.
p. 621430. Southampton: Computational Mechanics.

Beer, T. (1990). Percolation theory and fire spread. Combustion
Science and Technolo gy, 72, 297-304.

Beer, T. (1990). The Austatian National Bushfire Model hoject.
Mathematical and C omputer M odelling, 13(12), 49-56.

Beer, T. and Enting I.G. (1990). Fire spread and percolation mod-
elhng. Mathematical and Computer Modelling, L3(ll), 77 -96.

Beer, T. (1991). Algorithms for calculating soil dryness index
(SDI). In Conference on Agricultural Meteorology: extended
abstracts. Melboume. p.290-292. Melboume: Bureau of Me-
teorology.

Beer, T. (199L). Applied Environmetrics hydrological tables.Bal-
wyn, Vic.: Applied Environmetrics.

Beer, T. (1991). Bushfire rate-of-speed forecasting: deterministic
and statistical approaches to fue modellin g. Journal of Fore-
casting,10, 301-317.

Beer, T. (1991). Bushfire-contol decision support systems. Envl-
ronme nt Interrutio nal, 17, I 01-1 10.

Beer, T. (1991). Comment on "On the fractal interpretation of the
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and A. G. Roy.Water Resources Research,ZiT(9),2487J.488.

Beer, T. (1991). lEditorial] Environmetrics. Environment Interna-
tional,17,505-506.
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Beer, T. (1991). Modern developments in fre modeling and deci-
sion-support systems. In T.C. Daniel and LS. Ferguson
(editors.), Proceedings of the U .5.-Australia workshop inte-
grating research on lazards infire-prone environments.
Melboume, Australia. p. 46-52. fWashington, D.C.]: United
States Man and the Biosphere Program.
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weather stations: a suwey. C lean Air, 25Q), 5a-59.
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Beer, T. (1992). Air pollution potential from bushfires during un-
stable and neutal atnospheric conditions. In P. Best, N.
Bofinger and D. Cliff (editors.),Proceedings of the Eleventh
Iwerrutional Clean Air Conference [4th Regional IUAppA
Conferencel. Brisbane. p. 383-389. Caloundra, Qld.: Clean
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perconxputer Conference proceedings, University of
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versus charging. In Third Australian S upercomputer Conf,er-
ence procedings. University of Melboume. [Melboume]:
Strategic Research Foundation, University of Melbourne.

Bentley, S.T. and Ayers, G.P. (1991). An initial modelling per-
spective on local OH production in baseline air. Irr S.R.
Wilson and JI. Gras (editors.) ,Baseline Annspheic pro-
grarn (Awtralia)(1989). p. 30-37 . [Canbena, A.C.T.] :
Department of the Arts, Sport, the Environment, Tourism and
Territories, Bureau of Meteorology in cooperation with
CSIRO Division of Atnospheric Research.

Betts, A. and Boers, R. (1990). A cloudiness transition in a marine
boundary layet Journal ofthe Annspheric Sciences,4T(I2),
I48Vr497.

Boers, R. (191). Saturation point representation of cloud-top en-
trainment instabrlity. Jourrwl of the Atrrcspheric Sciences,
48Q2),2426-243s.

Boers, R., Melfr, S.H. and Palm, S.P. (1991). Cold-air outbreak
during GALE: lidar observations and modeling of boundary
layer dynamics. Monthly Weather Review, 119(5), 1132-1150.

Borgas, M.S. (1991). The multifractal nature of turbulent disper-
sion. In A. V. Johansson and P.H. Alfredsson (editors.),
Advances in turbulence III: proceedings of the Third Euro-
pean Turbulence Conference. Stockholm. p. 725-132. Berln:
Springer-Verlag.

Borgas, M.S. and Sawford, B.L. (1991). The small-scale struc-
ture of acceleration correlations and its role in the statistical
theory of turbulent dispersion. Journal of Fluid Mechanics,
228,295120.

Bouma, WJ. (1990). Global warming: countering the critics.
(ICSIRO/DAR Information paperl). Aspendale, Vic.: CSIRO
Division of Atrnospheric Research.

Bouma, WJ. (1990). DAR's position on targets for reducing
greenhouse gas emissions. (ICSIRO/DAR Information pa-
perl). Aspendale, Vic.: CSIRO Division of Afinospheric
Research.



Division of Atmospheric Research

Bouma, WJ. (1990). The greenhouse effect. In Motor vehicles
and the greenhouse effect. lPukville, Mc.l: Sociery of Auto-
motive Engineers, Ausftalia.

Bouma, WJ. (1990). The greenhouse effect. SAE-Ausnalasia,
s0(6), 33-37.

Bouma, WJ. and Holper, P.N. (1990). Climnte change: the effect
of increased carbon dioxide and other greenhouse gases in the
global atmosphere: a bibliography of scientific publications
from the CSIRO Division of Atmospheric Research 1971-
1989. [Aspendale, Mc.]: ICSIRO Division of Atrnospheric
Researchl.

Bouma, WJ. and Holper, P.N. (1990). Depletion of sh'atospheric
ozone: stratospheric ozone: observations and dynamics;
ozone depleting substances in the global atmosphere: a bibli-
ography of scientific publications from the CSIRO Division of
Atrno s pheric Re s earc h I 97 I -I 9 89. [Aspendale, Vic.] : [CSIRO
Division of Atnospheric Researchl.

Bouma, \{J. (1991). The climate effect of buming oil-fields in
the Middle East. ([CSIRO/DAR Information paper]). Aspen-
dale, Vic.: CSIRO Division of Atmospheric Research.

Bouma, WJ. (1991). Oilfires in the Gulf: possible effects on cli-
mdre. (CSIRO/DAR Information paper 9ll3). Aspendale, Vic.:
CSIRO Division of Atnospheric Research.

Smith, BJ, Nguyen, M.T., Bouma, WJ. and Radom, L. (1991).
Unimolecular reiurangements connecting hydroxyethylidene
(CH3-C-O[I), acetaldehyde (CHI-CH=O), and vinyl alcohol
(CH2=911-911, . f ournal of the American Chemical Society,
r13(17), &s2-&s8.

Cai, W. (1992). Effect of a lower layer current wind-driven up
wellttng. Journal of Geophysical Research, 97 (Cl), 7 5l-:l 59.

Cai, W. (1992). Arevised layered model: application to the Bon-
ney coast upwelling. Estuarine, Coastal and Shelf Science,
34(3),235-252.

Cechet, R.P., Mleczko, R.R., Platf C.M.R., Prata, AJ. and
Gardner, W.K. (1990). Frost risk in northwest Victoria: a field
experimenl ln Proceedings: the Fifth Australasian Remote
Sewing Conference. Perth, W.A. p. 585-589. lPerth, WA.]:
[The Conference].

Cechet, R.P. and Flood, R. (1991). The potential of satellite re-
mote sensing in agricultural management and monitoring
practices: can it be realised,ln Conference on Agricultural Me-
teorology: extended abstracts. Melbourne. p. 108-112.
Melboume: Bureau of Meteorology.

Cechel R.P. and Flood, R. (1991). Some problems in apptcation
of satellite remote sensing to agricultural management and
monitoring practices. Bulletin of the Ausnalian Meteorologi-
cal and Oceanographic Society, 4(5),87-{9.

Cawood, RJ., Cechet, R.P., Flood, R.G., Gardner, W.G.,Inceti,
M., Mleczko, R.R, Platt, C.M.R. and hata, AJ. (1991).
Frost in the Victorian wheat/sheep belr Part II: Implications of
temperature differences between Iandforms for managing agri-
cultural production systems. In Conference on Agricultural
Meteorology : extended abstracrs. Melbourne . p. ll7 -12I.

Melboume: Bureau of Meteorology.
Cechet, R.P. and Prata , AJ. 0992). Cover: Lake Eyre in flood.

I nt ernationa l J our nal of Remote S en s in g, l3(4), 58 1-5 85.
Chambers, L.E. and Long, A.B. (1992). Precipitation enhance-

mentfeasibility study in aid of conon irrigation. Report to
DPIE Cotton Research and Development Corporarton,Nar-
rabri, NSW. Project number: CSAIC. [Aspendale]: CSIRO
Division of Atrnospheric Research.

Ridley, B.A., Shetter, J.D., Walega, J.G., Madronich, S.,
Elsworth, C.M., Grahek, F.E., Fehsenfeld, F.C., Norton, R.B.,
Parrish, D.D., Hobler, G., Buhr, M., Mlliams, E.J., Allwine,
E.J. and Westberg, H.H. (1990). The behaviour of some or-
ganic nitrates at Boulder and Niwot Ridge, Colorado. Journal
of G e o p hy si ca I Re s e arc h, 95(D9), 13949-13961.

Fehsenfeld, F., Drummond, J.W., Roychowdhury, U.K., Galvin,
P.J., Mlliams, E.J., Buhr, M.P., Pa:rish, D.D., Hobler, G.,

Langford, A.O., Calvert, J.G., Ridley, 8.A., Grahek, F.,
Heikes,8.G., Kok, G.L., Shetter, J.D., Walega, J.G.,
Elsworth, CIVI., Norton, R.B., Fahey, D.W., Murphy, P.C.,
Hovermale, C., Mohnen, V.A., Demedian, K.L., Mackay, G.I.
and Schiff, H.L (1990). Intercomparison of NOz measurement
techniques.,/ournal of Geophysical Research, 95(D4), 3579-
3597.

Enting, I.G. (190). Ambiguities in the calibration of carbon cy-
cle models. 1zv erse Problems, 6(5), L39-LA6.

Enting, I.G. (1990). Carbon cycle modelling: illustrations of mod-
elling problems in IGBP studies. In G.A. Latham and J.A.
Taylor (editors.), IGBP Workshop on Mathemntical and Statis-
tical Modelling of Global Change Processes. Canberra.
@oceedings of the Centre for Mathematical Analysis 25). p.
212-234. Canbena: Centre for Mathematical Analysis, Austra-
lian National University.

Enting, I.G. (1990). Greenhouse studies: assessing uncertainties
versus debunknghyp. Austalian P hysicist, 27(8), 167-17 0.

Enting, I.G. (1D0). Algebraic techniques in lattice statistics: the
computational complexity of the finite lattice method. lnThird
Australian Supercomputer C onference procedings. University
of Melboume. lMelbourne]: Strategic Research Foundation,
University of Melbourne.

Enting, I.G. and Newsam, G.N. (1990). Atmospheric constituent
inversion problems: implications for baseline monitorurg.
J ournal of Atmospheric Chemistry, 1l(l-2), 143-167 .

Brak, R., Guttrnann, A.J. and Enting, I.G. (1990). Exact solution
of the non-convex polygon generating furrcton. Journal of
Physics A : Mathematics and General, 23(12), 2379-2326.

Guttmann, A.J. and Enting I.G. (1990). The phase transition of
the 3-dimensional 3-state Potts model. Nzclear Physics B
( P roc. Suppl.), t7, 328-330.

Enting, I.G. (1991). Calculatingfuture atmospheric CO2 concen-
trations. (CSIRO Division of Atmospheric Research technical
paper no. 22). Melbourne: CSIRO.

Enting, I.G. (1991). First quarterly report for SECV contract on
3 -dimensional atmospheric modclling. [Aspendale, Vic.]:
CSIRO Division of Afinospheric Research.

Enting, I.G. (1991). Second quarterly reportfor SECV contract
on 3 -dime nsio nal atrnospheric mode llin g. [Aspendale, Vic.]:
CSIRO Division of Atnospheric Research.

Enting, I.G. (1991). Third quarterly reportfor SECV contract on
3 -dimensional atmaspheric modelling. [Aspendale, Vic.]:
CSIRO Division of Aftnospheric Research.

Enting, I.G. and Mansbridge, J.Y. (1991). Latitudinal distribu-
tion of sources and sinks of COz: results of an inversion study.
Tel lus, 43B Q\ 156-17 O.

Enting, I.G. and Newsam, G.N. (1991). An improved approach to
one-dimensional modelling of meridional transport in the at-
mosphere. Te llus, 43B (l), 7 6-7 9.

Enting, I.G. and Rohde, H. (1991). Greenhouse budgets. Nature,
349.468.

Enting, I.G., Francey RJ. and Bouma, W.J. (1991). The sci-
ence of the greenhouse effe*L Business Couttril Bulletin, 06),
2+-25.27.

Enting, I.G. (1992). Workshop on Inverse Modeling hoblems in
Atmospheric Constituent Transprt. Bdletin of the Australian
M e te orolo g ica I and O c e an o g raphi c S o ci ety, 5(3), 54.

Enting, I.G. (1992). Constraining thc atmospheric carbon
bu.dget: a prelimirwry assessment. (CSIRO Division of Atmos-
pheric Research Technical Paper no. 25). Melbourne: CSIRO.

Enting, I.G. (1992). Fifih quanerly report for SECV cortract on
3 -dimensional annspheric modelling. [Aspendale, Vic.]:
CSIRO Division of Atnospheric Research.

Enting, I.G. (1992). Fourth qrnrterly reportfor SECV contract
on 3 -dimensional atmospheric modelling. [Aspendale, Vic.]:
CSIRO Division of Aunosoheric Research.

46



Research Report 1 99fl 992

Enting, I.G. (1992). The incompatibility of ice-core COz data
with reconstructions of biotic CO2 sources. (tr). The influence
of CO2-fertilised growth. Tellus, 448(l),23-j2.

Enting, LG. and Guttrnarm, A.J. (1992). Self-avoiding rings on
the triangular lattrce. Journal of Physics A: Mathematics and
Ge neral, 25, 27 9l-2807 .

Etheridge, D.M. and Holper, P.N. (1991). The changing affnos-
phere: the greenhouse effect and ozone depletion. Farmers'
Newslener. Large area, (138), 8-12.

Morgan, V.I., Goodwin, I.D., Etheridge, D.M. and Wookey, C.W.
(1991). Evidence from Antarctic ice cores for recent increases
in snow accumulation. Na nre, 354(6348), 58-60.

Evans, J.L.(L990). Envisaged impacts of enhanced greenhouse
warming on tropical cyclones in the Ausftalian region.
(CSIRO Division of Atnospheric Research Technical paper
no. 20). Melbourne: CSIRO.

Evans, J.L. (1991). Strucore changes of an axisymmetric vortex
under an imposed absolute vorticity gradient. Bu lletin of the
American P hysical Society, 36(10), 27 03.

Evans, J.L. (1991). Tropical cyclone sensitivity to sea surface
temperature. In l9th Conference on Hunicanes andTropical
Meteorology. Mami, Fla. p. 471477. Boston, Mass.: Ameri-
can Meteorological Society.

Evans, J.L., Holland, G.l. and Hsberry, R.L. (1991). Interactions
between a baroftopic vortex and an idealized subtopical
ridge. Part I: Vortex motion. Journal of the atmospheric sci-
ences, S(2),301-j14.

Holland, G.J. and Evans, J.L.(1992).Interactions berween a
barofopic vortex and an idealized subtropical ridge. Part II:
Structure change. Journal of the Atnospheic Sciences,
49(Lr),963-97s.

Faragher, S.G. and Pittock, A.B. (1990). Science and the en-
hanced greenhouse effect. Energy Focus, 2(2), 27^-29.

Francey, RJ. (1990). Tasmanian tree rings: a treasure trove for
globally significant palaeo-environment reconstructions? C ti-
mnte Change Newsletter, 2(2), l--2.

Francey, RJ. and Cook, E. (1990). Tasmanian tree rings: pros-
pects for palaeo-environment reconstructions. Quaterrury
Australia,S(2),22+4.

Francey, R.J. and Enting, I.G. (1990). The role of tenestrial bi-
ota in the atnospheric carbon budget: discussion notes for
special session. In G.A. Latham and J.A. Taylor (editors.),
IGBP Workshop on Mathematical an"d Sntistical Modelling of
GlobalChnnge Processes. Canbena. (hoceedings of the Cen-
tre for Mathematical Analysis ?5). p.235-245. Canberra:
Centre for Mathematical Analysis, Ausfialian National Univer-
sify.

Francey, R.J., Polach, H. and Head, M.J. (1990). Arnospheric
61aC at Cape Grim 1987-88 . ln Baseline Atmospheric pro-
gram (Australia)(1988). p. 4243. [Canberra, A.C.T.] :
Deparlment of Science, Bureau of Meteorology in cooperation
with CSIRO Division of Arnosoheric Research.

Francey, RJ., Robbins, FJ., Allison, C.E. and Richards, N.G.
(1990). The CSIRO global survey of COz stable isotopes. In
Baseline Atrnspheric Program (Australia)(1988). p. 16-27.
[Canberra, A.C.T.]: Departrnent of Science, Bureau of Meteor-
ology in cooperation with CSIRO Division of Arnospheric
Research.

Levin, I., Kromer, B. and Francey, RJ. (1990). Continuous meas-
urement$ of 14C in atmospheric COz at Cape Grim. kr
Baseline Atnaspheric Pro gram (Australin)(1988). p. 4142.
[Canberra A.C.T.]: Deparunent of Science, Bureau of Meteor-
ology in cooperation with CSIRO Division of Aunospheric
Research.

Fran-ceyr RJ., Goodman, H.S. and Robbins, FJ. (1991).
r3g1t2g -4 t897t69 in baseline Coz, 1989. In S.R. Wilson
and J.L. Gras (editors.), Baseline Annospheric Program (Aus-
tralia)(1989). p. 51-52. [Canbena, A.C.T.]: Deparrment of the
Arts, Sport, the Environment, Tourism and Territories, Bureau

of Meteorology in cooperation with CSIRO Division of At-
mospheric Research.

Cook, E., Bird, T., Peterson, M., Barbetti, M., Buckley, B., D'tu-
rigo, R., Francey, RJ. and Tans, P. (1991). Climate change in
Tasmania inferred from a 1089-year tree-ring chronology of
huon pine. Science, E3(5025), 1266-1275.

Levin, B.K. and Francey, RJ. (1991). Continuous measurements
of l4C in atrnospheric COz at Cape Grim. kr S.R. Wilson and
J.L. Gras (editors.), Ease line Atmospheric Program (Austra-
lia)(I989). p. 53. [Canbena A.C.T.]: Department of the Aru,
Sport, the Environment, Tourism and Territories, Bureau of
Meteorology in cooperation with CSIRO Division of Annos-
pheric Research,

Wiltams, D.J., Carras, J.N., Saghafi, A., Lange, A., Thomson,
C.J., Francey, RJ, Steele, LJ., Langenfelds, R.L. and
Fraser, PJ.(1992). Measurement of thefluxes and isotopic
composition of methnnc emissions-Project 1460 [Energy Re-
search and Development Corporationl . North Ryde;
Mordialloc: CSIRO Division of Coal and Energy Technology;
CSIRO Division of Atnospheric Research.

Fraser, PJ. (1990). Global and Antarctic ozone depletion: a rebut-
tal of the qitrcs. C lean Air, Vl(4), 139-143.

Fraser, PJ. (1990). Monitoring CFCs, HCFCs and HFCs in the ar-
mosphere. Australian Refrigeration, Air Conditioning and
Heating,4Q),35-39.

Fraser, PJ. and Bouma, WJ. (1990). NeW ozone protocol and
Australia. Search, 2I(8), 261-264.

Fraser, PJ. and Coram, S.A. (1990). Atmospheric methane, carb-
on monoxide and carbon dioxide by gas chromatography,
1988. In Baseline Atmospheric Program (Australia)(1988). p.
54-56. [Canbena A.C.T.]: Deparrnent of Science, Bureau of
Meteorology in cooperation with CSIRO Division of Atnos-
pheric Research.

Fraser, PJ. and Derek, N" (1990). Atnospheric halocarbons, ni-
trous oxide and methane - the GAGE program 1988. In
Baseline Atmospheric Program (Australia)(1988). p. 49-53.
[Canberra, A.C.T.]: Departnent of Science, Bureau of Meteor-
ology in cooperation with CSIRO Division of Atnospheric
Research.

Fraser, PJ., Rasmussen, R.A. and Khatil, M.A. (19m). Atmos-
pheric obsewations of chlorofluorocarbons and nitrous oxide
from the Oregon Graduate Center flask sampling program,
1984-1988. In Baseline Atrnospheric Program (Austra-
lia)(1988). p. 56-60. [Canbena, A.C.T.]: Deparrnentof
Science, Bureau of Meteorology in cooperation with CSIRO
Division of Atnospheric Research.

Fraser, PJ., Steele, L.P., Francey, RJ. and Pearman, G.I.
(1990). The CSIRO Latitudinal Gradient Studv: methane data
from air samples collected at CMDL baseline observatories
and at Cape Grim, Tasmania. In W.D. Komhyr and R.M. Ros-
son (editors.), Climate Monitoring and Diagnostics
Laboratory no.I8 summary report 1989. p.97-100. Boulder,
Colo.: Environmental Research Laboratories.

Quay, P., King, S. and Fraser, PJ. (190). r3c/rzc of atrnospheric
methane at Cape Grim, 1988. In Baseline Atmospheric pro-
gram (Awtralta)(1988). p.43 44. [Canberra, A.C.T.]:
Department of Science, Bureau of Meteorology in cooperation
with CSIRO Division of Arnospheric Research.

Prinn, R., Cunnold, D., Rasmussen, R., Simmonds, P., Alyea, F.,
Crawford, A., Fraser, PJ. and Rosen, R. (1990). Arnospheric
emissions and hends ofnitrous oxide deduced from 10 vears
of ALE-CAGE daa.fournal of Geophysical Researchl
95(D11), 18369-1838s.

Fraser, PJ. (1991). Global and Antarctic ozone depletion: arebut-
tal of the crincs. Bulletin of the Australian Meteorological and
O ceano graphic S ociety, 4(l), 2-lO.

Fraserr PJ. (1991). Stratospheic ozone depletion: the recenr
NASA reassessment.Mordialloc, Vic.: CSIRO Division of At-
mospheric Research.



Division of Atmospheric Research

Fraser, PJ. (1991). Stratospheric ozone depletion: recent develop-
ments. C lean Air, 25(4), l4l-144.

Fraser, PJ. and Coram, S-A. (1991). Atmospheric methane, carb-
on monoxide and carbon dioxide by gas chromatography,
1989. In S.R. Wilson and J.L. Gras (editors.) , Baseline Atmos-
pheric Program (Australia)(1989). p. 64-66. [Canberra
A.C.T.I: Departrnent of the Arts, Sport, the Environment, Tour-
ism and Territories, Bureau of Meteorology in cooperation
with CSIRO Division of Atnospheric Research.

Fraser, PJ. and Derek, N. (1991). Halocarbons, ninous oxide,
methane and carbon monoxide: the GAGE program 1988-
1989. In S.R. Mlson and J.L. Gras (editors.) , Baseline
Atnnspheic Program (Australia)(1989). p. 60-6a. [Canberra,
A.C.T.I: Departnent of the Arts, Sport, the Environmeng Tour-
ism and Territories, Bureau of Meteorology in cooperation
with CSIRO Division of Atrnospheric Research.

Fraser, PJo Langenfelds, RJ-, Derek, N. and Porter, L.W.
(1991). Studies in air archiving techniques. In S.R. Wilson and
J.L. Gras (editors.), Base line Atmospheric Program (Austra-
lio)(1989).p. 16-29. [Canberra, A.C.T.]: Departrnent of the
Arts, Sport, the Environment, Tourism and Territories, Bureau
of Meteorology in cooperation with CSIRO Division of At-
mospheric Research.

Fraser, PJ., Penkett, S.A., Harriss, R., Makide, Y. and San-
hueza, E. (1991). Source gases: concenftations, emissions and
trends. In R.T. Watson and DI. Albritton (co-chairmen.), Scz-
entific assessment of ozorrc depletion: 1991@eprnt:
December 17, l99l).: World Meteorological Organization.

Ehhalt, D.H., Fraser, P.J., Albriton, D., Cicerone, R.J., Khalil,
M.A.K., Legpnd, M., Makide, Y., Rowland, F.S., Steele' L.P.
and Zander, R. (1991). Trends in source gases. ln Report of
the International Ozone Trends Panel,1988. II(World Mete-
orological Organization Global Ozone Research and
Monitoring hoject l8). p. 543-569.: National Aeronautics
and Space Administration.

Quay, P., Stusman, J. and Fraser, PJ. (1991). r3glrzg at atmos-
pheric methane at Cape Grim. In S.R. Wilson and J.L. Gras
(editors.), Baseline Atmospheric Pro gram (Austalia)(1989).
p. 55. [Canberra, A.C.T.]: Deparfrnent of the Arts, Sport, the
Environment, Tourism and Territories; Bureau of Meteorology
in cooperation with CSIRO Division of Atnospheric Research.

Fraser, PJ. (1992). Ozone and W-B radiation trends over Austra-
Iia, 1980-2010. A report to tlrc Geography Department,
University of Wollongong, aspart of the DASETTfiaded pro-
ject "Heahh Effects of Long Term Climate Change" .
[Aspendale]: CSIRO Division of Atnospheric Research.

Fraser, PJ. (1992). l99lD2 Arcnc ozone depletion. (CSIRO Divi
sion of Atnospheric Research Information paper 921D.
Aspendale, Vic.: CSIRO Division of Atnospheric Research.

Fraser, PJ., Harriss, R., Penkett, S., Makide, Y. and Sanhuez4 E.
(1992). Source gases: concentations, emissions, and trends. In
S cientific asses sment of ozo ne dep letion: I 99 I . (World Mete-
orological Organization Global Ozone Research and
Monitoring Proie*t25). p. 1. 1-1.38. Washington: National
Aeronautics and Space Administation.

Frederiksen, J.S. and Bell, R.C. (1990). North Atlantic blocking
during January 1979: linear thary. Quarterly Journal of the
Royal Meteorolo gical Society, 116(496), 1289-1313.

Frederiksen, C.S. and Frederiksen, J.S. (1991). Flow over topog-
raphy and instability on a sphere..Iournal of the Atmospheric
S c ie nc e s, 4E(22), 24 ll --t425 .

Frederiksen, J.S. (1991). Nonlinear stability of baroclinic flows
over topography. Geophysical and Astophysical Fluid Dynam'
ics,57(14),85-97.

Frederiksen, J.S. (1991). Nonlinear studies on the effects of to-
pography on baroclinic zonai flows. Geophysical and
Astrophysical F luid Dynnmics, 59(14), 57-3.2.

Frederiksen, C.S. and Frederiksen' J.S. (1992). Northern hemi-
sphere storm tracks and teleconnection pattems in primitive

equation and quasigeosaophic models. Journal ofthe Aflnos-
pheric Sciences, 49(16), 1443-1458.

Galbally, I.E. (1990). The International Global Atnospheric
Chemistry Programme. h B.N. Noller and M.S. Chadha (edi-
tors.), Chemistry and the environrnent: proceedings of
regional symposirnt. Brisbane. p. 281-3@. London: Common-
wealth Science Council.

Smith, CJ., Freney, J.R., Chapman, S.L. and Galbally' IJ.
(1990). Fate of urea nitrogen applied to wheat at heading. A*s-
tralian J ournal of Agricultural Research, 40, 951-963 .

Galbally, I.E. (1991). Greenhouse gas emissions: assessment and
control. ln ASCA Worl<shop on Greenhouse and Climate
Change : an Asian perspective. Melboume. p. 7 .1-:7 .12. MeL-
boume: The Workshop.

Galbally, I.E. (1991). Land surface sinks for methane, nitrogen
oxides (t{Od and tropospheric ozone over Australia- In J'A.
Taylor (editor.),Workshop on Greenhause Gas Sinks In Austra'
lia: proceedings. Canberra A.C.T.p. 35-39. Canberra: Cente
for Resource and Environmental Studies, Australian National
University.

Galbally, I.E. (191). Agricultural and natural emissions of meth-
ane, carbon monoxide, nitrous oxide and nitrogen oxides
(NOJ and atnospheric trends oftropospheric ozone over Aus-
tralia- In J.A. Taytor (edinr.),Worl<shop on Developing
Inventories of Greerihouse Gas Emissions for Australia: pro-
ceedings. Canberra, A.C.T. p. 51-57. Canberra: Centre for
Resource and Environmental Studies, Australian National Uni-
versity.

Galbally, I.E. and Roy, C.R. (l991). Ozone in the tropical tropo-
sphere: a review. In M. Ilyas (editor.), Ozone depletion:
implicationsfor the tropics. p. 139-158. Penang: University of
Science Malaysia and United Nations EnvironmentPro-
gramme.

Galbally I.E., Sekhon, J.D. and Marsden, C.J. (191). Bromine
in the lower afinospherc. Clean Air,E(3), 1G105.

Galbally I.E., Price, P., Gffior4 R. and Walker, I. (conveners).
(199L). Recent Awtralian developments in greenlouse gases
and climate forcing: Australian coftrtbudon to IPCC Working
Group 1 Update luly 199l. Melbourne: [CSIRO Division of
Atmospheric Researchl.

Howden, S.M., McKeon, G.M., Scalan, J.C., Carter, J.O., White,
D.H. and Galbally, LE. (1991). Managing pastures in north-
em Ausfralia to minimise greenhouse gas emissions:
adaptations of an existing simulation model.ln Proceedings,
9th Biennial Cor{erence on Modelling and Simulation. Gold
Coast, Queensland. p. 168-178. Brisbane: Simulation Sociery
of Australia affiliated with Intemational Association for Mathe-
matics and Computers in Simulation.

Galbally, I.E., Fraser, P.J., Meyer, C.P. and Griffith, D.W.T.
(1992). Biosphere-atnosphere exchange of trace gases over
Austalia. h R.M. Gifford and M.M. Barson (edrtors.), Austra-
lia's renewable resources: sustainability and global chnnge
IIGBP Australian Phnning Workshop] "Utilization of rena,v-
able biological resources: assessing the past century and
limits for the nen" . lCmbenal. (Contributions to the Ausffa-
lian-IGBP Planning Workshop l4). p. ll7 -149. Parkes,
A.C.T.: Bureau of Rural Resources; CSIRO Division of Plant
Industry.

Whittlestone, S. and Galbally,I.E.(1992). The role of radon and
radon daughters in air mass characterisation at baseline atmos-
pheric observatories. In Worluhop for Trace Gas Measuremen!
in Both Hemispfteres. Aushalia-p.93-107. Tsukuba, Japan:
Center for Global Environmental Research.

Garratt JR., Pielke, R.A., Miller, W.F. and Lee, T.J. (1990).
Mesoscale model response to random, surface-based perturba-
tions - a sea-breeze experimenl Boundary-layer
M e te orol o gy, 52(4), 313-334.

Paegle, J., Pielke, R.A., Dalu, G.A., Miller, W., Garratt' J.R.,
Vukicevic, T., Berri, G. and Nicolini, M. (1990). hedictability

48



Research Report 1 990-1 992

of flows over complex tbnain. In W. Blumen (editor.), Atrnos-
pheric processes over complex terrain. (Meteorological
monographs v. 23, no. 45). p. 285 a99. Boston, Mass. : Ameri-
can Meteorological Society.

Garratl JR. (1991). Physics of surface exchange processes: the
atnospheric contexL In D. De Vries (editor.), Proceedings of
the frfrh UNIFAOMMOIESA training course on the use of re-
mote sensing in hydrological and ogrometeorological
app lications. Canberra. (COSSA publication 026). p. 5442.
[Canberra]: CSIRO Office of Space Science and Applications.

Segal, M., Garratt, JR., Pielke, R.A. andYe,Z. (1991). Scaling
and numerical model evaluation of snow-cover effects on the
generation and modification of daytime mesoscale circula-
tions. Journal of the Annosphcic Sciences, 8(8), LO24-IM2.

Segal, M., Garratt, JR., Pielke, R.A., Hildebrand, P., Rogers,
F.A., Cramer, J. and Schanot, A. (1991). On the impact of
snow cover on dayime pollution dispersion. Anrcsphertc En-
v irownen t, 2fi(2), 17 7 -192.

Segal, M., Cramer, J.H., Pielke, R.A., Garratt, J.R. and Hilde-
brand, P. (1991). Observational evaluation of the snow breeze.
Monthly Weather Rev iew, LL9(2), 412-424.

Garratt, JR. (1992). The atmosphertc boundary layer. (Carn-
bridge atmospheric and space series). Carnbridge: Cambridge
University Press.

Garratt, JR. (1992). Exteme maximum land surface tempera-
nxe. Journal of Applied Meteorolo gy, 3l(9), 1096-1105.

Gitlet! R.W. and Ayers, G.P. (1991). The use of thymol as a
biocide in rainwater samples. Atmosplrcric Envirownent,
25A(r2),2677--268r.

Goodman, H.G., Robbins, F.J. and Francey, RJ. (190).
r3g1r2g -4 t897t69 in baseline Coz, 1987-1888.rnBaseline
Annspheric Program (Australia)(1988). p. a0 41. [Canberra,
A.C.T.I: Departrnent of Science, Bureau of Meteorology in co-
operation with CSIRO Division of Annospheric Research.

Gordon, H.B. and Hunt B.G. (1991). Droughts floods, and sea-
surface temperature anomalies: a modelling approach.
Iuernational Journnl of C limatology, l.l(4), 347 :365.

Gordon, H.B, Watterson, I.G. and Dix, M.R. (1991). Simula-
tion of trajectory of air parcels over Iraq using the CSIRO
climate modeL Bulletin of the Austalian Meteorological and
O ceano graphic Socie ty, 4(3), 50.

Granek, H. and McKellar, B.H.J. (1991). Constaints on heavy
neutrino decays in the early universe. International Journal of
Modern Physics A, 6(14), 2387 -2426.

Gras, J.L. (1990). Baseline aftnospheric condensation nuclei at
Cape Grim 7977-L987.Journal of Atrnospheric Chemistry,
11(1-2),89-106.

Gras, J.L. (1990). Cloud condensation nuclei over the Southern
Ocean. Geophysical Research Letters, LT (10), 1565-1567 .

Gras, J.L. (1990). Particles. ln Baseline Atrnospheric Program
(Australia)(1988). p. 62-63. [Canbena, A.C.T.]: Deparrnent
of Science, Bureau of Meteorology in cooperation with
CSIRO Division of Arnospheric Research.

Gras, J.L. (1991). Particles. In S.R. Wilson and J.L. Gras (edi-
tors.), Base line Atmosphcic Program (Austalia)(1989). p.
67-68. [Canberra, A.C.T.]: Departrnent of the Arts, Sport, the
Environment, Tourism and Tenitories, Bureau of Meteorology
in cooperation with CSIRO Division of Atnospheric Research.

Grag J.L. (1991). Southem hemisphere tropospheric aerosol mi-
crophysics.,Io ur rul of Geophys ical Res earch, 96(D3),
5345-5356.

Gras, J.L" Platt, C.M.R., Jones, W.D., Huffaker, R.M., Young,
S.A., Banks, S.M. and Booth, D.J. (1991). Southem hemi-
sphere tropospheric aerosol backscatter measurements:
implications for a laser wind system. f ounnl of Geophysical
Re s e arch, 96(D3), 5357 -5367 .

Wilson, S.R. and Gras, J.L. (editors). (1991). Baseline Atmos-
pheric P rogram (Awtralia)(l989). [Canbena, A.C.T.]:
Department of the Arts, Sport, the Environment, Tourism and

Territories, Bureau of Meteorology in cooperation with
CSIRO Division of Atnospheric Research.

llennessy, KJ., Whetton, P.H. and Pittock, AJ. (1991). Climate
change, the enhanced greenhouse effect and Ausrralian agricul-
ture. In Conference on Agricultural Meteorology: extended
abstacts. Melboume. p. 16&-175. Melboume: Bureau of Me-
teorology.

Hibberd, M.F. (1990). Experimental investigations of turbulence
and dispersion in a laboratory model ofthe planetary bound-
ary layer. flhirdl annual report SECV R esearch Fellowship at
CSIRO Division of Annspheric Research (1987-1990). lAs-
pendale, Vic.l: [CSIRO Division of Atnospheric Research].

Ilibberd, MJ. (1991). Ground-level concentration statistics from
single and multiple elevated sources in a laboratory model of
the convective boundary layer. Bourthl annual report SECV
Research Fellowship at CSIRO Division of Anrcspheric Re-
search. [Aspendale, Vic.]: [CSIRO Division of Atrnospheric
Researchl.

Holper, P.N. (1990). Depletion of the ozone layer.InTechnical pa-
pers for AIRAII's 70th anniversary year, Federal Conference.
Adelaide, S.AusL p. Paper 1. fParkville, Vic.]: [Ausnalian In-
stitute of Refrigeration, Air Conditioning and Heatingl.

Ilolper, P.N. (1991). Acid rain Ausnalia and overseas. Austalian
S cience Ma g, No38(1), 50-55.

Holper, P.N. (i991). Atnospheric change and its effect on cli-
mate. Australian Parl<s and Recreation, 27 (l), 35-39.

Holper, P.N. (1991). The greenhouse effecf implications for Aus-
tralian grain producerc. Australian Grain, tQ), 25-27.

Holper, P.N. (191). Stunning sunsets from volcanic dtst South-
e r n Astronomy, 4(5), 52-53.

Holper, P.N. (1992). Acid rain etched in lifestyles. The Austalian,
(June 5), p.14.

Holper, P.N. (192). Monitoring the atmosphere at the Cape Grim
Baseline Air Pollution Station. Clean Air,zf;Q),5ffi2.

Hughes, R.L. and Ofosu, K.N. (1D0). On the behaviour of
boundary layer undercurrents nedr canyons. Journal of Geo-
p hy s i c al R e s e arc h, 9 5(C ll), 20259-2U66.

Hunt, B.G. (1990). Climatic modelling in the CSIRO Division of
Atmospheric Research. C limate Change na,vslefter, 2(4), IV
1 1 .

Hunt, B.G. (1990). Global modelling experiment in Australia. C/r-
mate Change News letter, 2(2), 7 .

Hunt, B.G. (1990). Global modelling within the CSIRO Division
of Atmospheric Research. In G.A. Latham and J.A. Taylor
(editors.), IGBP Workshop on Mathematical and Statistical
Model ling of Glo bal C hange P rocesses. Canberra. (Proceed-
ings of theCente forMathematical Analysis 25).p.I-24.
Canberra: Cenne for Mathematical Analysis, Australian Na-
tional University.

Hunt B.G. (1991). Climatic changes: causes and predictions. In
C onference on Agricultural Meteorology : extended abs tacts.
Melboume. p. 153-157. Melboume: Bureau of Meteorology.

Hunf B.G. (editor). (1991).Internntional Conference on the
Physical Causes of Drought and Desertificarton [Abstracts].
Melbourne University. (AMOS publication 7). Melboume: Bu-
reau of Meteorology.

Hunt, B.G. (1991). The simulation and prediction of drought. In
Henderson-Sellers and A.J. Pifinan (editors.), Vegetarton and
climate interactions in semi-aid regions.p.89-103. Dor-
drechr Kluwer Academic Publishers.

Hunt, B.G. (1991). The simulation and prediction of drought.
Vegatio,91, 89-103.

Hunt, B.G. and Gordon, H.B. (1991). Simulations of the USA
drought of 1988. International Journal of C limatolo gy, tl(6),
629-&4.

Hurley, PJ. and Physick, W.L. (1991). ALagrangian particle
model of fumigation by breakdown of the noctumal inversion.
Atmospheric Environment, 25 LQ), 1313-1325.



Division of Atmospheric Research

Hurley, PJ. and Physick, W.L. (1992). Air quality modelling of
buoyant point sources using a Lagrangian particle approach.
In P. Best, N. Bofinger and D. Cliff (editors.), Proceedings of
the Eleventh International Clean Air Conference [4th Re-
gional IU APPA C onferencel.Brisbane. p. 365-37 4.
Caloundra, Qld.: Clean Air Society of Australia and New Zea-
land.

Jensen, J.B. (1990). The 1988 AustalianWinter Storms Experi-
ment: report on aircraft observations. (Research report (Urban
Water Research Association of Austalia)). Melbourne, Vic.:
Melboume and Metropolitan Board of Works for the Urban
Water Research Association of Australia.

Jensen, J.B, Lee, S., O'Brien, R.C., Tivendale, C.M. and Long,
A.B. (1990). The 1988 Australian winter stonns experiment:
case study: 6 August l988.ln 1990 Conference on Cloud
Physics. San Francisco, Calif. p. 765-:771. Boston, Mass.:
American Meteorological Society.

LeMone, M.A. and Jensen, J.B. (1990). Some aspects of the struc-
ture and dynamics of Hawaiian cloud bands. b 1990
Conference on Cloud Physics. San Francisco,Ceitf. p.744-
749. Boston, Mass.: American Meteorological Society.

Jensen, J.B. (1992). The parameterization of precipitation in nu-
merical models: verification using in-cloud observations. In
D.C. Lowe and K.R. Lassey (editors.), DSIRICSIRO Chief Ex-
ecutives Symposium on Atmosphcric Research: abstracts [Iate
abstractl. Queenstown, New Zealand. ll-ower Hutt, New Zea-
landl: DSIR Physical Sciences; CSIRO Division of
Atmospheric Research.

Katzfey, JJ. (1991). Storm-relative isenropic frontogenesis: the
importance of synoptic scale vertical mouLon.ln Internatiornl
Conference on Mesoscale Meteorology andTAMEX: pre-
prints. Taipei, Taiwan. p. 251-255.: Meteorological Society of
the Republic of China; American Meteorological Society.

Katzfiey, JJ. (191). An Ausralian east coast low: sensitivity
study and energetics. kr International Conference on Mesos'
cale Meteorology andTAMEX: preprints. Taipei, Taiwan. p.
307-310.: Meteorological Society of the Republic of China;
American Meteorological Society.

Orlanski, I. and Katzfey, J.J. (1991). Development of a cyclone
wave in the South Pacific. In International Conference on
Mesoscale Meteorology andTAMEX: prepints. Taipei, Tai-
wan.p. 146-149.: Meteorological Society of the Republic of
China; American Meteorological Society.

Orlanski, I. and Katzfey, J.J. (1991). The life cycle of a cyclone
wave in the southem hemisphere. Part L eddy energy budgel
J ournal of the Atmospheric Sciences, 48(17), 1972-1998.

Orlanski, I., Katzfey, J.J., Menendez, C. and Marino, M. (1991).
Simulation of an extatropical cyclone in the southem hemi-
sphere: model sensitivity. Journal of the Atmospheric
S c ienc e s, 48QD, 2293-2311 .

Katzfey, JJ. O9n). Simulation of an Austalian east-coast low:
sensitivity to the physical parameterizations. In D.C. Lowe
and K.R. Lassey (editors.), DSIRICSIRO Chief Executives
Symposium on Atmospheric Res earch : abs tacts. Queenstown,
New Zealand. p.70-:73. power Hutt, New Zealandl: DSIR
Physical Sciences; CSIRO Division of Atmospheric Research.

Kowalcryk, E.A., Garratt, J.R. and Krummel, P.B.(1992). A
soil-canopy schemefor use in a nwnerical model ofthe annos-
phere- ID stand-alone t ndel. (CSIRO Division of
Atmospheric Research technical paper no.23). Melboume:
CSIRO.

McFadden, P.L., Merrill, R., McElhinny, M. and Lee' S. (1991).
Reversals of the Earth's magnetic field and temporal vari-
ations of the dynamo farilies.Journal of Geophysical
Re search, 96(B3), 3923-3933.

Lee, S. and Jensen, J.B. O9n). A simple model of airflow and
cloud conditions over Baw Baw Plateau. Australian Meteoro-
I o g ic a I M a g azine, 40(l), ll-19.

Campistron, B., Long A.B. and Huggins, JI. (191). Amethod
for retrieving turbulence pmameters from volume processing
of single-doppler measurements. fournal of Atmospheric and
O ceanic Technolo gy,8(4), 491-505.

Long, A.B. and Huggins, A.W. (1992). Australian Winter Storms
Experiment (AWSE). I: Supercooled Iiquid water and precipi-
tation-enhancement opportuniles. Jounul of Applied
M eteorology, 31(9), 109G1 105.

Manins, P.C. and Bouma, WJ. (191). Burning oil frelds in the
Middle East. C lean Air, 25(2), 47 48.

Manins, P.C. (1992). Vertical fluxes in katabatic flows. Boundary-
I ay er M e te oro lo gy, 60(l-2), 169-17 8.

Manins, P.C. and Sabater, M. (1992). Modelling air quality in
mero Manila, Philippines. C lean Air, 2l;(2), 69-7 8.

Manins, P.C. and Sabater, M. G9n). Practical considerations in
modelling air quality in Meto Manila, Philippines. In P. Best,
N. Bofurger and D. Cliff (editors.), Proceedings of the Elev-
enth Internationnl Clean Air Conference [4th Regional
IUAPPA Conferencel . Brisbane. p. 348-356. Caloundra, Qld.:
Clean Air Society of Austalia and New Zealand.

Manins, P.C., Carras, JN. and Williams, D.L. (1992). Plume rise
from multiple stacks. Clean Air,26Q),6548.

Manins, P.C" Galbally, I.E, Bentley, S.T., Hurley' PJ. and
Physick, W.L. (1992). Air quality modelling for a gas turbine
power stafion: the Pinjar experience. In P. Best, N. Bofinger
and D. Cliff (edrtors.),Proceedings of the Eleventh Interna-
tiorwl Clean Air Confererrce [4th Regiorwl IUAPPA
Conferencel. Brisbane. p. 510-519. Caloundra, Qld.: Clean
Air Society of Austalia and New Zealand.

McGregor, J.L. and Walsh, K.J. (1991). Summertime climate
simulations for the Australian region using a nested model. In
Fifth Corference on Climate Variations: preprints. Denver,
Colo. p. 515-518. Boston, Mass.: American Meteorological
Society.

Mdnnes, K.L. and McBride, J. (191). Numerical simulations of
the interaction beNveen a cold front and coastal topography. In
Ninth C onference on Numerical Weather Prediction: pre-
prints.Denver,Colo. p. 678-681. Boston, Mass.: American
Meteorological Society.

Mclnnes, K.L. and McBride, J. (191). On the forcing mecha-
nisms of the Southerly Buster. In F,7?ft conference on
meteorology and oceanography of the coastal zone. Mami,
Florida. p. 21-25. Boston, Mass.: American Meteorological
Society.

Mclnnes, K.L. and Hess, G.D. (1992). Modifications to the Aus-
tralian region limited area model and their impact on an east
coast low evenL Australian Meteorological Magazine, 40(1),
2t:3I.

Meyer, CJ., Elsworth, CM. and Galbally' LE. (1990). Ultravio-
let absorption monitors for ozone in ambient ut.ln Baseline
Atnwspheric Pro grarn (Australia)(L988). p. 28-37. [Canbena,
A.C.T.]: Deparftnent of Science, Bureau of Meteorology in co-
operation with CSIRO Division of Atnospheric Research.

Meyer, C.P., Elsworth, CM. and Galball5 I.E. (191). Water-va-
por interference in the measurement of ozone in ambient air
by ultraviolet-absorption. Review of Scientific Instruments,
62(r),223-228.

Mitchell, CJ). (1991). What tuture our global carbon sinks? In
Victoria's flora and fauna : can it survive the gre enhous e ef-
fect? proceedings of the conference. Universiry of Melboume.
p.49-53. East Melboume: Victorian National Parks Associa-
tion.

Mitchell, CD. and Pearman, G.I. (editors). (1991). CSIRO Cli-
mate Change Research Program projects(199l-1992).
Mordialtoc, Vic.: CSIRO Division of Arnospheric Research.

Mitchell, RJVI. (1990). Correction of vegetation indicies derived
from NOAA/AVHRR for their dependence on the angles of il-
lumination and view. In Proceedings of the Third Australian

50



Research Report 1 990-1 992

FireWeather Conference. Hoban. p. 105-110.: Bureau of Me-
teorology.

Mitchell, R.M. and O'Brien, DJVI. (1990). The impact of multi-
ple scattering on AVHRR measurements in the shortwave
channels. ln Proceedings: the Fifth Australasian Remote Sens-
ing C onference. Perth, W.A. p. 231241.

Mitchell, RM. and O'Brien, D.M. (1991). Calibration of the
NOAA AVHRR shornvave channels using split pass imagery.
In Proceedings: 5th AVHRR Data Users' Meeang. Tromso,
Norway. (EM P 09). p.59-44. Darmstadt-Eberstadt: EUMET-
SAT.

Mitchell, RM. and O'Brien, D.M. (1992). Calibration of the
NOAA AVHRR shortwave channels using split pass imagery:
I. Pilot study. Remote Sensing of the Environrnent,40(l),57-
65.

Mitsudera, H. and Grimshaq R. (1991). Generation of mesoscale
variability by resonant interaction between a bmoclinic crrrent
and localZed topography. Iournal of Physical Ocearngraphy,
2l(6),737-:765.

Moore, AJVI. (1991). Data assimilation in a quasi-geosnophic
open-ocean model in the Gulf Streamregion using the adjoint
method. Journal of Physical O ceanography, 2l(3), 398427.

Moore, AM. (1991). Lhear equatorial wave mode initialization
in amodel of the tropical Pacific Ocean: an initialization
scheme for tropical ocean models. Journal of Physical Ocean-
ography,2f,Q),423445.

Farrell, B.F. and Moore, A.M. (1992). An adjoint method for ob-
taining the most rapidly growing perturbation to oceanic
flow s. J o ur na I of P hy s ic al O c e ano g ra p hy, 22(4), 338-3 49.

Middleton, J.H., Moore, A.M. and Denniss, T. (1992). Recirculat-
ing oceanic flows around headlarfis. Bulletin of the Australian
Meteorological and. Oceanographic Society, 5(3), 49.

OtBrien, D.M. (1990). Measurement of atnospheric pressure
from space. In Conference proceedings I Fffi National Space
Engineering Symposiwn. Canberra. p. 102-106. Barton,
A.C.T.: Institution of Engineers, Australia.

O'Brien, D.M. and Davis, T.J. (1990). Joint distribution of size
and inftared optical thickness in cumulus cloldfrelds.Journal
of Geophy sical Re search, 95(D 12), 2A441-2M50.

O'Brien, D.M. andPrata, AJ. (1990). Navigation of ERS-1
Along-Track Scarming Radiometer (AISR) images. ESAJour-
ru1,L4,47 165.

O'Brien, DM. (1992). Accelerated quasi Monte Carlo integration
of the radiative ftansfer equation. Journal of Quantitative Spec-
troscopy and Radiative Transfer, 48(1), 41-59.

OtFarrell, S.P., Squire, V.A., Moore, S.C. and Owen, T.R.E.
(1991). A portable CTD system for use in polar environments.
CoM Regions Science andTechnology,20, l-9.

Pearman, G.I. (1990). Energy and the greenhouse effect: sening
the scene. In D.J. Swaine (editor.), Greenhouse and energy. p.
3-10. East Melbourne: CSIRO Austalia.

Pearman, G.I. (1990). Recent developments in carbon cycle mod-
e/dtng. C limate Change News letter, 2(l), l-2.

Pearman, G.I. (1990). The greenhouse effect: global and Austra-
lian perspectives. In H. Brookfield and L. Doube (editors.),
Global change: the human dimension: report on a symposiwn
at the 59th ANZAAS Congress. Hobart. p.19-34. Canberra:
Academy of the Social Sciences in Austalia.

Pearman, G.I. (1990). The greenhouse effect: global and Austra-
lian perspective. In B.N. Noller and M.S. Chadha (editors.),
Chemistry and the envirorunent: proceedings of regional sym-
posiwn. Brisbane. p. 7340. London: Commonwealth Science
Council.

Pearman, G.I. and Faragher, S.G. (editors). (190). CSIRO Cli-
mate Change Research Prograrn: DASETT-funded research:
progress report 1989-1990. Mordialloc, Vic.: Greenhouse Ac-
tion Ausftalia.

Pearman, G.I. (1991). Changes in arnospheric chemistry and the
greenhouse effect: a southern hemisphere perspective. C/l-
mati c C ha n ge, l8Q-3), 13 l-146.

Pearman, G.I. (1991). Climate change: a factor in building de-
sign.h Buildings for the 2Ist century: second CIBSE
Australian C onference : conference papers. Sydney. p. 2l.l-
2 1. 1 3. Sylvania, N.S.W. : Chartered Institution of Building
Services Engineers.

Pearman, G.I. (1991). The greenhouse effect: recent develop-
ments. In Outlook 9I: Natiotwl Agricultural and Resources
O utlook Conference. Canberra A.C.T. [Canberra] : [Australian
Bureau of Agriculnrral Resources and Economics].

Pearman, G.I. (1991). Greenhouse gases: their role in climate
change. b ASCA Worl<s hop on Greenhowe and. C limate
Change : an Asian perspecrtve. Melbowne. p. 2.1,-2.11. Mel-
boume: TheWorkshop.

Pearman, G.I. (1991). The science of the greenhouse effect and
where does that lead us? ln CFC issue and greenhouse effect:
conference proceedings : Asia-Pacific conference. Singapore.
p. 159-171. Singapore: Singapore Association of ASHRAE
Members.

Pearman, G.I. (1991). The science of greenhouse - global warm-
ing will occur. In P. Noyce (editor.), Greenhouse Action
report: beyond rhetoric to action on globalwarrning. p.9-lI.
Melboume: Greenhouse Action Australia-

Pearman, G.I. (1991). Biogeochemical processes and dynamics:
an extended abstracl In R.W. Corell and P.A. Anderson (edi-
tor s.), G lo b a I e nv iro wnenta I change. p. 1 09-1 1 9. Berlin :
Springer-Verlag.

Pearman, G.I. (1991). The changing chemical composition of the
atrnosphere. In L.E. Cram and D.D. Millar (editors.), Living
with the envir onrne nt. p. 159-17 1 . Sydney : Pergamon.

Pearman, G.I. (1991). Understanding and predicting the behav-
iour of global climate. In L.E. Cram and D.D. Mllar (editor.),
Living with thc envirorunent. p. L72-185. Sydney: Pergamon.

Pearman, G.I. and Mitchell, C.D. (editors). (1991). CSIRO Cli-
mate Change Research Prograrn annunl report(19%)-L991).
Mordialloc, Vic.: CSIRO Division of Atnospheric Research.

Weiss, W., Sartorius, H., Levin, I. and Pearman, G.I. (1991). At-
mospheric 85Kr at Cape Grim,1987-1989.In S.R. Wilson and
J.L. Gras (editors.), Baseline Atnospheric Program (Austra-
lio)(1989). p. 54. [Canbena, A.C.T.]: Department of the Aru,
Sport, the Environment, Tourism and Territories, Bureau of
Meteorology in cooperation with CSIRO Division of Aunos-
pheric Research.

Pearman, G.I. (1992). Global climate change and the energy com-
munity. In G.I. Pearman (editor.), Limiting the greenhouse
ffict: controlling carbon dioxide emissions: report of the Da-
hlem Workshop on Limiting the Greenhouse Effect: oprtons for
controlling atrnospheric carbon diortde accumulation. Beilin.
(Datrlemworkshop reports. Physical, chemical, and earth sci-
ences research reports l0). p. 1-12. Chichester: Wiley.

Pearman, G.I. (editor). (1992). Limiting tlrc greenhouse effect:
controlling carbon dioxide emissions: report of the Dahlem
Workshop on Limiting the Greenhouse Effect: options for con-
tro lling atmospheric carbon diortde accumulation. Berlin.
@ahtem workshop reports. Physical, chemical, and earth sci-
ences research reports 10). Chichester: Wiley.

Pearman, G.I. (1992). Science update: developments in climate
change research . In Ozone protection for the 90s: a South East
Asian and South Pacific workshop. Canberra, A.C.T.
fParkville, Vic.] : AIRAH.

Boyle, S.T., Fulkerson, W., Klingholz, R., Minzer, I.M., Pear-
man, G.I., Pinchera, G., Reilly, J., Swart, RJ. and Winter, CJ.
(1992). Group report: What are the economic costs, benefits,
and technical feasibility ofvarious options available to reduce
greenhouse potential per unit of energy service? In G.I. Pear-
man (editor.), Limiting the greenhouse effect: controlling
carbon dioxide emissions: report of the DahlemWorlcshop on



Limiting the Greenhause Effect: optionsfor controlling annos-
pheric carbon dioxide accumulation. Berlin. @ahlem
workshop reports. Physical, chemical, and earth sciences re-
search reports l0). p. 229- :260. Chichester: Wiley.

Physick, W.L. (191). Regional and urban climate. Bulletin of the
Australian Meteorolo gical and Oceano graphic Society, 4(4),
62-67.

Physick, W.L. and Abbs, DJ. (1991). Modelling of summeilime
flow and dispersion in tJre coastal terrain of southeastem Aus-
n aliu M ont hly We at he r Revi ew, ff 9(4), I 0 l,t-l 030.

Physick, W.L. and Abbs, DJ . (1992). FIow and plume dispersion
in a coastal valley. Jourral of Applied Meteorology,3l(l), 64-
73 .

Physick, W.L, Noonan, J.Ao Manins, P.C, Hurley, PJ. and
Malfroy, H. (IgyZ). Air quality modelling in a region of
coastal terrain. h P. Best, N. Bofinger and D. Cliff(editors.),
Proceedings of the Eleventh Interrwtional Clean Air Confer-
e nc e [4 th Re giona I I A AP PA C o nfe re nc e ] . Brisbane. p.
375-382. Caloundra Qld.: Clean Air Society of Australia and
New Zealand.

Pittock, A.B. (1990). On the relevance of climatic cycles and
timescales of variation to the enhanced greenhouse effect. In
D.E. Parker (editor.),Observed climate variations and
change: contributions in support of section 7 of the 1990
I P C C s c ientifi c a s s es s me nt. p. xix. l-xix. 1 3. : Intergovernmen-
tal Panel on Climate Change.

Pittock, A.B. (1990). [Climate change confusion]: response. C/i-
mate C hange Na,vs lefter, 2(3), 6.

Pittock, A.B. (1990). Greenhouse climate change and the quater-
nary. In G.J. Brierley and J. Chappell (editors.), Applied
qwternary studi.es: papers presented to aworkshop. Austra-
lian National University. p. 1l-15. Canberra.

Pittock, A.B. and Allan, RJ. (editors). (lDD).The greenhouse ef-

fect: regional implications for Western Australia: lst interim
report, 1989-1990.

Pittock, A.B. and Evans, J.L. (editors). (1990). Regional impact
of the enhanced greenhouse effect on the NorthernTerritory,
annual report, 1 9 89-90, re search undertaken for the N orthern
Territory Government. Palmerston, N. T.: Environment Protec-
tion Unit, Conservation Commission of the Northem Territory.

Pittock, A.B. and Whetton, P.H. (editors). (1990). Regional im-
pact ofthe enhanced greenhouse effect onVictoia, annual
report, 1990, research undertakenfor the Envirorunental Pro-
tection Authority. Melbourne: Greenhouse Unit, Office of the
Environment.

Pittock, A.B. and Whetton, P.H. (editors). (1990). Regional im-
pact of the enhanced greenhouse effect on Nan South Wales,
annual report, 1989-90, research undertakenfor the State Pol-
lution Control Commission. Bankstown, N.S.W.: State
Pollution Connol Commission.

Pittock, A.B. (1991). Developing regional climate change scenar-
ios. In J.E. Hay (editor.), South Pacirtc envirownents:
interactions with weather and climate. University of Auck-
land. (Environmental Science occasional publication 6). p.
116-118. Auckland, New Zealand:. Environmental Science
University of Auckland.

Pittock, A.B. (1991). Global climate change and the development
of regional climate change scenarios. ln ASCA Worl<shop on
Greenhouse and Climate Clnnge: an Asian perspective.Mel-
boume. p.4.14.L4. Melboume: The Workshop.

Pittock, A.B. (1991). The enhanced greenhouse effect and its agri-
cultural impact. In S. Geng and C.W. Cady (editors.),
Proceedings: climntic variation and change: implications for
agriculture in the Pacific im: conferences. University of Cali-
fornia- Davis; University of Melboume. p. 9-17. Davis,
Calif.: Public Service Research and Dissemination Program,
University of Califomia - Davis.

Pittock, A.B. (1991). The global atmosphere: pollution and poten-
tial disaster. In R. Haynes (editor.), High tech, high cost:

technology, society aruI the environment p. 146-163. Mel-
boume: Pan Macmillan.

Pittock, A.B. and Hennessy, KJ. (1D1). Enhanced greenhouse
climate scenarios. Climate Change Newsletter,3(2),4 5.

Pittock, A.B. and Hennessy, KJ. (191). Enhanced greenhouse
climate scenarios. (ICSIRO/DAR Information paperl). Aspen-
dale, Vc.: CSIRO Division of Atmospheric Research.

Pittock, A.B. and Salinger, M.J. (1991). Southem hemisphere cli-
mate scenarios. C limatic Change, l8Q-3), 205-222.

Pittock, A-8, Hennessy, KJ. and Bouma, W.J. (1991). Scenar-
ios of climate change. (CSIRO/DAR Information paper 9l/4).
Aspendale, Vic.: CSIRO Division of Aunospheric Research.

Pittock, A.B, Fowler, A.M. and Whetton, P.H. (1991). Probable
changes in rainfall regimes due to the enhanced greenhouse ef-
f*t.ln Preprins of papers: International Hydrology and
Water Resources Symposium I 99 I : challenge s for sustainable
development. Vol. I Perth. (National conference publication
9122). p. 182-186.: Institution of Engineers, Ausralia.

Salinger, MJ. and Pittock, A-8. (1991). Climate scenarios for
2010 and 2050 AD Ausnalia and New Zealand. Climatic
C han g e, 18(2-3), 259-269.

Pittock, A.B. (1992). Recent developments on the enhanced green-
house effect. C limnt e C han ge N ew s le tte r, 4(l), 7 -9.

Platt, C.M.R. (1991). General physics of radiation in remote sens-
ing. In D. De Vries (editor.), Proceedings of the fifth
UNIFAOIWMOIESA training course on the use of rentote sens-
ing in hydrolo gical and agrometeorological applications.
Canberra. (COSSApublication 026). p. F9. [Canberra]:
CSIRO Office of Space Science and Applications.

Platt, C.lVl.R. (1991). Remote sensing in weather and climate. In
G. Harris (editor.), Remote sensingfor global change: report
of Ausrralian IGBP Worl<shop No.8, 5-7 June 1990. p. I0-II.
Canberra: CSIRO Office of Space Science and Applications.

Platt, C.M.R. (1991). Cloud and radiation effects. Bulletin of the
Australian Meteorolo gical and O ceano graphic Society, 4(2),
29-30.

Platt, C.MR. and Young, S.A. (1991). Multiple scattering in the
overlap region of a lidar system: calculations and observations
in stratus fog. kr P. Bruscaglioni (editor.), MUSCLE 4: pro-
ceedings of: 4th InternationalWorl<shnp on Multiple
Scattering Lidar Expeiments. Universiry of Florence. p. 1-8.
Florence: University of Florence, Departnent of Physics.

Gardner, W.K., McDonald, G.K., Ellis, S.E., Platt, C.M.R. and
Flood, R.G. (1991). Areview of factors affecting minimum
temperature reached on clear, windless nt$'rla. Australian Jour-
nal of Agricultural Research,42, l9I-203.

Platt, C.M.R., Mleczko, R.R., Cechet, RJ., Cawood, R.J.,
Flood, R.G., Gardner, W.G., Incerti, M. and Prata, A.J.
(1991). Frost in the Victorian wheat/sheep belt. Part I: Surface
temperature measurement from satellite AVHRR thermal chan-
nels and determination of frost-risk. In Conference on
Agricultural Meteoro lo gy : extended abstracls. Melboume. p.
113-116. Melboume: Bureau of Meteorology.

Post, D., Bridgman, H. and Ayers, G.P. (1991). Fog and rainwater
composition in rural SE Ausftalia- "Iournal of Annospheric
Chemistry, 13(1), 83-95.

Prata, AJ. (1990). Satellite-derived evaporation from Lake Eyre,
South Australi a- I nter nat iona I I o ur nal of R e mot e S e ns in g,
11(11), 1051J068.

Prata, AJ. (1990). Travelling waves in Nimbus-7 SBUV ozone
measurements: observations and theory. Qtnrterly Journal of
the Royal Meteorological Society, 116(495), I09I-II22.

Prata, AJ. and Barton, IJ. (1990). Retrieval of temperamre and
humidity inversions using TOVS, AVHRR and ATSR radi-
ances: final report to the Defence Sciences and. Technology
Organisation, Salisbury, Australin. Aspendale, Vc.: CSIRO
Division of Atrnospheric Research.

Prata, AJ. and Kingwell, J. (1990). Remote sensing of volcanic
ash clouds: imptcations for aviation safety in the Austalian re-

Division of Atmospheric Research

52



Research Report 1 990-1 992

gion. In Proceedings: the Fifth AustalasianRemote Sensing
C onfe renc e. Perth, W.A. p. 1204-1215. [Perth, W.A.] : [The
Conferencel.

Prata, A.J., O'Brien, D.M. and Platt, C.M.R. (1990). Algo
rithms for deriving land surface temperature from satellite
measurements. la P roceedings : the Fifth Australasinn Remote
Sensing Corderence. Perth, W.A. p.256-266. lPenh, W.A.]:
[The Conference].

Prat4 AJ. (1991). Infrared and microwave sensors: resolution,
distortion and data processing. In D. De Vries (editor.), Pro-
ceedings of thertfth UN|FAOMMOIESA training course on
the use ofremote sensing in hydrological and agrome-
teoro lo gical app licatio ns. Canberra- (COSSA publication
O26).p.88-93. [Canbena]: CSIRO Office of Space Science
and Applications.

Prata, AJ. and Barton, IJ. (1991). Hazard fromvolcanic ash.
Nature,354(6348),25.

Prata, AJ. and Platt, C.M.R. (1D1). Land surface temperature
measurements from the AVHRR.In Proceedings: 5th AVHRR
Data Users' Meeting.Tromso, Norway. (EM P 09). p.433-
438. Darmstadt-Eberstadt: EUMETSAT.

Budd, W.F. and Rayner, P. (1990). Global modelling of climate
and ice sheets. In G.A. Latham and J.A. Taylor (editors.),
IGBP Worl<shop on Mathematical and Statistical Modelling of
Global Change Processes. Canberra. (hoceedings of the Cen-
tre for Mathematical Analysis 25).p.?5147. Canberra:
Cenfre for Mathematical Analysis, Australian National Univer-
sity.

Nicholls, N. and Rayner, P. (1990). Indian Ocean surface tempera-
tures and Austalian winter rainfall. tn J.D. Jasper (editor.),
The role of sea surface temperature in numerical modelling of
the atrnosphere: papers presented at the First BMRC Model-
lingWorkshop. Melboume. (BI\RC research report 21). p.
88-92. Melbourne: Bureau of Meteorology Research Cenre.

Reason, CJ. and Jury, M.R. (1990). On the generation and propa-
gation of the southem African coastal low. Qunnerly journal
of the Royal Meteorological Society, 116(495), 1133-1 151.

Reason, CJ. and Steyn, D.G. (1990). Coastally trapped distur-
bances in the lower atrnosphere: dynamic commonalities and
geographic divercity. Progress in Physical Geography, L4(2),
178-198.

Rotstayn, L.D. and Dix, MR. (1992>. Parallelization of a spectral
general circulation model. Sapercomputer, 9(l), 33-42.

Ryan, BJ., Tripoli, GJ. and Cotton, W.R. (1990). Convection in
high stratiform cloud bands: some numerical experiments.
Quarterly Journal of the Royal Meteorological Society,
116(494),943-9&.

May, P.T., Wilson, K.J. and Ryan, BJ. (1990). VHF radar studies
of cold fronts traversing southem Ausfraha. Contributions to
Atmospheric Physics, 63(3/4494), 257 -269.

Ryan, B.F. (1992). The problems of modelling exteme precipita-
tion associated with tropical storms. In D.C. Lowe and K.R.
Lassey (editors .), DSIRI C SIRO C hief Exec utives Symposium
on Atmospheric Research: abstracts. Queenstown, New Zea-
land. p. 74-80. [Lower Hutt, New Zealand]: DSIR Physical
Sciences; CSIRO Division of Atrnospheric Research.

Ryan, BJ. (1992). A wide band in a developing tropical cyclone.
M onth ly Weather Review, 120(3), 431-447 .

Ryan, B.F. and Tircker, G.B. (1992). A srarcgy for using numeri-
cal models to determine probable maximum precipitation over
catchment size regions. In D.C. Lowe and K.R. Lassey (edi-
tors.), DS/R/CS1RO Chief Executives' Symposium on
Atrnospheic Research: abstracts. Queenstown, New Zealand.
p. 12-1 8. fl-ower Hutt New Znaland]: DSIR Physical Sci-
ences; CSIRO Division of Atmospheric Research.

Ryan, 8.F., Jones, D.A. and Gordon, H.B. (192). Theportrayal
of the Australian monsoon equatorial monsoon shear line by
GCMs: enhanced greenhouse scenario implications. C limate
Dy nami cs, 7 (4), l7 3-180.

Sawford, B.L. (1991). Reynolds nunber effects in Lagrangian sto-
chastic models of turbulent dispersion. Physics of Fluids A,
3(6), 1577-1586.

Sawford, B.L. and Guest, F.M. (1991). Lagrangian statistical
simulation of the turbulent motion heavy particles. Boundary-
layer Meteorolo ey, 54(l--2), 147 -166.

Ruddell, A.R., Budd, WF., Smith, I.N., Keage, P.L. and Jones, R.
(1990). The south east Ausaalia alpine climate study: a report
by fhe Meteorology Departnent, University of Melbourne for
the Alpine Resorts Commission. [Parkville, Vic.]: Meteorol-
ogy Departrnent, University of Melboume.

Ross, D.G. and Smith, I.N. (1991). lDiscussion] Adjusrnent of
wind fields for application in air pollution modeltng. Annos-
pheric Enviro nment, 25 A(IO), 2425-2426.

Smith, I.N. and Gordon, H.B. (1992). Simulations of precipita-
tion and atmospheric circulation changes associated with
wann SSTs: results from an ensemble of long term integra-
tions with idealized anomalies. Climate Dynamics,T(3),
r4t-153.

Steele, L.P., Tans, P.P., Lang, P.M., Martin, R.C. and Masarie,
K.A. (1990). Arnospheric methane concenaations / National
Oceanic and Atmospheric Administation, Climate Diagnos-
tics Laboratory Flask Sampling Program. In T.A. Boden, P.
Kanciruk and M.P. Fanell, Trends'90: a compendium of dan
on global change. p. 148-189. Oak Ridge, Tenn.: Carbon Di-
oxide lnformation Analysis Center.

Lang, P.M., Steele, L.P. and Martin, R.C. (1990). Atnwspheric
methane datafor the peiod 1986-1988 from the
N O AAI C M D L g I oba I c o op erativ e flas k s atnp ling ne tw o r k,
QTIOAA technical memorandum ERL-CMDL 2). Boulder,
Colo.: U.S. Climate Monitoring and Diagnostics Laboratory.

Lang, P.M., Steele, L.P., Martin, R.C. and Masarie, K.A. (1990).
Atmospheric methane datafor the period 1983-1985 from the
NOAAIGMCC global cooperative flask sampling network.
(NOAA technical memorandum ERL-CMDL 1). Boulder,
Colo.: U.S. Climate Monitoring and Diagnostics Laboratory.

Conway, T.J., Steele, LJ., Lang, P.M. and Waterman, L.S. (190).
NOAA/GMCC carbon dioxide and methane measurements at
Cape Grim. In Baselirc Atrrcspheric Program (Austra-
lin)(1988). p. 6345. [Canberra, A.C.T.]: Departnent of
Science, Bureau of Meteorology in cooperation with CSIRO
Division of Annospheric Research.

Steele, L.P. and Lang, P.M. (1991). Annspheric methane concen-
trations: the NOAAICMDL global cooperative flask sampling
ne tw ork, I 9 83 -I 98 8. (ORL/CDIAC42; NDP{38). (Oak
Ridge National Laboratory. Environmental Sciences Division.
Publication 3&2). Oak Ridge, Tenn.: OakRidge National
Laboratory.

Steele, L.P., Dlugokencky, E., Lang, P.M., Martin, R.C. and
Masarie, K.A. (1991). Atnospheric CIIa- modern record
/I{OAA, CMDL, Flask Sampling Program. In T.A. Boden,
R.J. Sepanski and F.W. Stoss, Trends '91: a compendium of
data on global change. p.232-331. Oak Ridge, Tenn.: Carbon
Dioxide Information Analysis Center. [25 papers in total].

Masarie, K.A., Steele, L.P. and Lang, P.M. (1991). A rule-based
expert systemfor evaluating the qualiry of longlerm, in situ,
gas chromotographic measurements of amnspheric methane.
(NOAA technical memorandum ERL-CMDL 3). Boulder,
Colo.: U.S. Climate Monitoring and Diagrostics Laboratory.

Whittlestone, S., Steele, L.P. and Ryan, S. (191). Radon as a
baseline selection criterion at Mauno Loa Observatory. In E.E.
Ferguson and R.M. Rosson (editors.), Climate Monitoring and
Diagnostics Laboratory no.l9 swtmary report 1990. p.120-
123. Boulder. Colo.: Environmental Research Laboratories.

Novelli, P.C., Elkins, J.W. and Steele, L.P. (1991). The develop-
ment and evaluation of a gravimetric reference scale for
measurements of atmospheric carbon monoxide. Journal of
Geophy sical Res earch, 96(D7), 1 3 109-13 12 1.



Division of Atmospheric Research

Conway, T.J., I-ang, P.M., Steele, L.P. and Waterman, L.S. (1991)'
Measurements of CII+ and COz at Cape Grim by
NOAA/CMDL. kt S.R. Wilson and J.L. Gras (editors.), Base-
line Annspheic Program (Australia)(1989). p. 68-69.

lCanbena, A.C.T.]: DeparEnent of the Arts, Sport' the Environ-
ment, Tourism and Territories, Bureau of Meteorology in
cooperation with CSIRO Division of Arnospheric Research'

Fung, I., John, J., Lemer, J., Matthews' E., Prather, M., Steele'
L.P. and Fraser, PJ. (1991). Three-dimensional model synthe-
sis of the global methane cycle.'fournal of Geophysical
Research, 96@7), 13033-1 3065.

Quay, P.D., King, S.L., Stutsman, J., Wilbur, D'O., Steele, L.P.'
Fung, I., Gammon, R.H., Brown, T.A., Farwell' G.W.'
Grootes. P.M. and Schmidt, F.H. (1991). Carbon isotopic com-
position of atnosPheric CH+: fossil and biomass burning
iource strengths. Globat Biogeochemical Cycles, 5(l), 25-47'

Harris, J.M., Tans, P.P., Dlugokencky, E.J., Masarie' K.A.' Lang'
P.M., Whiulestone, S' and Steele, L.P. (1992). Variations in at-
mospheric methane at Mauna Loa Observatory related to
long-r-*" o-sport Journal of Geophysical Research,
97(Ds), 6003-6010.

Steele, LJ., Dlugokencky, E.J., Lang, P.M., Tans, P.P., Martin'
R.C. and Masarie, K.A' (1992)' Slowing down of the global
accumulation of atrnospheric methane during the 1980s. Na-
t ure, 358(6384), 3 1 3-3 1 6.

Suppiah, R. (1991). lntaseasonal variations of Ausfralian sum--*et 
-onsoon rainfall during ENSO and anti-ENSO episodes'

ln Conference on Agricultural Meteorology: extended ab-
stracts.Melbourne. p. 28-31. Melboume: Bureau of

berra: Ausffalian Mining Industry Council.
Tlrcker, G.B. (1990). Greenhouse: fact or fiction? In Conference

proiceedings : Environment 90 - Darwin, N.T. p. 2-l-2.19' Du-
win, N.T.: Conservation Commission of the Northern Tenitory'

and K. Zirm (elitots.), Hazardous waste management , con-
taminated sites and industrial isk assessment: proceedings,
Envirotech Venna.Vienna. p. 7 54-1 65. Vienna: Intemational
Society for Environmental Protection.

Tircker, C.n. (tSSt). Conhdence in modelling tuture climate: a
southem hemisphere perspecnve. Climatic Change, 18(2-3)'
195-2M.

Thcker, G.B. (1991). Some things on my mind: IAMAP Presiden-
tial Address, IUGG Assembly, Vienna, Au gust 199 l. I'U'G'G'
C hro nic le, QU), 20U213.

Tirclcer, G.B. and Gordon, H.B. (1991). The global climate
change system. In ASCA Workshop on Greenhouse and Cli-
mate Change: an Asian perspective.Melbotme. p' 3'1-3'14'
Melboume: The WorkshoP.

Ttrcker, G.B. (1992). On greens and gteenhouse. Qtndrant,
No.288; 36Q-a),82-87.

Thcker, G.B. (1992). Horses for courses in the science policy race

lGuest editoriall. Clean Air, 26(l)' 2-3.
Thcler, G.B. and Bouma, WJ. (1992). Science and technical is-

sues related to practical aspects of implementing a
comprehensive sEategy for reducing greenhouse gas emis-

sions. [Aspendale, Vic.]: CSIRO Division of Atnospheric Re-
search.

Thrner, PJ. and Elsum, C.C. (1990). Improving cloud detection
schemes for AVHRR data.ln Proceedings: the Fif'th Aus-
tralasian Remote Sensing Conference. Perth' W'A' p'
293-299. lPerth, W.A.]: [The Conference].

Walsh, KJ. and Pittock' A.B. (1992). Modelling the effects of
the Mt. Pinatubo eruption on sea surface temPerafures in the
Soutlrem Hemispbere. Bulletin of the Austalian Meteorologi-
cal and O ceano graphic Society, 5Q), 3l--35.

Wang, Y.P. and Jarvis, P.G. (1990). Description and validation of
att urray model: MAES'IIIO. Agicultural and Forest Meteor'
o lo sy, 5L(34), 257 -280.

Wang, *P. and Jarvis, P.G. (1990). Effect of incident beam and
difhrse radiation on PAR absorption, photosynthesis and tan-

Tre e P hy sio lo gy, 7, 297 -316.
Wang, Y.P., Jarvis, P.G. and Benson, MJ-. (1990). Tlvodimen-

sional nee.dle-area density disaibution with the crowns of
Pinus radiata. Forest EcoIoSy and Management,3z,217-237 '

Wang, Y.P. and Hennessy, K.J. (1991). hedicted greenhouse ef-
fJit on wheat quality and produc non. Australian Grain' L(4) ,
26-n.

Wang, Y.P., Handoko, H. and Rimmington, G.M. (1991)' Wheat
ciop sensitivity to changes in air temperature' rainfall and am-
bient carbon dioxide concentrations - a simulation study' tn
C onference on Agicultural Meteorology : extended abstracts'
Melboume. p. 176-179. Melboume: Bureau of Meteorology'

Wang, Y.P., Jarvis, P.G. and Taylor, C.M.A. (1D1). PAR absorp
tion anO its relation to above-ground dry matt€r production of

nia - Davis.

Whetton, P.H. and Pittock, A3. (1991). Austalian region inter-
comparison of thc results of some general circulation models
uted i, enlanced greenlouse experiments. (CSIRO Division
of Atmospheric Research technical paper no. 21)' Melbourne:
CSIRO.

Whetton, P.H. and Pittoek, A.B. (1991). The gteenhouse effect,
climate change and sea-level rise: tropical perspective. In M'
Ilyas (editor.), Ozone depletion: implications for the tropics' p'
2i3-29l.Penang: University of Science Malaysia and United
Nations Environment Progtamme.

Whetton, P.H. and Pittock, A.B. (1992). Toward regional climate-
change scenarios: how far can we go? In L. Rosen and R'
GhsJer (editors.), Climate chnnge and energy policy: proceed-

54



Research Report 1 99Fl 992

ings of the International Corference onGlobal Climate
Change: Its MitigationThrough Improved Production and.
Use of Energy. Los Almos, New Mexico. p. 109-121. New
York: American Institute of Phvsics.

Whetton, P.H., Fowler,,l.M., wtiictreU, C.D. andPittock, A.B.
(editors). (1992). Regional impact of the enhanced greenhouse
effect on New SouthWales, annual report, 1990-91, research
undertalcenfor the New SouthWales Governrnentfunded by
the State Pollution Control Comrmssion. Bankstown, N.S.W.:
State Pollution Control Commission.

Whetton, P.H., Fowler, A.M., Mitchell, C.D. and Pittock, A.B.
(editors). (L992). Regional impact of the enhanced greenhouse
effect onVictoria, annwl report,I99O-9I, research under-
takenfor the Victorian Government funded by the

Environment Protection Authoriry. Melbourne: Greenhouse
Unit, Office of the Environmenl

Young, S.A., Patterson, G.R. and Manson, PJ. (1991). Lidar
measurements of the evolution of the Mt Pinatubo aerosol
cloud over Melboume, Austalia (38 S). In Optical Remote
Sewing of the Atrnasphere. Addendum and Post-deadline pa-
pers. Williamsburg, Va. p. OTirE9-1-OTuE9-3. Williamsburg,
Va.: Optical Society of America.

Young. S.A., Cuuen, D.R., Lynch, M.J. and Davies, J.E. (1991).
Lidarderived backscatter and extinction of maritime aerosols.
ln Seventh symposium on meteorological observations and in-
strwnentation: special sessions on laser atmaspheric studies.
New Orleans, La-p.J2l9-J225. Boston, Mass.: American Me-
teorological Society.



Division of Atmosphertc Research

Su,.nn

Chief of Division
G.B. TucKer BSc PhD DIC FTS

Personal Assistant to the Chief
R. Baum

Assistant Chief of Division
G.I. Pearman BScPhDFAA

Executive Assistant - Science Policy
(Scientific Services Officer)
W.J. BoumaMScPhD

Business Manager
D.M. Slater

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

Senior Principal Research Scientists
P.G. Baines BABScPhD
R.J. Francey BSc PhD
P.J. Fraser BSc PhD
J.S. Frederiksen BSc PhD DSc
I.E. Galbally MSc
J.R. Ganaft BSc PhD ARCS DIC
P.C. Manins BScBEPhD
A.B. Pittock MScPhD
C.M.R. Platt usc ptro
B.L. Sawford esc phD otc

Principal Research Scientists
G.P. Ayers BSc PhD
I.J. Barton BSc PhD
I.G. Enting BScPhD
J.L. Gras BSc(Hons) PhD
A.B. Long BAMS PhD
J.L. McGregor BscPhD
D.M. O'BrienMScPhD
W.L. Physick ssc PtrP
B.F. Ryan BScPhD
L.P. Steele MScPhD

Senior Research Scientists
R. Boers MSc PhD
H.B. Gordon BSc PhD
M.F. Hibberd BSc(Hons) PhD
A.C. HirstMScPhD
J.B. Jensen MSc PhD
R.M. Mitchell BSc(IIons) PhD
A.J. Prata BSc MSc DPhiI ARCS DIC
I.N. Smith BScPhD

Research Scientists
D.J. Abbs BScPhD
R.J. Allan BScPhD
M.S. Borgas MScPhD
M.R. Dix BSc(Hons)
J.L. Evans BSc(Hons) PhD
J.J. Katzfey MSc PhD*
K.L. Mclnnes BScPhD*
H. Mitsudera BSc MSc PhD*
A.M. Moore BScDPhiL
S.P. O'Farrell vrsc ptrp
A.M. RochaBScPhD*
R. Suppiah BAQrons) MSc PhD
Y.P. Wang BSc PhD
I.G. Watterson BSc MSc PhD
P.H. Whetton BScPhD

Principal Experimental Scientists
R.C. Bell BSc(rlons) PhD**
A.C. Dilley nsc

Senior Experimental Scientists
J.W. Bennett DipElecEng
A.J. Eccleston BAppSc ARMIT
R.W. Giliett BSc MApplSc
R.H. Hill BEDipElecEng
P.J. Tirner BSc(IIons) PhD
S.A. Young BScQIons) PhD

Experimental Scientists
C.E. Allison BSc(Hons) PhD
D.J. Beardsmore ARMIT
S.T. Bentley BSc(Hons)
W'J. CaiMScPhD
R.P. Cechet BSc
L.E. Chambers BSc(Hons) MScx
A.G. Davies na
H.L. Davies BSc DipEd DipComp MEnvStud
S. Drury nSc
M. Edwards LRIC
C.C. Elsum BAppSc
D.M. Etheridge BScMSc
M.D. Fenwick BEng*
A.M. Fowler BAMA'*
H. Granek BScQIons) PhD
M.R. Haylock nsc
K.J. Hennessy BSc(Hons)
R.T. Howden BAppSc BSc(Ed) GradDipComp*
P.J. Hurley BAppSc*
E.A. Kowalczyk BSc NGngSc
P.B. Krummel BAppSc
S.H. Lee Ptro



P.J. Manson BSc(Hons) PhD*
C.P. Meyer BSc PhD
J.A. Noonan BSc(Hons) PhD
R.C. O'Brien BAppSc
G.R. Patterson BAppSc
L.D. Rotstayn BScQ{ons) DipEd
A.L. Sullivan BAppSc*
J.I. Syktus MSc PhD*
C.M. Tivendale ssc
C. Trudinger BSc(Hons)*
K.J. Walsh BA MSc
L.J. Waterman BScQIons)*
I.A. Weeks BSc(I{ons) MScPhD

Scientific Services Officers
P.N. Holper BSc(Hons) DipEd
C.D. Mitchell BSc(Hons) PhD*

Librarian
E.A. Davy BSc Diplib AALIA
R.P. Urbach BA Diplib DipComp AAI.IA 14q95*

Library Officer
G.J. Burt Assoc DipliblnfSc

Honorary Research Fellow
R.L. Hughes MEngSc PhD
E.K. Webb BA(Hons) BSc

Post Doctoral Fellow
P. Polglase BSc PhD*

Senior Technical Officers
J.M. Bathols
F.R. de Silva
C.M. Elsworth
G. Grauze
R.J. Henry
V. Jemmeson GradDipComm
S.M. Kepert
R.J. McVay
D.L. Murray
G.F. Rutter
G.O. Scott
B. Turner
D.S. Whillas ARMrr
J. Wren

* Joined the Division during the reporting period 1 July 1990 - 30 June 1992
** On secondment to the CSIRO Division of Information Technology

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

Technical Assistants
N. Derek
S.A. Higgins
R.L. Langenfelds nsc*
M.P. Lucarelli
S.P. McEwan
P.W. Selleck
C.A. Smith
E.D. Welch

Administrative Services Officers
N.G. Cumming
J.M. Dobinson
J.L. Foletti
S. Fort*
P.R. Hanis
A.J. Hopkins
W.R. Jack BBus GradDioAccFinFCPA*
P.M. Kaing
M. Kohle otpno
A.E. May
K.B. Rodrigues BSc
Y.J. Strange
M.B. Swingler
J.D. Williamson

Senior Laboratory Craftsman
A. Reynolds

Handyman
G. Broome

Apprentices
P.G. Bradley
C.R. Phelan*




