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The Chief of the
CSIRO Division of
Aunospheric Research,
Dr G. B.Tucker

Foreword

This research report is being issued at an auspicious time. The
current popular and world-wide interest in atmospheric science is
unique. A general awareness ofthe precious nature ofour
environment not only encompasses important specific topics such
as acid rain, air quality and stratospheric ozone, it is now firmly
focussed on climate - the synthesis of all atmospheric studies.

Over the last three years the Division of Atmospheric Research
has. experienced a remarkable increase in morale and in resources.
Practically all the increased funding is from extemal sources and
has been due to the enthusiastic advocacy by members of the
Division of the skills resident here and the scientific achievements
that contribute strongly to national objectives. In the past eighteen
months increased extemal funding has significantly exceeded
further cuts in Treasury funding and the growth being experienced
at the Division contrasts markedly with the overall trend within
CSIRO. A major expansion, of course, has occurred in green-
house type research. However, this has been paralleled by strong
scientific advances in drought prediction research, in aspects of
remote sensing and in the application of laboratory, field, theor-
etical and computing skills to problems of atmospheric pollution.

The Division has been strongly involved in many national and
international programs and is generally regarded as a leading
agency in climate research, in atmospheric chemistry on both
regional and global scales and in boundary layer studies. This
repoft details work in these areas and describes other research
achievements between 1985 and 1988.

Strong support for this resurgence of atmospheric science and the
role of the Division in solving problems of major national relev-
ance has been shown by many who are involved in one way or
another with our activities. These include the Director of the
Institute of Natural Resources and Environment; the Divisional
Advisory Committee; the Australia and New Zealand
Environment Council and associated State agencies; several
Government departments, particularly the Department of Arts,
Sport, the Environment, Tourism and Territories; the Commission
for the Future and the Australian Conservation Foundation. Fair
and sympathetic reporting from the media has contributed to the
new sense ofpurpose and self-esteem that has spread throughout
the Division.

It is a great pleasure to acknowledge the fine spirit and pride in
achievement shown by all staff members.

G. B. Tucker
Chief of DivisionNovember 1989



Overview

While the thrust of the Division's research effort has remained the

same, there has been a redefinition of the four major research
programs. Each program is made up of a number of research
projects and the projects listed are current forJuly 1988. The new
programs and component research projects are:

Global Atmospheric Change
Research seeks to discover why the chemistry of the atmosphere is

changing, how it will change in the future and how our climate is

influenced by these changes. The aim is to provide a predictive

capability of atmospheric and climatic change and to put this in a

specifi c Australian perspective.
. The mechanisms and causes of increases in non-reactive trace

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

. Scientific support for the Cape Grim Baseline Atmospheric
Pollution Station (CGBAPS)

. Chemical, physical and biological mechanisms regulating
reactive gases and aerosols in the global atmosphere

. Studies of the dynamics and physics of global and regional

climate change
. Studies of dynamical and physical mechanisms producing

anomalous atmospheric circulations
. Climate impact and assessment

Atmospheric Pollution and Bushfi re Meteorology

This program studies factors which influence air pollution and

bushfires. The focus is on identifying sources ofpollution and

understanding the way in which it is formed, transported and

dispersed. The aim is to assist industry and regulatory bodies

which are concemed with atmospheric pollution and the

implementation of control strategies.
. Theoretical and experimental studies of turbulent dispersion in

the atmospheric boundary laYer
. Air quality dynamics: research and applications
. Regional studies of visibility reducing aerosols and oxidant

precursors in the Latrobe Valley
. Bushfire meteorology research

Remote Sensing
A precise understanding of the way solar radiation interacts with

the atmosphere is essential to our understanding of many physical

processes which determine the nature of our weather and climate.

Remote sensing techniques are used to collect information about

the earth's atmosphere, oceans, land and ice surfaces. The aim is
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to use our improved understanding of these physical processes to
provide accurate information for the management of the natural
environment.
. Satellite data applications
. Commercialisation of CSIDA
. New instruments for meteorological satellites
. Development of new lidar technology for atmospheric research

Water Resources
The program focuses on the way in which regional and global
weather and climate processes influence the water budget. The
aim is to provide practical means of forecasting droughts and to
carry out research to improve our understanding of storms and
rain-bearing systems.
. Drought studies
. Dynamics of mesoscale convective systems
. Surface moisture impact on climate
. Winter storms and cloud seeding, quantitative precipitation

forecastins

Staffand finance
The Division of Atmospheric Research has some I l5 staff,
approximately two-thirds of whom are Research and Experimental
Scientists. Expenditure in each ofthe financial years 1985-86,
1986-87 and 1987-88 was $6.2 million. In 1985-86 the
non-appropriation funding was3.5Vo of the total expenditure, but
by 1987-88 this had risen to l l%o.The Division is steadily
increasing its level offunding from external sources and expects
these sources to providb over 3OVo of its budget within two years.



External funding
Project Lead scientist Grant
Dept of Foreign Affairs 1985-86 B. Pittock $140 000
Clinwticeffec'ts ort Austalia of a
nuclear u,ar itt the Nortlrcrn Hemisphere

Department of Science/Bureau of G. Pearman $420 000
Meteorology 1985-88
Baseline Air Pollutiort Stqtion

EPA(V) 1987-88 I. Galbally $15 000
Anilient organics

EPA(V) 1987-88 I. Galbally $5 000
N o n - nrc t h a ttic h yd roca rbort st u dy

MMBW 1987-88 A. Long $230 000
CIoud seeding cottsulting cotltt'act

MMBW 1987-88 A. Long $60 000
CSIRO F27 hire

NERDDC 1987-88 R. Francev $13 500
Meridionql carbon isotope variations

NERDDC 1985-88 G. Ayers, $81 000
Latrohe Valley Aerosol J. Gras
Visibility Srudy

SEC(V) 1986-88 B. Sawford $140 000
Researc'h Fellou,ship

Victorian Department of T. Beer $4 000
Conservation, Forests and Lands
(NBRU) 1987-88

Wheat Industry Research I. Galbally $20 000
Council 1986-88
Gas e ou s nitr o ge n e ntission fi'om
it't'igated wheat in South Ausn'alia

Revenue earned by the Division
Anemometer calibrations 1986-88 $35 000
CSIDA Images 1986-88 $50 000
Mass spectrometry analysis 1987-88 $5 m0

Workshop/Conference fundin g:
AVHRR Workshop 1986-87 COSSA $5 000
Bureau of Meteorology $10 000
CSIRO (GroundwaterResearch) $3 000
Asia Australia Association via COSSA $2 000
GAGE Meeting 1986-87 Bureau of Meteorology $3 000
Aerosol Association of Australia $l 000
Greenhouse 87 sponsorship 1987-88 $18 500



The Divisional Advisorv Committee
In a move to ensure the Division's accountability and to strengthen
the Division's suppon from outside CSIRO, Dr Tucker decided in
1983 to invite a number of prominent figures to serve on a
Divisional Advisory Committee. The Committee meets twice a
year and advises the Chief on policy and other matters. It also has
a very important role in identifying the interests of the Australian
community that may be furthered by the Division's research as
well as suggesting the best way to make this work known to
interested persons and organisations.

In July 1988 the Advisory Committee consisted of:

Mr Hal Holmes, Chairman
Chairman (retired), Monsanto Australia Limited

Mr Richard Llewelyn,
Manager, Research and Development, State Electricity
Commission of Victoria

Mr Mike Lodge,
Deputy General Manager (retired), Board Member, Woodside
Offshore Petroleum Pty Ltd

Dr Ian McPhail,
Director-General, Department of Environment and Planning,
South Australia

Mr Alan Rainbird,
Deputy Secretary, Commonwealth Department of Aviation

Dr Brian Tucker,
Chief of Division of Atmospheric Research

Mr Bob Chynoweth, Observer
M.P., Federal Member for Dunkley

Dr Willem Bouma, Secretary to the Committee
Division of Atmospheric Research

Highlights 1985 - 1988
The Atmospheric Pollution and Bushfire Meteorology Program
has shown significant progress in all areas. In particular, a new
laboratory facility (a large convection tank) is in the process of
being constructed and installed. Amongst other highlights for this
program was the successful completion of the Latrobe Valley Air
Shed Study in which CSIRO collaborated with the State
Electricity Commission of Victoria (SECV) and the Environment
Protection Authority of Victoria (EPAV). Theoretical studies on
plume dispersion in the convective boundary layer compliment the
Latrobe Valley field work. An offshoot of the Airshed Study, a
National Energy Research, Development and Demonstration



Council (NERDDC) supported project on visibility problems and
ozone precursors in the Valley, was carried out by the Division's
atmospheric chemists.

There have also been several developments relating to the Global
Atmospheric Change Program. These include significant
scientific achievements in trace gas studies such as improved
precision in COz measurement and the successful analysis of air
trapped in Antarctic ice, contributions to the understanding of the
newly discovered "ozone hole" and a burgeoning gas container
project which has commercial implications. A scenario of climate
change for Australia was developed to assist the preparation for
the Greenhouse 87 Conference which is referred to below.

An exciting project in the Remote Sensing Program was the
design and development of a prototype atmospheric pressure
scanner while collaboration with the Rutherford Appleton
Laboratory in the UK continued on the development of the Along
Track Scanning Radiometer. A novel activity for the Division has
been to provide the motivation and the business plan for a new
company to design, engineer and market satellite reception and
analysis systems. Commercialisation of products from satellite
data continues to bring revenue to the Division.

The drought component of the Water Resources Program has been
highly successful scientifically in establishing an association
between continental scale drought and two different sea surface
temperature anomaly pattems in the Pacific Ocean. Indeed, a
novel theoretical approach is being developed to determine that
pattern of anomalous sea surface temperature which produces the
largest response in the atmospheric circulation. A second feature
of this program has been the Division's involvement in field
experiments on mesoscale weather phenomena such as convective
storms over northern Australia and frontal systems over
south-eastern Australia.

During 1987 the Division puf a great deal of effort into organising
the Greenhouse 87 Conference. The two major objectives were:
. to have experts in the various potential impact areas assess the

impacts of climate change of the kind possible due to
greenhouse warming.

o to communicate to the wider scientific and engineering
community the current status of the greenhouse theory.

About 90 scientists and engineers took up the challenge early in
1987 and prepared 57 papers for presentation at the meeting. The
papers were ofa high standard and, after refereeing and selection,
they were used to produce the Greenhouse 87 Conference
Proceedings, which were almost ready for publication by the end
of the reporting period.



Global Atmospheric Change

Introduction
Changes in the chemical composition of the atmosphere are
occurring both regionally and globally. Locally these changes
have effects on visibility and the quality of the air we breath. At a
global level there is now strong evidence that these changes are
likely to bring about significant climatic modifications as a result
of the greenhouse effect. Some will be beneficial, others will not.

Reliable predictions of these changes will be of great benefit to the
Australian community. This requires an understanding of why the
chemistry of the atmosphere is changing, how it will change in the
future and how the climate system, at both the global and regional
level, is influenced by these changes.

The objectives of the Global Atmospheric Change Program are to
predict and understand the mechanisms responsible for alterations
in the chemical and physical character of the atmosphere. Projects
involve a combination of theoretical numerical modelling and
observations which will improve the understanding of the budgets
of key climatically important trace gases and aerosols.

Carbon dioxide
Confident predictions of how future carbon dioxide emissions will
affect the concentration of this gas in the atmosphere rely on an
accurate model of carbon dioxide pools and their interactions. For
accurate modelling the carbon dioxide concentration prior to 1850
must be known. It was at this time that industrialization and forest
felling began to have an impact.

Air bubbles trapped in polar ice from as long ago as the 17th
century have been analysed by Division scientists in collaboration
with scientists from the Australian Antarctic Division. It has been
discovered that, prior to I 800, the carbon dioxide concentration
was essentially constant at about 280 ppm.

To carry out the analysis, ice which has been drilled from the
Antarctic is crushed under vacuum. The released air is then dried
and condensed in a trap cooled by liquid helium, and transported
to the CSIRO laboratories. Gas chromatography is used to
determine the abundance of carbon dioxide as well as nitrous
oxide and methane.
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Impact of plants on carbon dioxide
The Division of Atmospheric Research operates a high quality
sampl i n g network measuring the carbon- 1 3 l carbon-t2 isotope
ratio in atmospheric COz from clean air sites. This is used to
identify the portion of the COz which has experienced
photosynthesis in land plants, including that from fossil fuels. An
unanticipated bonus from this project, which is funded by
NERDDC and has logistic support from CGBAPS (Cape Grim
Baseline Air Pollution Station), NOAA/GMCC (Geophysical

Monitoring For Climate Change) and the Australian Antarctic
Division, is the first reliable global data on the oxygen-18/
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oxygen-16 isotope ratio. It has been found that the oxygen
isotope ratio exhibits strong systematic behaviour with both
latitude and season as well as with the El Niflo - Southern
Oscillation phenomenon.

The most likely explanation is that this is also due to the action of
green plants,9OVo of which grow in the tropics and the nofthern
lremisphere. Measurements indicate that between 30Vo and 5OVo of
the total atmospheric COz interacts with leaf water each year. It is
dissolved and oxygen atoms are exchanged with the water before
the carbon dioxide is again released. While within the plant, the
COz molecule encounters the enzyme carbonic anhydrase which
ensures rapid exchange of one of its constituent oxygen atoms for
an oxygen atom from one of the plant's water molecules.

Both the signature of the ground water oxygen- 1 8 content (lower
from the poles and continent interiors) and the shift of the ground
water oxygen-l 8 due to evaporation from leaves, is reflected in the
atmosphere carbon dioxide oxygen isotope values. The effects are
most marked in the northern hemisphere.

At a time when serious questions are emerging about the way
fossil fuel carbon dioxide is being removed from the atmosphere,
the research is providing a fresh look at a gross exchange aspect of
the carbon cycle which has not previously been observed.
Variations in this data carry information on zonally averaged plant
activities. At the least, the oxygen isotope ratio in CO2 promises to
be an unusual tracer of atmospheric transport.



Sources of oxygen-18 enrichment
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The greenhouse effect
There are a number of gases in the earth's atmosphere which are
able to intercept infrared radiation. The principal gases are water
vapour and carbon dioxide and both have a similar effect on the
radiation balance of the atmosphere. They allow incoming
(visible) solar radiation to pass through unhindered, but absorb a
significant fraction of the outgoing infrared radiation emitted by
the earth's surface. Even though the radiation lost to space is still
equal to the radiation received from the sun, the combined effect
of the radiatively active gases and clouds is to increase the surface
temperature of the earth in order to balance the incoming solar
radiation. Without this greenhouse ffict, the average temperature
oT the earth's surface would decrease from its present level of
l5oC to about -1 8oC.

In recent years the term greenhouse effect has been used to
describe the global warming expected as a result of man-induced
changes to concentrations of atmospheric trace gases which absorb
in the infrared.

l 0



Greenhouse gas

Carbon dioxide

Methane

Nitrous oxide

Chlorofluorocarbons

Annual increase
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Major sources

fossil fuels,
deforestation
livestock, rice paddies,
mining
biomass buming,
fossil fuel combustion
industrial applications

Over the next 40 years it is thought that the greenhouse effect will
lead to:

. global warming of 1.5 to 4.5oC.

. world-wide changes in climate.

. changes to rainfall distribution, storm frequency and all other
parameters that make up climate.

. warming of the upper layers of the oceans leading to thermal
expansion of the water. Coupled with a melting of land-based
ice, this is expected to lead to a sea-level rise of botween
2O and50 cm.

. higher concentrations of carbon dioxide which, in the absence
of competing effects from other sources such as acid rain and
ozone, will act as a fertilizer and thus influence plant growth.



Sources of increased methane
Methane, like cat'bon dioxide, is an important atmospheric trace

gas that contributes to the greenhouse effect' If the present trends

fof methane and other trace gases continue, further warming will

proceed at almost twice the rate expected to arise from increased

carbon dioxide levels alone.

This gas also plays a significant role in controlling levels of

stmtospheric chlorine and hence ozone. Predictions of future

stfatosphel'ic ozone levels depend strongly on the assumed growth

in methane.

In the past 5 years, high-precision measurements of methane
(CH+) levels have confirmed that this gas is increasing in the

atmosphere by about O.8 Vo per year. Studies of air extracted from

polat ice cotes show fhat the modern increase is part of a general

rise in concentration tlrat palallels human population growth.

Concentrations have increased from about 775 parts per billion

(tOg) Uy volume (ppbv) 200 years ago, to the current level of

about I 600 ppbv.

The main sink for CH+, accounting for' 85 7o of losses, is reaction

with atmosphelic hydroxyl (OH) radicals. The average CH+

lifetime is about 7-l l years. The main cause of the increasing

concentration is the growth of sources. The principal sources -

entelic fermentation in livestock and insects, rice fields and natural

wetlands, biomass burning, land fills and gas and coal fields are

thoLrglrt to account for 27 5-790 T glyr.

Agricultural sources are known to be increasing and both the area

under fice cultivation and the cattle population have grown

steadily with human population, doubling in the past 40-50 years.

Part of the increase in atmospheric methane may also be due to a

decrease in the hydloxyl radical sink.
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Climate impacts
Scenarios for climate change on a regional scale in Australia have
been developed and are being progressively refined as new
information becomes available from climate modellins and
paleoclimatic and other research.

An early scenario, developed during 1984, was used to assess the
potential sensitivity of net primary production in Australia to a
climatic change such as might be expected with an equivalent
doubling of carbon dioxide in the atmosphere. In this scenario
higher summer rainfall led to increases in productivity in northern
Australia, while warming led to increased productivity in
south-eastern Australia. Only the south-west showed any decrease
in ploductivity. While this scenario is generally optimistic, it
contains many gross simplifications and should not be taken as a
firm prediction. Several factors not taken into account, such as
increases in insect pests and plant diseases, could tend to reduce
productivity.

Sulfur cycle
Most of the sulfur-containing particles that act as cloud nuclei over
land come from anthropogenic sources such as coal buming and
smelting of sulfide ores. Even in the most remote localities, such
as over the southern oceans, each cubic centimetre of air typically
contains hundreds of submicroscopic sulfur-containing panicles
capable of inducing the formation of water droplets.

Studies have strengthened the supposition that, apart from that
originating in sea splay, most natural sulfur derives from dimethyl

13



sulfide, produced by decomposing sea plants. Dimethyl sulfide is
thought to be a significant natural source of rain-water acidity.

Although over the ocean the predominant mass of airbome
particles comes from relatively large salt particles, in terms of
numbers, the tiny sulfur-containing particles (Aitken nuclei) are
the most abundant. The number of particles is crucial in
determining the number of droplets per unit volume of cloud, and
this in turn has a strong bearing on the cloud's persistence, the
amount of solar radiation it reflects back to space and the
likelihood of rain.

The concentrations of Aitken nuclei and cloud condensation nuclei
are determined at Cape Grim. Both these classes of particles have
been shown to have marked seasonal and interannual variations.

Ion chromatography has been used to find the concentration
of methanesulfonate in air trapped at Cape Grim. The
methanesulfonate aerosol is produced from the breakdown of
dimethyl sulfide gas. A seasonal variation in concentration was
found and this was attributed to changes in the biological
productivity of phytoplankton according to season.

Laboratory studies have demonstrated that dimethyl sulfide
produces sulfur dioxide and particles of sulfate as well as
methanesulfonate. Clean maritime air always contains pptv levels
of sulfur dioxide. The amount of sulfate isolated has been in
excess ofthat derived from sea salts. This supports the suggestion
that the excess sulfate originates from dimethyl sulfide.

Biogenic NOx emissions
Evolution of nitric oxide (NO) and nitrogen dioxide (NOz) is a
small but important mechanism by which nitrogen is lost from the
plant-soil system to the atmosphere. Nitrogen oxides are
recognized air pollutants that have an important role in the
chemistry of the atmosphere from the urban to the global scale.
Nitric oxide is produced in soils during the microbial processes of
nitrification and denitrification and chemically by chemo-
denitrification. Nitrogen dioxide can also be produced during
chemical denitrification.

These gases, once they are released into the atmosphere, combine
with hydrocarbons and carbon monoxide in atmospheric
photochemical processes to form ozone, hydroxyl and nitrate
radicals in the atmosphere. These are the major gas phase oxidants
which set in process the chemistry that removes methane,
incompletely substituted halocarbons, hydrocarbons and reduced
sulfur gases from the atmosphere. Thus microbial processes

through nitrogen oxide emissions regulate the atmospheric
concentrations of many climatically important chemical species.

t 4



Ground levelsources of NO
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During this triennium there have been considerable advances in
our understanding of NOx emissions. Three field experiments have
been conducted in collaboration with the Division of Plant
Industry, Melbourne University and the Victorian Department of
Agriculture. The fate of nitrogen fertilizer applied to flooded rice,
to winter wheat and to sunflowers has been investigated along
with the factors controlling these nitrogen oxide emissions. Plant
cover, soil water content and soil temperature are each important
in regulating the NOx emissions.

A simple model of soil microbial and physical processes has been
developed. It relates laboratory measurements on soil cores to field
measurements of NOx emissions and is the first model of NOx
emissions tleveloped. An unanticipated spin-off of this work was
the estimation of NOx emissions from soil processes in the Latrobe
Valley for the Smog Precursor Study.

Biogenic NOx emissions in the Latrobe Valley during summer
have been calculated on the basis of NOx measurements made at
various other sites with land use and environmental conditions
similar to those in the Valley. Both soil temperature and either the
type of vegetation or the land use were used in these calculations
of NOx fluxes.

The biogenic nitrogen oxide source from soils makes up 97o
(range 4Vo-76Vo) of the total NOx emissions into the Latrobe
Valley in summer. However these biogenic emissions make up
54Vo of the emissions into surface air where the regional pollution
problems occur. This highlights the importance of these natural
NOx emissions in regional photochemical pollution processes.

Ozone destruction
Monitoring of the ozone layer and concentrations of
chlorofluorocarbons (CFCs) in the atmosphere has been done for
many years. So far, a decrease in total ozone ofonly a few percent
has been apparent, a trend that is not particularly significant in
view of the large year to year variations.

1 5
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At the Cape Glim Station, Division scientists are monitoring the
atmospl]el'ic concentrations of the chlolofluorocarbons CCllF,
CClzFz, CCIzFCCIFz and CHCIFz and the chlorocarbons
CHTCCI: and CCI+. CFCs are used as aerosol propellants,
refrigerants, foam-plastic blowing agents and solvents and the
chlolocarbons as solvents, chemical intermediates and fumigants.
Concentlations of these chemicals are increasing rapidly: 5Vo
annually for CClf and CClzFz; 73Vo for CCIzFCCIFz; 8Vo for
CHCIFz; 5Vo for CHrCCls and 1-2Vo for CCI+.

Models of stlatospheric chemistry have predicted that increasing
amounts of CFCs in the atmosphere result in a depletion of ozone.
The ploblem is exacelbated by the long lifetimes of these
substances, The ozone "hole" is an annually recurring decrease in
ozone levels 12-20km above the Antarctic in spring.
Concentrations begin to decline in September, reach a low in
Octobel and recover again in November. A number of theories
lrave been plesented to explain the seasonal nature ofthe Antarctic
ozone loss. All are based on the unique meteorological isolation
and extleme cold of the stratosphere. Recent data strongly indicate
that increasing chloline levels, mainly from CFCs, are responsible
fol the Antalctic ozone hole.
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Nuclear war

Climatic effects
Under a grant fi'om the Australian Department of Foreign Affairs,
an active research project has been undertaken to attempt to
quantify the possible climatic effects in the southem hemisphere
of a major nuclear war fought in the northern hemisphere. Early
co-operation with scientists at the Los Alamos National
Laboratory in New Mexico established an estimation of the
amount of smoke from nuclear war-induced fires which might be
transported at high altitudes into the southem hemisphere. For a
wal fought in the northern spring or summer, this was found to be
sufficient to absorb some 20-30Vo of the incoming sunlight at
heights of 1G-I5 km. Evidence from past studies of volcanic dust,
and recent chemical studies in the U.S. suggests that this amount
of smoke may be present in the southern hemisphere for up to a
year or so after injection.

Three different types of climate models have been used to
investigate the suface climatic effects. One is a mesoscale model,
developed at Colorado State University and used at the Division
for air pollution studies, The second is a coupled one-dimensional
atmosphere-ocean model which was used to estimate the resulting
cooling of the ocean surface. The third is the Australian Numerical
Meteorological Research Centre Global Spectral Model, which is
suitable for fully three-dimensional climate simulations. The
mesoscale model was used for a large number of sensitivity tests
which provided infolmation about the best way to use the more
expensive ANMRC model.
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Results from the global model have shown that with the moderate

amount of smoke likely to be overhead, serious climatic effects

can be expected. Soil surface cooling due to the smoke at

Australian latitudes was found to average around 3-6oC during the

middle of the day and around l-2oC at night. A large rainfall

decrease occurred in the tropics and in the summer monsoon

regions of both hemispheres. Similar effects occurred for both

January conditions in the southern hemisphere and for July

conditions in the northern hemisphere.

Reductions in crop productivity of the order of 30Vo are to be

expected mainly due to the large reduction of rainfall. Reductions

in sunlight for photosynthesis, loss of various inputs to agriculture

such as fertilizers and pesticides and increases in damaging

ultraviolet radiation due to ozone destruction would be expected to

further reduce productivity.

Besides the profound importance of these results in relation to the

potential consequences of nuclear war, the studies have for the

first time used the ANMRC model for studying substantial

climatic changes and give confidence in the potential application

of this model to studies of the climatic impact of the greenhouse

effect. Such a study is now under way.

Nuclear fireball modelling
Surface nuclear explosions are capable oflofting large amounts of

solid material into the upper atmosphere. American nuclear tests

prior to the 1963 atmospheric test ban showed that between 30 and

300 thousand tonnes of surface material could be lofted per

megaton of explosive yield. Investigations at the Division of

Atmospheric Research have examined the possibility that surface

nuclear explosions over fuel dumps, coal fields or regions of peaty

soils might carry vast quantities of soot into the upper atmosphere,

adding to the climatic effect produced by smoke plumes from

mass fires. This mechanism, if effective, would be of particular

importance to the southern hemisphere because the normal loss

and delay mechanisms operating on smoke plumes would not

occur. This would lead to greatly increased soot amounts in the

upper atmosphere, with enhanced detrimental climatic effects in

our latitudes.

A numerical model of the ascending stage of a nuclear fireball has

been developed and simulations compare favourably with

available data from mid-latitude explosions.

A chemical scheme for the uptake of carbon and combustion of

soot particles in the fireball has been developed and incorporated

into the model. Both standard runs with the model and sensitivity

studies for a range of conditions indicate that all the soot particles

within the fireball burn up as the hot fireball ascends in the air and

no soot is released into the upper atmosphere. It thus appears that
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this mechanism will not contribute extra soot to the upper
atmosphere after a nuclear war. Estimates of the climatic effects
should therefore be based on soot production from fires, carried
into the upper atmosphere by smoke plumes, and to a lesser extent
on non-sooty dust particles carried aloft by the fireballs.

Further work has been carried out with the fireball model to
examine the rate of injection of nitrogen oxides into the upper
atmosphere from the fireballs. Preliminary findings indicate that
the rate calculated from this model is substantially less than that
estimated by previous workers. Thus depletion of ozone in the
upper atmosphere due to nitrogen oxides from the nuclear
explosions may be less than originally thought. It should be noted
however, that there are other processes involved in the potential
destruction of ozone following a nuclear war.

Teleconnection patterns
Large-scale dynamical processes of the extra-tropical troposphere
are usually considered as processes in which the fluctuations have
scales greater than about 250 km and periods larger than about one
day. Within this range, there exists a wide variety of disturbances
including relatively small-scale extra-tropical cyclones or lows,
anticyclones or highs, blocking dipoles consisting ofhighJow
pairs aligned in the north-south direction and very large-scale
teleconnection patterns which may be of hemispheric or even
global extent. Teleconnection refers to the fact that the climate in
one part of the world may be related to the climate in a distant
region through these large-scale features of the circulation.
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Teleconnection patterns have profound effects on the weather and

climate, producing severe storms in some regions and droughts in

others. A theory of the fotmation of anomalous circulations due to

atmospheric teleconnection patterns has been developed and

compared with observations for the northern and southern
hemispheres. For some teleconnection pattems such as the western

Atlantic northern hemisphere pattern, topography plays a very

important role. For others, such as the Pacific North American
pattern it plays only an indirect role in the growing stages of the
pattern. Detailed studies have been canied out using a variety of

theories and numerical models to elucidate the role of topography
in the formation of teleconnection patterns. The modelling
of climate is further discussed in the Water Resources section of

this report.
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Atmospheric Pollution

Introduction
This program studies the atmosphere and surface and source
characteristics which influence air pollution and bushfires. It is
developing improved methods of predicting the local and regional
impact of pollutant source emissions and the outbreak and spread
ofbushfires forboth planning and regulatory purposes as well as
for disaster management.

Theoretical analysis, numerical model experiments, laboratory
experiments and field measurcments are used in the investigations.
The focus is on identifying sources of pollution and the way in
which it is transported and dispersed by local artd regional winds
in the boundary layer. Chemical transformation among pollutant
species and the interaction between local winds, bushfire
dynamics and topography are being studied.

An efficient three-dimensional mesoscale model has recently been
developed. The model has now been successfully tested in a
nested mode for several problems of flow over complex terrain.

Latrobe Valley Airshed Study
After I I years of operation the Latrobe Valley Airshed Study has
been completed. The study was carried out in collaboration with
personnel from the Applied Meteorology and Tropospheric
Chemistry Groups and several other organisations. It has led to
advances in the modelling of visibility reduction due to fine
particles, photochemical ozone formation and long-range transport
of emissions from Melboume, The models included Lagrangian
photochemical-trajectory, multi-level box, Gaussian plume, puff
diffusion and grid-point prognostic types. In collaboration with
the Chisholm Institute of Technology, diagnostic wind field
modelling - the basis of the Lagrangian and puff models - was
advanced to include effects of stable ambient temperature fields. A
number of Latrobe Valley field studies have been undertaken.

Plume tracking studies
The final two Experiments were successfully undertaken in winter
1985 and summer 1986 in collaboration with the State Electricity
Commission of Victoria (SECV). A massive set of upper air and
surface meteorological and air quality monitoring data has been
assembled. The Experiments, funded by the National Energy
Research, Development and Demonstration Council (NERDDC),
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have been extremely important for model development by
participants in the Airsheci Stuciy. The CSIRC research aircraft
was used to track the paths of power station plumes over distances
of 100 km to the east and west. Additional upper air data were
collected by balloon sounding and extensive surface observations
were made.

A three-dimensional mesoscale model has been used to further
understanding of flows observed during this study. Using a 5 km
grid length over a 250 x 250 km domain, the model is successful
in predicting the flows which dominate the region in the warmer
months, in palticular the sea breezes from the east and south coasts
which meet near Morwell in the late afternoon. Anomalous
westerly winds in the morning hours, under a weak norlheasterly
synoptic pressure gradient, were found to result from an inertial
oscillation of the rcmnants of the previous day's sea breeze and
slope wind circulations. The use of radiative conditions at lateral
boundaries was necessary for realistic results in the complex
terrain and enabled simulations to run for 48 hours.

Understanding and prediction of such complex wind fields is
important flom the standpoint of pollutant dispersal in the Valley.
A Lagrangian particle dispersion model, driven by wind and
turbulence statistics from the mesoscale model, has been used to
investigate this problem. With the current distribution of emitters,
the sea breeze advects clean maritime air up the Valley to
Yallourn and beyond, but the addition of sources towards the
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coastline would cause pollutant concentrations to rise as the sea
breeze moves inland. In stable night-time conditions when there is
little mixing of plumes to ground level, strong vertical wind shear
fiom tenain effects can lead to markedly different trajectories for
plumes from sources with differing effective stack heights.

Latrobe Valley smog precursor study
It is only possible to understand and accurately model
photochemical ozone production with, amongst other information,
a knowledge of the sources and concentrations of reactive
hydrocarbons and nitrogen oxides within the air. Thus
development of any scenarios for ozone exceedences in the
Latrobe Valley is dependent on reliable information on these.

Unforlunately at the time of this study, unlike other air pollution
measurements, for example ozone and local visual distance
(LVD), no adequate method existed for routine measurement of
reactive hydrocarbons in the regional atmosphere. Early attempts
to measure non-methanic hydrocarbons in the Latrobe Valley were
hampered by insurmountable technical difficulties associated with
equipment. These measurements led to the erroneous conclusion
that there was around 400 ppbC (ppb = lO-e) of non-methanic
hydrocarbons (NMHC) in rural air in the Valley, a value perhaps
twenty times higher than is now accepted. The first accurate
information on NMHC levels iq rural air in the Latrobe Valley
was obtained when reactive hydrocarbons (Cz to Cro) were
measured at the Minniedale Rd Air Quality Monitoring Station
during autumn 1986 and summer-autumn 1987 using an
automatic speciating gas chromatograph developed at the Division.
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Subsequently in the summer of 1988, grab sampling of NMHCs
was conducted at ground sites and from an aircraft in the Latrobe
Valley. Samples were also taken in a forest area and from the
Yallourn open cut coal field to make a preliminary assessment of
potential special soul'ces of hydrocarbons. The data obtained gave

the first clear picture ofthe spatial distribution and variability of
NMHCs in the Valley. ' <-:

On photochemical smog prone days, the measurements showed

around 2O to 3O ppbC of Cz to Cto hydrocarbons with little
systematic variation both with height and around the Valley. The

mix of hydrocarbons observed, when compared with emission
mixes for Sydney and the eastern suburbs of Melbourne, appeared
to be already aged by photochemical processes. These aircraft and
day-time measurements were in some cases upwind of the
hydrocarbon sources. These observations have been interpreted as
being due to the presence of a background NMHC level in air over
south-eastern Australia before it entered the Valley. This
background level was probably due to the long traverse ofthe air
over land in the northerly air flow that coincided with smog prone

conditions during these summer-autumn months. Anthropogenic
hydrocarbons emissions are related to population density.
Consequently, hydrocarbon emissions per unit area do not vary

significantly from those in the Valley for other rural areas of
Victoria and southern New South Wales. Air would have been

exposed to these rural hydrocarbon emissions for several days

before it entered the Valley.

In forested regions ofthe Valley natural reactive hydrocarbons
from vegetation, including isoprene and 1,8 Cineole (eucalyptus

oil) contdbuted one third to one half of the C2 to C t o atmospheric
hydrocarbon concentration. These observations provide evidence
that, as well as local emissions, regional transport and natural
emissions contribute to photochemical ozone production in the

Latrobe Valley. With this precursor information available as well

as the natural NOx emission inventory, a collaborative effort on

computer modelling of photochemical smog in the Latrobe Valley

was set up between the EPAV and CSIRO.

The model took into account 40 chemical species reacting through

83 pathways. Conditions existing during a 3-day smog episode

during 1988 were fed into the model. The Valley is prone to such

long-lived episodes because of its "boxed in" nature. During this

episode, when the Valley was shut off from outside sources, the

observed 1-hour maximum ozone levels at rural sites not
influenced by power station emissions were 36 ppb,44 ppb, and

50 ppb on the three days.

On 29 January the maximum measured ozone concentration in the
Valley was 59 ppb, but the recording station in question is thought
to have been influenced by power station emissions.
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Modelling reflected the actual observed ozone levels fairly
accurately as the graph indicates. Moreover, it showed that the
ozone levels were NOx-limited - that is, the amount of ozone
produced was restricted by the availability of NO1 rather than by
that of hydrocarbons. In this situation where half the
surface-emitted NOx came from natural sources, ozone levels
would be approximately reduced by one+hird if these natural
sources were absent. On the other hand, modelling showed that
halving (or doubling) the hydrocarbon figure would have very
little effect on the ozone levels reached.

Aerosol/Visibility study
This project aimed at determining the sources of aerosol on days
when visibility in the Latrobe Valley falls below the designated
accepted level. The Study was funded jointly by DAR, NERDDC
and the SECV. Properties of sub-micrometre aerosol particles
werc determined either by irt-situ sampling or by subsequent
Iaboratory analysis of samples taken at three sites in the Valley.

Physical and chemical propefties peculiar to individual sources of
aerosol in the Valley were used to determine the role played by
these sources in determining atmospheric visibility. Aerosol types
readily identified include sea salt, soil dust, photochemical (smog)
products, power station emissions and effluent from biomass
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burning. An unexpectedly large proportion ofaerosol on occasions
of low visibility appears to be composed of organic hydrocarbon
material. At this stage the major source of this aerosol cannot be
quantitatively identified. However, there is considerable
circumstantial evidence suggesting that it is bush and grass fires.

Air-flow in the Sofia Vale
Vertical stability in the atmosphere is an important controlling
factor for many types of meteorological phenomena. It is of
particular importance in confined regions such as the Latrobe
Valley in Victoria and the Vale of Sofia in Bulgaria. As part of an
international exchange scheme the Division has undertaken a

study of the Vale in collaboration with the Bulgarian Academy of

Science.

The value of such a collaborative program to Australia is that it

enables the theory and the laboratory modelling techniques

developed at the Division to be tested in an area of extremely

complex terrain with the validatory field work being carried out by

the Bulsarians.

1

Significant sources of industrial and urban atmospheric pollution

are present in the Vale, and on occasions of synoptic blocking air

stagnates below the crestline of adjacent mountains. Frequently

occurring conditions of light winds, cloudless skies, stable

stratification and strong surface heat flux cause the diurnal

development of a well-structured convective boundary layer. The

Cottstt'uction of a ntodel oJ
the Sofia Valc irt Bulgaria
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height of this layer plays an important role in determining the
ability of the atmosphere to disperse pollution. The diurnal
development is controlled by the amount of sensible heat liberated
at the earth's surface and therefore it is important to identify the
factors influencing the surface heat flux. Routine meteorological
observations have been used to estimate this heat flux and its
diurnal development at different times of year. This has enabled
determination of convective boundary layer heights.

As part of the study, a I cm : 200 m horizontal scale model of the
Vale was constructed and then towed through a laboratory water
tank. This technique has important relevance both to scientific
understanding of flow patterns over complex terrain and to
practical problems of locating atmospheric pollution and
identifying its sources. The experiment has enabled tentative
hypotheses to be made regarding wind direction and pollution
levels in the Vale. The information should be of assistance in
planning validatory field studies during periods of stable
conditions and light prevailing winds.

Acid rain in the Northern Territory
It has been known for some time that there is a widespread
occurrence of acidic rainwater in the Northem Territory. Water
from individual storms has given pH readings as low as 3.5.
Scientists from the Division have studied the source of this acidity
in collaboration with the Northern Territory Office of the
S upervising Scientist.

A high-performance liquid chromatograph was used to identify
and measure the types of acid present in rainwater samples
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collected at Jabiru. Results showed that formic acid and acetic
acid contribute most to acidity. The level of sulfuric acid, which
is the major contributol to acid rain in industrial regions, was
consistently low.

Plants are thought to be the source of the acids present in the
rainwater. Isoprene makes up more than one third of complex
hydrocarbons released by plants. This compound is particularly
volatile and reactive at the high temperatures found in tropical
regions and it is suggested that under the action of sunlight it
forms olganic acids. Bush and grass fires may also contribute
appreciable amounts of compounds that turn into organic acids.

In order to investigate the isoprene more thoroughly, a series of air
samples were taken on the ground and from the CSIRO research
airclaft. At ground level, isoprene concentrations offrom one to
several parts per billion by volume were detected. Concentrations
decreased with altitude and were consistently lower at high
altitude. Carbon monoxide is one of the break-down products of
isoprene. Greater than normal concentrations of this gas were
found at all altitudes.

Analysis of cloud-water droplets gave an average pH of less than
that of the lain samples collected on the ground. The difference
may be due to dilution of the acid as the water droplets in clouds
grow to laindlop size. About 60Vo of the total acidity in both cloud
droplets and rainwatel is due to formic acid and 20Vo to acetic
acid. Other organic acids were present and both nitrate and sulfate
contribute to the acidity.

Ground-level measurements of aerosol and gas compositions fitted
in with these findings. Scientists have concluded that most of the
chemicals found in air in the Northern Territory come from natural
sources. Sulfate is the onlv man-made source of rain-water acidity
in tropical Australia.

Turbulent dispersion
Within the wider context of providing a unified statistical
treatment of turbulent dispersion for arbitrary flow fields and
arbitrary soul'ce distributions, research has focused on two areas.

The first of these concems fluctuations in concentration about the
mean value due to the inherent stochastic nature of turbulence and
turbulent dispersion. Such fluctuations are important because they
are generally at least as large as the mean value and therefore
represent an inherent limit on the certainty of both measurements
and model predictions of the mean. They also enter into the
physics of the analysis of phenomena such as chemical reactions
(including fire and explosions) in turbulent flow and influence the
response of biological and mechanical entities to pollutants.
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The second concerns dispersion in the convective boundary layer,
which under Australian conditions often accounts for the highest
groundJevel pollution levels from large elevated point sources
such as power stations and smelters. Due to the large, energetic
eddies which dominate turbulence under these conditions, the
usual two-stage approach to plume dispersion - a near-field
buoyancy-dominated stage and a far-field stage dominated by
atmospheric turbulence - is less appropriate. A more unified
approach is called for in which the statistical properties of the
spatial and temporal distribution of pollutants are studied,
described and modelled in terms of the joint effects of plume
buoyancy and atmospheric turbulence.

These problems are being examined through an interactive
combination of theoretical, laboratory and field studies.

The theoretical work has progressed on two fronts. Firstly,
fundamental studies of fluid accelerations provide both parameter
inputs and justification for developing a Lagrangian mathematical
model of turbulent dispersion. A number of new basic results have
been found. Secondly, the working model ofdispersion has been
used in a number of complex flows to predict mean pollutant
concentrations. However, the concentration fluctuations, which are
output from newer more complex Lagrangian models, are not yet
well understood. The mean-concentration models have been
validated against wind-tunnel data, laboratory data and field
experiments, all of which are part of the overall program. The
concentration-fluctuation models had not previously been well
enough defined to warrant comparisons with experiment.
However, the fundamental work has greatly aided formulation and
the comparison (with wind-tunnel data) is now feasible and will
lead to working models for concentration fluctuations.

Laboratory experiments provide a bridge between theory and field
observations. Dispersion experiments in a wind tunnel provide

basic data on concentration fluctuations which are used to test and
validate theory.

I aboratory measurements of dispersion in a convective boundary
layer will be undertaken in a new convection tank that is being
built as part of a 3 year research fellowship funded by the State
Electricity Commission of Victotia (SECV). A novel feature of the
3.2mx 1.6 m x 0.8 m deep glass-walled convection tank is the
use of saline solutions to generate the buoyancy flux normally
produced by heat. This widens the range of conditions that can be
modelled and simplifies the operation of the apparatus.

The model will initially be used to study the interaction between
the turbulence structure of the convective boundary layer and that
generated by the rising buoyant plume with a view to obtaining a
full parametric description of buoyant plume dispersion. Further
work will be directed towards measurements of concentration
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fluctuations. These results will aid the development of improved
dispersion models by providing much more complete sets of data
than are possible in the ever-changing atmosphere. Laboratory
modelling of the atmosphere is further referred to in the Water
Resources Section of this report.

Finally, preparations have been in progress for a major field study
of the dispersion of a large buoyant point source under convective
conditions. This experiment at Tarong power station in

Queensland is funded by NERDDC and is a collaborative venture
which aims to provide a set of dispersion data. It is hoped that this
set of data, through scaling by appropriate meteorological and
emission parameters, will be applicable to other locations and will
provide a test bed for laboratory and theoretical studies.

Cold fronts modelling
The interaction of summertime cold fronts with a diurnally heated
land mass has been studied using two-and three-dimensional
models. This study has advanced understanding offrontal
movement to the stage where convective heating of the boundary
layer over land is now known to change dramatically the basic
structure of a front and hence its mode of propagation. During the
Cold Fronts Research Program, two categories of fronts differing
in basic low level structure were observed and it now appears that
the presence or lack of boundary layer heating is largely
responsible for these differences.

Insight has also been gained into the means by which fronts
approaching the coast in afternoon and early evening hours appear
to accelerate greatly along the southwest Victorian coastline. In
preflontal situations, a day-time pressure trough develops at the
coastline or just inland if there is a sea breeze. This is due to the
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diurnal pressure fall over land. Experiments show that the typical
frontal characteristics - wind shift, temperature fall and pressure

rise - of an approaching front may be transferred at some stage to
the coastline trough, which then becomes the main front. The
organisation ofan offshore frontal system in such a way is also
responsible for the large percentage of summertime fronts which
pass through Melbourne in the aftemoon and early evening hours.

Flow over complex terrain
The formation mechanisms of the Melbourne eddy have been
clarified in a series of numerical simulations, performed jointly

with the Meteorological Research Institute of Japan (MRI). The
MRI mesoscale model was used with a l0 km outer mesh and a

5 km inner mesh. Two different cyclonic eddies with separate
formation mechanisms were identified. The first is generated by
vorticity shed from the upstream Australian Alps, and corresponds

to earlier laboratory simulations. Day-time anabatic effects were
found to enhance the strength ofthe eddy. The second type of
eddy is generated by interaction of the sea-breeze front with a
weak synoptic northwesterly flow.

The MRI model was also used to study flow over the complex

temain of the Latrobe Valley, with particular attention given to

sea-breeze behaviour. For negligible prescribed background
synoptic flow, there was little difference between 5 km resolution

nested and non-nested predictions. The arrival times of the

sea-breezes in the Latrobe Valley were found to be in good

agreement with observations. With a moderate north easterly

synoptic flow the nested simulation revealed upstream orographic

effects. In particular a weak nocturnal eddy formed over the

Latrobe Valley, and the east coast sea-breeze was retarded in

agreement with observations. The eddy formation probably

depends on both wake and diurnal heating effects.

Bushfire meteorology
A National Bushfire Model which features the use of computer

colour graphics is being developed. Dynamic optimisation is

incorporated so that model parameters can be altered when field

data indicate discrepancies between model predictions and

real-time wind or fire-front observations. It is scale-free so it is

able to handle a small fire in a single paddock as well as a major

conflagration such as Ash Wednesday.

The National Bushfire Research Unit conducted field experiments

on Northern Territory grasslands during August 1986. Statistical

analysis of the results indicated that existing bushfire models
performed poorly. It suggests, however, that the Kalman filter

would perform well as an optimising tool. The Kalman filter is a
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Remote Sensing

Introduction
The flows of solar and thermal terrestlial radiation through the
atmosphere and their interactions with the atmosphere and land
and ocean sudaces are what, in the first instance, determine the
climate in which we live. Studying these processes is therefore
vital to our understanding of climate and climate change,
particularly at the earth's surface.

Modern research in this area involves remote sensing techniques
flom satellites, aircraft and the surface. Recent emphasis at the
Division has been on meteorological satellites as well as
ground-based laser ranging (lidar).

Sensors on satellites normally operate at wavelengths from the
visible to the microwave and collect information about the earth's
atmospherc, oceans, land and ice surfaces. These satellites monitor
the planet at a variety of altitudes from low polar (approximately
200 km) to high equatorial (approximately 36 000 km). The
information is commonly processed into the form of a
photographic image or collected as an array of digital data.

The Division of Atmospheric Research is also involved with
developing, and where appropriate, commercializing technology
for investigating climate and the natural environment. Activities
have included the design of new space-borne instruments,
development of lidars as well as the demonstration of new
value-added products and design of image processing from
existing operational satellites.

The development of CSIDA (the CSIRO System for Interactive
Data Analysis) has continued. It is now a complete system for
receiving and processing meteorological satellite data and itself
has commercial potential. A detailed description of CSIDA
appearc in the Division's previous research report.

Lidar applications
Instrumentation
The Divisional ruby lidar has been upgraded with improvements
to the optical system, electronics and alignment systems. The data
acquisition system has been completely redesigned and now works
from a PC system. New depolarization equipment has been added
to the ruby lidar for more accurate profiles. A commercial lidar for
cloud base and other measurements is being developed and
partially funded by the Tasmanian Development Authority. The
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design, simulations and the software package were supplied by the
Division with additional funding being supplied by Sirotech
and the Cape Grim Baseline Station. The prototype instrument
will be used fol scientific investigations at Cape Grim in
Tasmania.

The nalrow-beam inflaled filter ladiometers developed at the
Division have been updated and continue to be used. The
Division's infrared tuneable lidal has also been improved.
Commelcial collaborative opportunities are being sought to further
develop this instl'ument.

Lidar.
Lidar provides a technique for measuring the properties of the
atmosphere at ranges of up to 30 km. In the study of atmospheric
pollution, it may be used to track emission and dispersion of
plumes from indusffial sites, and to measu're concentrations of a
number of pollutants including sulfur dioxide, nitrogen dioxide,
ozone and various organic molecules.
Lidar may be operated from the ground as well as from aeroplanes
and satellites.
Development of more sophisticated lidars allows measurement of
humidity, wind velocity and turbulence. It also permits detection
and measurement of molecules which occur in very low
concentmtions. The concentration of stratospheric ozone may be
determined using lidar.
The lidar instrument employs a laser to send pulses of light into
the atmosphere. Aerosols and cloud particles reflect the light back
into an optical telescope connected to a processing system which
allows the data to be analvsed.

Cloud radiation studies
Clouds are made up of water droplets and ice crystals. The
scattering and absorption of atmospheric radiation can at times be
very strong. Many clouds transmit less than 5070 of solar
radiation. Without the presence of clouds in the atmosphere, the
mean surface temperature of the earth would be 15oC warmer.
While ground based lidar has been the main tool for studying
clouds, aircraft and satellite measurements have also been used.

Long term research is being conducted to obtain a better
understanding ofthe lelations between cloud extinction, liquid
water content and particle mode radius in layer clouds. Such an
understanding is basic to the proper parameterization of cloud
optical properties in climate models and to the climate feedback
propefties of these clouds in any global warming.

Progress has been made on the vital role of particle size and its
variation with tempelature in cirlus clouds. An important
discovery has been the presence oflayers ofcirrus containing
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much smaller particles than considered possible. These layers will
radiatively tend to have a cooling effect on the atmosphere. Sizing
and counting of particles from many replica tapes taken in situ in
cirrus in US missions and analysed at the Division shows, for the
first time, the presence of many small columns, bullets and needle
crystals. Analysis and interpretation of NASA data obtained by a
lidar and scanning radiometer overflying cirrus, together with in
situ cloud physics microphysical data, revealed the presence of
layers of small crystals (5-10 pm radius).

Analysis of cloud microphysical data has revealed the general
dominance of cloud particle size in determining the cloud optical
properties. A deep precipitating system with 50 times the liquid
water content has a similar volume extinction coefficient to
boundary layer stratocumulus due of the presence of large precip-
itating particles in the former clouds. A parameterization of cirrus
cloud in tems of solar albedo, infrared emittance and the global
temperature change has been devised based on previous lidar/rad-
iometer (LIRAD) observations of cirrus clouds taken at Aspendale.

A study has also been done using satellite data and LIRAD ground
-based data at Aspendale. The 3.7 pm and 1l pm wave-length
radiances from cinus were compared with simultaneous
ground-based lidal measurements of the optical depth. It was
found that the difference between the two channel radiances was
related to the ground-based optical depth in a manner which
agreed reasonably well with theoretical models.

Most of the above studies have been undertaken in collaboration
with various U.S. colleagues, emphasising the international nature
of this climate work.
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Support studies for a satellite wind lidar
Division scientists were involved in collaborative work with
NASA in 1986 to study the microphysical and backscatter
properties of the southern hemisphere aerosol using ground-based

lidar and aerosol sensors. The backscatter profiles, taken in
valious locations between 4oS and 4loS, agreed quite well with
calculations from aerosol size distributions measured on the
CSIRO F-27 research aircraft by colleagues in the Global
Atmospheric Change Program. The NASA Continuous Wave
(CW) COz coherent lidar, on board the aircraft gave low
backscatter values at 10.6 pm, in agreement with the aerosol data.
The low southern hemisphere values have important implications
for the design of a satellite doppler lidar.

The Division is involved with simulating cloud back-scatter for
the NASA Lidar-In-Space Technology Experiment to be
conducted in 1993. Simulations of backscatter from clouds for a
satellite lidar have indicated that multiple scattering will result in a
significant improvement to the transmission of lidar pulses
throush clouds.

Satellite applications
Introduction
Accurate numerical modelling of the world's weather and climate

and our understanding of their physical processes are dependent
on the availability of high quality data describing the
earth-atmosphere-ocean system. Operational satellites provide the

only means by which sufficient global data can be provided at the
fi'equency required. Studies are aimed at the useful interpretation

of data obtained from meteorological satellites. Data from the
Division's satellite leception system are being used in a number of

research projects involving the interaction of solar and thermal
radiation with the atmosphere, land and ocean. These efforts are an

important part of the Division's climate change program. One of
the major thrusts is to provide a satellite data base for the
investigation and detection of regional climate change within

Australia.

The work involves active participation in important international
programs including NASA's Earth Observation System (EOS), the
ISCCP (International Satellite Cloud Climatology Program),
ECLIPS (Experimental Cloud-based Lidar Pilot Study) and the
ERS-l program of ESA (European Space Agency). There are also

important interactions with primary industry.

The scientific effort is also balanced by a "space hardware"
program in which support is given to Australian industry involved
in the building of appropriate instrumentation. Space hardware for
the ERS-1 satellite has been built in Adelaide, a prototype for a
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new satellite instrument is under development in Canberra and
further transfer of space technology to Australian industry is
under way.

Vegetation properties
The index of vegetation greenness, NDVI (normalised difference
vegetation index) is being used to study grassland fire potential
in rural areas of Victoria in collaboration with the Victorian
Country Fire Authority. The NDVI is subject to errors caused by
radiation scattering in the atmosphere and effort has been put into
devising corrections for these ert'ors. A fast radiative transfer
scheme for rapid calculation of corrections has been developed
and is now in use.

Flood monitoring
The potential use of meteorological satellite data in the monitoring
of flood waters in inland Australia is under investigation. The
extensive rainfall over the central Australian regions in the last
three years has provided a useful data set for this study.
Preliminary work shows that the operational meteorological
satellites can give details on the movement of flood waters as well
as the extent of the floodins.

Antarctic satellite remote sensing
In conjunction with the Glaciology Section of the Antarctic
Division, NOAA AVHRR imagery is being used to detect open
water polynyas (areas ofopen water surrounded by sea ice), thin
ice types and ice thickness within the Antarctic sea-ice zone. The
extent and thickness of sea-ice forms an important control on the
oceanic heat loss and surface albedo which in turn influences the
global climate, Two studies have shown that, within the Antarctic
sea-ice zone, the concentration of open water and thin sea-ice are
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the dominant factors affecting the exchange ofheat from ocean to
atmosphere thus influencing cyclogenesis and cyclolysis.
Algorithms under development ale to be used for identifying
legions of potential high latitude synoptic development.

Other applications
New applications of AVHRR (Advanced Very High Resolution
Radiometer) satellite data have been developed. These include a
method for detecting hazardous volcanic eruption clouds and a
simple scheme for determining evaporation from arid zone lakes.
Joint wolk with the Division of Oceanography has continued on
studies of the Leeuwin current, a warrn, poleward current flowing
off the westem Australian coast.
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Satellite atlas
Over the next three years all the useful meteorological satellite
data will be combined into a satellite atlas of Australia. This will
include products such as seasonal values of NDVI, land and sea
surface temperature, evaporation and clouds. The atlas aims to
lemonstrate how satellite data can be applied to various
community and industrial problems.

Satellite instrumentation

Along Track Scanning Radiometer
The Australian involvement in the Along Track Scanning
Radiometer (ATSR) program continues. The instrument is a joint

effort between the Rutherford Appleton Laboratory in the U.K.,
C.R.P.E. (Centre de Recherches en Physique de I'Environnement
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Terreste et Plan6taire) in France and CSIRO. The ATSR is a new
generation infrared and microwave radiometer designed to
measure sea sufface temperature from space with an accuracy of
better than 0.3oC. The instrument will be launched from Kourou in
French Guyana by the European Space Agency (ESA) on their
first remote sensing satellite ERS- l. Launch is currently planned
for late 1990.

The Division is taking a leading role in the preJaunch activities
required for deriving sea surface temperature from the satellite
data, organising ship and airborne campaigns for the validation of
the satellite products and developing the means for comparing
infraled data and products from two or more different satellites.

The preliminary work for ATSR includes the use of ship-borne
radiometers to test the cul'rent techniques for deriving sea surface
temperatures from space. Two cruises onthe RV Franklinhave
been undertaken, one in the Coral Sea and one off the west coast
of Australia. Joint studies of air-sea interaction and the energy
budget of the sea surface have been started with the CSIRO
Divisions of Environmental Mechanics and Oceanography, the
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University of Tasmania and Curtin University. Radiometer and
coincident satellite data have been collected southeast of Papua
New Guinea and on the equator north of Australia. Analysis of
these data sets is under way.

Research efforts have been concentrated in two main areas -

development of ATSR scientific objectives and applications of
AVHRR data. A simulated ATSR data set has been completed for
the Rutherford Appleton Laboratory science team and other data
usel's fo assess the usefulness of ATSR data in various
applications.

Atmospheric Pressure Scanner
The measurement of surface pressure from space is one of the
major unsolved problems in satellite remote sensing. Active
systems using highly stable lasels tuned to an absolption line of
oxygen offer the most promise in the long tem, but presently face
many technical problems. More attractive in the short term are
passive systems such as the near infrared system under study at the
Division. The absorption of radiation by oxygen is monitored and
this permits the mass of oxygen along the ray path through the
atmosphere to be infened. Because oxygen is well mixed in the
atmospherc, the oxygen mass is directly related to atmospheric
pressure. In this system sunlight reflected from the earth's surface
will be sampled.

The Division has put forward the Atmospheric Pressure Scanner in
response to a call from tlre Japanese National Space Development
Agency (NASDA) for foreign sensors for the ADEOS satellite
which is to be launched in 1993.

Two prototype instruments have been constructed. Extensive
numelical modelling suggested the construction of a high
resolution spectrograph and established the precision with which
the aerosol loading and temperature profile of the atmosphere
must be known in order to recover surface pressure with an
accuracy of 2 hPa.

Based on these results, a prototype high resolution spectrograph
was developed, using a holographically recorded, concave
diffi'action grating designed and manufactured by the optics group
at CSIRO Division of Materials Science and Technology.
Preliminary tests with the prototype support the modelling results
and have provided the basis fol the design of a rugged, stable
instrument for use in the research aircraft.

The CSIRO Office of Space Science and Applications
(COSSA) has funded the development of the second prototype.
The instrument is being developed jointly by the Division, the
CSIRO Division of Materials Science and Technology and
Auspace Pty Ltd.
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Other instrumentation
Preliminary work has been done on fwo other instruments for
meteorological satellites: a cloud size analyser and a high speed
image analyser.

It is well lecognised that the radiation fluxes to and from the earth
depend not only on the cloud amount but also on the degree of
fragmentation of the cloud. The purpose of the cloud size analyser
is to supplement the data currently available from instruments
such as the AVHRR with the size analysis of cloud fields using
high speed image analysis on board the spacecraft.

Reliable size information can also be recovered by applying
modem image analysis techniques to satellite imagery. This
analysis can be performed in real time by a dedicated processor on
board a satellite. The processol needs only current technology and
would be a low cost supplementaly package for one of the existing
instruments.

Satellite reception and commercial activities
The original NOAA (National Oceanic and Atmospheric
Administration) satellite reception componenf of CSIDA was
designed by Divisional engineels and constructed in the electrical
and mechanical workshops. Tne system was installed in 1983 and
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has run successfully ever since, acquiring data from up to six

satellite overpasses per day.

This system became the prototype for a commercial development
venture undertaken jointly by the Division and the firm of PCM
Electronics Pty Ltd. The venture proved successful with PCM

selling systems to the Bureau of Meteorology in Melboume, the

WASTAC consortium in Perth and the NASIS consortium in

Townsville.

Image processing system
Experience in operating the image processing component of the

original CSIDA facility coupled with the need to find a cost-

effective expansion path to meet future processing requirements

led Divisional scientists to build and market an improved image
processing system based on the need for increasing speed at lower

cost, software rather than hardware solutions, portability,

enhanced display systems and improved user interactions.

The system was built and marketed as part of a joint venture

between the Division and The Dindima Group Pty Ltd. Although

sales to date have been limited to only four units, the system has

proved the advantages ofthe concepts on which it was based and

has thus pointed the way to present and future developments in

this particular technology. The exercise has also given the

Division experience in commercialisation.

Value-added products
Ever since the commissioning of the CSIDA facility in January

1984, the Division has been inundated with outside requests to

supply satellite images or data enhanced in various ways to

highlight features or to extract information of significance such as

sea surface temperatures or vegetation indices. The past three

years have seen the establishment and progressive improvement of

a service to meet these requests.

The service operates commercially and is able to support its own

programmer and general expenses. The range and quality of its

products have improved as procedures and techniques developed

in various Divisional research programs have been progressively

incorporated into its operational code.

A recent innovation has greatly improved product distribution. It

allows customers to use personal computers to access a data base

of requested value-added products via a dial-up modem. Selected

image data can then be transferred to their local system which will

display or print the information in the form of a full-colour plot

which is a faithful representation of the original image.
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Current and future directions
A continuing strong demand for systems which provide the
reception and processing capabilities of CSIDA encouraged the
Division to explore new avenues for commercialization. The
exercise culminated with a proposal to establish a new company
which would market turn-key reception and processing systems

based on the evolving CSIDA technology and a range of value
added products. Ownership of the company would be shared
between CSIRO, which would contribute its expertise in the area
and several Australian-owned companies which would contribute
management and marketing expertise as well as capital to

undertake commercial development.

The joint venture partners would be dedicated to the strategic

development of systems over the next decade. The proposed new

company would be uniquely placed to incorporate in its
operational systems those techniques and procedures which

emerge from CSIRO's ongoing research in the area of remote

sensing. Negotiations are continuing.



Water Resources

Introduction
As a dry continent with a great variability in rainfall, it is
appropriate that considerable emphasis should be given to the
hydrologic aspects of Australia's climatic system. This has
resulted in the establishment of the Water Resources Prosram
within the Division of Atmospheric Research.

The program aims to identify important mechanisms affecting
regional and global climate as they apply to the water budget.
Practical means offorecasting droughts are being derived and
research is being done to improve understanding of severe stonns
and rain-bearing systems. The results of this work will be very
important for engineering schemes and precipitation evaluation.

The drought and suface moisture studies both relate to climate
and land use problems and employ numerical modelling
techniques on quite different space scales. These techniques and
quantitative precipitation evaluation should realise a strong
similarity in physical parameterization schemes. The surface
moisture study has a major field observational component with
emphasis on extensive irigation areas in semi-arid Australia.

The studies related to mesoscale convective systems and
mid-latitude winter storms are predominantly observationally
based and involve detailed analysis and interpretation of
comprehensive data sets from tropical and midlatitude regions.

Drought studies
This research aims to identify the causes of drought initiation and
cessation and to develop a testable drought prediction scheme.
Research is being pursued via general circulation models and a
major model development program has been completed recently.
One aspect of this program involved updating of the soil hyd-
rology parameterization and its evaluation in terms of the diurnally
varying regional climatology at individual model gridpoints.

Emphasis is now being placed on assessment of the impact of
Pacific Ocean sea surface temperature anomalies as drought
precursors, using the updated general circulation model.
Observations have identified major droughts in Australia with
such anomalies, particularly El Nif,o events. Very realistic
droughts have been obtained in the model for Australia and other
regions, as well as enhanced rainfall associated with El Nifro.
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Future experiments will explore the relationship between the
spatial distribution of drought and that of the anomalies.

Timely drought predictions resulting from sea surface temperature
anomalies require that the anomalies be forecast. The ability to
predict El Nifro events is therefore central to the drought project.
Intelnational research on this topic has used observed winds to
force a numerical model of the equatorial Pacific Ocean. However,
recent observations have shown that the response of the equatorial
Pacific is also dependent on the polewards heat transport by the
Kuroshio Current. The strength of this current is thought to depend
on westward propagating Rossby Waves in a way that is poorly
understood. Hence, the numerical model of the Pacific Ocean
being developed as part of the drought project is being forced not
only by the observed surface wind field but also by the observed
strength of the Kuroshio Current. Assessments of the model using
the 198213 El Niflo-induced drought in Australia are planned.
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El Nino
Due to their very large heat-holding capacity, the oceans play a

major role in driving the atmosphere. A persistent temperature

anomaly in the oceans of only 1 or 2oC can cause appreciable

disruptions in the atmospheric circulation. The best known

anomaly of sea sulface temperatures is El Niflo.

El Nifio forms part of a large scale atmospheric phenomenon. Air

circulates easf-west along the equator in cells centred over the

great oceans. The strongest such circulation occurs above the

Pacific. Warm. moist air rises over the Indonesian region resulting

in cloud and rain. The air rises to the upper troposphere and travels

eastwards, to sink towards the cold waters off Peru. The

descending air creates an oceanic dry zone off South America.

Under normal easterly trade wind conditions, the sea level is about

40 crn higher in the west than in the east. When these winds

slacken, the drag on the ocean surface dirninishes and warm water

is transported back to the east and interferes with the usual

upwelling of cold water off Peru. This is the birth of an El Nifio.

Drought spreads across most of Australia bringing with it

immense dust storms, bushfires and losses in agriculture and

livestock production.
Long sets of meteorological data show the existence of a coupled

ocean-atmosphere system that irregularly switches o the El Niffo

state every 2 to 7 years. The altemation is called the Southem

Oscillation and involves the see-sawing of the atmospheric

pressure level between points in the westem and eastem Pacific.

Normally pressure in the west is lower than that in the east.

However during El Nifro events the opposite condition prevails. El

Niflo and the Southem Oscillation are different manifestations of

the same phenomenon which is often referred to as ENSO.

La Nifra is the reverse cycle of El Nifio. It is associated with higher

rainfall and a grearcr' number of cyclones over Australia.

General circulation models
Recent emphasis has been on developing general circulation

models. The original two level model has been modified to

four levels so that a more accurate specification of near surface

properties can be obtained for use in driving a coupled oceanic

model.

Data from one year have been generated with the atmospheric

model and this is being used to tune a three layer oceanic model.

The latter model contains a variable depth mixed layer and a

themocline layer, both of which include advection and upwelling.

The third layer is static and relaxes to observed temperatures.

This model should permit integrations of the coupled oceanic-

atmospheric model for 10 year periods. This is adequate for many

climatological studies.
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Exploratory runs with the coupled model are about to commence.
Success with this model should provide crucial guidance for the
ultimate aim of coupling the atmospheric general circulation
model with a multi-level primitive equation oceanic general
circulation model. Using output from a 1O-year integration with
the two level model, the conditions governing the production of
naturally occurring drought in the model have been analysed for a
number of geographical regions. Naturally occurring drought is
considered to lesult from nonlinear interactions of the climatic
system. As such it is inherently unforecastable. Fortunately, the
model results and subsequent examination of observed rainfall
variations in Australia, confirm that such droughts are restricted to
small areas and usually last for only one year.

The two level atmospheric model has been improved by replacing
the bucket soil hydrology by a two-layer scheme, which is far
more sensitive. The model is now being run in the diurnal mode
and improvements have been made to the way in which near
surface moisture and temperature are derived. The overall
performance of the model has improved and detailed examination
ofdiurnal and inter-diurnal variability has revealed a wealth of
climatic information. The details of this variability provide
encouragement for the use of the model in planned experiments.
These results also highlight some problems in simulations which
may not be generally appreciated. This version of the model has
now been superseded by the four level model which will be used
in a series of experiments designed to provide insight into the
characteristics of drought, particularly in the Australian region.

ice-ocean J L atmosohere-ocean coupl ing OCEAN- - . . _ " _ _  v

Changes of ocean basin

shape, salinity, etc
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Due to the dominant influence of El Niflo events in the creation of
Austlalian droughts, an oceanic model of the Pacific extending
from 30oN to 30oS is being developed. The model initially will be
entirely wind driven using observed data for the validation part of
the assessment. A simple atmospheric model will be used to
generate the wind data when the model operates in a predictive
mode. This simple coupled model will be used to predict sea
surface temperatule anomalies associated with El Niflo events,
permitting these anomalies to be inserted into the four level
general circulation model. By this means it should be possible to
predict the large scale droughts occurring over eastern Australia
duling El Nifro events.

General circulation models
In some areas of science it is not possible to carry out direct
experiments on the subjects of interest. The global atmosphere is

an example of this and computer-based general circulation models
are used for investigations.
Clanges in heating pattems due to increased emissions of
greenhouse gases will influence all other elements of climate
including rainfall, cloudiness, frequency of cyclones, m,idlatitude
storm tlacks, frosts, snowfall and sea-ice. For a complete treatment
it is necessary to consider the whole globe from the surface to well
into the stratosphere, and all the major processes influencing the
complete earth-ocean-atmosphere system. General circulation
models are designed to satisfy these requirements.
General circulation models involve solving a set of at least six
highly non-linear partial differential equations on a spherical grid

at different levels. Six equations are needed to solve the six
variables: pressure, temperature, hum'idity and the three
components of velocity. A horizontal grid with a mesh of 500 km,

for example, gives about 35 points over Australia. Some 2 000
points cover the globe. Thus, for a 15 vertical level model, the

three dimensional grid contains 30 000 points at each of which the

equations have to be solved for the model to be advanced one time

step. Using the most powerful of modern computers, typically ten

minutes of processing time is needed for one model day; five
hours for each month.
General circulation models have many applications and have been

used for some time for day to day weather forecasting.

Middle atmosphere modelling
Some detailed development of the model, which extends from the

surface to 100 km, is continuing. In addition to allowing diurnal
variability in the atmosphere, the diurnal variability of the land

surface temperature is now permitted. The gravity wave drag
parameterization scheme of the British Meteorological Office has

been permanently implemented in addition to the previously used
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Lundzen drag scheme. However, the mesospheric wind systems,
particularly in the southern hemisphere, have proved to be very
sensitive to the parameters defining the intensity of dissipation
associated with these schemes. This has caused considerable
difficulty in obtaining a final climatology due to the time
consuming nature of assessing the impact of changes to this
dissipation. This process of adjustment is now nearly completed
and it is next proposed to analyse the interaction ofthe breaking
internal gravity waves with the tidal structures in the model
mesosphere.

Surface moisture impact on climate
A long term investigation of the impact of surface moisture
discontinuities on the behaviour of the lower atmosphere and
ultimately regional climate, has commenced in conjunction with
Colorado State University, USA. Aircraft experiments over
inigation areas in the semi-arid regions of north east Colorado
have revealed significant differences in the planetary boundary
layer structure over dry and inigated sectors.

These differences are consistent with the presence of inland sea
breeze-like circulations known as non-classical mesoscale
circulations. These circulations are not readily observed because
of air flows from the nearby mountains as well as large scale
atmospheric circulation.

Another field experiment involving both aircraft and satellites was
conducted in south-east Colorado over snow soil discontinuities.
The aim of this experiment is to identify non-classical mesoscale
circulations and to relate these to those expected over irrigated
areas. Appropriate areas in eastern Australia are now being
identified for study.

An evaluation is being done into the impact of wet soil and
vegetative canopy surface temperatures on Bowen ratios and
boundary layer depth as a function oflatitude and season.
Modifications to the evaporation parameterization used in models,
specifically in climate studies, are being assessed.

Dynamics of mesoscale convective systems
Analysis of data from the field phases of the Cold Fronts Research
Program has been completed. This collaborative project involving
the Division of Atmospheric Research, the Bureau of Meteorology
and several Australian universities has resulted in a new
understanding of the genesis of the summer-time cool change.

A conceptual model has been developed which explains the
behaviour and structure of the main frontal types. The roles of
evaporative cooling and the influence ofthe coastline in
modifying the cool change are now understood. Results have been
communicated to operational forecasters via a series of workshops
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and through close liaison with colleagues in the Bureau of
Meteorology Training School and Monash University.

EMEX
In the tropical regions of the world and particularly in the oceanic
region to the north of Australia, the atmospheric hydrologic cycle
is dominated by mesoscale convective systems. Thus in 1987 the
Division of Atmospheric Research in collaboration with the U.S.
National Center for Atmospheric Research (NCAR), several U.S.
universities and the Australian Bureau of Meteorology, partic-
ipated in the Equatorial Mesoscale Experiment (EMEX). The
purpose of EMEX was to define the input of cloud systems to the
vertical heating rate profile in the tropical atmosphere. The correct
representation of this profile is a fundamental requirement for both
global and regional climatic and forecasting models. It is this
heating profile which essentially drives the global climatic system.

The observational phase of EMEX took place during January
and February 1987 and eight cloud systems were investigated
by appropriately instrumented research aircraft including the
CSIRO F-27. Collaborative analysis of the resulting data sets is
now under way. Concurrent with the EMEX project were two
other major observational programmes, the Australian Monsoon
Experiment (AMEX) and the Stratospheric Tropospheric
Exchange Project (STEP).
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Australian summer monsoon
Obselvational and theoletical studies of the Australian summer
monsoon have continued. The onset process during AMEX was
extensively studied. A very clear onset occurred on 14 January
with a dramatic increase in rainfall, cloudiness and low level
westerly winds. This onset date was more than two standard
deviations latel than the thirty year mean of 24 December. This
was a direct l'eflection of the suppressing effects that the 1987 El

Nifro event produced throughout the Australian region.

The predominant fluctuations in the intensity of the monsoon are

at low fi'equency, that is greater than a2O day period. Well defined
40-50 day oscillation events wel'e identified in the Australian
region. The major break on about?T January was associated with

the eastward traversal of the downward branch of one such event.

Considering the marked influence the 4G-50 day oscillation has on

the Australian monsoon, a theoretical explanation of the

oscillation is desirable. A model developed at CSIRO reproduces

most of the features of the observed oscillation and is unique in

that the amplitude of the disturbance is predicted in a self

consistent manner. The basic hypothesis of this model is that the

tropical atmosphere is conditionally unstable. A large-scale

disturbance grows due to the instability. However as it gains

amplitude it reduces the instability through vertical transport of

heat. This stabilisation occurs in the manner necessary for slow

eastward propa-qation to occur. The relevance of this mechanism

to the observed oscillation is still under investigation.

The Australian Winter Storms Experiment
The Australian Wintel Storms Experiment (AWSE) will be

conducted during July and August, 1988. The experiment is

sponsored by the Division and has also received support from the
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Melbourne and Metropolitan Board of Works (MMBW), the
Australian Urban Water Research Association and the Bureau

of Meteorology. Overseas support comes from the US National

Science Foundation, the National Oceanic and Atmospheric
Administration and the Desert Research Institute of Nevada.

AWSE aims at improving a cloud seeding experiment which
will be conducted by the MMBW over the next five years. It is

designed to show whether, and to what extent, precipitation can
be increased over the major Thomson Dam water supply
catchment. The Division will act as scientific consultants for the
conduct and analysis of the experiment. A wide range of
instrumentation and observations will support a study of the
condensed-phase water budget ofthe clouds over, upwind and
downwind of Baw Baw Plateau. Of particular concern is the
relationship between the amounts of precipitation and the
super-cooled liquid water that flows across the Plateau within the
clouds. This liquid water would be the main source of any
additional precipitation which could come from cloud seeding.
The amount of liquid water may represent the potential increase in
precipitation from cloud seeding. Information on when the water is
present will indicate when cloud seeding should be conducted.

Geophysical fluid dynamics

Geophysical fluid dynamics laboratory
The geophysical fluid dynamics laboratory carries out a variety of
experiments modelling atmospheric phenomena involving density
stratified and rotating fluids. An effective method of measuring
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fluid speeds in these experiments is to use neutrally-buoyant
particles as tracers. A system which can do this for a whole field
of motion which rapidly changes with time has been developed.
The fluid is seeded with small polystyrene beads and is then
illuminated by a thin but intense sheet of laser light. The fluid
motion in this sheet of light is viewed by a video camera and the
positions of the visible beads in successive frames are recorded by
a computer using "imaging boards". This enables calculations of
velocity fields, showing how the motion evolves with time.

The system is being designed for use with turbulent plume
experiments as a model for bushfires. During the development
process it has been used with simpler flows such as stratified flow
past three-dimensional obstacles. The formation of upstream
blocking and downstream eddies at low levels can be clearly
visualized and measured with the new svstem.

Fluid transport through Bass Strait
As part of an air-sea interaction program, an experiment was
designed to measure and analyse the flow of sea-water through
Bass Strait. This is important for an understanding of oil spills and
transport of dissolved and suspended material.

The experimenf was a collaborative project with the Victorian
Institute of Marine Sciences with assistance from the CSIRO
Division of Oceanography. Two sections of cunent meters were
deployed between Cape Otway and King Island and King Island
and Hunter Island, together with a number of tide gauges around
Bass Strait. Data were also obtained from Bureau of M :eorology
wind stations. It was found that in winter, through-flow mostly
occurs in surges from west to east lasting from two to three days.
This coincides with the south-westerly airstreams which follow the
passage of atmosphere cold fronts across the region. The flow is
forced by this air stream within and to the west of Bass Strait.

Ocean current transport
An innovative study ofocean current transport involved an old
Morse-code submarine cable which was laid under the Tasman sea
in 1912. The 2 270 kilometre length of insulated wire carried
telegraph messages between Sydney and Auckland until 1967.

Oceanographers have known for some time that the flow of sea
water across cables induces small voltages. Seven years of
cable-voltage data were analysed using mathematical modelling.

The monthly average cable voltage was found to correlate with the
mean sea level at Sydney, suggesting that the cable was in fact
responding to ocean currents. However there were problems
associated with extraneous variations due to action of ocean
eddies, variations in the earth's magnetic field and short circuiting
of the signal by sediment and rock beneath the cable. This meant

f4



The length of eaclt arrov,
.thows tltc.sertsitit,ity rf the
cable to oceatt cu.rreril of
urtit speetl at tlxat point.

that correlations between voltage surges and documented ocean
movement could not be found. Due to a combination of
conductivity and depth effects, the cable was much more sensitive
to current movements near Sydney than elsewhere. Therefore it
was concluded that local effects override any signal generated by
large scale ocean movements.

Coastal currents
Curent research in the Division aims at understanding the
properties and constraints operating on the different forms of
coastal currents. Ofparticular interest is the ability to transport
heat poleward. This may explain why the Gulf Stream off the
Atlantic coast of North America appears to have a much greater
influence on the climate of that ocean than the corresponding
Kuroshio Cunent has on the Pacific Ocean.

Effects of topography on atmospheric flows
Previous work on stratified flow over topography of substantial
height has been extended in several ways. Laboratory studies of
flow past three-dimensional bamiers which model a mountain
range have been carried out to show the relevance oftwo-
dimensional studies to more general situations. For sufficiently
high topography, low-level blocked flow passes around the
obstacles and separates, forming eddies in the wake. This
downstream flow is essentially unsteady, which affects flow
impinging on obstacles funher downstream. Upper level flow
passes over the obstacles as if they were nearly two-dimensional.
This study has been used to establish a general framework for
laboratory modelling of flow over realistic complex terrain.

Flow over topography of substantial height has a very different
character from flow over topography of small height. In the
former, flow is essentially non-linear and has a hydraulic character
resembling that of flow over rocks in a shallow stream. The drag
of topography on the fluid increases dramatically when this regime
is reached. Hydraulic models of stratified flow have been
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constructed to explore and describe this process and these have
been compared with laboratory observations. Understanding of
this phenomenon has reached the stage where applications of these
hydraulic models to real situations can now be made.

A laboratory study of the topographic effects of Antarctica on the
mean southern hemisphere circulation has been carried out. The
close similarity between flow patterns in a rotating tank and the
mean atmospheric flow pattern at a height at which the pressure is
700 mb implies that the important dynamical factors in the
atmosphere are the same as those in the tank. This suggests that
the goveming principles are potential vorticity conservation and
flow separation from topographic features, producing large
sepal'ation eddies.
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Activities

Technology transfer
The Division of Atmospheric Research collaborates and
exchanges infomation with many organisations both within
Australia and overseas. Many examples are described elsewhere
within this repolt.

In support of its research programs, the Division has been actively
engaged in devising and developing new instruments and methods
for studying aspects of weather, climate and air pollution. The
potential for commercialisation of our inventions has become
more and more obvious and during the past three years a number
of technology transfer projects have occurred.

Commercialisation of CSIDA
The satellite data acquisition and analysis facility developed at the
Division is being marketed in the form of meteorological satellite
receiving stations, together with image processing workstations. A
detailed description of the commercialisation of CSIDA appears in
the Remote Sensing section of this report.

Electrical read-out meteorological barometer
A barometer of very stable long-term performance, with electrical
read-out suitable for automatic logging of data was developed in
support of the Division's cold fronts research program. The
barometer appears to fill an international market niche and is
being considered for manufacture by a Melboume based scientific
instrument company.

Cylinders for the stable storage of reference gases
In collaboration with the Division of Materials Science and
Technology, the Division is contributing expertise towards the
development of special gas cylinders with stable, low contaminant
internal surfaces. A potentially large international market is
anticipated within the semiconductor industry and atmospheric
chemistry research. A licence agreement is being negotiated with a
Melboume manufacturer, through Sirotech.

TV signal distribution
Advice, engineering assistance and testing services have been
provided to the Melbourne company, On-Site Aerial Service in the
development and manufacture of products associated with TV
signal distribution in large installations. Currentiy these products
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are obtained from overseas manufacturers and the aim is to
manufacture them locally with a potential for export. The Division
of Applied Physics has participated in some product-certification

tests.

Laser ceiliometer
A low power Nd-746 lidar is being developed in collaboration
with the Tasmanian Development Authority. The lidar is suitable
for the measurement of cloud height and for assessing visibility.

Mechanical products
Several items developed by the Division during the manufacture
of mechanical components are being considered commercially'
These include a rotary welding positioner and a castor wheel
assembly of adjustable load and suspension range.

Consultant services
The Division has a very broad base in theoretical and experimental
techniques which are applicable to the analysis of commonly en-
countered environmental issues. These include

. particle transport modelling

. atmospheric flow modelling by fluid tank experiments

. NATA-certified anemometer calibration service

. satellite lemote sensing of clouds, sea surface temperature, and

land surface for vegetation and geological studies
. transportable lidar facility for tracking airbome material such as

industrial smoke plumes, toxic gases and dust
. mobile air chemistry laboratory for the analysis of urban

atmospheric pollution
. computer based climate modelling

A brochure detailing facilities and potential commercial applica-

tions for the use of Division expertise in the above areas is being

developed.

Facilities Group
The Facilities Group provides engineering and computing support

to the Division's research programs. It designs and develops

specialised scientific instrumentation and participates in the

transfer of technology to industry. Computing services are offered

via extensive local facilities and Csironet. The Group also

manages and maintains buildings, facilities and services'

Engineering
The design, development and manufacture of advanced scientific
instrumentation to support the Division's experimental research
programs have provided considerable challenge to engineering
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staff. The Engineering Group's activities have expanded with the
increasing emphasis on the commercialisation of
CSlRO-developed technology.

Some of the major instrument development tasks undertaken
during the reported period include the automation and computer
control of gas chromatographs, integration of image processing
workstation hardware, on-going development and enhancement of
NOAA and GMS satellite reception facilities, fluid tank
atmospheric modelling instrumentation, laser systems as well as
extensive instrumentation associated with atmospheric chemistry
research. A proposed satellite bolne radiometer is being developed
for the femote measurement of ground surface atmospheric
pressure.

Field programs requiring significant engineering suppoft included
air quality studies in the Latrobe Valley, continued work
associated with the Australian Baseline Station at Cape Grim and
research installations aboard the R.y. Franklitt and Fokker F-27
aircraft.

The provision of engineering support to industry via consultant
services and direct assistance in the design and development of
new products have resulted in successful commercial collaboration
detailed elsewhere in this report.

Computing
The Computing Group is responsible for operating the local
computers and network and for providing a support service to all
computer users. The Division is one of the major users of
computers in CSIRO. Great demand has been placed on the
Organisation's Cyber 205 supercomputer and on the Csironet
network for atmospheric modelling. Six local minicomputers are
in operation as well as about seventy personal computers. An
Equinox digital data switch was installed in 1987 to provide access
to all facilities from any terminal or PC on site.

During the past three years the Division has been involved in
shaping the Cyber 205 service and has played a major role in
ensuring that usage is free to Divisions so that the machine is fully
utilised. The Cyber 76 service on Csironet has been phased out
and work has been transferred to the Cyber 205 and Cyber 180
machines.

The Computing Group manages the Csironet micronode and
peripherals for users and oversees the use ofthe Division's file
storage allocations. In 1985 a Hewlett-Packard ,4900 was installed
to provide more computational capacity and in 1986 a DEC
MicroVAX II was installed to run VAX specific software from
other sites and to provide interactive graphics capabilities.
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The Group has made a large number of enhancements to the local
machines and the network connecting them. It has also continued
to provide substantial support services to the CSIDA facility.

The number of personal computers on site has grown rapidly. The
Computing Group is involved in advising users on hardware and
software purchases, installation, usage and faults. The Group also
provides suppoft services to conference organisers.

The Computing Advisory Committee has prepared a five-year
plan for computing in the Division. This plan involves a major
local host machine running the UNIX operating system, a local
area network, and either continued access to a CSIRO
supercomputer or a mini-supercomputer on site. The Division has
received a grant from the Major Items of Equipment budget to
enable the purchase ofthe host and network in 1988-89.

Scientific Services Group
The Scientific Services Group supports the Divisional research
efforl and helps maintain contact with the scientific community
and the public at large.

Explaining the research the Division does as well as emphasising
the importance of the work is an essential role of the Group.
Activities include reporting to the Institute and the Govemment,
information exchange between Divisions, communicating with
scientific users of the Division's lesearch and keeping the general
public informed about scientific advances and topical issues.
Communication within the Division is very important and regular
newslettels, bulletins and research reports are produced.

Management and scientific administrative tasks are also performed
by the group and these have been described in detail in the
previous report.

The Division has an extensive library which makes full use of the
CSIRO Library Network. An integrated on-line automated library
system (CLINES) was introduced during 1986.

Photography and graphic services are available for scientific
publications, conference presentations, lectures and special
displays.

Conferences and Workshops
The Division of Atmospheric Research fosters the exchange of
scientific information by supporting a wide range of conferences
and workshops. A major conference during the reporting period
was Greenhouse 87.
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