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I .  INTRODUCTION

The atmosphere and oceans are much too large to enable cause-and-
effect relat ions to be studied experimental ly on the scale of weather and
cl imate. Consequent ly,  in addit ion to observing natural  events and relat ing
them to the processes at work, repeatable experiments need to be
performed via proxies. Two subst i tutes used are physical-mathematical
models,  of ten using sophist icated computer techniques because of the
complexi ty of the systems and governing equat ions, and experiments with
f luids in the laboratory, studying phenomena which theory indicates may be
scaled up to represent what occurs in the atmosphere and oceans. Both
these techniques are vi tal  to the armoury of the Divis ion and have afforded
signif icant insights on nature in the ful l  scale.

Laboratory model l ing of rotat ing and strat i f ied f lu ids receives special
mention. The experiments, involving water tanks, probe the basis of var ious
phenomena in the oceans and atmosphere. They have st imulated research
into direct pract ical  problems associated with the weather and also into
essent ial  dynamical aspects of other major projects of the Divis ion -
cl imatology and the study of atmospheric const i tuents.

On the internat ional scene, the outstanding event has been the highly
s u c c e s s f  u l  1 2 - m o n t h s  i m p l e m e n t a t i o n  p h a s e  ( D e c e m b e r  1 9 7 8
November 1979) of the First  GARP Globat Experiment (FGGE), also known
as the Global Weather Experiment.  Divis ional scient ists made major
contr ibut ions to the extensive planning and prel iminary sub-programmes
associated with the FGGE. The reward wi l l  be a unique global data set of
the behaviour and structure of the atmosphere and the ocean surface.
Subsequent research should lead to further understanding of both weather
and cl imate in the southern hemisphere and part icular ly the Austral ian
region. Of the many observing systems developed for the FGGE, the
southern hemisphere dr i f t ing ocean buoys and polar-orbi t t ing and
geostat ionary satel l i tes have great potent ial  for future use in the study of
atmospheric physics. For this reason the Divis ion plans to give high pr ior i ty
to direct-access satel l i te imagery and remote sounding for studies of
weather and cl imate. This wi l l  be in accord with a burgeoning cold front
research programme and the growing importance of studies of c l imate and
cl imate change.

The cold front f ront research programme which involves col laborat ion
part icular ly with the CSIRO Division of Cloud Physics and the Bureau of
Meteorology is a natural  development for the Divis ion's work on the
boundary layer and meso-scale processes.

Research on longer atmospheric t ime scales involves theoret ical  and
numerical  studies of the physical  basis of c l imate. This includes dynamical
processes, thermodynamical concepts, the morphology of Austral ian and
southern  hemisp fere  c l imate ,  and the  impor tan t  c loud/ rad ia t ion
interact ion. Atmospheric const i tuents which exercise a vi tal  inf luence on the
cl imate system are studied in an associated programme. In this lat ter area,
one of the sub-programmes exci t ing much attent ion concerns the carbon
cycle in the atmosphere and the role of COz in the cl imat ic balance.



I I .  GEOPHYSICAL FLUID DYNAMICS

The geophysical  f lu id dynamics programme is concerned with the
basic dynamical processes that determine the motions of the atmosphere
and the oceans. Despite the obvious di f ferences in density,  compressibi l i ty
and other propert ies, these motions are governed by the same physical
laws, and there are many simrlar i t ies in the basic processes and
phenomena concerned. The underly ing purpose is to provide the elements
needed for the mathematical  analysis of weather on local,  regional and
global scales, and the approach is to synthesize these processes in a
manageable model by a combinat ion of analyt ical ,  numerical  and
laboratory simulat ion techniques.

The programme is largely composed of discrete studies. Fal l ing under
four general  headings, representat ive examples of recent ly completed and
cont inuing work are given below.

The Stable Medium

Both the atmosphere and the ocean are for the most part stably
strat i f ied; that is,  their  temperature distr ibut ion is such that i f  d isplaced, the
medium wi l l  tend to return to i ts or iginal  level.  The motion is consequent ly
wavelike in character, and the vertical exchange of matter and momentum
is dependent heavi ly on the propert ies of these waves.

Air f low Over Mountains.

In the atmosphere the most important generator of waves is ground
topography. An extensive programme of laboratory experiments simulat ing
a uniform flow over idealized two dimensional obstacles has been
undertaken to test theoret ical  descr ipt ions of the result ing motion. The
results cover a comprehensive range of def ining parameters, and in
part icular explore the occurrence of 'upstream inf luence',  where the effect
of the obstacle is transmit ted uowind in the form of a wave, Linearized
perturbat ion theory has been shown to fair ly descr ibe the propert ies of the
waves behind the mountain providing i t  is smal l  in height.  New theoret ical
work has establ ished that the uostream inf luence depends on non-l inear
effects and on the presence of a l imit ing vert ical  feature such as a
temperature inversion result ing in waves being trapped beneath i t .

ln col laborat ion with the New Zealand Meteorological  Service, data
from their weather observing network have been examined for evidence of
uostream inf luence. These data were found to be somewhat less than
opt imum,  and a  spec ia l  observ ing  programme is  p lanned.

A laboratory study has also been carr ied out of strat i f ied f low over
mesh barr iers placed transversely in the stream. The pr imary aim was to
determine the condit ions governing the part i t ion of f low of f lu id over and
through the barr ier.  The pr incipal f indings were that the character of the
f low depends pr imari ly on a Froude number, F, (based on f luid speed,
density strat i f icat ion and barr ier height).  l f  F > 0.5 most of the f lu id
approaehing the barr ier f lows over i t ;  i f  F < 0.5 al l  the f lu id below a certain



height (dependent on F and mesh size) f lows horizontal ly through the gaps,
and above this height the f lu id f lows over the barr ier in a nearly two-
dimensional fashion.

Energy Part i t ion in Internal Wavebreaking.

A large part  of  the energy going into internal waves is ul t imately lost by
breaking or overturning. The resultant mixing weakens the temperature
gradient,  and in so doing increases the stat ic potent ial  energy of the system,
In def ining the net effect of  internal waves on strat i f ied media i t  is therefore
necessary to determine the fract ion of the incoming energy which is
transferred in this way to potent ial  energy. To make a direct measurement
of this energy part i t ion, a laboratory experiment was performed in which
internal waves were cont inuously forced at breaking level.  With al lowance
made for residual losses, the fract ion was found to be about one quarter.  ln
distinction from previous attempts at measurement there appeared to be
l i t t le dependence on mixing intensity.

Convection Studies.

Convection occurs when air is heated above the temperature of its
surroundings, result ing in a 'p lume' i f  the supply of heated air  is cont inuous
or in a ' thermal '  i f  i t  is released as a parcel.  Many natural  convect ion
phenomena are character ized by plume or thermal behaviour;  and
because the mechanism by which energy is distr ibuted within the
troposphere is important -  though l i t t le understood - the phenomenon is
the subject of  several  studies. The pr incipal ones are descr ibed below.

Penetrat ion of Inversions by Plumes,

l f  a buoyant plume is discharged beneath an elevated inversion, only
part  of  the emission wi l l  penetrate whi le an (often large) proport ion wi l l  be
trapped below. Laboratory experiments simulat ing this behaviour have
been completed, and a new theoretical model has been devised which
agrees wel l  with the results,  and which can be appl ied to real s i tuat ions.
Previous working rules were found to be too conservat ive in predict ing
inversion penetrat ion, by a factor up to about three. Further experiments are
underway to aid in a cr i t ical  examinat ion of commonly appl ied basic plume-
r ise formulat ions.

Laboratory Simulat ion of Cumulus Cloud Dynamics.

Cumulus clouds are character ized by an internalcondit ional l iberat ion
of latent heat which provides their  buoyancy. This dist inguishes them from
simple convect ion from a local ized source. Despite intr insic dynamical
di f ferences, models of cumulus convect ion have rel ied on results of
convect ion experiments of the lat ter type. A new experimental  technique
correct ly simulat ing the essent ial  features of cumulus convect ion has now
been developed. Water is the working f lu id,  and the cloud f luid is saturated
with hel ium which comes out of solut ion in the form of minute bubbles as
the  env i ronmenta l  p ressure  fa l l s .  En t ra inment ,  de t ra inment  and
environmental  convergence are successful ly represented.



F i g .  1 .
A novel approach to the simulat ion of latent heat release in a developing cumulus cloud.
The tank contains water which represents the atmosphere. The 'cloud',  consist ing of
water  in  wh ich  he l ium has  been d isso lved under  p ressure ,  i s  fo rced th rough a  ho le  in  the
base of the tank. As i t  r ises, the decreasing hydrostat ic pressure al lows the hel ium to
come out of solut ion, creating buoyancy in a manner resembling the release of latent heat
accompany ing  condensat ion  in  a  c loud.

Detai led experiments so far have concentrated on the behaviour of
thermals. These have revealed essent ial  and imoortant di f ferences between
'moist '  thermals with height-dependent buoyancy release and 'dry '

thermals. Internal buoyancy release evident ly suppresses toroidal
circulat ion in the thermal mater ial ,  thereby prevent ing homogenizat ion of
the thermal and inhibiting entrainment. The thermal therefore enlarges less
rapidly,  r ises faster and penetrates further than a 'dry '  thermal.  The results
are consistent with observed cumulus cloud behaviour and are being
analyzed with a view to providing a more accurate representation of the
bulk propert ies of cumulus convect ion.

Rotation and Global Dynamics.

In two important respects the Earth provides a framework for an
abundance of complex phenomena in the moving f lu id skin that is the
atmosphere. First ly,  this skin closes on i tsel f  so the motions transmit  their
effect around the globe in the manner of hor izontal ly moving waves of a
variety of wavelengths and ampl i tudes. Secondly the framework is rotat ing,
and whi le the smal ler phenomena are not strongly inf luenced, the rotat ion
becomes a dominat ing factor for processes of a few hundred ki lometres
scale, and even on a much smal ler scale where local ly the rotat ion is



intense, such as in tropical  cyclones or tornado-producing thunderstorms.

Recent research in this area has included the fol lowing studies.

The Ouas i -b ienn ia l  Osc i l la t ion .
A dominant feature observed right around the equatorial stratosphere

is the periodic reversal of  the zonal wind above 20 km. This phenomenon
earns i ts name from i ts per iod, which var ies between two and three years.
One theoret ical  exolanat ion is that the osci l lat ion occurs because of the
upward transfer of momentum by global-scale equator ial  waves. Select ive
absorpt ion of this momentum gives the overly ing zonal f  low the appearance
of a gradual ly descending transverse wave. A revision of exist ing theory
and a much simpl i f ied model of  the osci l lat ion was described in the
previous biennial  report .  The theory has now been val idated by the results
of a laboratory experiment.  In this experiment,  internal gravi ty waves were
generated at the base of an annular tank of sal t-strat i f ied water.  The waves
generated an osci l latory zonal f low in the tank, whose structure was
qual i tat ively simi lar to the atmospheric osci l lat ion and quant i tat ively in good
agreement with theoret ical  predict ion, Apart  f rom i ts direct relevance to the
quasi-biennial  osci l lat ion the experiment also provided conf irmation of
certain pr inciples of momentum transfer by waves in a manner which had
not previously been pract ical ly demonstrated.

As yet,  no numerical  general  c irculat ion model has successful ly
reproduced the quasi-biennial  osci l lat ion. Theory suggests that this fai lure
is due to inadequate resolut ion and excessive art i f ic ial  dissipat ion in such
models. A new numerical  model designed to provide a real ist ic s imulat ion
of the osci l lat ion is present ly under test.

Planetary Wave-Zonal Flow Interaction.

Planetary waves - large scale wave motion of zonal wave number
less than about 5 -  are a major feature of the atmospheric circulat ion.
About one-half of the total poleward transfer of heat in the atmosphere is
accomplished by these waves. The broad-scale weather pattern in any
region is strongly inf luenced by the structure of the overly ing tropospheric
planetary wave pattern. In the stratosphere, planetary waves are apparent ly
responsible for 'sudden warmings'  of  the winter pole, through interact ion
with the strong wester ly jet  ( the 'polar night jet ' )  which is observed in the
mid- lat i tude winter stratosphere.

Our conceptual understanding of planetary wave behaviour is based
on l inear theory. Interact ion with the mean zonal f low is ignored in such
theories. A ser ies of studies have now been carr ied out to investrgate the
idea that the feedback processes associated with the interact ion between
the wave l ike parts of the motion and the background zonal f low have a
profound inf luence on planetary wave structure. So far the studies have
been based on very simple theoretical models but some potentially
important phenomena have been highl ighted. Numerical  models of so
cal led wave-mean f low interact ion are being developed with a view to
applying these theoret ical  ideas to more real ist ic representat ions of the
trooosohere and stratosohere.



Momentum Transfer by Weak Eddies.
Much of the inter- lat i tude exchange of wester ly momentum in the

atmosphere is known to be due to the act ion of synopt ic scale 'eddies' .

Simi lar ly,  the eddies in the ocean evident ly transfer momentum to enhance
currents such as the Gulf  Stream. Theoret ical  predict ions indicate that
where there exists a gradient in the effect of the earth's rotation (the so-
cal led 'beta'  ef fect)  wester ly momentum is gained in regions where the
eddies are strongest (or are being forced) at the expense of the momentum
of surroundjng regions.

A laboratory experiment has been conducted to test quant i tat ively
these predict ions. An open cyl indr ical  dish of water was spun axial ly so that
the centr i fugal deformation of the surface introduced a beta effect.  Eddies
were forced within a radial  region by creat ing a travel l ing system of suct ion
and eject ion through the porous bottom of the dish. As predicted, a sinuous
wester ly let  was created over the forcing region. Furiher,  i t  was
demonstrated that,  in accordance with predict ions, when forcing was
provided by deforming the bottom into a travel l ing system of r idges and
troughs the same effect could not be obtained because the drag imposed
on the f lu id by the deformations counteracts the forcing provided by them,
and only weak mean f lows can be induced,

Rotat ional Mixing and the Genesis of Tropical  Cyclones.

I t  has often been convenient in theoret ical  and numerical  models of
the atmosphere to assume that eddy motions too smal l  to be expl ic i t ly
resolved have effects resembling those of molecular di f fusion. Laboratory
experiments previously reported have demonstrated that this is not the case
when rotat ion becomes even moderately strong, and that one consequence
is the concentrat ion of regions of high rotat ion rather than a di f fusion of
them.

The results imply a redistr ibut ion of angular momentum over scales
la rger  than the  edd ies  themse lves .  New numer ica l  mode ls  have
successfuJly simulated the process for rotat ional waves forced strongly
enough to  become cent r i fuga l l y  uns tab le ,  and fu r ther  labora tory
experiments have explored the propert ies of rotat ing f lu ids over wider
ranges of condit ions, Among the phenomena revealed is 'super-rotat ion' ,

characterized by internal mean rotations greater than those at any boundary.

Experiments specif ical ly related to tropical  cyclone genesis have also
commenced, and i t  is found that with conf ined convect ion character ist ic of
tropical  disturbance cloud clusters, the mechanics of the high-level c irrus
outf low strongly inf luence the intensif icat ion of the infant vortex.

Physical Oceanography.
A modest part  of  the Divis ion's programme has been devoted to

physical  oceanography on those topics where the necessary data and
expert ise have been avai lable and where i t  is l ikely that the result  wi l l  shed
l ight on atmospheric phenomena. Two examp/es of this work are descr ibed
below.
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Transport  Through the Tasman Sea.
Using oceanographic data from the CSIRO Division of Fisheries and

Oceanography, an est imate has been made of the transport  through two
closed box sect ions of the Tasman Sea, with the part icular object of
est imating the amount of water carr ied by the East Austral ian current.  From
the results i t  appears that though 50 to 60 megatons per second was being
transported on one occasion, the current was vir tual ly absent on another,
point ing to the highly transient character of the current.

Dropsonde Development.
Work is underway on the development of a simple dropsonde device

which when released from a vessel,  s inks to the bottom and then returns to
the surface. l f  three of these devices are deployed simultaneously a
measurement of net volume f lux and direct ion can be determined from their
relative positions on resurfacing, providing water depth is not great, The
devices are intended for an experiment const i tut ing a f i rst  at tempt to
measure direct ly the volume f lux through Bass Strai t .



I I I .  CLIMATOLOGY AND ATMOSPHERIC RADIATION

Anyone aware of the errors in 24-hour weather forecasts wi l l  not be
surpr ised to learn that predict ing cl imate -  the "average weather" of  the
next month, year,  or century, and so on - is not yet possible. We assume
that i t  is possibJe ln pr incipJe but we are st i l t  at  the stage of asking 'what

pr inciple?'  We do not know which scient i f ic avenue wi l l  u l t imately make an
impression on the problem. We do know that i t  wi l l  involve something other
than the techniques convent ional ly used for current short- term forecast ing.

Thus the study of c l imate forecast ing presents an immediate di f f icul ty.
On the one hand the l imitat ion of resources demands a focus on only a few
aspects of the problem. On the other,  we st i l l  need to probe from many
dif ferent direct ions simply to determine the more promising avenues. Our
approach is inevi tably a compromise. There is a wide spread of act iv i ty
which might be classed as innovat ive and there are the ' focussed' projects
which, among other things, relate closely to the UN-sponsored GARp
Climate Programme - an internat ional research effort  present ly being
developed to address the climate problem.

Innovat ive Projects.
Act iv i t ies in this category include attempts to relate Austral ian cl imate

to anomalies of sea-surface temperature in the Pacif ic;  searches for
common factors in the atmospheric circulat ion associated with Austral ian-
region 'extreme events'such as major drought and f lood; and attempts to
simulate present-day global c l imate using the recent ly developed
techniques and results of i r reversible thermodynamics.

One study in this category concerns a basic problem associated with
predict ing long-term cl imate change, namely that even i f  a theory is devised
which indicates that the cl imate wi l l  change in such and such a manner,
there may be too l i t t le data to check the outcome of the theory before the
event occurs. An obvlous approach is to apply the theory to the 'predict ion'

of di f ferent cl imates of the past,  The di f f icul ty then is that information on
past cl imates is l ikely to prove too sparse and to consist  merely of surface
propert ies such as the extent of ice sheets, large-scale rainfal l  patterns and
possibly,  the surface temperature. In part icular,  detai ls wi l l  probably be
needed of the atmospheric circulat ion at the t ime since this is the basic
parameter of a cl imate regime. One project of  this type has involved
examinat ion of the cl imate of the Austral ian region during the last glacial
maximum - the late Quaternary of about 18000 years ago. A descript ion
appears later in this sect ion.

Focussed Projects.
One major project is a theoret ical  examinat ion of the fundamenrar

physics of turbulent f low patterns in a medium surrounding a rotat ing
sphere. The aim is to explain the character and posit ion of the atmospheric
long-waves which exist  in both hemispheres and which, to a large extent,
control  the weather and cl imate of a part icular region. 'Long-wave
predict ion'  is an essent ial  intermediate step in the general  process of
cl imate oredict ion.
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On the experimental  s ide, the centrepiece of the work of the radiat lon
group is an invest igat ion of the role of c louds in control l ing the radiat ion
energy budget of the earth-atmosphere system (and therefore the cl imate).
This has been a long-standing project of  the Divis ion and i ts importance
has been reinforced now that 'c loud radiat ion feedback'  has been ident i f ied
by the internat ional GARP Cl imate Programme as one of the basic
problems associated with numerical  c l imate predict ion. Recent ly,  interest
has shi f ted from lower- level water clouds (about which something at least is
now known) to upper- level c irrus clouds. These common ice-part ic le
clouds exert  a dominant control  on the radiat ive energy budget of the earth,
the study of which is helped considerably by the Divis ion's extensive l idar
and infrared radiometr ic observing system. The remainder of this sect ion
describes in more detai l  the var ious proyects current ly under way.

Dynamical Climatology.

Our cl imate is the result  of  complrcated interact ions between many
d i f fe ren t  phys ica l  p rocesses  in  the  a tmosphere  and be tween the
atmosphere and the oceans. To what extent i t  may eventual ly be possible to
forecast cl imate is not yet known, but there can be no doubt that any
signif icant capabi l i ty wouid be of immense benef i t  for human welfare and
the economy.

The dynamical c l imatology research programme is concerned with
studying the physical basis of climate with main emphasis on seasonal and
year-to-year t ime scales. The basic goal is to invest igate the possibi l i ty of
predict ing signi f icant cl imate changes and anomalies. Progress is most
l ikely to be achieved by a combinat ion of empir ical  data studies which can
y ie ld  in fo rmat ion  on  the  under ly ing  mechan isms and theore t ica l /
numerical  studies which develop knowledge of these mechanisms and
ult imately assemble them in numerical  models to represent the cl imate.

One l ine of research involves "stat ist ical  dynamical" c l imate models.
In these, the var ious key processes are incorporated in parameter ized form
rather than expl ic i t ly as in the detai led numerical  models developed
primari ly for short- term forecast ing at the ANMRC (Austral ian Numerical
Meteorology Research Centre).  Some of these processes, including
exchanges between sea or land surfaces and the atmosphere, and aspects
of solar and terrestr ial  radiat ion, have already been adequately formulated
as a result  of  ear l ier work in this Divis ion and overseas. Current ly one of the
greatest needs is for improved parameterization of large scale atmospheric
and oceanic transoorts and of interact ion between radiat ion and clouds.
Consequent ly,  a signi f icant part  of  the research programme is concerned
with developing the insights necessary to meet this need.

Large-Scale Systems: Data and Modelling Studies.

Monsoon dynamics and macro-scale climate sfudles. Simple
coupled ocean-atmosphere models have been used to study the longterm
transient features of the Earth cl imate system, One version includes an
interact ive ocean, a ful l  hydrologic cycle and the sel f-determinat ion of
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simple cloud distr ibut ions. Ultra- long integrat ions have been undertaken for
t ime periods greater than 20 years. The purpose was to establ ish ocean-
atmosphere relaxat ion t imes. The model shows interannual var iabi l i ty in al l
f ie lds throughout the integrat ion but after an ini t ia l  perturbat ion i t  sett les
back to cycl ic equi l ibr ium in about 4 years, This is heartening as i t
approximates the scale t ime est imate of the real mixed layer of the ocean.
Such agreement suggests that the model can be used for anomaly studies.

Numerical simulation ol global-scale tlow. Statistical mechanics has
been employed to obtain the t ime-averaged f low in numerical  s imulat ion
models descr ibing global-scale atmospheric f low. The manner in which
weather forecasts depend on the accuracy of the observat ions and the
number of report ing stat ions has been invest igated and has reinforced the
need for a denser stat ion network in the Austral ian region.

Hemispheric scale, low-frequency mid-latitude mechanisms'
Hemispheric data sets (such as the EOLE constant- level bal loon data)
suggest that, between the strong seasonal and synoptic energy peaks of the
southern hemisphere general  c irculat ion, there l ies considerable var iance
in intermediate frequency phenomena with t ime scales of weeks'
Diagnostic studies of various data sets show that the transient features exist
on the largest spat ial  scale and appear as physical ly coherent propert ies of
both the troposphere and stratosphere. New results indicate that these
transients, hi therto considered only from their  ef fect on zonal averages,
show considerable longitudinal var iat ion. The potent ial  of  such propert ies
as an aid to stat ist ical  forecast ing on a hemispheric scale for several  weeks
ahead is being considered,

Ftoods and Droughfs. A study of some major occurrences of heavy
rainfal l  and droughts in Austral ia,  based on regionaland hemispheric data,
is cont inuing. The object is to f ind factors associated with the onset of these
extreme events, and to gain evidence of the underly ing mechanisms with a
view to developing theoret ical  formulat ion and long-range forecast ing
techn ioues ,

Attent ion has been mainly on two part icular areal distr ibut ions where
the rainfal l  has a relat ion with larger scale circulat ions. In the southern
Queensland/northern N.S.W. region, the relat ion is with the Southern
Osci l lat ion, whi le in the Sydney and Adelaide regions there is an inverse
rainfal l  associat ion related to the lat i tude of the high-pressure belt  and the
large-scale zonal f low pattern. In both cases, i t  is found that there is a
marked dist inct ion between periods when the relat ion is strongly evident
and oeriods when i t  is weak or non-existent.  The nature of these di f ferences
is being further examined, and i t  is hoped that the large-scale correlat ions
can be brought into better focus by taking account of other inf luences.

Part icular emphasis is now being directed to features related to the
Southern Osci l lat ion. This term refers to changes in the large-scale
pressure system over the tropical  Pacif ic region which occur on t ime scales
of up to a few years. They are measured in terms of the mean sea level
oressure di f ference between Darwin and the mid-Pacif ic.  The mechanism
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is  not understood at present nor are the prospects for predict ing i ts
behaviour known as yet.  Among a number of var iables closely associated
with the Southern Osci l lat ion are the east Austral ian rainfal l  and, inversely,
eastern Pacif ic sea-surface temperature and equator ial  Pacif ic rainfal l .

Darwin district raintall. A study of associations of the Darwin district
monthly rainfal l  in summer with var ious meteorological  parameters has
been cont inued. For each month, (December, January and February),
there is a signi f icant negat ive associat ion with Darwin pressure over the
per iod  s tud ied  (1913 to  1978) ,  w i th  the  remarkab le  except ion  tha t there  is
neg l ig ib le  assoc ia t ion  in  January  on ly  -  f  rom 1913 or  1946.
Examinat ion of the rainfal l  var iat ions for the northern Cape York peninsula
(a monsoon area at about the same lat i tude),  shows that at  about the same
time here, the reverse happened - in that the associat ion with Darwin
pressure changed from strongly negat ive to zero thereafter.  This evident
secular change around 1946 has relevance to predict ion of rainfal l  using
the Southern Osci l lat ion Index. l t  appears to be associated with a northward
shif t  in the equator ial  t rough zone over Austral ia and with a marked
decrease in the persistence of t ropical  cyclones over the Phi l ippines. The
relat ionships are being studied further using data from both hemispheres.

A descript ion of recent work on the dynamics of monsoons can be
found later in this report  under the heading 'Tropical  Meteorology' .

Mechanisms and Parameter izat ion.

Synoptic systems as mechanisms of meridional eddy transport. A
classi f icat ion of c loud vort ices in the southern hemisphere, observed from
satel l i tes, has been used to provide an inventory of the incidence of
di f ferent stages in the l i fe-cycle of mid- lat i tude synopt ic disturbances as a
funct ion of lat i tude. The role of these di f ferent stages in accomplishing
meridional eddy f luxes of heat and momentum has been studied. The
decaying stages are shown to be vi tal ly important in effect ing a strong
equatorward f lux of momentum. The observed lat i tude prof i le of t ransient
eddy f lux is thus shown to be strongly inf luenced by the di f ferent stages in
the l i fe-cycles of synopt ic systems occuring at preferred lat i tudes. Further
impl icat ions of these studies bear upon the di f ferences in synopt ic
behaviour between northern and southern hemispheres.

Case studies of individual synopt ic si tuat ions and some sequences of
development ver i fy the results obtained from the composite study of c loud
vort ices and eddy f lux stat ist ics.

Stratospheric zonal winds over Australra. Upper air statistics at
selected Austral ian stat ions have been used to further determine detai ls of
the structure of the quasi-biennial  zonal wind osci l lat ion in the southern
hemisphere and, in part icular,  of  the reiat ion between tropical  and high
lat i tude features, Phase and ampl i tude prof i les as a funct ion of lat i tude
suggest that a forced osci l lat ion in equator ial  regions may be conveyed
throughout the tropics by a lateral  di f f  usive process, but for the high lat i tude
phenomenon some other process must be sought.
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Baroclinic development and large-scale transports. The effects of
long quasi-stationary planetary waves on producing preferential regions of
development of large-scale depressions in the atmosphere has been
studied using numerical  methods. l t  is found that the results of the
barocl inic instabi l i ty theory used, are in a good agreement with the
observed regions of most act ively developing barocl inic disturbances. Heat
and momentum f luxes have also been calculated and their  distr ibut ion is
found to agree with observat ions.

On the basis of this study a stat ist ical  dynamical c l imate model has
been proposed using parameter izat ions of heat,  momentum and other
f luxes based on barocl inic instabi l i ty theory incorporat ing long planetary
WAVES.

Cloud-radiation relationshlps. A simple radiative model has oeen
developed to explore the dependence of one form. of thermodynamical
forcing -  radiat ive heat ing -  on cloud and moisture distr ibut ions. Cri t ical
dependencies are found. The model has been used to studythe radiat ive
propert ies of c louds of var ious types and heights. The invest igat ion has also
been extended by relaxing the constraint of  f ixed atmospheric state
(instead the atmosphere is allowed to adjust convectively) with the object of
seeking the temporalvar iabi l i ty introduced into a system by cloud. Systems
defined by an interact ive oceanic lower boundary or land lower boundarv
are now being considered.

A further study has been completed using the Winter Monsoon
Experiment (December, 1978) data set.  During the experiment,  extensive
layers of upper level al tostratus were observed to spread many hundreds of
ki lometres from disturbed regions. Such decks, which often precipi tated,
were observed to persist  longer than should be expected in a general ly
diverging and subsiding environment.  l t  is argued that the decks were
regenerated by radiat ive destabi l izat ion. The effect of  a thick stratus deck
on the long and short  wave radiat ion f ie lds is to cause substant ial  heat ing at
the base of the cloud and cool ing at the top. The subsequent destabi l izat ion
and the release of latent heat maintain the deck against evaporat ion.

Paleo-cl imate
For reasons indicated in the introduct ion to this sect ion, a study of the

cl imate of the Austral ian region during the late Quaternary (about 18000
years ago) has been undetaken. The sea level was then low enough for
Austral ia and New Guinea to be joined by a wide plain, and the cont inent
extended in other regions out to the 200 metre bathymetr ic contour of the
present day, The surface cl imate of the t ime, as re-constructed from proxy
paleo-ecological  evidence, was very di f ferent to that of  today. For instance,
the tropical ,  sub-tropical  and extreme south-east parts of the cont inent
were  much dr ie r  and the  New Guinea h igh lands  were  as  much as  B 'C
colder than today.

Having performed this broad reconstruct ion, the problem was one of
establ ishing the most l ikely atmospheric circulat ion which could produce
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such a pattern. What was required was a hemispheric long-wave pattern
which, among other things, al lowed frequent cold outbreak condit ions
favourable for the maintenance of the New Guinea glaciers. The postulated
pattern is considerably di f ferent from that of  the present day, is consistent
with the paleo-reconstruct ion and, most important,  is a dynamical ly
possible si tuat ion since simi lar patterns exist  occasional ly dur ing present-
day anomalous periods. This last point is most signi f icant -  namely, that
the relat ion between surface propert ies and atmospheric dynamics in
anomalous present-day situations may be used as a guide to the relation
which might have existed more permanently in other t imes.

Southern Hemisphere Cl imatology.
Dai ly analyses of the southern hemisphere atmospheric circulat ion

since the global weather experiment started in January 1979 have been
used to obtain stat is i t ics for each individual month. These are being
compared with cl imatological  charts based on earl ier data. A notable
dif ference is the much lower surface pressure in the Antarct ic trough in al l
the months so far studied, and the corresponding higher values for mid-
lat i tude wester l ies and polar easter l ies. Further prel iminary indicat ions are
that the eddy kinet ic energy of the southern hemisphere general  c irculat ion
is signi f icant ly larger than previously est imated.

Radiation - Solar and Thermal.
The radiat ion programme deals with aspects of the scatter ing and

absorpt ion of solar and terrestr ial  radiat ion within the earth-atmosphere
system. Absorpt ion and emission of radiat ion both at the surface and in the
atmosphere leads to sources and sinks of heating in the global system
which in turn dr ive the atmospheric dynamics and determine the global
cl imate. One of the chief modulators of radiat ion streams in the atmosphere
are clouds and their  radiat ive propert ies have been receiving increasing
attent ion in the last few years. There can be I i t t le doubt now that c louds are
a dominant control  on the overal l  energy balance of the system and must
therefore be accounted for in any real ist ic model of  c l imate. Incomplete
knowledge of the formation, dissipat ion and radiat ive propert ies of c louds
has been recognized by the Joint Organizing Committee of the World
Meteorolgical Organization as one major tactor limiting the advance of
cl imat ic model l ing.

This emphasis on clouds has strengthened the already considerable
programme of research on radiat ive propert ies of c louds which has been
an ongoing programme at the Divis ion since the early 1970's.  As wel l  as the
pure radiat ive aspects of c louds, the effects of local radiat ion divergence on
the formation and evolut ion of c louds is also being studied, with part icular
emphasis at present on tropical  c loud systems. Related to the cloud
programme are studies on atmospheric aerosols,  which also interact with
the radiat ion streams and which may be a factor in cl imat ic change, and on
certain surface propert ies which have a bearing on cl imate. An important
theoret ical  ingredient in the programme is an evaluat ion of methods of
model l ing global c l imate in terms of the radiat ion budget of di f ferent
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lat i tudes of the world and the resultant global c irculat ion in the atmosphere
and ocean. Such studies should ut l imately answer quest ions as to just how
the clouds affect the cl imate, what feedback processes are important,  and
so on .

The radiat ion programme includes several  other invest igat ions which
are of potent ial  or known benef i t  to the Austral ian region. These include the
measurement of atmospheric turbidi ty (a measure of the amount of haze or
aerosol in the atmosphere) and i ts effects on solar radiat ion; monitor ing and
predict ion of ul t raviolet radiat ion reaching the surface, part icular ly those
rays producing sunburn; studies of water vapour anomalies associated with
c lear  a i r  tu rbu lence.

Invest igat ions involving clouds and cl imate use a considerable
amount of satel l i te data; the radiat ion programme therefore also deals with
the interpretat ion of satel l i te cloud signals,  with part icular emphasis on
cloud heights, amounts and radiat ive propert ies.

The cal ibrat ion and standards laboratory cont inues to provide a
service to local industry,  and to maintain high qual i ty standards for solar
and terrestrial radiation instruments. Further details of this aspect of the
Division's work appears at the end of this sect ion.

Theoret ical  Studies of Cl imate.
A purely thermodynamic zonal average cl imate model based on a

constraint of  minimum entropy exchange between the earth-atmosphere
system and space was reported on earlier. The model has recently been
extended to three dimensions and some of the art i f ic ial  constraints have
bebn removed. This makes possible a pr ior i  calculat ions of the broad-
scale geographic distr ibut ion of c loud, surface temperature, hor izontal
energy f luxes in the ocean and in the atmosphere, etc.  The agreement with
observat ion strongly supports the basic thermodynamic concept.  The
model should provide a valuable framework for test ing the sensit iv i ty of
climatic factors to radiative properties of clouds, etc.

Radiat ive Propert ies of Clouds - Upper Level Clouds
Towards the end of 1978 an Internat ional Workshop was held at

Oxford, England, on the Parameter izat ion of Extended Cloudiness and
Radiat ion for Cl imate Models. One glar ing gap in the knowledge was
ident i f ied as the radiat ive propert ies of high clouds, together with the
formation, dissipat ion and microphysics of these clouds. Much work of an
exploratory nature is needed before the problem of parameterization can
real ly be def ined. ln ant ic ipat ion of this need, l idarsounding of high clouds
was ini t iated in the early 70's.  Since the Divis ion purchased i ts own l idar in
1975, a more comprehensive and systematic programme has been
possible. In 1978, f ive months of c irrus data were obtained at Aspendale,
using both the l idar and the 10-12 p.m CSIRO infrared radiometer.
Prel iminary analysis of these data has shown that the infrared emissivi ty
and the backscatter coefficient at the lidar wavelength have a dependence
on ambient temperature ( i .e.  height).  This is the f i rst  t ime that such
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dependencies have been detected. The meteorology of cirrus systems will
also be investigated in order to try and obtain clues on the mechanism of
cirrus formation.

A further project in i t iated in U.S.A. in 1977, in col laborat ion with two
U.S. inst i tutes, was the simultaneous determinat ion of solar albedo and
infrared emissivity using a combination of ground-based lidar scans and
data from two geostationary satellites. The results have been compared with
theoret ical  calculat ions on model c louds. Analysis of the data has
highl ighted the di f f icul t ies involved in deriv ing high cloud propert ies from
satellite measurements and a more soohisticated analvsis has been
devised.

A joint cirrus radiation experiment with the New Mexico Institute of
Mining and Technology and the US Off ice of Naval research, was recent ly
made possible by the latter's loan of an unusual type of research aircraft.
Able to operate at high al t i tude and at low speed i t  was ideal ly sui ted from
making in-si tu measurements of patches of c irrus cloud. Solar and thermal
f luxes and cloud part ic le size distr ibut ions were sampled through a number
of c irrus clouds. The results establ ished a direct relat ionship between the
ice content of cirrus cloud and the latter's radiation characteristics.

Theoret ical  work has concentrated on obtaining a model which wi l l
predict the optical properties of cirrus to an adequate accuracy. The optical
properties of cirrus ice crystals are difficult to represent - there is no
known accurate method. However,  a model of  long ice cyl inders appears to
be adequate for many purposes, for instance, for predict ing the infrared
transmit tance and possibly the solar ref lectance. Apart  f rom being an aid
and support  to the observat ional programme the ul t imate aims of the work
are the parameterization of the optical properties of cirrus for use in
dynamical models of the atmosphere and better interpretation of satellite
and l idar data in terms of the derived radiat ive prooert ies.

Radiat ive Forcing in Tropical  Clouds.
Radiative heating associated with tropical cloud distributions,

part icular ly the high cirrus shield, has been shown to be the l ikely cause of
tropical cloud clusters. Therefore this mechanism may have important
ramifications for dynamic models of not only tropical disturbances but also
the larger scale circulation in the tropics. Another study has shown that
cloud amount and type are an important inJluence on the general
atmospheric forcing and thus the effects of radiation and cloud must be
accounted for in models of the earth's cl imate.

Remote Sensing.
lce cloud properties. As well as the lidar projects described above,

the extent to which this instrument can be used to obtain information on the
microphysics of c louds is being invest igated. l t  is possible now to ident i fy
clouds consist ing mainly of hexagonal crystals from their  character ist ic
signatures (the crystals float down with their large axes horizontal) and to
obtain estimates of the number, densitv and size of these crvstals.
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Variat ions with temperature of the depolar izat ion rat io of the backscattered
radiat ion are also being studied.

Microwave radiometry. Measurements taken at Deniliquin with the
CSIRO airborne microwave radiometer in '1976 have been analysed. The

analysis shows that the radiometer (operat ing at a wavelength of 2.65 cm)
accurately measures the surface soi l  moisture content over unvegetated
surfaces. The microwave results have been used to obtain a simple
parameter izat ion of evaporat ion from non-saturated surfaces.

Remote measurement of atmospheric pressure' Methods of
measuring atmospheric pressure from a satel l i te have been studied in

col laboratron with U.S. scient ists,  rn part icular a laser technique using the
absorpt ion in the natural ly occurr ing oxygen absorpt ion band. Changes in
pressure correspond to changes in oxygen mass, and therefore absorpt ion.
The general  problems associated with the method have been invest igated
theoret ical ly,  and i t  appears that this approach is feasible '  However,  high-
power laser systems with high wavelength stabi l i ty are required. The two
most promising lasers appear to be a st imulated Raman Scatter ing (SRS)

type and a ruby laser-pumped dye laser.  A prel iminary experiment at
Aspendale indicates that the SRS technique does work, but the eff  ic iency is

low. Techniques for obtaining high SRS conversion eff ic iency and good

stabi l i ty are being invest igated in the laboratory. A dye laser is being
invest igated by workers at NASA, Langley, Virginia,  with some ini t ia l
col laborat ion from this Divis ion.

Remote detection of clear-air turbulence. American scientists have
recent ly demonstrated that c lear-air  turbulence can be detected ahead of
an aircraft  - thus permit t ing evasive act ion to be taken. Variat ions in water
vapour emission are detected by a forward- looking radiometer mounted on
the aircraft .  Associated theoret ical  studies are being pursued atthe Divis ion
with the aid of a contract grant from the Environmental  Research
Laborator ies, NOAA, Boulder,  Colorado.

Ultraviolet Radiation Monitoring Network.
Radiat ion measurements of sunburning ul traviolet radiat ion cont inue

along the east coast of Austral ia and at Hobart ,  Port  Moresby and Penang.
The instruments used are simi lar to those used in a worldwide network run

by the skin and cancer Hospital  in Phi ladelphia. Intercomparison between

the two networks is possible through dupl icate measurements at both

Aspendale and Brisbane.

The results from the Austral ian network have been used to ver i fy a

simple atmospheric model which gives the narrow band (290-320 nm)

ultraviolet radiat ion cl imate of Austral ia.  This model has also been veri f ied

against a complex model of  solar radiat ive transfer through the atmosphere.

Radiation Standards and Observations
A second act ive cavi ty radiometer has been acquired to augment the

group of pyrhel iometers which comprise the regional radiat ion standard.An
electronic data logging system has been developed to al low the two act ive
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cavity radiometers to operate in a semi-automatic mode concurrent ly with
the manual ly operated Angstrbm pyrhel iometers. The regional standard
now consists of the two active cavity radiometers and two Angstrom
pyrhel iometers with two si lver disc pyrhel iometers in reserve.

Radiat ion measurements at the Basel ine Air  Pol lut ion Stat ion, Cape
Grim, have now been extended to include di f fuse sky radiat ion. Oversight
of the instru;nentat ion and the processing of data from the stat ion cont inues
to be undertaken by the Radiat ion Group. With the loan of an instrument
from the Bureau of Meteorology, atmospheric turbidi ty measurements by
sun photometer have commenced at the Cape.

A regional pyrhel iometer comparison was carr ied out at Aspendale in
February/March 1978. The National Standard Pyrhel iometers of New
Zealand and Indonesia and also that of  the Bureau of Meteorology were
compared with the Regional Standard. Three clear days of acceptably low
turbidi ty dur ing the period resulted in a comparison of good accuracy.

Twenty-four-hour recording of the main radiat ion parameters
cont inues at Aspendale: 13 years of good qual i ty data are now avai lable.
The measurement of atmospheric turbidi ty,  which commenced in 1968, is
also cont inuing. From the beginning there has been a steady decrease in
mean annual turbidi ty at Aspendale (except for an upward excursion in
1974, which may be related to the Fuego volcanic erupt ion).  These results
are consistent with those from the Mauna Loa observatory, Hawai i ,
al though the opposite trend has been observed at some places at high
lat i tudes in the northern hemisohere.
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IV .  ATMOSPHERICCONSTITUENTS

This programme is concerned with the composition and chemistry of
the atmosphere on global,  regional and local scales, with part icular
reference to cl imate change and atmospheric pol lut ion. Airborne mater ial ,
whether gaseous or part iculate, plays an important role in regulat ing
cl imate; for example CO,, through i ts abi l i ty to absorb outgoing longwave
radiation may have a warming influence in the lower layers whereas
particulates, by cutting off incoming shortwave radiation, may have the
reverse effect. Many of the substances which control climate occur
natural ly in the air ,  but industr ial izat ion may increase their  concentrat ion
and, as well, insert foreign material. This research has implications for
cl imate, for the environment and for health

The aims of the research programme are four-fold:
(1) to establ ish the background levels of those atmospheric const i tuents
which are important in the context of  c l imate, to locate the sources and
sinks of these mater ials and to develop an understanding of their
distr ibut ion and movement.  (Measurements made at Cape Grim, north-
west Tasmania -  the si te for the permanent Austral ian Basel ine Air
Pollution Station - are an essentiaJ element of this programme),

(2) to determine the extent to which man's act iv i t ies are contr ibut ing to the
overal l  amount of these substances in the atmosphere,

(3) to relate the knowledge derived from the above to possible changes in
global c l imate, to atmospheric pol lut ion and to l ikely modif icat ions of our
environment,  especial ly those which are adverse,
(4) to utilize some of these constituents as tracers to provide information
on the dynamics of the troposphere and stratosphere.

It is important to realize that careful and precise measurement and
long-term monitoring is only part of the overall study; interpretation of the
data is the essence of the programme.

Carbon Dioxide
Monitor ing of carbon dioxide (CO,) background levels in the

troposphere and lower stratosphere in the Australasian region has been
cont inued using the Divis ion's aircraft  sampl ing network. Sampling
frequency has been reduced in the last two years since we now have a data
set which is suff ic ient ly comprehensive for certain aspects of our work, and
aircraft  avai labi l i ty has changed in some areas. Lower tropospheric f l ights
made in chartered l ight aircraft  have been used to supplement those made
by the Department of Transport .  In addit ion, support  by Trans-Austral ia
Air l ines for the automatic upper tropospheric sampl ing programme has
remained strong. Cal ibrat ions of the working gases used during sample
analysis at Aspendale and errors due to the carrier-gas effects of the
respective infrared gas analysers have been reviewed and six years of high
qual i ty data to December 1977 have been publ ished. The accumulated
data shows a rnean annual increase in background CO, of 1.2 ppmv but
with a fair ly large var iabi l i ty.  The standard deviat ion of these annual
increases is 0.6 ppmv.
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Fig .  2 .
'Background' measurements of atmospheric carbon dioxide made at the site of the new
(Austral ian) Baseline Air Pol lut ion Station, Cape Grim. Tasmania, and from an aircraft in
the south east Austral ian region. The similari ty between surface and aircraft
measurements indicaies a well  mixed atmosphere in the context of carbon dioxide. l t  is
considered l ikely that increasing amounts of atmospheric carbon dioxide (whether due to
man's burning of fossi l  fuels or to natural events), could cause a signif icant change in
world cl imate. One result,  among others, would be vast changes in land use pa'. terns
including food producing areas.

Preliminary studies of vertical CO, gradients through the.troposphere
suggest that the oceans are a sink for CO, during much of the year in the
south-east Australian region. This proposal is supported by the observation
that CO, concentration measurements at Cape Grim are on average
- 0.5 ppmv lower than those measured at the top of the boundary layer
(-1-2 km). Changes in this and other sink strengths possibly account for
much of the variability in the annual CO, increases. A detailed study has
been made of CO rdata from some 400 flights made over the past six years.
Using appropriate meteorological data an attempt was made to interpret the
similar ( > 1 %) time and space variations in CO, concentration. lt was shown
that CO, concentrat ion exhibi ts marked spat ial  var iat ions in the tropopause
region depending on the prevai l ing synopt ic si tuat ion, part icular ly the
position of the jet stream.

Considerable effort  has been involved in evaluat ing and interpret ing
CO, data obtained from the Austral ian Basel ine Air  Pol lut ion Stat ion, run by
the Department of Science and the Environment at Cape Grim, Tasmania.
The ini t ia l  obiect is to establ ish data select ion cr i ter ia which can

23



be used to remove data inf luenced by local surface exchanges to produce
a data set representative of background conditions.

Dr.  C.D. Keel ing, Scr ipps Inst i tut ion of Oceanography, has provided a
complete 21 year (1958-1978) dai ly record of CO, concentrat ion from the
monitor ing stat ion at Mauna Loa, Hawai i .  Techniques were developed for
removing, from the data set,  var iabi l i ty associated with f luctuat ions and
trends which occurred on t ime scales longer than one year and shorter than
20 days. The resulting data set was used to study year-to-year variation in
the annual cycle of CO, concentrat ion. The most signi f icant conclusion is
that there appears to be evidence of a change in the ampl i tude of the
annual var iat ion throughout the past 20 years, part icular ly in the last few
years. This suggests that net uptake of carbon each year by the non-
equator ial  northern hemisphere biosphere has increased with t ime.

Co-operat ion with the Glaciology Sect ion of the Antarct ic Divis ion,
Department of Science and the Environment,  and the Department of
Meteorology, Melbourne Universi ty,  has enabled a CO, measurement
programme to be establ ished at the Antarct ic stat ion at Mawson (68"S,
63 'E)  and Macquar ie  l s land (55 'S  159 'E)  in  the  southern  hemisphere
temperate wester ly wind belt .  The Mawson programme entai ls col lect ion of
discrete air  samples in glass f lasks which are analysed at Aspendale, whi lst
a semi-automatic gas analysis system is in operat ion on Macquarie ls land.
Flask samples of air  f rom the Indian Ocean region are also being col lected
on our behalf at a coastal station near Perth by the Western Australian
Department of Conservat ion and the Environment.

Commercially available gas analysers used in current monitoring
programmes employ a microphonic detect ion system which is suscept ible
to mechanical  v ibrat ion, thus making them unsat isfactory for mobi le
monitor ing systems. To overcome this,  a new CO, analysis system, ut i l iz ing
a solid state infrared detector, has been developed in the Division. This
instrument performs wel l  under laboratory condit ions, and f inal  adjustments
are being made so that the instrument can be used in an aircraft .

E x p e r i m e n t s  a r e  e n v i s a g e d  w h i c h  r e q u i r e  t h e  c o n t i n u o u s
measurement of CO, concentrat ion from moving vehicles or aircraft .  These
experiments and the data from the Antarct ic stat ion wi l l  be used in an
analysis of the air-sea exchange of CO. over the Southern Ocean.

Carbon lsotope Studies

A programme of monitor ing the 13C/12C rat io in basel ine air  f rom Cape
Grim commenced in October 1977. l I  is hoped that a study of var iat ions in
this ratio and a comparison of our results with those from the northern
hemisphere wi l l  provide direct information on the short  term biospheric and
oceanic exchange processes and the role of deforestat ion in the carbon
cycle. Ref inement of sampl ing and analysis techniques appears to have
overcome ini t ia l  contaminat ion problems. No trends are apparent at this
early stage of the study.
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Carbon stored as wood in trees is der ived solely f  rom the atmosphere.
Since the stable isotooe rat ios of the wood contain information on the
atmospheric isotope rat io at the t ime of growth, they should then ref lect
exchanges between the atmosphere and the earth's major carbon
reservoirs each of which has a di f ferent isotopic label.

This is the reasoning behind the cont inuing study of stable carbon
isotopes in growth r ings of Tasmanian trees, an invest igat ion aimed at
clar i fy ing major uncertaint ies in the global carbon budget.  The Tasmanian
west coast has several  unusual features which commend i t  for this study -

remoteness from local and global industry,  locat ion in the "roaring fort ies",
a variety of easily dated softwoods with a range of habitat, trees of great age
(up to 2000 years),  and support ing direct CO, measurements at Cape
Grim. The results to date from 6 trees, represent ing a range of species and
habitat ,  show a consistent di f ference in the post-1900 trend from that
ident i f ied by northern hemisphere workers who attr ibute an apparent global
trend to fossi l  fuel  combust ion and deforestat ion.

Global Dispersion Model

A two-dimensional computer model has been set up which is
designed to simulate the global distr ibut ion ( lat i tudinal and vert ical)  of
atmospheric const i tuents as a funct ion of their  source and sink intensity and
d is t r ibu t ion .

Object ives of the model s imulat ion include the fol lowing:

(1) Model l ing the observed ampl i tude and phase of the atmospheric
'2CO, and ' 'CO, osci l lat ions to infer the biosphere/atmosphere and
ocean/atmosphere exchan ge,

(2) The use of atmospheric const i tuents in the study of interhemispheric
exchange and response t imes,

(3) The interpretat ion of vert ical  gradients of atmospheric const i tuents,

(4) The study of secular changes in atmospheric const i tuents and their
lat i tudinal distr ibut ion.

The model has been used to simulate the annual var iat ion of
atmospheric CO, concentrat ions. Using an i terat ive process a set of
zonal ly-averaged, monthly,  surface CO, exchange rates were produced
which simulate seasonal CO, var iat ions in the model s imi lar to those
observed at var ious measuring locat ions around the globe. These
exchange rates can be interpreted as large scale net photosynthetic rates. lt
is hoped that the model wi l l  a lso provide a rat ionale for planning the
distr ibut ion and frequency of basel ine measurements needed to achieve
planned object ives.

An invest igat ion is under way to assess the meri ts of using a
Lagrangian rather than a Euler ian cl imatology in order to make the
dynamical s imulat ion as real ist ic as possible.
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Halocarbons
The monitor ing programme for atmospheric halocarbons (CCl3F, CCl.

and CH.CCl.)  has cont inued successful ly throughout 1977-79. Object ives
are:
(1) Compilat ion of global inventor ies,

(2) Comparis n of the data from (1)above with known emission sources
to calculate atmospheric residence t imes,

(3) Ut i l isat ion of CCI.F data to invest igate inter-hemispheric exchange
(CCI.F is generated largely in the northern hemisphere).

An aircraft  sampl ing programme covers most of southern Austral ia
including Bass Strai t  and the Great Austral ian Bight.  Linear regression of
CCI.F concentrat ion with t ime for the f i rst  three years of the programme
indicates an increase of approximately 14-15 pptvyr-1 (parts per 10" by
volume per year),  with a mid- '1979 concentrat ion approaching 160 pptv.
This is ident ical  to both the concentrat ion and trend observed from the f i rst
2.5 years of CCI'F monitor ing data from Cape Grim.

This excel lent agreement between aircraft  and Cape Grim data shows
that,  despite the very occasional day of high CCI.F measurements at Cape
Grim, the stat ion is capable of measuring CCI.F concentrat ions and trends
that are representat ive of a large region of southern Austral ia.

I t  has been shown for a number of days in 1977 that high CCI.F
concentrat ions at Cape Grim correspond to air  masses that had previously
passed over the mainland, in part icular Melbourne. Later i t  is hoped to f i l ter
out the unrepresentat ive measurements. There is a suggest ion in the CCI.F
monitor ing data that the current rate of increase is less than observed when
the  programme commence ln '1976.  Th is  may be  re la ted  to  reduced
emissions from the northern hemisphere ar is ing from regulat ions banning
certain uses of chlorof luorocarbons in a number of countr ies.

In the oast i t  has been found di f f icul t  to maintain stable concentrat ions
of CClrF, CClo and CH.CCl.  for use as reference gases. New techniques
have been developed which overcome the problems and comparisons
have been made with calibrated gases from nine overseas laboratories
involved in atmospheric halocarbon research. The results suggest that very
precise atmospheric halocarbon measurements can be made by di f ferent
laborator ies spread over the globe provided commonly derived and related
standards are used.

The results from the halocarbon programme (CCl3F concentrat ion and
trends) have been compared successful ly to those predicted by a recent ly
develooed box model of  the atmosphere.

Based on the 1976 NASA Inter- lat i tude Survey, an attempt was made
to determine the atmospheric residence t ime of CCIrF by comparing
emissions with global burdens. The calculat ions suggest a residence t ime
of approximately 40 years, but one as short  as 20 or as long as 100 years is
possible. In future i t  is hoped to use the rate of change of the atmospheric
CCI.F concentrat ion to determine this residence t ime more precisely.
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Fig .  3 .
Surface measurements of Freon l l  (CC|3F) made at Cape Grim, Tasmania, si te of the
(Austral ian) Baseline Air Pol lut ion Station. Freon l l ,  widely used as an aerosol and in
industry, is entirely man-made. With an estimated atmospheric l i fet ime of 30 to 50 years,
i t  is possible that chlorine result ing from the eventual breakdown of the freon in the
stratosphere may cause a reduction in high level ozone.

In late 1977, rout ine monitor ing of air  samples from Antarct ica
commenced and regular f lask monitor ing of Indian Ocean air  commenced
in March 1979. These air  sampl ing programmes involve co-operat ion
between the  Meteoro logy  Depar tment ,  Me lbourne Un ivers i ty ,  the
Department of Science and the Environment through i ts Antarct ic Divis ion
and the Department of Conservation and the Environment, Western
Austral ia.  Prel iminary results from these two air  sampl ing programmes
suggest that CCI.F is very wel l  mixed lat i tudinal ly and longitudinal ly
throughout the southern hemisphere. In general  southern hemisphere
concentrations are approximately 10% less than those of the northern
hemisohere.

In  May 1978 a  second ha locarbon mon i to r ing  programme
commenced at Cape Grim. This project,  run as a joint  programme with the
Oregon Graduate Centre, is a component of a global experiment designed
to describe the occurrence and distr ibut ion of CCI.F, CClrF, CH.CCI. and
CClo in the lower atmosphere, with a view to determining the existence or
otherwise of atmosoheric sinks for these compounds.

Urban measurements of CCI.F have cont inued on a l imited basis with
the object ive of correlat ing urban levels observed at Aspendale, with air
pollution potential.

The vert ical  structure of the CCI.F plume from Melbourne has been
investigated by vertical profiling of air samples taken over Bass Strait on
days with sui table synopt ic condit ions. Attempts to detai l  the horizontal
structure of this plume have not been successful  so far.
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C u r r e n t  C C l o  c o n c e n t r a t i o n s  o b s e r v e d  a t  C a p e  G r i m  a r e
approximately 140 pptv, with an annual increase of approximately 1 pptv.
These values are consistent with those calculated by a global CClo
inventory model developed in this Divis ion.

A prel iminary invest igat ion of stratospheric humidi t ies in relat ion to air
trajector ies has not shown any signi f icant correlat ion. Further f l ights have
been undertaken as part  of  the joint  atmospheric CSIRO/Environment
Service, Canada/York Universi ty stratospheric experiment.

Ozone

In the stratosphere
The ozone layer plays a key role in the ecology of the earth. Current

predictions of ozone depletion based on Ihe 1977 concentration of
chlorof luoromethanes, indicate a photochemical deplet ion of ozone of
about 15% in about 20 years t ime. This is approximately one and a half
t imes larger than a predict ion made only a year ago.

The study of the ozone layer involves the understanding of the
chemical and dynamical processes in the stratosphere and, more
important ly,  careful  monitor ing of the ozone layer i tsel f .  The observing
programs using Dobson spectrophotometers have cont inued at Cairns,
Brisbane, Aspendale, Hobart ,  Perth and Macquarie ls land. The fortnight ly
determinat ions of the vert ical  distr ibut ion of ozone by bal loon-borne
chemical sensors (Mast-Brewer sondes) has also been cont inued.

M o d i f i c a t i o n ,  c a l i b r a t i o n  a n d  i n t e r c o m p a r i s o n s  o f  D o b s o n
spectrophotometers have occupied much of the t ime during the past three
years. In August 1977, Austral ian standard Dobson spectrophotometer
(No. 105) which is designated the standard for the W.M.O. Region V
(South-West Pacif ic)  was transferred to Boulder,  Colorado for comparison
with the pr imary instrument (No. 83 -  World Standard) belonging to the
USA. The intercomparison was organised and supported f inancial ly,  by the
WMO. At this comoarison, seven nat ional standards were cal ibrated
against the pr imary. In February 1978 the New Zealand instrument was
brought to Aspendale and compared with our regional standard (No. 105),
In January-February 1979, the Divis ion provided assistance to the Thai
M e t e r o l o g i c a l  D e p a r t m e n t  t o  c a l i b r a t e  a n d  s e t  u p  a  D o b s o n
spectrophotometer at Bangkok. This instrument was brought to Aspendale
in October 1979 for updat ing the electronics, cal tbrat ing and comparing
against the Australian standard, Two officers of the Thai Meteorological
Deoartment were trained in the observat ional techniques.

Analysis of long term trends in ozone in the stratosphere -  obtained
by ozone sonde f l ights at Aspendale -  shows an ozone decrease in the
100-20 mb region during the '1965-78 period. This is consistent with an
approximate (measured) 4% decrease in total ozone at Aspendale between
1957-1977. Further analysis of winds, temperature and the vert ical
distr ibut ion of ozone obtained by umkehr observat ions shows that the
decrease is the result of the weakentng of the stratospheric circulation
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and is not due to the inject ion of man-made mater ial  into the stratosphere.

The iong series of total  ozone data (obtained by the Standard 'AD'

method) is found to correlate inversely with the aerosol scatter ing obtained
from observat ions using a Dobson spectrophotometer.  This indicates that
the long term trend in ozone is inf luenced by secular changes in the
scatter ing -  an aspect not taken into account in the day-to-day calculat ion
of ozone. The previous est imate that about 50% of the total trend may have
been due to changes in the scatter ing propert ies of haze and dust appears
reasonable.

In connect ion with the biennial  osci l lat ion, a study has been carr ied
out comparing the average ozone maxima of al ternate years. l t  has been
found that -  averaged over a number of years -  the di f ference between
ozone maxima of one set of years and that of the alteinate years became
apparent ear l ier in low lat i tudes than in higher ones e.g. February in Darwin
and Cairns, Apri l  in Brisbane, June in Aspendale and August in Macquarre
lsland. The invest igat ion of the interact ion between the biennial  osci l lat ion
in stratosoheric winds and the movement of the ozone osci l lat ion towards
higher lat i tudes is cont inuing. Since the minimum ozone remains the same
in all years, rt rs obvious that the destruction of ozone is also a two yearly
phenomenon even in mid- lat i tudes.

Near the Surface
Ozone in the background atmosphere under basel ine condit ions can

come from two sources: stratospheric ozone-r ich air  passing down into the
troposphere, and local photochemical product ion processes in the
unpolluted lower atmosphere. Ozone along with nitrogen oxides dominate
the chemistry of the lower atmosphere, regulat ing the rate of oxidat ion of
nearly al l  substances in the troposphere. This ozone is subsequent ly
destroyed at the underly ing surfaces and by chemical processes within the
air .  The concentrat ion of ozone in the surface air  and i ts short  and long term
variat ions ref lect changes in the product ion and removal mechanisms.
Long term monitor ing of the surface ozone concentrat ion therefore reveals
information about a number of comolex mechanisms Dresent in the
atmosohere.

Surface ozone is monitored cont inuously at Macquarie ls land and at
the Cape Grim baseline station, Tasmania. These stations have relatively
clear air  so that measurements can be regarded as background levels.  The
data for Cape Grim tor 1977 show a minimum average ozone concentrat ion
for basel ine condit ions of about 17 ppb in the summer months and a
maximum ozone concentrat ion in the winter and spring monlhs reaching
30 ppb in August.

This maximum ozone concentrat ion in the winter/spr ing months is
consistent with inject ion of ozone from the stratosphere causing a bui ld up
in the tropospheric ozone concentrat ion. Observat ional evidence from
vert ical  ozone prof i les and radioact iv i ty in surface air  of  stratospheric or igin,
suggests that the major stratospheric/tropospheric exchange occurs in late
winter and spring. The low ozone concentrat ion during the summer months
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Fig .  4 .
Measuring the destruction of ozone over the sea. A considerable proport ion of the ozone
in the troposphere is destroyed at ground level, the rate depending, amongst other
factors, on the nature of the underlying surface. This investigation is part of a general
study aimed at understanding sources and sinks of ozone in the earth/atmosphere
svsrem.

when solar radiat ion is most intense suggests that photochemical
product ion of ozone in the background atmosphere is of secondary
importance compared with stratospheric inject ion as a source of
troposheric ozone. Further analysis is under way.

The destruct ion rate of ozone on var ious natural  surfaces, e.g. soi l ,
vegetation and water, has been studied using ozone decay methods. An
interesting discovery is that surface resistance to ozone uptake (which is
inversely proportional to the ozone destruction rate at the surface)
increases at night,  i .e.  for a f ixed ozone concentrat ion in surface air ,  there is
less ozone destruct ion at night than during dayt ime. l t  is thought that factors
such as the closing of plant stomata -  which prevents ozone molecules
passing into, and being destroyed within the plants -  and any increase of
surface soi l  moisture at night may cause this decrease in ozone destruct ion
rale.

A representative global ozone destruction rate for the earth's surface is
derived using the above information. Al lowance is made for the lat i tudinal
variation of the different types of surface, their various ozone destruction
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constants, the lat i tudinal and diurnal var iat ion of ozone in the surface air
and the diurnal var iat ion of eddy transfer near the earth's surface. The
global average ozone destruction rate is estimated to be 4 + 2 X 10'ze
molecules s- '  (1 i  0.5 X 10" kg yr '  .  Thrs range extends to sl ight ly higher
values than previous estimates. About 40o/o of this destruction takes place
in the southern hemisphere and the balance in the northern hemisphere.
Thus the net source of ozone in the northern hemisphere appears to be only
sl ight ly larger than that in the southern hemisphere, contrary to recent ly
publ ished est imates.

During '1978, the ozone standard used for these studies was part of
the Nat ional Intercomoarison of Ozone Standards conducted bv the
Department of Science and the Environment.

Oxides of Nitrogen
Nitr ic Oxide (NO) and Nitrogen Dioxide (NO,)

These compounds are col lect ively referred to as NO". Tropospheric
NO" is generated mainly by bacter ial  and chemical reduct ion of
ni trogenous compounds in the soi l ,  the remainder being attr ibuted to
anthropogenic sources, pr imari ly high-temperature com bust ion processes
(e.9. in automobi les, and power plants).  NO" direct ly affects ambrent ozone
and hydroxyl  radical  concentrat ions which in turn predominant ly determine
the rate at which oxidat ion processes occur in the atmosphere. Also, these
nitrogen oxides are precursors for nitrate compounds in atmospheric
part iculates and ni trate ions in rainwater.

To help study natural  and anthropogenic sources of these oxides and
to detect any local and/or global t rends, a chemiluminescent detector
specif ic for NO* has been designed. Bui l t  in the Divis ion, i t  has been
instal led at Cape Grim and wi l l  provide a cont inuous measurement of
ni trogen oxides in clean surface air .

For the f i rst  t ime, emissions of NO and NO" from various soi l  surfaces
have been measured. These emissions appear to result  f  rom the
decomposition of trace amounts of nitrite within the soils. The loss of NO
may not be a permanent loss of f ixed ni trogen as this ni trogen is most
probably returned to the soi l  as ni trates in rainwater.  Thus NO exhalat ion
may be a signi f icant process in redistr ibut ing f  ixed ni trogen throughout the
global biosphere.

In the southern hemisphere the anthropogenic f ixed odd ni trogen,
(NOx), source from combust ion is about 1to 2 x 10'gk9 ni trogen yr- '
whereas the source f  rom soi l  is probably 3-4 x 1Onkg yr- ' .  These sources of
NO* are balanced by uptake of gaseous NOx at the surface and the ni trate
deposited in rain and snow. Estimates of the amount of nitrate nitrogen so
deposited, for the hemisphere, based on observat ions in Antarct ica and
Tasmania, suggest annual deposit ion of the order of 2lo 4 x 1O'g kg
nitrogen yr- ' .

Incidental ly,  the emissions reported here are, per unit  area, about forty
t imes larger than the deposit ions of NO, ni trogen reported for Antarct ic ice.
We suggest this NO. ni trogen in Antarct ic ice may result  f rom the long

J I



range transport  of  f ixed ni trogen from the cont inental  regions of the
southern hemisphere.

A prel iminary examinat ion of the ni trogen cycle in a grazed pasture -

which had not received ni trogen fert i l iser over the past 8 years -  has been
made by this Divis ion and those of Plant Industry and Environmental
Mechanics, Rates of exchange between the soi l  and the atmosphere of Nr,
NrO,  NH3,  NO and NO,  were  measured,  a long wt th  many so i l  and
atmospheric parameters. The data are being analysed.

Nitrous Oxide (NnO)
NrO is a ubiquitous const i tuent of the earth's atmosphere. l t  is

predominant ly of natural  or igin being produced by microbiological
reduct ion of f ixed ni trogen at the earth's surface. In the stratosphere, NrO is
oxidized to ni tr ic oxide -  a substance thought to play a signi f icant role in
the chemical control  of  stratospheric ozone (O.).There has been recent
concern that man's act iv i t ies may increase the product ion of NrO which
could upset the balance of stratospheric O..

Measurement of atmospheric NrO commenced in late 1976. Results
{rom an extensive gas sampl ing network covering Austral ia,  the Southern
Ocean and the Tasman Sea show that NrO is homogeneously distr ibuted
throughout the troposphere in space and t ime. Unl ike earl ier N,O
observa t ions  in  the  nor thern  hemisphere ,  where  average annua l
concent ra t ions  have shown a  20o/o  var iab i l i t y ,  Aspenda le  da ta  i s
conspicuous for i ts lack of var iat ion (  11ok yr-1 )  indicat ive of a long
atmospheric l i fet ime. l t  is now bel ieved that the var iabi l i ty shown in northern
hemisphere results stem f rom the earl ier,  relat ively insensit ive measurement
technioues then in use.

The NrO concentrat ion is found to decrease with al t i tude in the
stratosphere as would be expected of a compound with a stratospheric
sink. An important f inding of this study is that the atmospheric l i fet ime of
N,O (probably > 28 years) is considerably longerthan or iginal lythought (1-
2 years).  This impl ies smal ler source and sink strengths and makes the
atmospheric NrO cycle more suscept ible to anthropogenic inputs.

The loss of NrO f  rom soi ls was invest igated during the f  ie ld experiment
mentioned earl ier in this sect ion. Al though prel iminary results only are
avai lable to date, i t  has been found that in general  the NrO f lux increases
with ni trate concentrat ion and soi l  temperature. However,  there is
considerable var iat ion in NrO f luxes (almost a factor of 50) at di f ferent si tes
in  the  f ie ld .

Stratospheric Nitrogen Oxides Experiment
The Austral ian Academy of Science Commtttees concerned with

"Atmospheric Effects of Supersonic Aircraft"  and "Cl imate Change", and
the World Meteorological  Organizat ion (WMO), have recognised the
potent ial ly harmful ef fects of ni t rogen oxides and chlorof luoromethanes in
reducing the quant i ty of ozone in the stratosphere and have recommended
a direct monitor ing programme for ni t rogen oxides in the stratosphere.
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Fig .  5 .
Preparing a f l ight at Al ice Springs - part of the stratospheric nitrogen oxides
experiment. A.ioint eftort with York University and the Atmospheric Environment Service,
Canada, the aim is to measure (for the f irst t ime) the vert ical distr ibution of nitrogen
oxides in the southern hemisphere. The payload which can be seen suspended from the
launching vehicle, is cat:r ied aloft  by a hel iumji l led bal loon. The measuremenrs are
radioed back to earth and when completed the equipment is cut away by remote control,
returning to earth on a parachute. The descent is fol lowed by radar (the two tr iangular
shaped objects underneath the equipment are radar ref lectors), and by aircraft.  This
work receives f inancial support from the U.S. Federal Aviat ion Agency.

In Decembet 1977 a joint  venture with York Universi ty,  Canada,
commenced w i th  two ba l loon f l igh ts  a t  M i ldura  mak ing  the  f i rs t
measurements of vert ical  prof i les of ni t r ic oxide in the southern hemisphere
stratosphere. The concentrations observed are very similar to those
measured at Texas, U.S.A.,  in simi lar condit ions, suggest ing that the
stratospheric ni tr ic oxide distr ibut ion may, at low lat i tudes, be symmetr ic
through the two hemispheres. This ni tr ic oxide data along with ni tr ic acid
data col lected at Mi ldura during '1971-1973 has been compared with
phys ica l -chemica l  s t ra tospher ic  mode l  resu l ts .  Some subs tan t ia l
discreoancies are evident.

Fol lowing the successful  f l ights referred to above, a comprehensive
programme for the measurement of ni t rogen oxides in the southern
hemisphere stratosphere started in March 1979. The purpose is to
compare observations with theoretical models used to predict the effects of
possible man-made inf  luences on the ozone layer.  The one-year
programme involved eleven stratospheric bal loon f l ights to measure NrO,
NO,  NO,  and n i t r i c  ac id ,  together  w i th  O. ,  water  vapour ,  and
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chlorof luouromethanes. Some of these measurements are the Jirst  to be
made in the southern hemisphere. Fl ights were made from Mildura and
Al ice Springs during the autumn and Mildura in spr ing. Scient ists from York
Universi ty and the Atmospheric Environment Service, Canada, are taking
part .  Financial  support  is provided by the U.S. Federal  Aviat ion Agency.
Analysis of the data is under way.

Photochemical Smog in Melbourne

Photochemica l  smog resu l ts  f rom the  in te rac t ion  o f  var ious
atmospheric pol lutants under the inf luence of sunl ight,  giv ing r ise to
concentrat ions of ozone which are harmful to the health of humans.

The increasing problem of smog in Melbourne is largely attr ibutable to
the exhaust emissions from motor vehicles. Al though a start  has been made
to l imit  such emissions in accordance with the Austral ian Design Rule,
ADR 27A, there is no information avai lable to al low an est imate to be made
of the reduct ion in ohotochemical ozone which mioht be exoected from a
given reduct ion in emission.

The present programme has therefore been undertaken to determine,
by smog chamber techniques, the relat ionship between the concentrat ion
of precursors and the resultant concentration of ozone. lt is intended that
the results shal l  have direct appl icat ion to the Melbourne si tuat ion. The
smog chamber therefore wi l l  be charged with a sample of the Melbourne
atmosphere, and the operat ing condit ions of the chamber (namely the ini t ia l
concentrat ions and the temperature, radiat ion and di lut ion prof i les) wi l l
simulate typical Meibourne smog events.

To determine the required prof i les, a survey of the Melbourne smog
situat ion has been undertaken by means of an aircraft  equipped to measure
the required chemical and meteorological  parameters.

Fl ights which began in the summer oI 1978-79 establ ished that the 7-
9 AM emissions from the central  business distr ict  (CBD) const i tute by far
the most prolif ic source of photochemical precursors and that the trajectory
of this CBD oarcel determines where the ser ious concentrat ions of ozone
are to be found. Attempts to est imate this trajectory from wind
measurements at fixed meteorological stations have proved futile, but by
releasing pi lot  bal loons from a mobi le stat ion which fol lows the CBD parcel,
the position of the parcel can be accurately determined.

Using this information the aircraft  fol lows the CBD parcel measuring
the changes in concentrat ion of ni t rogen oxides, hydrocarbons, and ozone.
The overal l  di lut ion prof i le is determined by measurements of the
concentrat ion of unreact ive components in the parcel such as acetylene or
carbon monoxide.

The results demonstrate str ik ingly how seldom the parcel of  high
ozone concentrat ion is si tuated over suburban Melbourne.
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Stratospheric Water Vapour
Water vapour plays a major role in the chemistry of the stratosphere.

Indeed, recent chemical,  k inet ic and stratospheric model l ing studies have
shown tha t  s t ra tospher ic  hydrogen rad ica ls ,  wh ich  org ina te  f rom
stratospheric water vapour,  dominate al l  other ozone loss mechanisms
throughout most of the stratosphere. Southern hemisphere data are
essential to study source/sink relationships for stratospheric water vapour
and to determine long term globaltrends. The Divis ion has been monitor ing
such water  vaDour  s ince  1973.  From mid-1977 to  mid-1979 a  fu r ther  11
successful  bal loon f l ights were organised.

Particulates
The surface air  sampl ing network, which has been operated for s ix

years along the east Australian coast and at one location in Papua New
Guinea, was closed down in September, 1977. Analysis of the filter
samples, to determine the concentrat ions of var ious metals and thus infer
the sources of the part ic les, is proceeding. High volume sampling at
Aspendale, where part iculate concentrat ions in near-surface air  have been
measured since 1966, is cont inuing. No long term trends are apparent in
the total particulate concentrations.

A heavy duty air sampler was operated at the Baseline Station at Cape
Grim during Augustto December 1976. A mean value of 18.6p9/m3 was
found for the total  part iculate concentrat ion during basel ine condit ions.
Analysis of the collected particulates by atomic absorption spectroscopy
showed that up to 30% of the total  loading during basel ine condit ions was
due to the sea salt  comoonent.  Concentrat ions of 12 individual metals were
measured and were general ly of the same order of magnitude as
concentrations of those metals whrch have been measured over the Indian
Ocean in the southern hemisphere from Soviet weather ships. The high
volume sampler was re- instal led at Cape Grim in January 1978 and a
longer term study of atmospheric part iculates in southern hemisphere mid-
lat i tude backoround air  is now under wav.



V. METEOROLOGY

It is not widely appreciated that whi lst  the sun provides the energy on
which the world 's weather systems depend, transformation from solar
radiant energy to atmospheric kinet ic or potent ial  energy begins at the
earth's surface. Ini t ia l ly,  i t  is by conduct ion, where the warmed underly ing
surface heats the layers of air  immediately above i t ,  and through
evaporation (where the dispersing water vapour carries with it latent heat).
The amount of energy so transferred depends on the nature and
temperature of the surface. The subsequent distr ibut ion of energy
throughout the atmosphere is then achieved by turbulence, whether
mechanical  -  as generated for example by air  f lowing over mountains -

or convect ive as in the case of thermals. In both cases, the extent to which
energy is distr ibuted vert ical ly depends, to a marked degree, on the
atmosphere's stabi l i ty.

The early work of the Division was devoted in large part to
micrometeorology i .e.  the exchange of heat,  water vapour and momentum
between the atmosphere and the underly ing surface (both land and sea).
This involved a number of extensive f ie ld experiments to accumulate the
'real atmosphere' data needed to corroborate - or otherwise - the
theories which were being developed in paral lel .  l t  a lso included the design
and fabrication of instruments to make the relevant measurements. The
knowledge accruing from these invest igat ions has been ut i l ized and
extended over the years to study phenomena extending from the meso-
scale, (e.9. sea breezes),  through the synopt ic-scale, (e.9. f ronts),  to
global-scale events (e.9. the monsoon systems).

One of the newer ini t iat ives emerging is the burgeoning Cold Front
Research Program - formulated to study the structure of frontal systems in
terms of their  evolut ion, dynamics and thermodynamics, and interact ion
with the underly ing surface. Despite the advances in techniques used to
forecast the weather,  the common cold front st i l l  poses major quest ions
which need an answer i f  there is to be an improvement in forecast ing. The
exercise is a joint  one with Universi ty Departments, the Bureau of
Meteorology, and the CSIRO Division of Cloud Physics, the ini t ia l  emphasis
being on f ie ld studies since there is a dearth of sui table observat ions.

As in the past our phi losophy is st i l l  that of  tackl ing fundamental  issues
f irst ,  so ensuring that al l  new work rests on a sound basis adequately
supported by observatron and theory. The ultimate objective also remains
unchanged, namely the appl icat ion of results to problems of nat ional and
economic importance. One such, is an extended study of the cl imate of
Victoria's Latrobe Valley - a growth area for industry.

Air-Surface lnteraction

In the last two years, work has concentrated on aspects of the
convect ively unstable boundary layer over the land, both close to the
surface and throughout the boundary layer as a whole. Essent ial ly the
approach has been to conf irm and extend theoret ical  and semi-empir ical

J O



Fig .  6 .
Launching one of the southern hemisphere's 300 dri f t ing buoys in the
International GARP Experiment. Moving with the ocean currents, the
buoys measure sea-surface temperature and pressure. The information
is transmitted by radio to Toulouse, France, via the Tiros-N and N044-6
satellites which also fix the buoys' position at regular intervals. The
buoys move in a general ly easterly direct ion and typical ly have useful l i fe
spans of a year plus before the batteries expire.

treatments as applied to the real atmosphere, based on analysis and
interpretation of data obtained from recent field experiments. Latelv this
work has been extended to cover the nocturnal boundary layer.

Atmospheric Boundary Layer.
Field data from three earl ier,  major f ie ld experiments, (Wangara, 1967;

Koorin,  '1974; Amtex, 1974/5) have been used to descr ibe the bulk
characteristics of heat transfer for the unstable, baroclinic boundary layer,
over land and over the sea. The combined data support  a formulat ion
relating surface heat flux to the temperature drop across the layer in terms
of , (a) effective surface temperature, (b) a height scale equal to the depth of
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the convect ive, mixed layer i tsel f ,  (c) a funct ion of stabi l i ty.  No signi f icant
effect of  barocl ini ty was found, al though under barocl inic condit ions,
residual variance in the stability function referred to in (c) is marginaliy
reduced when area-averaged quant i t ies are used rather than single-point
VAIUES.

Amtex wind data were used to investigate the stress-wind relation over
the sea in highly barocl inic condit ions; again a real ist ic interpretat ion
required use of area-averaged wind profiles. Vertically-averaging real and
geostrophic winds in the mixed layer improved their  correlat ion with surface
stress, mainly by minimising the effects of barocl ini ty upon winds at specif ic
local i t ies and heights. The boundary layer drag coeff ic ients thus inferred do
not di f fer s igni f icant ly from previously publ ished values, general ly for less
extreme condit ions.

Atmospheric Surface Layer.

Over the sea. Comprehensive eddy correlation measurements of
turbulent f luxes during Amtex (the internat ional experiment of 1974/75 over
the East China Sea) provide strong evidence for a wind speed dependence
of both drag and heat transfer coefficients, with little effect seen in the water
vapour coeff ic ient.  The drag result  is consistent with a recent study for the
ocean but that for heat is totally unexpected. No satisfactory explanation
emerges from a search for possible systematic errors in instrumentat ion, for
errors in sampl ing or for the effects of a coral  reef.  To explain the
differences between sensible and latent heat coefficients either four
independent heat f lux measurements are equal ly in error for an, as yet,
unknown reason, or a preferent ial  enhancement of sensible heat f lux in
condit ions of spray must be invoked.

Over forest. Flux-profile analysis of the Koorin observations, taken
over an irregular open forest, reveals an apparent lower height limit to the
appl icabi l i ty of  the convent ional Monin-Obukhov stabi l i ty relat ionship, and
by impl icat ion to that of  the logari thmic wind law in neutral  condit ions. The
l imit ing height,  approximately equal to three t imes the mean tree spacing,
represents the top of a near-surface transi t ion layer in which vert ical
gradients are reduced, presumably due to increased eddy di f fusivi t ies,
themselves ar is ing from extra turbulence from the wakes of individual t rees.

Within this layer,  the prof i les depend on an addit ional "wake-strength"
function, 61ztz"), given by the ratio of the observed vertical gradient to that
expected from- conventional theory, where z is the actual height above
ground and z. is a length scale character is ing the part icular surface
geometry. The data show z" to be approximately the depth of the transition
iayer itself, while d is found Io vary approximately exponentially between
unity at the layer top and about 0.5 at the surface - for both wind and
temperature profiles.
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Internat ional Turbulence Comparison Experiment ( ITCE) 1976.

In 1976 the Divis ion organized an extensive internat ional f ie ld
experiment at Conargo, New South Wales, the pr incipal object ive of which
was a detailed investigation of the performance of sensors measuring
horizontal  and vert ical  wind speed, temperature and humidity.  The
e x p e r i m e n t  w a s  d i v i d e d  i n t o  t w o  p a r t s  m a i n  c o r e  a n d
micrometeorological .

(i) Central Core Experiment. The spectral analysis of all data has
now been completed and a thorough scrut iny of the data made for the
correction of errors and the deletion of data where an instrument
malfunct ion occurred.

Analysis of the data has concentrated on the middle section of the
spectrum for a comparison of cal ibrat ion performance. U-sensors
(horizontal wind velocity) and T-sensors (temperature) showed agreement
to within a few percent. W-sensors (vertical wind velocity) also showed
agreement to within a few percent for most sensors, but propel lor
anemometers  revea led  a  loss  o f  h igh- f  requency  response wh ich
penetrated the middle spectrum sl ice. Q-sensors (humidi ty) showed
considerable variability. Lyman-o hygrometers appeared to show some
cal ibrat ion di f ferences, and wet and dry bulb psychrometers used by some
part ic ipants showed signif icant lapses at higher frequencies. Infra-red
hygrometers showed the best agreement and their  design and cal ibrat ion
have been further improved fol lowing ITCE.

In general ,  eddy f lux measurements showed poorer agreement than
variance measurements themselves. This is bel ieved to be due to soat ial
separat ion for some of the sensible and latent heat f luxes, and to distort ion
of the flow, with a corresponding need for a tilt correction in the case of the
momentum f lux.

For comparison purposes, the technique adopted was to select well
researched instruments as reference standards against which all others
were compared. In addit ion the reference standard for humidi ty f lux was
compared with lysimeter data, that for momentum flux with drag plate data,
and that for sensible heat flux with a separate Fluxatron instrument, which
itself had been verified by an energy balance.

The overall impression received was that satisfactory eddy flux
measurements can only be made if attention is paid to high frequency
response, distortion of flow by supporting structures and horizontal
separation of sensors; and a careful watch kept to detect instrument
malfunct ion.

A technical  report  giv ing ful l  detai ls of  the experiment and analyses is
nearly completed.

(ii) Micrometeorological Experiment. As an adjunct to the central
core experiment, profiles of wind, temperature and humidity were taken
together with appropriate radiation and ground flux data. The number of
indeoendent measurements of both surface fluxes and profiles at the
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uniform si te of ITCE provide a unique opportunity to assess the inf luence of
technique in the determinat ion of f lux-prof i le relat ionships.

Analyses of momentum and heat data have ident i f ied instrument
inf luences and the effect of  these on the general ised prof i le parameters has
been quant i f ied. The possibi l i ty of  overspeeding of cup anemometers has
been a controversial  subject in recent l i terature. Detai led comparisons
between an ITCE 6-cup anemometer and a sonic anemometer show a
dif ference which is dependent on the standard deviat ion of wind direct ion
and ref lects the fact that the cups respond to the total  wind, (u 'z*v'z)b, rather
than to u alone. The combined effect of  other possible sources of
overspeeding appears to be less than a few percent.

A technical  report  on the micrometeorological  experiment has been
completed.

Sundry Developments.
The final developmental model of an Energy Partition Evaporation

Recorder (EPER), of  a design evolved by this Divis ion over the last decade
or so, has completed very successful  comparat ive tr ia ls against one of the
Aspendale weighed lysimeters. As a result ,  nine EPER units are about to be
bui l t ,  for use mainly in i rr igat ion water-use studies, by var ious State and
Universi ty departments in the f ie lds of agr icul ture, botany and water supply '

Regional Meteorology

This aspect of the Divis ion's work deals with the meso-scale propert ies
of the near-surface air .  Wel l  above the ground the movement of air  masses
is governed by relatively large 'synoptic'-scale patterns but nearer the
earth's surface, events are profoundly inf luenced by regional factors such
as water/ land contrasts and topography. In attempting to elucidate the
physical  processes occurr ing at these low levels and on these scales, we
undertake invest igat ions which are amenable to both theoret ical  and
experimental  t reatment and which wi l l  provide solut ions to pract ical
problems.

Latrobe Valley and Associated Projects.
The Latrobe Val ley is becoming rapidly industr ial ized and the Divis ion

is already wel l  into a long term study aimed at determining the l ikely impact
of a proposed 4000 MW electr ic i ty generat ing stat ion on the cl imate and
environment of the Val ley. A number of separate but inter-related topics are
being invest igated using the Val ley essent ial ly as a large f ie ld laboratory.

Plume rise sfaflstics. In a joint exercise with the SEC of Victoria,
radio-sonde observations have been made over the past two years in the
Latrobe Val ley and the data processed. From i t  has emerged information
on the r ise and dispersion of plumes from chimneys and cool ing-towers, for
a wide range of chimney heights and heat emission rates l ikely to be
encountered in the Val ley. The stat ist ics demonstrate the inf luence of
var ious engineering design parameters, and faci l i tate quant iJ icat ion of cost-
benef i t  opt ions in improving atmospheric dispersal of  pol lutants.
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Fig. 7
The Labrobe Valley, Victoria, is a growing industr ial area and the Division is engaged in a
long-term study aimed at determining the impact of a 4000 MW electr ici ty generating
stat ion on the local cl imate and environment.

In view of the anticipated value of a wider coverage for statistics of this
kind, an Austral ia-wide analysis has commenced. This has cal led for a
reprocessing of or iginal  radiosonde soundings made by the Bureau of
Meteorology. So far, 1973-77 data have been processed for Adelaide,
Brisbane, Darwin, Hobart ,  Melbourne, Perth and Wil l iamtown-Sydney. This
major survey of the control  of  plume-r ise by meso-scale cl imate wi l l  be
complete by the end of 1980.

Katabatic flow. At night time the near-surface layers of the air are
cooled generat ing a katabat ic (down-slope) wind. This can occur on quite
gent le slopes and results in a body of cooled air  col lect ing at the lowest
point - in this case the Valley floor. The result is a stable stratification in the
lower atmosphere which tends to trap any airborne pol lutants.  Because the
details of katabatic flow are stil l imperfectly understood, observations of this
phenomena are cont inuing in the Cal l ignee Val ley, a 5 km tr ibutary o{ the
Latrobe Valley.

An improved design of tethered-bal loon sonde has been developed.
Winched repeatedly up and down between the surface and 200 m height,
up to 3 prof i les can be obtained simultaneously at di f ferent points along the
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slope. This is augumented by a central ,  comprehensively instrumented
30 m mast providing surface fluxes and accurate near-surface profiles.

Detailed examination of the data has shown the inadequacy of existing
simple but widely used models. In part icular,  the observed volume f luxes
would cal l  for unreal ist ic assumotions about the surface sensible heat f lux
and/or the radiation divergence up to 100 m or so. Earlier indications have
confirmed that the most important retarding force is not friction at the
surface, which is effect ively decoupled from the f low by strong near-
surface stabi l i ty,  but rather the mutual entrainment drag at the interface
between the top of the f low and the overly ing ambient wind when outgoing
long wave radiation from the earth's surface causes its temperature to drop.

Valley circulations in a crosswind. Numerical and laboratory
experiments have been carr ied out to determine the condit ions under which
stagnant air trapped in a valley can be swept out by a cross-wind. In the
laboratory, use was made of a simple model of  a val ley towed through a
tank containing appropriately strat i f ied f lu id.  In addit ion, two di f ferent kinds
of numerical  model have been run on computers. In each case, the results
showed that a simple Froude number cr i ter ion based on the strength of the
strat i f icat ion, the depth of the val ley and the speed of the cross-wind, could
be used to determine the degree of removal of stagnant air.

Wind Direction Fluctuations and Crosswind Dispersion. Eulerian
observations of wind direction fluctuations in slightly unstable conditions
have been analyzed in terms of Taylor's statistical theory of dispersion,
together with the Hay-Pasqui l l  assumption of s imi lar shapes for Lagrangian
and Euler ian spectra. The purpose is to test var ious relat ions describing the
increase in crosswind dispersion of mater ialwith distance downwind from a
source. These data show much less scatter than direct disoersion
observat ions, and can thus be used to dist inguish more clear ly between
dispersion relat ions. The data support  an empir ical  form recent ly proposed
to f i t  observed crosswind dispersion.

The consistency of this relat ion in represent ing both the Euler ian
measurements and direct Lagrangian dispersion observation serves to
support  not only the relat ion i tsel f ,  but also, indirectfy,  the Hay-Pasqui l l
hypothesis. Evidence of a correlation between the intensity and scale of
turbulence was also found. A proposed cont inuing analysis over a larger
range of atmospheric stabi l i ty condit ions aims to conf irm this relat ion which
should prove useful  for est imating dispersion from wind stat ist ics.

Regional influence on meso-scale low level air motion. A study was
made of the meso-scale controls of atmospheric dispersion preceding and
during known days of high oxidant pol lut ion in Melbourne. This detected
the previously unknown night t ime inf luence of large eddies that form over
the central  regions of Victor ia in the wake of the Austral ian Alps. These
f lows are character ised by low Froude numbers, i .e.  they have insuff ic ient
kinet ic energy to f low over the alps and instead are def lected around them.
Similar f lows have been successful ly reproduced in the laboratory by
towing topographic models through a tank of sal ine water strat i f ied to
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Fig .  8 .
The Southerly Buster. Top, a model of the Southerly Buster created in the laboratory
using a tank of density strat i f ied sal ine water to represent the atmosphere. Below, a
picture of a real Southerly Buster - the winning entry to a publ ic competit ion organised
by the Division for the best picture of this phenomenon. Well  known on the south coast of
New South Wales, the Buster is associated with the passage of a front and can be
recognised by i ts typical rol l-cloud formation and an abrupt change in wind direct ion and
drop in temperature.
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simulate the atmospheric Froude number. This work is cont inuing and wi l l
be extended also to the Adelaide region where simi lar inf luences are
susoected.

Surface Drift

Studies of the surface layers of large enclosed bodies of water, and
the inf luence of wind on the dr i f t  of  oi l ,  have been concluded. Two reports
have been prepared - one on Westernport  Bay and one on the inf luence
of water depth on surface drift.

A cr i t ical  review of the physics of sel f-spreading oi l  on water was
provided for the "Victorian State Plan to Combat pollution of the Sea by
Oil" .  The main f indings were then combined with those on dr i f t  to provide a
method for selecting operatjonal strategies, to deal with a major spiJl in port
Ph i l l i p  Bay .

The Southerly Buster

A theoret ical  model for the "southerly Buster" has been further
developed and compared with observations, with satisfactory results. The
phenomenon is seen as the dynamical adjustment of a moving cold front as
i t  encounters a mountain range (the Austral ian Divide),  thereby forming a
coastal jet.

Tropical Meteorology

For various reasons, tropical meteorology, especially that of the
Australasian region, has long been neglected. However a start has recently
been made to expand our work in this area.

Austral ia l ies to the south of the tropical  complex of Indonesia and the
great continent of Asia. Straddling the Tropic of Capricorn, some 4Oo/o ol
the Austral ian land mass l ies within the tropics. l ts c l imate and weather is
interwoven with the largest and most vigorous atmospheric circulation on
earth -  the Asian/Australasian monsoon. As a result ,  the meteorology of
the ent ire Austral ian cont inent is af fected on t ime scales varying from dai ly
to seasonal by events which have their  or igins in both high and low
latitudes.

Despite their  importance, the tropical  regions have been poorly
monitored in the past and there is a great lack of good surface-based
observations. The result is ineffective forecasting at low latitudes and slow
evolution of the theory of tropical phenomena. currently there is a pressing
need to develop a means of forecast ing the bir th and growth of individual
tropical  cyclones and equator ial  disturbances as wel l  as years of
abnormal ly high or low tropical  cyclone incidence. Equal ly necessary is an
ability to forecast the 'active-break' sub-seasonal cycle of monsoon activity
which def ines the major var iat ions of rainfal l  in the establ ished monsoon. To
achieve these ends we need a great ly improved knowledge of low lat i tude
processes themselves as wel l  as an understanding of the interhemispheric
coupl ing mechanism of monsoon circulat ions.
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Fig .  9 .
An example of a model simulat ion of the Asian monsoon. The shaded area
denotes r ising motion which may be seen as long period (of the order of 1s-day)
variat ions. Such variat ions arise from the northward migration of the 'monsoon

cell 'across the ocean/continental boundary. One such sequence is highl ight€d
and the precipitat ion plotted at s-day intervals. The 'act ive-break' monsoon
sequence, which del ines the major variat ions in rainfal l  within the establ ished
monsoonr is a common feature in the Austral ian monsoon region. Elucidation of
the physical processes which control it is extremely important as forecasts on this
t ime scale posses the maximum social and economic benefi t .  The study ls being
extended to the Australian summer monsoon but here the problem is more
complicated because of the more complex geography of the Indonesian region.

These problems have been tackled in three ways by the Division, viz: a
study of remotely sensed and conventional data, the development of
theoret ical  and numerical  models,  and the use of laboratory models.

The data studies have centred on the Japanese Geostationary
Meteorological Satellite which is positioned over West lrian. The rapid rate
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of infra-red data acquisi t ion (B t imes per day) makes i t  possible to
inves t iga te  d iu rna l  cyc les  o f  the  low la t i tude sys tems,  wh i ls t  the
permanence of the satellite permits the climatologicalstructure of the region
to be assessed. As an example, data from a satel l i te in the 1979 Global
Weather Experiment have shown that the middle and upper level c louds
which persist  over regions of the tropics are -  for considerable periods of
t ime - extremely important in determining the equator ial  radiat ion budget.
I t  appears that the interact ion of c loud decks with the radiat ion f ie ld
provides heating rates which are comparable with the latent heat release
associated with precipitation.

Second, theoret ical  and numerical  models have al lowed study of large
scale features of the tropical  atmosphere. These show sub-seasonal
var iat ions of the Asian summer monsoon and cluster ing of monsoon
disturbances. l t  seems that the slowly varying sea-surface temperature and
changes in the soi l  moisture, interact to modulate the more rapid changes in
precipitation and evaporation.

Third, repeatable laboratory experiments using tanks of water have
produced disturbances which behave in simi lar ways to ful l  scale cyclones.
(Detai ls can be found elsewhere in this report  under 'Geophysical  Fluid
Dynamics') .

A joint  t ropical  meteorology programme has recent ly been ini t iated
with the Austral ian Numerical  Meteorology Research Centre. The ini t ia l
object ive is to set up a sound data base for diagnost ic studies which would
provide a basis for the establ ishment of numerical  weather predict ion in the
tropical  Australasian and Indonesian regions,



VI .  MISCELLANEOUS

Prototype equipment has been installed on the east-west runway at
Tul lamarine Airport  to determine the feasibi l i ty of  measuring, remotely,  and
with sufficient accuracy, the water depth on the runway. A punched paper
tape unit automatically records rainfall rate, wind speed and direction and
water depth at four points across the runway. The results should also give
an insight into the effect of wind drag on thin layers of water. This project is
carr ied out in conjunct ion with the Austral ian Federat ion of Air  Pi lots and
the Department of Transport.

Short  range telemetry systems developed for airborne equipment
have been successfully adapted for use in a variety of external research
and industr ial  appl icat ions. A UHF radiosonde receiver and a pulse
discriminator for use with photomultiplier systems, both of which were
deve loped fo r  use  w i th in  the  D iv is ion ,  a re  be ing  examined by
manufacturers with a view to commercial  oroduct ion.

As in the past, the Division remains an accredited laboratory of NATA
(National Associat ion of Test ing Authori t ies) in the f ie lds of 'Opt ics and
Photometry '  and in 'Flow Measuring Devices' .  In both cases the numbers of
radiometers and anemoneters received for calibration have remained
substant ial ly unchanged.

During the last two years, radiation equipment together with assistance
in i ts operat ion, has been made avai lable to a number of organisat ions
including the State Electr ic i ty Commission and the Victor ian Department of
Aoricul ture.
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VI I .  PERSONNEL,  AFFIL IATIONS

Awards
Dr. G.W. Paltr idge was awarded a Fel lowship of the Austral ian

Acadamy of Science.
Dr. W. Shepherd received the degree of Doctor of Appl ied Science

from the Universi ty of Melbourne.
Dr. P.J. Webster was elected to honorary associateship of the

Department of Mathematics, Monash Universi ty.

New Appointments
Dr .  W.L .  Phys ick  jo ined the  D iv is ion  f rom the  Un ivers i ty  o f

Southampton to work on the general  c irculat ion of the atmosphere.
Dr.  J.C. Scott  was appointed from City Universi ty,  London, to work on

the l idar programme,
Dr. G.L. Stephens was appointed to work on cl imate aspects of c louds

and radiat ion.
Dr.  R.S. O'Brien joined the Divis ion in 1979 to part ic ipate in the

Stratospheric Bal loon Program.

Secondment
Dr. K.T. Spi l lane was seconded to the State Electr ic i ty Commission of

Victor ia for 9 months for special  studies in connect ion with the Loy Yang
Power Station.

Retirements
Four long-serving members of the Divis ion have ret i red -  Mr F.K.

Tighe, Divis ional Administrat ive Off icer (appointed 1947),  Mr N.S. McLeod,
carpenter  (1953) ,  Mr  G.L .  Garnham o f  the  ozone group (1954)and Mr  B 'G.
Col l ins of the radiat ion group (1958).

Affil iations
Dr. G.B. Tucker:-  Vice-Chairman of the Joint Organizing Committee for
GARP; Chairman ol the AAS (Australian Academy of Science) National
Committee for GARP; Chairman of the Nat ional Dri f t ing Buoy Programme
Committee; Associate Editor 'The Mathematical Scientist'; member of the
Austral ian Inst i tute for Defence Science; the Internat ional Commission on
Dynamic Meteorology; the ANMRC Pol icy Advisory Committee and the
Latrobe Val ley Airshed Study Steering Committee.

Dr.  A.J.  Dyer:-  member of the Execut ive Committee, Internat ional
A s s o c i a t i o n  f o r  M e t e o r o l o g y  a n d  A t m o s p h e r i c  P h y s i c s ;  I A M A P
Commission on Atmospheric Chemistry and Global Pol lut ion; Internat ional
Counci l  of  Scient i f ic Unions, Committee on Space Research (COSPAR),
Working Group 6; AMTEX Steering Committee; AAS National Committee
on Problems of the Environment (SCOPE); AAS National Committee for
Geodesy and Geophysics -  Chairman, Sub-Committee on Meteorology
and Atmospheric Physics; member of the Department of Science Basel ine
Atmospheric Pol lut ion Working Group; Editor ial  Panel 'Boundary Layer
Meteorotogy'; Academic Committee in Applied Sciences, Victoria Institute
of Col leges.
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Mr I .G. Bird:-  member of the AAS. Nat ional Committee for Antarct ic
Research, Sub-Committee on Meteorology.

Dr P.J. Fraser:- member of the Environmental Law Committee of the
International Law Association; member of the Australian Department of
Science and the Environment Working Group on the Basel ine Air  Pol lut ion
Station; member of the National Health and Medical Research Council
Working Party on chlorofluorocarbons and alternative aerosol propellants.

Mr l .E. Galbal ly:-  member of the Internat ional Advisory Committee for the
SCOPE UNEP Internat ional Nitrogen Unit ;  member of the AAS National
Committee on the Environment; member of the Australian Department of
Science and the Environment Working Group on the Basel ine Air  Pol lut ion
Station.

Dr.  J.R. Garratt : -  member of WMO Working Group on Boundary Layer
Problems.

Dr. R.N. Kulkarni :-  member of the Inteinat ional Ozone Commission of
IAMAP; Chairman of WMO Working Group on Ozone for Region V.

Mr l .C. Mcl l roy:-  member of the Internat ional Commission on lrr igat ion
and Drainage, Working Group on Evapotranspirat ion; member of the
Working Group of the Latrobe Val ley Airshed Study.

Dr. G.W. Paltridge:- Secretary of the International Radiation Commission
of IAMAP; Chairman of the Working Group for JOC/GARP - Clouds and
Radiat ion; member of Panel No. 3, Internat ional Commission on
Atmospheric Electricity; invited expert to the JOC/GARP Board for Climate
Studies; member of the Internat ional Cl imate Commission.

D r .  G . l .  P e a r m a n : -  m e m b e r  o f  W M O  C I M O  W o r k i n g  G r o u p  o n
Environmental  Pol lut ion; member of WMO JOC/GARP Working Group on
Data for Climate Research; member of Australian Department of Science
and the Environment Working Group on the Baseline Air Pollution Station;
member of the Commission on Atmospheric Chemistry and Global
Pol lut ion, IAMAP.

Dr. A.B. Pit tock:-  member of the High Alt i tude Pol lut ion Program Scient i f ic
Advisory Committee, US Federal Aviation Administration; panel member of
the Study on Sun, Weather and Cl imate, Geophysics Research Board, US
National Academy o{ Sciences.

Dr. K.T. Spillane served on the Technical Advisory Committee to the
Victorian State Plan to Combat Pollution of the Sea bv Oil.
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OTHER ACTIVITIES
Sponsored by  the  Aus t ra l ian  Academy o f  Sc ience,  Nat iona l

Committee for SCOPE and hosted by this Divis ion, Mr l .E. Galbal ly
organised a workshop on dynamic aspects of ni t rogen cycl ing in Austral ian
eco-systems. He and Dr. G.L. Stephens gave courses on lectureson
composition and chemistry of the atmosphere, and on radiation transfer,
respectively, to students in meteorology at the University of Melbourne.

Dr. A.D. McEwan was Visi t ing Research Fel low in the Research
School of Earth Sciences, Australian National University, from March to
June 1979.

Dr. P. Webster is coordinator of the Tropical Meteorology Program -

a joint  venture between the Divis ion and the A.N.M.R.C. He is also
Convenor,  ICDM Symposium on Dynamics of Large Scale Low Lat i tude
Circulat ion, to be held in Munich, 1981.

Dr. C.M.R. Platt  was chairman in 1976-77 of an advisory board for the
remote sensing course at Footscray lnstitute of Technology.
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vilr. ovERsEAs vtstTs

Dr. G.B. Tucker made a number of overseas tr ips during the period,
many of them a result  of  his membership of the JOC (Joint Organizing
Committee) of GARP (Global Atmospheric Research Programme). These
included:- dur ing August/September 1977 a meeting of the JOC Board
for FGGE (the First  GARP Global Experiment) and a JOC off icers meeting
in Victor ia B.C. Canada, During March 1978 he represented the JOC of
GARP at the 7th Session of the WMO Commission for Atmosoheric
Sciences in Mani la and later in June 1978 he attended a meeting of the
JOC of GARP in Mexico. Three further vis i ts.  to Bracknel l .  U.K. in
September 1978, to Dubrovnic,  Yugoslavia in February/March 1979 and to
Well ington, N.Z. in November/December 1979 were also to attend JOC
off icers meetings. These meetings were f inanced through WMO/ICSU
GARP funds. Between Apri l  and July 1978 he spent six weeks at NCAR
(National Centre for Atmospheric Research) Boulder, Colorado and at the
Bri t ish Meteorological  Off ice, Bracknel l ,  U.K. Early in 1980 he spent 2
weeks in Amsterdam at the JSC meetino of the World Climate Research
Program.

During late 1977, the Assistant Chief,  Dr.  A.J.  Dyer attended the
IAMP/IAGA Joint Assembly at Seatt le,  and visi ted the observator ies at U.S.
Samoa, Hawaii and the headquarters at Boulder, Colorado, concerned with
the global baseline station programme. He also visited participants from
U.S.A.,  U.S.S.R. and Japan who had taken part  in the 1976 ITCE hosted
by the Divis ion, to discuss points of detai l  ar is ing from the analysis of the
ITCE data.

For a period of 12 months during 1978-79, Dr.  Pearman worked as a
Research Associate of the Co.operative Institute f or Research in
Environmental  Sciences, Universi ty of Colorado. During that t ime he was
associated with the Geophysical  Monitor ing for Cl imatic Change
Laboratory of the Nat ional Oceanic and Atmospheric Administrat ion.

In March 1978 he was invi ted to act as Chairman of the Working
Group on the carbon cycle at the Carbon Dioxide, Cl imate and Society
conference held at the International Institute for Applied Systems Analysis,
Laxenburg, Austr ia;  and in July 1978 he spent one month as the guestof
the Institute for Energy Analysis, Oak Ridge, Tennessee, preparing a report
on the status of the global CO, measurement programmes.

As an invited participant Dr. Pearman took part in the following: WMO
meeting on Research Aspects of Atmospheric Carbon Dioxide, Boulder,
Colorado, October 1978; National Science Foundation meeting on
Atmospheric Chemistry at the Nat ional Center for Atmospheric Research,
Boulder,  Colorado, October,  1978; WMO workshop on Global Carbon
Cycle Model l ing, La Jol la,  Cal i fornia, March 1979; SCOPE Terrestr ial
Carbon Conference, Woods Hole, Massachusetts,  May '1979. In August
1979 he attended the WMO Technical  Conference on Regional and Global
Observat ions of Atmospheric Pol lut ion Relat ive to Cl imate, and a meeting
of the WMO Working Group on Air  Pol lut ion, both held in Boulder,
Colorado.



During June 1977, he organized a workshop on Atmospheric carbon

Dioxide and Cl imate which was sponsored by the Austral ian Nat ional

Committee of the UN Study Committee on Problems of the Environment

and hosted by this Divis ion'

ln August 1977 Dr. P. Fraser presented a paper at the IAMAP/IAGA

Joint Assembly in Seatt le:  subsequent ly he vis i ted (and gave seminars) at

washington state University and the NASA-Ames Research centre,

Cal i fornia. In August-September 1978 he conducted an inter laboratory

halocarbon cal ibrat ion experiment which involved measurements at several

laborator ies in the U.K. and in the U.S.A. He also attended and presented a

paper at the 1978 American chemical society Annual Meeting as wel l  as

the 4th Meeting of the Atmospheric Lifetime Experiment (ALE), both in

Miami,  Flor ida. In August 1979 he presented several  papers at the 4th

lnternational Conference of the Commission on Atmospheric Chemistry

and Global Pol lut ion and the WMO Technical  Conference on Regional and

Global Observation of Atmospheric Pollution Relative to Climate, both held

in Boulder,  Colorado. Fol lowing this he attended the 7th Meeting of ALE in

oregon and paid a short  working vis i t  to the oregon Graduate centre. In

March 1980 he attended the 9th meeting of ALE and visited the NoAA-

GMCC Observatory at Mauna Loa, Hawai i .

Dr.  C.M.R. Platt  spent ten months in the U.s.A. in 1976/77 mainly with

the Cooperative Institute for Research in the Environmental Sciences,

Universi ty of colorado and with NASA, Langley, Hampton, Virginia.  whi lst

there he presented a paper at the August 1977 IAMAP Conference. In

August 1978 he spent three weeks in the U.s.A vis i t ing (a) NOAA, Boulder

for discussions on clear-air  turbulence detect ion by radiometr ic techniques

and (b) the New Mexico Technical  Inst i tute, socorro, for talks on the

STRATEX cirrus project. En route he attended a workshop on the

Parameter izat ion of Extended Cloudiness and Radiat ion at Oxford, U'K.

Early in 1979 he spent a furthertwo months atthe New Mexico Technical

Inst i tute, Socorro, taking part  in the CSIRO STRATEX experiment.  During

his tr ips to the U.S.A. Dr.  Platt  took the opportunity of v is i t ing var ious

inst i tut ions, universi t ies, etc.  connected with his work'

During the period Dr.  P. Webster made a number of overseas tr ips in

connect ion with the Winter/Summer MONEX (Monsoon Experiment),  at the

same t ime taking the opportunity of v is i t ing MONEX centres in India and the

u.s.A. In November/December 1977, as Consultant to the u.s.  MoNEX

Committee he attended a Planning Meeting in Boulder,  Colorado, vis i t ing

on the way the Japanese Meteorological  Satel l i te Centre in Tokyo. Early in

1978 he was the Austral ian delegate to the 4th Internat ional MoNEX

Planning committee in Kuala Lumpur: later,  and in the same capacity he

attended the Sth Meeting of the Planning Committee in Mani l la.  In

November/December 1978 he was pr incipal scient ist  in the MONEX f ield

ohase at Kuala Lumpur and in July the fol lowing year,  he took part  in the

f ield phase of the Bay of Bengal Experiment (Summer MONEX)'  In
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England, in September/October 1978 he gave an invi ted paper on cloud
and climate at the Oxford Radiation Conference.

Mr l .E. Galbal ly was an invi ted part ic ipant at the SCOPE/UNEP
Workshop on Nitrogen Cycling in S.E. Asian Wet Monsoonal Ecosystems in
Chiang Mai,  Thai land, November 1979; and delegate of the Austral ian
Academy of Science at the SCOPE General Assembly, Stockholm, in June
1 979. He also spent a yeat,  as a Nuff  ie ld Foundat ion Fel low, at the Divis ion
of Environment and Medical Sciences, AERE, Harwel l ,  U.K.,  studying
sulphur dioxide uptake by forest and grassland.

ln February/ March 1979 Dr. G.W. Paltr idge took part  in the STRATEX
Experiment,  New Mexico, and for the remainder of the t ime unt i l  January
19BO was Senior Visiting Fellow at the Cooperalive Institute for Research in
Environment Sciences, University oJ Colorado.

Dr. R.J. Francey spent three weeks in mid 1979, mainly at Lamont-
Doherty Geological Observatory of Columbia University, New York,
pr incipal ly to take part  in an internat ional conference on 'Stable lsotopes in
Tree Rings Research' .

Dr.  R.N. Kulkarni  v is i ted Colorado in August 1977 tor a comparison of
ozone (Dobson) spectrophotometers. He also visited laboratories in
Europe, Canada and the U.S.A. dur ing September/October 1978 in
connection with stratospheric ozone research. In January 1979 he spent
t ime in Bangkok establ ishing an ozone stat ion.

Dr. P.G. Baines visited New Zealand in 1977 for collaboration with the
Meteorological Service. Recently he returned from a year at the Department
of Earth and Planetary Sciences, Massachusetts Institute of Technology.
Whi lst  in the U.S.A. he also spent t ime at the Joint Inst i tute for the study of
the Atmosphere and Ocean, Universi ty of Washington, and Woods Hole
Oceanographic Inst i tut ion.

ln July 1977 Dr. A.B. Pit tock vis i ted Colorado to part ic ipate in a NASA
(National Aeronaut ics and Space Administrat ion) sponsored workshop on
global ozone trends. Late in 1979 he completed a two-year appointment as
a research associate at the Laboratory of Tree-Ring Research, University of
Arizona.

Dr. R.A. Plumb attended the IAGA/IAMAP Assembly in Seatt le,
Washington, in August/September 1977. ln October 1978 he again vis i ted
the USA to present papers to American Meteorological  Society
conferences on stratospheric dynamics.

ln July 1979 Dr. G.L. Stephens commenced a 12 months attachment
as a Postdoctoral Fellow at Colorado State Universitv. His field is
radiation/climate research.

In July 1979 Mr A.C, Di l ley attended the Internat ional Lidar
Conference in Munich, visiting en route a number of lidar centres in Europe,
Canada and the U.S.A.
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Dr.  W.  Shepherd  spent  November  1977 a t  meteoro log ica l
organizations in India, Sri Lanka and Nepal with main interest in research in
agricultural meteorology and its applications. He spent September/October
1978 in the Phi l ippines and Republ ic of Korea as UN Consultant in
Agricultural Meteorology and as adviser to the Institue of Geography,
Academy of Science, Peking.

Mr l.C. Mcllroy was the Australian delegate to two conferences on
evapotranspiration conducted in Budapest, Hungary, in 1977 by WMO and
the Internat ional Commission on lrr igat ion and Drainage.

Mr W. Knight has spent a year in the Department of Chemistry,  York
University, Toronto, concerned with instrumentation of stratospheric
bal loons.

Early in 1979 Mr G. Rutter spent some eight weeks in New Mexico
establ ishing and supervising the computer faci l i t ies for the STRATEX
experiment.
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