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I .  INTRODUCTION

The atmosphere exerts a major inf luence on numerous aspects
of l i fe.  Associated problems are many and varied but central  to
al l  are 'weather '  and 'c l imate' ,  act ing on regional,  cont inental  and
global scales. The overal l  object ive of the Divis ion of Atmospheric
Physics is to determine the characteristics of and the processes
within the atmosphere and i ts interact ions with land and sea
surfaces in order to provide an improved understanding of
weather,  c l imate, and atmospheric phenomena general ly that
might provide the scient i f ic basis for better predict ions of weather
and cl imate and for the more eff ic ient control  of  pol lut ion. The
method of at tack involves a combinat ion of techniques including
f ield observat ions, empir ical  data analysis,  laboratory and
numer ica l  mode l l ing ,  and ana ly t i ca l  theory .

Ant ic ipat ing and react ing to social  factors, progressive
changes have taken place in the direct ion of some programmes.
Research act iv i t ies in cl imate and atmospheric chemistry are
examples  o f  an t ic ipa t ion ;  burgeon ing  urban po l lu t ion  research  is
an example of react ion. The Divis ion takes some pr ide in the
part icular relevance of i ts research programme to emerging topics
of environmental  concern: factors affect ing the ozone protect ive
layer and ul tra-violet  radiat ion at the surface, global pol lut ion
(part icular ly carbon dioxide),  local environmental  character ist ics
a f fec t ing  indus t r ia l  s i t ing ,  and poss ib le  c l imate  var ia t ion ,  to  ment ion
only a few. Indeed this relevance i tsel f  creates a problem in some
areas because of the need to maintain the momentum of
progressive research in the face of increasing requests for
consultat ive advice.

One of the most pervading changes in social  concept over
the last twenty years has been the emerging awareness of the
f ini te nature of the earth-atmosphere-ocean system in which we
l ive and the precious nature of the environment.  tn the wake of
this have come many apprehensions not the least of  which
concerns  the  s tab i l i t y  o f  c l imate  and,  in  par t i cu la r ,  what  e f fec t
man's act iv i t ies might have on i t .  The strain imposed on world food
produc t ion  by  growing  popu la t ion  inc reases  the  poss ib le  impact
o f  even minor  c l imat ic  var ia t ions .  The range o f  poss ib le  research
top ics  on  c l imate  and poss ib le  c l imate  fo recas t ing  is  enormous.
At one extreme is the substant ial  analysis of past data and
pro jec t ion  in to  the  fu tu re  us ing  var ious  assumpt ions  o f  repet i t ion .
At  the  o ther  a re  the  a l l -embrac ing  numer ica l  mode ls  o f  weather
produc ing  sys tems in  the  g loba l  a tmosphere  wh ich  a t tempt  a
comple te  mathemat ica l  descr ip t ion  o f  the  s ign i f i can t  phys ica l
p rocesses :  th is  approach to  c l imate  s tudy  invo lves  t ime in tegra t ion
into the future on an hour by hour basis,  In between are a large
var ie ty  o f  poss ib le  approaches invo lv ing  empi r i ca l  s tud ies ,  d i f fe ren t



forms of relat ively simple models and, by paying attent ion to
broad controls,  the isolat ion of cause and effect.  The developing
cl imatology research programme in the Divis ion focuses on this
midd le  g round.

One o f  the  bas ic  s tumbl ing  b locks  in  a l l  quant i t i ve  s tud ies  o f
weather and cl imate is the obvious impossibi l i ty of  descr ibing and
forecast ing every process and motion in the atmosphere in
complete detai l .  Large-scale processes must be described fair ly
expl ic i t ly in any quant i t ive synthesis but smal ler-scale processes
which often have a fundamental ly important cumulat ive effect
must be represented in some other way-often impl ic i f ly oy
describing their  ef fects in terms of the expl ic i f ly represented
larger scales. This can be achieved sat isfactor i ly only by
understanding the physical  basis of these processes. Thus, in a
sense, vir tual ly al l  the research in the Divis ion is necessary for a
wider  unders tand ing  o f  c l imate .



I I .  RADIATION _ SOLAR AND THERMAL

The physical  basis of c l imate is dominated by the energy
input and output of the earth-ocean-atmosphere system, that is,  by
the net solar energy stream into the system and the infra-red
stream back to space. In turn, a pr ime control  on these radiat ion
streams is the amount,  type and distr ibut ion of c loud around the
world. Thus, i f  c l imate forecast ing on a physical  basis is to be
possible, i t  wi l l  be necessary to understand the effect of  c loud on
the radiat ive input and output and the processes which create and
maintain the cloud, many of which processes are themselves
radiat ively control led.

Studies within the radiat ion programme are both theoret ical
and experimental .  The theoret ical  s ide is concerned with the
'parameter izat ion problem' -  the incorporat ion of sui tably
averaged cloud-radiat ion processes, surface albedo, etc.  in cl imate
models. The experimental  s ide includes in si tu measurements to
examine the relat ion between radiat ion and cloud character.  l t  is
part icular ly concerned with remote sensing of the radiat ive
propert ies of c louds using l idar and narrow beam infra-red
radiometers. This aspect of the work is related to several  others,
including the monitor ing of (a) aerosols,  which are a form of c loud
as far as radiat ion is concerned and which may be a factor
contr ibut ing to cl imate change; (b) certain surface character ist ics
relevant to cl imate studies (albedo, soi l  moisture, etc.) ,  and (c)
certain atmospheric character ist ics such as turbidi ty (aerosol
content) and ul tra-violet  radiat ion intensity ( the lat ter related
to stratospheric ozone and the "skin cancer" problem).

Future cl imate studies and weather forecast ing wi l l  be
increasingly dependent on satel l i te data. The radiat ion programme
therefore includes ground-based and airborne studies of the
potent ial  of  remote sensing of the earth-ocean-atmosphere system
from earth satel l i tes.

The calibration and standards laboratory forms an important
basis for much of the experimental  research but i tsel f  depends
largely on the research for impetus and qual i ty.  The laboratory
has a role as an internat ional observatory of radiat ion quant i t ies
(see Sect ion lX) and in this respect is also closely l inked with the
remote sensing aspect of the programme.

Radiative Properties of Clouds
(a) Stratocumulus
For a number of years the Divis ion has been pursuing

experimental  research into the radiat ive interact ion of these low
level c louds in conjunct ion with the Divis ion of Cloud Physics. The
latest expedit ion was to Hobart  in May, 1976, and was perhaps the
most successful  of  the ser ies in that al l  systems operated wel l



during the experiments on a number of almost ideal case studies.
One of the most important results to emerge from the ser ies (and
which has been checked theoret ical ly) is that drop-size distr ibut ion
within these water clouds is not real ly signi f icant to the radiat ive
interact ion. This is enormously important for c l imate model lers
as i t  would be almost impossible to handle the detai l  of  drop-size
d is t r ibu t ion  w i th in  c louds .

(b) Upper level cloud
The success of the programme on stratocumulus has led to a

gradual switch of emphasis to upper level c loud - a more
dif f icul t  problem both theoret ical ly (because of ice part ic les) and
experimental ly (because they are too high for normal aircraft
experiments).  As a result  increased use is being made of remote
sens ing  techn iques  u t i l i s ing  fo r  example ,  L idar ,  and the  var ious
infrared radiometers developed in the Divis ion. The work at
present is st i l l  exploratory as the problem of c irrus and al tostratus
parameter izat ion has yet to be adequately def ined, except in
broad terms. Nevertheless the work is gradual ly becoming
coherent,  and furthermore is spi l l ing over into a number of retated
areas including tropospheric and stratospheric aerosols (another
type of 'c loud'  as far as cl imate is concerned) and satel l i te remote
sensing of upper level c loud.

(c) Lidar studies
These inc lude:

( i )  The sound ing  o f  midd le - leve l  m ixed-phase c louds ,  the
identification of separate layers of water and ice, and the
prel iminary ident i f icat ion of layers of hexagonal ice crystals which
are apparent ly or ientated with their  long axes in the horizontal .
Those layers give character ist ic angular backscatter and
depolar izat ion signatures, which aid in their  ident i f icat ion.

( i i )  A study of a ser ies of widespread, dense cirrostratus
cloud systems in terms of their  infrared emissivi ty and gross
character ist ics,  such as internal structure, cel l  structure, etc.
These systems are often 3 to 4 km in depth but the average
emissivi ty of many samples is only of the order of 0.5.

( i i i )  Mu l t ip le  sca t te r ing  in  the  l idar  re tu rn  f rom dense c louds
is being measured and compared with theoret ical  Monte Carlo
computat ions employing a var iety of theoret ical  ice scatter ing
patterns. The object is a better understanding and measurement
of the mult iple scatter ing component and thus an improved
measurement of the single-scatter ing, opt ical  depth of the cloud-
needed to specify the cloud solar albedo. Quite good agreement
between experiment and theory is being obtained, at least for
some phase funct ions.

( iv) An experiment to measure the di f ferent ial  absorpt ion
atmospheric oxygen aimed at t ry ing to specify the atmospheric



pressure and temperature prof i le.  Conceptual ly this was a joint
effort  with Dr.  W. L. Smith from NOAA who was temporari ly
attached to the Divis ion (see Sect ion lX).  An essent ial  aspect of
the work involves shi f t ing the Udar 's wavelength to the oxygen
absorpt ion band at about 76004 using st imulated Raman
scatter ing. This is the f i rst  known appl icat ion of this technique to
laser  sound ing .

(v) A program to compare l idar and satel l i te infrared
sound ings ,  aga in  in  co l labora t ion  w i th  Dr .  Smi th .  The ob jec t  was  to
improve satel l i te temperature retr ievals from passive radiometr ic
data by specify ing the atmospheric temperature inversions from
lidar measurements of aerosol.  The program also included the
comparison of c loud top heights from l idar measurements with
those calculated from passive radiometr ic measurements. Quite
good correlat ions were obtained.

Satellite Energy Budget Analysis
Looked at f rom an overal l  stand point,  one of the most basic

quest ions about the world 's cl imate is the degree to which the
global system departs from i ts steady state. This quest ion has been
examined in terms of the total  solar input and the total  infrared
output from the planet- radiant energy f luxes which are control led
primari ly by cloud amount.  We know for instance that on average
50% of the earth's surface is covered by cloud, but we know
nothing about the var iabi l i ty of  this amount (or the associated
radiat ive input and output) on the scale of days to weeks.

Six months of the GOES 1 satel l i te imagery have been
examined to provide a f i rst  order answer to this quest ion. l t  appears
that the var iabi l i ty of  the ent ire planet is somewhat less than
5% on this t ime scale. A further interest ing fact to emerge
from the study is that the var iabi l i ty within that smal l  percentage
appears  to  have a  d is t inc t  8  day  cyc le -w i th  ev idence o f  a  fu r ther
20  day  cyc le  showing up  in  mid- la t i tudes  in  the  nor thern
hemisphere winter.  This last cycle has appeared previously in
numer ica l  mode l l ing  exper iments  o f  the  ANMRC among o thers ,
so is not completely unexpected,

Solar Aureole Studies
Measurements of radiat ion scattered by atmospheric aerosols

at angles close to the solar disc are being used to character ise
the aerosol ext inct ion and size distr ibut ion. Prel iminary results
with a new instrument indicate quite di f ferent scatter ing patterns
for visual ly 'c lear '  days and days of v isual ly dense haze.

Ultra-violet Radiation Monitoring Network
The network of monitors of 'erythemal ul tra-violet '  (290-

320 nm) has been expanded to include Darwin, Hobart  and the
new Aust ra l ian  Base l ine  A i r  Po l lu t ion  Sta t ion  a t  Cape Gr im,



north-west Tasmania. The network of 7 monitors now provides
adequate lat i tude coverage from Port Moresby (9.S) to Hobart
(43'S) and is complementary to simi lar networks overseas.
However,  in terms of cosine response and abi l i ty to monitor UV
in quant i tat ive physical  uni ls,  the instruments are superior ro
those commonly used elsewhere.

The analysis of some two years'  cont inuous data is proceeding
in paral lel  with theoret ical  work aimed at predict ing ul tra-violet
intensit ies. A number of discrepancies between theory and
measurement remain to be resolved. The work is current ly of
considerable importance in at least two contexts;  that of  the
plast ics and paint industr ies and the degradat ion of mater ials by
UV rad ia t ion ,  and in t r ins ica l l y ,  inasmuch as  the  resu l ts  bear
direct ly on the 'ozone problem' met with in cl imate model l ing.

I t  is hoped in the near future to hand over more of the pure
monitor ing aspects to other organizat ions.

Standards, Radiometer Calibration and Observatory
Standards
In October 1976, the fourth lnternat ional pyrhel iometr ic

Comparisons of the W.M.O. took place at the World Radiat ion
Centre, Davos, Switzer land. Two of the Divis ion's standard
instruments, Angstrom pyrhel iometer No. 57g and Act ive Cavity
radiometer No. 701 took part  in these comparisons, represent ing
the Region V Regional Standard. The measurements made at
Davos conf irmed the discrepancies observed elsewhere in the
Internat ional Pyrhel iometr ic Scale 1956, and as a result  i t  is
ant ic ipated that a new scale, to be known as the World
Radiometr ic Reference wi l l  be introduced later this year.

Calibration
As an  add i t iona l  fac i l i t y  fo r  ca l ib ra t ing  rad iometers  a  la rge

(2 m diameter) integrat ing sphere is at present under construct ion
in  the  D iv is ion 's  workshops.  Th is  w i l l  enab le  rad iometers  to  be
cal ibrated under an effeet ively isotropic hemispheric source of
radiat ion.

Observatory
The rebui lding of the spectral  pyranometer to operate in the

uftra-violet waveband (290-490 nm) has been completed and
some experimental  results obtained. The wavelength scale is
se l f -ca l ib ra t ing  by  observ ing  the  major  Fraunhofer  l ines ,  c lear ly .
d is t ingu ishab le  in  the  t race .

Co-operation
As a co-operat ive project with the Darr ing Downs Inst i tute of

Advanced Educat ion, global and di f fuse radiat ion as wel l  as some
other meteorological  parameters are being measured and recorded
at Toowoomba, Queensland.
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I I I .  DYNAMICALCLIMATOLOGY

Our cl imate is the result  of  compl icated interact ions between
many di f ferent physical  processes in the atmosphere and between
the atmosphere and the oceans. l t  is not yet known to what extent
i t  may eventual ly be possible to forecast cl imate, but there can be
no doubt  tha t  any  s ign i f i can t  capab i l i t y  wou ld  be  o f  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 c l imate 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  developing a capabi l i ty to predict
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
theoret ical /  numerical  studies which develop knowledge of these
mechan isms and u l t imate ly  assemble  them in  numer ica l  mode ls  to
represent the cl imate.

I t  is l ikely that in the future considerable progress wi l l  be made
with "stat ist ical  dynamical" c l imate models. In these, the var ious
key processes are incorporated in parameter ized form rather than
exp l ic i t l y  as  in  the  de ta i led  numer ica l  mode ls  deve loped pr imar i l y
for short- term forecast ing at the ANMRC (Austral ian Numerical
Meteorology Research Centre).  Some of these processes,
including transfers from sea or land surfaces to 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. But current ly,  in addit ion to the cloud-radiat ion
relat ionship mentioned in Sect ion l l ,  one of the greatest needs is
for improved parameter izat ion of large scale atmospheric and
oceanic transports.  Consequent ly,  a signi f icant part  of  the research
programme wi l l  be  concerned w i th  deve lop ing  the  ins igh ts
necessary to meet this need.

Data Studies
Patterns of rainfall and temperature
Pattern analysis,  s imi lar to that appl ied earl ier to Austral ian

annua l  ra in fa l l  da ta ,  i s  be ing  car r ied  ou t  fo r  tempera ture  da ta .
Prel iminary results suggest that the dominant pattern in year to
year var iat ions of mean dai ly maximum temperature over eastern
Aust ra l ia  i s  re la ted  to  var ia t ions  in  the  'Southern  Osc i l la t ion ' -  as
was the  case w i th  ra in fa l l .  Work  cont inues  on  a  more  de ta i led
analysis of seasonal ef fects in rainfal l  and temperature patterns.

In another appl icat ion of this type of analysis,  i t  has been
shown that meso-scale rainfal l  var iat ions in the state of
Wash ing ton ,  USA,  wh ich  had been a t t r ibu ted  to  loca l  po l lu t ion
effects,  were in fact due to natural  var iat ions in the larger-scale
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atmospheric circulat ion in conjunct ion with local orography. This
emphasizes that caut ion is necessary in the interpretat ion of
supposedly urban effects on rainfal l .

Floods and droughts
Some major occurrences of heavy rains and of droughts in

Austral ia are being studied from the regional and hemispheric
synopt ic data. The object ive is to gain evidence as to the
underly ing dynamical mechanisms, with a view to theoret ical
formulat ion and recognit ion of factors associated with the onset of
these extreme events.

Rainfall in the Darwin region
An invest igat ion is being made to ident i fy factors associated

wi th  anomal ies  o f  summer  ra in fa l l  in  the  Darwin  reg ion .

A pr incipal associat ion appears to be with mean temperature
through the depth of the troposphere from Al ice Springs to Hobart ,
in the sense that higher rainfal ls go with higher temperatures.
There is also evidence that meridional c irculat ion in low lat i tudes
plays a part ,  as i t  is found that more rain accompanies stronger
wind components from the north at a height of  1Vz km and from
the south at 12 km. Further invest igat ions are being made in an
attempt to explain these relat ionships.

Sea-surface tem peratu re rel ationshi ps
Some prel iminary analyses have been made of sea surface

temperature data for the Tasman Sea and, together with sea level
data, for the eastern tropical  Pacif ic Ocean. There is evidence of
var iat ions with t ime scales of several  years which, in the case of the
eastern Pacif ic data, appear to be related to the Southern
Osci l lat ion. Further work, part icular ly to invest igate possible
re la t ionsh ips  w i th  Aus t ra l ian  ra in fa l l ,  i s  p roceed ing .

Mechanisms and Paramelerization
Baroclinic instabi lity theory
Theoret ical  approaches to the parameter izat ion of large-scale

horizontal  t ransports recognise that a dominant part  in the
transport  mechanism is played by wave systems of barocl inic type
(i .e.  which inherent ly depend on horizontal  temperature gradients
throughout the troposphere).  The development of these systems is
inves t iga ted  in  baroc l in ic  ins tab i l i t y  theory .

The baroc l in ic  ins tab i l i t y  p rob lem has  been s tud ied  fo r
var ious spherlcal  models in which the atmosphere is approximated
by two f luid layers having di f ferent temperature and veloci ty
distr ibut ions with lat i tude. For a number of di f ferent in i t ia l  f lows
involving purely zonal motions, the breakdown into wave-eddies
has been examined and their  consequent heat and momentum
fluxes obtained. Some results from this work are also mentioned
under Sect ion V.
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There has been a view that the barotiopic instability of
Rossby waves (not associated with horizontal temperature
gradients) may be the major mechanism responsible for the
growth of errors leading to loss of predictabi l i ty in numerical
weather prediction models. However, from a theoretical study of
both barotropic and barocl inic instabai l i ty for in i t ia l  f lows
involving planetary waves in the two-layer spherical  models,  i t  has
been found that the barocl inic type of instabi l i ty is by far the
more important mechanism.

An examinat ion of the stabi l i ty of  zonal f low in mult i - layer
spherical  models has been commenced, with the aim of
determining the effect of incorporating a more realistic vertical
structure into the models. Prel iminary results are encouraging and
show that the inclusion of greater detai l  in these models
reproduces more closely the events occurr ing in the real
atmosphere.

Horizontal eddy transport: diagnostic data studles
Evaluat ions of the local hor izontal  eddy heat { lux and mean

temperature gradient using upper air  data from Austral ian
stat ions reveal for both down-gradient and across-gradient
exchange coeff ic ients a dist inct 3-t ier structure between the
surface and 30 km. The angle between the f lux vector and the
temperature gradient exhibi ts a fair ly steady and systematic
change th roughout  the  he igh t  and ampl i tude range sampled .
The observed vert ical  dependence throughout the troposphere
and lower stratosphere (except for a departure in the lowest
layers which can be accounted for by surface fr ict ional inf luences)
must be related to the vert ical  structure of the transient waves in
the atmosphere which accomplish the local eddy f lux.

Further work is planned to ascertain whether a simi lar
relat ionship occurs in other parts of the globe and whether
numerical  general  c irculat ion models sat isfactor i ly s imulate the
observed behaviour which is l ikely to be closely related to the
longitudinal var iat ion of c l imate. As a f i rst  step, the geographical
distr ibut ion of local eddy f luxes of heat and momentum over the
southern hemisphere south of about 20oS, as obtained in the
ANMBC hemispher ic  genera l  c i rcu la t ion  mode l ,  i s  be ing  ca lcu la ted
and compared with that der ived from EOLE bal loon trajector ies.

Sea-air transfer in anticyclonic regions
An earl ier bulk formulat ion of sea-air  f luxes of heat and water

vapour has now been extended to take account of f ree convect ion
which  becomes dominant  in  l igh t  w ind  cond i t ions .  l t  w i l l  a l row
these f luxes to be adequately represented in the typical  s lack
wind si tuat ion over the central  areas of ant icyclones.

A test appl icat ion of the new relat ionship has been made by
the Bureau of Meteorology in an analysis of lake evaporat ion data.
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For two reservoirs where l ight to moderate winds prevai led, i t
was found that,  whi le the convent ional bulk formula (without
diabatic correction) underestimated the total evaporation by 15
and 30 per cent,  the new technique gave in both cases the total
evaporat ion within 4 per cent of a value independent ly determined
(by the heat budget method).

Global Climate
Climate modelling
In cl imate models over the whole range of complexi ty,  f rom

simple empir ical  through stat ist ical  dynamical to general
circulat ion types, non-l inear parameter izat ions, in part icular that
for surface albedo with part ial  ice cover (as exists at present),  can
lead to solut ions represent ing mult iple cl imate states. Further,  in
numerical  solut ion of the models. the inevi table truncat ion errors
can produce a var iety of spurious cl imate states.

To examine cr i t ical ly the val idi ty of the cl imates produced in
earl ier numerical  studies of semi-empir ical  models,  an analyt ical
study was made of the behaviour of t ime-dependent models of the
Budyko type. Various non-l inear parameter izat ions of albedo were
employed, and i t  was found that some of the solut ions reported in
numerical  studies were spurious, and were produced as a result  of
ei ther truncat ion errors or the use of somewhat unreal ist ic albedo
parameter izat ions. The invest igat ion revealed both stable and
unstable cl imate solut ions, some of which had not been found in
the numerical  studies.

Possib/e eftects of global warming
Recent studies around the world suggest that the observed

increase in atmospheric carbon dioxide, possibly due to the
burning of fossi l  fuels,  may lead to a global warming of the
atmosphere by some 1.5 to 3'C in the next 50 to 75 years. This
warming would occur preferent ial ly at  high lat i tudes, leading to
smal ler equator to pole temperature gradients and possibly to a
poleward shi f t  of  the cl imate patterns. The impl icat ions of such a
cl imate change for Austral ian rainfal l  are being explored using the
previously establ ished patterns of rainfal l  d istr ibut ion in relat ion
to the lat i tude of the high pressure belt  and to the Southern
Osci l lat ion. l t  is possible that the change in rainfal l  d istr ibut ion
would have signi f icant impact for water suppl ies and drainage
systems.

More general ly,  such a global c l imate change would lead to
condit ions somewhat simi lar to the medieval warm period when
the Vikings sett led Greenland and the Polynesians sett led New
Zealand, or to the earl ier 'Cl imatic Optimum' some 6,000 years
ago. l t  is hoped therefore to relate present knowledge of the
patterns of Austral ian rainfal l  var iat ions to the growing body of
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t ree-r ing and other proxy cl imate data concerning these earl ier
warm periods.

Solar cycles and weather/climate
An extensive review of the recent literature on this subject,

with emphasis on al leged 11- and 22-yr.  cycles, has been made.
This has revealed a great deal of poorly-based material in the
l i terature, and i t  provides l i t t le support  for any stat ist ical ly
signi f icant connect ion between solar cycles and the weather,  at
least of  a magnitude having pract ical  importance.

l 6



IV ATMOSPHERIC CHEMISTRY

The atmospheric chemistry programme deals with the
composit ion 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 longwave radiat ion may
have a warming inf luence, whereas part iculates, by cutt ing off
incoming shortwave radiat ion, may have the reverse effect.  Many
of the substances which control  c l imate occur natural ly in the air ,
but cont inuing industr ial izat ion increases the concentrat ion of
those already present and, as wel l ,  inserts foreign mater ial .  Both
features have impl icat ions for c l imate, for the environment ( for
example, in terms of modify ing stratospheric ozone),  and for
health (as in the case of ni t rogen oxides and their  contr ibut ion to
a smog si tuat ion).

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 proposed si te for
a permanent Austral ian Basel ine Air  Pol lut ion Stat ion -  are an
essent ial  element of this programme and absorb a considerable
fract ion of the avai lable effort) ;

(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 (1) and (2) to possible
changes in  g loba l  c l imate ,  to  a tmospher ic  po l lu t ion  and to  l i ke ly
modif icat ions of our environment,  especial ly those which are
adverse;

(4) the ut i l izat ion of these components of the atmosphere as
tracers to provide information on the dynamics of t roposphere and
stratosphere.

Careful  monitor ing and interpretat ion of the data are the
essence of these invest igat ions.

Carbon Dioxide Background Levels
The need to establ ish 'background' levels of components of

the atmosphere has already been stressed. The extensive,
cont rnu ing  a i r  sampl ing  ne twork  (see F igure  1)  has  now produced
f ive  years  o f  h igh  qua l i t y  da ta .  In  many cases  the  sampl ing  is
ach ieved au tomat ica l l y  us ing  equ ipment  bu i l t  to  our  own des ign
and which can be operated on aircraft  specif ical ly modif ied for the
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Fig .  1 .  A i r  Sampl ing  Network
The dashed and sol id l ines represent dif ferent types of aircraft f ly ing at varying alt i tudes.
There is bal loon sampling at Mildura (6) and surface sampling at Aspendale (8)
and Cape Gr im (15) .

purpose. Time and pressure switches which can be adjusted
according to the circumstances determine precisely at what stage
in the aircraft 's f l ight the sample is obtained. Analysis is carr ied
out subsequent ly on the ground at Aspendale using an infrared
carbon dioxide analyser.  During the course of this programme i t
has become evident that CO, is wel l  mixed throughout the
atmosphere and the sampl ing frequency has been adjusted as
necessary. The success of this sampl ing programme owes much to
the excel lent support  received from the air  t ransport  group
(Department of Transport) ,  Qantas and TAA.

Recent ly these measurements have been augmented by others
f rom Cape Grim in north west Tasmania -  the proposed si te for
the Austral ian Basel ine Air  Pol lut ion Stat ion. (See cover picture,
and, for greater detai l ,  e lsewhere in this sect ion).

Interpretation of the first five years of data is currenily
underway: tentative indications are that the concentration of
atmospheric CO2 is increasing on average at about 0.8 ppmv. yrt
( i .e.  tho/o yrr l .At f i rst  s ight these results are in sharp contrast to
the known quant i t ies of CO, being added to the atmosphere
through the burning of fossi l  fuels,  at  a rate equivalent to
2.35 ppmv. yr- t .  The measured increase is bel ieved to be a result
of  the anthropogenic input and the natural  exchanges with the
oceans and biosphere. An interest ing feature is the year-to-year
variat ion in the rate of accumulat ion of carbon dioxide in the
atmosphere (see Table 1).  l t  is possible that this is due to
variat ions in the exchange of carbon dioxide between the
atmosphere and the equator ial  Pacif ic Ocean, the lat ter act ing as
a  source  or  s ink  depend ing ,  amongst  o ther  th ings ,  on  the  a i r l sea
surface temperature di f ferent ial .
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Carbon lsotope Studies
The stable carbon isotope rat io,  ClelCl2, is di f ferent in each

of the major carbon reservoirs.  Thus simultaneous measurements
of atmospheric variations in both concentration and isotope ratio
can be used to determine the magnitude of exchange as wel l  as
the reservoir  with which exchange has taken place. Invest igat ions
have commenced into the space and t ime variat ions of this rat io in
the southern hemisphere atmosphere.

In an attempt to descr ibe past var iat ions in the atmospheric
C13/C12 rat io and the manner in which these have been inf luenced
by industr ial izat ion, the carbon in the growth r ings of t rees has
been extracted and analysed. Results obtained using trees from
Tasmania show that dur ing this century C13/C12 decreased up
unt i l  about 1940; since then there has been a cont inual increase.
l f  the rat io in tree r ings represents that in the free atmosphere,
this impl ies that the atmospheric CO, concentrat ion has been
inf luenced by inter-reservoir  exchanges in addit ion to the simple
di lut ion due to CO, release from fossi l  fuel  combust ion.

A signi f icant correlat ion between the secular var iat ion in tree
r ing isotope rat io and regional temperature provides a method for
describing paleotemperatures in Tasmania where 2000 year old
trees are avai lable for analysis.  The reason for this correlat ion is
not understood and is relevant to the interpretation of the isotope
rat io record.

The ini t iat ion of this work was made possibte through the
col laborat ion of the Antarct ic Divis ion of the Department of
Science who made a mass spectrometer avai lable to us. In order to
expedite these analyses the Divis ion has recent ly acquired i ts
own instrument.

lce cores and ancient atmosphere
Some progress has been made in the development of

techniques for the extract ion of gases trapped in Antarct ic ice.
No results are avai lable at this stage.

lmprovements in instrumentation and measurement
Work has commenced on the development of an infrared

CO, analyser which di f fers from convent ional non-dispersive
infrared (NDIR) instruments in that i t  depends on sol id state rather
than microphonic detect ion. The advantage of the new instrument
wi l l  be i ts insensit iv i ty to vibrat ion and i t  wi l l  be used extensively
on aircraft .

When CO, concentrat ions are measured using NDIR analysis,
i t  is necessary to dry the air  to avoid interference from water
vapour.  The drying procedure modif ies the density of CO, in the
sample: a simple relat ionship has been deduced to convert
measured CQ, density to ambient density.  More importani ly,  an
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analysis of the simultaneous eddy-di f fusion of heat,  water vapour
and CO2 has shown that when measurements are made of
concentrat ion gradients or the covariance of CO, concentrat ion
and veloci ty,  the CO, density must be expressed relat ive to dry
air  at  a f ixed temperature to obtained correct CO, f lux
determinat ions. These { indings have relevance to the measurement
of atmospheric f luxes of al l  t race gases and are especial ly
signi f icant in the use of eddy-covariance techniques.

Ozone
ln the stratosphere
The existence of ozone in the earth's atmosphere and the vi tal

part  i t  p lays in f i l ter ing out harmful short  wave radiat ion have been
known for many years. Only recent ly however has i t  been real ized
that man's act iv i t ies, which often result  in the inject ion into the
atmosphere of large quant i t ies of gases and part iculates, could
lead to a signi f icant reduct ion in ozone. At Aspendale the
concentrat ion of atmospheric ozone has been measured and i ts
distr ibut ion in t ime and space invest igated for over 20 years.
Original ly used as an indiciator of stratospheric winds i t  is now
studied in i ts own r ight.  The possible threat of damage to the
ozone layer through destruct ive interact ion with the by-products
of industry make i t  essent ial  to maintain a cont inuous check on
ozone levels.

The monitor ing network current ly comprises stat ions at
Ca i rns ,  Br isbane,  Aspenda le ,  Hobar t ,  Per th  and Macquar ie  l s land.
An addit ional Dobson Spectrophotometer has been obtained from
the Weapons Research Establ ishment Sal isbury; fol lowing
comple t ion  o f  repa i rs  and ca l ib ra t ion  th is  ins t rument  w i l l  be
instal led at Al ice Springs. A new observing stat ion there wi l l  f i l l
the network gap in Central  Austral ia and make the coverage
reasonably adequate for this part  of  the world.  Rout ine fortnight ly
ascents using Mast-Brewer sondes have also cont inued at the
Div is ion 's  f ie ld  s i te  near  Aspenda le .

The long te rm t rend in  ozone is  be ing  cont inua l l y  mon i to red .
The decrease in ozone observed at Aspendale between 1956 and
1974 is consistent with stratospheric cool ing and a weakening of
the meridional component of stratospheric winds - both over the
same per iod .  Whi ls t  there  are  a  la rge  number  o f  fac to rs  wh ich
inf luence ozone amount,  overwhelming evidence indicates that the
decrease of ozone at Aspendale is largely due to changes in
c i rcu la t ion  ra ther  than chemis t ry .  S ince  1974 there  has  been a
sl ight increase in ozone over Aspendale.

More detai led analysis of the effect of  haze scatter ing shows
that the observed 03 trend can be part ly explained in terms of
secular aerosol scatter ing not appropriately taken into account in
the past.  The problem is being invest igated and the results so far
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suggest that about 50% of the apparent change in the trend of
ozone concentration can be attributed to scattering effects.

An analysis of results of the f i rst  eight years of the Aspendale
ozone sounding programme has shown that the var iat ions of
ozone concentrat ion are pr incipal ly on synopt ic and subsynopt ic
t ime scales -  except near the pr imary ozone maximum around
the 40 mb level,  where seasonal var iat ions are dominant.
Throughout most of the atmosphere's depth, year to year var iat ions
account for less than 10 per cent of the total  var iance. The
long-term trend component does not exceed 4 per cent at any
level,  underl in ing the need for adequate stat ist ical  sampl ing
i f  long-term trends are to be detected with any conf idence'

During the total  solar ecl ipse in October 1976, a Dobson
Spectrophotometer was used to make some ozone measurements
at Aspendale. As might be expected there was an apparent
increase in ozone during the ecl ipse i .e.  a decrease in ul tra-violet
radiat ion recorded at the ground.

At the surface
Surface ozone is monitored cont inuously at Macquarie ls land

and at the Cape Grim baseline station, Tasmania. These stations
have relat ively clean air  so that measurements can be regarded as
background levels:  and the data obtained are being interpreted
in terms of the natural  ozone cycle. Addit ional information from
the studies concerns the destruct ion rate of ozone on var ious
natural  surfaces, e.g. soi l ,  vegetat ion and water.

Regular monitor ing of ozone in the surface air  at  Aspendale
was terminated at the end of 1975 after 10 years of measurement.
Results are being analysed in the context of  urban pol lut ion
processes.

Oxides of Nitrogen

The oxides of ni t rogen are a relat ively new area of study for
us. They have been introduced because of the key role they play

in react ions that produce photochemical smog in the lower
troposphere and control  ozone in the stratosphere. The part icular

compounds are  n i t r i c  ox ide  (NO)  and n i t rogen d iox ide  (NOz) ,
col lect ively referred to as NO* and ni trous oxide (NrO).

Tropospheric NO* results mainly from bacter ial  reduct ion of
n i t rogenous compounds in  the  so i l ;  the  remain ing  NQ"  be ing
attr ibuted to anthropogenic sources, pr imari ly hightemperature
combust ion processes ( in automobi les, power plants,  etc.) .

Photochemical smog normal ly occurs in urban areas as a
result  of  man-made NO* which can increase the concentrat ion of
the gas by a factor of 100 or more over the natural  background



level .  Smog episodes occur under l ight wind condit ions and in the
presence of strong solar radiat ion.

NO*
It  is most important to be able to dist inguish between natural

and anthropogenic sources of these oxides and to detect any
local and/or global t rends. To achieve this goal a
chemiluminescent detector specif ic for ni t r ic oxide/ni trogen
dioxide has been designed and bui l t  in the Divis ion. l t  is several
t imes more sensit ive than the best commercial  instruments and
for the f i rst  t ime al lows rel iable measurements of ni t rogen
oxides to be made in the background air .  Fol lowing automation of
the  sampl ing  un i t ,  the  ins t rument  w i l l  be  ins ta l led  a t  Cape Gr im
and wi l l  provide a cont inuous measurement of ni t rogen oxides in
clean surface air .  The instrument has also been used to study the
uptake and exhalat ion of ni t rogen oxides at the earth's surface.
Ini t ia l  results indicate that substant ial  losses of NO occur from
soi l  surfaces. The inf luence of soi l  and atmospheric condit ions on
this process is being invest igated.

Measurements of total  atmospheric NO2, using a modif ied
Dobson Spectrophotometer as descr ibed in our last Biennial
Report, have been extended to Perth. Two years of data of NO. at
Aspendale and Brisbane have shown seasonal var iat ions which
closely paral lel  those for total  ozone. The Varian di f f ract ion grat ing
spectrophotometer has also been modif ied to measure atmospheric
NO, and is current ly under test.

The formation and destruct ion of stratospheric ozone has been
the subject of  intense worldwide invest igat ion in recent years.
I t  is known that ni t rogen oxides provide the main chemical control
of this ozone. NO,'has a l i fet ime of only several  days in the
troposphere and i t  is therefore unl ikely that s igni f icant amounts can
be transported to the stratosphere. l t  is general ly accepted that
stratospheric NO" results from the oxidat ion of ni t rous oxide
present in the region.

N r O
This gas is produced natural ly by microbiological  act iv i ty at

the earth's surface in a process cal led 'denitr i f icat ion' .  l t  has no
proven tropospheric sink and i t  is eventual ly transported to the
stratosphere. l t  has been postulated recent ly that the increasing
product ion of art i f ic ial  ni t rate fert i l izers wi l l  increase denitr i f icat ion
and cause a signi f icant decrease in stratospheric ozone by the
end of the century. A simi lar ef fect could result  f rom the direct
inject ion of NO, into the stratosphere by supersonic aircraft .

Nitrous oxide is measured dai ly at Aspendale and information
on spat ial  var iat ion gained by analysing samples obtained in the
CO, programme. Nitrous oxide appears to be wel l -mixed in the
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t roposphere and lower atmosphere. Ten months of measurement

at Aspendale reveal no signi f icant trend in concentrat ion al though

short- term f luctuat ions are present.  The role of the oceans in the

NrO budget is to be invest igated.

Planned
A programme designed to make in si tu measurements of

stratospheric nitric oxide is expected to commence towards the

end of 1977. The venture, which is in co-operat ion with the Dept.

of Chemistry,  York Universi ty,  Canada, involves a bal loon-borne

chemiluminescent detector bui l t  by the canadian group and used

successfully in the Northern Hemisphere. A success{ul outcome to

this work wi l l  make i t  possible to conduct a val id comparison
between the ni tr ic oxide content of the two hemispheres and al low

theoret ical  predict ions to be tested. Early detect ion of changes in

the concentration of the gas in the atmosphere, whether due to

natural  or anthropogenic causes, depends solely on maintaining

an adequate and regular stratospheric monitor ing programme.

Halocarbons
Halocarbons are of interest part icular ly because of the

hypothesis that,  should they f ind their  way into the stratosphere,

the chlor ine produced by their  breakdown wi l l  react destruct ively

with ozone. These substances are largely man-made (e.g'  CCI.F

is bel ieved to be ent irely so) and, part icular ly in the northern

hemisphere, they serve as excel lent t race mater ials in studies of

urban air  and interhemispheric exchange. This work is relat ively

new and i ts commencement two years ago was made possible

through the co-operat ion of Dr,  Lovelock (U.K.) and the loan of

an electron-capture gas chromatograph. We have subsequent ly
acquired our own instrument and the programme has grown

considerably.

Measurements of atmospheric halocarbons have been made

for about one year at the Austral ian Basel ine Air  Pol lut ion

Stat ion (Cape Grim) and on air  samples col lected

during the Divis ion's aircraft  air  sampl ing programme. The f i rst  12

months of data from Cape Grim show an average tropospheric

concentrat ion of cclrF (Freon-11),  CCl4 (carbon tetrachlor ide) and

CH3CCl3 methyl  chloroform) ol  120,159 and 40-60 pptv (parts per

101t by volume) respect ively at the end of 1976. (See Figure 2).

Based on 12 months of cape Grim data and 18 months of aircraft

data, atmospheric ccl3 F concentrat ions appear to be increasing

at about 18o/o yr1. A smal l  but consistent di f ference between in

si tu and grab sample measurements has yet to be explained'

A comparison of recent CCls F data with other publ ished

values, and the rate of accumulat ion of the gas in the southern

hemisphere  imp l ies  a  la rge  sca le  in te rhemispher ic  eddy  d i f fus ion

coeff ic ient of  0,5 x 1010 cm2s-1.
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A study of the concentrat ion of CCI.F in urban Melbourne
under nocturnal inversion conditions has indicated the usefulness
of the gas as a tracer of urban air .  The work has also provided
emission data which are consistent with an emission inventory
based on manufacturer's useage rates.

Standardizat ion of measurements has been achieved by an
ongoing programme of inter laboratory cal ibrat ions with
Washington State Universi ty,  Nat ional Bureau of Standards and
National Aeronaut ic and Space Administrat ion.

A theoret ical  study has been made of carbon tetrachlor ide in
the global atmosphere. Man made emissions to the atmosphere
from industr ial  sources have been evalued for the period 1g14 to
1973. The mechanisms of loss of carbon tetrachlor ide from the
atmosphere by gas phase react ion, ul t raviolet photodecomposit ion,
and dissolut ion and breakdown in the oceans were evaluated. A
s imp le  mode l  us ing  the  emiss ions  and loss  mechan isms pred ic ted
global average concentrat ions simi lar to those observed. l t  was
concluded that carbon tetrachlor ide in the global atmosphere is
probably man made, not natural ly occurr ing as have been
suggested previously.

TABLE 1
Annual mean carbon dioxide concentrat ion in the mid-troposphere
over south eastern Austral ia and Bass Strai t .  Concentrat ions
corrected for carr ier gas errors and expressed according to the
WMO 1974 CO, Cal ibrat ion Scale.

Date

Mar. 1972 - Feb. 1973

J a n .  1 9 7 3 - D e c .  1 9 7 3

Jan. 1974 - Dec. 1974

J a n .  1 9 7 5 - D e c .  1 9 7 5

J a n .  1 9 7 6 - D e c .  1 9 7 6

No. of
Samples

204

231

236

225

264

Mean CO2

Concentrat ion
(ppmv)

327.22

328.45

328.88

329.98

330.27

Increase
(ppmv yr-1)

1 .23

a.43

1 . 1 0

0.29



Fig. 2.
Atmospheric CCIrF (freon-1 1) concentrat ions (parts
measured over Austral ia by aircraft 1-) and
C a p e  G r i m  ( - - - - - ) .

per  t r i l l i on  (10 t2)  by  vo lume)
at the surface at

Radioactivity, Particulates and Heavy Metals
The Divis ion's concern with atmospheric radioact iv i ty centred

la rge ly  on  Be7,  a  na tura l l y  occur r ing  rad ionuc l ide  pr imar i l y
produced in the polar stratospheres and which can be used as a
tracer to invest igate tropospheric and stratospheric circulat ion.
Suitable f ission products, result ing from the nuclear weapons
test ing programme in the south Pacif ic area, have also been used
as tracers.

Radioact iv i ty data obtained between 1971 and 1977 from our
surface air  sampl ing network ranging from 9'S to 43'S suggests
that an inject ion of air  enr iched with Be, occurred at about 20'S
in the spr ing with a secondary inject ion at high lat i tudes in
summer .

A measure of the total  part iculates in near surface air  is
useful  as an indicator of atmospheric pol lut ion and as a low level
tracer of surface motions. Such part iculate concentrat ions have
been measured for some 6 years at f ive si tes extending along the
east Austral ian coast and for 5 years at one locat ion in Papua
New Guinea. Seasonal means vary between 20 and 70 ug m-e for
mainland Austral ia,  with lower values for Tasmania and Papua
New Guinea. No long term trends in part iculate concentrat ions
are apparent at the southern locat ions but downward trends are
observed at two northern sites.

Concentrat ions of some heavy metals (Pb, Cd, Ni,  Zn, Cu, Fe,
Cr, Mn) in part iculates col lected at the Hobart  sampl ing si te have
been measured using f lame atomic absorpt ion spectroscopy.
Although total  part iculate concentrat ions are low in Hobart ,  the
concentrat ions of some heavy metals in the part ic les are simi lar to
those found in north American urban si tes.

For var ious reasons these three research projects wi l l  be
terminated when processing of exist ing data is completed.
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Stratospheric Water Vapour
Monitor ing of stratospheric water vapour over Austral ia has

cont inued using bal loon-borne infrared radiometers, roughly f ive or
six t imes a year.  The measurements indicate an increase in mixing
rat io from 1973 to late 1975 fol lowed by a decrease up to early 1977.
The mean ratio between 15 and 21 km is approximately 2.7 ppmm.

The Australian Baseline Air Follution Station
The Divis ion cont inues i ts role as advisor to the

Commonwealth Department of Science in the establ ishment of
guidel ines and instrumental  techniques for the operat ion of an
Austral ian basel ine atmospheric monitor ing stat ion. A very
considerable effort has been put into the design, construction and
instal lat ion of equipment and the analysis and interpretat ion of
the result ing observat ions. A temporary stat ion has now been
establ ished at Cape Grim, N.W. Tasmania. The fol lowing
atmospheric components are monitored regular ly:  carbon dioxide,
ozone,  f reon 11 ,  f reon 12 ,  N2O,  CCln ,  d i rec t  so la r  rad ia t ion ,  d i f fuse
solar radiat ion, ul t raviolet solar radiat ion, erythemal ul traviolet
radiat ion. In addit ion ai tken part ic le concentrat ions, large part ic le
concentrat ions, part ic le size distr ibut ion are measured by the
Division of Cloud Physics. These measurements are supported by
the common surface meteorological  observat ions.
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V. GEOPHYSICAL FLUID DYNAMICS

The geophysical  f lu id dynamics programme aims to advance
the understanding of the dynamica! processes in the atmosphere
and in the oceans in so far as they affect the atmosphere. The
basic phi losophy fol lowed since the incept ion of these studies at
Aspendale is to use simple models of a part icular phenomenon in
isolat ion, combining wherever possible a quant i tat ive theoret ical
approach with experimental observation. In this way an
understanding of the complex motion of the real atmosphere is
bui l t  up step by step.

Topics have been chosen in response to or in ant ic ipat ion of
needs or l ikely developments of local or nat ional importance. We
have sought to tackle subjects in which physical  and conceptual
understanding rather than mathematical  labour is want ing and
which are within the l imitat ions of the avai lable technical
resources. Nevertheless useful  progress has been made on
selected topics within a wide range, from f ine scale di f fusion to
global waves and currents, and including some physical
oceanography. In addit ion to studying the phenomena basic to
motion in a rotat ing and strat i f ied medium, simulat ions of more
direct appl icat ion such as dispersion of chimney plume eff luents
are also being undertaken. Developments in our laboratory include
a lengthening of the strat i f ied towing tank to 30 feet and the
construct ion of precision sal ini ty sounding equipment.

The Stable Medium: Internal Waves
Air flow over mountains
It  was previously reported that careful  laboratory experiments

have revealed def ic iencies in exist ing theoret ical  models descr ibing
the f low of a stably strat i f ied airstream over mountains.

As a result  of  these observat ions a new "quasi- l inear"
theoret ical  model has been developed, which is appl icable when
the strat i f icat ion is weak or the mountain height is smal l  but f in i te.
This model provides a descr ipt ion and explanat ion of the upstream
motions observed in the experiments, and indicates the l imitat ions
of the classical  l inearized leewave theory. The lat ter,  though useful
because of i ts s impl ic i ty,  has been shown to be i l l -posed in a
mathematical  sense. Further experiments have been undertaken
to test the new model quant i tat ively;  some measure of agreement
has been found, al though the comparison is as yet inconclusive.
Some non-l inear effects of a hydraul ic character have also been
observed, and described by a mult i - level hydrostat ic model.

Amplification of finite wave packets
Laboratory experiments have demonstrated that non

homogeneous, f ine internal waves, even in discrete 'packets' ,  can
be strengthened parametr ical ly by a large-scale wave f ield.
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Theoret ical  calculat ions quant i tat ively conf irm observat ions that
such packets spread as beams and evolve rapidly toward
quadrat ic ' t r iad'  resonance with the large wave. This adds weight
to predict ions that the process is important in the deep oceans.

Energy partition in internal wavebreaking
A start  has been made on an experiment to def ine a law

governing the part i t ion of energy between viscous dissipat ion and
potent ial  energy gain in a saturated internal wave f ield.  The
intent ion is to provide a 'c losure'  to the energy cascade and also
to quant i fy the di f fusivi ty of such f ields as they occur in the free
atmosphere and the ocean.

The quasi-biennial oscillation
A dominant feature observed r ight around the equator ial

stratosphere is the periodic reversal of  the zonal wind above
20 km. This phenomenon earns i ts t i t le f  rom i ts per iod, which
varies between two and three years. One theoret ical  explanat 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 overlying zonal tlow the appearance of
a gradual ly descending transverse wave. Exist ing theory has been
modif ied to remove certain fundamental  inconsistencies and to
improve i ts general ized appl icat ion. The major features of the
osci l lat ion have been successful ly reproduced in simple
appl icat ions of the revised theory, and laboratory simulat ions in an
annular tank are now underway.

An observat ional study has been made of stratospheric zonal
winds at a ser ies of Austral ian upper air  stat ions ranging from
Lae (7"S) to Casey (66'5).  This has shown that a coherent
oscillation extends well beyond the tropics; it is evident at all
stations, though strongest near the equator and weakest at about
35"S. A systematic var iat ion in the vert ical  phase propagat ion of
the osci l lat ion is also evident.  Strong downward phase
propagat ion occurs in low latr tudes, decreasing steadi ly to zero at
about 40oS, with weak but signi f icant upward phase propagat ion
in higher lat i tudes.

lnertia- Gravity waves in the atmosphere
Data from serial  soundings at Laverton (20 km SW of

Melbourne) are being analysed to see i f  inert ia-gravi ty waves can
be detected. Prel iminary examinat ion indicates a weak downward
phase propagat ion of near- inert ial  per iod consistent with the
presence of such waves.

Convection Studies
Convectiv e pen et r ati o n
The previously reported laboratory experiments simulat ing

the convect ive penetrat ion of an almospheric temperature inversion
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by ground heat ing have been postponed await ing the use of
better controls for the even distr ibut ion of in jected sal t  water used
to represent ground heat ing. Further analysis of ear l ier results has
found that the downward buoyancy f lux through the convect ive
interface is about 0.2 t imes that occurr ing at the 'ground' surface,
in rough agreement with other workers, but now seeming to
depend on overly ing stabi l i ty.

Penetration of inversions by plumes
When a buoyant plume from a f ixed local source such as a

chimney, encounters an overly ing inversion, the proport ion of
the plume passing through the inversion, and the proport ion
trapped beneath and within the inversion depend upon, among
other things, i ts buoyancy relat ive to the strength of the inversion.
The fract ion which fai ls to penetrate clear ly infuences the degree
of subsequent fumigat ion at ground le_vel.  Laboratory experiments
s imu la t ing  such a  s i tua t ion ,  us ing  a  towed source  are  now in
progress with the object of  der iv ing useful  laws for the vert ical
deposit ion prof i le.

Rotation and Global Dynamics
Baroclinic instability on a sphere
The instabi l i ty of  a large scale zonal f low over a sphere has

been studied in a very general  context,  using a two-layer model.
The results of several  previous invest igators have been extended
and shown to be mutual ly consistent.  Some general  propert ies of
the north-south f luxes of heat and momentum have been deduced
from the results.

Heat and momentum transfer by baroclinic waves
A rel iable parameter izat ion of heat and momentum transfer by

mid- la t i tude  edd ies  is  a  ma jor  requ i rement  o f  c l imate  mode ls .  A
basic theoret ical  study of such transfers has conf irmed and to an
extent general ized, some of the results of numerical  studies of
baroc l in ic  waves .  In  par t i cu la r  i t  c la r i f ies  the  ro le  o f  momentum
transport  in maintaining the jet  stream (whose structure in turn
inf luences the momentum f luxes).  In addit ion some general
results concerning the vert ical  structure of heat transfer have
been obtained which suggest an explanat ion for the observed local
max imum in  eddy  heat  f lux  in  the  reg ion  o f  the  mid  la t i tude
t ropopause.  Other  aspec ts  o f  th is  work  a re  ou t l ined  in  Sec t ion  l l l .

Rot ati o n al t u r b u I en c e studles
The previous report  descr ibed an experiment simulat ing the

kinematic effects of f ine scale convect ive mixing on a
homogeneous un i fo rmly  ro ta t ing  f lu id .  In tense vor t i ces  imp ly ing  an
eff ic ient di f fusion of angular momentum, were observed. An
enlarged and improved version of the apparatus has been bui l t
with the faci l i ty to introduce buoyancy and variable rotat ion (beta)
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effects. This has been used mainly to study in greater detail the
structure of vort ices with the aim of isolat ing the dynamical cause
of the phenomenon. To this end an experiment current ly in
progress incorporates an inner freely rotat ing drum coaxial  with
the closed cyt indr ical  experimental  chamber. When the whole
system is rotated, the introduct ion of mixing causes a relat ive
ant icyclonic rotat ion of the drum. This effect is consistent with a
vort ic i ty expulsion mechanism accompanying local ized weakening
of angular momentum gradients. Using the apparatus an
ad hoc simulat ion of intense local ized elevated convect ion in a
rotat ing storm was undertaken. This revealed the formation of
vert icaf ant icyclone/cyclone eddy pairs at the periphery of the
mixed region. In evolut ion the cyclones intensif ied and the
ant icyclones weakened, lending weight to the possibi l i ty that
angular momentum dif fusion may have a part  to play in tornado
genesis.  One dynamical explanat ion for the phenomena observed
in these studies is the nonl inear interact ion of inert ial  modes. Some
numerical  calculat ions have shown that with axisymmetr ic modes
core vort ic i ty could indeed be strengthened signi f icant ly.

Beta plane studies
In  co l labora t ion  w i th  J .  Whi tehead and A.  Co l in  de  Verd ie re  a t

Woods Hole Oceanographic Inst i tut ion a number of polar beta
plane experiments were done using a weak, zonal ly per iodic
peripheral  forcing in a rotat ing cyl inder.  Mean zonal currents
could be generated by the poleward radiat ion of Rossby wave
momentum, in conformity with the Taylor vort ic i ty di f fusion
hypothesis.  By superimposing a mean zonal current,  cr i t ical  layer
absorpt ion of these waves was induced and measured,
represent ing the f i rst  quant i f iable laboratory real izat ion of this
geophysical ly important process.

Physical Oceanography
Surlace mixed layer
In addit ion to the oceanographic relevance of several  of  the

topics mentioned above, work has commenced upon numerical
models aimed at descr ibing the surface mixed layer of the ocean
through which the inf luence of the ocean upon the atmosphere is
t ransmi t ted .  The in i t ia l  s tudy  is  o f  a  zona l ly  un i fo rm equator ia l
region as a model of  the central  Pacif ic Ocean.

lnternal tides
Fot lowing the theoret ical  work on internal t ides described

previously,  work in this area has concentrated on test ing the
theoret ical  models with observat ions obtained off  the coast of
north-west Afr ica by a joint  Br i t ish-German expedit ion. This is
one o f  the  wor ld 's  most  impor tan t  upwel l ing  and f i sh ing  areas ,
and the  genera l  f low pat te rn  i s  qu i te  complex  and var iab le .  The
resu l ts  to  da te  ind ica te  tha t  the  in te rna l  t ida l  mode ls  a re  va l id  in



the broad sense. However,  the si tuat ion is more complex than

region, part icular ly the north-west shelf  where t idal  motions are

very large.

The'southerlY Buster'

the Austral ian Divide wi l l  speed up on the southern side (and slow

down on the northern side),  forming a coastal  jet '  Secondly,  i f

ambient condit ions are favourable, the front of  this jet  wi l l  develop

a gravi ty current structure, producing the famil iar "rOl l"  c lOud and

abrupt change in wind and temperature.
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VI. REGIONAL METEOROLOGY

This aspect of the Divis ion's work deals with the micro- and
meso-scale propert ies of the near surface air .  wel l  above the
ground the rnovement of air  masses is governed by relat ively
large 'synopt ic '  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. A good example of this approach
is our present work in the Latrobe Val ley.

The Va l ley  i s  po ten t ia l l y  an  area  o f  cons iderab le  indus t r ia l
development,  part icular ly of power generat ion, coar hydrogenat ion
and perhaps, in the future, gas manufacture. An important issue
at this stage is the l ikely impact of industr ial isat ion on the local
env i ronment .  A l though in t r ins ica l l y  we l l  su i ted  as  a  f ie ld  labora tory
the observations provided by the national weather observing
network in the region are not dense enough to reveal the detai led
structure. we have therefore engaged in a col laborat ive venture
with the sEC of Victor ia,  and have just completed two years of dai ly
observat ions of winds and stabi l i ty.  These observat ions are the
basis of studies to:

1. assess the effect of  exist ing and new works,

2. establ ish a network of monitor ing stat ions,

3 .  fac i l i ta te  des ign  and p lann ing  o f  new works ,  and

4.  va l ida te  numer ica l  mode ls  tha t  w i l l  be  requ i red  in  the  fu tu re
for environment management.

In  con junc t ion  w i th  th is  s tudy  a  , l igh t  sw i tched,  t ime_ lapse
cine camera has been employed to obtain an 1g months record of
fog occurrence and smog movement.

Atmospheri c diflusion sfudles
Present techniques for est imating the di f fusion and transport

of contaminants in the atmospheric boundary layer are based upon

representat ive condit ions.



S/ope winds and katabatic tlows
At night,  air  cooled on the slopes of val leys drains downwards

in a thin layer.  This 'katabat ic '  drainage { low represents the
major dispersing process under calm atmospheric condit ions. An
observat ional study, supported by theoret ical  evaluat ion, is being
made to obtain a prof i le of this f low on a selected slope to clar i fy
the ini t iat ion, maintenance, durat ion and dispersion processes,
and to provide means of parameter iz ing them for numerical
models integrat ing 's lope'  and 'val ley'  ef fects.

Results obtained so far show that in addit ion to clear skies,
the  background w ind  f ie ld  i s  c r i t i ca l  to  the  in i t ia t ion  and
maintenance of a def inable katabat ic f low. l t  appears that the
driv ing force for the f low, generated by radiat ional cool ing of the
surface layers at night,  is balanced not by surface drag but by
interact ion with the ambient wind f ie ld.  The katabat ic f low mixes
with the ambient air ,  grows in thickness and is slowed by this
entrainment.  The direct ion and strength of the ambient wind plays
a major role in direct ing and balancing the katabat ic f low.

This study has cal led for a means of sounding vert ical ly the
prof i le of temperature, humidi ty and wind direct ion and speed up
to a height of  1 km. A new faci l i ty has been developed at the
Division for the purpose. To a tethered bal loon which can be
raised and lowered by winch is attached a smal l  instrument
package which makes the required measurements and telemeters
the results to the ground.

Surface boundary layer studies
Work has centred mainly upon improving equipment for the

l .T.C.E. (referred to in greater detai l  under Sect ion Vl)  and analysis
of data from that experiment.  Development has included a
modif ied version of the precision prof i le equipment used on the
Daly Waters expedit ion described in the Divis ion's 1973/75
report .  This provides cont inuous digi tal  records of accurate wet
and dry bulb temperature (+.002'C) at f ive heights between one
and sixteen metres.

A cable-suspended drag plate lysimeter of improved design
was bu i l t  and  ins ta l led  a t  Den i l iqu in  as  par t  o f  the  l .T .C.E.  Ana lys is
of data from this experiment is now complete, and attent ion has
turned to pi lot  measurements of f lux of heat and momentum on
val ley slopes, to complement the slope wind study mentioned
above. Construct ion of a new portable prof i l ing boom is nearing
comple t ion .  Th is  w i l l  enab le  measurements  to  be  made a t
selected ( logari thmical ly separated) height intervals up to 20 metres
above the surface, al l  operat ions, including attent ion to the
instruments, being carr ied out at ground level.
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VII.  AIR.SURFACE INTERACTION

A primary object ive of the Divis ion since i ts incept ion has
been to improve understanding of the mechanisms involved in
exchanges of heat,  water vapour and momentum between the
atmosphere and the underly ing surface ( land and sea),  to
understand how the processes are inf luenced by the nature of the
surface and atmospheric stabi l i ty,  and to determine their
relat ionship with the larger-scale aspects of atmospheric f low.

Much of the work in these areas over the last 2 years has
been concerned with analysis and interpretat ion of the KOORIN
(Daly Waters, 1974),  AMTEX (East China Sea 1974 and 1975),  and
ITCE (Conargo, 1976) experiments, referred to below.

Some of the work concerned with air-sea interact ion and
described in earl ier reports has cont inued. Other aspects,
part icular ly those involving the development of a free-f loat ing
instrumented buoy have been curtai led and some staff  diverted to
higher pr ior i ty areas.

Surface Aerodynamic Roughness

A considerat ion of drag coeff ic ient over land shows large
variat ions between cont inents, with drag ar is ing from f low over
mountains contr ibut ing some 20 per cent of the overal l  drag of
the land surfaces of the globe.

The geograph ica l  d is t r ibu t ion  o f  aerodynamic  roughness
length  on  a  g r id -sca le  o f  (2 .5"  x  2 .5 ' )  has  been de termined fo r  the
Austral ian cont inent,  based on maps of vegetat ion and other
surface types. Mean monthly surface stress throughout the year
has then been determined from geostrophic winds inferred from
grid point values of average surface pressure.

A comprehensive review of observat ions of wind stress and
wind prof i les over the ocean, reported in the l i terature over the
past 10 years, suggests that the surface (neutral)  drag coeff  ic ient
increases as the square root of  wind speed, at least up to
20-25 m s-1. Beyond this and up to the l imit  of  50 m s-1 for
wh ich  in fo rmat ion  is  ava i lab le ,  hur r i cane da ta  imp ly  a  cont inu ing
increase.  The observa t ions  add i t iona l l y  ind ica te  a  va lue  o f  the
von Karman constant of 0.41 + o.ozs.

These s tud ies  prov ide  de ta i led  in fo rmat ion  permi t t ing  sur face
roughness  to  be  incorpora ted  in to  la rge  sca le  numer ica l  mode ls
of the atmosphere.



Aspects of vert ical  turbulent t ransfer above tal l  vegetat ion
have been studied using data from the KOORIN experiment.  These
suggest,  for dayt ime condit ions, that considerable modif icat ion of
the 'smooth'  surface f lux-gradient relat ion (see earl ier Annual
Reports) occurs in an air  layer (above the surface) of depth 3-5
t imes the height of  the main surface roughness elements.
Within this ' t ransi t ion'  layer,  eddy di f fusivi t ies are considerably
greater than those predicted from the Prandt l-von Karman mixing
length theory ( for 'smooth'  surface relat ions).

In determining the prof i le scal ing lengths zo and z, ( tor
momentum and heat respect ively) the heterogeneous nature of the
surface made i t  necessary to use airborne and ground-based
radiometers to measure surface temperature. The. rat io
zol2, *10 was consistent with values found for homogeneous
natural  vegetated surfaces in an earl ier study. This has important
impl icat ions in the determinat ion of surface temperature by
extrapolat ion of the temperature prof i le measured wel l  away from
the surface. The di f ference in surface temperature between levels
zo and zr may be several  degrees C in typical  dayt ime
condit ions -  a signi f  icant fract ion of the air-surface temperature
dif ference control l ing the vert ical  heat transfer.

Further analysis is aimed at ident i fy ing the factors determining
the depth of the transi t ion layer,  and the way in which the modif ied
f lux-prof i le relat ions depend upon the nature of the surface.

The Air Mass Transformation Experiment (AMTEX) 1974 and 1975
The data obtained from the AMTEX experiment have been

used to invest igate the performance of sensors used to measure
turbulent f luxes, and relate opt imum values of the turbulent f luxes,
through transfer equat ions, to local and large-scale wind and
temperature parameters character is ing surface and boundary
f low over the ocean.

Sets of data from several  sensor arrays separated by distances
ranging from 1 m to 60 km have been compared. At the smal lest
separat ion, comparison between two CSIRO arrays and an
Okayama Universi ty array has al lowed a more precise
determinat ion of sensor response correct ions to the eddy
covariances. In addit ion, sui table correct ions for sensor t i l t  and
mean a i r  f low d is to r t ion  have been de termined,  us ing  a lgebra ic
and electronic methods. At the greatest separat ion, combinat ion of
the f luxes al lowed approximation of the gr id-scale, i .e.  large-scale,
surface f luxes. These f luxes were then ut i l ised in the surface and
boundary layer transfer relat ions, both approaches giving
comparab le  resu l ts  in  te rms o f  p red ic ted  f lux  bu t  requ i r ing
modif icat ion of heat transfer coeff ic ients commonlv found in the



l iterature. For the surface layer, differences between the heat and
water vapour coeff ic ients suggest di f ferent physical  mechanisms
for vert ical  t ransfer from the air-sea interface.

Work is in progress ref ining the boundary layer heat transfer
coeff ic ient using data from the AMTEX and WANGARA (Hay 1967)
expedit ions (see earl ier Annual Reports).  In addit ion the boundary
layer wind structure is being invest igated in terms of momentum
flux parameter izat ion. Effects of barocl ini ty and trajectory curvature
are included, in terms of the var iat ion of the geostrophic (or
gradient) wind with height and the relat ion to observed winds
throughout the mixed layer.

Future studies will involve boundary layer structure over
ocean (AMTEX) and land (KOORIN) and i ts dependence upon
surfaces f luxes.

The Internationaf Turbulence Comparison Experiment (ITCE) 1976
During October 1976 the Divis ion hosted ITCE 1976 which

was conducted at Conargo, near Deni l iquin, N.S.W.

Scient ists from USSR, USA, Canada, Japan and France
co-operated with off icers of this Divis ion in conduct ing the
experiment.  The object was to assemble a large data base of
turbulence records to permit  a detai led invest igat ion of the
performance of sensors designed to measure horizontal  and
vert ical  wind speed, temperature and humidity.  In al l ,  52 half  hour
runs were recorded and these are currenl ly being analysed.

In addit ion, this Divis ion provided a detai led
micrometeorological  record of eddy f luxes of sensible heat,  latent
heat and momentum; wind, temperature and humidity prof i les up
to a height of  s ixteen metres; lysimeter evaporat ion, net radiat ion,
ground heat f lux and wind direct ion. l t  is intended ul t imately to
achieve a def ini te statement on var ious f lux-prof i le relat ionships.

Considerable col laborat ive assistance was provided by
col leagues in the Divis ion of Environmental  Mechanics in the
veri f icat ion of humidi ty prof i les and in the determinat ion of shear
stress using two drag plates.

Sea-air transfer in light winds
A bulk formulation of sea-air fluxes of heat and water vapour

has been developed to take account of f ree convect ion which
becomes dominant in l ight wind condit ions. This has part icular
relevance in the development of c l imate models for represent ing
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sea-air  t ransfer in ant icyclonic regions, and is mentioned under
th is  top ic  in  sec t ion  l l l .

Evaporation
For many years the Divis ion has conducted research into the

evaluat ion of evaporat ion from land and water sur{aces and has
col laborated with the Austral ian Water Resources Counci l  and
other bodies in the pract ical  implementaion of sui table methods.

However two types of surface have always presented
dif f icul t ies: terrain covered with tal l  vegetat ion such as forests,  and
water storages covered with evaporat ion-reducing f i lms such as
cetyl  alcohol.  Recent ly a new method, bel ieved to be sui table for
these cases, has been developed, and prel iminary tests using data
from earl ier expedit ions to Lake Eucumbene, Kerang and Hay
suggest that the method should be successful  in pract ical
appl icat ion.
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Measuring water vapour in the stratosphere - preparing an infra-red radiometer.



vill
AND

PERSONNEL: AWARDS, APPOINTMENTS, RETIREMENTS
AFFILIATIONS

Awards
In 1976, Dr.  C. H. B. Pr iest ley, Chairman of the Environmental

Physics Research Laborator ies, was awarded the Order of
Austral ia for dist inguished service in the f ie ld of science. He was
also awarded the Carl-Gustav Rossby Research Medal ( the highest
honour bestowed by the American Meteorological  Society) for his
work on atmospheric dynamics.

Dr.  G. W. Paltr idge received the 1975 David Syme award for
or iginal  research. He was also awarded a D.Sc. from the
Universi ty of Queensland.

Dr. R. Bel l  received a Ph.D. from Monash Universi ty.

New Appointments
ln May 1975, Mr. l .  Bird from the Antarct ic Divis ion of the

Department of Science joined the Divis ion. His pr incipal role is to
co-ordinate the act iv i t ies of the mechanical  and electronics
laborator ies.

Dr .  R .  A .  P lumb jo ined the  D iv is ion  f rom the  Br i t i sh
Meteorological  Off ice in February 1976. He is involved in
theoret ical  work on atmosphere dynamics.

In Apri l  1976, Dr.  C. R. Roy who for two years had been a
guest scient ist  at  the Juel ich Atomic Research Establ ishment
(West Germany) was appointed to the Divis ion to work on air
chemistry.

Later in the same year Dr.  R. O. R. Y. Thompson from the
Universi ty of Bergen, Norway took up an appointment to work on
theoret ical  and data analysis studies of the atmosphere and
oceans.

Retirements
In January 1977, Dr.  C. H. B. Pr iest ley, tormerly f i rst  Chief of

th is  D iv is ion  re l inqu ished the  pos i t ion  o f  Cha i rman,  Env i ronmenta l
Physics Research Laborator ies.

Since the last Biennial  Report ,  two founder members of the
Division have ret i red: Dr.  F. A. Berson whose f ield was synopt ic
meteorology, and Mr. R. J.  Taylor whose interest was atrnospheric
tu rbu lence.

Affil iations
Dr .  G.  B .  Tucker : -  V ice-Cha i rman o f  the  Jo in t  Organ iz ing
Committee for GARP; Chairman of the AAS (Austral ian Academy of
Sc ience)  Nat iona l  Commi t tee  fo r  GARP;  Cha i rman o f  the  Nat iona l
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Drif t ing Buoy Programme Committee; Associate Editor 'The

Mathematical  Scient ist ' ;  member of the Pacif ic Science Committee,
the Austral ian Inst i tute for Defence Science. the lnternat ional
Commission on Dynamic Meteorology and the ANMRC Pol icy
Advisory Committee.

Dr.  A. J.  Dyer:-  member of the Execut ive Committee, Internat ional
Associat ion for Meteorology and Atmospheric Physics; IAMAP
Commiss ion  on  Atmospher ic  Chemis t ry  and Globa l  Po l lu t ion ;
In te rna t iona l  Counc i l  o f  Sc ien t i f i c  Un ions ,  Commi t tee  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; Department of Science Basel ine Atmospheric
Po l lu t ion  Work ing  Group;  Ed i to r ia l  Pane l  'Boundary  Layer
Meteorology' .

Dr.  R. N. Kulkarni :-member of the Internat ional Ozone
Commiss ion  o f  the  IAMAP;  Cha i rman,  IAMAP Work ing  Group on
Atmospheric Ozone.

Dr. G. W. Paltr idge:- member of the Internat ional Badiat ion
Commiss ion  o f  l .A .M.A.P. :  ad  hoc  Work ing  Group fo r  JOC o f
GARP - Extended Cloudiness and Radiat ion; Internat ional
Commission on Atmospheric Electr ic i ty,  Working Group No. 3;
invi ted expert  to the JOC (GARP) Board for Cl imate Studies.

Dr .  G.  l .  Pearman: -member  o f  the  WMO Work ing  Group on  A i r
Pol lut ion Measurement.

Mr. l .  C. Mcl l roy:-  member of the lnternat ional Commission on
lrr igat ion and Drainage, Working Group on Evapotranspirat ion.

Dr.  A. D. McEwan:- member of the AAS National Committee on
lcebergs.

Mr. L Bird:-  member of the AAS National Committee for
Antarct ic Research, Sub-committee on Meteorology.

Mr. E. K. Webb:- cont inues as a member of the Reference Panel
for Research Project:  Field Study of Evaporat ion of the Austral ian
Water Resources Counci l .

Dr.  K. T. Spi l lane:- adviser to the Victor ian State Ministry of
Conservat ion, Westernport  Bay Environmental  Study Group.

Dr. A. B. Pi t tock:-  Technical  Secretary to AAS Committee on
Cl imat ic  Change.

Mr .  W.  Shepherd : -  member  o f  the  V ic to r ian  Min is t ry  o f
Conservat ion Desk Study of Gippsland Lakes Catchment Area
Environmental  Studv.
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IX. OVERSEAS VISITS AND OTHER ACTIVITIES

Overseas Visits
Dur ing  the  per iod ,  Dr .  G.  B .  Tucker  under took  the  fo l low ing

overseas vis i ts:

In September/October 1975 he attended a meeting of the
Joint Organizing Committee (JOC) of the Global Atmospheric
Research Programme (GARP) in Tokyo, vis i t ing en route the Royal
Observatory, Hong Kong.

In March 1976 he undertook a f ive-day vis i t  to New Zealand
to discuss col laborat ive research projects with the Director,  New
zealand Meteorological  service, and to famil iar ise himself  with
relevant research in New Zealand universities.

En route to a GARP meeting in Nairobi in mid 1g76, he vis i ted
the Bri t ish Meteorological  Off ice, the Nat ional Inst i tute of
Oceanography ,  and Read ing  Un ivers i ty  fo r  d iscuss ions  w i th  the
Cha i rman,  WMO Work ing  Group on  Trop ica l  Research .

He visi ted Moscow in September 1976 to attend a meeting of
JOC Off icers cal l ing on the way at Geneva lor discussions with
the Secretary of the Joint Planning Staff  of  JOC and the GARp
Activ i t ies Off ice (WMO).

ln January 1977 he attended a meeting of the JOC Board of
GARP in  Geneva.  La ter ,  in  Apr i l ,  j927 ,  he  spent  two weeks  in
Stockholm to attend the Xl l t  Session of the JOC Board of GARp
and an FGGE (Flrst  GARP Global Experiment) Research
Co-ordinat ion Conference.

Dr. A. J.  Dyer was overseas between August and October,
1975, pr incipal ly to attend a ser ies of conferences, namely the
XVI General  Assembly of the Internat ional Union for Geodesy and
Geophys ics  a t  Grenob le ,  France;  a  WMO/ lAMAp Sympos ium a t
the  Un ivers i ty  o f  Eas t  Ang l ia ,  U .K. ,  and an  Organ iz ing  Commi t tee
for AMTEX in Tokyo. The opportunity was taken to spend two
weeks at the Inst i tute of Atmospheric Physics in Moscow and to
make a ser ies of shorter v is i ts to research establ ishments in
Europe and the  USA invo lved in  a tmospher ic  chemis t ry  and
numerical  model l ing of the atmosphere.

Dr .  C .  M.  R.  P la t t  i s  cur ren t ly  spend ing  a  year  in  Amer ica  as
a Visi t ing Research Fel low at the Co-operat ive Inst i tute for
Research  in  Env i ronmenta l  Sc iences ,  run  jo in t l y  by  the  Un ivers i ty
o f  Co lorado and the  Nat iona l  Ocean ic  and Atmosoher ic
Admin is t ra t ion  (NOAA)  a t  Bou lder ,  Cotorado.  H is  work  i s
concerned pr inc ipa l l y  w i th  the  in te rac t ion  o f  c louds  and rad ia t ion .
Whi ls t  there  he  is  v is i t ing  and g iv ing  seminars  a t  CSU (For t
Co l l ins ) ,  NCAR,  and the  Un ivers i ty  o f  Co lorado.  In  June 1977 he



attended and presented several  papers to the 8th Internat ional
Lidar Conference at Phi ladelphia.

Between February and September 1975 Dr. A. D. McEwan was
the guest of the Woods Hole Oceanographic Inst i tut ion, Woods
Hole, Massachussetts as Rossby Fel low. Whi le there he spoke at
M.l .T. and Harvard in Boston, at Johns Hopkins Universi ty in
Balt imore, Dalhousie Universi ty,  Hal i fax, Nova Scot ia,  N.C.A.R. in
Boulder and Colorado State Universi ty,  Fort  Col l ins, Colorado.
He also part ic ipated in the 9th Hurr icane Conference in Miami and
the XVI General  Assembly of the IUGG in Grenoble, France, and
visi ted several  centres in the U.K.

As a result  of  receiving a Nuff ield Foundat ion Travel l ing
Scho larsh ip ,  Mr .  l .  E .  Ga lba l l y  i s  spend ing  a  year  in  the  D iv is ion
of  Env i ronmenta l  and Med ica l  Sc iences ,  AERE,  Harwe l l ,  Eng land.
Dur ing  th is  per iod ,  he  w i l l  be  s tudy ing  the  up take o f  su lphur
dioxide over forests and f ields using the eddy correlat ion
techn ique.

In 1976, Dr.  G. W. Paltr idge spent six months at the GARP
Activ i t ies Off ice at WMO Geneva taking part  in the organizat ion
of the GARP Cl imate Programme. He has since attended a number
of GARP cl imate related meetings, an Ocean Model l ing conference
in  He ls ink i ,  a  C loud Rad ia t ion  Workshop in  Bou lder ,  and a  meet ing
of the JOC Cl imate Board in Stockholm,

Mr. E. K. Webb visi ted the Atmospheric Physics Group at
lmperial  Col lege London for three months in 1975 with br ief
vis i ts to other centres in England and the USA to gain information
on current research in large-scale dynamics related to cl imate
mode l l ing .

In March 1976, at the invi tat ion of the Nat ional Bureau of
Standards (NBS) and the Nat ional Aeronaut ics & Space
Administrat ion (NASA) Dr.  G. L Pearman attended a conference at
Bou lder  on  Atmospher ic  Sampl ing  and Ana lys is  fo r  the
Determinat ion  o f  A tmospher ic  Concent ra t ions  o f  CFC|3 ,  CF2Cl2
and NrO. Later in the same month, as a member of the Austral ian
Natiortal  Committee for SCOPE (Special  Committee on Problems
of the Environment) he attended a SCOPE Workshop on
Biogeochemical Cycl ing of Carbon at Ratzeburg, Germany. Invi ted
by the Energy Research and Development Administrat ion (ERDA),
Dr.  Pearman attended in March 1977 a Workshop on the
Environmental  Effect of  Carbon Dioxide from Fossi l  Fuels
Combust ion  a t  Miami ,  F lo r ida .

In August 1976, Dr.  P. J.  Fraser attended, and presented a
paper to the Internat ional Conference on Stable lsotopes at the
Ins t i tu te  fo r  Nuc lear  Sc ience,  DSIR,  Wel l ing ton ,  New Zea land.
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Mr. W. Shepherd, in October 1975 spent a month in the
Republ ic of Korea as WMO Consultant in agricul tural  meteorology.
The purpose of his vis i t  was to assist  in the establ ishment of the
UN-funded Meteorological  Research and Training Inst i tute, Seoul.

Various members of the Divis ion have also presented papers
and taken part  in a var iety of symposia, workshops, conferences
etc. organized at a nat ional level.

From Overseas
The Divis ion was fortunate to have a nine-month vis i t  f rom

Dr. W. L. Smith, Chief of  the Radiat ion Branch of the Nat ional
Environmental  Satel l i te Service of NOAA. Dr.  Smith injected a
number  o f  new in i t ia t i ves  in to  the  l idar  p rogramme:  in  par t i cu la r ,
he was instrumental  in the prel iminary development of a
satel l i te-borne l idar project involving both this Divis ion and the
United States -  a new technique which holds out strong hope for
satel l i te monitor ing of surface pressure.

From the Meteorological  Off ice, Bangkok, Mr. Somwang
Martchaipoon obtained training at the Divis ion in atmospheric
ozone measurement and interpretat ion. His vis i t  was sponsored by
the Colombo Plan.

Other Activities
Mr. L E. Galbal ly has given a course of lectures on the

composit ion and chemistry of the atmosphere to honours students
at the Universi ty of Melbourne.

Standards
The Divis ion cont inues i ts work as an accredited laboratory of

the Nat ional Associat ion of Test ing Authori t ies (NATA) in the
f ields of low speed anemometry, and solar and thermal radiat ion.
This Associat ion exists to maintain var ious standards and for this
purpose makes use of selected laborator ies, both government and
industr ial .  The total  number of instruments received for cal ibrat ion
f luctuates from year to year,  but typical ly is several  hundred.

Water quality
A regular weekly check of water qual i ty in terms of organic

pol lut ion has been made on sea water samples obtained from
three local s i tes around Port  Phi l l ip Bay. Using the u.v.  radiat ion
absorpt ion technique developed in the Divis ion and described in
the last Biennial  Report ,  the results indicate a weak seasonal
var ia t ion  in  the  amount  o f  po l lu t ion ,  a  max imum occur r ing  in
Spring. However,  conf irmation is needed and the work cont inues.
Attempts to pin-point the chemical nature of pol lut ion have not
yet succeeded al though i t  is known that hydrocarbons general ly
have absorpt ion bands in the wavelengths used.
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