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I  INTRODUCTION

General

,To mark the 25Eh anniversary of the
foundat j -on of  the Div is ion,  achieved th is  year ,  some
br ie f  genera l  s tock- tak ing comments may be
appropr ia te.  The ro le  of  the Div is ion remains,  ds.
i t  was at  the outset ,  that  o f  conduct ing basic
research in to the phys ica l  processes under ly ing and
contro l l ing the weather  and c l imate.  Progress ive ly ,
however, the detai ls of the work have undergone
change. These changes have stemmed from two causes.
The internal causes are common to al l  research
organisations an'd are generated by changes in the
' s ta te  o f  t he  a r t '  o r  t he  sc ience  i t se l f ,  t he  r i pe -
ness of  d i f ferent  areas for  advance,  new avenues
opened by technologica l  developments,  e tc .  External
causes de ' r ive f rom the nat ional  and regional ,  e tc . ,
s i tuat ion.  The atmospher ic  problems h ighl ighted by
an advanced,  industr ia l is ing cof l rmuni ty  wi l l  d i f fer  in
emphasis from those which are of greatest concern to
a less advanced or  predominant ly  rura l  country .

In  most  cases,  however ,  such changes in
emphasis  have not  ca l led for  new act iv i t ies in  new
scient i f ic  areas,  but  ra ther  for  a  new b lending f rom
the fundamental components of atmospheric science
synopt ic  meteoro logy,  f lu id  dynamics,  turbulence '
c loud  phys i cs ,  rad ia t i on ,  mass  t rans fe r ,  phase  change ,
etc .  These centra l  themes have not  changed.  The
Div is ion chose or ig ina l ly  to  organise i ts  work round
these themes, blending from each as appropriate to
mee t  spec i f i c  p rac t i ca l  p rob lems .  Th i s  po l i cy ,  ds
opposed to that  o f  organLzing wi th  respect  to  a
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speci f ic  appl icat ion or  end-product ,  is  be l ieved to
pay the greater  d iv idends,  pract ica l  as wel l  as
sc ien t i f i c ,  i n  t h i s  a rea  o f  resea rch .

Our successive annual report.s have been
prepared with emphasis on the scientif ic developments
as against  the ad hoc appl icat ions,  and have
accord ingly  been st ructured,  l ike the work idsel f ,
in  terms of  the basic  components.  Thus the i r .genera l
framework has changed but I i t t le, apar! from the
evolutionary expansions and addit ions. Readers, more
interested in the applications of the work- than in
i ts  sc ient i f ic  content  are referred to  a paper
pub l i shed  th i s  yea r  (P r ies t l ey r -  1972)  -wh ich , rev iews
the wide diversity of practical community problems
to the solution of which the work has contributed.

A speci f ic  i l lus t rat ion of  re-b lending to
meet changing external needs is reflected i-n our
programme and the problems of the environment as
re lated to  a i r  qual i ty  and human wel fare.  This  is
apparent in the detai ls of the work but, as
ant ic ipated,  many pre-ex is t ing fundamenta l  s tud ies
are required to compose the new recipe. Much of
the knowledge gained from the research on turbulence,
on radiation, on synoptic meteorology., is basic to
the a i r  po l lu t ion problem. Ozone has been.  s tud ied
for  many years as a t race e lement  ind icat ive of
stratospheric transport. mechanisms,: now the
knowledge of  i ts  d is t r ibut ion and source-s ink
mechanisms is of much more immediate practical
concern in  the context  o f  supersonic  a i rcraf t  and
the poss ib le  modi f icat ion to  the in tens i ty  of  u l t ra-
v io le t  rad iat ion reaching the ear th.

Among the areas which are currently
receiv ing more emphasis  in  the Div is ion 's  work are
the fo l lowing:-

a)  Atmospher ic  rad iat ion,  inc lud ing the radiat ive
proper t ies of  c louds.  There are large and
important gaps in our knowledge of the
atmospher ic  rad iat ive balance.  This  ignorance is
one of the l imit ing factors in the development of
numerical models of complete atmospheric
behaviour .
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Laboratory-models  us ing tanks of  densi ty
st rat i f ied f lu id  to  s imulate a var ie ty  of
atmosphenic phenomena. Such control led
experiments provide insight into dynamical
processes which occur in the free atmosphere.

Ai r -sea in teract ion.  A i r -sur face in teract ions
govern many atmospheric processes and three-
quar ters  of  the ear thfs  sur face is  covered by
water .  Pract ica l  d i f f icu l t ies in  conduct ing
experiments in the past have impeded the rate
of  development  of  these studies.

Carbon d iox ide moni tor ing,  in  the,  g lobal  context .
The growth of carbon dioxide content of the
atmosphere is  capable of  causing s ign i f icant
c l imat ic  change.  There is  current ly  a  dear th
of  h igh qual i ty  moni tor ing s tat ions,  especia l ly
in  the Southern Hemisphere.

Organ tz  at ional '  Change s

A recognit ion of the advantages of greater
co-ord inat ion of  those CSIRO groups whose work is
re la ted to  problems of  the atmospher ic ,  e tc . ,
environment has led to the creation of the
Envi ronmenta l  Physics Research Laborator ies.
Together  wi th  th is  Div is ion, ' they compr ise the
Div is ion of  Envi ronmenta l  Physics in  Canberra,
and the"9 loud Physics Sect ion,  former ly  of  the
D i v i s i o n  o f ,  R a d i o  P h y s i c s ,  i n  E p p i n g ,  N . S . W .

Dr .  C .H .B .  P r ies t l ey  has  been  appo in ted
Chairman of the Laboratories but has continued
as Chief  o f  Div is ion for  the current  year .

As an in ter im measure,  the Cloud Physics
Sect ion has been at tached to th is  Div is ion for  the
past  12 months:  i ts  repor t  o f  work for  th is  year
therefore,  wi l l  be found in  these pages.  On July  ls t ,
L972,  the Cloud Physics Sect ion became a Div is ion in
its own rightr Ers one of the three component
D i v i s i o n s  o f  E . P . R . L .

c )

d )
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II DYNAMICAL AND SYNOPTIC METEOROIJOGY

For some years now, there has been- a girowing
interest in the developrnent of models- to simulale r
and thus be able to  predic t ,  g lobal  scale.  mot ions
and f ie lds of  temperature,  c loud and prec ip i ta t ion.
One of  the u l t imate a ims is  that  o f  predic t ing the
c l imat ic  ef fects  that  may resul t  f rom changes in
atmospher ic  composi t ion ar is ing f rom man's
ac t i v i t i es .

The main par t  o f  th is  large-scale numer ica l
model l ing research is  carr ied out  in  the
Commonwealth Meteorology Research Centre. See
Section fX. However the numerical work is l imited
by impor tant  gaps in  our  knowledge of  the phys ica l .
processes occurr ing.  Some of  these gaps can be
ident i f ied as belonging to  the areas of ,  sma1l  scale
turbulence and the processes of convection and cloud
format ion.  An impor tant  extension of  these studies
has led us to consider the whole atmospheric
boundary layer ,  a  k i lometre or  more in  th ickness.

The Boundary Layer

The relevance of boundary la1rer studies in
Iarger scale numerical models is t,o learn how to
represent the vert ical f luxes of momentum, heat and
moisture in  terms of  large scale parameters.  The
approach from similari t lz theory ini-t iated by
Kazansky and Monin,  based on cer ta in  s impl i fy ing
assumpt ions,  der ives a form of  re la t ionship between
the f luxes at  the sur face of  the ear th,  the
condit ions at the top of the boundary layer, and the
lat i tude and condi t ion of  the sur face.  Four
undetermined parameters A,  B,  C,  D,  ( for  f luxes of
momentum, heat and water vapour) result from the
theory,  and these must  be est imated exper imenta l ly
or  by fur ther  theoret ica l  considerat ions.

Expeimental ly, parameters A, B and C have
been d.etermined from the data col lected during the
1967  Wangara  f i e ld  expe r imen t  a t  Hay ,  N .S .W.
However r  ds  w i th  o the r  a t tempts r . t h i s  ana lys i s
resul ted in  a large degree of  scat ter .

A theoret ica l  s tudy of  the equat ions of  mot ion
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and the ' lower  bornrdary condi t ions,  has ident i f ied
the  ( cons tan t ) ' va1ue  o f  B  i n  a  neu t ra l ,  ba ra t rop i c
atmosphere as 3r /2 ,  and showed that  both A and B,  for
neutra l  s tab i l i ty ,  are qui te  sensi t ive to  even smaI l
degrees of  baroc l in ic i ty  (var ia t ions of  densi ty  in
the hor izonta l ) .  At  th is  s tage,  A cannot  be uniquely
determined but  requi res some addi t ional  condi t ion,
e.g.  an upper  boundary condi t ion.  The large
experimental scatter is probably due to the
sensit ivity to departures from str ict barotropy and
to" other departures from ideal condit ions assumed in
the basic  theory.  A va luable extension to  th is
theory has for the f irst t ime made quantitat ive
p red i c t i ons  o f  t he  e f fec ts  o f  ba roc l i n i c i t y .

A different approach to boundary layer
studies is  necessary when model l ing on a scale much
smal ler  than the g lobal ,  when i t  may be necessary
to reproduce the boundary layer in some detai l .
Under  these condi t ions,  the assumpt ions of
s imi lar i ty  theory are of ten v j -o la ted.

In  th is  approach,  i t  is  usual  to  prescr ibe
an eddy coef f ic ient  or  a  mj-x ing length for  ver t ica l
f luxes in  terms of  the in ternal  character is t ics  of
the boundary layer. A number of such ways of
prescr ib ing ' the resul ts  of  turbulence has been
tested against the Wangara observations, and their
va lue assessed by the qual i ty  o f  the s imulat ions
obtained over the course of a day, with known heat
input  and sur face roughness.  Var iab les in  the
s imulat ion are wind-components,  temperature and
humidity; and momentum and heat f lux at the surface.
Improved ways of l inking the height and t ime
dependent  f luxes to  ascer ta inable var iab les in  the
boundary layer  are being explored.

Seabreezes

Sea breezes in f luence the dai ly  l i fe  of  the
major i ty  o f  Austra l ians,  and have impor tant
balancing effects on the energy and water vapour
regimes of  the Cont inent .  I t  is  est imated that
20  pe r  cen t  o f  t he  hea t  ene rgy  (8 -9  x  1013  Mega jou les )
absorbed by the atmosphere each day over Austral ia
in  summer,  is  expor ted seaward by seabreeze processes.
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The daily import of water vapour is computed to be
of  the order  of  2  x  10s tons (2 per  cenl .  o f  the
vapour over the Continent), enough to provide about
.01 inch of  ra in  everywhere.

Numerical seabreeze models embodying the best
boundary layer  formulat ions so far  d iscovered,  have
been  se t  up  to  s tudy  these  p rocesses . i n  de ta i l .
Compar ison of  the model  resul ts ,  wi th  avai lab le
observations suggest that the modelt ing is very
successfu l .  A seabreeze f ront  forms in  the ear ly
af ternoon at  20-30 km in land,  and.  propagates
further inland during the afternoon and night,
reaching maximum intens i ty  about  n ight f ,a11,  a f ter
which i t  s lowly d.ecays.  A ser ies of  numer ica l
exper iments suggest  that  modi fy ing ef fects  of  large
scale pressure gradients  are qui te  s t rong.  An
onshore gradient wind weakens but does not destroy
the seabreeze f ront ,  and causes i t . to  propagate
in land more rapid ly ,  whi le  an of , fshore gradient
wind has reversed ef fects  so that  the f ront ,
a l though sharper ,  may be severe ly  l imi ted in  i ts
in land penetrat ion.

The ef fect  o f  topography in . the h inter land
is  a lso being invest igated.  I t  appears that  the
presence of  an escarpment  i -n land in tens i f ies and
delays the in land spread of  the seabreeze,  as is
observed for example in the Canberra area.

ft is hoped to extend the modell ing to cover
cases when c loud and prec ip i ta t ion can occur ,  s ince
the seabreeze front is known to have important
ef fects  on these in  some locat ions.

A further extension of the model would be to
the development  of  t rop ica l  cyc lones,  and a l though
di f f icu l ty  is  exper ienced in  adequate ly  t reat ing
moist  convect ion -  an essent ia l  ingredient  o f
cyc lones i t  is  hoped that  s imulated cyc lone
development wil l  shed some l ight on the generation
processes which produce this important phenomenon.

Laboratory Atmospheric Models

Development work continues on faci l i t ies for
the laboratory simulation of atmospheric phenomena,
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using sa l t -s t ra t i f ied water  as the work ing medium.
The most  recent  addi t ion is  apparatus in  which an
accurate ly  contro l led l inear  ve loc i ty  (constant
shear)  prof i le  of  f low can be susta ined,  for  a  usefu l
exper imenta l  per iod,  in  a cont inuous stable
s t ra t i f i ca t i on .  t

The apparatus wi l l  be used in  quant i ta t ive
basic  s tudies on the in teract ion and absorpt j -on of
the momentum of internal gravity waves by a
prevai l ing hor izonta l  f1ow.  I t  is  be l ieved that  a
signif icant proport ion of the momentum exchange
between the Earth and the atmosphere is accomplished
through such interaction, the waves being generated
by mountains or by underlying convective activity.
A deta i led knowledge of  the.  k inemat ic  s t ruoture,  as
sou9ht  f rom th is  apparatus,  is  needed to evaluale
ex is t ing theoret ica l -  models  and ass is t  in  the more
re l iab le formulat ion of  new ones.

Angular Momentum Mixing

Relative to an ob.server in space, most of the
Earth 's  atmosphere rQqatesr  oD average,  faster  than
the Ear th i tse l f .  In .  o ther  words,  the g lobal ly
averaged wind d i rect ion is  wester ly .

Only  4 smal l  par t  o f  th is  re la t ive mot ion can
be accounted for by the steady exchange of air
between the low lat i tud.es, where angular momentum is
h ighest ,  wi th  a i r  f rom higher  la t i tudes.  Indeed,
in  the middle la t i tudes th is  s teady exchange takes
place in  the wrong d i rect ion.

This phenomenon can be quali tat ively
expla ined i f  the atmospher ic  eddies behave not  ih
the manner  of  molecutar  v iscos i ty  (which a lw-ays acts
to d i f fuse or  reduce gradients  of  re la t ive mot ion) ,
but acts to rtr ix or reduce gradients of relative
arigular momentum. Although there is abundant
ev idence in  nature that  th is  is  what  happens,  and
computer  atmgspher ic  c i rcu lat ion ca lcu lat ions show
the same ef fgct ,  prev ious laboratory at tempts to
s imulate the ph€nomenon have been unsuccessfu l .

'  A new experimental approach making use of
Monash Univefs i ty  Geoohysica l  Dynamics Laborator j -es '
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turntable has now resul ted in  a successfu l
demonstrat ion.  St rong cyc lonic  vor t ices (ev idence
of diffused angular momentum) can be induced within
a complete ly  f i t led uni formly rotat ing cy l inder  of
l iqu id by the forc ing of  iner t ia l  waves which
'b reak ' ,  t o  p roduce  tu rbu lence  ( see  f i gu re  1 ) .
Before the f luid becomes turbulent, the rotation
remains uniform, indicating that i t  is the turbulent
act iv i ty  which accompl ishes a d i f fus ion of  angular
momentum.

The technique provides means of evaluating
the ef f ic iency of  mix ing and of  s tudy ing the
st ructure of  turbulence in  the presence of  ro tat ion.

Internal Wave Interaction

Further work has been directed to the
mechanics of internal wave degeneration in a
bont inuous st raL i f icat ion.  A s ing le p lane wave can
,comnonly be the highest frequency member of a

r resonant  t r iadr  of  waves.  I f  th is  wave is  forced
above a certain cri t ical amplitude the other
rparas i t ic '  members proceed to ext ract  energy f rom i t .

The observed suscept ib i l i ty  for  in ternal
waves,  in  nature and in  laboratory exper iments,  to
suf fer  these unstable in teract ions is  accounted for
by the p lura l i ty  o f  poss ib le  t r iad par tners.  The
consequences of having more than one tr iad
in i t ia l ly  present  and shar ing the forced wave,  has
now been invest igated theoret ica l ly  and s imulated
exper imenta l ly .  A remarkable resul t  is  that
regard less of  the energy suppl ied,  the forced wave
ul t imate ly  at ta ins a const ,ant  ( Iow) ampl i t ,ude,  a l l
the remainder of the energy passing into the
interact ing t r iad members.  Fur thermore,  these
paras i tes u l t imate ly  reduce in  number to  two.

An implication of these results to be further
studied is that a spect,rum of internal wave energy
in a s table s t rat i f icat ion for  a  g iven input  or
in i t ia l  condi t ions,  may be analy t icat ly  der ivable.

Genera l  Ci rcu lat ion and Cl imate

The re lat ionship between loca1 c l imate and



( a ) Before exci tat ion
the l iqu id is  in

is  commenced a l l
un i f o rm  ro ta t i on .

( b ) Exci tat ion has commenced.  A
svstem of  in teract incr  waves

complex
is  developing.

(c)  These waves break in to turbulence and
a cyc lonic  vor tex immediate ly  forms.

LABORATORY DEMONSTRATION OF ANGULAR MOMENTUM MIX]NG

These photographs show a t ransparent  cy l inder  complete ly
f i l l ed  w i t h  t i qu id ,  r o ta t i ng  abou t  a  ve r t i ca l  ax i s .  F ine
pear lescent  powder in  suspension reveals in ternal  mot ion.
Turbulence is  induced by exci t ing ' iner t ia l l  waves,  and
the formation of a vortex demonstrates that angular momentum
has  been  m ixed .
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the general- circulation can be examined using
corre lat ions between year- to 'year  var ia t ions in
local  c l imat ic  e lements and ind ices of  the genera l
c i rcu lat ion.  A convenient  index of  the genera l
c i rcu lat ion is  the mean la t i tude,  L ,  o f  the sur face
high-pressure bel t ,  which is  re la ted to  the onset  o f
baroc l in ic  instabi l i ty  in  the main zonal  f low.

In addit ion to the correlations found between
L and tota l  ozone,  s t ra tospher ic  winds and
temperatures which were reported last yeart
signif icant correlations have been found between L
and d is t r ic t  mean and ind iv idual  s tat ion ra in fa l l .

Aust ra l ian data shows s ign i f icant  pos i t ive
corre lat ions between L and ra in fa l l  a long the east
coast ,  and equal ly  s ign i f icant  negat ive corre lat ions
for  south-western and south-eastern Austra l ia .  The
index L can in fact be used to explain more than
one- th i rd  of  the year- to-year  var iance in  ra in fa l l
over  apprec iable areas of  Austra l ia ,  whi le  local
spat ia l  var ia t ions in  the corre lat ion coef f ic ient
c lear ly  re f lect  the in teract ion of  var ious
orographic  features wi th  the genera l  c i rcu lat ion.

Climatic trends which involve systematic
trends in L, wil l  thus manifest themselves in
d. i f ferent  ways at  d i f ferent  local i t ies,  depending on
the orography.  Using observed corre lat ions between
L  and  s ing le  s ta t i on  ra in fa l l ,  i t  i s  t hus  poss ib le
to predic t  and quant . i fy  degrees of  local  orographic
in f luence on c l imat ic  e lements.  I t  may thus
eventual ly  become possib le  to  d is t inguish some
natura l  changes f rom local  changes in  prec ip i ta t ion
which may result inadvertently from industrial or
other  act iv i t ies of  man.  A s tudy has commenced of
North American data which aims at testing the
feasib i l i ty  o f  us ing such an approach.

The inter-relation found between L and
var ious other  fqatures of  the genera l  c i rcu lat ion
and cl imate may have important implications for
theor ies of  c l imat ic  change,  the quasi -b iennia l
osc i l la t ion,  and the fu ture development  of  a  long-
range forecast ing capabi l i tY.
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I IT RADIATION

Solar radiation provides the energy which
dr ives the c i rcu lat ion of  the atmosphere and oceans.
fts inf luence depends on both the quantity and
locat ion of  absorpt ion.  Absorpt ion in  the upper
atmosphere may have very different effects on
climate to absorption in the lower atmosphere or in
the oceans. Thus the attenuation of both short wave
(solar)  and long wave ( in f rared)  rad iat ion by the
atmosphere and the manner in which this is
in f luenced by atmospher ic  const i tuents such as.c1oud,
dust and water vapour, requires to be fu1Iy under-
stood in order to describe the energy inputs to the
atmosphere.  Our  inabi l i ty  to  do th is  accurate ly
enough is  at  present  one of  the l imi ta t ions to  the
penrformance of models.

The radiation group has been concerned. with
the ef fect  o f  c louds on the radiat ion c l imate and
vice versa. The group ha€ :continued. to ,accummulate
atmospheric turbidity measurements for the .purpose
of monitoring changes in the absorbing propert ies
of the atmosphere which may result from changes in
atmospher ic  const i tuents,  whether  l ia tura l  (e .g.
vo lcanic  dust )  or  man made.

Radiative P r t ies of  St rato-  and Al tocumulus Cloud

This  year ,  dur ing a 3 week expedi t ion to
C o f f r s  H a r b o u r ,  N . S . W . ,  t h e  C l o u d  p h y s i c s  G r o u p s '
D.C.3.  a i rcraf t  was inst rumented to  measure both the
upward and downward f luxes of short wave (0.2 2Um)
and long wave (Z 200um) radiat ion as wel l  as the
intensity in the water vapour j-nfra-red absorption
spectrum "vtd-ndow" (10 to  12um).  The a i rcraf t  was
also equipped to measure many of  the micro-phys ica l
character is t ics  of  c louds such as water  content  and
drop s ize d is t r ibut ion.  The object ive was to
invest igate s t ratocumulus and a l tocumulus c louds
that  were suf f ic ient ly  un i form and extensive to  test
var ious theor ies of  c loud scat ter ing and absorpt ion.
It is hoped that further information can be oblained
in a repeat  expedi t ion,  thus enabl ing a s tar t  to  be
made on a catalogue of the radiation and micro-
phys ica l  c l imate of  var ious c loud types.
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Sa4iative Propert ies of_Clrrus Cloud

Cir rus c louds,  composed of  ice-crysta ls ,  have
di f ferent  opt ica l  proper t ies f rom water-droplet
c louds and the i r  rad iat ive ef fects  appear  to  be a
s igni f icant  e lement  in  the g lobal  heat  ba lance.

A further prograrnme of observations was
carr ied out  wi th  the co-operat ion of  the Physics
Depar tment  of  the Univers i ty  o f  Adela ide.  Our
10-12pm inf rared radiometer  was again used
simul taneously  wi th  the Adela ide L idar  fac i l i ty
operat is l 'g  a t  0 .69Um. Cloud th ickness,  densi ty  and
inf rared.  emiss iv i ty  was measured as before wi th  the
addi t ion of  an exper iment  in  which a polar iser  was
used at  the laser  receiver  in  order  to  detect
depolar ised l ight  in  the return s ignal .  f t  was
found that  c i r rus c louds depolar ise the laser  pu lse
whereas water  c louds apparent ly  do not .  This
phenomenon has also been reported by workers in the
U .  S . A .

A,na1ysis of the results of a similar prograrnme
in 1970 having been completed,  a  s imple model  o f
absorpt ion and ext inct ion in  a c i r rus c loud has been
developed.  This  re la tes the to ta l  l idar  backscat ter
integrated through the cloud to the cloud infrared
opt ica l  th ickness.  The exper imenta l  data agree wel l
with the model and a high correlation is found
between t.he l idar and infrared data. The deduced
c i r rus  backsca t te r  coe f f f c i en t  a t  0 .69Um i s  l ower
than that  for  equiva lent  ice spheres and i t  is
concluded that  a  c loud of  i r regular  ice crysta ls  wi l l
backscat ter  less than do spheres,  which scat ter  more
st rongly  in  the back (180")  reg ion than in  other
d i rec t i ons .

The l idar  backscat ter  ampl i tudes have a lso
been corrected for  absorpt ion of  t f re  laser  pu lse on
the basis  of  the above model .  A p lot  o f  c i r rus
backscat ter  ampl i tudes and the i r  var ia t ion in  the
zenith with both height and t ime is shown in Figure 2 |
for  l idar  prof i les taken at  minute in terva ls .
Severa l  such p lots  are avai lab le for  compar ison of
c i r rus evolut ion under  vary ing synopt ic  Condi t ions.
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An encouragj-ng aspect of the technigue is
that  a  shor t -wave opt ica l  th ickness can be lobta ined. .
and th is  wi th  ex is t ing theoret ica l  t reatment .s  g ives
the cirrus albedo for incoming solaruudi.t iorr.
From there,  i t  shourd be poss ibre to  est imate the
total effect of the cirrus on both the long-wave and
shor t -wave radiat ion budgets.

Radiation Absorption by Water Vapour

shor twave absorpt ion:  one of  the major  sources of
heat  to  the atmosphere i tse l f  is  the so lar  rad iat ion
absorbed.  d i rect ly  by water  vapour .  Ex is t ing
est imates of  th is  absorpt ion avai lab le in  the
l i terature d i f fer  s ign i i icant ly

Dur ing the Cof f 's  Harbour  expedi t ion the
opportunity was taken to obtain the f irst direct
experimental relation between water path in the
atmosphere and so lar  rad iat ion absorpt ion.  This
re lat ion conf i rmed one par t icu lar  theoret ica l
treatment of the problem (that of yamamoto) and has
gone a considerable way towards resolving an
argument of long standing.

Longwave (10- I2Um) absorpt ion:  Invest iqat ion of  the
water  vapour  absorpt ion in  the 'a tmospher ic  window'
f rom 8-13Um has been cont inued.  Last  year  i t  was
reported that the water vapour absorption coeff icient
appeared to vary with water vapour content. Two
invest igat ions,  one in  Amer ica and one at  oxford,
England,  have fur ther  conf i rmed th is  dependence.
The picture that is now emerging is thal absorption
is  predominant ly  due to  the water  |d imerr ,  

" ,  

'

aggregat ion of  two water  molecules.  I t  is  the
increase in  the number of  th is  species wi th
increasing moisture content of the atmosphere which
is now thought to cause the apparent inciease in
water  vapour  absorpt ion coef f ic ient  in  th is  wave-
length region.

In  February 1972,  our  L} - l2pm inf rared
radiometer was taken to Darwin where the clear sky
emiss ion was measured under  very moist  condi t ions- .
The dependence on water content of the absorpti.on
coef f ic ient  was conf i rmed by compar ing the c iear  sky
emiss ion wi th  computed va lues us ing 1ocal
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aeroLogica l  data.  Very h igh emiss ion va lues were
reco rded .

Further measurements were secured on the
Cof f rs  Harbour  expedi t ion ment ioned above.  At  h igh
al t i tudes in  dry  a i r  the absorpt ion coef f ic j -ent  was
qui te  1ow,  as expected,  and f i t  the above ment ioned
model  qu iLe reasonably .  Shor tpath measurements wi l I
be used to develop the model furtherr ds some weak
water  vapour  absorpt ion l ines a lso occur  in  th is
region.

Rad.iat ive Propert ies of Atmospheric Dust

Current ly  one of  the impor tant  quest ions in
atmospheric radiation is whether natural and man-
made dust in the atmosphere scatters away from the
Earth more so lar  rad iat ion than i t  absorbs.
Scattering tends t,o cool the earth-atmosphere
system, whereas absorpt ion tends to  warm i t ,  and i t
is  necessary to  know which ef fect  is  dominant  as far
as aerosols  are concerned.  Whi le  at  Cof f ts  Harbour
there was a day of  except ional ly  h igh atmospher ic
dust  loading (v is ib i l i ty  less than 0.5 km and the
layer extendj-ng to an alt i tude of 2 km) fol lowed by
a very c lear  day for  compar ison.  I t  was poss ib le  to
bbtb in complete radiat ion prof i les on both days,
which showed that  for  th is  par t icu lar  'cont inenta l
dust r  the scat ter  dominated the absorpt ionr

Resul ts  of  the cont inu ing work on the
appl icat ion of  rad iat ion s tudies to  atmospher ic
turb id i ty  are l is ted under  "Qual i ty  o f  the
Env i ronmen t " ,  page  2 l .

Radiat j -on Input  to  Austra l ia

The net radiant energy (incoming minus
outgoing) at the top of the atmosphere is t,he
ul t imate source of  energy for  a tmospher ic  mot ions,
and i t  is  impor tant  to  be able to  ca lcu late th is
quant i ty  wi th  a spat ia l  resolut ion at  least
comparable with that used in mathematical models of
the atmosphere which are now being developed.

The bal loon and a i rcraf t  exper imenta l  work
of  the Div is ion over  the past  few vears has v ie lded
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var ious re la t ions between c loud amount  (and._height)
and the radiation f luxes at the top of the
atmosphere.  Using these re la t ions and extensive
data on cloud amount, seasonal averag.e contour maps
of the radiation input to the atmosphere over
Austra l ia  have been produced.  These maps are qui te
in terest ing in  themselves they reveal  ,  for  instance,
that during summer the maximum energy input occurs
over the SE and SW of the continent. More importantly,
the values compare well with satel l i te data which
gives confidence that the computation technique is
valid and can be rel ied on for use in mathematical
model l ing.

Instrurnents and Calibration

Studies of  the heat  budget  at  the a i r -sea
interface are faci l i tated by a knowledge of the
gradient  o f  shor t -wave radiat ion below the sur face.
A pyranometer has been modif ied to measure under-
water irradiance in both upward and downward
directions. Some init ial measurements have been
made at  severa l  spots in  Por t  Phi l l ip  Bay,  and
gradients at depths down to about 7.5 m have been
obta ined.  Extension of  th is  work is  p lanned for
the coming stunmer.

A programme of interchangj-ng neL pyrradiometers
with the Canadian Atmospheric Environmenl Service
for  cross-checking of  the respect ive ca l ibrat ion
standards has been in i t ia ted.  So far  the resul ts
obtained have shown good agreement, which inspires
conf idence in  both sets  of  equipment .  Deta i ls  o f
ou r  N .A .T .A .  ca l i b ra t i ng  se rv i ce  can  be  found  on
page 4L.

IV MICROMETEOROLOGY

Air -Sea Interact ion

Air -sea in teract ion has been a cont inu ing
area of  s tudy,  wi th  ef for t  spread over  severa l
problems of  in terest .  An analys is  of  the wave and
sur face drag proper t ies of  the sea,  us ing data
obta ined by Imper ia l  Co11ege,  London,  over  Lough
Neagh,  Nor thern I re1and,  has cont inued.  A set  o f
empir ica l  re la t ions have now been der ived to
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describe the parameters of the wave system. The
analysis has shown the dependence of aerodynamic
roughness of the sea surface upon both wind speed
and fetch.

Fetch defines the degree of wave development,
but  on ly  weakly  ef fects  aerodynamic roughness;  for
example r €ul increase of two orders of magnitude in
fetch causes an increase of  about  202 in  drag
coe f f i c i en t .

Another feature suggested by the data is that
a surface with moving roughness elements can produce
a d.rag less than that over an aerodynamically smooth
r ig id  p1a te .

In the pas.t few years the Division has carried
out several experimental progranrmes over water
sur faces.  F luxes of  momentum, sensib le  heat  and
water vapour have been measured over water of
varying d.epth. The data show that the water behaves
as i f  i t  were open ocean ( in  respect  o f  sur face drag
coef f ic ient )  when the depth is  greater  than about
7 m.  Of  great  in terest  is  a  s tudy conducted in
co-operation with the University of Papua and New
Guj-nea over a t i-dal coral reef south of Port Moresby.
The drag coef f ic ients  measured over  the reef  do not
show the increase with wind speed which is normally
associated wi th  deeper  water .  This  suggests that '
in  the present  context ,  sur face waves of  length
greater than about 3 m or of amplitude larg.er than
iUout 20 cm atre necessary for a water surfaAe to
behai re as i f  i t  were.  open ocean.

An examination of the velocity with which oi l
dr i f ts  on the sea sur face has revealed a s ign i f icant
difference between the behaviour of crude oiI sludge
and of  sma11 f ree sur face f loats .  To date '
observat ions on the dr i f t  o f  such f loats  have been
w ide ly  accep ted  as  app l i cab le  to  o i l  sp i l l s .
theoret ica l  examinat ions of  the sur face dr i f t
phenomenon have highlighted the uncertainty of f?*!
Lft. t  dete'rmine the variat ion with depth of the wind
dr i f t  current  in  the ocean.  Measurements are
pl-anned to clarify the magnitude of the surface
i 'roughness parameter" of the water f low when there '
is  equi t ibr ium between wind and sea state.
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Following on the determination of the
re lat ionship between geostrophic  wind (determined by
the isobars)  and the dr i f t  o f  the sur face layer  and
mat ter  absorbed at  the sur face,  s tat is t j_cs of  the
dispers ion of  such mater ia l  in  AusLrar ian waters are
being ca lcu lated.  Such data are re levant  to  the
movement  of  cer ta in  forms of  sea l i fe ,  and are basic
to  the  p rac t i ca r  aspec ts  o f  s i t i ng  o i l  i ns ta l l a t i ons
or  p lanning protect ive act i .on against  acc identa l  o i l
sp i1 Iage .

The r ipp les (capi l lary  waves)  on the sea
surface are thought to play a dominant role in both
the rate of transfer of momentum from the wind to
the sea and also in determining the depths of layers
over which the momentum appears as a current after
pass ing through the wavy s t ructure.  o f  the sur face.
Advantage has been taken of the loan of a 3 cm
radar with frequency modulation from the Division
of Entomology to probe some directional
cha rac te r i s t i cs  o f  r i pp les  o f  abou t  1 .5  cm wave-
length;  on t ,he sea sur face.

Thermal Convection

Prev ious years '  repor ts  have ment ioned a
comprehens ive  f i e ld  expe r imen t  a t  Hay ,  N .S .W. ,  i n
February L970.  I ts  purpose was to  gain a bet ter
understanding of  the s t ructure of  convect ion in  the
lower atmosphere,  and in  par t icu lar  to  invest igate
how the sur face layer  (he ights  up to  about  30 m)
couples wi th  the larger-scaIe thermals which extend
up to hundreds or  thousands of  metres.

The invest igat ion is  o f  a  bas ic  nature,  b .ut
the resul ts  are expected to  have pract ica l
appl icat ion in  a problem which is  impor tant  for
numer ica l  forecast ing -  that  o f  express ing the
sur face f luxes of  heat ,  water  vapour ,  and momentum
in terms of  larger  synopt ic  scale parameters.
Though the measurements were made over land,
convect ion a lso prevai ls  over  the sea when the a i r
is  cooler  than the water ,  and the resul ts  should be
equal ly  appl icable in  th is  wider  context .

Measurements included the means and turbulent
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fluctuations of velocity components and temperature
up to 32 m.  Thermals pass ing across the s i te  were
t racked in  turn by g l iders c i rc l ing at  he ights
between 300 and 1500 m, the g l ider  pos i t ion being
continuously monitored on the ground by two azimuth
recorders.  The pat tern of  sur face a i r  f low was
recorded by an array of  seven wind speed/d i rect ion
instruments set at I00 m intervals across the wind
d i rec t i on .

From deta i led analys is  of  the resul ts  carr ied
out  so far ,  a  p ic ture of  the form and dr iv ing
mechanism of  thermals is  emerging.  One quest ion has
been whether thermals have a sustai-ned structure and
are continually fed from near the ground as they
move along r oE whether they break away from the
sur face to  become independent  r is ing "b lobs" .  The
sur face f low pat terns s t rongly  suppor t  the former
al ternat ive,  as they show a pronounced re lat ive
inf low behind and of ten ahead of  the thermal ,  the
associated wind gust  or  1u11 genera l ly  last ing for
one or  two minutes.  f t  appears that  there is  a lso
s igni f icant  la tera l  f1ow,  but  c lar i f icat ion qf  th is
in the overal l  picture of a thermal awaits furt,her
analys is  for  occasions when thermals passed abeam of ,
ra ther  than d i rect ly  over  the exper imenta l  s i te .
I t  is  ant ic ipated that  the fu l I  analys is  wi l l  be
completed in the near future.

Theory of  Di f fus ion f rom Sur face Str ips & Rectangles

In many pract ica l  s i tuat ions,  micrometeoro logi -
- -  ca l  measurements are made over  a par t icu lar  sur face,

for  example a laker  dD i r r igated cropr  or  a  patch of
some evaporating substance spread on the ground..
Genera l ly  these are concerned wi th  a d i f fus ing
en t i t y  such  as  hea t ,  wa te r  vapour ,  COz ,  e t c . ,  and ,
with l imited upwind fetch over the surface in
quest ion,  the problem ar ises of  incomplete adjustment
for  the d i f fus ing quant i ty .  Last  year 's  repor t
mentj-oned a theoretical treatment of the problem,
which gives solutions for the modif ication of the
concentrat ion and f lux as funct ions of  fe tch and
he igh t .  I n  t he  case  o f  success i ve  su r face
t rans i t i ons ,  and  i n  pa r t i cu la r  t he  case  o f  a  c ross -
wind s t r ip ,  the so lut ion can be obta ined s imply  by
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super imposing those for  the separate t rans i t ions.

The solut ions conta in an in tegra l  which is
very d i f f icu l t  to  evaluate d i rect ly ,  and a numer ica l
method. has been developed. This method has now been
further improved, using raLional approximations and
contour  in tegrat ion.

The theory has now been elaborated to treat
the d i f fus ion f rom a semi- in f in i te  s t r ip  of  f in i te
la tera l  width.  The d i f fus ion f rom a rectangular
area then fo l lows s imply  by super impsing so lut ions
start ing at the upwind and downwind edges.

ft remains to carry out numerical
evaluat ions of  the so lut ions to  obta in concentrat ion
and f lux for  a  representat ive se lect ion of  the
parameters (normal ised fe tch,  la tera l  pos i t ion,  and
height) .  The bes! -numer ica l  method for  the
compl icated double- in tegra l  has yet  to  be f ina l ised.

Instrumentation

The Div is ion has now developed considerable
exper t ise in  the f ie . td  of  eddy- f lux measurement ,  by
which atmospheric f luxes near the surface are
comptited from fluctuations in the vert ical wind
veloc i ty  and in  other  panameters.  For  example,  the
evaporat, ion rate from a surface is obtained by
measuring the vaqiations in humidity near the
sur facd,  mul t ip ly ing these by the associated
f luctuat ions in  ver t ica l  ve loc i ty ,  and tak ing a t j -me
average. The Evapotron was an instrument designed
speci f ica l ly  to  fu I f i l  th is  requi rement ,  and la ter
simplif ications and improvements resulted in the
development  of  the F luxatron.  Over  the last  year ,
further improvements have been made to the sensors
and to the e lect ronics.  F ie ld  tests  conducted over
a forest have shown that the new instrument performs
signi f icant ly  bet ter  than ear l ier  models ,  wi th  lower

er- rc1s and much reduced dr i f t .  C i rcu i t ry  is  smal ler
and l ighter ,  u t i l is ing pr in ted c i rcu i t  techniques
and the la test  h igh per formarce operat ional
ampl i f iers .  The new sensor  arrangement  is  cheaper
and more t rouble- f ree,  sacr i f ic ing none of  i ts
sensi t iv i ty .  The readout  s t i l1  employs sensi t ive
DC motors as in tegrators,  but  as a separate uni t  so
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that  the operator  can replace the motors by d ig i ta l
or  analogue devices as requi red,  or  may store the
output  d i rect ly  on magnet ic  tape for  la ter  analys is .

A study of propeller anemometer performance
ver i f ied that  such devices are su i tab le for  most
eddy-correlation work provided that some high-
f requency loss can be to lerated.  In  pract ice th is
means that ,  operat ing at  a  height  o f  f ive metres
above a sur face,  correct ions of  the order  of  83 need
to be appl ied.  The ca l ibrat ion coef f ic ient  o f
propel ler  anemometers is  a  funct ion of  wj -nd speed,
and of  the or ientat ion of  the sensorr  so that  great
care must be taken when using them.

Measurement of evaporation from natural
sur faces has been made much easier  fo l lowing the
d.evelopment of an infra-red absorption instrument for
the fast - response detect ion of  f luctuat ions in
humidity. The new instrument has been operated
successfu l ly  in  a f ie ld  t r ia l  conducted in
co-operat ion wi th  the F l inders Univers i ty  o f  South
Aus t ra l i a ,  a t  M t .  Gamb ie r .

QUALITY OF THE ENVIRONMENT

Quest ions of  increasing publ ic  concern are
the degree to which human activity is affecting the
composi t ion and proper t ies of  the Ear thrs  atmosphere
and the cl imatic changes which might come about from
the resul tant  a l terat ion of  the g lobal  rad iat ion
budget .  In  most  instances the rates of  g lobal  and
regional  increase of  an atmospher ic  po l lu tant ,
g faseous  o r  pa r t i cu la te ,  a re  unknown ;  o r ,  i f
approx imate ly  known over  a shor t  present  per iod (as
wi th COz) the cause of  the change cannot  be uniquely
ident i f ied,  so net  fu ture t rends are uncer ta in .
Again,  whi le  the potent ia l  c l imat ic  ef fects  could be
se r ious ,  even  d i sas t rous ,  t he  p rob lem i s  one  o f
ext reme complex i ty  wi th ,  current ly  considerable
divers i ty  o f  op in ion.  These are perhaps the most
chal lenging set  o f  problems confront ing workers in
atmospher ic  phys ics today,  and the i r  poss ib le
urgency makes steadi ly  increasing demands on our
a t ten t i on .
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Atmospheric Carbon Dioxide

Dur ing the year ,  a  survey of  the l i terature
on g1obal  aspects  of  carbon d iox ide was compl_eted,
wi th  the conclus ion that  present  ev idence is  not
suf f ic ient ly  compel l ing to  re la te a l l  o f  the
observed t rend in  increasing COz concentrat ions to
increased combust ion of  foss i l  fue lsr  or  even to  be
cer ta in  that  such t rends wi l l  cont inue.  To avoid
fa lse in terpretat ion of  these t rends more moni tor ing
stat ions d is t r ibuted around the gtobe are urgent ly
requi red.  Aspendale has met  the par t icu lar  need for
a mid-lat i tude monitoring centre in the Southern
Hemisphere,  by the in i t ia t ion of  a  COz moni tor ing
programme. To avoid ext remes of  loca1 in f luence such
as urban pol lu t ion,  a i r  samples are co l lected f rom
aircraf t  and are analysed at  the laboratory.  A
similar programme has been going on for ten years at
the Inst i tu te of  Meteoro logy,  Stockholm,  and has
y ie lded data agreeing wi th  those obta ined at  the
ground moni tor ing s tat ion at  Mauna Loa,  Hawai i .

The CO2 rf ledstlrement rel ies upon the
compar ison of  each sample wi th  reference gases,
us ing an in f ra- red gas analyser .  pre l iminary data
from the middle troposphere over Bass Strait show
remarkably  l i t t le  var ia t ion in  concentrat j -on
( t0.5 ppm) f rom week to  week over  an in i t ia l  three

month per iod.  Ver t ica l  d i f ferences between the
mid- and upper troposphere (S to L2 km) are about
I  ppm and var ia t j -ons over  hor izonta l  d is tances of
hundreds of km are of the order tenths of a ppm.

Through the good of f ices of  eantas and the
Depar tment  of  Civ i l  Av iat ion a i rcraf t  sampl ing is
now a mat ter  o f  rout ine.  TAA wi l l  shor t ly  be
assis t ing in  the same manner .  Automat ic  sampl ing
equipment  wi l l  be insta l led shor t ly  in  other
commerc ia l  a i rcraf t ,  and bal loon sampl ing is
ant ic ipated for  la ter  th is  year .  Exploratory
invest igat ions of  th is  type are of  considerable
interest  in  themselves but  are a lso a necessary
pre-requis i te  to  determine the pat tern of  a
permanent monitoring progranme. .

A i r  samples have a lso been col lected f rom
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COz measurement in the free atmosphere -
equ ipp ing  the  a i r c ra f t .
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light. aircraft f lying at low levels over suburban
Melbourne. Together with measurements made at ground
1eveI  at  Aspendale,  these suggest  the urban ground
l -evel  sources and s inks af fect  the COz content
s ign i f icant ly  over  a depth re la ted to  the height  o f
the inversj-on layer - at the t ime about 100 m.

Near  Sur face Ozone

Measurements of  ozone in  the sur face a i r
cont inue at  Aspendale,  Macquar ie  Is land and Darwin,
wi th  the co-operat ion of  the Bureau of  Meteoro logy
and the Antarct ic  Div is ion,  Depar tment  of  Supply .
Also,  measurements were co i l rmenced at  Rober tson,  N.S.W.
in conjunction with a programme operated by the Cloud
Physics Sect ion.  Brewer cont inuous bubblers are used
at  a l - l  s i tes and Ehmert  sensors are a lso used at
Aspendale and Macquar ie  Is land.  A three day compar ison
made between the Ehmert sensor and the Komhyr ozone
sensor  (used by the Uni ted States Nat ional  Oceano-
graphic and Atmospheric Administration) showed the
instruments to be comparable within an acceptable
level  o f  about  one percent .

Studies of ozone in the unpoll-uted atmosphere
have cont inued.  A jo in t  s tudy,  wi th  the Antarct ic
Div is ion,  completed dur ing the year ,  ind icated that
hitherto unknown processes of absorptj-on and
emiss ion of  ozone may occur  at  snow sur faces.  The
.1ong ser ies of  ozone observat ions at  Macquar ie  fs land
is  being analysed in  an at tempt  to  c lar i fy  the ro le
of  mer id ional  c i rcu lat ion in  the t ropospher j -c  mix ing
and t ransfer  o f  ozone.  This  work may help j -n  under-
s tanding i ts  re la t ionship wi th  other  t ransferred
const i tuents.

Ozone observations in the urban atmosphere (at
Aspendale)  cont inue and are now being supplemented by
measurements made from a l ight aeroplane, in
c o - o p e r a t i o n  w i t h  t h e  C . S . I . R . O .  D i v i s i - o n  o f  A p p l i e d
Chemist ry .

Ev idence of  the increasing level  o f  ozone in
a i r  a t  Aspendale s ince 1967 has been deduced by
compar ison wi th  observat ions f rom rura l  s i tes in
South Eastern Austra l ia ,  and has been at t r ibuted to
increased photochemical  smoqf  act iv i ty .  A new
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maxj-mum concentration of L2 parts per hundred
mil l ion by volume was recorded on the 25tln February
1972.  This  is  108 h igher  than the prev ious maximum.

Oxides of  Ni t rogen

Oxides of  n i t rogen in  both the sur face a i r  and
the upper atmosphere are an important factor in the
product ion and dest ruct ion of  ozone.  Ni t r ic  ox ide
and nj-trogen dioxide are generated natural ly in the
bacter ia l  breakdown of  b io log ica l  mater ia l  a t  the
surface and by other processes in the upper atmos-
phere. There are also man-made sources from high
temperature combust ion processes as occur  in  auto j
mobi le  and a i rcraf t  engines and stat ionary p1ant .
A programme of instrument development for the
measurement of nitrogen oxides in the surface air
and the upper atmosphere has now been commenced.

Ammonia

Ammonia is present in the atmosphere as a gas
and a lso in  par t ic les of  sa l ts  which inc lude
chlor ides and su lphates.  These sa l t  par t ic les are
believed to be an important source of cloud
condensat ion nucle i ,

A theoret ica l  s tudy has been made of  the
globa1 cycle of ammonia in the atmosphere. Ammonia
release and uptake rates were calculated from the
govern ing processes at  land and ocean sur faces.
These were combined with rates of ammonia transfer
in the lower atmosphere calculated from information
on momentum heat and water vapour transfer studies
completed prev ious ly  by the Div is ion.  The resul t ing
cycle for ammonia is consistent with the l imited
observat ional  data avai lab le.  This  s tudy prov ides
the basis  for  des igning fu ture observat ional  s tud ies
of atmospheric ammonia.

Carbon Monoxide

Measurements of the concentration of carbon
monoxide in rain water and in ocean surface waters
col lected at  var ious locat ions around the g1obe,
show up to  200 fo ld .  supersaturat ion of  carbon
monoxide re la t ive to  the par t ia l  pressure of  the
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gas in  the atmosphere.  This  supersaturat ion
.i-ndicates loca1 carbon monoxide production in the
ocean sur face waters which appears to  represent  a
major  source in  the g lobal  cyc le of  carbon monoxide.

A hypothesis  has been developed suggest ing
that the observed carbon monoxide supersaturatj-on
in rain water is a product of the photo decomposit ion
of  a ldehydes by sunl ight .  A model ,  based on th is
hypothesis ,  successfu l ly  predic ts  the observed day-
t ime-supersaturat ion levels .  (The observed n ight
t ime supersaturat ion remains unexpla ined)  .

This production mechanism may be relevant in
explaining the observed carbon monoxide super-
saturat ion in  ocean sur face waters.

Atmospheric Turbidity

Turb id i ty  s tud ies at  Aspendale have
cont inued on a rout ine basis  us ing pyrhel iomeLr ic
measurements to  determine the turb id i ty  coef f ic ient ,
which def ines the f ract i -on of  rad iat ion absorbed or
scat tered by aerosols  and par t icu lates.

The resul ts  obta ined over  the per iod to  date
have not shown any consistent upward trend in
turb id i ty ,  as has been observed in  some p laces in
the Northern Hemisphere, but the peiiod of
observat ions has not  been long enough to a l low the
format ion of  a  va l id  conclus ion.  Howeverr  dr
analys is  of  the va lues for  g lobal  and d i f fuse
radiat ion f rom 1961 onwards a lso shows no
ind, icat ion of  a  long term r ise in  turb id i ty .

Two Volz sun photometers have also been used
consis tent ly  on c loudless days to  measure turb id i ty .
Resul ts  wi l l  appear  in  'Atmospher ic  Turb id i ty  Data
fo r  t he  Wor1d r ,  pub l i shed  by  the  Na t iona l  ocean ic
and Atmospher ic  Admin is t rat ion U.S.A.  P lans for
concurrent measurements at Mawson in Antarctica
have been shelved due to operat ional  d i f f icu l t ies.

Atmospher ic  Par t icu lates

Previous reports have referred to the
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programme of measurement of the atmospheric
par t icu late loading at  Aspendale.  This  programme
has been expanded. to include samples from those
stat ions at  which atmospher ic  rad ioact iv i ty  is  now
moni tored.  At  the t ime of  preparat ion of  the
prev ious repor t ,  dust  concentrat ions in  sur face a i r
a t  Aspendale had been decreasing over  the preceding
two years.  However ,  dur ing the last  year  a
consis tent  increase has been observed and the
accompanying f igure No. shows levels that are now
near ly  the same as the maximum recorded in  la te 1968.

One of  the a i r  sampl ing uni ts  and a record ing
nephelometer have been used to determine the
re lat ionship between par t icu late concentrat ions and
sca t te r i ng  coe f f i c i en ts .  A  h igh  co r re la t i on  i s
found,  enabl ing hour ly  var ia t ions in  par t icu lates
to be compared wi th  meteoro logica l  observat ions.

T h e  C . S . I . R . O .  D i v i s i o n  o f  A p p l i e d  C h e m i s t r y
has in i t ia ted a programme to s tudy a c i ty  as a
source of  a tmospher ic  po l lu tants .  Atmospher ic
cross-sect ions of  par t icu late concentrat ion downwind
of  Melbourne are being taken by l ight ,  a i rcraf t ,  and
accompanying their nephelometer on these f l ights
are our  own f i l ter ing sensors and sensors which
moni tor  carbon d iox ide and ozone.

Atmospheric Radioactivity

The Div is ion has organised a nat ional  sampl ing
network for  Be-7 and is  responsib le for  the analys is
of  resul ts .  The fo l lowing groups are par t ic ipat ing,
cons t i t u t i ng  an  e f fec t i ve  l a t i t ud ina l  c ross -sec t j -on : -

(a)  Physics Depar tment ,  Uni -vers i ty  o f  Papua &
N e w  G u i n e a ,  P o r t  M o r e s b y ,  T . P . N . G . ,

(b)  Physics Depar tment ,  James Cook Univers i ty ,
Townsv i l l e ,

(c)  Physics Depar tment ,  Univers i ty  o f  eueensland,
B r i sbane ,

(d )  C , l oud  Phys i cs  Sec t i on ,  Epp ing ,  N .  S  .  W.
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(e)  The Div is ion of  Atmospher ic  Physics,
A s p e n d a l e ,  V i c . ,

( f )  Phys ics Depar tment ,  the Univers i ty  o f
Tasmania,  Hobar t .

Gamma spectrometry is used to measure the
quant i t ies of  natura l ly -occurr i -ng Be-7 (which is
largely  of  po lar  s t ra tospher ic  or ig in)  and the
f iss ion products  Cs- !37,  Ce- I44 and Nb-Zr-95 on each
f i l t e r .  S ince  i n i t i a t i on  o f  t he  p ro jec t  i n  Augus t ,
L97L ,  t he  L97L  tes t i ng  o f  a tom ic  weapons  i n  F rench
Polynesia has resul ted in  concentrat ions of  shor t -
l ived radj -oact ive products  suf f ic ient  to  in ter fere
wi th our  bas ic  measurements.  I t  is  hoped that
leveIs  of  rad ioact iv i ty  wi l l  remain low in  the next
few years so that  the t imes and la t i tudes of
seasonal  increases in  a i rborne radioact iv i ty  can be
proper ly  ident i f ied.

The Div is ion has been moni tor ing the radio-
act iv i ty  deposi ted in  ra in  at  Aspendale s ince 1958.
These measurements are continuing but no unusual
changes have been noted.  in  the past  year .

7T UPPER ATMOSPHERE

The studies of  ozone in  the past  concentrated
main ly  on understanding the genera l  c i rcu lat ion of
the s t ratosphere us ing ozone as a t racer .  Wi th the
possib i l i ty  o f  supersonic  t ranspor ts  f ly ing in  the
near  fu ture in  the s t ratosphere,  the s tudy of  ozone
has assumed a note of urgency in terms of the
at , tendant  po l lu t ion problems.  Twin problems concern
the photochemical  e f fect  o f  the exhaust  gases on
ozone formation or destruction, and the
consequent ia l  re-d is t r i .but ion of  ozone due to
t ranspor t  processes in  the s t ratosphere.  Present
theoretical treatments of the photochemical
processes are bel ieved to  be ser ious ly  inaccurate and
i t  appears that  much greater  concentrated ef for t  in
the observational programme is now needed.

In the Austra l ian region the observat ional
programmes at  s ix  s tat ions,  Darwin,  Br isbane,
Aspendale,  Hobar t ,  Per th and Macquar ie  Is land have
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cont inued.  Apar t  f rom Aspendale,  the observat ions
are made by the Bureau of Meteorology with the
Div is ion responsib le for  overs ight  o f  s tandards and
tra in ing,  and for  analys is .  Standards are mainta ined
by inter comparison of Dobson Spectrophotometers
measur ing to ta l  ozone content  and ver t ica l  Dis t r i -
bution through the atmosphere. A11 stations are
equipped with these instruments. Recently a regional
compar ison of  Dobson Spectrophotometers in  the W.M.O.
reg ion  I  ( t he  S .W.  pac i f i c ) ,  was  under taken  under
the auspic ies of  the Wort rd Meteoro logica l  Organisat ion.
The U.S.  s tandard Dobson Spectrophotometer  used to
compare other  spectrophotometers in  the U.S.A. ,  was
brought from Boulder (Colorado) and was compared with
i ts  counterpar t  a t  Aspendale.  Recal ibrat ions were
done by simultaneous observation and it  was found
that  the d i f ference in  ozone values obta ined by t ,he
two inst ruments was less than 3A of  to ta l  ozone.
Such a comparison between New Zealand and Aspendale
instruments had already been made. Thus we now have
a sound basis  for  s t r ic t  in tercomparabi l i ty  o f
resul ts  throughout  the S.W. Paci f ic  and Nor th
Amer ican regions.  S imi lar  in tercompar isons l ink ing
wi th the Asian network are under  d iscuss ion.

. ' ,  : f rs  repor ted ear l ier ,  i t  was not iced that  in
the last decade, there has been a small upward trend
in to ta l  ozone recorded at  Darwin and Br isbane,  and
a lesser ,  doubt fu l ly  s ign i f icant  change -at  Aspendale
and Macquarie fsland. fn the same period the 100 mb
temperatures in Brisbane and Aspendale and Hobart
have been r is ing,  imply ing the s t rengthening of  the
t ranspor t  processes in  the lower s t ratosphere in
these la t i tudes.

Using the last  ten years '  observat ions f rom
Brisbane and Aspendaler dfl  attempt was made to f ind
out  how much of  the ca lcu lated increase in  ozone
could be expla ined by an increase in  to ta l  dust  and
par t icu late concentrat ion.  I t  appeared that  a t
least  ha l f  o f  the increase could be accounted for  in
th i s  way .

Rout ine weekly  soundings of  the ver t ica l
d is t r ibut ion of  ozone us ing Mast-Brewer ozone
sensors have been continued. These have now been
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made rout ine ly  for  seven years,  prov id ing the
longest  cont inuous c l imato logica l  sample of  d i rect
ozone soundings in  the wor ld .  In  v iew of  the
growing in terest  in  atmospher ic  moni tor ing,
par t icu lar ly  s t ra tospher ic  ozone,  th is  data
provides a unique and valuable base-l ine
c l - imato logica l  ser ies.

A meeting of the working group on ozone for
Region V of  the W.M.O. was held in  Aspendale ear ly
in  L972:  The countr ies represented were Austra l ia ,
New Zea land ,  Ph i l l i p i nes  and  the  U .S .A .  A
representative of the Secretary General of the
W.M.O. was a lso present .  The group made a number of
recommendations aimed at improving the network of
ozone stat ions in  th is  reg ion.  The meet ing was
extremely successfu l .  Dr .  Kulkarn i  is  the member
represent ing Austra l ia  on the work ing group.  A
repor t  o f  the meet ing wi l l  appear  in  the W.M.O.
Bu l l e t i n .

Current  s tud ies and observat ions of  near
sur face ozone,  other  atmospher ic  const i tuents and
por l lu tants ,  are d iscussed under  the heading 'Qual i ty

of  the Envi ronmentr  on page 2L.

Airglow

Understanding of  the s t ratospher ic  c i rcu lat ion
wil l  be enhanced if  we know the interaction between
the stratosphere and the upper atmosphere, at about
100 km. The dynamics of the upper atmosphere can be
studied to some extent by the relatively st,raight-
forward technique of ground.-based. airglow measurements.
The observat ions of  rad iat ion in tens i ty  a l ready made
on ^5577 on the n ight  sky have g iven in terest ing
resul ts  re la t ing the t ranspor ts  at  100 km to winds
lower down. These however, cannot be confirmed for
lack of  deta i led data.  The a i rg low equipment  has
now been improved by a yoke mounting which enables
the instrument to track automatical ly from north to
south and east to west once every thirty minutes
prov ided the sky is  suf f ic ient ly  f ree of  c loud for
the observat ion to  be usefu l .

Work on atmospher ic  rad ioact iv i ty  is  l is ted
under  'Qual i ty  o f  the Envi ronmentr  on page 2I .
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VTI AGRTCULTURAL METEOROLOGY

The exchange of heat, water vapour and carbon
dioxide between the atmosphere and vegetated
sur faces,  par t icu lar ly  as re la ted to  - rop evaporat ion
and growth, continue as the main concern of t ire
agri-cultural meteorology group.

fnterests  are wide-ranging,  for  example,  f rom
wind- tunnel  considerat ions of  moders of  ind iv idual
leaves to  cont inuous weighing of  6  ton so i l  and
plant  conta iners to  moni tor  crop water  re la t ions.

The group has played an active part in the
Rutherglen project, and apart from the data
acquis i t ion i tser f  there has been much preparat ion
of  data for  subsequent  analys is .  The mlgni tude of
this last can be gauged from the fact th;t,  39 of the
measured variables were recorded hourLy, 24 hours a
day for most of the 7-month experimentlt  period.

Numer ica l  Models  of  Trees

One of  the quest ions of  in terest  is  the
extent to which the atmospheric environment has
determined (on the t ime scale of evolution) the
gross morphology of  p lants  and animals.  A l l ied to
th is  is  the quest ion -  "Given a par t icu lar
environment, what would be the optimum morphology
of  a  p lant  (say1 i f  i t .  were to  p-r form such and
such a funct ion? (Maximise i ts  ra te of  photo-
synthesis  for  instance)  .  "  one of  the m6thods of
answering such questions j-s to develop much
simpl i f ied analy t ica l  models  of  the p l r t icu lar
organism -  the ar t  be ing to  s impl i fy  to  the
extent  that  the mathemat ics are t ra- tab le,  but  s t i l l
to  re ta in  the essent ia l  features impor tant  to  the
organism as far as i ts performance or trre required
funct ion is  concerned.

This  technique has been appl ied to  the s ludy
of  the gross morphology of  t rees -  both iso lated
t rees and t rees in  a forest .  Express ions have been
derived which relate their rate of growth to
envi ronmenta l  condi t  j -ons (e .  g .  so la i  e levat ien ,
potent ia l  evaporat ion,  so i l  mois ture s tatus and so
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on)  and to  the i r  gross morphology (s ize,  shape,
d. is tance apar t ,  and leaf  densi ty  d is t r ibut ion)  .
These express ions have been used to predic t ,  for
instance,  the opt imum spacing of  t rees to  achieve
maximum rate of growth at any stage r ot the maximum
rate averaged over the tree l i fet ime, and to predict
the optimum shape of the trees in a forest at each
of  the var ious s tages of  growth,  again in  order  to
maximise their rate of growth. fn the broad manner
of  th is  sor t  o f  model l ing,  the predic ted spacings
and shapes of the theoretical trees appear very
s imi lar  to  those found in  the real  wor ld .

Carbon-Dioxide Exchange Over a Wheat ,CIop

The fo l lowing resul ts  were obta ined f rom the
cal ibrated in f ra- red gas analyser  insta l led at
Ru the rg len ,  N .E .  V i c to r i a ,  t o  measure  ve r t i ca l
gradients  of  COz (AC) above the exper imenta l  wheat
crop.  Sampl ing was ef fected at  three locat ions in
the f ield at heights of 1 m and 2 m above the crop,
by pass ing a i r  f rom the s ix  f ie ld  in takes
sequent ia l ly  through the analyser ,  and compar ing the
concentration to that with air drawn from a selected
(reference)  in take.  Each cy le of  s ix  compar isons
lasted s ix  minutes.  Hour ly  mean 2 m -  1  m
differences throughout the growing season have been
tabulated.

Ver t ica l  f luxes of  CO2 aave been determined
from the mean ver t ica l  gradients  of  COz,  hor izonta l
w ind  speed  a t  2  m and  1m (Uz  and  U1  respec t i i r e l y )
and the temperature difference between 2 m and 1 m,
(Ae)  us ing the re la t ion

F I u x  =  c o n s t a n t  x  f [ ( u z -  u r ) r A e ] A C .

They were used to evaluate the crop growth on
a dai ly  bas is ,  and showed good agreement  wi th  d i rect
measurements of daily crop growth found by weighing
plant  samples

In wel l  developed nocturnal  invers ions,AC has
been found to execute regular  osc j - l la t ions in
amp l i t ude ,  o f  pe r iod ,  2 -4  hou rs ,  co r re la ted  w i th  the
var ia t ion in  local  Richardson number -  the la t ter
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indicat ing per iods of  fu l ty  turbulent  f low in ter-
spersed wi th  per iods of  qu iet  f Iow.  Dur ing the
quiet  per iods,  AC can at ta in  va lues of  20-30 ppmr an
order of magnitude or more greater than those in the
daytime. The osci l lat ions malr result from the action
of  two opposing forces act ing on the s table a i r  layer

the large scale hor izonta l  pressure gradient
tending to accelerate the air and the surface
fr ic t ion tending to  decelerate i t .  An addi t ional
osc i l la t ion in  AC,  of  smal ler  a inp l i tude and per iod
(1 hour) ,  has a lso been observed in  nocturnal
inversions, and may be due to the presence of :j-nternal gravity waves.

Microcl imate in Relation to Individual Leaves and

Work is expanding on the relation of plant
geometry and function to microcl imatic factors.
These ecologica l  s tud ies a im to increase under-
s tanding of  the adaptat ion of  wi ld  p lant  species to
their native environments. Such work has an
immediate practical application in modell ing crop
growth and in the re-design of plant variet ies by
plant  breeders.

Also contributing is the study of convective
heat  t ransfer  f rom models  of  s ing le leaves.
Fluctuations of velocity appear to resonate with the
frequency of vortex shedding from the rear of
t i l ted p lates.  This  process can increase the heat
t ransfer  by 508 or  more above steady s tate levels .

A mathemat ica l  model  o f  mass t ransfer  f rom
leaves ind icates that  hypostomatous leaves (pores
on only  one s ide)  may have water-use ef f ic ienc j -es
up to  508 h igher  than amphistomatous leaves.  This
has probably  af fected natura l  se lect ion for  the two
types of  leaves in  var ious envi ronments,  and is  an
example of a result which may be useful to plant
b reeders .

A re la ted model  is  be ing developed to
investigate the coupling among water uptake, water
loss,  and stomata l  opening.  Two parameters
recqiving speqial attention are the minimum stomatalresr-sFanee 6nd the rate constant  re la t inq
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res is tance changes to  water  potent ia l  changes.

Two unusual plant forms are beinq studied as
special cases. One is the custi ion growth form,
common in  the wor ld 's  arc t ic  and a lp ine regions,  the
shape apparent ly  he lp ing to  conserve heat .  F ie ld
measurements of  convect ive heat  t ransfer  f rom real
and model  cushions have begun.  "Compass"  p lants ,
especia l ly  some members of  the sunf lower fami ly ,
somet imes a l ign the i r  leaves qui te  s t r ik ing ly  nor th
and south. Calculations are underway to determine
in what way this al i-gnment is advantageous to the
p l a n t s .

Evaporation - Estimation and Pleasurement

Extension workers and others concerned wi th
evaporat ion f rom natura l  sur faces have of ten
successfu l ly  est imated evaporat ion under  condi t ions
of  p lent i fu l  water  supply  to  so-cal led , 'potent ia l
evaporat ion" .  Est imat ion under  dr ier  condi t ions (or
appropr ia te modi f icat ion of  the est imated potent ia l
va lue)  is  much more d i f f icu l t .

A recent  modi f icat ion of  a  "combinat ion- type"
formula permits empirical- al lowance for the moisture
status of  the evaporat ing sur faces.  The complex i ty
(and accompanying accuracy) of the estimate may be

var ied,  in  accordance wi th  the meteoro logica l  and
other  in format ion avai lab le f rom deta i led,
accurate data to  s imple,  even subject ive,  assessment
of  components of  the evaporat ive condi t ions.

Var ious aspects of  s tomata l  contro l  o f
evaporat ion and the i r  pract ica l  s ign i f icance have
recent ly  been debated in  the l i terature.  Consider-
able depar tures f rom potent ia l  evaporat ion rates,
and accompanying symptoms of  p lant  mois ture s t ress,
have been observed under condit ions of apparently
generous so i l  water  supply .  They occurred on days
of  h igh potent ia l  ra tes,  be ing as much as 20eo below
evaporation leveIs which might otherwise have been
expected.  Ef fects  were greater  wi th  potato crops '
than wi th  pasture,  and wi th  c lover-dominant  pasture,
than wi th  grass-dominant  pasture.  However ,  in  terms
of  seasonal  or  annual  evaporat ion Lhe reduct ions
amount to only a few per cent.
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Instrumentation

One of  the serv ices the Div is ion prov ides
for industry is the calibration of ground. heat f lux
plates.  The equipment  used for  the work has,  unt i l
recent ly ,  been of  an ear ly  des ign necessi ta t ing
work ing in  a contro l led envi ronment .  Re-designed
equipment overcomes this problem and as well is much
easier  and quicker  to  operate.

Over the wheat crop at Rutherglen this year
temperature gradient measurements are being made
using a new mast  which has motor ised rotat ion,
elevation and j-nstrument changeover.

J ,ys imetry :  The specia l  ba lance for  measur ing
evaporat ion f rom a snow sur face has been re-designed
in the l ight of experience gained. in previous
seasons .  I t  i s  t o  be  re - i ns ta l l ed  a t  Fa l1s  Creek ,
Vic tor ia ,  for  fur ther  test ing and operat ion
Deveropmenta l  work has a lso proceeded on the s imple,
low cost ,  cable-p ivot  lys imeter  ba lance,  ment ion-ed
in prev ious repor ts .

Combination Atmometer: The combination atmometer
has been designed as a s imple s t ra ight forward
device to  prov ide a good ' f j - rs t  est imate|  o f
potential evaporation in areas where sophist icated
instrumentation is not available

I t  consj -s ts  bas ica l ly  o f  two smal l  water
conta iners mounted a longside each other ,  one
carrying an opaque sunshield, the other a
d imensional ly  s imi lar  but  t ransparent  sh ie ld .
Weight variat j-ons result ing from evaporation are
combined in two different ways to giver oD the one
hand,  a measure of  potent ia l  evaporat ion,  on the
other ,  a  measure of  net  rad iat ion.

Dur ing the past  year ,  new uni ts  were designed
which were less bulky than the or ig ina l  and
approximated more closely the simple mathematical
model on which the method was founded. Other work
has modi f ied the system in an at tempt  to  est imate
actual  potent j -a l  evaporat ion.  For  th is  purpose,  a
th i rd  water  conta iner ,  carry ing an opaque shietd has
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been, mounted above the other two containers.

VI I I  CLOUD PHYSTCS SECTION

This sect ion is  concerned wi th  the genera l
quest ion of  weather  modi f icat ion e i ther  through a
deliberate intent or through inadvertence. For many
years a major  par t  o f  i ts  act iv i t ies has centered
round cloud seeding whii:h is carried out with the
intention of increasing precipitat ion both from
single c louds and over  an area of  the order  of  a
thousand square mi1es. Improvements have been made
in exper imenta l  des ign,  seeding techniques and
methods of  analys is  and much research ef for t  has
been devoted to an understanding of the microphysical
aspects  of  seeding.  More recent ly  in terest  has
spread to an examinat ion of  scales larger  than the
microphysica l ,  to  c loud scale processes and to  the
possib i l i ty  that  areas wel l  outs ide the target  area
have been af fected by seeding exper iments.

From research in to the var ie ty  of  sub
microscopic  par t ic les which act  as nucle i  for
condensation or freezing in natural clouds and
which are of  impor tance in  prec ip i ta t ion processes,
whether  natura l  or  ar t i f ic ia l ,  has grown an in terest
in  how a l terat ions in ' the concentrat ion of  par t icu lates
th rough  manrs  ac t i v i t i es  may  a f fec t  t he  ea r th rs
weather .

Cloud Seeding Act iv i t ies

The Sect ion has recent ly  completed an area-
seeding experiment in Tasmania the analysis of which
i s  s t i l l  p roceed ing .  A  p re l im ina ry  ana lys i - s ,
recent ly  conf i rmed by d i f ferent  techniques used by
o f f i ce rs  o f  t he  D iv i s ion  o f  Ma themat i ca l  S ta t i s t i cs ,
has indicated that in Autumn and Winter seeding
resul ted in  prec ip i ta t ion increases of  near ly  202;
the probabi l i ty  o f  a  resul t  as large as th is  or
Iarger  be ing due to  chance is  assessed at  be ing less
than 34.  The resul ts  are current ly  under  deta i led
invest igat ion by both Div is ions to  learn more about
the c i rcumstances under  which seeding was ef fect ive.
A second four  year  exper iment  was star ted in  I97L
by the Hydroelect r ic  Commiss ion of  Tasmania but  was
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suspended la te in  the year  because of  f inancia l
problems and because the s torage reservoi rs  were
fu l l .  r t  is  hoped that  th is  exper iment  wi l l
recommence at  a  la ter  date.

As a pre lude to  the in i t ia t ion of  fur ther
area seeding exper iments other  areas of  Austra l ia
in  which seeding may be benef ic ia l  are being
explored.  A s tudy is  be ing made of  an agr icu l tura l
and irr igation area near Emerald, inland from
Mackay,  Queensland.  Three shor t  expedi t ions were
made there during the past summer and individual
c louds were seeded in  var ious ways.  F i rs t
impress ions were that  c louds su i tab le for  seeding
occurred wi th  reasonable f requency.  f f  fur ther
seeding exper iments conf i rm that  c louds in  th is
area can be stimulated to produce more rain i t  is
intended to commence a four or more year experiment
p robab ly  s ta r t i ng  i n  L974 .

Ice,  Nucle i  and Ice Crysta ls

Since present  seeding techniques depend for
the i r  e f fect iveness on supplement ing natura l  ice
nucle i  wi th  ar t i f ic ia l  nuc le i  such as s i lver  iod ide,
a large par t  o f  the Sect ion 's  research ef for t  has
always been devoted to a study of the nature and
mode of action of such nuclei and into the way in
which ice crysta ls  form in  c louds.  I t  is  genera l ly
assumed that  these nucle i  or ig inate so le ly  f rom the
ear th ' s  su r face ,  be ing  so i l  pa r t i c l es  swep t  up  by
the winds.  Prdv ious work in  th is  Sect ion,
involv ing compar isons in  the concentrat ions of
nucle i  in  mar i t ime and in land s i tuat ions,  h igh and
low la t i tudes or  in  Austra l ia  and the Antarct ic ,  has
suggested a l ternat ive or ig ins.  This  year  has seen
the completion of a 3 year programme of measurement
of  the concentrat ion of  ice nucle i  in  remote oceanic
areas f rom the research sh ip US El tan in or  i ts
a lmost  cont inuous voyages f rom la t i tude 20oS to TBoS
and  90oW to  90oE long i tude  cen t red  on  Aus t ra l i a .
The h ighest  concentrat ions of  nuc le i  occurred near
la t i tude 40oS at  a l l  longi tudes,  wi th  no ev idence
for  a down-wind p lume f rom Austra l ia .  This  is  the
lat i tude band at  which s t ratospher ic- t ropospher ic
a i r  in terchanges most  commonly occur .  From th is  and
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other evidence it  is thought that the source of many
of  the ice nucle i  is  in  the s t ratosphere.

One of  the major  current  problems fac ing the
Sect ion is  that  cer ta in  c louds appear  capable of
producing large numbers of ice crystals natural ly
when laboratory or f ield measurements indicate that
only  smal l  numbers of  ice nucle i  are present .
A i rcraf t  observat ions in  natura l  c louds ind icate
that  th is  apparent  "mul t ip l icat ion"  process is
associated wi th  the presence of  a  wide s ize
dis t r ibut ion of  c loud droplets  but  a  great  deal  o f
laboratory work has so far  fa i led to  d iscover  the
physica l  mechanism involved.  Numer ica l  model l ing
exper iments of  the g lac iat ion process whereby ice
crysta ls  co l lect  or  are co l lected by supercooled
water d.roplets thus inducing freezing also point to
the importance of a wide qloud. droplet size
d i s t r i bu t i on .

Condensat ion Nucle i  and Water  Droplet  S ize

f t  has long been recognized that  the ease
with which a cloud produces rain, depends heavily on
the s ize d is t r ibut ion of  the droplets  which f i rs t
form. This in turn depends on the condensation
4ucleus size distr ibution and on the updraft
ye loc i ty  or  ra te of  cool ing.  In  addi t ion to  i ts
ef fect  upon prec ip i ta t ion processes c loud micro-
st ructure a lso in f luences the opt ica l  proper t ies
(notably  the shor t  wave a lbedo)  of  c louds.  To
establ ish a reasonable c l imato logy for  the c loud.
condensat ion nucle i ,  and to  g ive a bench mark record
for  examin ing any secular  t rend in  par t ic le
concentrat ionr  do automat ic  program of  hour ly
obse rva t i ons  has  been  in  p rog ress  a t  Rober t son  N .S .W.
s ince  m id -1968 .  Th i s  uses  a  the rma l  d i f f us ion  c loud
chamber producing supersaturat ions s imi lar  to  those
which occur  in  natura l  c louds.  The resul ts  in
condi t ions of  s teady wind show a consis tent  d iurnal
pat tern in  the concentrat ion of  c loud nucle i  wi th  a
maximum in the evening and a minimum in the early
morning.

Whi le  the observed concentrat ion of  droplets
in  natura l  c louds can be accounted for  qu i te  c losely
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on the basis  of  observed c loud nucleus spectrum and
updraf t  ve loc i ty  cer ta in  aspects  of  the i r  s ize
dis t r ibut ion are not  as wel l  understood.  Recent
theoret ica l  work suggests that  whi le  mix ing between
cloud and clear air environment changes the bulk
propert ies of the cloud it  is not a dominant
process in  determin ing the droplet  sLze d is t r ibut ion.

Convect ion and Mix ing Processes

A11 c louds mix to  a greater  or  lesser  degree
wi th the i r  env i ronment .  This  prov ides a brake on
their growth through reducing their buoyancy.
Measurements from aircraft of the turbulent
ve loc i t ies in  c louds are impor tant  for  the l ight
they may throw on the nature of this mixi-ng process.
In addit ion to measurements of updraft structure in
c louds,  observat ions are made of  the f ine scale
f luctuat ions of  ve loc i ty ,  temperature and moisture
content  in  the c lear  a i r  between the sur face and
cloud base in  order  to  ca lcu late the upward f luxes
of  heat  and vapour .  The analys is  of  such a s tudy
made in  t rade wind condi t ions seawards of f  Cai rns,
Queensland. ,  has just  been completed.

Stratospher ic  Par t ic les

Resul ts  obta ined by the Sect ion suggest ing
that some of the ice nuclei were of stratospheric
origin led to an i-nvestigation of the nature of the
par t ic les in  that  reg ion and over  the past  four  years
methods of  co l lect ion and examinat ion of  par t ic les
captured from balloons have been developed. Specimens
are co l lected by impact ion on e lect ronic  microscope
screens as the carry ing bal loon passes the desi red
leve1;  they are recovered af ter  the sc ient i f ic
payload parachutes to  ear th at  the end of  the f l ight . .
puglng: the past few years widespread concern over
possib le  in f luences on the atmosphere of  regular
commerc ia l  a i rcraf t  f l ights  at  h igh a l t i tudes has
caused this work to take on more than a cloud=
microphysica l  s ign i f j -cance.  I t  has reached an
interest j -ng s tage dur ing the past  year  s ince not  on ly
can the mass 6nd number concentrat ion of  par t ic les
be est imated as a funct ion of  he ight  but  some idea
can now be obt,ained of the chemical composit ion of
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individual part icles whose weight may be only
10- I  u  g* .  t f re  technique involves precoat ing the
sur face of  the e lect ron microscope screen used for
co l lect ion wi th  a th in  f i lm of  reagent  by vacuum
deposi t ion.  Af ter  the specimen has been col lected
the screen is exposed to an atmosphere saturated
with water vapour, alcohol vapour or other reaction
medium for  a  su i tab le t ime;  i t  is  then dess icated
and shadowed with a metal to give contrast and
examined in  the e lect ron mi-croscope.  [Examples are
shown in the accompanying f igure of typical small
par t ic les co l lected at  an a l t i tude of  20 km on a
non-react ive carbon f i lm ( le f t )  a  copper  f i lm
(cen t re ) ,  and  a  ba r ium ch lo r i de  f i lm  ( r i gh t ) .  The i r
reaction with copper shows that they contain either
n i t r ic  or  su lphur ic  ac id,  whi le  the i r  react ion wi th
bar ium chlor ide narrows th is  down to su lphur ic  ac id.
Since sulphuric acid is l iquid at room temperature
and the par t ic les on the carbon f i lm are obvious ly
at  least  oar t ia l ly  so l id  i t  is  c lear  that  some
cation must also be present. The almost complete
react ion wi th  copper  suggests that  th is  must  be
ammonium which alone forms a complex salt with
copper  su lphate. l  Th is  work appears to  of fer
considerable promise for the future not only in
st ratospher ic  s tud ies but  a lso in  those of  urban
pol lu t ion where,  wi th  su i tab le co l lect ion methods '
the same chemical techniques can be used for
par t ic le  ident i f icat ion.

IX COMMONWEALTH METEOROLOGY RESEARCH CENTRE

. The Commonwealth Meteorology Research Centre
in Melbourne is a joint venture between the Common-
weal th  Bureau of  Meteoro logy and th is  Div is ion.  The
object ives of  the Centre are set  out  in  prev ious
annual  repor ts .  r ts  own annual  repor t  is  publ ished
separa te l y .

X I{TSCELLANEOUS

Fores t  F i res

fn last  year 's  repor t ,  ment ion was made of  an
e x p e d i t i o n  i n  c o l l a b o r a t i o n  w i t h  t h e  C . S . I . R . O .
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Div is ion of  Appl ied Chemist ry  to  invest igate smoke
from del iberate ly- l i t  forest  f i res in  I { .  Aust ra l ia
Ia te  i n  1970 .  The  resu l t s  o f  t h i s  se r i es  o f
observations have now been worked out and, though
much of the work was concerned with the composit ion
of  the gases and par t icu late mat ter ,  resul ts  of
meteoro logica l  in terest  were obta ined.  A consider-
able amount of f lying through the smoke plumes from
these f ires confirmed our prevJ-ous experience that
the associated turbulence is far from intense and
cannot  be regarded as a hazard to  a i rcraf t .  On the
other hand, the extent of the plumbs,and. the consegu-
ent  reduct ion in  v is ib i l i ty  over  large areas can
cause considerable d i f f icu l ty  in  a i rcraf t  nav iat ion.

A typical plume could be fol lowed as an
entity for distances of some 60 km with a maximum
width of  up to  10 km; iso lated patches of  smoke
outs ide these l imi ts  were a lso observed.  Crosswind.
turbulent  d i f fus ion coef f ic ients  of  the order  of
10 7 cm2 sec- t were measured, in agreement with
ear l ier  large-scale d i f fus ion exper iments;  the
angle of lateral spread of the plumes was
consis tent ly  c lose to  L24o for  wind speeds vary ing
be tween  7  and  15  ms- I .

An opportunity to complement the work
reported last year was provided by another intense
f i re  in  the spr ing of  L97L.  I t  resul ted f rom the
decis ion by the Nor thern Terr i tor ies Works
Department to clear vegetation from the site of a
new dam (near  Darwin)  by burn ing.

The usual  technique of  ign i t ibn-  f rom the a i r
was fo l lowed and the ent i re  area of  some 101000
acres was largely  burnt  out  in  about  three hours.
Convect ion rose to  a lmost  5r800 m.  Al though
analysis of. the results is incomplete i t  would
appear that the rate of entrainment of ambient air
into the smoke column was less than in the case of
the  th ree  i n tense  f i r es  s tud ied  i n  L969 .  Th i s
effect appears to be connected with the much greater
rate of  burn ing encountered th is  t ime.

Bushf i re  Observat ions

A bushfire outbreak in the Dand.enong Ranges,
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(30 m nor th-east  o f  Melbourne)  in  1968 has been
studied in terms of. photographic records and radar
observations. - This informatj-on was supplemented by
data on wj-nd and temperature supplied by the Bureau
of Keteorology, posit ions- of f  ires s.upplied by the
Country Eir+ Authorillz-.and fuel burning rates
suppl ie*  by the.  C-S;  I - .R.O.  Div is ion of  Appl ied
Chemist ry .

From the data avai lab le,  the rate of  spread
of  the smoke,  both upwards and hor izonta l ly ,  was
measured.  The ver t ica l  ve loc j - ty  o f  the t rans ient
cumulus turrets r ising above the smoke plume was
est imated,  average mai imum being 6 m sec- l  a t  2  km.
Hor izonta l  ve loc i t ies were a lso est imated,  and these
accorded wel l  wi th  those measured by the Bureau of
Meteorology, while the height of the plume agreed
broadly with the deductions from the observed
temperature prof i le .

Cal ibrat ions

N . A . T . A .  ( N a t i o n a l  A s s o c i a t i o n  o f  T e s t i n g
Author i t ies)  is  an organisat ion establ ished to
maintain and improve standards of testing and
calibration within Austral ia. The actual work is
carried out in suitably equipped and approved
laborator ies (both government  and pr ivate)  se lected
by the Associat ion.  This  Div is ion is  one such
laboratory in the f ields of low-speed anemometry and
atmospher ic  and ter rest r ia l  rad iat ion inst ruments.
The number of anemometers received for cal ibration
cont inues to  r ise s teadi ly  and th is  year  reached
276. The number of radiometers remains steady at
a b o u t  3 5 0  p . a .

cg$puting AidF

Extensions to  the analogue-d ig i ta l  data
convers ion system which was bui l t  in  the Div is ion
have been completed and the system is now in
operation. The eguipment is currently being used to
process data from the Hay convection experiment.

The Div is ion recent ly  acqui red a smal l
computer  (Hewlet t -Packard 21004,  wi th  8000 words of
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memory) which is intended for use as a data logger
and processer ,  both in  the laboratory and on f ie ld
expedi t ions.

A Telepr in ter  l ink wi th  the Organisat ionr  s
CDC 3600 computer  was insta l led in  the Div is ion
this year, and has led to a marked. improvement in
the turn around t j-mes involved in programme testing.

XI ACTIVITIES AND PERSONAI,TA

Act iv i t ies and Overseas Vis i ts

In  Ju l y  I 97L  the  Ch ie f  o f  D i v i s ion '
D r .  C .H .B .  P r ies t l ey  l e f t  f o r  Moscow to  a t tend  the
Genera l  Assembly of  the UGGI,  € ts  the l -eader  of  the
Austra l ian delegat ion.  He presented the inv i ta t ion
for Melbourne to be the venue for the 1974 First
Specia l  Assembly of  the rnLernat j -onal  Associat ion
of Meteorology and Atmospheric Physics. The voting
(Melbourne,  Munich)  was t ied and the Pres ident 's
cast ing vote was in  favour  of  Melbourne.

At the General Assembly of IAN{AP (Moscow) r
the fol lowing members of the Division were elected
to  o f f i ce .

C . H . B .  P r i e s t l e y

E . K .  B i g g

A . J .  D y e r

R .N .  Ku lka rn i

S . C .  M o s s o p

First Vice-President of IAMAP

Commission on the Meteorology of
the Upper Atmosphere

Commission on Atmospheric
Chemist ry  and Global  Pol lu t ion

Ozone Commission

Commiss ion on Cloud Physics

C .H .B .  P r ies t l ey  Jo in t  Commi t tee  on  A i r -Sea
lnteract ion.

Tn September I97L the Austra l ian Academlr  o f
Science set up a working group to report on the
atmospher ic  ef fects  of  supersonic  a i rcraf t .  The
group was chaired by the Chief and included'
Dr .  E .K .  B igg  o f  t he  C loud  Phys i cs  Sec t i on  and
Mr .  B .G .  Hun t  o f  C .M.R .C .  The  repo r t  was  pub l i shed
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in  Februa ry  1972 .

CSIRO, in  associat ion wi th  the Austra l ian
Academy of Science and the American Meteorological
Society  sponsored an In ternat ional  Conference on
$ieather  Modi f icat ion,  in  Canberra f rom September 6-11
L97L.  This  was organized by members of  the Cloud
Physics Sect ion and the Div is ion of  Radiophysics
and attended by I20 delegates, some 50 of whom were
f rom ove rseas .

Dur ing  Oc tobe r  I97 I ,  D t .  A .J .  Dye r  v i s i t ed .
Japan to attend a planning conference for AMTEX - a
Japanese exper iment  in  L974 over  the Sea of  Japan
forming a sub-programme of the larger world-wide
GARP prograrnme.  Dr .  Dyer  is  the Austra l ian
representat ive on the Steer ing Commit tee,  which
compr i ses  a l so  rep resen ta t i ves  f rom Canada ,  U .S .A .
a n d  U . S . S . R .  H e  b r o k e  h i s  j o u r n e y  t o  c a l l  b r i e f l y
at  the Univers i ty  o f  Papua New Gui-nea in  Por t
Moresby .

Dr .  S.  Twomey par t ic ipated j -n  a Study of
Man's  Impact  on Cl imate held in  Stockholm Sweden
between June 28th and Ju ly  16th L97L.  He a lso
at tended a Study Group Conference on Parameter izat ion
of  Sub-Gr id Scale Processes in  Leningrad between
2q th  and  27Lh  March  L972 .

Dr. F. A. Berson commenced. 9 months leave of
absence  f rom the  D iv i s ion  i n  May  L972 :  he  i s
at tached to the Nat ional  Hai l  Research Exper iment ,
NOAA Boulder ,  Colorado.

In  May  L972  Dr .
International Radi-ation
Ad.vantage was taken of
Japanese Meteoro logica l

G.  W. Pal t r idge at tended the
Symposium at  Sendai ,  Japan.

the t r ip  to  v is i t  the

Research Centre,  and the
Agency and l{eteorological

Royal  Observatory,  Hong
Kong.

Nominated the
M r .  I .  C .  M c I I r o y  w a s
the Bth In ternat ional
Dra inage Congress in

o f f i c i a l  Aus t ra l i an  de lega te ,
overseas in  May L972 to at tend
Commiss ion on l r r igat ion and

Varna ,  Bu lga r ia .
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Vis i tors  f rom Overseas

Dr .  C .G .  L i t t l e ,  D i rec to r  o f  t he  b t rave
Propagation Laboratory NOAA Bou1der, Colorado,
completed an 8 months sabbat ica l  in  August  I97L.  He
was concerned with remote probing of the atmosphere
using e lect romagnet ic  and acoust ic  techniques.

'  From the Central Meteorological Off ice in
Korea Mr. Hyeongjin Son is spending 12 months with
the Div is ion under  the Colombo p lan Scheme. Mr.  Son
works in  the f ie ld  of  meso-meteoro logy wi th
part icular reference to the development of thund.er-
storms .

In  January 1972 Mr.  Fumih iko Fuj imoto
returned to the Aero logica l  Observatory,  Tar ten,
Japan,  hav ing spent  5 months in  the Div is ion work ing
on the relationship between atmospheric turbidity
and incoming.  rad iat ion.

Dr .  W.  R .  Co t ton  o f  N .O .A .A .  Exper imen ta l
Meteoro logy Laboratory,  Cora1 Gables,  F lor ida,
v is i ted the Cloud Physics Sect ion for  a  per iod of
four months commencing on 29Eh March. His main
interests  l ie  in  numer ica l  model l ing of  cumulus
convect ion.

Dr .  A.  Long,  a recent  graduate of  the
Univers i ty  o f  Ar izona,  took up a Nat ional  Sc ience
Foundation Fellowship on 6th June and wil l  be
work ing wi th  the Cloud phys ics Sect ion for  a
month period.

D r .  P .  G .  B a i n e s ,  h o l d e r  o f  a  e u e e n r s
ship wi l l  be wi th  the Div is ion for  2  year .s ;
f ie ld  is  the dynamics of  in ternal  waves.

twelve

FeI low-
H i s

' ; -Cont inu ing the pat tern set  in  recent  years,
the Div is ion has again received requests f rom over-
seas to  t ra in  Colombo Plan FeI Iows or  others
sponsored by the U.N.  or  i ts  specia l ised agencies
such as the WMO.

Mr.  Gaudioso Tabamo, a senior  meteoro logis t
f rom the Phi l ipp ines Weather  Bureau,  completed a
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3 months at tachment  to  the Div is ion in  May 1972.
Agro-meteoro logy was h is  par t icu lar  concern.

Wi th  s im i l a r  i n te res ts  i s  Mr .  J .  Rod ja l i
from the Indonesian Meteorological and Geophysics
Serv ice.  A WMO Fel low,  he wi l l  be at tached to the
Agro-meteorological group for some L2 months.

r l{ew Appointments

Dr .  A .J .  Dye r ,  who  has  been  in  the  D iv i s ion
s ince 1954 was appointed Assis tant  Chief  in  August
L97  L .

Dr .  K .T .  Sp i l l ane ,  f o rmer l y  w i th  the
Commonwealth Bureau of Meteorology, joined the
Div is ion in  November L97L.  He works wi th  the
Dynamic Meteorology group and is concerned
particularly with the movement of material on the
sea  su r face .

In ,I i4ruary L972 Dr. R.N. Robinson, from the
Univers i ty 'o f  Western Austra l ia ,  took up a 3 year
Fellowship. He works with the Dynamic and Synoptic
Group.

Rg,signation.

'  Af ter  nearLy 24 years wi th  the Div is ion,
M r .  W . C .  S w i n b a n k  F A A  r e s i g n e d  f r o m  C . S . I . R . O .  i n
August  L97L.  He jo ined the Div is ion ear ly  in  L948,
just  over  a year  af ter  i ts  incept ion.  Wel l  known
for his pioneering work j-n micrometeorologY,
Mr. Swinbank contributed to the development of the
Div is ion on the widest  f ront ,  making many
innovations in i ts structure and prograi l Ime. Aside
f rom his  area of  specia l isat ion he superv ised,  a t
d i f ferent  t imes,  the work on radiat ion,  on
agr icu l tura l  meteoro lagY,  and the in t roduct ion of
the ozone prograntme. The Division is greatly
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