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INTRODUCTION

Last  year 's  annual  repor t  opened wi th  a
b r ie f  s tock take  o f  p rog ress  du r ing  the  D iv i s ion ' s
2 5  y e a r s  o f  e x i s t e n c e  ( L 9 4 6 - 7 1 ) .  T h i s  y e a r  i t  i s
appropriate to focus on some of the newer
developments tak ing P1ace.

One of  the pr inc ipa l  mainstays of  the
D iv i s ion ' s  resea rch  po l i cy  has  been  to  avo id
temptat ions to  under take ad hoc invest igat ions and
to adhere to  the bel ie f  that  most  problems are best
so lved by f i rs t  ga in ing a thorough knowledge of  the
fundamenta l  phys ica l  processes at  work.  A good
example of  the va lue of  th is  approach re la tes to
a i rborne pol lu tants  and the i r  d ispersal .
Understanding rests  so l id ty  on a knowledge of
atmospheric dynamics and turbulence two subjects
which have been studied in tens ive ly  in  the i r  own
r ight  s ince the Div is ion came in to being.

Looking ahead there are three areas which
ca l l  f o r  spec ia l  a t t en t i on .

a i r , /Sea Interact ion and i ts  ro le  in  Geophysica l
F1u id  Dynamics .

Much has been learnt  in  the past  o f  the
mutual interaction between the atmosphere and the
under ly ing land sur face.  Yet  knowledge of  the
important l inks between the atmosphere and ocean as
wel l  as the behaviour  of  the ocean i tse l f  (which
occup ies  th ree  qua r te rs  o f  t he  ea r th ' s  su r face  i n
the Southern Hemisphere) is  scanty.
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To enable measurements to be made close to
the a i r /sea in ter face,  a  substant j -a l  observat ion
plat form standing in  10 m of  water  has been erected
in Por t  Phi l l ip  Bay about  1% km of f  shore f rom
Aspendale. Also a programme j-nvolving instrumented
drif t ing ocean buoys is under way. At the same
t ime,  the creat ion of  a  smal l  geophysica l  f lu id
dynamics group wil l  undertake valuable complementary
studies of  the not  d iss imi lar  dynamj-ca l  problems of
atmosphere and ocean.

Atmospheric Chemistry

There is a clear need to embark on a
prograrnme of atmospheric chemistry in order to
understand the composit ion of the atmosphere and
the mechanisms of  ba lance or  imbalance.  A s tar t  in
th is  d i rect ion has a l ready been made wi th  the
establ ishment  of  our  CO2 moni tor ing programme.

In this context we look forward to the
es tab l i shmen t  i n  Aus t ra l i a  o f  a  ' base  l i ne r  s ta t i on ,
along the l ines of the World MeteorologS-ca1
Organisat ion 's  recof l rmendat ion,  capable of
susta in ing a long term ser ies of  h igh qual i ty
observat ions.  The const i tuents of  the atmosphere
under examination would be those of which a
knowledge is  essent ia l  to  the wel l -be ing of  man and
h is  hab i ta t .

Numer ica l  S imulat ion of  Atmospher ic  Processes

Final ly ,  the considerable va lue of  a  c lose
inter-relationship between the Commonwealth
Meteorology Research Centre (CMRC) and the Division
at  Aspendale,  in  terms of  progress ive sc ient i f ic
advancement ,  is  becoming apparent .  In  severa l  areas
of active development the two groups are symbiotic.
Col laborat ive exper iments are being p lanned in  which
physical processes and phenomena studj-ed at
Aspendale wi l l  be represented in  the numer ica l
models developed at CMRC with a view to
quant i ta t ive assessment  of  the i r  s ign i f icance in
weather  and c l imate.
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DYNAMIC AND SYNOPTIC METEOROLOGY

One of  the ch ief  in terests  in  th is  f ie ld  has
for some years been simulation and predict ion of
g lobal  scale atmospher ic  behaviour .

The problem may be divided into two parts
medium range behaviour (of a few days to a week or
two) where current physical and hydrodynamic
reasoning is  y ie ld ing considerable success;  and
longer  term behaviour  (months '  seasons,  years)  where
suitable techniques have not yet been formulated and
which contains most important implications for human
l i f e .

The f i rs t  par t  o f  the problem is  be ing
at tached wi th  v igour  in  Austra l ia  and e lsewhere;
the la t ter  par t  is  receiv ing increasing recogni t ion
in  sc ien t i f i c  p lann ing .

The Atmospheric Boundary Layer

For medium range simulation and forecasting
i t  is  necessary to  take in to account  in  an adequate
manner  the ef fects  of  smal l  sca le turbulent  eddies,
which br ing about  t ransfers of  proper t ies,
especia l ly  in  the boundary layer ,  where in teract ion
occurs between atmosphere and underlying surface.
In  the longer  term seasonal  or  c l imat ic  problem'
proper knowledge of processes in the boundary layer
is  l ikety  to  be even more v i ta l .

Past Annual Reports have referred to our
success fu l  "Wangara "  f i e ld  exped i t i on  to  Hay ,  N .S .W.
in  1967 .  Da ta  f rom i t  a re  be ing  used  by  a
considerable number of  inst i tu t ions around the wor ld
as well as ourselves, to improve boundary layer
theory.  At  th is  juncture i t  would be usefu l  i f  the
exper iment  could be repeated at  a  d i f ferent  la t i tude
and in  a reg ion of  d i f ferent  sur face roughness
condi t ions.  To th is  end a f ie ld  expedi t ion is
p lanned for  Ju ly  next  (L974)  to  Daly  WaLers in  the
austrat ian t rop ics.  In  contrast  to  Hay ( Ia t i tude

34oS) where the sur face was grass some 5 to  10 cm
in height ,  the new s i te  is  a t  1605 and has a uni form
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cover  of  open forest  some 5 to  7 m h igh.

A s l ight ly  d i f ferent  problem is  that  o f
speci fy ing f luxes of  heat ,  momentum and water
vapour over the oceans. This is of importance not
only  to  weather  and c l imate but  a lso in  other
appl icat ions,  such as the generat ion of  sur face
waves,  t i l t  o f  water  sur face and dr i f t  current ,
relevant to predict ing the movement of surface
contaminants such as o i I  s l icks.  I t  has been found
possib le  to  adapt  the s imi lar i ty  theory of  Kazansky
and Monin to the combined boundary layers of
atmosphere and ocean. The theory predicts the
value of  sur face s t ress and the dr i f t  current  when
external  condi t ions are g iven,  vLz la t i tude and
geostrophic  wind.

In  th is  context  the data co l lected dur ing the
Wangara exper iment  has been par t icu lar ly  usefu l .
Prev ious work carr ied out  in  the Div is ion on drag
coef f ic ients  over  the sea and the ef fect  o f  thermal
stabi l i ty  has enabled the tentat ive evaluat ion of
the functional form of two previously undetermined
parameters descr ib ing f low over  the sea.  Fur ther
work in  th is  area wi l l  be of  re levance to the
Commonwealth Meteorology Research Centre where
there is  a  need to sat is fy  more prec ise ly  the
boundary layer  condi t ions being used in  large scale
mode ls .

The Seabreeze

Successfu l  numer ica l  s imulat ion of  the
seabreeze has led to  fur ther  exper iments to  test
the  e f fec ts  o f  va ry ing  l a rge  sca le  p ressu re  f i e lds ,
surface roughness and lat i tude on the development
and in land progress ion of  the seabreeze f ront .

Methods of  t reat ing moist  convect ion by
prof i le  ad justment  have been explored and
signi f icant  success achieved in  s imulat j -ng t ransfer
of moisture and heat from warm sea to cold air by
convect ion.  At tempts to  s imulate t rop ica l
convect ion have so far  been less successfu l .  A
solut ion of  th is  problem is  regarded as a necessary
prerequis i te  to  an at tack on the moist  seabreeze
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and a lso t rop ica l  cyc lones.

Convective Storms

Fie1d observat ions by radar  of  convect ive
storms has cont inued.  A speci f ic  purpose has been
to examine the se l f -seeding of  c louds by in ject ion
of  large ice crysta ls  or ig inat ing in  the upper
reaches of  cumulonimbus c louds.  Ev idence has been
col lected that  th is  mechanism can be impor tant  in
developing thunderstorm s i tuat ions.

A re la ted problem has been the invest igat ion
of  the par t  p layed in  hai l  format ion by var ia t ions
in the t ranspor t  o f  f reez ing nucle i  in  the sub-c loud
layer .  Resul ts  ind icate that  changes in  the supply
of  nuc le i  accompanying c loud growth af fect  the
microphysics of  ha i l  Product ion.

S ta t i s t i cs  o f  F ron ta l  Passag les

Ten years '  synopt ic  maps have been processed,
and stat is t ics  of  f ronta l  passages and concomitant
weather compiled for a number of points on the
Austra l ian cont j -nent .  Relat ionships are being
sought  between the var ious e lements,  for  example,
ra in fa l l  and wind and temperature change,  wi th  a
v iew to improv ing forecast ing capabi l i ty .

Est imat ing Steam Fog Pro

Elect r ica l  power gr ids in  Austra l ia  have now
reached such proport ions that environmental impact
assessmen ts  a re  a  necessa ry  pa r t  o f  p lann ing .  Fog
ef fects  associated wi th  the d ischarge of  waste heat
in  large water  bodies were s tudied in  connect ion
wi th the proposed Newport  Power Stat ion on Hobsonrs
Bay.  The resul ts  were in terpreted against  the
c l imate of  natura l ly  occurr ing fogs.  In  the course
of  th is  s tudy,  genera l  procedures for  est imat ing
s ign i f i can t  s team fog  e f fec ts  were  deve loped .
Advice on the handl ing of  such problems has been
prov ided to  the State Elect r ic i ty  Commiss ion of
Vic tor ia  wi th  specia l  re ference to  a new pro ject  in
the Latrobe Val IeY.
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TECHNICAL ASSISTANCE TO THE DIVISION OF ENTOMOLOGY

Two members of the Division have given
substant j -a l  ass is tance to  the entomologis ts ,  who
are concerned with understanding the migrations
of  insects ,  main ly  p lague locusts .  A f requency
mod,ulation system has been developed for a mobile
3 cm radar  and help g iven in  re la t ing radar
p ic tures of  locusts  to  movement  of  the insects .

GENERAL CIRCULATION AND CLIMATE

Earl ier work has shown that the mean
lat i tude of  the subtropica l  h igh pressure bel t  is
a convenient  index of  the genera l  c i rcu lat ion.
Evidence for  g lobal  mer id ional  in teract ions on
seasonal  and shor t  term scales between st ratosphere
and t roposphere have been d iscovered.  The
possib i l i ty  o f  apply ing these f ind ings to  problems
of  seasonal  and long range forecast ing is  now being
explored.

Studies of  the 100 mb level  s t ra tospher ic
temperature anomalies found in the Austral ian
reg ion  i n  1963  and  1966  sugges t  t ha t  t he  1963
anomaly was due to local  heat ing caused by vo lcanic
dust  in  the atmosphere.  The L966 case was more
probably  a c i rcu lat ion anomaly.  Fur ther  work on
th is  hypothesis  wi l l  be under taken by the radiat ion
group in  conjunct ion wi th  the numer ica l  model lers
at  CMRC, and la ter  u t i l ized in  fur ther  s tud ies of
c l ima te .

fI GEOPHYSICAL FLUID DYNAMICS

Larboratory Model l ing Faci l i t ies

Increased use is  be ing made of  quant i ta t ive
v isual izat ion in  exper iments.  A Schl ieren system
incorporat ing two 31 cm spher ica l  mir rors  is  be ing
success fu l l y  used  i n  s t ra t i f i ed  f t u id  s tud ies ,
g iv ing a sensi t ive detect ion of  weak densi ty
d i s tu rbances .  A  c losed  c i r cu i t  T .V .  sys tem i s
being used, in which two or more cameras provide a
combined three-d imensional  v iew of  a  s tat ionary or



9

moving experiment. The view is recorded on 4 inch
tape and replayed for  analys is .  A pointer  image
superi-mposed on the picture is used to provide
coordinate measurements for on-l ine data reduction
by computer.

This  is  apparent ly  the f i rs t  appl icat ion of
the technique in  f lu id-mechanica l  s tud ies,  and
hopefu l ly  wi t l  s impl i fy  enormously  the acquis i t ion
and interpretation of motion measurements in
compl icated f lows.

Angular momentum mixing

Last  yearrs  repor t  descr ibed exper iments
demonstrating that angular momentum could be
di f fused by the turbulent  mix ing of  a  f lu id  system
in uni form net  ro tat ion.  The resul t  o f  such mix ing
is to produce an average rotation greater than that
of  the boundar ies.

Analysis of the data has indicated that the
momentum diffusion is accomplished by the
in te rac t i on  be tween  wave- I i ke  and ' v i scous ' - I i ke
components of  the turbulence.  I f  the 'v iscous '

component is great enough the presence of waves
produces a most  ef f ic ient  momentum t ransfer ,  but
without waves no angular momentum would be
transferred.  Preparat ion for  fur ther  exper iments
on the s t ructure of  ro tat ional  turbulence is  under
way.  Thei r  u l t imate purpose is  to  prov ide a more
rat ional  descr ip t ion of  the ef fects  of  ro tat ion on
large-scale atmospher ic  d i f fus ion.

Parametr ic  instabj - l i ty  o f  in ternal  waves

Theoret ica l  work has predic ted that  in  a
stably  s t rat i f ied medium, as const i tu tes most  of
the atmosphere and the upper ocean, propagating or
standj -ng in ternal  waves are in t r ins ica l ly
suscept ib le  to  growi"ng d is turbances of  f iner
ver t ica l  scaIe.  The resul t  is  that  such waves may
lose the i r  coherence at  modest  ampl i tudes,  much
Iower than would be required for the violation of
convent ional  condi t ions for  s tab i l i ty  against  shear
or  grav i ty .
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In the absence of  factors  rest r ic t ing the
form of  the d is turbances,  these are l ike ly  to  have
a period twj-ce as long as the wave on which they
grow,  but  i f  they pre-ex is t  or  are rest r ic ted in
form,  the poss ib i l i ty  for  growth upon the wave
depends,  in  a predic table manner ,  upon the i r
f requency.

Experiments have accurately confirmed the
theoret ica l  predic t ions.  A 'background'  wave f ie ld ' ,
created by swinging as a pendulum a cy l indr ica l
conta iner  f i l Ied wi th  s t rat i f ied sa l t  so lut ion was
found to become unstable at the predicted amplitude
(see  f i gu re  A ) .  Sma l l  sca le ,  sha l l ow  an91e ,
stepl ike d is tor t ions develop in  the densi ty  prof i le ,
suggesting that the mechanism may be one important
means by which s teps in  densi ty  as are commonly
observed in the ocean and atmosphere r I I IaY
cont inual ly  be created.

Shear  F lows in  Strat i f ied Media

As a theoret ica l  bas is  for  exper iments on
the t ransmiss ion and absorpt ion of  waves generated
near the ground and transmitt ing into a shearing
wind,  some theoret ica l  work has been done on the
dispers ion of  such waves,  and on the propagat ion of
shear ing d is turbances.  These d is turbances t ravel
f rom thei r  source at  a  constant  speed,  and form a
' f ron t ' ,  t he  w id th  w  o f  wh ich  can  be  exp ressed  as
w cc  t t / s ,  where  t  =  t ime  f rom in i t i a t i on -

Boundary Layer  Instabi l i t ies

A s ign i f icant  propor t ion of  the energy Iost
by oceanic t ides is due to the fr ict ion of the water
as i t  moves against  the bot tom, not  on ly  due t ,o  the
t ide i tse l f ,  but  to  in ternal  waves beneath the
sur face.  As a f i rs t  s tep in  understanding momentum
transfer  near  the boundar ies of  a  moving s t rat i f ied
f lu id  an exper imenta l  and theoret ica l  examinat ion
of  the s tabi l - i ty  o f  a  boundary layer  in  a ver t j -ca l
osc i l l a to ry  f l ow  has  been  ca r r i ed  ou t .  I t  has  been
found that  for  osc i l la t ion f requencies near  the
natura l  buoyancy (VidsdlH-Brunt)  f requency,  the



Figure A. Boundary layer instabi l i ty in a straEif ied rnedium, the denslty

i"tr"." i"g continuously with depth. The boundary 1-ayer on a vert ical ly

osci l lat ing glass plate is undergolng a transit ion from a horizontal

wave insCabii i ty ( left  region of f igure) to a diagonal wave instabl l i ty
(r ight region). Changes in density gradients within the layer are

revealed optical ly.



Figure B. Laboratory_experiment showing parametTic instabir i ty. A view is
shovm through a cyl indticaL container f i11ed Tnrlth saLt-strat i f ied water. The
container forms part of a pendulum swlnging in the plane of the f igure. The
instabi l i ty, which appears as areas of 1lght and daik, is revealed by an optical
technique. These areas represent changes rn densi.ty gradient, and deverop later
into discrete layers. similar instabi l l t ies may be a cause of Layerlng within
the atmosphere and the ocean.
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boundary layer  is  par t icu lar ly  unsLable '  but  on
ei ther  s ide of  th is  f requency the s tabi l i ty
increases.  In  the exper iment  two d is t inct  and
prev ious ly  unrecognized regular  modes of
instabi l i ly  are observed (see f igure B) ,  depending
on f requency and amPl i tude.

To prov ide the capaci ty  for  model l ing
ro ta t i ona l  e f fec ts ,  a  l abo ra to ry  tu rn tab le  0 .75  m
diameter  wi th  prec ise ly  contro l led speed over  a
r a n g e  O  -  L z A  R . P . M . ,  i s  u n d e r  c o n s t r u c t i o n .

Internal Tides in the Ocean

Ocean ic  i n te rna l  t i des ,  i - e .  i n te rna l  waves
wi th t ida l  per iods of  (approx imate ly)  12 and 24
hours,  are generated by the in teract ion of  sur face
(or  barot ropic)  t ides wi th  bot tom topography such
as cont inenta l  s lopes,  r idges and abyssal  h i l ls .
These in ternal  waves are impor tant  for  three main
reasons .  F i r s t l y ,  t hey  may  have  cons ide rab le
ampl i tude and hence cause s ign i f icant  hor izonta l
mot ions in  the ocean.  Secondly ,  they ext ract
energy f rom the sur face t ide and therefore are an
impoitant factor in the long-standing question of
tha locat ion and nature of  the d iss ipat j -on of  t ida l
energy.  Thi rd ly ,  theoret ica l  considerat ions based
on t [e  proper t ies of  in ternal  waves in teract ing wi th
bottom topography indicate that internal t ides may
be the source of  s ign i f icant  ver t ica l  mix ing in  the
ocean,  par t icu lar ly  near  the top of  cont inenta l
s lopes.  Such mix ing may have s ign i f icance for  local
dynamics of  the region and for  b io log ica l  processes
which depend on ver t ica l  t ranspor t -

Numer ica l  models  based on new formulat ions
of  the appropr ia te condi t ions for  the radiat ion of
wave energy have been developed for the
calcu lat ion of  in ternal  t ida l  wave f ie lds
generated by cont inenta l  s lopes and other  two-
d i*et ts ional  topographic  forms,  wi th  rea l is t ic
oceanic  densi ty  s t ra t i f icat ion.  At tent ion has been
focussed  on  con t i nen ta l  s l opes ,  s ince  these '
because  o f  t he i r  he igh t '  a re  the  mos t  e f fec t i ve
internal  t ide generators.  The d i rect ion of  rays
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of internal wave energy propagation in the vert ical
p lane depend only  on the wave f requency,  the local
buoyancy f requency and the Cor io l is  f requency.  The
character of the waves generated depends on the
rat io  of  the s lope of  these rays to  the
topographic  s Iope.  In  par t icu lar ,  i f  th is  ra t io  is
most ly  greater  than uni ty  most  of  the in ternal
t ida l  energy generated is  d i rected inshore on the
cont inenta l  shel f ,  whi ls t  i f  i t  j -s  less than uni ty
most  of  the energy f lux is  d i rected out  to  sea.
Both situations are conrmon in the ocean. The degree
of mixing implied by the models depends on the
cont inenta l  s lope prof i le  and the ampl i tude of  the
sur face t ida l  mot ion normal  to  the s Iope.

III  RADIATION - ATMOSPHERIC AND TERRESTRIAL

There are three genera l  ob ject ives
under ly ing the work of  the radiat ion group.  These
a r e :

t .  To mainta in exper t ise in  aI I  aspects  of
atmospher ic  rad iat ion.

2.  To mainta in and ref ine our  ro les as the nat , ional
and in ternat ional  ca l ibrat ion and standards
laboratory for  rad iat ion inst ruments and as a
radiat ion observatory.

3.  To mainta in an act ive research prograrnme in
which the centra l  in terest  is  in  the
interact ion of  c loud and atmospher ic  rad iat ion.
Other activit ies j-nclude programmes on the
predic t ion and moni tor ing of  so lar  UV
radiat ion,  the moni tor ing and in terpretat ion of
atmospher ic  turb id i ty  and the use of  pass ive
microwave remote sensing of  ground sur face
character is t ics  such as so i l  mois ture content .

Radiat ive Proper t ies of  Cloud

An a j - rcraf t  expedi t ion was under taken in
col laborat ion wi th  the Cloud Physics Div is ion in
February to  invest igate radiat ive proper t ies of  Ac
and Sc c loud decks of f  the coast  near  Mer imbula in
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N.S.w.  The object  was to  extend the number of
exper imenta l  case studies obta ined in  ear l ier  years
in order  to  check theor ies re la t ing c loud
microphysics to  the associated radiat ion f luxes.
Work on combined l idar and radiometric observations
was extended to inc lude var ious middle level  c loud
systems and confj-rmed, amongst other things, that
middle level  c loud is  o f ten far  f rom opt ica l ly
"b lack"  to  long-wave radiat ion and that  phys ica l
th ickness of  such c loud is  not  o f ten a good
ind i ca to r  o f  i t s  op t i ca l  t h i ckness  (o r  "b lackness " ) .
I t  has a lso been found that  the emiss iv i ty  o f  c i r rus
c loud measured by sate l l i te  IR inst rumentat ion
corre lates wel l  wi th  ground-based observat ions.

The resul ts  of  much of  th is  work wi l l  be of
relevance to modellers in the Commonwealth
Meteoro logy Research Centre.  I f  the radiat ive
features of  e i ther  par t icu lar  c loud types or  c loud
systems can be cata logued i t  w i l l  open the way for
numerical models of the atmosphere to begin
incorporat ing deta i ls  o f  the radiat ion f ie ld .

A theoret ica l  invest igat ion was made of  the
effect of atmospheric radiation on the gross
character  o f  Sc c loud.  The theory predic ts  c loud
th icknesses and d iss ipat ion t imes which agree wel l
with those observed and demonstrates the importance
of  smal l  shor twave so lar  rad iat ion absorpt ion which
can occur  in  these c louds.  Calcu lat ions of  so lar
energy avai lab le at  the sur face (us ing deta i led
c loud cover  in format ion f rom 60 stat ions)  have been
made and so lar  rad iat ion s tat is t ics  for  Austra l ia
have been produced.

Moni tor ing UV Radiat ion

The Div is ion has co l laborated wi th
Queensland Univers i ty  in  developing a s imple and
stable monitor of the UV radiation of importance to
human sk in cancer .  I t  is  in tended to re-establ ish
and maintain, in the long term, a network of such
moni tors  in  Austra l ia  -  an exerc ise which has
received f resh impetus in  the l ight  o f  the
suggest ion that  supersonic  a j - rcraf t  may in ter fere
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wi th the ozone balance in  the upper  atmosphere.
In  para l le l  wi th  th is ,  and as an addi t ion to  the
observatory programme, a monochrometer is being
developed for  cont inuously  moni tor ing the deta i led
spectrum of  so lar  UV radiat ion.

I,I icrowave Sensing of Natural Surfaces

A11 matter at a temperature above absolute
zero radiates a cont inuum of  e lect romagnet ic  energfy ,
the in tens i ty  of  the radiat ion depending on the
temperature and emiss iv i ty  a t  the wavelength
concerned.  For  natura l  sur faces,  the la t ter  depends
on var ious parameters such as so i l  mois ture content
and vegetat ion cover  over  the 1and,  and wind,  wave
height  and o i l  and foam cover  at  sea.  Remote
measurement  of  the amount  of  rad iat ion emi t ted can,
together  wi th  the sur face temperature,  thus prov ide
much information about the surface under
investigation and this year work has commenced on a
prograrnme to invest igate the poss ib i l i t ies of  remote
measurement  of  so i l  mois ture us ing microwave
radiometry .

Observatory and Standards

Surface a lbedo,  atmospher ic  longwave
radiation, wet and dry bulb temperatures and wind
speed and d i rect ion have now been added to the l is t
o f  quant i t ies cont inuously  moni tored.  The new
laboratory now under  construct ion wi l l  a lso af ford
improved fac i l i t ies for  pyrhel iometer  measurements.

The number of radiation instruments
received for  caLibrat ion dur ing the year  was about
250,  compared wi th  about  350 for  the prev ious year .
The fa l l  is  largely  due to  a new pol icy whereby
manufacturers have been encouraged to carry  out
the" i r  own cal ibrat ions under  the Div is ionrs overa l l
superv is ion,  so reducing the load on Div is ional
fac i l i t ies and developing exper t ise in  the industry .

Dur ing the year  two of f icers of  the
Indonesian Dj - rectorate of  Meteoro logy and
Geophysics brought  the fndonesian Nat ional  Standard
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pyrheliometer to Aspendale for comparison with the
Regional Standard. The Commonwealth Bureau of
Meteorology also attended with their Angstrom
pyrhel iometer .  In terchange of  net  pyrradiometers
with the Atmospheric Environment Service of Canada
has cont inued to mainta in cross-checks of  the
respect ive long-  and shor t -wave radiat ion s tandards.

IV MICROMETEOROLOGY

Air -Sea Interact ion

Basic information on the turbulent f luxes of
heat, momentum and water vapour at the air-Iand and
ai r -sea in ter faces is  an essent ia l  requi rement  for
numer ica l  weather  predic t ion.  Whi ls t  the a i r - Iand
inter face is  reasonably  wel l  understoodr  our
knowledge of  a i r -sea in teract ion is  l imi ted -  not
only by the Iack of a suitable theoretical
f ramework,  but  a lso by the present  use of  a  wide
var ie ty  of  exper imenta l  techniques (which leads to
conf l ic t ing resul ts)  and the a lmost  complete absence
of  re l iab le data at  h igh wind speeds and over  large
fetches.  We are now p lanning to  invest igate some of
these problems d,rawing on the expert ise developed in
a i r - l and  resea rch .

A r ig id  observat ion p lat form standing on the
sea-bed has been erected in  Por t  Phi l l ip  Bay.  Radio
te lemetry  l inks inst ruments to  the Aspendale
laboratory.  The p lat form wi l l  enable turbulent  eddy
f luxes to  be determined by the t rad i t ional  eddy
corre lat ion method,  and a l low for  the development  of
measurement  techniques for  use in  the open ocean.

Plans are wel l  advanced to construct  and
equip a number of spar buoys to be released in the
open ocean south of  Austra l ia .  Read-out  wi l l  be v ia
NASA's Nimbus F satet l - i te  due for  launching in  June,
L974.  I t  is  hoped to obta in data over  a 2 'yeat
per iod.  Eddy f luxes wi l l  be obta ined by a spectra l
densi ty  method based on prov ing exper iments
conducted on the Por t  Phi l l ip  Bay p lat form.

The Div is ion has been inv i ted to  par t ic ipate
in the Japanese a i r -mass t ransformat ion exper iment
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(AMTEX, February 1974)  and i t  is  proposed to measure
eddy f luxes d i rect ly  a t  three cr i t ica l  s ta t ions of
the network in the South-West Islands of Japan, and
to develop the use of  the spectra l  densi ty  method
referred to  above,  d t  these stat ions and on board
a  resea rch  vesse l .

Work previously reported on estimating the
rate of  evaporat ion f rom saturated sur faces has
been cont inuous us ing data obta ined f rom oi l  r igs in
Bass  S t ra i t  and  f rom the  c ru i ses  o f  USNS "E1 tan in " .
In  genera l ,  resul ts  obta ined to  date tend to  conf i rm
the prev ious conclus ion that  the rat io  of  sensib le
to la tent  heat  f lux can be expressed in  a form
depending on the sur face temperature a lone.
Ind iv idual  observat ions,  however ,  show d iscrepancies
which requi re fur ther  invest igat ion.

An important contribution in the measurement
of water-vapour f luxes has been achieved by the
development  of  fast - response in f ra- red hygrometer .
Pre l iminary tests  over  land have been successfu l
and the inst rument  des ign has progressed wel l
beyond the prototype stage.

Thermal convection

O n  t h e  e x p e d i t i o n  a t  H a y ,  N . S . W . ,  i n
February 1970,  a large vo lume of  exper imenta l  data
re lat ing to  thermal  convect ion was obta ined.  The
object ive was to  gain a bet ter  understanding of  the
mechanism of convection in the lower atmosphere, and
in par t icu lar  to  e luc idate how the smal l -scale
convect ion currents  in  the lowest  few metres or  tens
of  metres g ive r ise to  the larger-scale thermals
which extend up to heights of hundreds or thousands
o f  me t res .

Measurements included the average and
turbulent  f luctuat ions of  ve loc i ty  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
heights  between 300 and 1500 m, the g l ider  pos i t ion
being continuously monitored on the ground by two
azj -muth recorders.  The pat tern of  sur face a i r  f low
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was recorded by an array of seven wind speed,/
d i rect ion inst ruments set  a t  100 m in terva ls  across
the wind d i rect ion.

The sur face array resul ts  for  a  number of
periods encompassing the passage of thermals have
been processed.  A p lot  o f  the vector  dev iat ions
from the mean f low is obtained, and the corresponding
convergence of  the hor izonta l  f low is  a lso
evaluaLed,  separate ly  for  the longi tud inal  and
transverse d i rect ions.  Two examples of  longi tud inal
convergence pat terns are shown.  Genera l ly ,  when a
thermal  has passed (as ind icated by a g l ider  t rack)  '
there is ,  a f ter  a  delay of  I  to  3 minutes,  s t rong
longi tud inal  convergence a long a l ine which extends
r ight  across the span of  the inst rument  ar ray
(aOO 600  m) .  Usua l l y  t he  l i ne  i s  app rox ima te l y
s t ra igh t r  ds  i n  F ig .  I a ,  t hough  i t  i s  no t
necessar i ly  sor  as i l lust rated by the curved shape
in F ig.  lb .  Thus,  i t  appears that  a  thermal  has the
form of  a  "min i - f ront"  near  the ground,  t ra i l ing
after the upflow a1oft, and. commonly spanning about
a k i lometre la tera l ly .  Analys is  of  the la tera l
component  of  the f low suggests so far  that  th is
co*ponent  has no systemat ic  re la t ionship at  a l l  w i th
the thermal .

The re la t ive contr ibut ions of  the smal l -scale
currents  and the larger  thermals to  the f luxes of
heat  and other  ent i t ies at  he ights  up to  30 m are
now being evaluated. It  appears that even at heights
as low as 30 m the contribution of a thermal to the
fluxes is appreciable and perhaps even dominant in
many  cases .

V ATMOSPHERIC MONITORING

With the continued cooperation of Qantas and
D.C .A .  base l i ne  mon i to r i ng  o f  COz  has  been  con t i nued
using a i r  samples obta ined f rom ai rcraf t .  More than
500 i last  samples obta ined over  a 15 month per iod have
been analysed.  Above an a l t i tude of  3 .5 km, remark-
ably  l i t t Ie  var ia t ion in  CO2 content  is  found.
Seasonal  var ia t ions are about  1 par t  per  mi l l ion;
month ly  ones genera l ly  less.  On the basis  of



1 8

compar ison against  a  reference gas f rom the Scr ipps
Inst i tu te of  Oceanography,  the mean CO,
c o n c e n t r a t i o n  w a s  f o u n d  t o  b e  3 2 3 . 9  t  0 . 1  p . p . m .

Background studies,  such as the seasonal
in terchange of  CO, between mid la t i tude southern
hemisphere oceans and the atmosphere result ing from
temperature changes in the latter are continuing.

Boundary Layer CO,

S ince  I97 I ,  obse rva t i ons  o f  CO,  have  been
made at  two ground s i tes (Aspendale and Rutherg len)
and f rom a l ight  a i rcraf t  up to  an a l t i tude of  3  km.
Day to  day var ia t ions in  CO, content  a t  any one s i te
are no more than 2-32 of  the atmospher ic  vaIue,  and
are re la ted to  a i r  t ra jectory.  Space and t ime
var ia t ions of  near-sur face CO, content  are
consi -s tent  wi th  the Land sur face of  the south
eastern Austra l ian cont inent  act ing as a sur face
sink,  par t icu lar ly  dur ing winter  and spr ing.

Ai r  o f  oceanic  or ig in  shows l i t t le  var ia t ion
wi th height ,  whereas a i r  hav ing a land t rack shows
var ia t i ons  o f  up  to  5  p .p .m.  w i th in  the  f i r s t  2  km.

Radioact iv i ty

Observat ions f rom the sur iace a i r  network
f rom Por t  Moresby to  Hobar t  cont inue,  and
measurements of  rad io-act ive isotopes f rom nuclear
weapons tests  and cosmis-ray sources are being
analysed to  s tudy s t ratospher ic- t ropospher ic
in terchange.  Determinat ion of  the to ta l  B-content
in  month ly  ra inwater  samples is  a lso cont inu ing.

iur face Ozone and Oxides of  Ni t roqen

Surface ozone measurements have cont inued at
Darwin,  Rober tson (Sydney region) ,  Aspendale and
Macquar ie  Is land,  the 1at ter  s i te  be ing equipped to
prov ide .cont inuous record ing.  At  Aspendale a
s ign i f icant  long term increase in  ozone f rom the
sur face to  900 mbs ind icates growing photochemical
pol lu t ion.  In  th is  connect ion a new programme of
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measuring NO., at ground level by spectrophotometer
which measur6s absorbance,  has been in i t ia ted.

Addit ional programmes for understanding the
behaviour  of  ozone in  the presence of  the ox ides of
nitrogen and the study of NOr. i tself in the free
atmosphere are being plannedl '

The destruction rates of ozone over snow
surfaces of various ages have been determined by
prof i le-gradient  techniques and,  compared to  rates
over  so i l  and vegetat ion,  found to be much s lower.

Carbon Monoxide

A hypothesis has been advanced within the
Division that the observed carbon monoxide
supersaturation in rainwater is the product of the
photo decomposit ion of aldehydes in the rainwater by
sunt ight .  A dynamical  model  o f  th is  Carbon
Monoxide production has been constructed that
successfu l ly  predic ts  the observed dayt ime
supersaturat ion leve1.

Atmospheric Turbidity

The monitoring of atmospheric turbidity
measure of  po l lu t ion by aerosols)  has cont j -nued
been in tens i f ied.  The Div is ion now has 5 years
records which are being analysed and re lated to
speci f ic  weather  s i tuat ions.  I t  is  o f  j -n terest

so far  there has been no d iscernable long- term
upward t,rend in turbidity as Melbourne (some 15
to the NW) has grown. (The mean atmospheric
turb id i ty  over  Aspendale is  in  fact  less than the
average minimum turbidity over the cleanest areas of
the  U .S . ) .  A  no te  o f  mon i to r i ng  UV rad ia t i on  can  be
found  in  sec t i on  I t I .

VI UPPER ATMOSPHERE

Atmospher ic  ozone as a t racer  in  c i rcu lat ion
studies of the upper atmosphere remained an important
component  of  the Div is ion 's  act iv i t ies dur ing
I972 -73 .  A  concen t ra ted  obse rva t i ona l  e f fo r t  i s

( a
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that

m



2 0

necessary for understanding the photo-chemical and
dynamical  aspects  of  the ozone layer ,  especia l ly  in
v iew of  the poss ib le  pol lu t ion of  the s t ratosphere
f rom nuclear  test ing and supersonic  t ranspor t .

At the six stations comprisingi our network,
observat ions of  both to ta l  ozone and i ts  ver t ica l
distr ibution by the umkehr method have continued.
Routi-ne weekly soundings using Mast-Brewer sensors
have also continued at Aspendale. Improvements to
the electronics of the Dobson instrument are being
tested at Aspendale and a new spectrophotometer has
been instal led and recalibrated at the Macquarie
I s land  s i - t e .

From the long ser ies of  d i rect  sun
observations made with Dobson spectrophotometers at
Darwin,  Br isbane,  Aspendale and Macquar ie  Is land,
assessments in  the character  o f  a tmospher ic  haze
show that  smal ler  s ize par t ic les have increased in
re lat ion to  larger  s ize par t ic les.  Seasonal
variat ions in haze character have been determined
as wel l  as the scat ter ing ef fect  o f  par t ic les thrown
up by the Bal i  vo lcanic  erupt ion of  1963.  Secular
changes in the nature of the haze have led to a
rev is ion of  the t rend in  to ta l  ozone and i t  has been
estimated that, about 538 of the apparent increase in
tota l  ozone between 1960 and 1970 could be ascr ibed
to a changing haze s i tuat ion.

The f i rs t  e ight  years of  soundings of  the
ver t ica l  d is t r ibut ions of  ozone at  Aspendale are
being analysed for  the i r  c l j -mato logica l  s ign i f icance.
Di f ferences between mean annual  cyc les at  Aspendale
and  Bou lde r  (U .S .A . )  a re  i n te rp re ted  i n  t e rms  o f
d i f ferences between c i - rcu lat ions of  the nor thern
and southern hemispheres.

The long- term t rends in  ozone concentrat ion
at  36 s tandard levels  show a s ign i f icant  increase in
a shallow layer between the surface and about 900 mb
level and above about 12 mb leveI, but a decreasing
t rend centred at  about  40 mb.  Increases at  ground
level  ind icate growing photo-chemical  po l lu t ion at
Aspendale and the opposing trends in the upper levels
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probably  ind icate a s t ight  decrease in  the ef fect ive
downward transport of ozone rich air from the region
of photochemical activity.

Water Vapour

Because of the potential of water vapour as
a t racer  and i ts  associat ion wi th  poss ib le  pol lu t ion
of  the s t ratosphere by supersonic  a i rcraf t ,  a
re l iab le means of  measur ing the re la t ive ly  smal l
amounts of water vapour which exist at high levels
has been sought , .  Recent  a i rcraf t  f l ights  up to
about 15 km and balloon f l ights to 30 km indicate
that our objective has been achieved. The instrumert
used for  th is  purpose is  essent ia l ly  an in f ra- red
hygrometer weighing about one kg and measuring the
at tenuat ion of  the so lar  beam in the 6.3U water
vapour observation band. This work was undertaken
with the support of the Department of Supply who
operate Hi -B411 bal loon ascents f rom Mi ldura
( ta t i t ude  34o I I 'S ,  l ong i tude  L42o12 'E )  and  made
available the necessary payload and the RAAF who
prov ided a Canberra a i rcraf t .

Airglow

One means of coming to grips with the
problem of  the s t ratospher ic  c i rcu lat ion is  v ia  the
mesosphere and the dynamic interaction between the
two. By using the relatively straightforward
technique of ground based air-glow measurements some
indicat ion of  the re la t ionship between 100 km
transports and winds at lower levels can be obtained.
Over the past two years, whenever the necessary
c loud f ree condi t ions have ex is ted '  measurements are
made of the intensity of the oxygen green l ine
( I^ ;  t r  =  55770N) us ing a i r -g Iow equipment  located
atYDenj- l iqu in,  New South Wales.  Track ing is
automatic, north to south and east to west every
30 minutes.  Year  to  year  var ia t ions in  I - -  are
consistent with rocket-sonde and rocket-gSenade
data in the northern hemisphere. For example in
L97L  I ^  was  ve ry  much  la rge r  t han  i n  1970  o t  L972 ,
corresponding to  smal ler  ozone values in  I97L than
in e ight  o f  the other  two Years.
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VII AGRICULTURAL METEOROLOGY

The main concerns of  the agr icu l tura l
meteoro logy group has cont inued to be the exchange
of heat, water vapour and carbon dj_oxide between
the atmosphere and vegetated sur faces,  par t icu lar ly
as re la ted to  crop water- loss and growth-rate.

The.  Rutherg len Wheat  Invest igat ions

Dur ing  L97L  and  L972 ,  i n  co -ope ra t i on  w i th
the Vic tor ian Depar tment  of  Agr icu l ture and Latrobe
Univers i ty ,  f ie ld  exper iments were carr ied out  on
successive crops of  a  winter  wheat  (Sherpa)  at
Rutherg len,  nor thern Vic tor ia .  Some 60
meteoro logica l  and b io log ica l  var iab les were
moni tored,  many of  them cont inuously .  The venture
was in i t ia ted pr inc ipa l ly  to  check cer ta in  aspects
of  a  model  o f  crop growth,  but  the data have a lso
fac i l i ta ted invest igat ion of  many facets  of  micro-
meteoro logy and crop-growth.

Pre l iminary resul ts  conf i rm the va l id i ty  o f
the energy-balance and extended combination
approaches to  evaporat ion est imat j -on as descr ibed
in ear l ier  Annual  Repor ts .  Other  ca lcu lat ions show
that  the turbulent  t ransfer  coef f ic ient  for  to ta l
ene rgy ,  i . e .  sens ib le  p lus  l a ten t  hea t ,  was  on
averagfe some 252 (and on occasion up to  55?)
greater  than the corresponding coef f ic ient  for
momentum.

Together  wi th  carbon d iox ide gradient  data,
momentum eddy t ransfer  coef f ic ients  have been used
to determj-ne hourly mean CO2 fluxes for more than
500  ind i v idua l  hou rs .

One in terest ing outcome of  the work is  an
apparent  s t rong dependence of  crop photosynthesis
on the nature of  the incoming radiat ion.  A g iven
solar  rad iat ion f lux densi ty  seems to produce widely
d i f fer ing rates of  carbon d iox ide uptake depending
on the percentage d i f fuse radiat ion in  the to ta l
incoming radiat ion.  This  is  demonstrated in  F ig.  2 .
The resul ts  suggest  that  the apparent  1 i9ht
saturat ion observed in  (a)  is  due to  the d i f fuse
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radiat ion being more ef fect ive in  producing CO2
uptake than d i rect  rad iat ion,  and that ,  d t  h igher
total intensit ies, D/G Lends to be smaller than at
lower  in tens i t ies.

D{ icroc l imate in  Relat ion to  Ind iv idual  Leaves and
P lan ts

Plant  leaves in  the f ie ld  have been
observed to exchange heat more readily than steady-
f low theory would indicate. A study has been
completed of  convect ion f rom a f la t -p la te leaf  model
in  a wind tunnel ,  wi th  a s inusoidal  var ia t ion in
wind speed.  At though hor izonta l  p la tes were l i t t le
af fected at  f requencies of  10 and 20 HerLz '  mean
heat  t ransfer  f rom t i l ted p lates was up to  50%
higher than in steady f lows with the same mean
speed. This enhancement is comparable to that
observed in  the f ie ld  f rom real  leaves.

A theoret ica l  invest igat ion of  the adapt ive
s igni f icance of  s tomata l  d is t r ibut ion on leaves is
be ing  re f i ned .  Ne t  pho to -syn thes i s  ra tes  o f
hypo-tomatous and amphistomatous leaves (with pores
on one or  both sur faces,  respect ive ly)  are compared
wi th s tomata l  res is tance adjusted to  prov ide for  the
same water  loss in  each case.  Pre l iminary resul ts
ind icate that  the rat io  of  mesophyl l  t ransfer
res is tance to  boundary- layer  res is tance determines
which s tomata l  d is t r ibut ion g ives a h igher  water
use ef f ic iency.  I t  a lso appears that  the resul ts
are sensi t ive to  the form of  the model  used for
represent ing the var ious photosynthet ic  res is tances.

Combination Atmometer

This  inst rument  consis ts  of  a  pai r  o f
d i f ferent ly  shaded but  o therwise ident ica l  water  con-
ta iners.  When exposed at  some smal l  he ight  above a
crop,  the i r  evaporat ion rates can combine in  two ways,
g iv ing est imates of  e i ther  inc ident  net  rad iat ion or
of  crop potent ia l  evaporat ion.  In  an exper iment  at
Aspendale,  est imated and measured va lues for  each
o f  t h e s e  v a r i a b l e s  w e r e  h i g h l y  c o r r e l a t e d  ( r  =  0 . 9 6 ) .
A modi f ied t r ip le-conta iner  vers ion of  the
instrument has been developed with a view to
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obta in ing est imates of  actual  evaporat ion.  This
has been tested at Rutherglen with encouraging
in i t i a l  r esu l t s .

VIII COMMONWEALTH METEOROLOGY RESEARCH CENTRE

The Commonwealth Meteorology Research Centre
in Melbourne is a joint venture between the
Commonwealth Bureau of Meteorology and this Division.
The object, ives of the Centre are set out in
previous annual reports. I ts own annual report is
publ ished separate ly .

IX MISCELLANEOUS

The Div is ion cont inues i ts  work as an
accredi ted laboratory of  the Nat ional  Associat ion
of  Test ing Author i t ies (NATA) in  the f ie lds of  1ow
speed anemometry ,  and atmospher ic  and ter rest r ia l
rad iat ion.  This  Associat ion ex is ts  to  mainta in
various standards and for this purpose makes use of
selected laboratories, both government and
industrial.  The total number of instruments
received for  ca l ibrat ion f luctuates f rom year  to
year ,  but  typ ica l ly  is  severa l  hundred.

Forest  F i res

We referred in  last  yearrs  repor t  to
observat ions made on a f i re  near  Darwin,  N.T.  which
was l i t  for the Northern Terri tory Works Department
so as to  c lear  vegetat ion f rom the s i te  of  a  new dam.

Analys is  of  these observat ions is  now
complete.  Convect ion was observed to  r ise over  the
who le  a rea  o f  t he  f i r e  (abou t  10 ,000  ac res )  t o  a
he igh t  o f  abou t  3 ,000  m.  Over  a  sma l l e r  a rea
(about one tenth the total) a short l ived tower of
smoke rose to  a lmost  6000 m. These features are
related to the amount of fuel burnt, and the

dilut ion of the heated air by ambient aj_r.
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X ACTIVITIES AI{D PERSONALIA

Retirements and Appointments

Dr .  C .H .B .  P r ies t l ey  has  re t j - red  as  Ch ie f  o f
the Division and now devotes his whole t ime to
Chairmanship of the Environmental Physics Research
Laborator ies.  His  p lace in  the Div is ion has been
taken  by  Dr .  G .  B .  Tucke r .

December 1972 saw the retirement of
Mr.  E.L.  Deacon -  a  member of  the Div is ion s ince i ts
i ncep t i on  i n  1947 .

A f te r  10  yea rs  w i th  us  Mr .  B .B .  H icks
resigned to take up an appointment with the Argonne
Nat iona l  Labora to ry  i n  l l l i no i s ,  U .S .A .

From the RAAF Academy, Dr. fan Barton joined
the Div is ion 's  Radiat ion Group in  December L972.

Overseas Vis i tors  and Vis i ts

In  March 1973 Dr.  G.B.  Tucker  spent  t ime
overseas pr inc ipa l ly  to  at tend a meet ing of  the
Joint Organising Committee of GARP. At the same
time the opportunity was taken to visit  meteorolog-
ica l  establ ishments in  the Uni ted Kingdom.

In  November  1972  Dr .  A .J .  Dye r  l e f t  f o r  t he
U.S.A.  to  at tend the 2nd Conference on the Cl imat ic
Impact  Assessment  Program. On the way he br ie f ly
visited New Zealand and the Mauna Loa Atmospheric
Moni tor ing Stat ion in  Hawai i .  The fo l lowing May,
Dr. Dyer spent two weeks in Japan attending a
meeting of the Steering Committee and a study
conference associated wi th  the coming Ai r  Mass
Transformat ion Exper iment  (AMTEX) in  February L974.

Sponsored by the WMO, Mr.  M.S.  Boulahya f rom
Algeria recently completed a l0-month fel lowship
with the Division studying agrometeorological
techniques.
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Dr.  c .  W. Pal t r idge spent  two weeks in  the
U.S .A .  i n  May  : . . 973  mak ing  p re l im ina ry  a r rangemen ts
for  the Div is ionrs par t ic i -pat ion in  GATE next  year
( r 9 7  4 )  .

At the invitat ion of the National Center
for  Atmospher ic  Research,  Mr.  Ian Galbal ly  is
spending 9 months in  Boulder ,  Colorado;  s tudy ing
techniques for  measur ing low concentrat ion gases in
the atmosphere.

Co-operative Ventures

Dr .  Pe te r  Ba ines  has  g i ven  a  se r ies  o f
lectures on dynamical oceanography and meteorology
at  Monash Univers i tv .

XI PUBLICATIONS
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Pure  and  App l i ed  Geophys i cs  (Pageoph) ,101 ,  fX ,
p p . 2 2 I - 2 3 0 .
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CLARKE,  R .H .  (1973)  A  numer i ca l  mode l  o f  t he
seabreeze (energy and mass f lux across a long
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mechanism).  F i rs t  Austra l ian Conference on Heat
and  Mass  T rans fe r ,  Me lbou rne ,  Sec t i on  I ,  pp .41 -48 .
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DEACON,  E .L .  (1973)  T rans fe r  be tween  su r face  and
atmosphere.  F i rs t  Austra l ian Conference on Heat
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GALBALLY,  I .E .  (1972)  P roduc t i on  o f  ca rbon
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GARRATT, J .R.  (L972)  Studies of  turbulence in  the
sur face layer  over  water  (Lough Neagh)  I I .
Product ion and d iss ipat ion of  ve loc i ty  and
temperature f luctuat ions.  Quar t .  J .  Roy.  $et .
S o c .  9 8 ,  N o .  4 I 7 ,  P P .  6 4 2 - 6 5 7 .

GARRATT,  J .R .  ( f 973 )  S tud ies  o f  t u rbu lence  i n
sur face layer  over  water  (Lough Neagh)  I I I .
Wave and drag proper t ies of  the sea-sur face

the

in
Met .cond i t i ons  o f  l im i ted  fe t ch .  Quar t .  J .  Roy .

S o c .  2 9 ,  p p .  3 5 - 4 8 .

G O O D M A N ,  H . S .  a n d  B . B .  H I C K S  ( L 9 7 3 )  P a r t i c u l a t e
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A u s t r a l i a ' s  e a s t  c o a s t  ( 1 5 0 o E  L o n g i t u d e ) .
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HfCKS,  B .B .  (L972 \  P rope l l e r  anemomete rs  as
sensors of  a tmospher ic  turbulence.  Boundary-
Layer  Meteoro logl r ,  3 ,  No.  2,  pp.  2L4Z{- -
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p p .  2 7 7 - 2 8 I .
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H ICKS,  B .B .  (1972)  Some eva lua t i ons  o f  d rag  and
bulk  t ransfer  coef f ic ients  over  water  bodies of
d i f f e r e n t  s i z e s .  B o u n d  ,  3 ,
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H I C K S ,  B . B .  ( 1 9 7 3 )  A  c l i m a t o l o g y  o f  s o l i d
atmospher ic  contaminants at  Aspendale,  near
Melbourne,  V j -c tor ia ,  l -965 to  L97L.  Aust .  Met .
M a g .  L ,  N o .  I  ,  p p .  1 9 - 2 8  .

H I C K S ,  B . B .  a n d  A . J .  D Y E R  ( L 9 7 2 )  t f r e  s p e c t r a l
density technique for the determination of eddy
f l u x e s .  e q a r t .  J .  R o y .  M e t .  s o c .  9 9 ,  N o .  4 l - g ,
p p . 8 3 8 - 8 f

H I C K S ,  B . B .  a n d  H . C .  M A R T I N  ( 1 9 7 2 )  A t m o s p h e r i c
turbulent f luxes over snow. Boundary-LayeE
M e t e o r o l o g y ,  2 ,  N o .  4 ,  p p .  4 9 6 - 5 0 2 .

H I C K S ,  B . B .  a n d  C . J .  M O O R E  ( 1 9 7 3 )  T h e  h e a t  b u d g e t
of  a  p ine forest .  F i rs t  Austra l ian Conference
on  Hea t  and  Mass  T rans fe r .  Me lbou rne .  Sec t i on  3 ,
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