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DIVISION OF METEOROLOGICAL PHYSICS

ANNUAL REPORT

1 9 7 0  L 9 7 L

I INTRODUCTION

Since i ts  incept ion in  L946 the broad a im of
the o iv is ion has been a fu I Ier  understanding of  the
fund.amenta l  phys ica l  processes which '  under ly  weather
and c l imate.  A major  f ie ld .  o f  s tudy has been
mic rometeo ro logy ,  i . e .  t he  re la t i ve l y  sma l l - sca le
processes which t ransfer  heat ,  water  vapour  and
momentum between the earth.f s surface and the alr
layers immediate ly  above i t ,  and which,  together
wi th  rad iat ion contro l  the c l imate.  Large-scale
atmospher ic  dynamics has a lso been weLl  to  the fore
as th is  is  a t  t ,he hear t  o f  the weather  process.
Agr icu l tura l  meteoro logy essent ia l ly  a  sub-
d iv is ion of  micro-meteoro logy,deal ing wi th  the
interact ion of  p lant  and envi ronment  and inc lud ing
evaporat , ion ( the la t ter  o f  par t icu lar  in terest  in
Aus t ra l i a )  has  an  obv ious  p lace - in  the  D iv i s ion ' s
progrramr ds a lso has atmospher ic  and ter rest r ia l
rad iat ion s ince so lar  rad iat , i -on is  o f  course the
ul t imate source of  energy for  the weather  process.

For  the f i rs t  decade or  so the per iod was
one of  in i t ia l  growth and consol idat ion:  l i t t le  was
it then realised how much of an impact on
meteoro logy the coming sate l l i tes and h igh speed
computers were to  have.  Indeed,  i t  is  so1ely  a
resul t  o f  the la t ter  that  numenica l  models  of  the
atmosphere became a pract ica l  - rea1i ty .

I n  the  m id -1960rs  a  5  yea r  p lan  fo r  a  modes t
expansion in  the Div is ion 's  s t rength was in i t ia ted
whilst later in 1969 the Commonwealth Meteorology
Research Centre came in to ex is tence.  The la t ter ,
wi th  i ts  own of f ices in  Melbourne,  is  jo in t ly
operated by the Commonwealth Bureau of Meteorology
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and th is  Oiv is ion,  and is  concerned largely  wi th  the
development of numerical models of the atmosphere on
a  g loba l  sca le .

This development in i ts turn has re-focused
attention on certain areas of atmospheric physics
which are essent ia l  to  a proper  numer ica l  model l ing
of  the genera l  c i rcu lat ion but  need to be
incorporated in more quantitat ive terms than
present knowledge permit,s. Two such areas which now
cal l  for  increased exper imenta l  e f for t  are
atmospher ic  rad iat ion,  par t icu lar ly  rad iat ion
proper t ies of  c louds,  and a i r -sea i -n teract ion.  The
Div is ion,  wi th  i ts  exper t ise in  micrometeoro logicat
exper iments over  land,  is  wel l  po ised to  s tep up i ts
work on the la t ter .  One of  the pract ica l  d i f f icu l t -
ies is  a  s table p la t form f rom which to  work.

A further development during the year is the
in i t ia t ion of  laboratory model  work in  densi ty-
s t rat i f ied f lu id  tanks s j .mulat ing a var ie ty  of
atmospher ic  and a lso oceanic  phenomena.

As a resul t  o f  organisat j .onal  changes,  th is
D iv i s ion  has ,  f rom Ju l y  L ,  197 I ,  been  re -named  the
"Div is ion of  Atmospher ic  Physj -cs"  .

I I  DYNAMICAL AND SYNOPTIC METEOROLOGY

The Boundary Layer

The atmospheric boundary layer continues !o
present  a var ie ty  of  chal lenging problems in  f lu id
dynamics,  rad iat , ion,  and convect ive energy t ransfer .
Here ,  i n  a  re la t i ve l y  sha l l ow  laye r  I  Km th i ck ,
a var ie ty  of  processes such as sur face heat ing and
coo l i ng ,  rad ia t i on  ba lance ,  va r i e t i es  i n  w ind  speed
and d i rect ion and temperature ( in  the hor izonta l
and  ve r t i ca l ) ,  mechan ica l  e f fec ts  o f  su r face
i r regular i t ies (waves and t rees)  go to  contro l  the
weather  and c l imate.  Such studies even contr ibut ,e ,
to  a major  degree,  to  a bet ter  overa l l  understanding
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of  atmospher ic  processes on the g lobal  scaler  ds
weII as to more local problems of accummulation and
dispersal  o f  po l lu tants  in  industr ia l  areas.

Resul ts  f rom the L967 Wangara expedi t ion to
Hay ,  N .S .W. ,  have  con f i rmed  tha t  p resen t  t heo r ies
enable us to model the behavj-our of the boundary
layer  over  land wi th  considerable success.  The
nocturnal  wind maximum occurr ing about  midnight ,  the
diurnal  var ia t ion in  wind d i rect ion,  changes in
sur face s t ress,  exchange of  heat  and wate i  vapour
with the surface are al l  reproduced - though wi_*r
some d i sc repanc ies .  The re  i s ,  f o r  i ns t ,ance ,  a
tendency for the modeL to lead the real atmosphere
by 1-3 hours in  the d iurnal  cyc le and,  in  genera l ,
to  prov ide insuf f ic ient  turn ing of  the wind wi th
height .  A l though,  for  many purposes the
di f ferences involved are acceptably  smaI I ,  i t  is
expected that  fur ther  work wi l r  revear  the reasons
fo r  t hem.

A valuable approach to boundary layer
problems j -s  a spectra l  analysJ-s of  the th iee
components of wind f10w and temperature. with the
use of  Wangara data i t  has been found that  in  the
so -ca I Ied  rmeso-sca le r  range  (pe r iods  be tween  2  and
24 hours) ,  the energy of  the hor izonta l  components
of  wind speed (F, r ,  Fr r )  var ies wi th  f requency (n)
accord ing to

F  \  
- 2 ' 4

u L 0 n
F,, J

r t  is  arso deduced that  the ver t ica l  component  of
the wind,  which i -s  much smaI ler ,  probabry for lows a
s im i l a r  l aw .

The analys is  a lso suppor ts  the idea of  a
spectra l  gapr  at  per iods of  l -2  hours in  which
turbulent energy is at a minimum. One of the
impl icat ions of - th is  work is ,  that  the meso-scare
turbulencg up to a height of about 1 Km does notobey simple laws such is 2 0r 3 dimensional isotropy
or  symmetry  about  a ver t , ica l  ax is .
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In order  to  achieve computat ional  s tab i l i ty
in  numer ica l  models  of  the atmosphere i t  is
necessary to  incorporate a means of  ext ract ing
energy f rom the smal ler  scales of  mot ion.  Using
Wangara data, w€ are attempting - for what aPpears
to be the f i rsL t ime to est imate three
dimensional  s t resses and thus removal  o f  energy f rom
the real  a tmosphere,  on scales too smal l  to  be
resolved by present  numer ica l  models .

Another  aspect  o f  the spectra is  a
pronounced increase in energy at, a period of about'
2 l  hours ( the iner t , ia l  per iod for  Hay)  ar is ing f rom
the ear thrs  rotat ion.  The nor thward ve loc i t ,y
maximum is observed to fol low the eastward by about
a quar ter  o f  th is  per iod '  as would be expected f rom
simple iner t , ia l  considerat ions.  The ver t ica l
ve loc i tyr  or )  the other  hand,  has a d iurnal  component '
with a maximum tending to occur in the middle of the
day .

Eddies with periods ext,ending from about one
day to 2 weeks convey eastward and southward
momentum upwards,  whi le  the meso-scales contr ibute
very l i t t le to momentum transfer. Above the lowest
100 metres or  so,  the micro-scale contr ibut ion
(per iods less than 2 hours)  was a lso found to be
ra the r  sma l I .

The impl icat ion,  i f  these conclus ions are of
genera l  va l id i ty ,  is  that  a  large scale ver t j -ca l
c i r cu la t i on  ( the  Fe r re I  ce l l )  mus t  ex i s t  t o
t ransfer  momentum downward in  the west  wind bel ts .
I t  i s  i nd i rec t  ( i . e .  i t  t akes  k ine t i c  ene rgy  ou t  o f
the atmosphere) ,  and in  such a sense that  mean
a,sC€Ilt  occurs at about lat, i tude 60 degrees, and
descent  at  about ,  la t i tude 30 degrees.

Laboratory Atmospheric Mode1s

In February I97I ,  work was st ,ar ted on the
development  of  fac i l i t ies for  the dynamical
simulation of atmospheric phenomena in the
laboratory.  The medium used is  water ,  wi th  common
sa1t ,  added to prov ide the densi ty  var j -a t ions
creat,ed thermally in the atmosph-ere,
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Equipment has been buil t ,  for the preparation
of  large quant i t ies of  water  wi th  contro l led
sal in i ty ;  100 gal lons or  more of  l inear  or
exponent ia l  s t ra t i f icat , ion being produced
automaticalty within an hour or two. A miniature
thermistor probe has been developed for the accurate
measurement of velocit ies down to 2 mm/sec.

Speci f ic  problems now being tack led re la te to
the transfer of momentum and energy within f luids of
vary ing s t rat i f icat ion,  inc lud ing explanat ions for
the i r  observed microst ructure.  In terconnected
studj-es of the behaviour of broad-based plumes (of
relevance to the dynamics of cumulous clouds) are
planned to run in  para l le l .

Internal Wave Breakinq. There are dist, inct, ive
differe our of waves on
sur faces separat ing f lu ids of  d i f ferent ,  densi t ies,
and r in ternal r  waves wi th in  a medium the potent ia l
temperature of  which increases cont inuously  wi th
height .  Most  o f  the atmosphere is  s tab ly  s t rat i f ied,
and uniformly distr ibuted mixing would make the
temperature var ia t ion wi th in  i t  cont inuous.
Internal waves are transmitted upwards from ground
features or  reg ions of  local  convect ion.  Thei r  ro le
in the large scale transfer of mornentum and the
dis t r ibut ion of  energy (and hence the form of  the
s t ra t i f i ca t i on  i t se1 . f ) ,  as  we l l  as  i n  sma l l e r  sca le
phenomena such as c lear  a i r  turbulence,  is
recognized as impor tant  but  is  far  f rom being
complete ly  understood.

The present  program is  to  examine the deta i ls
of  t ransfer  processes by creat ing in  the laboratory,
wave f ie lds wel l  descr ibed by theoret l .ba l  analys is .
When exper imenta l  condi t ions leading to  accelerated
energy d iss ipat ion and 'mix ingr  are at ta ined,  the
k j -nemat ica l  parameters def in ing these condi t ions may
then be accurate ly  est imated.

In  the f i rs t  s tage of  the invest igat ion
s imple s tanding waves are forced cont inuously
wi th in  a l inear ly  s t ra t i f ied sa l t  so lut ion in  a
rectangular  tank.  v is ib le  d is tor t ion of  the f ie ld
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was found to be in i t ia ted by the growth of  pa i rs  of
free wave modes in resonant interaction with the
forced wave.  Condi t ions of  f requency ampl i tude and
viscosi ty  for  th is  degenerat ion process to  occur
were found to be in  excel lent  agreement  wi th
theoret ica l  predic t ion.  Such in teract ive
instabi l i ty  is  be l ievd to  be an ubiqui tous feature
in in ternal  wave f  ie lds.  Work is  cont inu j -ng to
ver i fy  theoret ica l ly  predic ted evolut , ion and l imi t
s tates of  the energ lz  exchange process.

Wit,h a view to simplifying the kinematic
f ie ld  descr ip t ion,  a  s tudy was made of  the region of
in teract ion of  two in ternal  wave beams radiat ing
f rom discrete sources of  d i f ferent  f requencies.  I t
appears that  i r revers ib le  d is tor t ion is  accompl ished
when constant  densi ty  sur faces exper ience rotat ions
greater  than 9Oo f ro i r  the hor j -zonla l .  In teract ion
between a pair of waves produces a profound non-
l inear e.f fect r so that traumat,ic condit ions may be
attalned though the waves individually are weak.
For  each of  the above cases,  the Richardson number
( the convent ional  parameter  for  s tab i t i ty  o f
s t , ra t i f i ed  mo t ions )  i s  no t  c r i t i ca l .

A s tepped prof i le  of  temperature is
frequently observed in the atmosphere. In the
laboratory such a prof i le  can be produced by
creat ing a s t rat i f icat ion us ing two solutes,  one of
which is  unstably  s t rat i f ied.  Pre l iminary
investigations have shown that internal wave energy
d_iss ipat ion is  great ly  j -ncreased in  such medj-a.
Work is  cont , inu ing to  ver i fy  theoret ica l  est imates
of  the increase.

Large-Scale Predic t ion -Exper iments

In the Southern Hemisphere forecast ing t ,he
weather  is  made even more d i f f icu l t  than e lsewhere
by the lack of conventional soundings of the
atmosphere - which number only L/6tn of those in the
nor thern hal f  o f  the g lobe.  However ,  encouraging
resul ts  have been obta ined f rom a co l laborat ive
venture between ourselves and the Geophysica l  Ftu id
Dynamics  Labora to ry ,  P r ince ton ,  N .J .  A  numer i ca l
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model ,  set  up on a computer  has been used to
predict the movement of weather map syst,ems (j .n the
form of  sur face pressure changes)  over  per iod.s  of
24  and  48  hou rs  w i th  co r re la t i ons  o f  898  and  788
respect ive ly .  Predic t ing ra in fa l l  amount ,
recognized as being much more d i f f icu l t ,  was less
success fu l  bu t  s t , i l l  ach ieved  a  604  co r re la t i on
over  a 24-hour  per iod.  These f igures auger  wel l
for the future of the Commonwealth Meteorology
Research Centre,  where much more extensive work of
th i s  k ind  i s  be ing  ca r r i ed  ou t .

Again in  co l laborat ion wi th  the Pr inceton
laboratory, an evaluation has been made of the
ef fect  o f  an increasingly  sophis t icated t reatment
of  the boundary layer  on such models .  The resul ts
show that  the d i f ferences between the teast  and
most  complex models  were a lmost  ins ign i f j -cant  up to
about 7 days but became large aft,er 10 days. In
other  words,  fo t  longer- term forecast i -ng a good
knowledge of the boundary layer is important.

Rada,r -Meteofology

Radar  has long been a usefu l  too l  for
studying certain types of atmospheric phenomena -
usual ly  the hydrometeors associated wi th  convect ion
act iv i ty  (prec ip i ta t ing c loud systems) .  However ,
the last  few years have seen the use of  l0  cm radar
to invest igate the so-cal led 'anomalousr  echoes f rom
visual ly  c lear  sk ies.  Dry cool  changes wi th  which
such echoes are of ten assocj -ated,  have been so
examined in the Melbourne area and the echoes
attr ibuted t,o atmospheric inhomogeneit ies of water
vapour and temperature. The work is to be extended
using a 3 cm radar  ( instead of  the I0  cm) which
wil l  permit the phenomenon to be looked. at in
g rea te r  de ta i l .

Ice crysta l  fa l l -out  f rom cumulo:  n imbus
anvj - Is ,  re ferred to  last  year ,  has again been the
sub jec t  o f  an  exped i t i on .  Based  on  B r i sbane ,
Q u e e n s l a n d ,  a n d  i n  c o - o p e r a t i o n  w i t h  t h e  C . S . I . R . O .
Dj-vision of Radio physics and the Commonwealth

33ft3Et"5"Hfit33'3*"fEe 3iy3t5f5?ftr,3"" used ro
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observations being t imed to coincide with those
being made f rom a nearby l0  cm radar .  In terest  in
such work s tems f rom the poss ib i l i ty  o f  ice crysta ls
being an impor tant  source of  condensat ion nucle i i
for  ad jacent  developing s torms.

Genera l

Loca1 storms of tornado severity, though rarq
occur  in  par ts  of  Austra l ia  and New Zealand wi th  a
frequency apparently surpassed only by those of the
U.  S.  A.  The or ig in  of  the tornado vor tex is  not ,
yet  fu l1y understood,  but  i t  may l ie  in  the
elect r ica l  processes of  the thunderstorm which i t
accompanies.  A s tudy is  be ing made of  the
format ion of  a  vor tex s ink.generated by ohmic
heat ing in  cer ta in  types of  l ightn ing d ischarge.
This  e lect r ica l  heat ing hypothesisr  put  forward by
other  workers,  is  be ing extended to a l low for  the
ef fects  of  both the se l f - induced and geomagnet ic
f ie lds.  A r igorous theoret j -ca l  t reatment  is  s t i l l
awai ted and i t  is  hoped that  an explanat ion,of  the
associat ion between g lobal  features of  tornado
frequency and the geomagnet ic  f ie ld  wi l l  emerg€.

The weather  of  a  large par t  o f  the Austra l ian
coast l ine,  especia l ly  in  Summer,  is  dominated by sea-
breeze effects whicfr can be important in the gener-
at ion of  thundersto lms 4nd the d ispers ion of
pol ] -u tants .  S ince the sea-breeze is  largefy  a
boundary Layer  phenomenon,  the fa i r ly  successfu l .
methods which have been developed for  t reat ing th is
layer  in  dynamical  s tud ies,  open up the poss ib i l i ty
of  model l ing sea-breezes in  some dbta i l .  Th is  is
now being done,  par t icu lar  a t tent ion being paid to
topographica l  e f fects  and the in land penetrat ion of
coasta l  wind regimes.  A s impl- i f  ie i l  vers ion of  th is
model  has a lso been used to take a c loser  look at
the c i rcumstances concern ing nocturnal  rad iat ion
reversal - when more radiation is received from
cloud or  fog than is  eml t ted f rom the ear thrs
sur face.  I t  is  shown that  even i f  the c loud is
qui te  h igh (up to  3 Km),  reversal  can occur  when a
strong pressure grad.ient advects warm dry air over
a  mo is t  su r face .
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Workers on numerical modell ing of the
atmosphere need to know the rates at which heat and
water  vapour  are suppl ied at ,  the Ear thts  sur face.
Over the landr oo a scale of some hundreds of
k i lometres,  ( thougtr  not  over  the oceans)  the to ta l
o f  these two is  very s t rongly  contro l led by the
local  net  rad iat ion.  S ince net  rad iat ion measure-
ments are becoming more common, i t  i-s of part icular
interest to know how the energy thus supplied is
d iv ided between sensib le  and la tent  heat  f luxes
into the atmosphere.  Work in  th is  context ,
re ferred to  1ast ,  year  has been carr ied a s tage
fur ther  wi th  the analys is  of  three more sets  of
independent data. A11 the evidence points to the
fact  that ,  ignor ing advect ion,  (which is  usual ly
just i f ied on the scale ment ioned above)  the
evaporat ion (E)  f rom a saturated sur face is
d i rect ly  re la ted to  the net  rad iat ion ( \ )  by

E  =  o  \ r

where cr, depends solely on surface temperature. This
resul t  o f  course,  is  a lso of  va lue to  those engaged
in evaporat ion s tudi -es in  re la t ion to  agr icu l ture or
hydro logy.  Some progress has a lso been made wi th
the problem of estimating t,he reduced rat,e of
evaporat ion as the sur face dr ies out .

I n  Sec t i on  V I ,  rThe  Upper  A tmospher€ ' ,  a
reference is made to a correration between the mean
seasonal  la t i tude of  the h igh pressure bel t  (L)  o f f
t ,he east  coast  o f  Austra l ia  and ozone amount .  A lso
re lated to  L is  the ra in fa l l  in  cer ta in  par ts  of  the
area.  s ign i f icant  negat ive correrat ions have been
found arong the southern coast  o f  Austra l ia  and in
Tasmania and equal ly  s ign i f icant  pos i t ive ones down
the east  coast  o f ,  Aust ra l ia .  rhe ie re la t ionships
a re  no t  l oca l i sed :  € .g .  t hey  ho ld  a l so  i n  t he  ch i re
region.  such associat ions courd pray a usefur  par t
in the design and evaluat, ion of f6cai weather
modi f i -cat ion exper iments and a lso in  c l imat ic
changes such as might  be induced by 1arge scale
atmospher ic  por lu t ion.  This  work is  ue ing extended
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to include different longitudes and ind.ividual
s tat ions

The col lect ion of  s tat is t ics  on shower
activity in southern Vj-ctoria continues: the
object  is  to  re la te rad io-sonde and wind data to
areal  f requency of  ra in  echoes and the i r  he ight .

Two members of the Division recently
ass is ted the Div j -s ion of  Entomology in  a f ie ld
expedi t ion-  connected wi th  locust  in festat ion.  .They
gave help in the maintenance and operatj-on of a
mobi le  3cm radar  and in  meteoro logica l  observat ions,
par t icu lar ly  the measurement  of  upper  winds,
Although the main purpose of the radar was to track
locusts, many of the patterns displayed on the radar

.screen were of  considerable meteoro logica l  in terest .
For  instance,  d is t inct  ceI lu lar  pat terns were seen
by day,  and.  moving l ine echoes by n ight ,  the la t ter
suggest ive of  propagat ing hydraul ic  jumps.

TIf RADIATION - ATMOSPHERIC & TERR.ESTRIAL

At one t ime the radiation reaching the
ear thrs  sur face was genera l ly  observed merely  as
hours of  sunshine obt ,a ined by reference to  a burnt
t race on a p i -ece of  cardboard.  S ince then,  the
years have seen increasing requi rement  for
pyranometers providing a measure of the energy of
the radiat ion and more recent ly ,  a  fur ther
sophis t icat ion,  in  the sub-d iv is ion of  the energy
in to  wave leng th  bands r  e .9 .  t he  u l t ra -v io le t
(connected wi th  sk in cancer  and the weather ing of

mater ia ls)  and the photosynthet ic  wavelengths
(re la€ed.  to  p lant  growth) .  Wi th increasing
emphasis  on atmospher ic  qual i ty  and the presence of
t race  gases  e tc . ,  wh ich  abso rb  se lec t i ve l y ,  a
fur ther  e laborat ion of  th is  t rend in  the fu ture is
ce r ta in .

As so lar  rad iat , ion is  the source of  energy
for  the whole weather  process/  much more deta i led
knowledge of radiative budgets is needed, not only
for  the sur face,  but  for  upper  atmospher ic  levels  as
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we11.  To enable numer ica l  forecast ing to  extend
i ts  range beyond two or  three days,  i t  is
par t icu lar ly  impor tant  that  rad iat ive processes
should be incorporated in the mathematical models
in the form of suitably simple approximate
formulations which accordingly need to be developed
in the l ight, of further observational and
theoret ica l  s tud ies.

Governed by these sort,s of consideratj-ons
the radiat ion sect ion has developed in to two groups:
one devoted to the rouLine measurement of the main
radiat ion quant i t ies at  ground leveI ,  together  wi th
improvement of cal ibration techniques and standards,
and the other to fundamental research orientated
towards current problems involving the atmosphere
in depth.

' nm iss i v i t y  o f  C louds :

There has been another  jo in t  program wi th
the Physics Depar tment  of  the Univers i ty  o f
Adela ide:  observat ions of  c i r rus c louds were made
simul taneously  wi th  the Univers i ty 's  pu lsed laser
(L idar)  and our  rad iat ion thermometer .  A great
diversj-ty of cj-rrus was investigated and numerous
measurements of  th ickness,  densi ty  and in f ra- red
emiss iv i ty  o f  the c louds obta ined.  As found
ear l i -er  there was considerable var ia t ion in  c i r rus
densi ty  but  notably  less in  th ickness.  The
emiss iv i ty  o f  the c louds was found to corre late
qui te  wel l  wi th  the to ta l  scat tered radiat ion
returned to the laser  receiver .  In  the case of
a l to-cumulus at  middle levels  the emiss ivLEy/
backscat ter  ra t io  was very d i f ferent  ind icat ing a
di f ferent  c loud micro-st ructure.  Work is
cont inu ing on the in terpretat ion of  these resul ts .

The average zeni th  emiss iv i ty  o f  c i r rus was
f o u n d  t o  b e  0 . 2 8  a n d  t h a t  o f  a l t o - c u m u l u s  0 . 5 0 .
These emiss iv i t ies l ie  wi th in  the range of  varues
obt ,a ined 1n two Amer ican studies.  One set  o f
resul ts  f rom Barbados ind icated h igh ly  emiss ive
c louds whi ls t  the other  ( f rom f l ights  over  the
u .s .A . )  i nd i ca ted  rower  em iss i v i t y .  ou r  va rues  a re
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genera l l y  c lose r  t o  the  U .S . .A .  resu l t s  -  w i th  one
except ion.  On one par t icu lar  day,  immediate ly
af ter  the passage of  a  f ront ,  our  c i r rus
emiss iv i ty  agreed wi th  the Barbados f igure.  s ince
the proper t ies of  a  c loud wi l l  obv ious ly  depend on
i t s .he igh t ,  t empera tu re ,  ava i l ab le  wa te r  con ten t
and.  or ig in  the quest ion then ar ises,  what  is  the
impor€ance of  these var iab les separate ly  to  c i r rus
development? As a start i t  is proposed to examine
the in f ra- red dat ,a  in  both the 1 l .5um (window) and
6. 7 gm (water vapour) band.s as given by the Nimbus 4
sate l l i te  and at tempt  to  re la t ,e  the or ig ins of  the
c i r rus observed at .  Adela ide wi th  synopt ic  features.

Radiative Propert ies of 9lsud

As par t  o f  an overa l l  invest igat ion of  the
radiat ive proper t ies of  c loud a 3-week a i rborne
exped i t i on  was  made  to  Ca l rns .  A  D .C .3  a i r c ra f t  was
fit ted with instruments to measure both the upward
and  downward  f  l uxes  o f  r sho r t -wave '  (0 .2  : . ' 2Um)  ' .

and  I  l ong -waver  (2  200Um)  rad ia t i on ,  as  we l l  as
the upward in f ra- red radiat ion at  l lUm. The la t ter
wave- length is  o f  great  s ign i f icance in  remote
sensing of  the atmosphere s ince i t  is  not  absorbed
by atmospher ic  water  vapour  and so can be used,  for
instance,  to  measure c loud and sur face temperature
f  rom sa t ,e l l i t es .

The work yielded a body of data on the
radiat ive character is t ics  of  t , rade-wind s t rato-
cumulus.  I t  was found that  such c loud was not
near ly  so absorpt ive (  b lack)  to  long-wave radiat ion
as prev ious ly  assumed.  Fur ther ,  i t  appears l ike ly
tha t  t he i r  b lackness  can  be  re la ted ,  w i th  su f f i c i en t
accuracy to  e i ther  the i r  th ickness,  or  v j -s ib le
re f l ec t i v i t y .

Water  Vapour  Absorpt ion Under  CIear  Sk ies:  At
T0:lZum absorBtion of water vapour in a clear
atmosphere has been found to be grgater than
prev ibus ly  thought  -  a t  t imes twice as great .  This
is thought to be 4ue to an interaction between water
vapour  molecules at  h igh water  vapour  pressures.  rn
fact ,  the measured water  vapbur  coef f ic ient  d id
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corre late wi th  water  vapour  pressure:  however ,  i t
was also correlated with temperature and due to the
st rong vapour  pressure -  temperature corre lat , ion,
the separate dependencies were hard to  unravel .
Measurements of  c lear  sky emiss ion in  the zeni th
have also been made over the last year. Water
vapour  absorpt ion coef f ic ients  der ived f rom th is
data agree wel l  wi th  the Cai rns va lues.

These resul ts  have been used to make bet ter
correct ions to  sate l l i te  sur face temperature
measurements.  In  most  t rop ica l  a tmospheres,  for
example,  the correct ion should be considerably
great,er than the currently accept,ed value. It  is
planned short ly to examine sea surface temperatures
ob ta ined  by  sa teJ - I i t e  ( f rom 11 .5Um measuremen ts )
wi th  the normal  sh iprs  bucket  va lues

Large-Scale Sur face Albedo

I t  has been d iscovered that  the sur face
albedo ( ref lect ion coef f ic ient )  o f  most  o f  the east
coast  o f  Austra l ia  can be def ined,  wi th  qui te  good
accuracy,  by only  two curves of  a lbedo versus so lar
e levat ion,  That  is ,  the shor t  wave a lbedo of  most
of the surface can be equated to that, of either dry
grass land or  eucalypt  forest .  This  is  a  most
usefu l  s impl i f icat ion and of  great  he lp in  broad
scale model l ing of  the radiat ion c l imate of
Aus t ra l i a .

Observatory, Calj-bratj-on and Standards

In organising meteorology on a worldwide
sca le  the  Wor ld  Me teo ro log i ca l  Organ isa t i on  (W.M.O. )
d iv ides the g lobe up in to s ix  reg ions.  Austra l ia
fa l ls  in to Regi -on V ( t f re  S-W Paci f ic )  and wi th j -n
th is  reg ion Aspendale is  the radiat ion centre.  In
this context, and apart from the research aspects
which are referred to  ear l ier  in  th is  sect ion -  we
are pr inc ipa l ly  concerned wi th  the maintenance of  a
comprehensive Radiation Observat,ory and the
operat ion of  a  nat ional ly  recognised radiat ion
ca l i b ra t i on  fac i l i t y .  Eve ry  f i ve  yea rs ,  t he  W.M.O.
organises an rnternat ional  compar ison of  Regional
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Work ing Standard eyrhel iometers;  and th is  year ,  the
th i rd  such occasio4,  a  member of  the s taf f  look one
of  the Div is ion 's  Xngstr6m pyrhel iometers (X578)  to
Davos for  the compar ison.  This  inst rument  is  the
newer of  our  two Bng"t t6*  pyrhel iometers,  both of
which represent  the 1956 Internat ional  Pyrhel iomet l i ic
Scale in  Region V.  To s impf i fy  operat ion,  the
inst rument  was used wi th  a specia l ly  constructed
conductance,  box which measured and contro l led the
cu r ren t .  As .  a  resu l t  o f . qhe  compar i sons ,  t he
cal ibrat ion constant  for  SSZg (wfr ic f r  had not ,
prev ious ly  been subjected to  an in ter - reg ional
check)  has been tentat ive ly  set  a t  a  f igure about
1.9*  lower  than the manufacturerrs  va lue and in
agreement With that obt,ained when using our other
S igs t r6m (8soz )  as  a  s tandard .

At the Davos comparisons two different
absolute black body radiometers newly^develoiped in
U .S .A .  were  used ,  i n  add i t i on  to  the  Xngs t r6m and
Si lver  Disc Pyrhel iometers.  When the resul ts  are
publ ished i t  is  ant ic ipated that  the In ternat ional
Pyrhel iometr ic  Scale which is  the present  s tandard
of  shor t  wave radiat ion wi l l  be more f i rmly  based
than h i ther t ,o .

Routine measurement continued at Aspendale of
the s ix  main radiat ion quant i t ies v tz .  g lobal t
d i f fuse,  net ,  d i rect ,  u l t ra  v io le t  and durat ion of
sunshj-ne, records bei.,ng maintained in the f orm of
hour ly  in tegrated to ta ls .

An improved instrument for measuring global
u l t ra-v io1et ,  rad iat j .on has been developed.  This
uses  a  th i ck  (8  mm)  hemispher i ca l  g lass  f i l t e r  and
the incoming radiat ion is  'choppedr  at  1  cyc le per
minut ,e  to  e l iminate spur ious s ignals  due to  f i l ter
hea t i ng .

Genera l

A brief account of atmospherl-c turbidity
measurements employing radiation techniques appears
under  Sect ion V t tg11al i t !  o f  the Envi ronment" .
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Assis tance is  be ing g iven to  the Univers i ty
of  Melbourners School  o f  Forest ry  in  the develop-
ment of a narrow beam short-wave radiometer. The
inst rument  wi l l  be used to ca l ibrate areal
photographs so that  a  re la t ionship can be
establ ished between ref lected so lar  energy and
vegetat ive type.  Later ,  the equipment  wi l l  be used
at  Aspendale for  invest igat ing d i f fuse sky
rad ia t i on .

An improved form of the magnesium oxide
8. I3Um pyrgeometer  ment ioned in  last  year 's  Repor t
has been developed - and shown to work
success fu l l y  under  f i e ld  t r i a l s .

The number of radiometers submitted for
ca l ibrat ion dur ing the year  was about  390,  o f  which
the major proport ion were new net pyrradiometers
manufactured by the three loca1 l icensees of  the
C . S . I . R . O .  p a t e n t e d  r a d i o m e t e r .  T h e  c a l i b r a t i n g
fac i l i t ies are being re-arranged so that  a l l
ca l ibrat ion work can be concentrated in  one
Iaboratory.

Equipment  was lent  to  the Austra l ian Road
Research Board to  measur ie  so lar  rad iat ion as
af fect ing the photo-ox idat ion of  b i tumen used in
road making.

Assis tance has been rendered to  the State
Elect r ic i ty  commiss ion by the loan of  inst ruments to
study the radj-ation cl_imate around Westernport Bay
and to measure radiat ion in  g lasshouses.

The enqui r ies received dur ing the year  were
again varied, but the preponderance of those
concern ing u l t ra  v io le t  rad iat ion and i ts  e f fects  on
mater ia ls ,  was even more marked than last  year .

IV MICRO-METEOROLOGY

Air -sea In teract ion

Unt i l  recent ly ,  a  considerable ef for t  in  the
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Division has gone into evaluating energy f luxes over
the land but less i-nto similar work over the ocean.
However  the success achieved by fa i r ly  s imple
numerical models of the atmosphere, the economic
value '  o f  good weather  forecasts ,  the necessi ty  for
improved general cj-rculation models and better
understanding of  c l imat ic  t rends 'a i ra 'chang-es ,  are
al l  demanding in format , ion on exchange processes
ove r  the  sea .  The  D iv i s ion ts  expe r ience  i n  f l ux
measurement, over the land should ease somewhat the
much more d i f f icu l t  problem over  the sea.

The L969 exper iment  in  Bass Stra i t ,  Ln which
use-was made of  the tMar l inr  natura l  gas p lat , form to
measure eddy f luxes of  momentum and sensib le  heat t
was successfu l ,  Not  on ly  d id  the program ver i fy  the
feasib i l i ty  o f  us ing our  equipment  to  measure the
low heat f luxes which must be expected over the
ocean,  but  i t  permi t t ,ed a lso the evaluat ion of  such
parameters as the sur face drag coef f ic ient  and the
bu lk  t rans fe r  coe f f i c i en t  f o r  sens ib le  hea t .  These
are two of  the coef f ic ients  requi red to  evaluate
f luxes f rom measurements of  such quant i t ies as sea
sur face temperaturer  a i r  temperature and humid i ty t
and wind.  speed.  As descr ibed in  the prev ious
Annual  Repor t ,  the drag coef f ic ients  measured at
Mar l in  showed a gradual  increase wi th  wind speed.

Fol lowing the in ternat ional  compar isons in
Russia (descr ibed on page L9)  ,  equipment  was taken
to  the  U .S .A .  where ,  i n  co -ope ra t i on  w i th  A rgonne
Nat ional  Laboratory,  a  ser ies of  measurements were
made f rom the Laboratory 's  f ixed tower in  Lake
Michigan.  The resul ts  obta ined conf i rm the genera l
p ic ture der ived f rom the Bass Stra i t  exerc iser  even
though the two s i tuat ions d i f fer  great ly  in
condi t ions of  fe tch and depth,  and hence of  sur face
wave st ructure.

The quali ty of the data obtained is most
reassur ing and p lans are to  cont , inue put t ing
considerable ef for t  in t ,o  th is  aspect  o f  our  work.
Emphasis  however  wi l l  be g iven to  those areas which
have  so  fa r  rece i ved  i nsu f f i c i en t  a t ten t i on ,  i . e .
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condi t ions of  unusual ly  h igh atmospher ic  s tab i l i ty
and very h igh wj -nd speeds.  The second of  these is
of  great  pract , ica l  impor tance,  s ince much of  the
momentum loss of  the atmosphere takes p lace,when
and where wind speeds are extremely high i for
example,  in  the Roar ing For t ies bel t  south of
Aus t ra l i a .

A survey of  the l i terature regard ing a i r -sea
interaction shows that many workers have rel ied
upon prof i le  in format ion in  order  to  deduce the
f luxes.  A cr i t ica l  s tudy of  th is  technique shows
that  J-arge consis tent  er rors  can resul t  i f
condi t ions are not  suf f ic ient ly  near  neutra l .
t h i s  reason  the  D iv i s ion ' s  po l i cy  w i l l  be  to
concentrate on the more di-rect measurement of
eddy f luxes themselves over  water  sur faces and
to  avo id  these  sou rces  o f  poss ib le  e r ro rs .

Di f fus ive Adjustment

Of ten ,  i n  p rac t i ca l  app l i ca t i ons ,  m ic ro -
meteorological measurements must be made with only
a  l im i ted  fe t ch r  € .g .  ove r  a  l ake  o r  i r r i ga ted  l and .
In  such cases i t  is  des i rab le and perhaps
somet imes essent ia l ,  to  know to what  degree the
basic  f lux-prof i le  re la t ionships for  a  d i f fus ing
quant i tyr  € .g.  heat  or  water  vapour  or  a  pol lu t in t ,
fa l l  shor t  o f  complete adjustment  to  the under ly ing
su r face .

For

the
thus

A theoretical treatment of this problem
referred to  in  last  year ts  repor t ,  takes account
the impor tant  e f fect  o f  pure ly  molecular  (non-
turbulent )  d i f fus ion in  a th in  layer  ad jacent  to
sur face.  At  present  the t reatment  is  rest r ic ted
condi t ions of  near  neutra l  thermal  s tab i l i tv .

o f

the
to

The solut ions conta in an in tegra l  which
converges so sIow1y that even a computer d.oes not
prov ide numer ica l  va lues wi th in  pract ica l  t ime'
l im i t s .  .However ,  by  emp loy ing  t cn t i nued  f rac t i ons ,
numer ica l  so lut ions for  a  wide se lect ion of  fe tches
and heights  have now been evaluated.
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'The theory is concerned with specif ied
changes in  the.  sur face va lue of  e i ther ,
concentration (temperature in the case of heat
t ransfer)  or  f lux.  I t  can be appl ied to  the
s i tuat ion where dry a i r  passes over  i r r igated land,
assuming the sum of  the sensib le  and la tent  heat
f luxes at the surface to remain approximately
constant  (depending on the net  rad iat ion received) .
When the speci f ied change is  in  concentrat ion,  the
f lux at  the sur face is  in i t ia l ly  very large,
decreasing at  f i rs t ,  rap id ly  and then more
gradual ly  wi th  increasing fe tch.  Despi te  the basic
d i f ference between th is  and the case of  speci f ied
f lux,  the degree of  ad justment  becomes roughly  the
same that  is ,  a t  a  g iven fe tch,  the re la t ive
change of f lux up to a given height is about the
same for  the two cases.

The results again emphasize the large fexch/
height  ra t io  which is  needed to secure c lose
adjustment  of  f lux or  gradient  to  the sur face change.
For  example,  over  grass land,  a  fe tch/height ,  ra t io
of  300 g ives about  90 percent  ad justment ,  100 g ives
about  80 percent ,  30 g ives about  50 percent .  The.
theoret ica l  resul ts  make i t  poss ib le  to  est imate the
correct ion to  a measured f lux to  compensate for  lack
of  ad justment ,  prov ided only  that  a  supplementary
measurement of the f lux at a location upwind of the
sur face change is  a lso avai lab le.

An Internat ional  Compar ison

An in ternat j -ona1 f ie ld  compar ison between
equipment  used for  measur ing f luxes and gradients  in
the lower atmosphere was hetd at Tsimlyansk in
Russia dur ing L970.  Those tak ing par t  came f rom the
U.S .A . ,  Canada ,  and  Aus t ra l i a ;  equ ipmen t  ranged
from the relatively simple propeller anemometers and
thermistor thermometers favoured by the Austral ian
cont ingent  to  re la t ive ly  recent  and more complex
son ic  appara tus .

Dat,a were evaluated at, the site by a
spectrum analyser which produced variance and
co-variance spectra shorttry after the complet, ion of
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chosen runs.  This  a l lowed re lat ive ly  rap id
compar ison between the per formance character is t ics
of  the var ious sensors employed.  fn  genera l ,  and
as must  be expected,  the rechanica l  sensors showed
a s l -ower speed of  response than the sonic
equipment.

The eddy f luxes as determined from the
mechanica l  sensors were accord ingly  lower ,  but  i t .
must be rememkiered that this type of sensor was not
designed.  to  explore the h igh f requency region of
atmospheric turbulence but rather provide the
non-specia l is t  wi th  an acceptable and s imple means
of  measur ing eddy f luxes.  In  addi t ion,  the f lux-
carry ing spectrum at  Ts imlyansk extended more in to
the h igh f requency region than had prev iousty  been
found elsewhere, and it  is not yet known whether
th is  is  a  feature of  a tmospher ic  turbulence
genera l ly ,  or  is  s i te-dependent .

Whi le  at  Ts imlyansk,  the Austra l ian
equipment  (us ing two ident ica l  inst ruments)  was abre
to prov ide a large body of  excel lent  data
demonstrat ing the constancy of  the var ious f luxes
both in  the ver t ica l  and hor izonta l .

Thermal Convection

Through.  thermal  convect ion,  vast  guant i t ies
of heat and water vapour are transported upwards
f rom the ear thts  sur face in to the atmosphere.  Last
year I s . 'Report mentioned a series of measurements
m a d e  i n  L 9 7 0 ,  o v e r  f l a t  t e r r a i n  a t  H a y ,  N . S . W . ,  t o
extend our  knowredge of  convect ion;  par t icu lar ly  toinvest igate the nature of  the 

"o, rp i ing 
between thesur face layer  (he ights  up to  30m br  

"o l  
and the

larger-scale thermals which r ise to  heights  of
hundreds or  thousands of  metres.  guant i t ies
recorded inc lude turburent  f luctuat ions of  ve loc i ty
components, the temperature at several heights ,rp io
32m, and the pat tern of  sur face f low measured by across-wind array of  seven wind_speedld. i rect ion
inst ruments at  100m interva ls , .  l f r "  t racks of



(a )  A t  res t . (0 cyc les)

(b) The forced wave grows. (20 cycl-es)

(d) Til1 conditions are reachecl when the stratif ication is intensified
in I-ayers, 1-eading ul-t imately to turbul-ence. (65 cycl_es)

INTERNAL WAVE BREAKING

A standing wave is forced at resonance in a tank fi l l-ed with f-inearly
stratif ied salt sol-ution. Dye has been inJected in layers during
fi l- l ing. The nurnber of cycl-es of forcing oscil-l-ation are given.

(c) Becomes modul-ated by interacting waves . (45 cycl_es)
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thermals were fo l lowed us ing g l iders c i rc l ing at
h e i g h t s  o f  1 0 0 0  t o  3 0 0 0  f e e t .

Ext ract ion of  the background data has now
been completed.  This  prov ides synopt ic  in format ion,
mean wind and temperature prof i lesr -  and a i rcraf t
tempera€ure soundings (the latter showing inversion
he igh ts '  r ang ing  f rom 4 ,500  to  7  t500  fee t  on
di f ferent  days)  .

Two prev ious ly  observed pecul iar i t ies of
s t rong convect ion were again of ten in  ev idence.
One is the sporafl ic vanishing of the mean potential
temperature grad.ient over heights L6 to 32M for
per iods of  up to  severa l  minutes;  the other  is  the
intermi t tent  " f la t  base"  behaviour ,  wi th  the
temperature dropping,  for  in terva ls  of  up to  a
minute or more, to a minimum value quite devoid of
the usual  f luctuat ions.  'The re la t ionship of  those
and other .  character is t ics  r  i inc lud ing the pat tern of
su r face  f I ow ,  Eo  the  passagp  o f  t he rma ls  w i l l  be
invest i -gated in  a deta i led analys is  now under  way.

Structure of Turbulence

The role of turbulence in many atmospheric
processes has been emphasised here and in  prev ious
annual  repor ts .  A usefu l  way of  look ing at  the
intens i ty .and s l ructure of  . turbulence is  by means of
the v iscous ,  d iss ipat ion of  the ( turbulent )  k inet ic
energy.  The la t ter  has been evaluated f rom'spectra
of  ver t ica l  ve loc i ty  measurements made f rom an
aerop lane  f l y i ng  a t  he igh ts  up  to  51000  f t .  The
ana lys i s ,  s ta r ted  l as t  yea r ,  i s  now comp le te ,  t he
resul ts  appear ing graphica l ly  opposi te  page 2I .  The
values obta ined agree wel l  wi th  those obta ined by
other  wqrkers except  that  where d lss ipat ion rates
are der ived f rom d. i f fus ion exper iments (as d is t inct
f rom spectra l  ones as descpibed above)  r  i t  appears
that the former method may lea{ to a serious
under-est imi t ion of  the t iue va lue.

Instruments

In numerous past reports there have been
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references to the Fluxatron and its use to
determine evaporation from natural surfaces- as well
as drag coeff icients at the surface of tbe s€a.
The instrument is st i l l :an invaluahle tool on. many
expedit ions and improvements to i t ,  are st i l l  being
made, part icularly in respect of ghe response t ime
of  the sensors themselves r  a .g.  the vane-mounted
propellor is now being replaced by a t ight-weight
anemometer.

I t  has long been apprec iated that  cup
anemometers over- run in  f luctuat ing winds,
ind icat ing a h igher  mean wind speed than actual ly
occurs. Few estimates of the amount of overrun are
avai lab le.  An invest igat ion in to th is  ef fect  was
conducted,  us ing the cup anemometers which had been
used on major  f ie ld  t r ips in  the past .  Wind tunnel
exper iments establ ished the accelerat ion
character j -s t ics  of  th is  type of  anemometer  and,
us ing data f rom the spectrum of  a tmospher ic
turbulence,  the percentage overrun in  the real
atmosphere was ca lcu lated to  be about  I8 .

V QUALITY OF THE ENVIRONMENT

Carbon Diox ide Transfer  Between Ocean & Atmosphere

I f  a l l  the carbon d iox ide re leased i -n to the
atmosphere as the resul t  o f  the burn ing of  foss i l
fue ls  remained there,  the CO 2 content  o f  the
atmosphere would be increasing dur ing the present
decade  by  be tween  0 .2  and  0 .3  pe rcen t  pe r  annum.
However American and Swedish monitoring programs are
tending to show that only some third of the output
is  accumulat ing in  the atmosphere,  the remainder
being taken up by the oceans and probably to a
lesser  degree by the land b iosphere.  CCz has a
st rong absorpt ion band in  the in f ra- red ieg ion of
the spectrum, and an increasing amount in the
atmosphere could have important effects on world
c l imate which we cannot  yet  est imate in  fu l r  deta i l .
I t  seems possib le  that  by the end of  the century
there wi l l  be some 30 percent  more CO2 in  the
atmosphere than in  the pre- industr i -a l  era.  There is



t:.o

o
f\
I

o(o
I

q)(o
o)

N(o
o

(o(o
o

tu
J

o
z
lrj
o.
a

-

G

UJ
()

L
E
D
a

=

z
o
F

G,
Fz
UJ
()

zo
C)

F
a
f,
o

o
$t

o(o
(r- t 6n ) uoltol lueouoJ lsng



E
cD
lr

ro Al
^/^ urqdd NOIIVUIN39NO3 3NOZO



2 3

a widespread concern to promote more intensive
studies of the COz budget of the atmosphere and its
deta i led ef fect  on g lobal  c l imate.

In  recent  years the d i f ference in  CO2 par t ia l
pressure between the atmosphere and the ocean has
been observed dur ing extensive oceanographica l
voyages of some American and ,Japanese ships. But
h i ther to there has been no way of  re la t ing these
di f ferences to  actual  f luxes of  COz between sea and
ai r  in  other  than a qual i ta t , ive f  ashion.  A
re lat ionship has now been developed which should be
appl icable to  the ocean for  l ight  to  moderate wind
speeds.  St rong winds and rough seas present
d i f f i cu l t i es r  ds  i s  t he  case  fo r  a l l  aL t / sea
t rans fe r  p rob lems .

The treatment developed should also be
usefu l  in  the s tudy of  the t ransfer  o f  ozone and
other  gases between a i r  and sea.

Near-Sur face Ozone

Tropospher ic  ozone,  par t icu lar ly  ozone in  the
sur face a i r  near  urban regions,  has two sources.
Normal ly ,  ozone is  produced by the act ion of  u l t ra-
vj-oIet, l ight on atmospheric oxygen in the upper
st ratosphere.  I t  passes f rom there to  the
troposphere where it ,  is destroyed principally at t 'he
ear thts  sur face.  However  i t  can be produced by the
act ion of  sunl ight  on h igh concentrat ions of
n i t rogen ox ides and hydrocarbons,  themselves
products of  combust ion processes.  Three-month ly
mean values of  sur face ozone,  observed s ince L967 at
Aspendale,  are shown in  F ig.  I .  Sur face ozone is
i nc reas ing  s tead i l y .  As  t , h i s  i nc rease  i s  no t
associated wi th  middle t ropospher ic  ozone observed
by sondes,  i t  is  thought  to  be due to  increased
levels  of  po l lu tants .  Ozone sensors f lown beneath
bal loons launched near  Aspendale,  have shown ozone
r ich layers of  a i r  near  the ear t ,h  I  s  sur f  ace which
are most  probably  the resul t  o f  local  ozone
product ion.  These occurrences have been detected
more f  requent ly  j -n  recent  years.
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The sur face ozone observat ions made at
Darwin dur ing October  to  December 1970,  show a h igh
var iab i l i ty ,  wi th  ind iv idual  da i ty  maximum
concentrations varying between 0 and 6 pphrn v/v,
Some contamination from SOz was suspected and a
f i l ter  has now been f i t ted.  As most  ozone enters
the troposphere at middle and high lat i tudes the
observations at Darwin wil l  aid the study of
exchange processes between the t rop ica l  and h igher
la t i tudes as weI I  as the in ter -hemispher ic  exchange
of  a i r  in  the t roposphere.

Atmospheric Dust

The air sampling program which has been
descr ibed in  ear l ier  repor ts  has cont j .nued.  We now
have some five years of weekly measurements of
concentrat ions of  so l id  par t icurate mat ter  (upwards
o f  0 .2U  in  s i ze )  i n  nea r -su r face  a i r .  Du r ing  th i s
same pbriod the area around the Division has
changed from a l ightly populated bayside suburb to
a fa i r ly  typ ica l  res ident ia l  zone.

From L966 to 1969 dus!  concentrat ions
increased f rom about  20pg m-"  to  about  50pg m-3 but
s ince th is  i t  has been decreasing unt i l  no*  i t
s tands  a t  abou t  35Ug  m-3 .  Va r ious  p laus ib le
reasons can be put  forward for  expla in ing e i ther
i-ncreases or decreases in concentiat ion and the
s i tuat ion is  s t i l l  far  f rom c1ear .  One might
expect  to  f ind an annuar  cyc le in  the dust  records:
in  fact  no such cyc le can Le found.

The Aspendale s i te  is  1ocated c lose to  por t
Ph i l l i p .Bay  and  i n  some respec ts  the re fo re ,  no t
wel l  su i ted to  s tudies of  near  sur face
contaminants.  However ,  dust  concentrat ion is
re la ted to  cer ta in  meteororogica l  var iab les.  For
instance,  concentrat ions tend to  be h ighest  a t
t imes of low wind speed coupled. with fr igfr
temperature.  Raj -n seems to have no ef f6ct .
understandabry, when the wind blows from the north,
where the i-ndustrial areas are, dust concentratircns
are again h igh.
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A re-analys is  of  the data compar ing dai ly
dust  concentrat ions wi th  co inc ident  measurements of
ozone concentration and nat,ural atmospheric radio-
act iv i ty  has been under taken.  Prev ious ly  i t  was
reported that, the sources which gave rise to low-
IeveI  a tmospher ic  rad io-act iv i ty  a lso contr ibuted to
the atmosphere dust loading and to the ozone
concentrat ion.  A l though th is  may be par t ly  sor  a
probably  more real is t ic  v iew is  that  the
meteoro logica l  condi t ions which g ive r ise to  h igh
concentrat ions are the same for  rad io-act iv i ty ,
ozone and dust ,  Whi ls t  the problem remains a
complex one,  the work has i l lust rated the benef i ts
of employing more than one tracer in investigations
of  th is  nature.

Stratospher ic  Water  Vapour

Water  vapour  in  the s t rat ,osphere,  i ts
concentrat ion and the poss ib le  ef fects  of  an
increase in  i ts  concentrat ion by h igh f ly ing
ai rcraf t ,  have aroused considerable in terest ,  both
pub l i c  and  sc ien t i f i c ,  i n  t he  pas t  yea r  o r  so .
Because of  i ts  associat ion wi th  pol lu t ion and i ts
potent ia l  use as a t racer ,  a  program is  be ing
mounted to measure Lhe water vapour content of the
st ratosphere at  an a l t i tude of  abou|  15 km. The
inst rumentat ion which is  near ing complet ion,
measures the attenuation of the solar beam in the
6.3U water  vapour  absorpt ion band.  Through the
g o o d  o f f i c e s  o f  t h e  R . A . A . F . ,  a  C a n b e r r a  a i r c r a f t  i s
being made avai lab le for  the purpose.

Atmospheric Turbidity

Determinat ions of  Sngstr6mrs turb id i ty
coef f ic ient  'g t  have cont inued,  main ly  f rom the data
producbd by the automatic spectral pyrhelj .ometer
re fe r red  to  i n  l as !  yea r f s  Repor t .  A  s im i l a r
inst rument  is  be ing constructed for  insta l la t ion at
Rut ,herg len,  (some 280 mi les N_.E.  of  Melbourne)  a
s i te  which is  remote f rom major  sources of
i ndus t , r i a l  po l l u t i on .

At  the request  o f  the U.S.  Government
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Environmental Protection Agency, two Volz Sun
Photometers for measuring atmospheric turbidity are
being set  up,  as par t  o f  a  gtobal  system to moni tor
any long term changes. Negotiat ions are in hand to
establ ish one st ,a t ion in  Mawson,  Antarct ica.  The
second wi l t  be mainta ined at  Aspendale for  a
suf f ic ient  per iod to  comPare wi th  resul ts  f rom one
spectral pyrheliometer and may subsequently be
transferred to a location more remote from local
pol lu t ion sources.

VI UPPER ATMOSPHERE

Ozone

The measurement of ozone both at the surface
and in the upper atmosphere has continued as part
of  the Div is ion 's  observ ing program. Current ly  our
upper aj.r network comprises stations at Aspendale,
Darwin,  Br isbane,  Hobar t ,  Per th,  and Macquar ie
Is land,  in  co l laborat ion wi th  the Commonweal th
Bureau of Meteorology and the Antarctic Division of
the Depar tment  of  Supply .  Each stat ion measures
tota l  ozone us ing a Dobson Spectrophotometer .  At
Aspendale,  the ver t ica l  d is t r ibut ion of  ozone is
also measured, indirect, ly by the Umkehr method, and
di rect ly  by bal loon-borne.sdrdes of  the Mast  Brewer
type.  The measurement  of  sur face ozone in i t la ted
at  Aspendale in  L965r  r row extends to  Darwin and
Macquar ie  Is land.  A repor t  o f  th is  aspect  o f  the
work can be found in  Sect ion V under  reual i ty  o f
Environment | .

Aspendale has a good record for  longstanding,
regrular measurements of total ozone and j-ts vert ical
d is t r ibut ion.  we are therefore,  werr  p laced to  look
at long-term trends in ozone amount as related to
changes in  aLmospher ic  a lobat  c i rcurat ion -  such as
might  be associated wi th  so lar  cyc les or  c l imat ic
change (natural or man-made) . An examinatj-on of
to ta l  ozone amounts for  Darwin (1965 onwards)  shows
1 def in i te  upward t rend and,  to  a smal ler  extent ,
for  Br isbane and Aspendare (1960 onwards)  .  There
is  a bare ly  d iscern ib le  upward t rend for  Macsuar ie
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Is land .  The  s ta t i s t i ca l  s i gn i f i cance  o f  t hese
changes are being worked out .

The  mus t  d i scussed  b ienn ia l  osc i l l a t i on  i n
ozone, stratospheric winds and temperature which
disappeared in  L963,  seems to have returned in
1967, but with a smalfer amplitude and longer
per iod ic i ty .  One is  tempted to  connect  th is  wi th
sunspo ts ,  s i nce ,  be tween  1956  and  1963r  d r l  a l l - t ime
maximum in sunspot activity coincided with a
similar maximum in the amplitude of the biennial
osc i l la t ion.  This  feature is  much more in  ev idence
in the Southern Hemisphere than in the Northern.

When attempting to make measurements at
a l t i tudes beyond the reach of  ba l loons i t  is
sometimes possi-ble to achieve results by us.ing
indi rect  means such as radio probes or  a i rg low
techniques.  The la t ter  approach has been used at
D e n i l i q u i n ,  N . S . W .

At  lower  a l t i tudes,  a  s ign i f icant
corre lat ion between the mean seasonal  la t i tude of
the  h igh  p ressu re  be l t  ( t )  o f f  t he  eas t  coas t  o f
Austra l ia  and the seasonal  mean of  to ta l  ozone - in
the Austra l ian region has been obta ined.  The per iod
of  observat ion f rom 1956 to the present  inc ludes
most, of the t ime when the biennial cycles of both
parameters were in  ev idence.  The suggest ion is
that  the nearer  fhe h igh pressure bel t  is  to  the
equator ,  the greater  the mer id ional  t ranspor t  o f
o ione towards the sub-polar  s t ra tosphere.  S imi lar
associat , ions have a lso been found between L and
stratospher i -c  temperatures and winds.  An
il lustration of the temperaLure case is shown in
F i g .  2 .

A report of the work on near surface ozone
can be found in  Sect ion V "Qual i ty  o f  the
Envi ronment t ' .

Radi-oactive Tracers

The Div is ion 's  in terest  in  rad ioact iv i ty  is
or iented towards e luc idat ion of  the deta i ls  o f  the
global  c i rcu lat ion,  par t icu lar ly  a t  s t ra tospher ic
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levels ,  and employs radioact ive mater ia ls  as
t racers.  By se lect ing appropr ia te t racers such as
C.-137 (of  predominant ly  equator ia l  or ig in)  and
B:-7 (polar  or ig in)  ,  i t  is  poss ib le  to  j -n fer
cEr ta in  character is t ics  of  the mot ion wi th in  the
st ratosphere.  A l though in  th is  type of
i nves t i ga t i on ,  s ta t i s t i ca l  s i gn i f i cance  i s  o f
pr ime impor tance,  the f igures so far  avai lab le do
suggest  a  poleward dr i f t  w i th in  the s t ratosphere at
cer ta in  t imes of  the year .  Ver i f icat ion and
amplif ic aLion of this await the accumulation of
fur ther  data.

At present two types of routine radio
activity measurements are made at Aspendale. The
f i r s t ,  i n i t i a ted  i n  1958  conce rns  the  g ross
radioact iv i ty  deposi ted at  the sur face,  main ly  by
rain. The second is a more recent program and
involves the measurement at the suriace of several
rad ionucl ides in  a i r .  From the 13 years of  records
avai lab le for  Aspendale,  5  years of  negl ig ib le
input  (by atomi-c  weapons tests)  have b6en selected
to obta in an est imate of  the annual  cyc le.  f t  is
found that the cycle peaks in about oEtober with a
min imum about  May,  i .e .  I  or  2  months behind the
st ratospher ic  ozone osc i l la t ion.  The lag is
attr ibuted to the transport mechanisms g6verning
the downward transfer of radioactive maierial t iom
the st ratosphere.  An annuar  cyc le is  a lso found in
near-sur face a i r  concentrat ion i  o f  rad ioact iv i ty .

NOTE: A forthcoming experiment using water vapour
as a s t ratospher ic  t racer  is  descr j -bed in
Sec t i on  V ,  ' eua l i t y  o f  t he  Env j_ ronmen t ' .

VII AGRICULTURAL METEOROLOGY

The exchange of heat, water vapour and CO,
between the atmosphere and vegetated surfaces (U6tfr
natura l  and man-made),  par t icu lar ly  in  terms ofplant evaporation and' growth, are tfre mlin"Zoi?ern
of the agriculture Meteorology team; although
others,  such as those engaged in  numer ica l  moder l ing
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or the more general. agpects of surface energy
ba lance ,  a re  a1so .  conce rned .

In the past  much of  the teamrs act iv i ty  has
been connected with the Aspend,ale lysimeter
insta l la t ion,  but  wi th  the deter iorat ing t ixposure
of  the area,  due to  encroaching res ident ia l
bu i ld ings,  th is  s ide of  the work is  be ing tapered
of f .  From now on,  th is  type of  work wi l l  be
confined to shorter-term experiments at more
su i tab te  s i t esT  € .g .  ds  exemp l i f i ed  by  p ro jec ts  a t
Rutherglen and Derrimut.

Plans have been made and some init ial work
star ted on heat  and mass t ransfer  f rom ind iv idual
p lant  leaves,  wi th  emphasis  at  f i rs t ,  on the ro le  of
forced convection. When modell ing plant growth and
water  loss,  th is  work should permi t  greater  accur{y
in pred.ict ing the sensible'and latent heat terms in
leaf energy balance eguations. Artother aspect of
the worJq is  the ef fect  o f  leaf  s ize on heat ,  water
and COz t ransfer  ra tes;  the outcome hopefu l ly l
be ing  a  genera l  ( i . e .  wo r ld -w ide )  re la t i onsh ip
between leaf  s ize and c l imate,

A Mathematical Plant l4odel

Mqny kinds of theoretical plant model have
been proposed from time t,o t ime but most of them
rel lz  on empir ica l  re la t ionships opta ined f rom f ie ld
exper iments.  Whi ls t  the resul tant^  modets can be
qui te  usefu l  they can a lso have severe l imi ta t ions
which ar ise,  for  instance,  when the phys ica l  or
chemical  bas is  of  the empir ic ism is  not  proper ly
understood.  The last ,  few years have seen the
development  in  the Div is ion of  a  model  which
overcomes the more ser ious def ic ienc ies and which,
from measurements made above the plant canopy,
generates i ts  own microc l imate wi th in  the crop.

This  year ,  Ln co-operat ion wi th  the State
Agr icu l tura l  Depar tment  a large f ie ld  exper iment  has
been in i t ia ted at  Rutherg lenr-  nor thern Vic tor , ia .
The object  is  to  check cer ta in  aspects  of  the model ,
€ .g .  i t s  p red i c t i on  capab i l i t y  o f  t he  i n -c rop
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environment and overal l  growth rate and water use.
Some 50 meteorological varj-ables as well as a
number of  b io log ica l  ones are being moni tored,  the
former on a cont inuous basis  throughout  the croprs
l i fe ,  the la t ter  a t  f requent  regular  in terva ls .
Two members of  the Div is ion 's  s taf f  have been
transferred to Rutherglen to maintain the equipment'and attend to the day-to-day runni-ng of the
experiment. Every attempt is being made to make
the pro ject  rea l ly  comprehensive and s ince i t  is
ant ic ipated that  the data wi l l  be of  in terest ,  to
other  workers,  inc lud ing those wi th  more speci f ic
agr icu l tura l ly -or ientated problems,  the data are
being assembled in  a readi ly  accessib le  form.

Evaporation - Measurement and Estimation

When p lant ing row crops,  t f r "  agr icut€ura l is t
does not often give much attention to the
orientation of the rows with respect to the
prevai l ing wind.  Yet  some recent  work in  a v ine-
yard has suggested that  i t  might  be economical ly
sound to consider  wind d i rect ion when p lant ing grape
vines.  Star ted about  a year  dgor  and us ing t ie-
Fluxatron, measurements of the turbulent f luxes of
heat, water vapour and momentum made over grape
vines have cont inued.  The most  recent  expeai l ion
was  to  Gr i f f i t h ,  N .S .W. ,  and  was  a  co -ope ia t i ve
venture with the 'John curt in schoot of giologicar
Sciences,  Austra l ian Nat ional  Univers i ty .  When
analys is  of  the data is  complete,  i t  is  hoped to be
able to relat,e evaporation ind crop damage (from
high winds) to the prevail ing wi.nd direction for a
row crop.

In  co l la t ing the overa l l  resul ts  f rom the
Div is ion- 's  lys i -meter  insta l la t ion,  over  the past
years,  the fo l lowing are the more; in terest in !  po ints
to emerge:

(a)  Despi te  cont inued generous water ing there has
been a slow decrease in pasture evi.poration
over the past decade. This appears to be due
to changes _ in species composi l ion _ main ly  ; ;
invas ion of  the or ig ina l  grass_clover  mix lure
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by Kikuyu 3nfl:  is an indication of how grass
species l  and presumably others,  can d i f fer ,
Uo*r  in  the i r  potent ia l  evaporat ion rates,  and
in the i r  phys io log ica l  const ra in ts  on water
loss under  condi t ions of  even s l ight  water
s . t ress .

(b)  The changing geometry  of  a  grass and potato
crop appear  to  s ign i f icant ly  a f fect
evaporat ion f rom both the p lants  and the so i l
between.

(c)  Evaporat ion f rom bare so i l  and water  f i l - led
lysj-meters varies strongly both with changes
in immediate surroundings (smal l -scaIe
advec t i on  o r  ' c l o thes  l i ne '  e f f ec ts ) ;  and  the
more d is tant  surroundings,  such as have
occurred around the Aspendale site where a
once grass area has been bui l t  uP.

These,  and other  f ind ings i l lust rate how
important  i t  is  when us ing predic t ive formulae
baied on s imple meteoro logica l  data,  to  take account
of  the crop geometry  and stomata l  behaviour ,  as wel l
as the nature of  the surroundings,  both immediate
and.  10cal .  The la t ter  factors  must  a lso enter  in to

the proper sit ing of lysimeters or ot 'her
evaporat ion devices.

Ear l ier  repor ts  have referred to  the
'combinat ion '  formula used to est imate potent ia l
evaporat, ion from standard meteorological
measurements.  Fur ther  success wi th  the formula has
been achieved th is  year ,  both as a means of
determin ing evaporat ion,  as weI I  as expla in ing how
i t  var ies wi th  weather ,  type of  sur face,  and so on.
However ,  there is  s t i l l  a  need to evaluate a factor
-  based on readi ly  measurable so i l  and p lant
parameters to convert potent' ial evaPoration to
actual evaporation when the water 'supply is

l im i t i ng .

Of  the parameters examined so far ,  so i l

moisture content and relative wafer content of

leaves seem the best .  Using the la t ter  approach,
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for  example,  est imates of  day- t ime potato crop
evaporat ion have genera l ly  been wel l  wi th in  108 of
lys imeter  va lues.  On the few occasions when there
were large d iscrepancies,  the evaporat ion rate was
Iow (less than 4mmr/day) and therefore of l i t t te
pract ica l  impor tance.

Instrumentation

Fie ld t , r ia ls  of  the Energy Par t i t ion
Evaporat ion Recorder  have cont inued successfu l ly .
This  inst rument  is  essent ia l ty  a  por tab le dev ice
which cont inuously  so lves a modi f ied vers ion of  the
wel l -known Bowen rat io  formula us ing measured
values of  net  rad iat ion,  together  wi th  wet  and dry
bulb temperature d i f ferences. .  The uni t  surv ived I
searching test  on a recent  f ierd exper iment  when i t
was used to measure evaporat ion at  we1l  be low the
potent ia l  ra te,  f rom a sparse natura l  grass cover .
Good ag'reement was found when the results were
compared wi th  those f rom a nearby prec is ion
weighed lys imeter .

Neut fon Moisturg Meter :  For  many purposes a neutron
mor-sture meter  is  the ideal  way to  measure so i l
mois ture content .  Unfor tunate ly ,  i ts  pr ice is  too
high for  a  large number of  would-be users.  Just
completed in  the Div is ion is  a  neutron moisture
meter  work ing a long recognized l ines,  but
incorporat ing uni t  const iuct ion,  s impl ic i ty  and
re lat ive ly  low-cost .  A tubular  cont l iner  

- (L4 
metres

long.and just  under  4 cent imetres in  d iameter)
carr ies a rad ioact ive source and counter  at  one end;
the other  be ing cappgq.by a smal1 box conta in ing
p r in ted -c i r cu i t  amp l i f i e r s ,  power  supp l i es ,
ratemeter  etc .  There are no external  leads or  p lugs
to be connected.  To operate,  the uni t  is  rowered
into a s tandard poly thene access tube,  swi tch"a-" r r ,
and a s ing le read. ing taken on the ratemeter .  Theinstrument is l ight, and easy to handle and thereforecan be moved around'  wi tho. r t  d i f f icu l ty .  pre l iminary
tr iars i-n the f ield have been very encouraging and
i t  is  now undergoing more extensive and r igor5r"
f ie ld  tests  at  Rutherg len.
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Comb.ination Atmometer: Although instruments for
of evaPoration from natural

sur faces are const ,ant ly  be ing improved and
simpl i f ied there is  s t i l l  room, and wi l l  be for  so l lE
t ime to come,  for  more-  s t ra ight - forward devices
which wi l l  prov ide at  least  a  good est imate of
potent ia l  evaporat ion.  In to the la t ter  category
comes the Combinat ion Atmometer .  This  consis ts
basica l ly  o f  two smal l  water  conta iners mounted
alongside each other ,  one carry ing an opaque
sunshie ld,  the other  a d imensional ly  s imi lar  but
t ransparent  sh ie ld .  Water  losses f rom the two
conta iners wi l l  d i f fer  because of  the unequal
radiat ion reaching them. Combin ing readings f rom
the two units in one part icular way provides a
f i -gure surpr is ing ly  c lose to  the potent ia l
ev ipo ra t i on  f rom the .under l y ing  su r face .  (Th i s ,  o f
course,  enta i ls  an in i t ia l  ca l i -brat ion wi th  a nearby
lys imeter .or  o ther  means of  acourate ly  measur ing '
evaporat ion)  .

Combining the readings it l  another manner
y ie lds a good approx imat ion to  net  rad iat ion.
Al though only  pre l iminary tests  have so far  been
made,  over  an improved pasture sur face,  us ing
atmometers-  o f  cheap construct ion,  resul ts  have been
excel lent .  When the acLual  evaporat ion is  much less
than potent ia l ,  a  factor  s imi lar  to  that  descr ibed
ear l ier  for  the combinat , ion formula must  be appl ied.

Lysimeg:L

The specia l  ba lance designed to measure
evaporat ion f rom a snow sur face,  and descr ibed in
ear l ier  repor ts ,  has undergone fur ther  tests  dur ing
t h e  p a s t  w i n t e r  a t  F a l l s  C r e e k r  N . S . W .  I t  h a s
proved rugged enough to wi thstand the c l imate but
the sensi t iv i ty  needs improv i .g ,  and the uni t  has
been returned to Aspendale for  fur ther  development .

The need for  s imple but  re l iab le and prec ise
lys imeters su i tab le for  operat ion by agr icu l tura l
and hydro logica l  author i t . ies remains as great  as
ever ,  and development  has cont inued.
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Assis tance has been g iven to  two other
C . S . I . R . O .  D i v i s i o n s  i n  t h e  i n s t a l l a t i o n  o f
monol i th  weighing lys imeters wi th  prec is ion
balances of  the type used at  Aspendale.

V I I I COMMONWEALTH I,IETEOROLOGY RESEARCH
CENTRE

In  co l laborat ion wi th  the Bureau of
Meteorology t the Division now operates the
Commonwealth Meteorology Research Centre. The work
of  the Centre has two pr inc ipa l  ob ject ives;  a
bet ter  understanding of  the fundamenta l  process of
meteoro logyr  in  par t icu lar  the large-scale
behaviour  of  the ear th 's  atmosphere,  and the
application of this knowledge t,owards improvements
in the accuracy and t ime-scatre of predict ing the
atmospherers behaviour .  In  t r re  f i rs t  years of  i ts
ex is tence the Centre 's  act iv i t , ies are being
directed. strongly towards the second of these
ob jec t i ves ,  i . e .  emphas is  i s  be ing  p laced  on  work
designed to a id  the Bureau of  Meteoro logy 's
operat ional  act iv i t ies in  the f ie lds of - i reather
analys is  and prognosis .  However ,  i t  is  expected
that in the course of t ime the ful l  scope ot
act iv i t ies env isaged for  the Centre wi_f i  fe
deve loped.

With in  the broad object ives s tated above the
research program is kept uid"r review by a
committee comprising the chief of the oivision, the
Director  o f  Meteoro logy,  and the Of f icer- in-Charge
o f  t he  Cen t re  (D r .  G .  B .  Tucke r )  .  The  Cen t re rs
Annual  Repor t  is  publ ished separate ly .

IX MISCELLAI{EOUS

Fores t  F i res

Every year  in  Austra l ia  sees great  damage
done by grass and forest  f i res,  many of  which 5re
so j -n tense that  they cannot  be.cont-a ined.  The
problem is  one of  determin ing the response of  a
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f i re  to  a g iven weather  s i tuat ion so that
dangerous developments can be predic ted.  Last
yearrs  Repor t  re ferred to  a co l laborat ive venture
between ourselves and the Divisj-on of Applied
Chemistry, when detai led information on turbulence
and wind structure was obtained from three large
(40  to  5OKm2)  i n tense  fo res t  f i r es .  I n  two  cases
the resul t ing smoke reached to 31000 m and in  the
th i rd ,  Eo  4 ,500  m.  Ana lys i s  o f  t he  work  i s  now
complete and tentat ive ru les have been establ ished
for  predic t ing the height ,  to  which convect ion wi l l
penetrate,  g iven:

(1)  the amount  of  fue l  avai lab le ( t i t ter  on the
fo res t  f l oo r  and ,  i n  t he -case  o f  rea l l y
severe wi ld  f i res,  the s tanding t imber  a lso)  .

(2 )  su r face  humid i t y ,  and

(3)  a i r  temperature f rom the sur face to  as great  a
he igh t  as  poss ib le ,  ( I n  ope ra t i ona l  p rac t i ce ,
these would normal ly  be obta ined as forecasts
f rom the  na t i ona l  wea the r  se rv i ce ) .

The height of the smoke column is both a
gauge of  the in tens i ty  of  the f j - re ,  and,  in
conjunct ion wi th  the wind speedr  dn ind icat ion of
the rate at  which burn ing embers,  carr ied on the
w ind ,  w i l l  cause  f resh  r spo t '  f i r es .  I t  i s  hoped
to test  these ru les on another  in tense f i re  dur ing
the coming spr ing.

Towards the end of L970 and again working
wi th the Div is ion of  Appl ied Chemist ry ,  a  number of
mi lder  f i res were s tar ted,  th is  t ime to invest , igate
the d i f fus ion rate of  smoke in to the atmosphere.
We hope to repor t  some of  these f ind ings next  year .

Ins trument Development

As wil l  be seen from remarks made elsewhere
in th is  Repor t ,  our  ef for ts  to  make use of  cer t ,a in
radioact ive mater ia ls  as t racers have been very
success fu l .  As  a  resu l t  o f  t h i s ,  a  su r face  a i r
samp l ing  un i t  d r i ven  by  a  \  h .p .  240  V  mo to r ,  has
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been designed to operate outdoorsr on a continuous
basis .  A meter  records the actual  running t ime,  a
thermal overload device protects the motor and a
manomet,er connected to the outlet indicates the
ai r f low (and a c logged f i l ter )  .  The f i l ter ,  which
is normally changed every week is easj-Iy removable
and can be f i t ted wi th  a s imple protect ive wrapper
for  t ransmiss ion through the post .  F ive sampl ing
units have been mad.e and have been thoroughly
tested at  Aspendale pr ior  to  instat la t ion in
var ious par ts  of  Austra l ia .

More often than not when making measurements
amongst  crops,  p lants  adjacent  to  the path g iv ing
access to the crop are irrepairably damaged thus
destroy ing the homogenei ty  of  the Vegetat ive cover .
To overcome th isr  dn extensi -b le  twalk-wayr  has been
designed which wi l l  swing out  over  the crop and
prov ide access to  inst ruments insta l red amongst  the
p lan ts r  up  to  a  d i s tance  o f  20  f t .  away .

Current  des ign work inc ludes a remote ly
act ivated,  t ransmi t t ing d ig i ta l  barometer ,  and a
feasib i t i ty  s tudy on a proposed p lat form to be
erected on the sea-bed of  por t  ph i l l ip  Bay.

General

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 organizat ion establ ished to
maintain and improve standards of testing and
cal ibrat ion wi th in  Austra l ia .  The actuaL work is
carrj-ed out in suitably equipped and approved
laborator ies (both government  and pr iva ie)  se lected
by the Associat ion.  This  Div is ion is  one such
laboratory in the f ierds of Iow-speed anemometory
?nd atmospher ic  and ter rest r ia t  r ia ia t ion
inst ruments.  fn  both cases the number of
inst ruments received for  car ibrat ion cont inue tot i : :  s teadi ly .  Current  f igures (per  annum) are:
radiometers 390I  

"n.*o* . t . r "  
2L4.

processing and computat ion
prov ide ass j -s tance in  terms

-  for  var ious research

The small data
group has continued to
of program preparation
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pro jects . .  -The bui ld ing up of  the analogue to
b ig i t . f  conversat ion system cont inues and i t  is

. t f i . ip . ted that  i t  w i l l  be completed wi th in  the
next  12 months.

The original aluminium building comprising
of f ices and laborator ies,  and which served as the
Div is ion 's  f i rs t  permanent  accommodat ion,  has
f ina l ly  succumbed to ' the sa l t  a i r  and has been
replaced by a br ick bui ld ing of  s l ight ly  larger
f l oo r  a rea .

X ACTIVITIES AND PERSONALIA

I t ,  is  wi th  great  regret  and a real  sense of
Ioss that we have to record the retirement of
Dr .  K.  Bal l r  o f l  medica l  grounds fo l lowing a ser ious
ca r  acc iden t  i n  t he  U .K .  D r .  Ba lL  j o ined  the
D iv i s ion  i n  t 95O and  was  respons ib le  fo r
s ign i f icant  contr ibut ions in  the f ie td of
geophysical f luid d.Ynamics

Dr. Dyer and Mr. Hicks have been awarded the
David Syme Research PxLze for I97L. This Award is
made eacrt year by the university of Melbourne for
the most  d is t inguished contr ibut ion in  Austra l ia  to
Bio logy,  Chemist ry ,  Geology or  Physics dur ing the
preceding two Years.

Mr .  I .E .  Ga lba l l y  was  th i s  yea r  awarded  an
M.Sc ,  by  Me lbou rne  Un ive rs i t y  f o r  h i s .work
en t i t l ed :  "Ve r t i ca l  F lux  o f  A tmospher i c  Ozone" .

From Loi rdon Univers i ty  Mr.  P.  Hyson received
a  M.  Ph i l .  f o r  h i s  t hes i s  en t i t l ed :  "MeasBremen t  o f
Winds and Temperatures in the Upper Atmosphere".

Mr .  F .K .  T ighe  has  been  awarded  a  B .A .  f rom
Melbourne Univers i tY.

Overseas  V is i t s

I n  J a n u a r y ,  1 9 7 I  D r .  C . H . B .  P r i e s t l e y  l e f t
for Bombay where he attended a meeting of the Joint
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Organisi-ng Committee of the Global Atmospheric
R e s e a r c h  P r o g r a m m e  ( G . A . R . P . )  .

An In ternat ional  F ie ld  Compar ison of  FIux
Measur ing Equipment  was held at  Ts imlyansk,
U . S . S . R .  i n  t h e  e a r l y  p a r t  o f  t h e  y e a r .
D r :  A .J .  Dye r  and  l u l r .  B .B .  H icks  bo th  took  pa r t
us ing  the  D iv i s ion rs  F luxa t ron* .  D r .  Dye r  re tu rned
to Aspendale v ia  ,Japan and Ind ia,  where he v is i ted
var ious laborator ies,  whi ls t  S[ r .  Hicks went  on to
the  U .S .A .  t ak ing  i n  me teo ro log i ca l  cen t res  i n  t he
U.K .  and  Canada .  Wh i l s t  i n  Amer i ca  t4 r .  H i cks  was
attached to the Argonne National Laboratory for
some 8 months and worked on heat  and water  losses,
inc lud ing sur f  ace s t , ress,  over  Lake Michigan

The Third International Comparison of
Regional  work ing s tandard pyrhel iometers,  sponsored
by  W.M.O.  was  he ld  a t  Davos ,  Sw i t ze r land  i n
Sep tember  and  oc tobe r . i  L970 .  Mr .  B .G .  Co l l j - ns ,
represen_t i rg  Austra l ia  and the W.X.O.  Region V,
took wi th  h im the Div is ion 's  two Engstr6m
pyrheliometers. Advantage of the tr ip was taken to
v is i t  o ther  meteororogica l  establ ishments in  the
U . K . ,  C a n a d a  a n d  i n  t h e  U . S . A .  S o m e  r e s u l t s  f r o m
!h" comparisons can be found on page 14 under'Observatory,  Cal ibrat ion and St lndards t  .

D r .  A .D .  McEwan ,  who  recen t l y  j o ined  the
oivision to work on the dynamic simuiafion of
atmospheric phenomena by means of laboratory models,
spent  two months v is i t ing meteoro logica l  centres in
the  U .S .A . ,  Canada l  U .K .  ;  i l apan  and  Sweden .  The
purpose of his tr ip was to make contacts and to see
at  f i rs t -hand the most  recent  progress in  th is  f ie ld .

Vis i tors  f rom Overseas

Dr .  C .G .  L i t t l e ,  D i rec to r  o f  t he  Wave
Propaga t ion  Labora to r i es ,  N .O .A .A . ,  Bou ld .e r ,
co lorado,  ar r ived la te in  December to  spend an e ight
mon ths  sabba t i ca l  w i th  the  D iv i s ion .  D ; .  l i t t l e ' J
*
Fur ther  deta i ls  o f  th is  exerc ise can be found onpage 17 under  "Micro-Meteoro1ogy" ,
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work is concerned with the application of
e lect romagnet ic :  and accoust ic  techniques to
remotely observe and interpret atmospheric
p r o c e s s e s .

Because of  the re la t ive scarc i ty  o f  su i tab le
tr:aining establishments or courses and the need to
increase food. production in certain parts of the
wor ld ,  increasing numbers of  requests are being
received by the Div is ion to  t ra in  Colombo Plan
Fe l l ows  ,  o t  o the rs  sponso red  by  the  U .N .  o r  W.M.O.7
in agro-meteorology. This year the fol lowing have
spent  t ime in  the Div is ion: -

Mr.  N.O.  I t ,ora lba -  Colombo Plan Fel low and
Senior  Meteoro logis t
f rom Mani la .

Mr .  E .U .  Ahmed - Also Colombo Plan FeI Iow
from the Pakistan
Meteoro logica l  Serv ice.

M r .  C .  M a l i b i r a n  -  W . M . O .  S p e c i a l  F u n d
Fel1ow,  f ren.  the
Phi l ipp ines Weather
Bureau.

AII were concerned with agrometeorological
methods and . instrumentation.



4 0

PUBLICATIONS

4 BERSON, F.A.  ,  and M.H.  LAI \4OND (19 70)  Radar
observations of wave perturbatj-ons in a low
leve l  w indsu rge .  Aus .b , .  Me t .  r y Iag . ,  19 ,
p p .  7 4 - 9 3 .

BERSON,  F .A .  (1971)  A  rada r -s ta t i s t i ca l  ana lys i s  o f
non- f ronta l  thunderstorms.  CSIRO Div.  o f
M e t e o r o l .  P h y s .  T e c h .  p a p e r  N o .  2 0 ,  2 6  p p .

B E R S O N ,  F . A . ,  a n d  K . G .  S I M P S O N  ( 1 9 7 1 )  R a d a r  l i n e
echoes and b i rd  movement .  Weather ,  26,
p p .  2 3 - 3 2 .

CLARKE, R.H.  (1970)  Recommended method.s for  the
treatment of the boundary layer in numerical
mode ls  o f  t he  a tmosphere .  Aus t .  Me t .  Mag . ,  I g ,
P P .  5 1 - 7 3 .  - '  : '

C L A R K E ,  R . H . ,  a n d  C . H . B .  P R T E S T L E Y  ( L g 7 O )  t h e
asymmetry of  Austra l ian deser t  sapd r idges.
S e a r c b r  

! ,  p .  7 7 .

C L A R K E ,  R . H .  ( 1 9 7 1 ) Depth of  the boundary Iayer .

1 ,  P P .  6 7 - 6 9 .

/f

A t m o s .  E n v i r o n . ,

C L A R K E ,  R . H . ,  w i t h  A . J .  D Y E R ,  R . R .  B R O O K ,  D . G .  R E I D
and A.J.  TROUP (1971)  The Wangara exper j -ment :
boundary layer  data.  csrRo o iv .  o f  i4eteoror .
P h y s .  T e c h .  p a p e r  N o .  L 9 ,  p p .  g 6 Z .

COLL INS,  B .G .  (1970)  A  l abo ra to ry  sys t ,em
wave cal ibrat ion of  net  pyrradiom6ters.
A p p l .  G e o p h y s . ,  g 0 ,  p p .  g l t - S l l .

DELSOL,  F . ,  K .  M IYAKODA and  R .H .  CLARKE (197 I )
Parameter ized processes in  lhe sur face boundary'  layer  of  an atmospher ic  c i rcu lat ion moaeI .
Q .  J .  R o y .  M e t .  S q c . ,  

Z ,  p p .  f  A f _ 2 0 g .

DENMEAD,  o 'T . ,  and  r . c .  Mc rLRoy  (1970)  Measuremen ts
of  non-potent ia l  evaporat ion r iom-wrreat .  Agr ic .M g t e o r o l . ,  ! ,  p p .  2 g a _ 3 0 2

for  shor t
Pure &



- 4 L

D E N M E A D ,  O . T .  ,  a n d  I ; C .  M c I L R O Y  ( 1 9 7 1 )  P l a n t
Photosynthet ic  Prod.  Manual  o f  Methods '  (Eds '
z .  sES iAK,  J .  CATSKY and  P .G .  JARVTS)  '
pp.  467-5L4 (Pub1ish.  W. JUNK -  The Hagrue)  .

D Y E R ,  A . J .  ( 1 9 7 0 )  A n i s o t r o p i c  d i f f u s i o n
coef f ic ients  and the g lobaI  spread of  vo lcanic
d u s t .  J .  G e o p h y s .  R e s . ,  ? 3 ,  p p .  3 0 0 7 - 3 0 1 2 .

DYER,  A .J .  (1970)  S t ra tospher i c  t ranspor t  and
spher i ca l  d i f  f  us ion .  Aus ! .  J .  Phys i cs .  ,  2 ,
p p .  4 4 9 - 4 5 2 .

DYER, A.J.  (1970)  River  d ischarge measurement  by the
r i s i ng  f l oa t  t echn ique .  J .  Hy i l o l . ,  l ! '
p p . 2 0 L - 2 L 2 .

D Y E R ,  A . J .  ,  a n d  B . B .  H I C K S  ( f 9 7 0 )  F 1 u x - g r a d i e n t
re la t ionships in  the constant  f lux layer .
Q .  J .  R o y .  M e t .  S o q .  ,  9 6 t  p p .  7 L 5 - 7 2 I .

D Y E R ,  A . J .  ( 1 9 7 I )  A  f i e l d  e x p e d i t l o n
Aus l ra l i an -Shys i c i s= t '  8 ,  P .  20  ,

GALBALLY,  I .E .  (1971)  Su r face  ozone
Aspenda le ,  V i c to r i a  ,  1964 'L970  .
g '  P P .  1 5 - 2 5 '

GALBALLY,  I .E .  (197 I )  Ozone  p ro f i l es  and  ozone
f luxes in  the atmospher ic  sur face layer .
0 .  J .  R o Y .  M e t .  S o c .  ,  9 7  r  P P .  l $ = 2 9 .

GALBALLY,  I .E .  ( f 971 )  P re l im ina ry  d i scuss ion  on  some
oxidant measurements at VLAARDINGEN The Nether-
I a n d s .  A t m o s p h .  E n v i r g n . ,  2 ,  p p .  1 8 7 .

H ICKS,  B .B .  (1970)  Eddy -co r re la t i on  measuremen ts  o f
atmospheric f luxes over Lake Michigan. Argonne
Nat .  Lab .  Rad io log .  Phys .  D iV . '  Annua l  Repor t
1 9 6 9 - 7 0 ,  A N L - 7 7 6 0  P a r t  I I f '  ( P u b 1 .  N a t .  T e c h .
I n f .  S e r v ,  S p r i n g f i e l d ,  V a . )  p p .  5 0 - 5 9 .

i n  t h e  U . S . S . R .

observat ions at
A tmos ;  Env i ron . ,



4 2

H I C K S ,  B . B , t  a n d  A . , J .  D Y E R  ( 1 9 7 0 )  M e a s u r e m e n t s  o f
eddy- f luxes over  the sea f rom an of f -shore o i l
r i g .  Q .  J .  R o y .  M e t .  S o c . ,  \ ,  p p .  5 2 3 - 5 2 9 .

H I C K S ,  B : B . ,  H . C .  M A R T I N  a n d  R . L .  H A R T  ( 1 9 7 0 )
Sur face heat  energy budget  over  Lake Michigan:
A pre l iminary repor t .  Argonne Nat .  Lab.
Rad io log .  Phys .  D iv .  Annua l  Repor t  L969-70 ,
A N L - 7 7 6 0  P a r t  I I I ,  ( P u b l .  N a t .  T e c h .  I n f .  S e r v . ,
S p r i n g f i e l d ,  V a . )  p p .  6 5 - 6 9 .

H I C K S ,  B . B . ,  a n d  H . S .  G O O D M A N  ( 1 9 7 1 )  T h e  e d d y -
correlation technique of evaporation measurement
us ing a sensi t ized quar tz-crysta l  hygrometer .
J .  A p p l .  M e t e o r o l . ,  l g ,  p p .  2 2 L - 2 2 3 .

H I L L ,  R . H .  ( 1 9 7 1 )  G r e a t e r  r e g u l a t i o n
wi th fo ldback current  l imi t ing.
E n g i n e e r i n g ,  4 3 ,  p p .  6 7 - 6 9 .

K U L K A R N I ,  R . N . ,  a n d  A . B .  P I T T O C K  ( 1 9 7 0 )  R e s u l t s  o f
a comparison between Umkehr and ozone-sonde data
for  Aspendale.
7 3 9 - 7  4 3  .

Q .  J .  R o y .  M e t . _ S o c .  ,  9 6  ,

KULKARNI ,  R .N . ,  and  G .L .  GARNHAM (1970)
Longitudinal variat ion of ozone in the 1ower
mid.d le la t i tudes of  the Southern Hemisphere.
!T.  Geophys .  Res.  ,  E,  pp.  4L7 4-4L76 .

L I N A C R E ,  8 . T . ,  B . B .  H I C K S ,  G . R .  S A I N T y  a n d
c.  GRAUZE ( l_970)  fhe evaporat ion f rom a swamp.
A g r i i .  M e t e o r o l . ,  L ,  p p .  3 7 5 - 3 9 6 .

OKAMOTO,  M. f  and  E .K .  WEBB (1970)  The  tempera tu re
f luctuat ions in  s tab le s t rat i f icat ion.
Q .  J .  R o y .  M e t .  S o  . , \ ,  P P .  5 9 1 - 6 0 0 .

OKAMOTO, M.  (1971)  Radiat ive arrd turbulent  heat
t ransfer  under  ext remely s table condi t ions near
the  g round .  Geophys .  Mag .  ( J .M .A)  ,  35 ,
p p .  2 9 3 - 3 3 1 .  :

e f f i c i ency
E lec t ron i c



4 3

OKAMOTO,  M. ,  and  J .P .  FUNK ( I97 I )  The  d i ve rgence  o f
eddy 'heat  f lux and the temperature f luctuat ions
in  s ta f  t e  cond i t i ons .  Geophys '  Mag .  ( J .M4J  t

2 ,  P P '  1 3 7 - 1 5 0

PALTRTDGE,  G .W.
f rom the sky.
p p . 6 4 5 - 6 5 3 .

PALTRIDGE,  G .W.  (197 f )  So la r  and  the rma l  rad ia t i on
f lux measurements over  East-Coast  Austra l ia .
J ;  Geophys .  Res .  ,  E,  PP.  2857 -2865 .

PALTRIDGE,  G .W. ,  and  S .G .  SARGENT (1971)  So la r  and
thermal  rad iat ion measurements to  32 km al t i tude
a t  l o w  s o l a r  e l e v a t i o n s .  J .  A t m o s .  S c s . ,  2 8 ,
p p .  2 4 2 - 2 5 3 .

PLATT,  C .M.R .  (1970)  T ransmiss ion  o f  submi l l ime t re
waves through water  c louds and fog.  J .  Atmos.
Scs .  ,  4 ,  pp .  42L -425  .

PRIESTLEY,  C .H .B .  (1971)  S i x th  Pawsey  Memor ia l
Lecture:  The phys ica l  and micro-envi ronment  of
l i f e  on  Ear th .  Aus t ra l i an  Phys i c i s t ,  I '

P p .  9 - 1 s  .

SHEPHERD, W. (1971)  Microc l j .mate -  The energy
environment of l i f  e. J. Aust. Iqs!-.-39r . tu!. ,

i ,  P P '  8 3 - B s '  
-

SITARAII IAN,  V.  (L970)  Spectra and cospectra of
turbulence in the atmospheric surface layer.
O .  J .  R o y .  M e t .  S o c . ,  9 6 ,  P P .  7 4 4 - 7 4 9 ,

TAYLOR,  R"J .  (197 I )  A  no te  on  a  paper  by
F.  Wippermann (197I)  B_ei t .  zur  Phys: -  3er-Al lneq.  '
4 4  e a n d ,  S . 6 9  - i O  ,

T A Y L O R ,  R . J . :  W A R N E R '  J . :  B A C O N '  N . E .  ( 1 9 7 0 )  S c a l e
length in atmospheric turbulence as measured from
a n  a i r c r a f t .  0 .  , t .  R q y .  M e t '  S o c . 7  Y ,
p p .  7 5 0 - 7 5 5  ,

(1970)  nayt ime long-wave
0 .  J .  R o y .  M e t .  S o c . 7

radiat ion
9 6 ,-



4 5

XII STAFF

CHTEF

C . H . B .  P r i e s t , l e y ,  M . A . ,  S c . D . 7  F . A . A .  r  F . R . S .

CHIEF RESEARCH SCIENTIST

w . C .  S w i n b a n k ,  M . S c . ,  F . A . A .  ( o n  l e a v e  o f
absence)

SENIOR PRINCIPAL RESEARCH SCIENTIST

E . L .  D e a e o n ,  B . S c .
A . J "  D y e r ,  P h . D . ,  D . S c .

PRINCfPAL RESEARCH SCIENTIST

A . F . A .  B e r s o n ,  D r .  P h i l .
R . H .  C 1 a r k e ,  B . A .  ,  M .  S c .
I . C .  M c l l r o y ,  B . S c .
R . J .  T a y l o r ,  M . S c .
E . K .  W e b b ,  B . A .  ( H o n s . )  r  B . S c .
R . N .  K u l k a r n i ,  M . S c . ;  P h . D .

SENIOR RESEARCH SCIENTIST

G . W .  P a l t r i d g e ,  M . S c . ,  P h . D .
A . B .  P i t t o c k ,  M . S c . ;  P h . D .
C . M . R .  P l a t t T  M . S c . ,  P h . D .
W .  S h e p h e r d ,  B . S c . 7  M . A g r . S c .

P€SEARCH SCIENTIST

J . R .  G a r r a t t ,  B . S c . ,  P h . D .
G . D .  H e s s ,  M . S . ,  P h . D .
B . B .  H i c k s ,  M . S c .
D . F .  P a r k h u r s t ,  M . S . r  P h . D .
G . I .  P e a r m a n ,  M . S c . ,  P h . D .



4 6

EXPERIIIENTAL OFFICER

D . H .  B e a r d s m o r e ,  A . R . M . I . T .
B . G .  C o l l i n s ,  B ; S c .
A . C .  D i l l e y ,  B . S c .
I . E .  G a l b a l l y ,  M . S c .
R . H .  H i l l ,  8 . 8 . ,  D i p . E l e c . E n g g .
P .  H y s o n ,  B , S c . ,  M . P h .
R . R .  M c G r e g o r ,  D i p . A p p l . S c i .
F . J .  M a h e r ,  A . R . M . T . C .
A . ; I .  T r o u p r  B . S c .

SCIENTIFIC SERVICES OFFICER

N . E .  B a c o n ,  B .  S c .
P . D .  B e r w i c k r  B . S c .  ( H o n s . )
H . A . H .  R a b i c h ,  D i p l . - P h y s .

ADMINISTBATIVE OFFf CER

F . K .  T i g h e ,  B . A .

LIBRARIAN

M r s .  E .  S .  S c h u t z


