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DIVISION OF METEOROLOGICAL PHYSICS

ANNUAL REPORT

1 9 6 8  L 9 6 9

I INTRODUCTION

The Div is ion has two pr inc ipa l  ob ject ives:
a bet ter  understanding of  the fundamenta l  processes
of meteorology and the application of this knowleclge
to problems of economic importance to Austral ia.
fn  the case of  the former,  there is  for  example the
group work ing in  large scale atmospher ic  dynamics,
and in  the la t ter ,  s tud. ies of  a  more pract ica l
nature,  such as the ef fect  o f  reeds on the
evaporation from a lake. ivlore d"irectly related to
immediate needs is the work in agriculture and the
e f f i c i en t  use  o f  wa te r  by  p lan ts .  I t  i s  i n  such
spheres that many of the results and Lechniques
wh ich  s tem f rom the  D iv i s ion ' s  ma jo r  f i e l d .  o f
in terest ,  a tmospher ic  turbulence and exchange
processes ,  can  be  read i l y  app l i ed .

II DYNAryIICAL AND SY\TOPTIC METEOROLOGY

The Genera l  Ci rcu lat ion

(a)  Numer ica l  mo .
Further evaluation of the
predic t ion tests  carr ied out  in  co l laborat ion wi th
the American Geophysicat Fluid Dynamics Laboratory
shows that  the ra in fa l l  predic t ions,  a l though
quantitat ively leaving room for improvernent, exhibit
some sk i l l  for  a  forecast  o f  up to  at  least  three
days.  Corre lat ion between normal ized predic ted
and observed.  ra in fa l l  over  Austra l ia  was .65 on the
f i r s t  day  o f  f o recas t "

(b) The Boundary Laver. Data from the
Wangara  exped i t i on  o f  L967 ,  s t i l l  i n  p rocess  o f
evaluat ion,  are being used to check the s imi lar i ty
theory of turbulent transports in the boundary layer.

The universal profi les cleduced from theory
have been calculated for ternperature, humidity and
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wind. ,  whi ls t  those of  the eddy t ransfer  coef f ic ients
for heat, moisture and monlentum are in the process
of  be ing computed.

Under  fa i r ly  s teady day- t ime condi t ions,
the scherne der ived f rom dimensional  analys is  y ie lds
reasonably  consis tent  resul ts ,  but  under  other ,  not
uncommon, condit ions deviations from theory can be
la rge .

Thus,  s imple appl icat j -on of  the s i rn i lar i ty
scheme provj-des a f irst approxinration to the probler*
of modell ing the boundary layer for numerical
simulation experiments, but the models ntust be
formulated which are able to take t ime ano space
var iab i l i ty  o f  the boundary layer  in to account-

(c)  Mechanisms r
fn terchanqs sf
ff ief ic Energy in atd above.the

h e s e

@e known to vary great ly  wi th  d is tance
f rom the  ea r th ' s  su r face ,  where  on l y  sma l l  sca le
mot ions are involved.  Pre l iminary resul ts  f rom the
Wangara expedit ion indicate that at heights of about
a k i lometre,  mot ions on the scale of  B0 km up to  the
s ize of ,weather-map d is turbances are impor tant  for
the interchange of heat and water vapour.

Large downward eddy f luxes of momenLum have
been 'obse rved  i n  the  v i c in i t y  o f  mer id iona l  co ld
f  ronts ,  but  the ind icat ion is  that  in  t^ota l i ty  th is
scale of  d is turbance makes only  a minor  contr ibut ion
to the ver t ica l  t ransfer  o f  momentum on a g lobal
s c a 1 e .

(d)  Var iab i l i ty  o f  l te teoro logica l  E lements
over a Flat C"tt lnent"fn.gi"". Experir i iental

s observations at '  HaY
dur ing winter  t ime have r i iade poss ib le  analys is  of  .
the scale of  var iab i l i ty  o f  many e lements,  inc lud ing
mean ver t ica l  a i r  ve loc i ty  (averaged over  an B0 x B0
km square) .  This  ind icates rather  pronounced
diurnal  components in  a l l  var iab les.  The midnight
wind maximum, at and above 50 m, l inked witf i  the low
Ievel  je t  mechanism, is  wel l  markedr  4s is  t 'he
iner t i l l  per iod of  about  2L hours,  whi le  the
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vert ical velocity evinces a midday maximum of about
.5  cm pe r  sec  a t  I  km -  a  resu l t  o f  d i f f e ren t i a l
heat ing on a cont inenta l  sca le.

The theoretical ly expected turning of the
wind with height in the boundary layer nearly
vanishes in the average during the *armer pait of
the day, confirming the earl ier observations made in
summertime.

(e)  Equator ia l  Pressure and Wind
Var ia t ions.  t ime and
space scalbs of  equalor ia l  pressure var ia t ions.
Prel iminary examination shows that a considerabre
amount  of  the var iance is  found at  row f requencies,
e.9.  spect rum analys is  of  f ive years of  da i ly
pressures at  Djakar ta shows a peak in  the v ic in i ty
o f  s i x  weeks .

There is  a  poss ib i l i ty  that  some of  the
pressure f luctuat ions are associated wi th
stratospheric divergence. Some twelve-day
variat ions examined showed a tendency for eastward
propagat ion,  and i t  could be specula led that  th is  is
in response to the behaviour of the recently
repor ted Kelv in  waves in  the equator ia l  s t r l tosphere,
which have about the same period and also propagate
eastward. From observations made in the
equator ia l  s t ra tosphere dur ing atomic tests ,
f luctuat ions of  10 15 days per iod in  the zonal
component were found, though their averagfe
amplitud about 3 - 5 m/sec - was considerably
less than the 5 - 8 m,/sec reported previously in
the l i terature.

( f )  Osc i l l a t i ons  i n  t he  S t ra tosphere .
Long terq vari sag
transport in the stratosphere were further examined
for  quasi -per iod ic  cyc les and for  modulat ing
ef fects  by the sun-spot  cyc le.  For  th is  purpose
or thogonal  band-pass f i l ters  wi th  the requi reb
response functions were developed and tested on
random and long meteoro logica l  t ime ser ies.  For
example,  dr l  80-year  record of  mean sea- level
pressure at  Darwin shows no stat is t ica l ly
s ign i f icant  response wi th  an@rs used
(per iods f rom 6 months to  24 years) ,  except ing of
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course the annual  osc i l la t ion.  Howeverr  dur ing the
s i x  yea rs  1954  to  1959 ,  wh ich  a re  cen t red  on  the
largest ,  sun-spot  number observed s ince re l iab le
records began,  a t rans ient  response in  the semi-
annual and biennial frequency bands was trecorded
simultaneously with a sharp reduction in the
ampl i tude of  the annual  osc i l la t ion.  These
rrs ignals"  in  the sea level  pressure in  the t rop ics
during exlreme sun-spot, activity indicate that the
wel l  documented quasi -b iennia l  s t ra tospher ic
osc i l l a t i on  i n  t he  1955-63  epoch  i s  dynamica l l y
coupled wi th  the semi-annual  osc i l la t ion,  suppor t ing
our  ear l ier  hypothesis  of  sub-harmonic  response to
semi-annual  forc ing.

Radar Meteorology

(a)  Dry Cold Fronts.  Analys is  of  the
three-year obsff i  structure of band
echoes f rom the v ic in i ty  o f  d ty ,  co ld f ronts
referred to  last  year ,  has been resumed fo l lowing a
conclus ion reached as a resul t  o f  a  jo in t
invest igat ion wi th  the Vic tor ian Ornothologis ts
Research Group.

It had been thought that the echoes
which occur  in  conjunct ion wi th  sea breezes and
summer cold fronts moving in-shore from Port
Phi l l ip  Bay -  might  be at t r ibuted to  the t rans ient
migrat ion of  b i rds,  s ince the condi t ions favour ing
spontaneous congregation are the very ones required
to produce the echoes ,  v iz .  marked f ront .a l  wind
shear ,  convergence and up-draf t .  However ,  a l l  the
evidence points to there being I i t t le or no
connection between the two phenomena.

(b)  Ice Crysta l  FaI lout .  Fur ther
observations w riginating in t 'he
upper troposphere downwind of rainclouds. In one
instance ment ioned ear l ier ,  the phenomenon was
at t r ibuted to .  ice-cr lzsta1 fa l lout  f rom a c i r rus
c loud canopy associated wi th ,  but  remote f rom, a
t rop ica l  depress ion.  The same type of  echo has
s ince been observed on the Aspendale radar ,  ahead of
f ronta l  and convect ive prec ip i ta t ion.  More
conclus ive ev idence of  "crysta l  prec ip i ta t ion"  was
subsequently obtained during an intensive radar study
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of  thunderstorms in  S.E.  Queensland.  Using the
radar  fac i l i t ies of  the Bureau of  Meteoro logy at
Br isbane,  measurements were made of  the ref lect iv i ty
of storm cells and downstream layer echoes which
come from below the Ievel of anvil  cloud. The
measured ref lect iv i ty  rangle in  the layers is
consis tent  wi th  ice crysta l  measurements (made at
t h e  s a m e  h e i g h t )  b y  t h e  C . S . I . R . O .  D i v i s i o n  o f
Radiophysics and other  workers overseas.

The extent and frequency of crystal
fa l lout  emphasize i ts  potent i -a I  for  natura l  ice
seeding of  middle- Ievel  and growing storm c louds,
and thereby for the propagation and organization of
s torm ce1ls  in to systems leading to  widespread
ra in.  Fur ther  work is  p lanned to invest igate the
impl icat ions of  fa l lout  for  the seeding process,

(c)  Radar  Rain Echoes Corre lat ion wi th
Wind Speed.  Ana
observations on the behaviour of a large number of
radar  ra in  echoes.  These are being corre lated
with wind, temperature and humidity with a view to
descr ib ing in  deta i l  a  typ ica l  convect ive shower in
the Melbourne area.  Echo movements corre late best
with the mean wind averaged over the layer L.2 to
3.6 km, a l though corre lat ions wi th  wind at  2 .4 l<r t
are s t i l I  very h igh.  Wind re la t ive to  the echo at
th is  level  averages about  0.5 m/sec f rom the le f t ,
and 1 m/sec f rom the f ront .

I I I  THE UPPER ATMOSPHERE

Ozone

Observat ions of  to ta l  ozone and
determinat ions of  i ts  ver t ica l  d is t r ibut ion by the
Umkehr method have continued at Darwin, Brisbane,
Aspendale,  Hobar t  and Macquar ie  Is land.  A new
stat ion has been establ ished in  per th and regular
ozone observat ions begun in  March 1969.  This  work
is  carr ied out  in  co l laboraLion wi th  the Bureau of
Meteorology and Lhe Antarctic Division of the
Department of Supply. The regular weekly ozone
soundings using the Brewer-Mast ozone sondes have
cont inued at  Aspendale,  and a l -so the dai ly
observat ions of  sur face ozone at  Aspendale and
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Macquar ie  Is land us ing Ehmert rs  type of  inst rument .
Two surface ozone instruments have been sent to
Mawson with the ANARE expedit ion to measure ozone
f luxes in to the Antarct ic  snow sur face.

As repor ted ear l ier  the enhanced radiat ion
on B wavelength was attr j-buted to the emission from
the Herzberg band of molecular oxygen and to OH
emiss ions.  S ince then a t r iangulat ion method has
been employed to determine the height of the
emiss ion layer .  Using the moon as a source,
simultaneous measurements were made on Dobson
Spectrophotometers at Renmark in South Austral ia and
Gr i f f i th  in  New South Wales (separated by 500 km)
and the computed alt i tude found to be 86 ! 7 km.
The d iurnal  var ia t ion of  the emiss ion in tens i ty  was
also determined and f rom these facts  has emerged
fresh insight into the dynamj-cs of the upper
atmosphere.  On the basis  of  the photochemical
exc i ta t i on  theo ry ,  assuming  ad iaba t i c  osc i l l a t i ons ,
ver t ica l  t ranspor t  ve loc i t ies and eddy d i f fus ion
coef f ic ients  were ca lcu lated at  these heights '

Ve r t i ca l  ve loc i t i es  a t  two  l eve l s ,
L00/50 mb and 30/10 mb,  have been computed on a
dai ly  bas is  and averaged over  a month for  var ious
local i t ies in  Austra l ia .  The descending mot i -on at
Darwin in winter and spring, when total ozone amount
is much higher than in the corresponding season in
the Northern Hemisphere (where there is ascending
mot ion ) ,  i s  cons i s ten t  w i th  a  re la t i ve l y  sma l l
seasonal  var ia t ion of  ozone in  the equator ia l
regions of the Southern Hemisphere. From such
ver t ica l  ve loc i t ies,  together  wi th  others in fer red
from radiation measurements made over Antarcticar i t
is  in tended to descr ibe c i rcu lat ion processes at
heights  above 100 mb.

ozone behaviour  associated wi th  the
passage of  co ld t roughs and warm r idges in  the middle
i t ra tosphere over  Aspendale,  Hobar t  and Macquar ie
Is land dur ing the spr ing of  1967 has been studied in
some deta i l .  At  th is  t ime,  the Antarct ic  po lar
vor tex was markedly  e longated.  At  Macquar ie  Is land
ozone and temperature f igures ind icate a descent
rate of air to the rear of the trough of about
1 cm/sec with negligible changes of temperature but
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s ign i f icant  ones of  ozone,  resul t ing f rom
hor izonta l  advect ion.

Analys is  of  the data obta ined f rom the
1966 synopt ic  network of  ozone soundings s t r ik ing ly
conf i rms the t ransfer  o f  ozone r ich s t ratospher ic
air into the troposphere from the poleward side of
the je t  s t ream in the v ic in i ty  o f  the 300 mb
troughl ine.  A resul t  o f  ear l ier  work,  a  s imi lar
" fo ld ing in"  process in  the v ic in i ty  o f  the je t
s t ream,  was  desc r ibed  i n  l as t ,  yea r rs  repo r t "

The study of  ozone d is t r ibut ion accord ing
to a synopt ic  c lass i f icat ion scheme has shown
highly  s ign i f icant  d i f ferences between mean ozone
distr ibution in r idges and troughs and that
obta in ing on e i ther  s ide of  the midd. Ie  la t i tude je t
s t ream. I t  is  hoped to e luc idate the reasons for
th is  as more data becomes avai lab le.

A compar ison of  mean ozone d is t r ibut ions
as determined by ozone sonde and Umkehr techniques
has revealed that  the se lect iv i ty  ar is ing f rom the
fact that the Umkehr method can only be employed
under  cer ta in  weather  condi t ions,  leads to  a
systemat ic  under-est imat ion of  the mean ozone
content in the lower stratosphere by as much as 10
to 35 per  cent  o f  the annual  mean content .

Recent  measurements of  sur face ozone at
Aspendale,  some 20 mi les south-east  o f  Melbourne,
have revealed that  ground level  concentrat ions are
sometimes more than twice the maximum values so far
observed in  the h igh t roposphere,  the greatest r  so
fa r ,  be ing  0 .11  pa r t s  pe r  m i l l i on  by  vo lume.  Th i s
has been expla ined in  terms of  local  ozone
product ion near  the ear thr  s  sur face by the act ion of
sunl ight  on a i r  po l lu tants  such as ox ides of
n i t rogen and hydrocarbons.

Measurements of  ozone prof i les near  the
ear th rs  su r face ,  and  thus  o f  ozone  f l uxes ,  have
made i t  poss ib le  to  evaluate ozone dest ruct ion
rates at  ground Ievel .  A typ ica l  f igure of  the
f lux in to a dry  grass sur face dur ing dayt ime in
condi t ions of  good^mix igg is  about
3 . 7  x  1 0 "  m o l .  c m  '  s e c  ' .  T h e  o z o n e  f l u x  i s
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found to be dependent on the local ozone
concentrat ions.  This  work was carr ied out  in  an
area remote f rom urban Pol lu t ion-

Radio Activit and Volcanic Dust as Atmos her i c
racers

The rout ine measurements of  Beta-act iv i ty
of  ra in fa l l  have cont inued,  though a i rborne t racers
are now receiv ing a greater  emphasis-  Dur ing the
past  year ,  the techniques of  measur ing the cosmic-
iay produced radio isotope Bery l l ium-7 (eer)  in .  a i r ,
ha?e-been improved and this progranme now 6perates
rout ine ly .  An extensive body of  data has been
bu i l t  up .

I t  is  proposed to extend the Ber  programme
by establ ish ing I  n l twork of  s tat ions at  fownsvi l le ,
g- r isbane,  Sydney and Hobar t .  As wel l  as seasonal
and la t i tud inal  var ia t ions,  t ropospher ic-
s t ratospher ic  in terchange wi l l  a lso be s tudied.

The mechanism resPonsib le for  the
product ion of  Bez in  the s t ratosphere is  s t i l l
imperfectly undefstood: to improve our knowledge
of the process, Bez measurement's are now being made
at two iat i t ,udes. 

'  Using equipment kindly loaned
by the U.S.  Atomic Energy Commiss ion,  and through
the good off ices of the Department of Supply who
operate the Hibal  fac i l i ty ,  observat ions are
oLta ined four  t imes a year  f rom Mi ldura,  V ic tor ia ,
and twice a year  f rom Longreach,  Queensland.

As further confirmation that our
understanding of  the cosmic-ray product ion model  for
natura l  rad io act iv i ty  is  correct ,  Sulphur-35
measurements at Aspendale were compared with the
predic t ions f rom theory.  No s ign i f icant
d i f ferences were detected.

Fol lowing the successfu l  s tudy of  vo lcanic
dust  in  the s t ratosphere af ter  the erupt ion of
Mt .  Agung  a t  Ba l i  i n  1953 ,  v ia  rad ia t i on
observat ions,  much of  the recent  ef for t  in  th is
context  has concentrated on increasingi  our
understanding of  the observed post -Bal i
behaviour .
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The current opinion regarding the
poleward t ranspor t  o f  s t ra tospher ic  t racers is
s t rongly  in  favour  of  an isot ropic  eddy d i f fus ion
with mixing taking place polewards and downwards.
(A number of  recent  s tud ies overseas have suggested
values for  the anisot ropie d i f fus ion coef f ic ients
Kyy '  *o,  and Krr . )

The Bali  dust data reported total amount
in a vert j-cal column and suggested poleward
moving waves of dust in late winter, the wave
ampl i tude being constant  wi th  la t i tude.  This
in format ion can be used to in fer  va lues for  the
an iso t rop i c  d i f f us ion  coe f f i c i en ts ,  K , , , ,  and  K . . - r  E rs
funct ions of  la t i tude.  The K, , . ,  va1u6* are i l t "
reasonable agreement  wi th  thos6rrepor ted e lsewhere,
show ing  a  max imum o f  abou t  1 .5  x  1010  cm2 sec - l
in  middle la t i tudes.  The K va lues are less
sat is factory,  and are h igh. rY€hr t t  repor ted e lsewhere.
This  may be connected wi th  the poss ib i t i ty  o f  a
constant  wave ampl i tude being par t ia l ly  due to  the
creat ion,  in  s i tu ,  o f  par t ic les f rom sulphurous gas
emit ted bv the vo lcano.

GENERAL MI CROMETEOROLOGY

An invest igat ion of  mean prof i les in  the
lower atmosphere has been extended as far into the
stable regj-me (nightt ime condit ions over land) as
is  poss ib le  f rom avai lab le data.  I t  is  found that
the " Iog- l inear"  1aw remains va l id  over  a
surpr is ing ly  wide range of  s tab i l i ty ,  the sane
representat ion being va l id  for  wind,  temperature,
and humidity, The value of the Monin-Obukhov
coef f ic ient  o  j -s  found to be approx imate ly  5,  The
Richardson number (Ri )  has a cr i t ica l  va lue,
represent ing the l imi t  o f  the turbulent  reg ime,
equa l  t o  I / a ,  i . e .  aop rox ima te l y  0 .2 .  However ,  a
d i f ferent  reg ime in tervenes at  about  Ri  = 0.16 and
extends through to values of Ri approaching 1; in
th is  range the prof i les are only  quasi -determinate,
approximatingr on average, to a simple logarithmic
form.

This knowledge of the profi le forms in

I V

stable condi t ions has immediate appl icat ion in  the
evaluat ion of  f luxes f rom gradient  measurements,  and
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has been so appl ied in  the Wangara invest igat ion.
I t  a lso has potent ia l  appl icat ion to  some problems
of  nocturnal  cool ing,  f rosts ,  and atmospher ic
po l l u t i on .

Reference has been made in  ear l ier  repor ts
to the cool  sk in  (about  1 mm th ick)  o f  open water
sur facest  in  weak to  moderate winds,  the t rue
surface temperature of the water can be up to
0.5 deg C or  more cooler  than that  o f  the bulk  water .
An elementary theory of this layer, based on the
instabi l i ty  assocj -ated wi th  the gradients  of
temperature in  f resh water ,  together  wi th  sa l in i ty
in  the case of  sa l t  water ,  is  now being extended to
inc lud.e the ef fect  o f  sur face tens ion var ia t ions.
Whi le  f ina l  resul ts  are not  yet ,  avai lab le,  i t  appears
that the surface t,ension effect brings about a
s ign i f icant  reduct ion of  the theoret ica l  th ickness of
the layer and temperature drop across it .

To extend the observational knowledge of
the sk in layer ,  which is  a t  present  very meagre,  i t
i -s  proposed to make a fa i r ly  extensive ser ies of
measurements of the skin t,emperature drop.
Equipment  has been bui l t ,  for  operat ion at  the end
of  a p ier ,  to  make sensi t ive measurements of  the mean
temperature and humidity structure in the air layers
up to  a few metres above the sea.  From these,  i t
is  poss ib le  by ext rapolat ion to  determine the
temperature r ight at ' the water surf ace, whJ-ch can
then be compar.ed with that of the bulk water as
measured just  be low the sur face.

Knowledge of  the cool  sk in  wi l l  have
application in improving current methods of
evaluating the evaporation from lakes or the seat
and wil l  also be relevant in the determination of
sea temperature by measurement of radiation from
above  t  e .g ,  f r om a i r c ra f t  o r  sa te l l i t e .

As -a  resu l t  o f  an  i nves t i ga t i on ,  repo r ted
prev ious ly ,  on the spectrum of  the ver t ica l  ve loc i ty
component of turbulence as measured from an aircraft,
i t  became possib le  to  evaluate the "scale lengthrr t
o f  the turbulence ( the va lue of  which is  o f
considerable in terest ,  in  par t icu lar ,  to
aeronaut ica l  engineers)  a t  a  number of  he ights  and
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in var ious s tabi l i ty  condi t ions.  Two independent
est imates of  scale length obta ined f rom the spectrum
showed satisfactory ag'reement with each other. The
scale length has been shown to increase wi th
increasing height  (a t  least  up to  300 m) and wi th
inc reas ing  i ns tab i l i t y .

The same spectrum analys is  a lso makes i t
poss ib le  to  ca lcu late the rate of  v iscous
diss ipat ion of  k inet ic  energy at  var ious heights .
The analys is  is  not  yet  complete but  pre l iminary
resul ts  ind icate good agl reement  wi th  prev ious ly
publ ished est imates c lose to  the ground,  but  a t
h igher  levels  (some hundreds of  metres)  our  va lues
are rather  greater .  The reason for  th is  has not
yet  been e luc idated but  i t  may be connected wi th  the
fact  that  the ear l ier  va lues were der ived main lv
f rom di f fus ion exper iments.

Current ly  in  progress is  an invest igat ion
to explore the poss ib i l i ty  o f  us ing net  rad iat ion
data to determine the turbulent f luxes of heat and
water  vapour  f rom a land sur face,  for  incorporat ion
ul t imate ly  in  numer ica l  models  of  the atmosphere.
Resul ts  to  date ind icate that  these two f luxes can
be est imated wi th  qui te  reasonable accuracy on a
24-hour basis knowing only the amount of available
energy together  wi th  a reasonable est imate of  the
sur face temperature.  For  an unsaturated sur face
some est imate of  so i l  "wetness"  is  a lso needed and
resul ts  so far  suggest  that  the accumulated
evaporat ion s ince the last  heavy ra in  ind icates the
degree of  dry ing out  wi th  reasonable adequacy.  The
method is  not  su i tab le for  use over  the oceans
because of unknown energy transports in the water
i t s e l  f .

Last  year ,  ment ion was made of  a
feas ib i l i ty  s tudy concern ing the re la t ionship
between concentrations of the natural radon
daughters lead-214 and bismuth--2J-4 and atmospheric
stabi l i ty  in  the lowest  layers of  the atmosphere.
The experimental programme has now been completed
and analys is  of  the data commenced.

Las t  yea r rs  repo r t  men t ioned  the
development of a prototype anemometer/wind-vane unit
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sui tab le for  smal l -scaIe synopt ic  network
appl icat ions,  in  par t icu lar  for  record ing the
pat tern of  sur face f low associated wi th  thermal
convect ion currents .  This  unj - t  incorporates
1ow-torque transducers to permit direct DC recording
or readout, and can operate at wj-nd speeds down to
30 cm/sec.  Construct ion and f ie ld  test ing of  a
set  o f  11 such uni t .s  has now been completed and i t
is  proposed to use these in  an invest igat ion of
thermal convection in the near future.

A knowledge of the mass and energy balance
of  snowf ie lds and in  par t icu lar  the i r  evaporat ion
and melt rates is important in management of water
resources,  and in  atmospher ic  c i rcu lat ion s tudies,
Equipment has been designed to deLermine these
quant i t ies,  in i t ia l ly  over  a representat ive
Vic tor ian snowf ie ld ,  both by the d i rect  means of
tys imetry  and by ind i rect  means ut i l is ing
measurements of  rad iat ion,  windspeed,  temperature
and humidity.

For  snow lys imetry  a large beam balance,
of  over  I  ton capaci ty ,  and pan area about  1 m' ,
w i th  an  accu racy  o f  0 .002 t t  (0 .05  mm)  o f  equ iva len t
water depth, had already been tested under rugged
cond i t i ons  a t  M t .  Bu1 le r ,  V i c to r i a ,  i n  L966 .  Th i s
autumn it was transferred to a more suitable site
at  Fal - ls  Creek,  in  the same State,  in  readiness for
a programme of measurements this spring.

V AGRICULTURAL METEOROLOGY

INCLUDING EVAPORATION

The pr inc ipa l  concern of  the Agr icu l tura l
Meteorology Group remaj-ns the investigation of
exchange processes between the atmosphere and the
var ious types of  sur face under ly ing i t '  in
part icular crops and vegetation of economic
impor tance.  As par t  o f  th is  genera l  a im,  a great
deal of attention is given to development and
ref inement  of  exper imenta l  techniques '  and
especia l ly  to  the measurement  of  the ver t ica l  f luxes
of  water  vapour  and heat .

Work is proceeding on the development of a
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comprehensive theoretical model of crop growth in
order  to  invest igate the in f luence of  the ver t ica l
gradients  of  rad iat ion,  wind speed,  temperature,
carbon d iox ide,  e tc . ,  set  up in  the vegetat ion
layerr ofl  the pattern of growth. The model takes
a more basic  approach than usual .  I t  uses
computed data, which can be reasonably regarded as
independent ,  and empir ica l  re la t ionships only  when
the phys ica l  aspects  are adequate ly  understood.
Using the information on the above-crop
meteoro logica l  condi t ions,  the in i t ia l
of the canopy and roots and the init ial
s tatus,  i t  a t tempts to  predic t ,  amongst

arch i tecture
so i l  wa te r
other

the cropth ings,  the arch i tectura l  development  of
both above and below sround.

One in terest ing feature of  the model  is
that  the in-canopy ver t ica l  mass t ransfer
coef f ic ient  prof i les (which largely  determine the
in-canopy meteoro logica l  var iab les)  are predic ted
theoreLica l ly  instead.  o f  be ing inser ted as data,
as is  usual ly  the case.  The exper iment  j -s
designed not  mere ly  to  correct ly  s imulate to ta l
photosynthesis  of  a  par t icu lar  crop but  ra ther  to
get  some idea of  the way in  which p lants  develop
thei r  own par t icu lar  phys io log ica l  responses and
physica l  character is t ics  as wel l  as understand to
what  extent  p lant  development  in  the f ie ld  is
conLro l led by the phys ica l  env i ronment  rather  than
genet ic  or  evolut ionary factors.  In  shor t ,  such
a  mode l  i s  a  good  " i deas  genera to r " ,  and  as  such
has a l ready proved invaluable.

s t a g e s ,
model t s
bet ter

Al though the work is  s t i I l  in  i ts  ear ly
i t  seems that  even as a pure s imulator  the
per formance is  equal  to ,  and perhaps

than,  that  o f  o thers commonly in  use.

At the request of the New South Wales
Water  Conservat ion and f r r igat ion Commiss ion and
t h e  C . S . I . R . O .  D i v i s i o n  o f  I r r i g a t i o n  R e s e a r c h ,
Gr i f f i th ,  F luxatrons were used to compare
evaporation rates from a reed infested swamp with
those f rom a s imi lar  nearby body of  open water .

The Barren Box Swamp, near  Gr i f f i th ,  is  a
large area of  shal low water  in  which grow dense
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t t isLands"  of  reeds,  known as t rcumbungi" .  The
measurements made at the swamP were compared with
others made at- Lake Wyangan some 16 km away. It
became ev ident  that  the presence of  the reeds caused
a s ign i f icant  reduct ion in  water  loss,  due to  a
combinat ion of  the i r  h igh a lbedo,  the i r  in ternal
res is tance to  water  t ransfer  and to  the shel ter  they
prov ide for  the water  sur face.  In  s i tuat ions such
as these,  the eddy-corre lat , ion technique of fers  a
v i r tua l ly  un ique fac i l i ty  for  measur ing evaporat ion.
Alternative methods rely heavily on knowledge of the
energy available for transfer into the atmosphere
(which is  d i f f icu l t  to  determine)  or  on measurement
of  water  in f low,  out f low and seepage a l l  to  an
unat ta inable degree of  accuracy.

Evaluation has continued of a combination
method of  evaporat ion measurement ,  u t i l is ing s tandard
measurements such as net  rad iat ion,  wind-speed,
temperature and humidity. The formula involved
takes into account not only the energy available at
the sur face but  a lso the prevai l ing d i f fus ion rate
through adjacent  a i r  layers,  by means of  an
atitrospheric conductance, h; and water movement
through the so i l  and p lant ,  bY means of  a  crop
internal  conductance,  h i .

The re la t ionship of  h  to  windspeed being
now reasonably well  understood for the crops worked
on to date - pasture and potatoes the emphasis
th is  year  has been on re la t ing the in ternal
conductance of  these crops to  so i l  mois ture content
and to severa l  potent ia l ly  usefu l  ind ices of  p lant
moisture s tatus.

Wi th pasturer  h i  is  found to re la te qui te
c lose l y  to  so i l  mo is tu re r tas  we l l  as  to  p lan t
moisture s t ress-  (as ind icated by re la t ive turg id i ty
and water  potent ia t ) ,  but  wi th  potatoes,  h .  seems
less depenhent  on 

"o i I  
mois ture,  per  se.  t

Never theless,  exgel lent  re la t ionships have again
been f ourtd betw4en h., and plant moisture status '
even dowri to.-periods'as short as an hour.

During the year two models of a relatively
inexpensive yet high-performance data acquisit ion
a n d  i n t e g r a l i o n . s y s t e m  ( D . A . I . S . Y . )  w e r e  c o n s t r u c t e d
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pr imar i ly  to  fac i l i ta te the co l lect ion and analys is
of data required for combination method
j -nvest igat ions.  At  se lected in terva ls  these
inst ruments pr in t  accumulated to ta ls  of  appl ied
elect r ica l  inputs:  f ive channels  accept ing
analogue sj-gnals in the range 0 - 10 mV, and a
s ix th record ing the to ta l  number of  pu lses
generated by a contact ing anemometer .  S igni f icant
fea tu res  o f  D .A . I .S .Y .  a re  an  ou tpu t  f o rma t  wh ich
makes for  easy in terpretat ion and analys is  of
record,  ab i l i ty  to  cont inuously  moni tor  each
analogue channel  by panel  meters,  por tab i l i ty  and
low power requirements. The instrument has proved
re l iab]e and accurate in  both f ie ld  and laboratorv
t r i a l s .

I n  Oc tobe r  1968 ,  j o in t l y  w i th  seve ra l
Departments of Melbourne University, a comprehensive
study of  the microc l imate,  water  s tatus and growth
rate of  a  bar ley crop was carr ied out  a t  the
Univers i ty  Exper imenta l  Farm at  Mt .  Derr imut .  Over
a three-week per iod,  hour ly  f luxes of  rad iat ion,
heat, water vapour, and earbon dioxide were
recorded, along with the more conventional
measurements such as windspeed, temperature and
humid i t y ,  so i l  mo is tu re ,  and  so  on .  Ana lys i s  o f
the large amount  of  data obta ined is  sL i l l
proceeding,  but  there are a l ready ind icat ions of
severa l  usef  u I  re la t ionships.  The exper i -ment  is
to  be repeated th is  spr ing,  hopefu l ly  wi th  an even
more complete instrumental coveragie.

A new energy-part i t ion evaporation
recorder  has been designed and constructed on the
basis  of  exper ience gained wi th  ear l ier  p i lo t
models .  L ike these,  the new inst rument  measures
evaporation by means of an analogue circuit which
cont inuously  so lves a modi f ied vers ion of  the
Bowen-rat io  formula,  us ing measured va lues of  net
radiation, ambient wet-bu1b temperature and dry-
and wet-buIb temperature d i f ferences.  Modi f icat ion
of circui-try and layout has improved accuracy,
whi ls t  cont inuous in tegrat ion of  the output ,
together  wi th  automat ic  hour ly  pr in tout ,  has
fac i l i ta ted analys is  of  resul ts .  Operat ing
procedures have been s impl i f ied to  permi t  complete lv
unattended operation over periods oi up to a ireek. 

-
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Comparative tr ials against Aspendale lysimeters
have been encouraging and further tr ials at more
open s i tes are p lanned.

A simple instrument known as an eddy-f lux
evapora t i on  reco rde r  (E .F .E .R . )  i s  be ing  deve loped
to determine the sensible heat f lux entering the
atmosphere from a crop surface and thence, vj-a
associated energy balance measurements '  the la tent
heat  f lux -  or  in  ef fect  the crop evaporat ion rate.
In i ts present, form, now undergoing tr ials at
Aspenda le ,  E .F .E .R .  ope ra tes  essen t i a l l y  a long  the
same l ines as the F luxatron ( referred to  on page 22) .
Un1ike the la t ter ,  i t  g ives only  an approx imat ion of
the true sensible heat f lux rather than the actual
value at a point above the croP. Howeverr because
i ts  sensors are more rapid in  response'  and
therefore able to cope with the smaller eddies
important in turbulent transfer near the ground' the
point of measurement can be lower down, thereby
avoid ing much of  the ef fects  of  advect ion.

As a further sLep towards a simple, low
cost  lys imeter ,  a  p i lo t  model  o f  a  new type of
lys imeler  ba lance is  be ing bui l t .  I t  is  des igned
to harmonize with the new method of instal l ing
monol i th  lys imeters referred to  last  year ,  and
should br ing the overa l l  cost  o f  lys imeter
insta l la t ion to  wi th in  reach of  most  agr icu l tura l
and hydro logica l  author i t ies.

VI RADIATION

The net long-wave radiometer mentioned in
last  year 's  repor t  has been fu l Iy  d 'eveloped and
f ie ld  tested.  The inst rument  is  qu i te  s imple,  and
cons i s t s  o f .  a  spher i ca l  she l l  o f  b lack  po l y thene
(an in f rEl=red t ransmi t t ing mater ia l )  spun
continuous.ly about an ordinary Funk-type net
radiometer. The performance of the instrument is
unaf fected b1z.  var ia t ions in  shor t -wave radiat ion,
wind speed or  temperature.

An opt ica l  f i l ter  for  absorb ing
photosynthet ica l ly -act ive (PA) rad iat ion has been
developed.  The ch lorophyl ls  ext racted d i rect ly
from plant leaves are used as absorbing pigments in
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a special transparent medium which delays the
normal  photo-decomposi t ion of  the ch lorophyl t .
The f i l ter  mater ia l  can be used to conver t  ord inary
radiometers into instruments responding only to pA
wavelengths.  ( I t  must  be remembered that  the
def in i t ion of  PA radiat ion here is  set  by the
concentrat ion of  ch lorophyl l ,  and as such is  somewhat
arbitrary. ) Experiments have shown that for clear
sky condit ions the ratio of PA ral l iat ion to total
shor t -wave radiat ion is  remarkably  constant .  Wi th
c loudy sk ies the rat io  var ies enormously  about
the c lear-sky va lue -  though the la t ter  is  s t i l l  a
good long term average. Measurements of the
t ransmiss iv i t ies of  typ ica l  leaves to  pA radiat ion
indicate that  the quoted va lues of  about  10S are on
the h igh s ide.

Since February of  th is  year  an
automat ica l ly - record ing "uni -d i rect ional"  form of
the radiometer has been instal led permanently at
Aspendale in order to monitor the downward f lux of
long-wave radiation from the sky. The clear sky
data so far available have been examined and
compared with the predict ions of an empirical
formula developed earl ier by Swinbank. The
formula appears to overestimate the downward f lux
during the daytime - typical ly by 3 to 4 mW cm-2 at
midday. This could be due to the fact that the
formula was based on night t ime measurements which
would be b iased towards invers ion condi t ions.  A
study of the theoretical implications of this same
formula has just been completed. It  shows that the
formula can be derived from exist ing knowledge of
water vapour emission when account is taken of the
strong correlation between screen temperature and
the amount of water vapour overhead. An analysis
of observations suggests that the formula proposed
by Elsasser  in  1942 in  terms of  temperature and
vapour  pressure is  o f  ra ther  wider  appl icat ion.

Work has started on the development of a
pyrgeometer, sensit ive only to wavelengths from 8p
to I3U.  In  th is  reg ion,  c louds and aerosol
par t ic les absorb and emi t ,  but  there is  l i t t le
absorpt ion f rom atmospher ic  gases.  The
inst rument  wi l l  be used to cont inuously  moni tor
radiat ion f rom c louds and aerosol  par t ic les.
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The design is based on a thermopile
detecting element but instead of the conventional
mat t  b lack absorb ing sur face i t  employs a
crysta l l ine s l ice of  mater ia l ,  t ransparent  to  a l l
wavelengths less than 8u.  The lower sur face is
s i lver-p la ted in  order  to  ref lect  shor twave
radiat ion.  Crysta l l ine mica is  present ly  used as
the t ransparent  medium, but  th is  wi l l  be replaced
shor t ly  by crysta l l ine magnesium ox ide,  which has
super ior  qual i t ies.  A prototype mode1,  which at
present  is  moni tor ing to ta l  nocturnal  c loud
radiat ion,  shows promis ing per formance.  I f
successfu l ,  the pr inc ip le  wi l l  be appl ied to  the
conventional net radiometer.

Basic instrument,ation for a long path
(-50 m1 in f ra- red hygrometer  has been bui l t .  The
equipment  is  s t i l l  in  the development  s tage '  but
ult, imately i t  is hoped to obtain spatial ly averaged
atmospheric humidity f igures above various natural ly
occurr ing sur faces,  and to  compare these averages
wi th f ixed point  measurements.  Such an inst rument
has obvious application where mean values over an
area are requi red.

Equipment  for  measur ing u l t ra  v io le t
rad iat ion on a comparat ive basis ,  cont inues to  be
operated at Aspendale on behalf of the University of
Queensland:  i t  is  one of  a  chaj -n of  three
inst ruments,  the others being in  New Guinea and
Br i sbane .

In co-operation with the Geography
Depar tment  of  Monash Univers i ty ,  some in i t ia l
measurements of  gradients  of  g lobal  and net
radiation have been made in a eucalypt forest near
Daylesford,  V ic tor ia- -  S imul taneous measurements
of the same elements above the canopy are needed to
obta in a usefu l  ser ies.  o f  data and i t  is  hoped to
make these during the coming summer.

Radiat ion scales as d is t inct  f rom the
Internat ional . -Pyrhel iometr ic  Scale 1956 are
mainta ined in  many of -  the Nat ional  Standards
Laboratories of the worId. Advantage has been
taken of  a  ser ies of  compar isons,  recent ly
conclud.ed,  o f  these radiat ion scales,  to  re la te i t '  to
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Ah.  In ternat ional  Pyrhel iometr ic  Scale 1956 v ia
Angstr6m Pyrhel iometer  No.  502 held by th is
Div is ion and represent ing the Austra l ian nat ional
standard as well as the WMO Region V standard. The
sca les  appear  to  d i f f e r  by  I . 42 ,  t he  va lue  ass igned
to  a  g i ven  i r rad iance  by  the  I . p .S .  sca le  be ing  the
lower.

In  response to an inv i ta t ion issued
through the Pres ident  o f  Wor ld Meteoro logica l
Organizat ion,  Region V,  New ZeaLand and the
Phi l ipp ines not i f ied the i r  in tent ion of  submit t ing
thei r  Nat ional  Radiat ion Standards for  compar ison
wi th the Regional  Standard No.  502.  The New
Zealand i-nstrument has been received and the
compar ison sat is factor i l lz  completed,  whi ls t  that
f rom the Phi - l ipp ines is  s t i l l  awai ted.

A l imited comparison between
pyrheliometers employed as substandards by other
organizat ions,  and the Div is ion 's  8ngstr6f r
pyrhel iometer  was carr ied out  dur ing last  summer at
the laborator ies of  the Div is ion of  I r r igat ion
Research,  Gr i f f i th ,  New South Wales.  par t ic ipants
a l s o  i n c l u d e d  t h e  C . S . I . R . O .  D i v i s i o n  o f  M e c h a n i c a l
Engineering, the Commonwealth Bureau of Meteorology,
andthe Meteorology Department of Melbourne
Univers i ty .

The number of  ca l ibrat ion cer t i f icates
issued for  rad iat ion inst ruments in  1968/9 was again
substant ia l ly  greater  than for  the prev ious year .
Abi l i ty  to  cope wi th  th is  increase is  due j -n  par t ,
a t  least ,  to  the insta l la t ion of  a  Xenon arc shor t
wave radiat ion source,  use of  which,  far  ca l ibrat ing
purposes,  has been approved by the Nat ional
Assoc ia t i on  o f  Tes t i ng  Au tho r i t i es ,  Aus t ra l i a .
This has removed a former dependence on cloudless
days,  which,  occurr ing only  some seven t imes a year ,
have been a bot t leneck in  the ca l ibrat ion system.

To increase ca l ibrat ion accuracy,  a  water
cooled radiometer enclosure for use with the long
wave radiation source has recently been brought
in to use.  f t  w i l l  form par t  o f  the semi-auLomat ic
long wave calibrating equipment now under
development .
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One  o f  t he  D iv i s ion ' s  S i l ve r  D isc
pyrhel iometers is  be ing modi f ied so that  i t  w i l l
operate unat tended.  Improved prec is ion should
result from automatic t iming of the shutter
movements and it  is hoped that the modif ied
inst rument  wi l l  be su i tab le for  par t ic ipat ion in
future W.M.O. In ter-Regional  Compar isons of
Pyrhel iometers.

VII MISCELLANEOUS

General

The Div is ion is  an accredi ted laboratory
of  the Nat ional  Associat ion of  Test ing Author j - t ies
in the f ields of Iow speed anemometry and
atmospher ic  rad iat ion inst ruments.  In  the case of
the former, the annual cal ibration rate - which
grows continuously - now amounts to over one
hundred instruments a year, from both Commonwealth
and State Governments as well as from industrial and
commercial f irms. Improvements in the radiation
cal ibrat ing procedures are referred to  in  Sect ion VI .

The computing and data processing group
has again ass is ted in  var ious pro jects ,  inc lud ing
the cont inu ing analys is  of  the Wangara data.

Construction of the new analogue/digLEaL
convers ion system, ment ioned in  last  yearrs  repor t ,
has now reached the f i rs t  s tage of  complet ion,  and
the equipment  is  undergoing tests .  This  system
converts data in various forms j-nto digital format,
on magnet ic  t ,ape,  su i tab le for  presentat ion to
computers.  At  present ,  the system can accept
mult ichannel analogue voltages or maginetic tape, and
also char t  records,  the la t ter  wi th  manual  fo l lowing
of  one or  two t races ( Ia ter  three)  s imul taneously .
It  is proposed to extend the equipment to accept
data from a typewriter keyboard and from a punched
paper  tapq reader .

Inst,rument Deve lopment,

To meet  the research needs of  the Div is ion,
many d i f ferent  types of  inst ruments are designed,
ult imately appeaiing as prototypes in the machine
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Of these, some are of
workers both in Austral ia and
therefore of  indust r ia l  va1ue.
involved patents are taken out,
the inst rument  f requent ly  goes
product ion.

in terest  to  other
ove rseas ,  and

Where new ideas are
but  in  e i ther  case

into commerc ia l

The development of the Fluxatronr drr
inst rument  des igned to measure convect ive heat
t ransfer  in  the lower atmosphere,  has been descr ibed
in prev ious repor ts .  This  year ,  the technigue has
been fur ther  s impl i f ied by us ing commerc ia l ly
avai lab le analogue mul t ip l iers .  The inst rument
now accepts f luctuat ing DC s ignals  represent ing any
two atmospheric variables and computes the
covariance in the relevant frequency band -
app rox ima te l y  0 .001  to  0 .5  cyc les  pe r  second .

To prove the inst rument ,  var ious checks
are made on it  whenever the opportunity presents
i t ,se l f  .  By employ ing the appropr ia te sensor ,  the
equipment can be operated in a number of modes and
the va lues of  a  var ie ty  of  f luxes checked against
others obLained through independent  measurements.
In  th is  way ent i re ly  sat is factory compar isons have
been made in  respect  o f  sensib le  heat ,  shear  s t ress
and  sens ib le  p lus  l a ten t  hea ts .

Being based on the eddy corre lat ion
technique,  the F luxatron is  eminent ly  su i ted to  the
di rect  measurement  of  evaporat ion.  However ,  a
cont inu ing search dur ing the last  three to  four
years for  the correct  type of  rap id response water
vapour  sensor  has fa i led to  br ing to  l ight  a
sa t i s fac to ry  dev i ce .

Some years ago the Divisj-on developed a
anemometer,

The inst rument ,
the Bureau of

by the addit ion
af fect . ing the

star t ing speed.
to  beg in .

Long term f ie ld  t r ia ls  are about

Reference was made in  last  year ,s  repor t
to  the ef fect  o f  sea sur face temperature on la ige

standard,  heavy duty ,  5"  cup contact
w i th  a  s ta r t i ng  speed  o f  1  m.p .h .
which has been standard ized on by
Meteorologyr has now been improved
of a generator-type output without
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scale var ia t ions in  ra in fa l l  in  ad jacent  reg ions and
to progress made in  developing the prototype buoys.
Three such buoys are in operation, two in
Por t  Phi l l ip  Bay some 5 mi les of f  shore,  and another
1% mi les  o f f  C ronu l l a ,  New Sou th  Wa les .  Sea
temperatures are obtained twice a day. A fourth
buoy is  about  to  be insta l led near  Mt .  Gambia,
Vic tor ia .  This  has been improved by the prov is ion
of  so l id  s tate c i rcu i t ry  and a dough-moulded f ibre-
g lass body;  the la t ter  s impl i fy ing manufacture,
increasing the s t rength and reducing the cost .

For the study of the structure of
turbulence in  the wind over  the sea,  a  specia l  spar
buoy was const,ructed to provide an almost stationary
mast  5 m h igh on which to  mount  sensing e lements.
Af ter  t r ia ls  in  Por t  Phi l l ip  Bay and at  sea,  the
buoy was d ispatched to the Barbados to  be used in
the BOMEX expedi t ion s taged by U.S.A.  to  s tudy many
aspec ts  o f  a i r - sea  i n te rac t i on .

The long per iod recorder  developed by th is
Div is ion has now completed l0  years of  commerc ia l
product ion.  Unfor tunate ly  the bat ter ies or ig ina l ly
se lected to  dr ive the recorder  are no longer
avai lab le f rom local  sources,  and the impor ted
subst i tu tes,  be ing o lder  on arr iva l  in  the country ,
tend to  deter iorate too quick ly  to  be of  use.  A
new model has therefore been developed Lo operate on
locaI ly  made lower vo l tage bat ter ies.  Advantage
has been taken of the changeover to mount the
batt,eries and those parts of the instrument
sensit ive to extremes of temperature and hr:rnidity
in  a hermet ica l ly  sealed conta iner ,  which is
instal led underground where temperature
fluctuations are' severely damped.

Minor- developmental work on the hydraubc/
pneumat ic  lys imeter  re ferred to  in  last  yearrs
repor t  cont , inues.  Success has been achieved wi th  a
rectangular-  so i l  conta iner ,  which is  requi red when
deal ing wi th  row crops.

. Out, of the convection experiments referred
to e lsewhere in  th is  repor t  a  need arose for  a  low
torque wind speed and wind direction recorder. In
the case of  the formerr  dr  ex is t ing generator- type
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anemometer  wi th  a s ta l l ing speed of  some 30 cm/sec
has been modi f ied by adding a fur ther  three cups.
The addi t ional  cups make poss ib le  a low star t ing
speed, as well as help to impart a smooth torque and
thus reduce f luctuat ions in  the e lect r ica l  output .
Smal1 changes in  wind speed d i rect ion are sensed by
means of  a  l ightweight ,  ba lanced,  expanded pol lz thene
vane,  mounted on jewel led bear ings and actuat ing
di rect ly  a  1ow torque prec is ion potent iometer .
Elect r ica l  output  o f  the la t ter  is  fed on to
magnetic tape, and the unit responds to wind speeds
as low as 30 cm/sec.

A third instrument for recording air f low
in both hor izonta l  and ver t ica l  p lanes has been
devised a long s imi lar  l ines to  the wind d i rect ion
recorder  just  ment ioned,  wind 'd i rect ion '  be ing
sensed by the same type of vane used previously but
mounted on a hor izonta l  ax is .  The uni t  is
mainta ined in to wind and e lect r ica l  Lake of f  is  v ia
s l ip  r ings.  Again the threshold is  30 cm/sec.

Equipment used to record rapidly
f luctuat ing s ignals ,  for  example of  temperature and
water vapour, is frequently expensive and not suited
to f ie ld  work.  Recent ly ,  a  system based on a
commerc ia l  tape recorder  was bui l t .  I t  records
the output of up to three sensors in analogue form,
and on p lay back,  the data can e i ther  be spectra l ly
analysed us ing a complete ly  anal -ogue systemr oy
dig i t ized automat ica l ly  for  normal-  computer  use.
Whi ls t  i t  lacks,  the accuracy of  a  sophis t icated
uni t ,  the qual i ty  o f  i ts  output  is  suf f ic ient  for
many purposes;  mof ,eover ,  i t .  is  s imple,  por tab le
and Iow-pr iced.

VIII ACTIVITIES AND PER-SONALIA

Late in  March,  Cabinet  approval  was g iven
to the establishment of a new Commonwealth
Meteoro logy Research Centre as a co l laborat ive
arrangement between the Bureau of Meteorology and
the Div is ion.  The work of  the Centre wi l l  consis t
of  s tud ies of  the behaviour  of  the ear th 's
atmosphere,  wi th  emphasis  on genera l  c i rcu lat ion,
directed towards improvement in understanding the
dis t r ibut ion and var ia t ions in  c l imate on the ear th,
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and towards improvement in the accuracy and time-
scale of  weather  forecast ing.

This wil l  include the formulation and
test ing of  numer ica l  hemispher ic  models ,  and the
model l ing of  c i rcu lat ions of  a  more regional  type.
The approach to  these problems wi l l r  ds des i rab le,
develop the interpretation and use of new forms of
observat ional  data.  The Centre wi l l  not ,  however ,
under take responsib i l i ty  for  observat ional  programmes.

The Centre wi l l  be located wi th  the
Bureau of  Meteoro logyts  premises in  Melbourne,  and
both the Div is ion and the Bureau wi l l  a l locate s taf f .
Dr .  G.  B.  Tucker  has been appointed to  the posi t ion
of  Of f icer- in-Charge.  fn  fu ture years,  annual
repor ts  of  the Centre wi l l  be issued in  conjunct ion
wi th th is  repor t .

Dur ing the year  Dr .  G.  W. Pal t r j -dge,  and
Mr.  J .  A.  Lane* were jo in t ly  awarded the Inst i tu t ion
of  E lect r ica l  Engineers t  Marconi  Premium for  a  paper
ent i t led "Smal l -Scale Var ia t ions of  Radio Refract ive
Index in the Troposphere: Part 1 - Relationship to
Meteoro logica l  Condi t ions,  and Par t  2  -  Spectra l
Character is t ics .  This  is  awarded annual ly  for  the
bes t  con t r i bu t i on  to  the  P roceed ings  o f  t he  I .E .E .

In  January,  the Chief  o f  Div is ion,
Dr .  C .  H ;  B .  P r ies t l ey .  a t tended  the  second  sess j -on
o f  t he  Jo in t  Organ iz ing  Commi t tee  o f  t he  G .A ,R .P .
(Global Atmospheric Research Programme) at
Pr inceton,  U.S.A.  At  the same t ime he at tended a
meeting of the IAI4AP/IAPSO/SCOR Joint Commit.tee on
A i r -Sea  In te rac t i on ,  a l so  a t  P r ince ton .

By invitat ion from the Agricultural Bureau
o f  Sou th  Aus t ra l i a , ,  D r .  P r ies t l ey  de l i ve red  the
Thi r teenth.Agr icu l tura l  Bureau Orat ion in  Adela ide
in  Sep tember -1968 .  Dur ing  th i s  v i s i t  he  a l so
presented the 1968 Einste in Memor ia l  Lecture at
the inv i ta t ion of  the Austra l ian Inst i tu te of
P h y s i c s .

Footnote *of  the Radio & Space Research Stat ion,
Slough,  England.
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In August  1968 Mr,  E.  L .  Deacon returned
af ter  a  ten-month absence as Vis i t ing Professor  at
the Department of Meteorology r Texas A. & M.
University, and in October he attended a symposium
on Ai r -Sea fnteract ion at  the fnst i tu te of
Oceanography, Vancouver, Canada.

Dr.  A.  J .  Dyer  returned to  Austra l ia  in
December t96B af ter  spending s ix  months at  the
Depar tment  of  Atmospher ic  Sc iences,  Univers i ty  o f
Wash ing ton ,  U .S .A .  En  rou te  he  v i s i t ed
meteo ro log i ca l  i ns t i t u t i ons  i n  t he  U .S .A .  and  the
United Kingdom.

In September 1968 Dr.  R.  N.  Kulkarn i
at tended the 1968 Ozone Symposium held in
Marse i l l es ,  F rance .  He  a l so  v i s i t ed  p r i nc ipa l
centres conduct ingf  ozone research in  France,
U .S .A .  and  the  Un i ted  K ingdom.

In Ju ly  Dr .  P.  Frenzen of  the Argonne
Nat ional  Laboratory jo ined the Div is ion for  a
per iod of  n ine months.  His  pr inc ipa l  in terest  is
the structure of atmospheric turbulence.

Dr .  H.  C.  Mart in ,  who has spent  two
years in the Division working on the f ine structure
of atmospheric moisture, returned to Canada in
October 1968 to take up an appointment with the
Meteorological Branch of the Department of
Transpor t ,  Toronto.
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