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I INTRODUCTION

The Div is ion of  l laeteoro logica l  Physics came
into being in  1946 wi th  the establ ishment  of  a  smal l
Sect ion in  temporary bui ld ings in  Melbourne.  Later ,
a  permanent  locat ion was found at  Aspendale,  some 18
mi les south of  the Ci tv ,  and i t  is  here that  the
admin is t rat ive of f ices and laborator ies are
present ly  s i tuated- .  In  L969,  the Commonweal th
Meteoro logy Research Centre was formed.  This  uni t
has its own off ices in Melbourne and a summary of i ts
object ives and achievements wi l l  be found in
Sect ion IX of  th is  Repor t .

Unt ike many other  meteoro logica l  organizaLions,
the Div is ion has pure ly  research responsib i l i t ies and
is  not  requi red to  engage in  operat ional  act iv i t ies.
Broadly ,  i ts  a im is  a fu l ler  understanding of  the
basic  phys ica l  processes which contro l  weather  and
c l ima te .  F rom the  ou tse t  a  ma jo r  f i e l d  o f  s tudy  has
been micrometeoro logy ( inc lud ing turbulence) ,  s ince
i t  is  a t  the ear th/a i r  in ter face that  the essent ia l
energy t ransformat ions take p lace.  Turbulence in
m-icrometeorology also has important economic
appl icat ions,  embracing evaporat ion '  p lant l
env i ronment  in teract ion and atmospher ic  po l lu t ion.
Radiat ion s tudies are of  comparable impor tance and
are now receiving more attention.

Atmospher ic  dynamics of  larger  scale is  a lso
prominent ,  s ince th is  is  a t  the hear t  o f  the weather
processr  €rs  wel l  as being an area in  which the advent
of  weather  sate l l i tes and h igh speed comput ing
machines are ooening up new prospects of  very rea l
advancement.
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II DYNAMICAL AND SYNOPTIC METEOROLOGY

The Bo.undary Layer

I t  wi l l  be recal led that  the Wangara exper iment
set  out  to  determine broadly  two th ings:  f i rs t ly ,
the scales of  mot ion responsib le for  t ranspor t ing
the ver t ica l  f luxes of  momentum, heat  and water
vapour at the top of the boundary layer, and
secondly ,  the way in  which they could be l inked to
those in  the sur face layers.  The data f rom th is
exper iment  has now been thoroughly  scrut in ized and
wi t t  be publ ished shor t ly .  At  a  t ime when in terest
in  boundbry layer  problems is  running h igh,  LL is
hoped the mater ia l  wi l l  be of  in terest  to  many
worke rs  i n  t h i s  f i e ld .

So far  analys is  of  the data has

(a) lecl. to a good descript ion of the boundary
layer  under  a var ie ty  of  condi t ions;

(b)  improved our  understanding of  the
behaviour  of  the layer  in  respect  o f  re la t ionships
between sur face s t ress,  heat  f lux and evaporat ion on
the one hand-, and wind, temperature and humidity at
the top of the layer on the other.

From these resul ts  and in  the context  o f
numer ica l  models  of  the atmosphere,  i t  has been
possib le  to  propose a new t reatment  of  the boundary
layer  -  which at ready has been incorporated in to an
overseas model  and in to an Austra l ian one.

I t  is  wel l  known that  wind speed and d i rect ion
over  land s i tes tend to  varSr  systemat ica l ly  wi th  t ime
o f  day .  W i th in  100  km o f  a  con t i nen ta l  coas t l i ne t
land and sea breezes are responsib le for  very marked
diurnal  var ia t ions,  but  fur ther  in land other  factors
are involved. /\mong the more important are
topography which can produce mountain and valley
winai ,  and the d iurnal  mix ing cyc le in  the lowest
k j - lometre or  sor  resul t ing f rom sur face heat ing.
The tatter mixes momentum, heat and water vapour
ver t ica l ly  dur ing the d.y ,  but  a t  n ight  e f fect ive
con tac t  w i th  the  ea r th ' s  su r face  i s  cu t  o f f .  As  a
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resul t ,  a t  low levels  (up to  16 m at  Hay in  winter)
the maximum wind is experienced by d-ay due to mixing
wi th a i r  a lo f t ,  whi ls t  in  the h iqher  layers the
downward drain of momentum results in a day-t ime wind
minimum fol lowed bv a mi<lnight maximum, as the
pressure forces act ing to  restore the balance
overshoot the mark.

Whi ls t  the s lope of  the exper imenLal  s i te  at
Hay amounted to  only  21210,000,  i t  had a measurable
inf luence on the dai ly  sur face wind pat tern.  In  the
af ternoon i t  was responsib le for  an up-s lope wind of
I  m sec-r ,  which turned to  the le f t  dur ing the n ight
(as a resul t  o f  the ear th 's  ro tat ion)  r  becoming a
down-sIope wind near  day-break.  The mix ing cyc le
has a s t ronger  ef fect ,  producing at  an a l t i tude of
severa l  hundred metres a dai lv  wind"  osc i l la t ion of
s o m e  2  m  s e c - I .

In trying to understand the reasons for the
variabil i ty of the low level windr drl obvi-ous
star t ing point  is  a  spectra l  analys is  of  the three
eomponents of  wind ve loc i ty .  This  has been appl ied,
to  the Hav wind data,  when observat ions were made at
hourly intervals for the whole 40 days of, the
expedi t ion.  The per iods avai lab le ranged f rom a few
hours upwards,  and i t  was found that  most  o f  the
var iab i l i tv  res ided in  the longer  per iods,
corresponding in  sLze to  weather  map d is turbances.

No t  su rp r i s i ng l v ,  t he re  i s  a  de tec tab le
contr ibut ion f rom the iner t ia l  f reguency due to  the
rotat ion of  the ear th (a per iod of  about  21 hours at
Ha ) .  This  shows up in  the eomponents but  not  in
the overa l l  w ind speed,  which has a s t rong d iurnal
mode.  The most  impor tant  in format ion obta ined
concerns the f low of vert ical angular momentum
assoc ia ted  w i th  the  l a rge r  sca fes  o f  mo t ion .  Th i s
i s  qu i te  d .e f i n i t e l y  upward ,  i . e .  i n  t he  reve rse  sense
to that  requi red to  rep lace the loss through drag at
the  ea r th t s  su r face .  I n  o the r  words ,  i t  i s  t he  ve ry
large and very smal l  seales of  mot ion which are
respons ib le  fo r  red ress ing  the  ba lance .

Numer ica l  exper iments so far  ind icate that  our
t reatment  of  the boundary l -ayer  is  very successfu l .
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Never theless,  4 t  least  two d i f f icu l t  problems remain.
The f i rs t  involves the large scat ter  obta ined when

simi lar i ty  theory is  appl ied to  atmospher ic '
observat ibns made in  s la f te  condi t ions,  suggest ing
that  factors  neglected in  the theory ar9 of ten
important ;  the second,  to  the ro le  of  invers ion
height  in  unstable condi t ions.  A c loser  s tudy is

bei ig  made of  these two guest ions wi th  a v iew to

obta in ing a bet ter  underJtanding of  the ef fects  of

tu rbu lence  i n  d iaba t i c  cond i t i ons .

Long- Ierm Var ia t ions in  the StratospEere

The thought of being able to make accurate

extend-ed predi | t ions on the course of  the weather  has

at t racted many meteoro logis ts  over  the years '
unfor tunate ly  the i r  a t tempts,  which of ten employed
stat is t icat  methods,  met  wi t r r  l i t t le  success and i t

is  on ly  in  the recent  past  -  wi th  the in t roduct , ion of

numer iLaf  dynamic models  of  the genera l  c i rcu lat ion
that  hope has been rev ived again.

In  an at tempt  to  d isentangle the major  causes

of  the long term var ia t ions in  the genera l
c i rcu lat io i ,  appropr ia te or thogonal  band-pass f i l ters
have been developed and applied to the long term

records of wind and temperature in the lower
st ratosphere as wel l  aS tota l  ozone,  which are now

b e c o m i n g  a v a i l a b l e .  I n  t h i s  w a y  i t . i s  p o s s i b l e ' . f o r

example (a lbe i t  ind i rect ly) ,  to  examine the long term

i"=pbn=" of  the tayer  to  f luctuat ions in  the sunfs

u l t ia-v io le t  rad ia l ion,  and to  d i f fuse radiat ion f rom

c louds .  A t  p resen t ,  emphas is  i s  be ing  p laced  on  the
tosphere to  the sun-sPot
d  a  te r res t r i a l  cYc le
fects  c loudiness in  the
o far  ind icate that  the

in the r ight  sense even

when the response is  very weak (but  s tat is t ica l ly
s ign i f i can t )  .

Genera l

The advent of the modern computer has also made

possib le  more sat is factory model  s tud ies of  medium
- s c a l e p h e n o m e n a r l a n d a n d s e a b r e e z e s r k a t a b a t i c a n d
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anaba t i c  w inds ,  convec t i ve  sys tems ,  bush  f i r es ,
t rop ica l  cyc lones,  and so on.  Recent l lz ,  a  model  :

sea breeze was constructed wi th  the object  o f
s tudy ing i t  under  vary ing condi t ions of  prevai l ing
wind,  ter ra in ,  temperature s t ructure,  wind heat
input ,  and la t i tude.  I t  is  ant ic ipated that  an
account  of  the resul ts  wi l l  appear  in  the next
repo r t .

The "l ' Iorning Glory" is the name local-
res idents g ive to  a spectacular  c loud format ion
which occurs a long the coast  o f  the GuI f  o f
Carpentaria in spring and summer. The cl-ouds
appear about day-break in the form of a long
s t ra igh t  l i ne  (o r  seve ra l  pa ra l l e l  l i nes )  mov ing
from the east at moderate speed in an otherwise
c loudless sky.  Thei r  passage is  preced,ed by a
calm fo l lowed by a gust ing of  the sur face wind and
has been expla ined in  the l i terature as a land
breeze or  katabat ic  wind.  A numer ica l  model ,  which
examines the dynamics of  a  shal low laver  of  ch i l led '
a i r  a t  t he  ea r th ' s  su r face ,  has  been  ab le  to
reproduce almost al l  of the known features of the
"Morn ing  G1ory " .  r t  i s  shown  to  be  c lose l y  re la ted
to the undular  bores exper ienced in  some r ivers,  and
is  essent ia l ly  a  propagat ing hydraul ic  jump forming
on a shal low katabat ic  a i r  f low f rom the h igh lands
of  the Cape York Peninsula.

I IT RADAR METEOROLOGY

Mult ip le  Band Echoes f rom a Clear  Sky

"Radar  tends to  prov ide observat ions of  th is
k ind by acc ident  ra ther  than b1 '  des ign."  This  can
wel l  be sa id of  unstable grav i ty  waves occurr ing in
a v isual ly  c lear  atmosphere,  and meteoro logis ts  are
look inq for  wel l  documented radar  case studies of
th is  phenomenon.

Recent1y,  as a resul t  o f  an a ler t  radar
operator  on rout ine weather  watch dut ies,  the Bureau
of  Meteoro loglz  were able to  not i fy  us of  anomalous
echoes then being received on the i r  10 cm radar  f rom
the  Por t  Ph i l l i p  Bay  a rea .  The  D iv i s ion ' s  S -band
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radar  was brought  in to operat ion to  d isp lay a
deta i led s t ructure of  the echoes.  They were made up
of  mul t ip le  bands or ientated in  the d i rect ion of  the
wind as wel l  as crosswind pat terns,  and occurred in
the presence of  a  s t rong wind surge beneath a f ronta l
invers ion.  They resul ted f rom a par t icu lar  type of
boundary layer  per turbat ion -  so ca l led unstable
Goet ler  vor t ices,  developing over  a concave sur face.
Upstream f rom the vor t ices,  rap id evaporat ion of  low
level  s t ra t i form c loud bore ev idencei  o f  boundary
laye r  sepa ra t i on .

I c e  C r stal Fal-Iout, and Convective Storms

Another dist inctive type of echo seen on the
sc reen  o f  t he  D iv i s ion ' s  s -band  rada r  i s  i l - l us t ra ted
opposi te  page 7 .  This  is  somewhat  unusual  in  that
i t -  ar ises-  f iom the presence of  a  widespread layer  of
ice crysta ls  fa l l ing out  f rom the uppermost  par ts  of
a convect ive s torm.  This  phenomenon is  of  par t icu lar
in terest  s ince ice crysta ls  are a potent ia l  source of
natura l  c loud seeding mater ia l  and a knowledge of
the i r  propagat ion wi l l  lead to  a bet ter  underst ,anding
of  the t r igger ing act ion on down-wind c louds.

F ie ld  work has a l ready inc luded a ser ies of
observat ions at  Br isbane us ing the Bureau of
M.eteoro logy 's  radar  there.  A s tat is t ica l  t reatment
of  the obiervat ions obta ined has y ie lded in format ion
on the growth and movement of thunderstorms
especia l ly  the k ind of  severe s torm which moves
acioss the large scale wind f1ow,  and is  therefore
d i f f i cu l t  t o  p red i c t  f o r  a  pa r t i cu la r  l oca t i on  such
as an a i rpor t .  From th is  work a lso has come an
ind i ca t i on  o f  t he  i nc idence  o f  ha i l  assoc ia ted  w i th
severe storms and an average dimension of t ,he region
in which turbulence is  l ike ly  to  be encountered.

Dr Weather Fronts and Bird Movements

The phys ica l  in terpretat ion of  echoes seen on
a  rada r  i s  s t i l l  a  ma jo r  p rob lem in  ce r ta in
c i rcumstances.  Between 1966 and 1968 in  dry
summer condi t ions at  Aspendaler  there were many
occasions when a d i f fuse "  l ine echo"  ,  emanat ing f rom
a v isual ly  c lear  par t  o f  the sky,  was observed on the
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Div i s ion ' s  10  cm rada r  sc reen .  A l though  i t  was
not iced that  the echo was associated.  in  some way
wi th a dry  co ld f ront ,  ornothologis ts  suggested
that  f locks of  swi f ts  might  account  for  the
phenomenon. Co-operation was therefore sought from
the Vic tor ian Bi rd Observers Club and the Vic tor ian
Ornothologists Research Group in an attempt to
dec ide  the  i ssue .

A study of  a l1  the avai lab le data for  the
per iod in  quest ion revealed the fo l lowing:  a l though
swi f ts  (somet imes in  large numbers)  do in  fact  tend
to forage in the warm dry air immediately ahead of a
f ront ,  the i r  locat ion d id not  co inc ide wi th  the
source of  the echoes.  I t  was subsequent ly  found
that  the explanat ion 1ay in  an ent i re ly  d i f ferent
area -  a tmospher ic  re f ract ion.  Associated wi th
f ronts  are smal l  sca le ref ract ive index f luctuat ions,
and i t  is  the back-scat ter ing ef fect  o f  these which
are responsib le for  the echoes seen on the screen.

Radar  Rain Echoes

An analys is  has been completed of  data
re lat ing to  over  5r000 ra in  echoes observed on the
D iv i s ion ' s  S -band  rada r  ove r  a  fou r -yea r  pe r iod .
The echoes have been stat is t ica l ly  re la ted to
sur face and unper  wind,  temperature and humid i ty '
and have been shown to move wi th ,  but  s l ight ly  to
the  l e f t  o f ,  t he  mean  w ind  i n  t he  l aye r  4 -12 ,000  f t .

Radio soundings showed that :

(a)  the lapse of  temperature wi th  heiqht
resemb led  a  mo is t  ad iaba t  up  to  12 '000  fE ,  and

(b)  the absolute humid i ty  decreased rapid ly
w i th  he igh t ,  wh i l s t  t he  w ind  i nc reased  on l y  s Iow ly .

A s imple numer iea l  model  has been set  uD which
reproduces many of  the features observed. ,  and i t  is
expected that  fur ther  work a long these l - ines wi l l
lead to  bet ter  ways of  formulat ing poor ly  understood
processes such as entra inment  in to shower c louds.
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THE UPPER ATMOSPHER.E

Radioact ive Tracers

Prev ious ly  we have out l ined the ext rapolat ion
of  our  ear ly  s tud ies of  the radioact iv i ty  o f  ra in
water  in to the invest igat ion of  speci f ic  rad ioact ive
elements in  a i r .  Emphasis  has been p laced on the
importance of  bery l l iu f r -7 ,  a  natura l ly -occurr ing
radionucl ide,  produced largely  in  the polar
s t ratosphere by the in teract ion of  cosmic rays and
ai r  molecules.  By moni tor ing the concentrat ions of
Be-7 and compar ing them wi th those of  f iss ion
products,  very usefu l  in format ion can be deduced on
the nature of  the t ranspor t  processes in  the
s t ra tosphere .  A t  p resen t ,  i nsu f f i c i en t  da ta  i s
avai lab le to  a l low a prec ise s tatement  of  the resul ts ,
s ince  a  l ong  reco rd  i s  necessa ry  be fo re  seasona l
s tud ies  become s ta t i s t i ca l l y  mean ing fu l .

However ,  a  pre l iminary invest igat ion shows that
there is  a  s l ight  d i f ference between the annual
cvc les in  Be-7 concentrat ions and those of  t 'he
f i ss ion  p roduc ts .  S ince  the  l a t t e r  a re  essen t i a l l y
of  equator ia l  or ig in  and the former of  po lar  or ig in ,
th is  impl ies a la t i tude var ia t ion of  €he hor izonta l
t rans fe i  coe f f i c i en ts .  Th i s  behav iou r  i s  cons i s ten t
wi th  some recent  models  of  the genera l  c i rcu lat ion
which a l low enhanced t ransfer  f rom the equator  to
the  po les  i n  l a te  w in te r .

To confirm our understanding of the Be-7
product ion processes,  a  second cosmic ray-produced
iso tope ,  S -35 ,  was  measured .  The  concen t ra t i on
rat io  of  the two isotopes was found to be very c lose
to that  predic ted bY theorY.

A repor t  o f  some fur ther  work in  th is  f ie ld
wi l l  be found in  Sect ion VI  QUALITY OF THE
ENVTRONMENT.

Ozone

The measurement of
the s t ratospherer  serves

ozone,  at  the sur face or  in
three impor tant  funct ions.
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Ozone is  a par t icu lar l lz  impor tant  t racer .
Formed in  the upper  atmosphere,  i t  t ransfers s lowly
to the lower s t ratosphere where,  be ing sh ie lded
from photo-chemical  dest ruct ion iL  can be used to
ind i ca te  c i r cu la t i on  sys tems .

Ozone has a s t rong absorpt ion band in  the
ul t ra-v io le t  and the energy so absorbed p lays a
v i ta l  par t  in  the radiat ion balance of  the
atmosphere.

At lower levels ozone is formed as a by-
product  o f  manrs ind-ust r ia l  act iv i t ies and is  a
par t  o f  the genera l  po l lu t ion proble in .

Al though most  of  the "weather"  is  generated
outs ide the s t ratosphere,  the c i rcu lat ion at  th is
level  can be used as a <ru ide to  the crocesses
tak ing p lace below.  f5r  th is  rerso i  a  good.  deal
of  e f for t  is  devoted to  understanding the
c i rcu lat ion processes in  the s t ratosphere of  the
Southern Hemisphere - where the patt 'ern of events is
verv d i f ferent  f rom that  in  the nor th.  To prov ide
the raw data for  th is  sor t  o f  work,  a  network of
observ ing s tat ions across Austra l ia  has been
es tab l i shed .  Cur ren t l v ,  t hey  compr i se  Aspenda le ,
Darwin,  Br isbane,  Hobar t ,  Per th and Macquar ie
Is land,  the la t ter  in  co l laborat ion wi th  the Bureau
of  . r4eteoro logv and the Fntarct ic  D. i  v is ion of  the
Depar tment  of  Supplv .  Each stat ion is  equipped
wi th a Dobson speetrophotometer  and rout ine lv
measures to ta l  ozone in  a ver t ica l  co lumn
throughout  the c lepth of  the ear th '  s  a tmosphere.
In  addi t ion,  dL Aspendale a weekly  measurement  is
m.ade of  the ver t ica l -  d is t r ibut ion of  ozone,  both
indirectly by the t lmkehr method and directl ;y by
bal loon borne sondes of  the r {ast  Brewer type.

Much has a l readv been done in  re la t ing the
behaviour  of  ozone to the genera l  c i rcu lat ion of
the  s t ra tosphere  on  a  seasona l ,  annua l ,  b ienn ia l ,
and  even  so la r  cvc le  bas i s .  The  nex t  l og i ca l
development has been to examine the dynami cs of the
100 km leveI  (where events are under  d i rect  so lar
contro l )  connect ing th is  v ia  the in t .ermediate levels
to the c i rcu lat ion in  the s t ratosphere.  For  th is
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Prepar ing an ozone sonde pr ior  to  re lease
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purpose an a i rg low photometer  has recent ly  been
conl t ructed,  employ ing in  par t ,  equipment  borrowed
from the Antarct ic  Div is ion. The inst rument
measures the in tens i t igs of  the green and red l inesneasures  the  an tensr taes  or  Ene green anq.  reL l  r
( r e s p e c t i v e l y  f ,  =  5 5 7 7 X  a n d  6 3 0 0 8 )  i n  t h e  n i g h t

byai rg iow.  Analys is  of  some observat ions obta ined
worl iers in Adelaide as well as others made by
Div is ional  s taf f  a t  Deni l iqu in (  1&q,  mi les nor th of
Melbourne)  has only  just  s tar ted,  but  a l ready
tentat ive va lues for  the eddy d i f fus ion coef f ic ient
ancL ver t ica l  and hor izonta l  ve l0c i t ies at  the 100 km
level  have been obta ined.

Above 40 km it was noticed that changes in
ozone coneentration occurred about the same time
throughout  the wor ld  -  imply ing a so lar  e f fect .
The 4 to  5 year  cyc le in  ozone concentrat ion which
has emerged is  be ing examined in  re la t ion to  events
occurr ing at  lower  levels .

It  has been observed that the ozone amount over
Br isbane is  greater  than that  over  Pretor ia  and is
s i tuated most ly  in  the lower s t ratosphere.  This
f i rs t  ev id.ence of  the longi tud inal  var ia t ion of  ozone
in the southern Hemisphere is  an ind icat ion of  the
<l i f ferences in  the s t rength of  the mer id ional  mix ing
j -n these two sectors of  longi tude.

In  polar  reg ions the s t ratospher ic  c i rcu l -at ion
is  dominated by a winter  cyc lon ic  vor tex which
breaks down in  Late winter  and ear ly  spr ing to  be
: :ep iaced by an ant i -cvctonic  c i r :cu lat ion.  Both in
the Arct ic  and AntarcL ic  th is  f ina l  breakdown is
preceded by waves on a p lanetary scale which
cl.ramatical lv change the temperature structure (up to
aooc)  and o 'zone content  o f  the s t ratosphere.  Dur ing
the spr ing of  L967 the l4acquar ie  Is1and area was
a f fec led  by  these  waves ,  t he  e f fec t  be ing  obse rvab le
on some occasions as far  nor th as Aspendale '  To
take a c loser  look at  th is  phenomena the "Macquar ie
I s land .  P lane ta ry  Wave  Exper imen t "  ( y . f  .P .W.E '  )  has
been  p lanned  fo r  Augus t ,  1970 .  S imu l taneous  ozone
soundings wi l l  be made at  l4acquar ie  Is land I
H o b a r t  l l a s m a n i a ) ,  A s p e n d a l e  i n d  r n v e r c a r g i l l  ( N ' z ' )

The operat ion is  be ing carr ied out  wi th  the
ass i s lance  o f  t he  An ta rc t i c  D iv i s ion  o f  t he



1 a
- L L

Department  of  Suppl -v ,  the Comnonweal th  Bureau of
Ineteoro logv and the New Zealand M.eteoro logica l
Serv ice.  The phenomena wi l l  assume pract ica l  as
wel l  as sc ient i f ic  impor tance wi th  the advent  of
comm.erc ia l  a i r  nav igat ion at  these level -s .

Weather  sate l l i tes are being used.  increasinoly
to probe the atm-osphere,  and i t  is  to  be expected
that  they wi l t  u l t imate lv  prov ide the means of
obtaininq much of the data from. the ocean areas on
wh ich  wea the r  f o recas t i na  depends .  I n  t he  case  o f
ozone r  for  example,  the m.easur ing technioue employed
by sate l l i tes is  s imi lar  to  that  used,  in  the
(ground-based)  Umkehr  method.  Wi th th is  in  mind,
same day com'parisons of sonde and Umkehr derived
ver t ica l  d is t r ibut ion of  ozone have been mad.e and
revealed apparent lv  svstemat ic  d i f ferences as
be tween  seasons ,  yea rs  and  s ta t i ons .  The  causes
are being looked in to as they may have a bear ing on
the accuracv,  resolut ion and representat iveness of
some of the atm.ospheric parameters derived from
sa te l l - i - t e  obse rva t i ons  r  e .g .  ve r t i ca l  d i s t r i bu t i on
of  ozone and temperature.

As with many meteorological elements r df l
impor tant  aspect  o f  the work is  Lhe budget  of  ozone
on  the  o loba l  sca le .  B roac l l y  speak ing  I  ozone  i s
generated in  the upper  s t ratosphere and dest royed
a t  t he  ea r th ' s  su r face .  Bv  measur inq  p ro f i l es  and ,
deduc inq  the  f l uxes ,  nea r  t he  su r face ,  t he
destruct ion rate at  the sround can be obta ined.  In
desc r ib ing  how ozone  i s  t rans fe r red  to  the  ea r th rs
su r face  a  " ra te  cons tan t "  i s  i - n t roduced .  Th i s  i s
de f i ned  as  the  ra t i o  o f  ozone  des t ruc t i on  pe r  un i t
area to  the concentrat ion at  the sur face and
rather  surpr is ing ly  remains unchanged f rom place
to p lace over  a g iven type of  sur face.  So far
measurements have onlv  been made over  grass and
so i1 ,  bu t  t he re  a re  p lans  to  repea t  t he  obse rva t i ons
over  snow and ocean areas.

The resul ts  of  a  compar ison of  the near  sur faee
concentrat ions of  ozone,  d.ust  and radon wi l l  be found-
in SeCtion VI OUALITY OF THE EN\./IRONI/IENT.

I n  L 9 6 9  N A S A T s  N i m b u s  I I I  s a t e l l i t e  r r l r i s "
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carr ied a dovnward- look ing spectrometer  to  measure

the in f ra- red spectra of  the atmosphere,  and f rom

this  to  evalute the ver t ica l  d is t r ibut ion of  ozone.

To check the accuracy of the computed ozone
concentrat ions,  a  se i ies of  ozone soundings by

balloons were m.ade from Aspendale and arranged to

coinc ide wi th  the passage of  the sate l l i te '

To improve the measurement of surface ozone

concentrat ion,  a  sensi t ive in tegrator  has been

designed and constructed to  prov ide _a cont inuous
inte i ra t ion of  the concentrat ion and a pr in t -out  o f

the iccumulated to ta l ,  a t  30-minute in terva ls '  A

photon counter  to  measure the u.v .  emiss ion f rom

Lirgtow has been constructed.  The sensing -head is

a pf ,o tomul t ip l ier  producing a _smalr - - "*Pl i tude 
current

=pi t  
"  

o f  ver |  shor l  durat ion for  each inc ident
pf roton.  Tha occurrence of  these is  very i r regular t

izary ing f rom coinc idence to  in terva ls  of  severa l

f run-dred microseconds.  A d iscr iminator-ampl i f ier -
divider chain was constructed to accommodate these

random bursts  and record them on a counter '  A

select ion of  sampt ing t imes is  avai lab le '

V i\,!ICROIVETEOROLOGY

Ai r -Sea  In te rac t i on

The interaction between the ocean and the

atmosphere has been t i t t le  understood in  the past t

but  t -he increasing use of  numer ica l  forecast ing
methods makes it  imperative that the problem be

iaceA urgent ly .  t f r is  is  par t icu lar ly  so in  the

southern Hem.isphere where the ocean areas occupy a

re lat ive ly  tar le  propor t ion of  the g lobal  sur face.

The Div is ion has long been study ing the

interact ions between a i r  and sur face over  land,  and

more at tent ion is  now turn ing to  the para l le l
processes over  sea,  which for  a  number of  reasons

l i "  ror"  d i f f icu l t .  Accessib i l i ty  and the need for

a suitable platform from which to work are among the

p rac t i ca l  p rob lems .

Dur inq october  1969 an exper iment  was per formed
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us inq  an  o f f sho re  o i l  r i g  (p rov ided  by  ESSO P ty .
L t d . )  i n  B a s s  S t r a i t r  d s  a  b a s i s  o f  o p e r a t i o n .  T h e
basic  in tent ion was to  s tudv the form of  the Ekman
wind sp i ra l  in  the lower atmosphere by us ing p i lo t
ba l loons,  backed up by micro-meteoro logica l
neasurem.ents mad-e near  the sea sur face.  A l though
i t  was or ig ina l ly  thought  that  the la t ter
measurements might be adversely affected- by the
bulky s t ructure of  the o i I  r ig ,  i t  turned out  that
sat is factory eddy- f lux measurements can be obta ined.
This  favourable outcome,  coupled wi th  the ext reme
s tab i l i t y  o f  t he  r i g ,  has  i n te res t i ng  poss ib i l i t i es
for  the fu ture.

A second approach is  be ing made us ing a
f loat ing buov devisecJ or ig ina l ly  by a v is i tor  to  the
D iv i s ion  -  D r .  P .  F renzen  o f  t he  A rgonne  Na t iona l
Laboratory.  The buoy is  des igned to have much more
stabi l i t ly  than a s imple sur face f loat ing one,  by
orov id ing i t  w i th  an underwater  drag p late and a low
centre of  grav i ty .  Some recent  ca lcu lat ions
indicate that  the inst rumentat ion used wi th  the buoy
requ i res  s t j - 11  g rea te r  s tab i l i t y .

Wi th th is  in  mind,  a  new inst rument  the Near
Isot ropic  F lux Turbulence Inst rument  (ur f r f )  -  is
being developed to measure eddy f luxes over  the sea.
Measurem.ents are made of  the mean sguare deviat ion
of  hor izonta l  wind ve loc i ty  and temperature in  a
narrow region of the spectrum centred on ? frequency
o f ,  abou t  b .4  cyc les  pe r  sec .  Th i s  re la t i ve l v
h iqh f resuency is  chosen to avoid d is tor t ion of  the
data which would otherwise resul t  f rom the mot ion of
the  buoy  i t se l f .

The under lv ino pr inc ip le  of  N]FTI  rests  on the
qenera l  be l i e f  t ha t  t he  spec t ra l  p rope r t i es  o f  t he
atmospher ic  turbulence are unioue funct ions of  the
f reouency,  normal ised wi th  respect  to  height  Z and
w ind  speed  u  and  a  s tab i l i t y  pa ramete r  ( z /L )  .
Research here and overseas has mad-e considerable
p ros ress  towards  es tab l i sh ing  the  va l i d i t y  o f  t he
concept ,  and the numer ica l  va lues of  the constants
involved.  Once on a f i rm foot ing,  the walz  wi l l  be
open to determin j -ng eddv f luxes v ia  spectra l
m-easurements.  Ul t imate ly ,  i t  is  hoped to re la te
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ed.dy f luxes wi th  the bulk  a i r -sea d i f ferences in
wind and temperature.  Whereas over  land we have
been concerned wi th  sur faces of  f ixed geometry
( i . e .  roughness ) ,  ove r  sea  the re  i s  an  added
complex i ty  in  that  th is  in  i tse l f  is  a  var iab le
depending on the in teract ions which are under  s tudy.

The Flux-Gradient Relatj-onship fgr Mgmentum and

ouring March I 1970 r drl expedit ion was made to
Gur1ey ,  N .S .W. ,  t o  i nves t i ga te  the  f l ux -g rad ien t
re la t ionship for  momentum in the constant  f lux layer '
and i ts  var ia t ion wi th  s tabi l i ty .  S imi lar  a t tempts
in the past  have been somewhat  inconclus ive because
of  uncer ta in ty  regard ing the correct  va lue of  uar
the  f r i c t i on  ve loc i t y .  P rev ious l y ,  t h i s  had  been
est imated f rom the low-Ievel  wind,  but  th is  approach
ted to  cr i t ic isms centred"  around the quest ion of
s tabi l i ty  e f fects .  Technica l  improvements in  the
Fluxatron,  an inst rument  des igned to measure eddy
f luxes,  have now made i t  poss ib le  to  determine u*
d i rect ly  by the eddy corre lat ion technique.

The Gurley experiment was conducted on a
20,000 acre wheat  farm (Gur ley Stat ion)  immediate ly
af ter  p loughing.  Measurements inc luded wind and
temperature prof i les,  net  rad iat ion and ground f lux,
and eddy- f lux determinat ions of  ver t ica l  Lransfer  o f
momentum and heat. The analysis of the data was
carried through in terms of the Monin-Obukhov
universal  funct ions for  heat  and water  vapour  (Qt t
and {n respect ive ly)  wi th  the s tabi l i ty  parameter"
Z / l r .

The resul ts  lay wi th in  the s tabi f i ty  range
0 .01  <  - z /L  <  1 ,  and  the  Snn  va lues  were  con f i rmed  to
be qui te  d i f ferent  f rom th6se for  0Tr  and $nr ,  which
in earl ier work had been shown to b'e' equal". '  The
quant i ty  Ou/O* 'was very c lose to  uni ty  throughout
tfr is range"of ' ' 'stabi l i ty, implying that Ri was very
near ly  equal  to  z /L.  As an empir ica l  express ion of
the  resu l t s ,  t he  re la t i onsh iPs

0 M  =  ( 1  - 1 6  z / t  ) - %  ,

0 H ,  0 w  =  ( r  -  1 5  z / L )
-1
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were found to agree with the data to within a few
per  cent .  These equat ions therefore serve '  as an
ipproximate statement of the experimental f ind.ings '
wl t f r in  the above range of  s tab i l i ty .  There are a
number of reasons why they should not be regarded as
capable of  ext rapolat ion to  reg ions of  h igher
in i ta f i l i ty  -  where there is  a l ready good ev idence
that  cru i te  d i f ferent  laws are requi red.

In conventional measurements of eddy f lux of
momentum, inadver tent  t i l t ing of  the sensor  can g ive
r ise to  s ign i f icant  er rors  -  which der ive f rom long
per iod.  f luctuat ions in  u.  In  the F luxatron
technisue,  the la t ter  are automat ica l ly  f i l tered
out  and h igher  oual i ty  resul ts  thereby achieved' .

D i f f us i ve  Ad ius tmen t

In many pract ica l  appl icat ions of  micro-
meteorology, measurements must be made when only a
l imi ted fe tch is  avai lab le over  the sur face of
i n te res t  (e .g .  t ake  o r  i r r i ga ted  l and ) .  The
duest ion then ar ises:  how are the basic  fLux/
prof i le  re fat ionshi -ps for  a  d i f fus ing ouant i ty '
such as heat  or  water  vapour ,  d is tor ted-  as a resul t
o f  incomplete adjustment  to  the under ly ing sur face?
A theoret ica l  so lut ion to  th is  problem, dt  present
rest r ic ted to  condi t ions of  near-neutra l  therm'a l
s tab i l i ty ,  has been worked out .  In  contrast  to
ear l - ier  Lheor ies ,  LL takes account  of  the pure ly
molecular  (non- turbulent )  d i f fus ion in  a th in  laver
adjacent  to  the sur face.  I t  thereby avoids an
ar t i f ic ia l  "b low-up"  of  the so lut ion which
otherwise supervenes in  the case of  neutra l  or
unstable condi t ions.  The resuJ- ts  are being Orepared
in graphica l  form for  ready pract ica l  appl icat ion.

Thermal Convection

Through thermal-  convect ion,  vast 'quant i t ies of
heat and water vapour are transported upwards from
the ear th 's  sur face in to the atmosphere an
essent ia l  s tep in  the chain of  m-eteoro logica l
i n te rac t i ons  wh ich  p roduce  the  "wea the r " .  I t  i s
important to gain a thorouqh understanding of the
convect ion process and i ts  quant i ta t ive
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re lat ionships.  Much has a l ready been learnt  about
convect ion in  the so-cal led sur face lqyer  (he ights
up to  30 m or  so) ,  where measurements can readi ly  be
made wi th  inst ruments mounted on masts.  However t
the nature of  the coupl ing between the sur face
layer  and the larger-sca1e thermals which extend up
to heights  of  hundreds or  thousands of  metres
remain i  to  be invest igated.  As a s tep in  th is
d i rect ion,  a  ser ies of  measurements were conducted
o v e r  f  l a t  t e r r a i n  a t  H a y ,  N . S . W .  '  i n  F e b r u d r Y ,  1 9 7 0 .
I {ean quant i t ies,  and the turbulent  f luctuat ions of
wind Components and temperaturer were measured at
severa l  he ights  up to  32 m,  on masts.  On the
ground,  the pat t ,ern of  sur face f low associated wi th
thermals was recorded us ing an array of  seven
inst ruments measur ing wind speed and d i rect iont
p taced  a t  i n te rva l s  o f  100  m ac ross  w ind .  G l i de rs
f l y i ng  a t  he igh ts  o f  1000  to  3000  f t  we re  used  to
ctot  t f re  t racks of  thermals,  and,  on some occasions,
to  measure the i r  temperature excess and updraf t .
Analys is  of  the resul ts  is  under  way.

Genera l

An impor tant  aspect  o f  our  understanding of
atmospher ic  turbulence in  the near-sur face layers is
concerned wi th  the spectra l  proper t ies of  the
f luctuat ing quant i t ies.  This  knowledge is  bas ic  to
such pro jects  as the NIFTI  programme (referred to
aboveJ whicfr seeks to evaluate eddy f luxes by
measur ing the in tens i ty  of  turbulence in  a narrow
spectra l  band.  A number of  record ings at  a  height
o f  4  m were  made  a t  t he  D iv i s ion ' s  Ed i thva le  s i t e ,
o f  u  (ho r i zon ta l  w ind  componen t ) ,  v  ( ve r t i ca l  w ind
component)  and T ( temperature) .  These were
d ig i t i sed  and ,  us ing  the  Fas t -Fou r ie r  t echn ique t
power spectra of  u ,  w and T determined together  wi th
t f t e  c ross  spec t ra  w :u  and  w :T .  A t  t he  h igh
f requency end,  a l l  spect ra were broadly  consis tent
wi th  the Kolmogorov 5/3 taw for  the iner t ia l  sub-
rangfe.  The w-T spectra c lear ly  demonstrated the
expected movem,ent of the spectrum peak towards lower
f requenc ies  w i th  i nc reas ing  i ns tab i l i t y .

The rate of  v iscous d. iss ipat ion of  turbulent
k inet ic  energy is  a  usefu l  parameter  for
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character is inq the in tens i ty  and st ructure of  the
turbulence under  var ious condi t ions.  New
information on how this parameter varies as a
funct ion of  he ight  and atmospher ic  s tab i l i ty  is
being obta ined.  f rom a number of  ver t ica l  ve loc i ty
spectra,  obta ined f rom an a i rcraf t ,  f lv ing at
he igh ts  up  to  5000  f t .  The  ana lvs i s  i s  no t  ve t
complete,  but  i t  has been shown that  there is  a
decrease in  d iss ipat - ion rate wi th  increasing
height  and stabi l i ty .  The decrease wi th  height
appears to be less rapid in summertim.e over
grass land -  where the turbulence is  probably
mainly thermal- in nature than it  is in winter-
t ime over  forest ,  where mechanica l  in f luences
p redomina te .

one of the problems which faces numericaL
model lers  of  the atmosphere is  the par t i t ion of  net
radiant. energy as between the t,urbulent f luxes of
heat  and water  vapour  over  a land sur face.  Some
past  records have recent ly  been examined and.  resul ts
to date show that under certain condit ions the
evaporat ion rate can be expressed as a consis tent
f ract ion of  the net  rad iat ion.  The condi t lons are
that  the sur face be saturated and that  the ef fects
of  advect ion be neglected-  -  as they of ten are in
th is  par t icu lar  context .  How long the evaporat ion
remains unchanged, and" how quickly i t  decl j-nes to
zeto af terwards,  are c tuant i t ies which must '  be
expected to  vary f rom s i te  to  s i te ,  and th is  aspect
is  receiv ing fur ther  s tudy.

VI QUALITY OF THE ENVIRONI/'ENT

Tqrbidity from Radiation l4easurements

The at tenuat ion of  the d i rect  so lar  beam by
the to ta l  par t icu late content  o f  a tmospher ic
po l l u t i on  i s  o f  i n te res t  i n  i t se l f  and  a l so  p rov ides
a means by which th is  po l lu t ion content  can be
determined.  The measurements involved are fa i r ly
s t ra ight forward and the method has been used at
Aspendale -  weather  permi t t ing -  to  determ. ine
atm.ospher ic  turb id i ty  f  or  the past  f  ive years.
Recent ly ,  equ- ipment  has been developed to q ive
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cont inuous records whenever  condi t ions are su i tab le.

The Department of Meteorology, Melbourne
Un ive rs i t y ,  i s  ass i s t i ng  by  mak ing  s im iLa r
observat ions at  the Univers i ty  s i te  near  the centra l
c i t lz  area.  Fur ther  equipment  has been ordered so
thal  compar isons can be made wi th  other  p laces in
the Mel-bourne area.

An instrumented mod.el airplane with radio
contro l  has been f lown on severa l  occasions wi th  a
v iew to locat ing the level  o f  the temperature
invers ion which l imi ts  the upward d i f fus ion of
pol lu t ion on smoggy days.  I t  a lso measures the
- in tens i tv  of  u l t ia lv io le t  l ight  to  g ive an ind icat ion
of  the decrease of  aerosol  po l lu t ion wi th  height .
I t  is  not  yet  cer ta in  how usefu l  th is  techni -que wi l l
turn out  to  be and more f l ights  are p lanned.

Radioact iv i ty ,  Dust  and Sugface Ozone

Airborne radioact iv i ty  is  normal ly  measured
using a f i l t ra t ion technique,  by which aI I
a tmospher ic  par t ic les larger  than about  0.2U are
removed.  Weighing of  the f i l ters  before and af ter
exposure a lso permi ts  the to ta l  par t icu late loading
of  the a i r  to  be measured to  a h igh degree of
accuracy.  S ince measurements were f i rs t  made in
L966 ,  t he  ave rage  so l i d  con ten t  o f  t he  a i r  a t
Aspendale has increasecl  f rom less than 30 Ug m 3 to
abou t  50 .  Dur ing  the  same pe r iod r  d  s im i l a r  i nc rease
has occurred-  in  the number of  homes near  the s i te ,
and i t  is  poss ib le  that  there is  an associat ion
between the two.

Some attempts have been made to correlate the
dust  concentrat ion in  a i r  wi th  meteoro logica l
var iab les,  in  a s imi lar  manner  to  that  employed for
the concentrations of radon daughters near the
su r face .  The  two  quan t i t i es ,  dus t  and  radon t  a re
found to g ive s imi lar ly  negat ive resul ts ,  in  that
concentrat ions of  ne i ther  corre lated wel l  wi th  wind
soeed or  ra in fa l l .  Both show a large depend,ence on
wind d i rect ion,  wi th  nor ther ly  winds g iv ing the
highest  concentrat ions (Aspendale is  south of  the
ro i "  heavi ly  populated areas of  I rne lbourne and is
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c lose  to  the  eas te rn  sho re  o f  Po r t  Ph i l t i p  Bay ) .
Also,  both have a s ign i f icant  corre lat ion wi th  dai ly
maximum temperature.

Ozone concentrat ions near  the sur face are
found to behave -in much the same way. A. series of
compar isons was made between ozone,  dust  and radon,
and in  a1l  cases there were h igh ly  s iqn i f icant
corre lat ions between pai rs .  hThen par t - i -a l
corre lat ions are ca lcu lated,  i t  is  found that  dust
and radon are h igh ly  corre lated,  as are radon and
ozone,  but  not  ozone and dust .  I t  is  therefore
concluded that  ozone concentrat ions are
s igni f icant ly  in f luenced by those ef fects  which
determine radon concentrations largely the rate
of  gaseous d i f fus ion through the topmost  layers of
the  so i l  su r face .  The  neq l i q ib le  co r re la t i on
found between dust  and ozone is  of  inLerest  s ince
some workers have suggested dest ruct ion of  ozone
bv  pa r t i cu la tes .

On a larqer  t ime scale a s ign i f icant  increase
in surface ozone has been observed- at A.spend-ale
during the late sunmer and in the autumn. Since
th is  cannot  be whol Iy  due to  advect ion e i ther
hor izonta l ly  or  f rom above,  i t  must  be assumed- to
be generated local lv .  (Ozone is  formed by the
act ion of  sunl ight  on n i t rogen ox ides and
hydrocarbons,  them,selves products  of  pet ro l -eum
combust- i -on. )  To determine the cause of  the
inc rease ,  co r re la t i ons  be tween  su r face  ozone ,  u l t ra -
v io le t  rad iat ion and ozone concentrat ions as
measured by a sonde have been in i t ia ted.

As i l lust rated above,  the Div is ion is  in
effect conductina cru-ite a varied progranme of
pol lu t ion s tudies at  Aspendale.  The phi losophy is
to aid in the development of more fundamental
understand. inq of  some of  the processes of  po l lu t ion
and to contr ibute to  methods of  measur ing i t .
Both developments should f incl application in more
extensive pol lu t ion s tudies which local  author i t ies
may be expected to undertake through the years to
come.
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VII RADIATION - ATMOSPHEF,IC AND TERRESTRIAL

High Level Radiation Measure-m.ents

Exper ience wi th  numer ica l  weather  forecast ing
techniques has shown that ,  when comput ing the f ie lds
of  meteoro logica l  e lem.ents for  a  per iod of  the order
o f  seve ra l  days ,  i t  i s  necessa ry  to  take  accoun t  o f
sou rces  and  s inks  o f  hea t ,  no t  on l y  a t  t he  ea r th rs
sur face,  but  a lso throughout  the depth of  the
atmosphere.  An impor tant  ro le  is  therefore p layed
bv  rad ia t i on  p rocesses ,  bo th  i n  t he  range  o f  so la r
( o r  " s h o r t  w a v e " )  r a d i a t i o n ,  m a i n l y  0 . 2  t o  2
micrometres (um) in  wavelength,  and in  the " long
wave" range of  thermal  rad iat ion,  2-J-00 Um.

Clouds have a large in f luence on both radiat ion
fields and much quantitat ive work remains to be done
in th is  area.  To th is  end increased at tent ion is
being g iven to  the radiat ive behaviour  of  c louds.

A balloon-borne package of upward and downward
look ing radiometers which measure separate ly  the
shor t  and long wave f luxes of  a tmospher ic  rad iat ion
has been developed.  Dur ing the year  i t  has been
f lown at  Mi ldura in  Vic tor ia ,  and at  Longreach in
Queenslandr  ds an addi t ion to  the normal  HIBAL
payload launched by the Depar tment  of  Supply .  These
HIBAL bal loons are normal ly  launched just  pr ior  to
dawn, and so rad-iat ion m.easurements have been
obta ined on the ascents cover ing the per iod of
sun r i se ,  and  du r ing  the  f l oa t  pe r iod  (a t  a t t i t udes
ranging f rom 2I  to  32 km) wi th  the sun at  e levat ion
angles between 4 and 45 degrees.  The f loat  data
obta ined f rom f l ights  in  c lear  sk ies have shown
remarkable consis tency f rom f l ight  to  f1 ight ,  and
place to  p1ace,  and,  the var ious f l ights  have
al lowed the construct ion of  composi te  curves of  the
behaviour  of  the upper  atmosphere radiat ion c l imate
as  a  func t i on  o f  so la r  e leva t i on .

Downward hemispherical colour photographs are
taken cont inuously  throughout  the f l ights ,  and these
have been analysed, with a d.ensitometer to give the
intens i ty  d is t r ibut ion of  the shor t  wave radiat ion
em"erging from the top of the atmosphere again for
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var ious  so la r  e leva t i ons .  These  i n tens i t v
d is t r ibut ions c lear ly  show the ef fect  o f  a tmospher ic
dus t  sca t te r ,  bu t  i t  i s  f ound  tha t  t he  e f fec t  o f  t he
dust  on the to ta l  upward ver t ica l  f lux of  shor t  wave
radiat ion is  negl io ib le  except  when the sun is  c lose
to the hor izon,  when the dust  increases the upward
f lux by about  1.5 per  cent .  F l ights  through anc1
above var ious wel l  def ined.  c loud s i tuat ions have
vie lded in format ion on the shor t  and long wave
t ransmiss i v i t i es  and  re f l ec t i v i t i es  o f  t he  c louds .

Clouds:  Radiat ive Prooer t ies and Temperat l r re :

Owing to  s t rong absorpt ion bands in  the in f ra-
red spectra of  water  vapour  and carbon d iox ide,  the
atmosphere is virtual ly opac{ue at most wavelengths
beyond about 3 Um. An im.rrortant exception is the
8  to  13  pm band ,  i n  t he  so -ca l l ed  "a tmospher i c
window" and i t  is  th is  reg ion which can be used.  to
measure  the  emiss i v i t i es  o f  c louds .  A t  h igh  l eve l s ,
where there is  l i t t le  water  vapour ,  long wave
radiat ion by the c louds to  space is  an impor tant
par t  o f  the overa l l -  a tmospher ic  rad iat j -ve balance.
Many more detai led m-easurements are needed..

For  th is  type of  work a h igh ly  sensi t ive
radiation thermometer has been d.eveloped- in the
Div is ion for  sensing the br ightness temperature of
sma l1  a reas  o f  t he  skv .  I t  obse rves  i n  t he  10 .5
11.5 pm band ancl  has a beamwidth of  on ly  L/3rd.
degree.  I t  has no\^ I  been fu1 ly  operat ion for  s ix
months.  The rad- iometer  can a lso be used to sense
remotely the radiative temperatuqe of any
t e r r e s t r i a t  o b j e c t  t o  w i t h i n  0 . 2 o c .

In M.arch a i  oint programme was carried out
wi th  the Univers i ty  o f  Adela ide PhysJ-cs Depar tment .
Simultaneous measurements were made with the
Un ive rs i t y ' s  pu l sed  l ase r  (L ida r )  eou ipmen t  and  the
radiat ion thermometer .  The L idar  measured.  the
height ,  th ickness and backscat ter  f rom some c i r rus
and a l - tocumulus decks,  whi ls t  the thermometer
m"easured the c loud radiant  in tens i ty .  Dur ing the
eourse of  the work some in terest ing resul ts  em.erged,
e .< r .  t he  pa r t i c l e  dens i t y  o f  a  c i r rus  c loud  deck
chanqed bv rn-ore than three ord.ers of maqnitude over
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a per iod of  severa l  hours;  and when the c i r rus was
bare ly  v is ib le  to  the eYe,  i t  could be c lear ly
detec led by the L idar .  An a l tocumulus deck,  700 m
th i ck ,  had  a  t ransmiss i v i t y  o f  abou t  50  pe r  cen t ,
whi ls t  the in tens i ty  at  the c loud base was far  f rom
iso t rop i c .

Also found to be semi- t ransparent  were some
r l .ecol r ing Storm anvi ls .  In  th is  case,  measurements
were m.ade f rom Aspendale,  us ing the Div is ional  3  cm
radar  to  prov ide heights  and th icknesses of
ref lect ing layers.

Instruments and Records

A hemispher ica l ly -detect ing pyrgeometer  which
senses only in the atmospheric window is under
development .  I t  u t i l izes a magnesium ox ide crysta l
as an absorb ing p late,  and wi l l  be used to measure
radiat ion f rom c louds and c lear  sk ies.

M.easurements of atmospheric turbidity by means
of  a pyrhel iometer  wi th  su i tab le co loured f i l ter
g lasses have been m.ade at  Aspendale on c lear  days
5v"r  the past  f ive years.  These show the turb id i ty
to have Jmaximum in spring and a minimum in autumn.
The  cause  o f  t h i s  i s  be ing  i nves t i ga ted .

An inst rument  to  record the spectra l
d is t r ibut ion of  d i rect  so lar  rad iat ion in  e ight  broad
bancLs has been completed:  i t  is  prov ided wi th  a sun
track ing mechanism and automat ic  f i l ter  ho lder
ro ta t i on .  Th i s  w i l l  g i ve  da ta  use fu l  f o r  b io log i ca l
pu rnoses ,  as  we l l  as  fo r  t u rb id i t v  ca l cu la t i ons .
bayl ight  in tens i ty  on a hor izonta l  sur face can a lso
be der ived. .

To the radiat ion quant i t ies a l ready recorded
cont inuously  at  Aspendale have been added net  long
wave f lux,  downward long wave f lux and screen
temperature.

A d ig i ta l  current  contro l ler  for  the Sngstr5m
pyrhel iometer  has been developed which a l lows the
Oatanc ing  vo l tage  to  be  se lec ted  i n  d i sc re te  q teps  by
decade d ia ls .  The system is  moni tored by an inbui l t
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l -vo l t  Lransfer  s tandard which has i ts  own unsaturated
reference ce l l .  Overa l l  accuracy is  bet ter  than the
m a x i m u m  r e s o l u t i o n ^ o f  0 . 0 4 2 . \zar ia t ions in  heater
res is tance of  the Bngstrdm have no detectable ef fect .
The prototvpe has been fol lowed by two comprehensive,
se l f -powered  po r tab le  un i t s  con ta in ing  senso r ,
accesso r ies ,  ga l vanomete r ,  e t c .  These  un i t s  have
been constructed for  the 1970 Internat ional -
In tercompar ison of  Radiat ion Standards at  Davos,
Swi tzer land,  prov is ion beinq made for  s im.u l taneous
moni tor inq and use of  external  current  sources when
compat ib i l i ty  wi th  a data-acquis i t ion system is
requ i red .

Improv inq Fat la t ion Standards

To improve fur ther  the accuracy of  the W.I4.O.
Reqion V Radiat lon Standard mainta ined-  at  Aspend'a le '
one of  the two Sngstrdm pyrhel iometers (No.  SZe)
held by the Div is ion was returned-  to  Sweclen where i t
was overhauled and recal ibrate<]  bv the Swedish
Meteoro logica l  and Hydro loaica l  Inst i tu te.  Af ter
i ts  re turn,  a  compar ison wi th  the pr imarv inst rument-
(No.  502)  was carr ied out  a t  Kerang in  Nor thern

Victor ia  dur inq December.  Good c lear  atmospher ic
condi t ions enabled a large number of  measurements to
be taken and the results showed the two instruments
to  ag ree  w i th in  0 .2  pe r  cen t  i n  t e rms  o f  t he  Swed ish
ca l i b ra t i ons .

The constant  o f  No.  502 as g iven bv the 1964
In te rna t i ona l  Compar i son  o f  Davos  i s  1 .3  pe r  cen t
less than the SMHI constant .  I t  is  hoped that
another  In ternat ional  Compar ison to  be held at  Davos
in  Sep tember ,  L970 ,  i n  wh ich  one  o f  t he  D iv i s ion ' s
inst rum,ents wi l l  be inc luded,  wi l l  he lp to  red.uce
the present  uncer ta in ty  of  around I  per  cent  to
pe rhaps  I / 2  pe r  cen t  o r  l ess .

In  connect ion wi th  a paper  submit ted to  the
L970 rnternat ional  Solar  Energy Society  Conference,
a shor t  16 mm colour  sound.  f i lm ent i t led "Radiometer
Cal ibrat ion"  was produced by the Head Of f ice F i lm
Un i t .  Th i s  was  we I I  rece i ved  a t  t he  con fe rence .
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VIII AGRICULTURAL METEOROLOGY INCLUDING HYDROLOGY

The m.aj -n in terest  o f  the Agr icu l tura l
Meteorologlz ..gr3oup continues to l ie withr the exchange
of water.vapour and heat between earth and
atmosphere. Apart from the importance of soi l
water  loss by evaporat ion,  inc lud ing t ranspi rat iont
in  both agr icu l ture and hydro logy -  especia l ly  in  a
water-short country such as Austral ia - the f luxes
of heat and water vapour to and from the surface
togrether, determine the effective environments in
which p lants  and animals l ive,  s t rongly  in f luencing
their rates of growth and even at t imes their
su rv i va [ .  I n  t he  geophys i ca l  con tex t ,  o f  cou rse ,
the inputs of energy and water into the air from a
var ie ty  of  sur faces const i tu te one of  the main
regulating factors in the development of weather and
cl imate on a macro scale.

A Mathemat ica l  P lant  Model

Only over the past few years has it  become
possib le  to  incorporate the resul ts  of  research on
indiv idual  aspects  of  p lant  growth in to overa l l
s imulat ion models .  In  genera l ,  i t  has been necessary
to re ly  on empir ica l  re la t ions obta ined f rom f ie ld
exper imenLs,  and whi ls t  the resul tant  models  can be
very usefu l  they have the i r  l imi ta t ior ls .  A major
one arj-ses from the uncertainty attaching to the
physica l  or  chemical  bas is  of  the empir ica l  re la t ions,
and there is  a lways the poss ib i l i ty  that  the model
wi l l  apply  only  to  the p lant  f rom which i t  was
ob ta ined .

Over the last two years, an attempt has been
made to model a pasture or crop in a somewhat
d i f ferent  manner .  A l though the model  is  des igned to
s imu la te  a  rea l  pas tu re  as  fa r  as  poss ib le ,  t h i s  i s
alwalzs subject to the condit ions that the model must
never  incorporate empir ica l  re la t ions of  p lant  growth
which we do not understand. fhe main advantage of
such an approach is  that  the resul tant  mode1,  whi le
no t  necessa r i l y  rea l  i n  a l l  aspec ts ,  i s  se l f -
consis tent .  I t  can be used as an ideas generator
for  suggest ing fu ture f ie ld  exper iments,  and as a
means of  expla in ing why a p lant ,  growi-ng ' in  a
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par t icu lar  env i ronment ,  evolves the way i t  does.
I t  is  ra ther  surpr is ins (and grat i fy ing)  that  the
mode l ,  w i th  a l l  i t s  s i rnp l i f i ca t i ons ,  appears  as  i f  i t
might  be qui te  reasonable as a pure s imulator  o f  an
actual  crop a l though i t  has yet  to  be tested
exper imenta l ly  in  the f ie ld .

A maior  e f for t  th is  year  has been d i rected to
desionina a more su i tab le root  and so i l  system which
can be matched to the above ground canopy.
Pre l iminary work on the subject  has shown up the
interest inq poss ib i l i tv  that  ( in  the evolut ionary
sense) i t  maly be advantageous for plants to put down
roots in  compact  "bunches"  -  ra ther  than spread them
evenly  throughout  the so i l .  In  th is  wd1zr  the to ta l
water  use of  a  crop may be rest r ic ted and be used
more benef ic ia l ly  by the p lant  than i f  i t  s impl .y
rest r ic ted i ts  to ta l  root  lenqth.

Evaporat ion Inst rumentat ion and Est imat ion

The lack of  a  su i tab le water  vapour  sensor  has
long been a s tumbl ing b lock hold ing up the
measurement  of  evaporat ion by the F luxatron.  This
inst rument  measures atmospher ic  f luxes v ia  the eddy
corre lat ion technioue and incorporates long t ime
constant  f i l ters  (80 secs)  to  remove the mean leve1
of  the f luctuat ingr  ouant i t ies as wel l  as the long
per iod eddies which contr i l ru te noth ing to  the f lux.
Recent ly ,  however ,  a  dev ice developed by Gjess incr  to
measure re la t ive humid i ty  has been t r ied out  as a
poss ib le  so lu t i on .  The  p r i nc ip le  i s  abso rp t i on  o f
water  vapour  by a coat ing of  hygroscopic  mater ia l  on
an  osc i l l a t i ng  gua r t z  c rys ta l .

Dur ing a f ie ld  exper iment  a ser ies of
measurements were made of  net  rad iat ion (R) ,  qround
h e a t  t r a n s f e r ( G ) ,  s e n s i b l e  h e a t  f l u x  ( H ) ,  a n d
evaporat ion (E)  .  I 'or  a  correct  energy bal -ance (and
by in ference on accurate determinat ion of  the
quant i t ies involved)  ,  (E+H) l (p . -e)  should equal  un i ty .
Th i s  re la t i on  was  sa t i s f i ed  w i th  an  accu raey  o f  4%.

'  
In  contrast  to  the ear l ier  f ine-wi re wet  bu lbs

which requi re both ext reme c leanl iness and a
carefu l lv  ad justed,  water  feed for  sat is factory
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operat ion '  the Gjess ing hygrometer  proved to be very
eisy to  use in  the f ie ld .  S ince re la t ive humid i ty
is the quantity measuredr do independent measurement
of  H is  requi red before E can be evaluated -  as is
the case i f  a  wet  bu lb is  emPloYed- '

The most  re l iab le way of  measur ing dai ly  crop
evaporat ion is  by means of  weighed lys imeters,  and
the Div is ion 's  main s tay in  th is  context  cont inues
to  be  a  ba t te ry  o f  10  l a rge  (6 - ton )  l ys ime te rs ,
automat ica l ly  and cont inuously  weighed to the
egu iva len t  o f  0 .025  mm o f  su r face  wa te r .

Such systems are expensive and there is  a  need
for  a s imple,  rugged and re l - iab le f ie ld  uni t  accurate
to about  0.25 mm of  water .  The hydraul ic-pneumat ic
s l rs tem al ready developed and patented is  current ly
undergoing s impl i f icat ion in  des ign and is  u l t imate ly
in tended for  use as a bas is  of  a  lys imeter  network by
another  agency.  Wi th low cost  in  mind,  another  type
of  lys imeter  ba lance is  in  the developmenta l  s tage.
I t  employs th in  s teel  cables as p ivots  and is
designed for  assembly in  the f ie ld ,  s imul taneously
wi th  the insta l la t ion of  a  monol i th  lys imeter .

A portable instrument known as the Energy
Part i t ion Evaporat ion F.ecorder  (EPER) has been
fur ther  developed dur ing the year .  I t  measures
evaporat ion by means of  an analogue c i rcu i t  which
cont inuously  so lves a modi f ied vers ion of  the
Bowen-rat io  formula,  us ing measured va lues of  net
radi -at ion,  ambient  wet  bu lb temperature,  and dry and
we t  bu lb  tempera tu re  d i f f e rences .  F ie ld  t r i a l s
conciucted at  var ious s i tes around } {e lbourne have
shown the present  vers ion of  the inst rument  to
compare favourably  wi th  h igh grade lys imeters and to
be par t icu lar ly  wel l -  su i ted to  shor t - term
inves t i ga t i ons .  Recen t  work  has  been  d i rec ted
towards improved accuracy in  sensing the main
va r iab les ,  and  red ,uced  cons t ruc t i on  cos ts .

In  many p laces where at  least  an idea of  the
evaporat ion rate f rom a land sur face is  needed,
resor t  can of ten be had to  ind i rect  means employ ing
est imat ion formulae.  one such approach,  known as
the  Comb ina t i on  Me thod ,  u t i l i ses  s tandard
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measurements of  net  radiat ion,  wind speed,
temperature and humidity. I t  takes in to account  the
energy avai lab le at  the sur face,  the d. i f fus ion of
heat and water vapour through the air immediately
above the crop (v ia  an atmospher ic  conductance,  h)
and the diffusion of l j -quid and vapour through the
so i l  and  p lan t  ( v ia  an  i n te rna l  conduc tanee '  h i ) .

Over  the past  few years,  work on pasture,
potatoes and bar lev has establ ished h as a s imple
func t i on  o f  w ind  speed .  Recen t l y '  h .  has  a l so  been
re lated to  so i l  mois ture contentr  ds f re l I  as to
var ious ind ices of  p lant  mois ture s tatus,  and a more
prec ise quant i ta t ive l ink is  now being sought .
Resul ts  to  date have been very encouragincr  and
promise a means of derivingr actual evaporation from
potent ia l  evaporat ion,  the la t ter  est imated f rom
meteoro logica l  data a lone or  even f rom empir ica l  pan
re la t i onsh ips .

A knowledge of  the mass and energy balance of
snowf ie lds and in  par t icu lar  the i r  evaporat ion and
mel t  ra tes is  impor tant  in  management  of  water
resources and in  atmospher ic  c i rcu lat ion s tudies.
The large snow- lys imeter  ba lance bui l t  a t  the
Div is ion,  for  d . i rect  measurement  of  evaporat ion and
me l t  ra te  f rom snowf ie lds ,  was  tes ted  a t  Fa l l r s  C reek ,
r r i c to r i a ,  du r ing  Spr ing  L969 .  f n  o rde r  t o  tes t  a
modi f ied combinat ion method formula for  est imat ion
of snow evaporation, instruments for the measurement
of  net  rad iat ion,  windspeed,  temperature and-
humid i t v  were  a l so  i ns ta l l ed  and  tes ted .  Poor
snowfaLl  in  the area,  however ,  prec luded a fu l l -
sca le progra lnme of  measurements being made.  The
inst ruments,  wi th  some minor  modi f icat ions,  have
been re- insta l led dur ing Autumn 1970 in  readiness
for a further measuring programme in the cominq
Spr ing .

The standard neutron so i l  mois ture meter  is
not  very su i tab le for  f ie ld  observat ions in  dense
crops.  To improve the s i tuat ion,  the sensing head
and pre-ampl i f ier  have been red.es igned so that  a
s ing le l ightweight  leadr  up to  100 m long,  may be
used between i t  and the rate-meter .  This  system
has  i nc reased  speed  and  re l i ab i l i t y ,  s i nce  an
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adequate number of cal ibration holes can be included
in the extended test  pat tern.

The Growth of  Tobacco P1ants

At the request of the Tobacco Research
Inst i tu te in  Mareeba,  Nor th Queensland,  the Div is ion
is  co-operat ing in  a pro ject  to  measure the f luxes of
u.v .  and photosynthet ica l ly -act ive radiat ion both in
and above tobacco crop canopies.  This  exper iment  is
a imed at  understanding the meteoro logica l  factors
which contro l  the product ion of  "1u9"  tobacco leaf '
which normally appears very low on the plant and
which is  a t  a  premium on wor ld  tobacco markets .

I t  is  suspected that  the amount  of  lug leaf
per  p lant  is  re la ted to  the qual i ty  and quant i ty  o f
iad iat ion c lose to  the ground.  Equipment  based on
s i l i cone  so la r  ce l l s  and  d i f f us ing  g lass  op t i ca l
f i l ters  ( to  remove non-photosynthet ica l ly -act ive
radiat ion at  wavelengths greater  than 0.8U) has been
bui l t .  Both the so lar  ce l ls  and the f i l ters  are
re lat ive ly  cheap and can therefore be used in  large
numbers to give ad.equate replication. The
instruments are now operating in the f ield at
Itrareeba, each level in the canopy being sampled by
upwards of  30 f i l ter  ceI l  combinat ions '  the outputs
f rom which are fed,  in  ser ies,  to  in tegrat ing wat t -
hour  meters.  I t  is  hoped-  to  establ ish whether  the
change in radiation cl imate at the lower levels of
the p lants  ( f rom sunmer to  winter)  is  the reason for
the bet ter  y ie ld  of  lug leaf  in  a winter  crop.
Simple equipment  to  measure the u.v .  component  of
in-brop iad iat ion (based on opt ica l  g lass f i l ters  and
pho toe lec t r i c  ce l1s )  has  a l so  been  bu i l t  and  i s
ope ra t i ona l .

Evaporation and Drag Coeff icients in a V-Lneyd.

At  the inv i ta t ion of  the Research School  o f
B i o l o g i c a l  S c i e n c e s ,  A . N . U . ,  o f f i c e r s  o f  t h e
Div is ion par t ic ipated in  f ie ld  work in  a v ineyard at
Gr i f f i t h ,  N .S .W.  The  exper imen t  ca l l ed  fo r
measurements of  the sensib le  heat  f lux and the
Peynolds s t ress us ing F luxatrons at  a  height  o f
4 metres.  This  of fer  prov ided an excel lent
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opportunitv to f ind out how the drag
var iec l  wi th  inc l inat ion of  the wind
vines in  contrast  to  ear l ier  work
involved homogeneous sur faces.

coe f f i c i en t
to the rows of
which has always

The resul ts  were as fo l lows:  When the crop
was young and the wind b lew para l le l  to  the rows'
the  r r raq  coe f f i c i en t  equa l l ed  0 .008 '  bu t  w i th  the
wind at  r ight  angles to  the rows,  the drag
coe f f i c i en t  i nc reased  to  0 .025 .  No  comparab le
var ia t ion was found in  the case of  sensib le  heat
t ransfer .  When the crop was more mature,  there was
a s imi lar  var ia t ion of  draq coef f ic ient  wi th  wind '
d i rect ion ( re la t ive to  the rows)  except  that  both
f iqures were h igher .

Evaporat ion losses for  the v ineyard"  were
est imated.  f rom an energy balance,  us ing actual
measurements of  net  rad iat ion,  ground-  f lux and
sens ib le  hea t  f 1ux .  I n  t h i s  case ,  do  i nc rease< l
water  loss was observed when the wind b lew across
the rows.  This  resul t  neecl -s  fur ther  substant ia t ion t
but  ra ises the in terest ing ooss ib i l i ty  that  the
or ientat ion of  the rows wi th  respect  to  the
prevai l ing wind d i rect ion may be a s icrn i f icant
factor  j -n  crop per formance.

River Flow M,easurement

The m-easurement  of  r iver  d ischarge cont inues
to be of  major  impor tance in  manl t  aspects  of  the
<levelopment  of  water  resources.  This  is  especia l ly
so  i n  Aus t ra l i a ,  where  access  to  r i ve rs  i s  o f ten  a
problem, d is tances Iarge,  and where in  the more ar id
regions of  the countr lz  B0% of  the to ta l  run-of f  may

.occu r  du r ing  f l oods  o f  re la t i ve l v  sho r t  du ra t i on .

A repor t  o f  the Piver  F low Commit tee of  the
Austra l ian Water  Resources Counci l  recommended that
an evaluat ion be mar le  of  the r is ing f loat  technique
for  the m.easurement  of  r iver  f  low.  In  th is  method
a f  toat  is  re leased f rom the bed ' ' '  o f  the r iver  and
the c l is tance downstream of  i ts  po int  o f  emergfence
usecl  to  prov ide a measure of  the d- ischarqe.  The
Div is ion uncier t .ook a smal l  p i lo t  s tudy and af ter
some pre l iminary invest icrat ion a mechanism- was
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cons t ruc ted  wh ich  enab led  p las t i c  ba l l s  t o  be
re leased  under  wa te r .  The  ba l t s  had  a  d iamete r  o f
5 cm and were par t ia l ly  f i l ted wi th  water  to  prov ide
two  d i f f e ren t  e f fec t i ve  dens i t i es .

In i t ia1 ly ,  the ba1ls  were re leased f rom the
bot tom of  a  swimming pool  and the i r  behaviour
observedr  ds i t  is  im.por tant  in  th is  context  that
they at ta in  the i r  terminal  ver t ica l  ve loc i ty  as

ou ic :< ty  as  poss ib le .  I n  f ac t ,  i n  t he  f i r s t
1 Z 7t there is some deviation from the simple
behaviour ,  but  for  r ivers of  suf f ic ient  depth
( i . e .  g rea te r  t han  l 0  f t )  t h i s  has  no  p rac t i ca l
s ign i f i cance .

A comparison with the standard current meter
technicrue was carried out for three rivers: the
Yarra at  Yer ing,  wi t l r  a  d ischarge of  250 cusecs;  the
Gou lbou rn  a t  Seymour  (3 '500  cusecs ) ;  and  the  Mur ray
a t  l r a .u r rab i t  ( 10 ,500  cusecs ) .  Fo r  t he  l a rge r  r i ve rs ,
the difference between the two methods was less than
a few per  cent .  The c loubl -e r is ing f loat  technique,
which does away with the need to know the point of
re lease,  could be used for  the larger  r ivers wi th  an
accuracy of  bet ter  than 10 per  cent .

Having completed the in i t ia l  p i lo t  s tudyt
Div is ion does not  p lan to  expand i ts  act iv i t ies
th i s  a rea .

Genera l

The hydro logica l  s ign i f icance of  p lant  water
st re-ss and of  p tant  contro l  o f  evaporat ion under
apparent ly  p lent i fu l  water  supply  has been widely
debated in  t f re  l i terature.  The Aspendale
invest igat ions have demonstrated that  evaporat ion
contro l  by potatoes and the non-grass components of
oasture amounted to  one f i f th  of  the potent ia l
evaporat ion on some I0% of  summer days.  There were
accompanying measurable,  but  not  a lways v is ib le '
symptoms of  p lant  mois ture s t ress.  Less severe
r*est . r ic t ion bnd.  s t ress -  but  perhaps suf f ic ient  to
<-lepress qrowth occurrecl on many other days. Sgch
e f fec ts  may  we l l  be  s ign i f i can t  i n  sho r t  t e rm (da i l y

or  weekly)  water  use,  i f  not  on a seasonal  or  annual
b a s  i s  .

the
in



3 2

A second comprehensive f ie ld  invest iqat ion in to
the micro-c1j-mate, water use and growth rate of a
bar ley crop was carr ied out  jo in t ly  wi th  severa l
d.epartments of l ' telbourne University at the School of
Agr icu l turets  Research Farm at  l t / t t .  Derr imut .  A
l i rqe quant i tv  o f  d .ata was obta ined and analys is  is
under  wav.

I X COMMONWEALTH }trETEOROLOGY RESEARCH CENTRE

In  co l laborat ion wi th  the Bureau of  Meteoro logY,
the Division now operates the Commonwealth l4eteorology
Research Centre. The work of the Centre has two
pr inc ipa l  ob ject ives i  a  bet ter  understanding of  the
funclamenta l  process of  meteoro looy,  in  par t icu lar  the
large-scale behaviour  of  the ear thrs  atmosphere,  and
the application of this knowled.ge towards improvements
in the accuracy and t ime-scale of  predic t ing the
atmosphere 's  behaviour .  In  the f i rs t  year  of  i ts
ex is tence the Centre 's  act iv i t ies have been c l . i rected
st rongly  towards the second of  these object ives,  in
that  emphasis  has been p laced on work designed to a id '
the Bureau of  l4eteoro logy 's  operat - i -onal  act iv i t ies in
the f ie tds of  weather  analys is  and prognosis .
However, i t  is expected that in course of t im.e the
fuI I  scope of  act iv i t ies env isaged for  the Centre wi l l
be developecj .

The running of the Centre is overseen bv a
commit tee compr is ing the Chief  o f  the Div is ion,  the
Di- rector  o f  l t le teoro logy,  and the Of f icer- in-Charge
o f  t he  Cen t re  (n r .  G .  B .  Tucke r ) .  The  Cen t re rs
achievernents to date are described in an independ'ent
Annual  F-epor t ,  in  format  broadly  s imi lar  to  th is  one.

X MISCELLANEOUS

Fores t  F i res

Every vear great damage is done to Austral ian
fo res ts  and  g rass lands  by  w i l d  f i r es ,  o f ten  so
intense as to  be complete lv  uncontro l lab le.  At
th is  s tage there is  a  need to bui ld  up a body of
meteoro logica l  knowledge on how a f i re  is  l ikeIv  to
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behave in  a g iven set  o f  c i rcumstances so that ,
when necessary,  s teps can be taken to  move people
and stock to  safety .

In  co l laborat ion wi th  the Div is ion of  Appl ied
Chemistry, two expedit ions have been undertaken to
obta in measurem-ents around and above forest  f i res.
In  the  f i r s t  o f  t hese ,  repo r ted  ea r l i e r ,  use  was
made of  f ive of  the f i res regular ly  l i t  by the
W.A. Forests Department to clean up the I j-t ter on the
forest  f loor  to  protect  the forests  against  the
intense wi ld  f i res.  Though of  considerable area
( typ ica l ly  40 50 km2 )  ,  these f i res are l i t  under
conait ions which experience has shown wil l  keep them
relat ive ly  mi ld .  Using an aeroplane,  in format ion
was obtained on the turbulence in the smoke plumes
and on the temperature structure around and above
the f ire. Good agreement was found between the
amount of heat carried away by the wind and the
foresters '  est imates of  quant i ty  and ca lor i f ic  va lue
o f  t he  fue l .

In  December,  L969,  the oppor tuni ty  arose of
s tudy ing three much more in tense f i res,  a lso in
Western Austra l ia .  A l thouqh the fue l  quant i t ies
were not  very much greater  than in  the ear l ier  casest
the f i res were l i t  under  dr ier  condi t ions and in  the
absence of  the inh ib i t , ing ef fects  of  a  s t rong
invers ion.  As a resul t ,  the smoke p lumes rose to
he igh ts  o f  3 ' 000  m in  two  cases  and  nea r l y  41500  m
in the other .  In  the two mi lder  f i res the heat
suppl ied f rom the fue l  could be reconci led wi th  that
stbred in the smoke plume by assuming an entrainment
factor  o f  about  2.  In  the m.ost  in tense f i rer  the
ai r  above condensat ion fevel  was condi t ional ly
unstable and a very much greater d.egree of di lut ion
by the ambient  a i r  is  neeessary to  expla in  the
re lat ive ly  rest r ic ted.  he ights  reached by the p lumes.
Turbulence measurem.ents similar to those of t ,he
prev ious observat ions were a lso made.  Genera l ly
Lpeaking,  ext reme turbulence was conf ined to  the
cbntral core of the plume immediately above the f ire.
On one occasion in  th is  reg ion the sounding a i rcraf t
rose 400 m in  30 sec -  the contro ls  be ing held for
Ievel  f l ight ,



3 4

General

The Division has continued. i ts work- as an
accredi ted laboratory of  the Nat ional  A-ssociat ion of
Test ing Author i t ies in  the f ie lds of  Iow speed
anemometry  and atmospher ic  rad iat ion inst ruments.
In the case of the former, the number of instruments
cal ibrated has increased by near ly  50 per  cent  over
las t  vea r  t o  a  to ta l  o f  lB0 :  mos t  o f  t hese  were  fo r
commercial f iems, but some were for Commonwealth and
State Government Departments. The number of
rad. iom.eters ca l ibrated has a lso shown a progress ive
increase and now stands at  230 per  annum.

In response to an inv i ta t ion issued through
the Pres ident  o f  the Wor ld l / te teoro logica l
organizat ion Region r / ,  the nat ional  rad iat ion
standard for  l ! {a lays ia (an act inoqraph)  was received
for  ca l ibrat ion and a lso a so lar im.eter  f rom the
Ph i l i pp ine  I s1ands .

The computation and data processincr group has
cont inued to ass is t  wi th  research pro jects  of  the
var ious groups of  the Div is ion.  The analogue-
d ig i ta l  convers ion system, which was par t ly
completec l  last  year ,  has now been put  in to serv ice
and has great ly  fac i l i ta ted the processing of  h igh
f requency meteoro logica l  data.  The system. accepts
data in a varietv of forms and produces com"puter
compat ib le  d iq iLa l  magnet ic  tapes.  A s tar t  has
now been m.ade on the construction of the
t lzoewr i ter  and a paper  tape reader ,  ment ioned in
las t  yea r ' s  Annua l  Repor t .

Ins trumgnt DevelopmenL

Elect . ron ic  sensing heads consis t . iqg of  crvsta l
thermometers wi th  a resolut ion of  0 .00I"C are the
basis  of  a  new f ie ld  temperature-gradient  fac i l i ty .
New housings and aspi rators  were developed and
tested so that  fu I I  use could.  be mad-e of  the
improved character is t ics  for  d i f ferent ia l  and
absolute m,easurements.  The la t ter  are pr in ted out ,
producing s imul taneouslv  a computer-eompat . ib le
punched paper tape com.plete with channel
ident i - f icat ion.  Di rect  compar ison can be m.ade at
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any t im.e between the two records by reading the
coded punching.

Rad- io-contro l led.  model  a i rcraf t  can be used to
take sensors to  heights  beyond those at ta inable
using masts,  and the Div is ion is  he lp ing to  develop
th is  technique on behal f  o f  many other  potent ia l
users.  However ,  te lemetry  can somet imes cause
inter ference wi th  the sensi t ive a i rborne receivers
used-  for  a i rcraf t  contro l .  To overcome th is ,  data
may be stored on a miniature tape recorder located in
the a i rcraf t ,  and for  th is  purpose min iature current-
to-frequency converters have been developed. On the
ground the replayed output can be readily
ieconstructed inLo an analogue of  the or ig ina l  s ignal
fo r  p rocess ing .

An automatic battery-powered anemometer unit
has been devisec l ,  hav ing four  channels  and able to
count and print out the individ-ual total runs of
wind.  a t  var ious in terva ls .  Prov is ion is  made for
extendingr the number of channels and increasing the
choice of  t ime in terva ls .  Manual  contro l  for
reset t ing,  pr in t ing and synchronis ing is  avai lab le
for  spot  checks and set t ing-uP.

XI ACTIVITIES AND PERSONALIA

I t  is  wi th  great  regret  that  we have to  record
the death of  l4r .  C.J .  Sumner.  Mr.  Sumner r  drL
Exper imenta l  o f f icer ,  had been wi th  the Div is ion for
17 years.  He was responsib le for  the development  of
the long- term recorder  which carr ies h is  name,  and
many otf ier instrumental developments and innovations.

Members of  the Div is ion have mainta ined the i r
contact  wi th  other  organizat ions,  both nat ional  and
internat ional ,  which have been formed to deal  wi th
problems of  Antarct ic  research,  dynamic meteoro logy,
ozone ,  evapora t i on ,  hyd ro logYr  spec ia l  rad ia t i on
inst ruments and observat ions,  p lant  in jury  and a i r
po l l u tan ts ,  ocean ic  resea rch  and  space  resea rch '

I n  O c t o b e r ,  1 9 6 9 ,  D r .  C . H . B .  P r i e s t l e y  a t t e n d e d
the Thi rd Session of  the Jo int  GAR"P Organiz ing
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Commit tee held in  Par is .  En route,  he v is i ted
meteo ro log i ca l  cen t res  i n  t he  U .K .  and  the  U .S .A .

Mr.  W.C.  Swinbank was recent lv  e lected a
Fel low of  the Austra l ian Academy of  Sc ience.
Currently he is awav from the Division on two vears'
Ieave of absence and -is with the National Center for
A tmospher i c  Pesearch ,  Bou lde r ,  U .S .A .

A.ttached to the United Arab Republic
Meteoro logica l  Research and Tra in ing Inst i tu te,
Mr.  ' I .C.  

l , Ic l l roy recent ly  completed three months in
C a i r o  a s  a  W . M . O .  a d v i s e r .

A t  t he  i nv i t a t i on  o f  t he  U .S .S .F . .  Academy o f
Sc iences ,  D r .  A .J .  Dye r  and  } , l r .  B .B .  H icks  l e f t  f o r
i t4oscow in  June ,  L970,  to  take par t  in  an
International Comparison of Instruments measuring
atmospheric turbulence, taking the opportunity en
route to  v is i t  meteoro logica l  establ ishments in
Japan and fnd ia.  l4r .  H- icks wi l l  cont inue to  the
U.S.A.  to  comrnence a n ine-monthsr  at tachment  to  the
Arg'onne National Laboratory where he wil l  be working
on rad. ioact ive atmospher ic  t racers.

Dr .  D .E .  Angus ,  who  has  been  w i th  the  D iv i s ion
s ince  1950 ,  res igned  i n  January ,  1970 ,  t o  take  up  an
appointment as Feader in Botany at the University
o f  Queens land .

At  the end of  the per iod under  rev iew,
l4r. \ . / .  Sitaraman, a Colornbo PIan student from the
Bhabha Atomic Pesearch Centre,  Ind. ia ,  completed a
twelve-monthsr  at tachment  to  the Div is ion.  His
work was in  the f ie ld  of  a tmospher ic  d i f fus ion ancl
the evaluat ion of  potent ia l  heal th  hazards ar is inq
f rom the d ischarge of  rad j -oact ive ef f luents at
reac to r  s i t es .

In  Mav ,  D r .  T .  Schne ide r ,  who  had  been  w i th
D-i-vision on a two-year Fellowship, working on the
measurement  of  carbon d iox ide in  p lant  communi t ies,
returned to  Waqeninqen.
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