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INTRODUCTION

The  D iv i s ion ' s  two  p r i nc ipa l  ob jec t i ves  a re

a  be t te r  unders tand ing  o f  t he  fundamen ta l  p rocesses

of  meteoro logy ancl  the appl icat ion of  th is  knor^r ledge
to problems o i  economic impor tance to  Austra l ia .  For

exarnple,  whi ls t  in  dynamic meteoro l -oqy the main
e f fo r t  i s  devo ted  to  bas i c  p rob lems  o f  a tmospher i c
m e c h a n i c s , . m o r e  e m p i r i c a l  s t u d i e s  o f  p r a c t i c a l  v a 1 u e ,
such  as  the  e f fec t  o f  i r r i ga t i on  and  ro l l i ng  on
nocturnal  temperatures in  v ineyards a lso receive

at tent ion.  More d i rect lv  re la ted to  immediate needs

is  the work in  agr icu l ture and the ef f ic ient  use of

wa te r  by  p lan ts .  I t  i s  i n  such  con tex ts  as  these

t h a t m a - n 1 r - o f t h e r e s u l t s a n d t e c h n i q u e s w h i c h d e r i v e
f r o m  t h e  D i v i s i o n ' s  m a j o r  f i e t d  o f  i n t e r e s t ,
a tmospher i c  t u rbu lence  and  exchange  p rocesses ,  can  be

read i l y  app l i ed .

II DYNAMICAL AND SYNOPTIC METEOROLOGY

The  Genera l  C i r cu la t i on

(a )  Numer i ca t  Mode l t i ng '  Fu r the r
col laborat ion f f i1  F lu id  DYnamics
L a b o r a t o r y ,  I n T a s h i n g t o n r  D - C . ,  u s i n g  t h e  9 - l e v e l
ma themat i ca l  mode l  dev i sed  the re ,  has  resu l ted  i n

exper imenta l  southern hemisphere predic t ion tests
extend, ing over  per iods of  L4 days.  A l though analyses
a re  no t  ye t  comp le ted ,  t he  p re l im ina ry  resu l t s  a re
mos t  encourag ing .  Fo r  examp le ,  i n  one  pe r iod  i n  t he

sou the rn  hemisphere  the  co r re la t i on  coe f f i c i en ts
between predic led and observed height  changes at  - the _
500  mb  l l ve l ,  f r om one  to  L4  days  ahead ,  ave raged  9 'e '
bu t  i t  compar i sons  a re  res t r i c ted  to  the  Aus t ra las ian

req ion  the  coe f f i c i en t  r i ses  to  0 .  B .  I n  v iew  o f  t he

da ia  l im i ta t i ons  o f  t he  sou the rn  hemisphere ,  t hese

f i gu res  rep resen t  a  su rp r i s i ng l y  h igh  pe r fo rmance .
I f  fur ther  exper iments prove them to be representat ive,
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usefu l  forecasts  for  the hemisphere,  and improved ones

fo r  sou the rn  Aus t ra l i a ,  w i l l  be  assu red  when  the

numer ica l  techniques can be incorporated in to

opera t i ona l  rou t i nes .

(b)  The BounQary LaYzr .  D]*?nsional
and lvs i s  shows  tha t  under  ce r taan  res t r l cEave
assumpt ions,  boundary layer  turbulence character is t j -cs
can be expressed as universal  funct ions of  non-

d imens iona l  he igh t  and  s tab i l i t y .

Non-d imens iona l  p ro f i l es  o f  t empera tu re '

w ind  shear ,  s t ress ,  d i ss ipa t i on ,  eddy  v i scos i t y  and

mix ing length have been determined for  a  var ie ty  of

sLabi f  :_ t ie i ,  and the s tabj - l i ty -dependent  parameters

t in f i t rg  f low and temperature in  the f ree atmosphere to

st ress and heat  f lux at  the sur face have a lso been

deduced.  The extent  to  which these re la t ionships
can  be  cons ide red  as  genera l l y  va l i d  has  ye t  t o  be

f i na l l y  de te rm ined .  The  resu l t s  o f  t he  "wangara '
expea i t i on  to  Hay ,  New Sou th  Wa les ,  moun ted  by  th i s

D i ; i s i on ,  i n  co l l abo ra t i on  w i th  the  Bureau  o f

i t l " teototogy in  Ju ly-August ,  1967 '  are in  the course of

be ing  eva i l a ted .  The  ob jec t  o f  t h i s  work  i s ,  f r om

spec i f i ca t i ons  o f  t he  rad ia t i ve  f l uxes ,  t empera tu re ,
h lmid i ty  and wind at  the top of  the boundary 1.ayet ,

and the nature of  the sur face,  to  compute s t ress and

heat  and moisture f lux at  the ground together  wi th

veloc i ty ,  temperature and moisture content  throughout

the boundary layer  for  any geographica l  locat ion.

Such in format ion is  essent ia l  to  the construct ion of

proper  mathemat ica l  models  of  the atmosphere '

(c)  Momentum, heat  and water  vapour  f lux fn

and above the
ver t ica l  f luxes is  known

i:"::"3: :l'?Ni't:;"n='?:;:,, of rhe armosphere, bur
the scales operat ive at  the h igher  levels  are

inadequate ly  known.  I t  is  expected that  the

observat ion i  taken on the Wangara expedi t ion wi l l
prov ide va luable in format ion on these mat ters  '

Measurement  of  f luxes both at  the sur face and h igher

levels  on the scales of  about  B0 km and one hour
( th ree  hou rs  fo r  hea t  and  mo is tu re )  were  success fu l l y

achieved over  a per iod of  40 d,ays.  A l though only
p re l im ina ry  resu l t s  a re  as  ye t  ava i l ab le ,  t he  f i gu res
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tend  to  con f i rm  tha t  f ruxes  on  th i s  sca re  a reimpor tant  in  the g lobar  momentum balance and thatre la t i ve l y  l a rge  f l uxes  occu r  i n  t he  v i c in i t v -o i - t r , "
mer id iona t  f ron rs  wh ich  a re  such  a  = r r i k i ; ; - i " ; i " ; ; =
o f  t he  v res t  w ind  be l t s .  The  ro re  o f  uns tead i -ness  i nthe  p roduc t i on  o f  t hese  f ] uxes  i s  be inq  exami -ned .

(d )  Osc i l l a t i ons  i n  t he  S t ra t segher ,e .
Fu r the r  ana lys  e rva t i ons  o fto ta l  ozone,  temperature ana wind have revealed aquas i -b ienn ia l  osc i r l a t i on  i n  t he  s t ra tosphere
extending f rom the nor thern t rop ics to  Antarct ica.
Da ta  f rom the  K raka toa  vo l can ic  e rup t i on  i n  1BB3  aswe l r  as  s t ra tospher i c  w ind  measuremln ts  made .  a t  t he
turn of  the century have a lso been incorporated in
the . i nves t i ga t i on .  Resu l t s  show tha t  b reaks  i n  t heosc i l l a t i on  a re  re la ted  to  the  so la r  cyc le ,  Lhe
observed  reduc t i on  i n .amp l i t ude  and  sn i r t  o f  phase
preced ing  sunspo t  m in ima .

Sunspot  act iv i ty  has a lso been shown to
have  a  bea r ing  on  the  26 -mon th  pe r iod  o f  t he  ma jo r
equa to r i a l  osc i l l a t i on ,  wh ich  =o  fa r  has  de f i ed
explanat ion.  f t  can be accounted for  on the
hypothesis  of  sub-harmonic  response to semi-annuar_

zone and angular  modulat ion
)o t  cyc le .  Th i s  a rsumen t
Lain the l3-month winA
:ratosphere in  terms of  anannual  wave modulated.  by the l l -year  so lar  cyc1e.

B ienn ia l -mode  responses  i n  the  s t ra tosphere
l re  the  sub jec t  o f  s tud ies  cu r ren t r y  be ing  ca r r i ed  ou tin  var ious countr ies,  the mechanismi  of  ver t icar  andhor i zon ta l -  coup l i ng  p resen t i ng  a  ma jo r  p rob rem.  Thede ta i l ed  i nves t i ga t i on  o f  mer id iona i  edby - t ranspor t  o tmomentum and heat  in  the atmosphere over  Antarct ica
has  been  ex tended  t . o  10  yea rs '  da ta  and  a  s im i l a r
s tudy commenced emplov ing aust ra l ian data.

f t  has  been  found  tha t  b ienn ia l  cycLes  i ntemperature '  wind and the other  t ranspor ts  ment ioned
are super j -mposed on long- term t rends in  these
guan t i t i es .  The  t rends  a re  cons i s ten t  w i th  a
response  o f  t he  s t ra tospher i c  c i r cu la t i on  to  so ra rac t i v i t y  wh ich  has  been  de tec ted  i n  o the r  da ta ,  i n
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par t i cu la r  t he  A rosa  ozone  obse rva t i ons  wh ich  ex tend
o v e r  a  p e r i o d  o f  3 0  y e a r s .

(e )  The  Sou the rn  Osc i ] I a t i on .  Work  on  the
mechanism of  t  ment . ioned in
p rev ious  repo r t s ,  has  con t i nued .  Regress ions  o f
p ressu re  on  Wa lke r rs  Sou the rn  Osc i l l a t i on  Index  and
s ta t i s t i ca l  re la t i ons  be tween  su r face  and  geos t roph ic
wind have been used to determine the var ia t ion of
su r face  d i ve rgence  anoma ly ,  w i th  Osc i l l a t i on  fndex .
Tak ing  a  s tandard  dev ia t i on  o f  t he  fndex  o f  +1 ,  i t  was
foqnd that  dur ing the winter  a t  a  la t i tude of
20o south,  there ex is ted a posi t ive d ivergence anomaly
ove r  t he  cen t ra l  and  eas t  Pac i f i c  and  a  nega t i ve  one
ove r  the  Aus t ra l i an - Ind ian  Ocean  a rea .  The  o rde r  o f
m a g n i t u d e  w a s  L O - 7  s e c - r .  H o w e v e r ,  t h e  p r i n c i p a l
contr ibut ion to  the anomaly ar ises f rom the
divergence (wi tn  la t i tude)  of  the mer id ional  wj -nd
components ind icat ing that  the s imple concept  of
an  eas t -wes t  c i r cu la t i on  i n  a  zona l  p lane  i s
inadequate "

In  nea r  s teady  cond i t i ons ,  t he  mean
divergence anomaly at  upper  levels  is  equal  in
magni tude but  opposi te  in  s ign to  that  a t  the
su r face r  so  tha t ,  ve r t i ca l l y  i n teg ra ted ,  t hey
ba lance  ou t .  Such  an  anoma ly . can  be  cons ide red  as
being made.  up of  a  number of  terms,  some depending
on long term averages,  some on month ly  anomal ies
and others on dai ly  depar tures f rom the mean.
Considerat ion has been g iven to  d ivergence anomaf ies
as  re la ted  to  zona l  ageos t roph ic  f l ow  and  es t ima tes
made  o f  some o f  t hese  te rms .  Ae ro log i ca l  da ta ,
obta ined pr inc ipa l ly  dur ing the winter  aL 20"  south
f rom the  200 /500  mb  leve l ,  we re  used  fo r  t he  s tudy .
Resu l t s  i nd i ca te  tha t  t he  ageos t roph ic  f l ow  assoc ia ted
wi th ascending or  descending a i r  and an east -west
temperature gradient  is  not  b ig  enough to be impor tant
i n  t he  Sou the rn  Osc i l l a t i on  mechan ism -  excep t
poss ib l y  t ha t  pa r t  o f  t he  f l ow  assoc ia ted  w i th  da i t y
depar tures f rom average.

Radar Meteorol-ogJr

The  S t ruc tu re  o f  D ry  Co ld  F ron ts .  The  work
re fe r red  to  i n  l as t  yea r ' s  annua l  repo r t  on  the
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anoma lous  rada r  re f l ec t i ons  known  as  "ange1  echoes"
has  con t i nued .  These  echoes  have  the  appearance  o f
l i nes  o r  bands  and  a re  assoc ia ted  w i th  sha l l ow ,  d ry
cold f ronts  which approach Aspendale f rom
Por t  Ph i l l i p  Bay  du r ing  the  summer .  Fu r the r
observat ions have been made on extensive echo bands
in conjunct ion v i j - th  measurements of  f ronta l  f ine
st ructure of  wind,  re f ract ive index and temperature.
On  one  occas ion  a  capac i to r  re f rac tomete r  reco rded
the  re f rac t i ve  i ndex  m ic ro -s t ruc tu re .  The  f ron ta l
zones wetre found to have vary ing th icknesses ranging
f rom a  few  me t res  to  l 0 ' s  o f  me t res  and  to  be
associated wi th  temperature fa l l -s  amount ing to
seve ra l -  deg ' rees  cen t i g rade .  A  h igh  co r re l_a t i on
which extended down to the very f ine s t ructure
exis ted between temperature and micro-wave ref ract ive
index,  a  decrease in  the former accompanying an
inc rease  i n  the  l a t t e r ,  p resumab ly  due  to  a  pos i t i ve
corre lat ion between temperature and water  vapour
p r e s s u r e .

To expla in more fu l1y the f ronta l  mechanism
wh ich  g i ves  r i se  to  th i s  pa r t i cu la r  k ind  o f  m ic ro -
wave ref ract ion in  the lower atmosphere,  the work
needs  to  be  con t i nued  fo r  ano the r  season .  T t  i s
necessa ry  to  es tab l i sh ,  f o r  i ns tance ,  whe the r  t he
echoes  resu l t  f r om specu la r  re f l ec t i on  p roduced  by
extensive ref ract ive index d iscont inu i t ies or  by
forward and back scat ter ins f rom a turbulent  laver .
Wi th th is  in  mind the 10 cm radar  has been inst iumented
to permi t  ca l ibrat ion f  or  min imum detectah ' l  F  r16rr7F7-
o n  a  r o u t i n e  b a s i s .

IT I  THE UPPER ATMOSPHERE

Ozone

Observa t i ons  o f  t o ta l  ozone  and
de te rm ina t i ons  o f  i t s  ve r t i ca l  d i s t r i bu t i on  by  the
"umkehr "  me thod  have  con t j -nued  a t  Darw in ,  B r i sbane ,
Aspenda le ,  Hobar t  and  Macquar ie  I s l and  i n
col laborat ion wi th  the Bureau of  Meteoro logy and the
An ta rc t i c  D iv i s ion  o f  t he  Depar tmen t  o f  Ex te rna l
A f fa i r s .  The  regu la r  week ly  ozone  sound ings  us ing
the Brewer-Mast  ozone sondes have cont inued at
Aspenda le ,  and  a l so  the  da i l v  obse rva t i ons  o f  su r face
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ozone at  Aspendale and Macquar ie
equipment. SuPP1ementing these
months t  cont inuous measurements
employ ing a Brewer: tYPe bubbLer
D i v i s i o n .

I s l a n d  u s i n g  E h m e r t ' s
were some three

o f  su r face  ozone
developed in  the

F u r t h e r n i g h t t i m e m e a s u r e m e n t s o f o z o n e o n
al l  the s tandard *avelength pai rs  used in  the Dobson

spectrophotometer  have been made at  Hay and Hobar t  and

""gr""  
wLf f  wi th  the f ind ings repor ted last  year .

U = i " g  t h e  B ( l 3 0 B B / 3 2 9 L )  p a i r  o f  w a v e l e n g t h s ,  t h e  n j - g h t

t ime ozone amount  is  app-arent ly  s ign i f icant ly  smal ler

than the^day t ime valuel  imply ing enhanced radiat ion

" l -  
jOBBAo.  "  The tentat ive assumpt ion that  most  o f

th is  rad j -at ion comes f rom the Herzberg 0z band has

s ince been conf i rmed by compar ing radiat ion ca lcu lated

f rom solar  in tens i ty  ana lunar  ref lect iv i ty  wi th  that

-* i t t "a  ny the Herz-n" tg band.  Wi th in  the l imi ts  of

accuracy 
-ot 

t f t" former computation the agreement was

good .

In  L963 ,  a  26 -mon th  osc i l l a t i on  i n  t he  sp r ing

ozone maximum at  Aspendale and Br isbane broke down.

Now i t  has reappearea nut  wi th  reversed phase'  A-

connect ion bet io len the breakdown and the so lar  cyc le

has  been  sugges ted .  f t '  i s  p roposed  tha t  t he

va r ia t i on  i n -so la r  em iss ion  assoc iaLed  w i th  the

) )_y ia r -doub le  sunspo t  c1 rc le  i s  respons ib le  fo r  t he

p.r i "a  of  the 'b ien-n ia1 '  cyc le being 2 6 -  months .  This

i= deal t  wi th  in  somewhat  greater  deta i l  on page 4

under  "Osc i l l a t i ons  i n  t he  s t ra tosphere "  '

Analys is  of  seasonal  and long term t rends

in  the  th ree  yea rs '  ozone  sonde  da ta  so  fa r

accumulated h is  revealed a number of  features of  the

ozone st ructure and i ts  re la t ionship to  c i rcu lat ion

p rocesses .  I n  respec t  o f  t r anspor t , sys tems  in  the

lower s t ratosphere Loth t rans ient  and standing eddies

were found to be impor tant .  Analys is  of  the data

wi th reference to  t te  300 mb synopt ic  pat tern has

shown  h igh l y  s ign i f i can t  d i f f e rences  be tween  mean

ozone a i i t r i fu t ion in  r idges and t roughs and that

obta in ing on e i ther  s ide of  the middle la t i tude je t

s t r e a m . T h e s e d i f f e r e n c e s e x t e n d f r o m t h e s u r f a c e
; ; -a "  as  h igh  as  25  mb .  The  " fo ld ing  i n "  o f  t he

s?ratospher ic  a i r  in to the t roposphere in  the v ic in i ty
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o f  t h c  i e t  s f r e a m  i s  i n d i c a t e d  i n  t h e  m e a nJ - -

d i s t r i b u t i o n s .

hTork is  a lso wel l  advanced on an in ter-
compar i son  o f  i nd i v idua l  sound ings  as  we l l  as  mean
dis t r ibut ions der ived f rom two methods ozone sonde
and t 'umkehr"  

"

From sur face ozone measurements made at
Aspenda le  i t  has  been  obse rved  tha t  t he  da i l y  su r face
ozone maximum, averages 70-80 ugm/m3 in  la te summer
and about  40 ugmlm" in  winter .

No  s ign i f i can t  co r re la t i on  has  been  found
be tween  su r face  and  to ta l  ozone  fo r  any  t ime  o f  t he
year .  However ,  t he re  were  app rec iab l -e  i nc reases  i n
sur face ozone to the rear  of  ant i -cyc lones in  summer
and  to  the  rea r  o f  t r oughs  i n  the  w in te r .  A1so ,  as
opposed to the s t rong,  nor thward mer id ional  f lux of
ozone  obse rved  i n  An ta rc t i ca ,  i t  was  found  tha t  a t
Aspendale the mer id ional  f lux was weak and southwards
between l4arch and October  but  nor thwards between
November and.  Februarv.

P re l im ina rv 'measuremen ts  a t  Hay  o f  t he  ozone
des t ruc t i on  ra te  a t  t he  ea r th ' s  su r face  save  an
a v e r a g e  f i g u r e  o f  0 . 8  x  1 0 1 l m o 1 / c m 2  s e c . -  I t  i s
proposed to expand the work and make s imi lar
measuremen ts  i n  a  va r ie t y  o f  wea the r  s i t ua t i ons ,  f o r
wh ich  pu rpose  a  mod i f i ed  Ehmer t r s  appara tus  i s  be ing
deve loped .

Rad ioac t i v i t y ,  Vo l can ic  Dus t  and  Wate r  Vapour  as
Atmospher ic  Tracers

Dur ing  the  pas t  yea r  t he  ma in  fac to r
in f luencing the progress of  the work in  rad ioact ive
a tmospher i c  t race rs  has  been  the  acqu is i t i on  o f  a
mu l t i - channe l  y - rav  ana lyse r .  No t  on l v  can  the
analyses be per formed much more quick ly  and
accu ra te l v ,  bu t  i t  i s  now poss ib le  to  s tudy  f i ss ion
p r o d u c t s  s u c h  a s  C s - 1 3 7 ,  C e - 1 4 4  a n d  Z v - 9 5 .  T h e s e
e lemen ts  resu l t  f r om nuc lea r  weapons  tes ts  and  a re
p r imar i l y  o f  equa to r i a l  o r i g in  i n  con t ras t  t o  Be -7 ,
a na. tura l ly  occurr ing isotope produced in  the polar
s t ra tosphere  by  the  ac t i on  o f  cosmic  rad ia t i on .  The
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new techniques have prov ided conclus ive ev idence that

Be-7  ho lds  g rea t  p romise  as  a  s t ra tospher i c  t race r

and  i t  i s  hoped  tha t  i t s  use  i n  con junc t i on  w i th
o the rs  o r i g ina t i ng  i n  l ow  la t i t udes  w i I l  add

considerably  Lo our  knowledge of  the genera l
c i r cu la t i on .  The  fo l l ow ing  tab le  g i ves  b r i e f
de ta - i l s  o f  t he  i so topes  cu r ren t l y  i n  use : -

I so toPe

Be-7  (na tu ra l )

C s - 1 3 7  ( f i s s i o n  P r o d u c t )  Y

C e - L 4 4  ( f i s s i o n  P r o d u c t )

Z r - 9 5  ( f i s s i o n  P r o d u c t )

S - 3 5  ( n a t u r a l )

Sampl ing

Rain at  ground
1eve l ,  mon th l y  a t
Aspenda le .
A i r  a t  1 . 5  m ,
week ly  a t  Aspenda le .
S t ra tospher i c
p ro f i l es  eve ry
3  mon ths .

A i r  a t  1 . 5  m ,
weekly  at
Aspenda le .

Emiss ion

Y

Concen t ra t i ons  o f  t he  f i r s t  f ou r  i n  a i r  and  ra in

wa te r  and  s -35  i n  a i r  a10ne  a re  measured  on  a ' rouL ine

bas i s .  The  a tmospher i c  p ro f i l es  a re  ob ta ined
through the good of f ices of  the Depar tment  of

Supp l ! ' s  ba l toon  l aunch ing  s ta t i on  a t  M i fdu ra
p r o j e c t  " H i b a l " .

The Div is ion cont inues to  operate a i r

sampl ing equipment  for  the U-K.  Atomic Energy
Res-earch Establ ishment  at  Harwel l .

Las t  yea r ' s  repo r t  re fe r red  to  a  g loba1

su rvey  o f  so la r  rad ia t i on  dep le t i on  resu l t i ng  f rom

dust  
- in jected 

in to the s t ratosphere by the 1963 Bal i

vo l can i c  e rup t i on .  The  quan t i t y  o f  d .us t  i n  t he  a i r

was found to depend on the season:  in  midd ' le
tat i tudes for  e iample the maximum occurs in  mid

winter  and moves towards the poles undimin ished at  a

ra te  o f  abou t  40  cm sec -  I  .  A  s tudy  o f  sphe r i ca l
d i f fus ion has ind icated that  the observed behaviour

cannot  be at t r ibuted to  mix ing a lone buL is  probably

due to a combinat ion of  th is  p lus seasonal -dependent
mean mot ion
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Tn  coopera t i on  w i th  the  D iv i s ion  o f
Rad iophys i cs ,  s t ra tospher i c  ae roso l  l - aye rs  a re  be ing
invest igated us ing cameras f lown on tha Hibal
ba l l oons  re fe r red  to  ea r l i e r .  C lea r l y  de f i ned
Iaye rs  can  eas i l y  be  seen  and  the re  appear  to  be
p rospec ts  o f  us ing  these  as  i nd i ca to rs  o f  mean  mo t ion
in  the  s t ra tosphere .

The development  of  a  sensor  capable of
measur ing the ext remely low concentrat ions of  vrater
vapour  found  i n  the  s t ra tosphere  i s  p rog ress ing .
The  concen t ra t i ons  to  be  measured  a re  so  sma l l  ( o f
the  o rde r  1  ppm)  tha t  c lean l i ness  and  e l im ina t i on  o f
the  wa te r  con ta ined  i n  the  mo lecu la r  s t ruc tu re  o f  t he
mate r ia l s  f o rm ing  the  senso r  a re  c r i t i ca l .

Exper ience e lsewhere has ind icated that
measurement  of  the natura l ly  occurr ing isotopes pb-2r4
and  B i -214  may  p rov ide  a  means  o f  assess inq
a tmospher i c  s tab i l i t y .  These  i so topes  re iu l t  f r om
the radioact ive decay of  radon,  i tse l f  a  product  o f
the  sma l l  amoun ts  o f  rad ium p resen t  i n  t he  so i1 .
concen t ra t i ons  o f  pb -2 r4  and  B i -214  i n  su r face  a i r  a re
a  func t i on  o f  su r face  we tness  and  s tab i l i t y  bu t
considered as a rat io  should depe,nd main ly  on
s tab i l i t y .  A  sma l l  sca le  feas ib i l i t y  p rog ramme i s
under  way .

I V GENERAL MICROMETEOROLOGY

An extensive ser ies of  temperature and
humidi ty  records were obta ined in  tha f ie td wi th  a
rapid response thermometer  and ref ractometer .
Analys is  of  the data is  now wel l  advanced and severa l
resu l t s  mer i t  comment .  Fo r  bo th  va r iab les ,  t he
charac te r i s t i c  sca le  o f  t u rbu lence  i s  dependen t  on
s t a b i l i t y :  a t  R i c h a r d s o n  n u m b e r s  ( R i )  o f  a b o u t  - 0 . 0 8
the scales are a maxi -mum. spectra l -  ca lcu lat ions of
the f luctuat ions y ie lded good agreement  wi th  the theory
o f  i so t rop i c  t u rbu lence  where  the  spec t ra l  es t ima tes
a re  p ropo r t i ona l  t o  t he  wave  number  ( k ) ,  w i th  a  -5 /3
exponen t .  A t  any  g i ven  wave  number  ( f o r  k  <  1 .0  m- t ) ,
the spectrar  est imates for  temperature increased wi th
hea t  f l ux  and  dec reased  w i th  he igh t .  rn  the  case  o f
h u m i d i t y  ( f o r  k  <  0 . 4  m - r )  t h e  s p e c t r a l  e s t i m a t e s
inc reased  w i th  i nc reas ing  l a ten t  hea t  f l ux  and
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dec reased  w i th  he igh t .  I n  t he  reg ion  o f  l a rge  k ,
the est imates in  respect  o f  temperature and humid i ty
were  nea r l y  a I I  equa l .

The Fluxatron,  the inst rument  des igned as a
s impl i f ied and improved vers ion of  the Evapotron,  has
again operated successfu l ly  under  a var j -e ty  of
condi t ions.  Dur ing the Wangara expedi t ion f luxes
obta ined f rom i t  agreed wel - I  wi th  those ca lcu lated
f rom temperature and wind gradients  and a lso wi th
those  f rom energy  ba lance  cons ide ra t i ons .  Work  on
the development  of  a  su i tab le water  vapour  sensor  is
con t j -nu ing .  The  no rma l  n i cke l  res i s tance  we t  bu1b
thermometers emploVed in  the Evapotron are sat is factory
only  for  re la t ive ly  low f requenclz  response.

Based on the F luxatron technique but  s t i l l
in  the exper imenta l  s tage,  ds inst rument  des igned to
measure momentum t ransfer  was tested dur ing the
\n langara expedi t ion.  The resul ts ,  whi ls t  corre la t ing
wel l  wi th  est imates of  shear ing s t ress obta ined f rom
wind gradients ,  were about  402 low.  The def ic iency
has  been  t raced  to  the  e lec t ron i c  mu l t i p l i e r  used ;
i t  is  proposed now to rep lace th is  wi th  a commerc ia l
t ype  ana logue  mu l t i p l i e r .

To complement the temperature gradient
equipment-developed some years d9o,  a  por t .ab le
bat tery  operated inst rument  has been bui l t -  Not
only  is  the in tegrat ion cont inuous but  i t  prov ides a
di rect  readout  in  terms of  mean temperature gradient .
The  un i t  i s  somewha t . l ess  accu ra te  than  i t s  more
elaborate predecessor ,  but  wi l l  undoubtedly  meet  many
requi rements where s impl ic i ty  and re l iab i l i ty  are
the  p r i nc ipa l  c r i t e r i a .

In  ant ic ipat ion of  a  for thcoming expedi t ion '
dur ing which the pat tern of  sur face a i r f low
associated wi th  thermal  convect ion currents  wi l l  be
inves t i -ga ted ,  a  rap id  response ,  h igh l y  sens i t i ve  w ind
speed and d i rect ion recorder  has been developed-
The tat ter  compr ises an expanded foam ai r fo i l  sect ion
vane,  coupled to  a low torque potent iometer ,  and
capable of  operat ing at  wind speeds down to
30  cm sec - l . -  The  anemomete r  i s  bas i ca t l y  a  cup  t yPe
instrument employing two sets of -three cups '  one
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respec t  t o  t he  o the r ,
c f c n e r n J - r r r  Q 1 - e r f  i  n n.  t )  u q !  u l r l y

dr iv ing a smal l
speed  i s

To  ob ta in  a  measure  o f  t he  a i r f l ow  in  a
ve r t i ca l  p lane ,  a  senso r f  no t  un r i ke  a  w ind  d i rec t i on
ind i ca to r  on  i t s  s ide  n  has  been  deve loped :  a  l i gh t
weight  vane r  ds descr ibed in  the preceC. i r rq  paraqiaph,
ac tua tes  an  ex t reme lv  l ow  to rque  (0 .1  9m -p - t ;
potent iometer ,  the ivhole being mounted on a ver t ica l -
ax i s  abou t  wh ich  i t  i s  f ree  to  tu rn .  The  i ns t rumen t
is  kept  in to wind by a second vane whi rs t  the tvro
e lec t r i ca l  ou tpu ts  rep resen t i ng  ve r t i ca l  i nc l i na t i on
and  az imu th  a re  taken  o f f  v i a  s l i p  r i ngs .  The  un i t
t n i i 11  be  used  i n  con junc t i on  w i th  I  p top " r l o r - vane
wind speed f l -uctuat ion sensor  to  record s imul_taneously
the three turbulent  ve loc i ty  components.

V AGR]CULTURAL METEOROLOGY

Eluc ida t i on  o f  t he  exchange  p rocesses
between the atmosphere and the =o11-p lant  system
const i tu tes the main long term a im of  the Al r icu l tura l
Meteoro logy Group.  current  work a lso incrudes the
fur ther  development  of  techniques to  measure
evaporat ion and formulae for  i ts  est imat ion and
methods of  reducing crop evaporat ion wi thout  harmfu l
s ide  e f fec ts .  The  D iv i s ion  ma in ta ins  a  comprehens ive
observat ional  programme, inc lud ing measurements of
evapora t i on  f rom a  po ta to  c rop ,  pas tu re ,  ba re  so i l  and
f ree  wa te r  su r face  and  a l so  o f  ne t  rad ia t j _on ,
ground heat  f lux,  so i l  and leaf  temperatures ,  a i r
temperature and humid i ty ,  toqether  wi t r r  wind speed and
va r ious  i nd i ces  o f  so i l  and  p l -an t  mo is tu re  s ta tus .

Eva ra t ion Tts  Measurement  and Est imat ion

Evaporat i_on is  measured pr imar i ly  by means
o f  twe lve  l a rge  (5 - ton )  l ys ime te rs l  each  2 -m2-  i n  a rea
a n d  1 . 1  m  d e e p .  M o s t  o f  t h e m  h a v e  p r e c i s i o n
Jra lances,  weighing cont in 'uously  

" "a 

' " " i "mat ica l lv  
to

o n e  p a r t  i n  I 4 0 , 0 0 0 ,  a n d  r e s o l v i n g  e v a p o r a t i o n  t o
w i t h i n  0 . 0 2  m m .

Tr ia l s  w i th  the  hyd rau l i c /pneumat i c
lys imeter  re ferred to  in  ear l ier  repor ts  are nov/
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prac t i ca l l y  comp le te .  The  f i r s t  o f  t hese  i ns t rumen ts
to  be  used  ou ts ide  the  D iv i s ion ,  4 t  Me lbou rne
Un ive rs i t y ' s  Exper imen ta l  Fa rm (Mt .  De r r imu t ) ,  has
comp le ted  lB  mon ths  o f  sa t i s fac to ry  ope ra t i on .  A
second  un i t  has  been  ins ta l l ed  i n  Tasman ia  to  assess
i r r igat ion requi rements,  and a th i rd  is  about  to  be
se t  up  i n  Wes te rn  V ic to r i a .  These  a re  the  f i r s t  o f
an Austra l ia  wide network of  ten such inst ruments
be ing  i ns ta l l ed  and  ope ra ted  by  the  Bureau  o f
Me teo ro logy .

To permi t  unat tended operat ion,  an automat ic
record ing device has been developed for  the hydraul ic
l ys ime te r .  Th i s  p rov ides  a  d ig iLa l  p r i n tou t  a t
rbgu la r  i n te rva l s ,  t he  f requency  o f  wh ich  can  be
ad jus ted  a t  w i l l .  P rov ing  tes ts  a re  under  way .

As parL of  a  programme aimed at  developing
s imp le r  l ys ime t r i c  t echn iques ,  t he  D iv i s ion ,  i n

.  cooperat ion wi th  the Meteoro logy Depar tment ,
l { e lbou rne  Un ive rs i t y ,  has  i ns ta l l ed  a  new t ype  o f
mono l i t h  we igh ing  l ys ime te r ,  a l so  a t  M t .  De r r imu t .
The design permi ts  a complete inst rument  to  be bui l t
i n  t he  f i e fd ,  a round  an  und is tu rbed  b lock  o f  so i l ,
w i thout  hav ing to  use e laborate equipment-  Two
s im i la r  l ys ime te rs  a re  i n  t he  p rocess  o f  be ing  se t
up,  one in  Egypt  and one at  Aspendale.

A modi f ied form of  the wel l -known Bowen
rat io  method of  determin ing evaporat ion forms the
basis  of  a  new automat ic  inst rument  known as an
energy  pa r t i t i on  evapora t i on  reco rde r  (EPER) .
Tn i  t i  a l  l v  t ho  t -amnara f  r r re  d i f  f e rences  requ i red  were
I l l r  L I q M v r L t I / v !

measured by sampl ing sequent ia l ly  a t  two heights
above the Crop canopy buL i t  was found that  d iurnal
temperature changes led to  errors .  The inst rument
has s ince been adapted to  sample s imul taneously  at
tr,vo leve1s Deve lopment  i s  con t inu ing

A combinat ion- type formula developed for
est imat ion of  evaporat ion takes in to account  not  on ly
the  ava i l ab i l i t y  o f  ene rgy  a t  t he  su r face  bu t  a l so  the
d i f f us i ve  p rocesses  ope ra t i ng  i n  t he  ad jacen t  a l - r ,
v- i_a an atmospher ic  conductance (h)  ,  and the movement
of  water  through the so i l -p lant  system, v ia  a crop
internal  conductance (h i  )  .  Wi th many types of  crop,
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w h e n  S o i l  m o i  q J - r r r o  i  e  n l  o p l j f u l  ,  h -  i s  l a r g e  a n d
imposes  l i t t t ; - r . r t r i . i i J "  

" "  
evapdrar ion ,  wh ich  then

takes  p lace  a t  the  po ten t ia l  ra te .  Th is  mav be
e s t i m a t e d  f r o m  a t m o s p h e r i c  v a r i a b l e s  a l - o n e .  U n d e r
t h e  s a m e  a t m o s p h e r i c  c o n d i t i o n s ,  p o t e n t i a l  e v a p o r a t i o n
f rom pota toes  is  found to  be  up  to  2oz  h igher  i r tun
t h a t  f r o m  n a s t u f e  -  d r r o  A m ^ h n c f  n l - h a r  + l au r r q u  ! ! v l r r  l / o . u  u u ! E ,  u u E  q t r r ( J r r y u  u  v e r r e !  , . . i n g s  t O  h
be ing  h ighe r  f o r  t he  re la t i ve l v  rough  su r iace  o f  t he
po ta toes  than  fo r  t he  smoo the r  g f  rass .

As  the  so i l  d r i es  ou t  however ,  h .
d im in i shes ,  and  i n  so  do ing  beg ins  to  . * " r t  u  con t ro l
on  evapora t i on ,  wh ich  mus t  be  taken  i n to  accoun t  i n
re la t i ng  ac tua l  t o  po ten t i a l  evapora t i on  ra tes .
S ince  h .  canno t  be  measured  d i rec t l y ,  i t  mus t  be
i n f e r r e d  f r o m  o t h e r  p a r a m e t e r s .  E s t i m a t e s  o f  h . ,
based on dayt ime averaqes of  the var iab le= 

"orr " "*ned,have  been  re la ted  success fu l l y  t o  so i l  mo is tu re
p o t e n t i a l .

Under  non -po ten t i a l  cond i  t i ons ,  when  h_  can
be  mos t  accu ra te l y  de te rm ined ,  i t s  va rue  fo r  pas tu re
i s  f ound  to  be  s ign i f i can t l y  h ighe r  t han  fo r
po ta toes ,  a l t hough  bo th  va lues  dec rease  w i th
d im in i sh ing  so i l  mo is tu re  a t  abou t  t he  same ra re .
This  means that  a f ter  some days of  dry ing out  o f  the
so i l ,  ac tua l  evapora t i on  becomes  less  fo i  po ta toes
than for  pasture under  the same atmospher ic
cond i t i ons .  The  reason  i s  be l i eved  Lo  l i e  pa r t l v  i n
d i f f e rences  o f  e f fec t i ve  roo t  dep th  be tween  Lhe
long  es tab l i shed  pas tu re  and  the  new ly  es tab l i shed
po ta to  c rop .

under  condi t ions of  h igh evaporat ive demand
stomata l  contror  was somet imes found impor tant  even
when  so i l  mo is tu re  was  p len t i f u l .  on  i uch  occas ions ,
h . ,  rand  hence  evapora t i on  a l so ,  were  assessed  more
r61iab1y f rom the moisture s tatus of  the p l -ants
themselves than f rom that  o f  the so i l - .  

-ne lat ionships

be tween  h .  and  p lan t  mo is tu re  s ta tus  were  found ,  i n
fact ,  to  lppry qui te  wer- r  for  per iods even as shor t
as  an  hou r "

T ransp i ra t i on  Reduc t i on

G lass -house  t r i a l s ,  w i th  emphas is  on  aspec ts
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re fevan t  t o  p roposed  f i e ld  t r i a l s ,  have  aga in
dem-ons t ra ted  e f fec t i ve  suppress ion  o f  p lan t
t ransp i ra t i on  by  chemica l  t rea tmen t  o f  f o l i age .
Addi t ional  s i l icone and fat ty  a lcohol  compounds have
been found to reduce t ranspi rat ion under  condi t ions
o f  bo th  p len t i f u l  and  pe r iod i ca l l y  res t r i c ted  wa te r
supp ly  -  o f ten  by  2OZ,  somet imes  by  as  much  as  402 .
One-o f  t he  ma te r ia l s ,  a  fa t t y  a l coho l  compound ,  has
been  e f fec t i ve  a l so  i n  suppress ing  evapora t i on  d i rec t
f rom the so i l ,  thereby reducing overa l l  evapo-
t ransp i ra t i on  by  a  fu r the r  10  to  202 .

The  i nc reased  i n te rna l  res i s tance  to
t ranspi rat ion whibh i -s  brought  about  by such
tr€atments coul -d be expected to  represent  a h igher
propor t ion of  the to ta l  res is tance when the p lants  are
in  mov ing ,  ra the r  t han  s t i l l  a i r .  Th i s  was  con f i rmed
in  g lass lhouse  t r i a l s  when  fans  were  used  to  s t i r  t he
ai r .  For  the same reason,  t reatments were somet imes
more ef fect ive when p lants  were widely  spaced"

BIue Moul-d in  Tobacco

This  work,  which was carr ied out  in
conjunct ion wi th  the Vic tor ian Depar tment  of
ag. . r lcu l ture at  the Tobacco Research Stat ion,  Ovens,
has been d iscont inued because the low degree of
inc idence of  the d isease in  th is  area over  the last
fev i  years has made i t  impossib le  to  obta in f i rm
r e s u l t s .

Such conclus ions as can be drawn ind icate
that  the programme of  spray ing being tested (based on
a theoret ica l  model  developed in  th is  Div is ion coupled
wi th forecasts  obta ined f rom the Commonweal th  Bureau
o f  Me teo ro logy )  can  g i ve  good  p ro tec t i on .

Other

As  men t ioned  i n  l as t  yea r ' s  repo r t ,  t h i s
n i - v i s i on  has  co l l abo ra ted  w i th  the  C .  S .  I  .  R .  O .  D iv i s ion
o f  I r r i ga t i on  Research ,  Gr i f f i t h ,  i n  mak ing
measurements at  Coleambal ly ,  New South Wal-es,  to
evaluate the ef fect  o f  i r r igat ion on c l imate.  The
extract ion of  the three years '  data f rom the
inst rument  records has now been completed,  and i t  is



1 6

ant ic ipated that  pre l iminary resul ts  wi l r  appear  in
n e x t  y e a r ' s  r e p o r t .

VT RADTATTON

Reference was made last  year  to  the
complet ion of  a  compar ison,  carr ied out  under  the
a u s p i c e s  o f  t h e  c . r . M . o .  h r o r k i n g  G r o u p  o n  R a d i a t i o n
fns t rumen ts  fo r  Genera l  Use ,  o f  f ou r  Lypes  o f  ne t
pyrradiometer ,  one being the i -nst rumenl-  des igned in
th i s  D iv i s ion .  The  resu l t s  ob ta ined ,  t oge the r  w i th
those  f rom s im i l a r  t es t s  ca r r i ed  ou t  a t  Hamburg ,
Len ing rad  and  poonar ,  a re  be ing  ana lysed  by  the
Government  of  Tndia Meteoro logica l  Depar tment  at  poona.

The Xenon arc laboratory shor t  wave
rad ia t i on  sou rce  i s  now opera t i ng  sa t i s fac to r i l y .
Approva l  f rom the  Na t iona l  Assoc ia t i on  o f  Tes t i ng
Au tho r i t i es  w i r l -  sho r t r y  be  sough t  t o  use  th i s  sou rce
for  ca l ibrat ing pyranometers and net  pyrradi -ometers.
S u C h  C a l i b r a t i  n n q  A l - a  : J -  ^ r e s e n t  C a r r i e a  O U t  u S i n g
the sun as =; ; ; ; ; , * iJ t * i r .5  number of  su i rabre davs
per  yea r  i s  i nsu f f i c i en t  t o  cope  w i th  the  i nc rea i i ng
number of  inst ruments being received.

The  sun t racke r  men t ioned .  i n  l as t  yea r , s
Repor t  has  been  pu t  i n to  ope ra t i on .  r t  i s  used  to
t ra in  a pyrhel iometer  onto the sun cont inuously ,  to
measure  d i rec t  beam so la r  rad ia t i on .  rn  acco rdance
w i th  I ^ I .M .o .  recommenda t ions ,  t h i s  pa ramete r  i s  now
recorded rout ine ly  by automat ic  da la logging equipment .

Some progress has been made in  developing
an  i ns t rumen t  t o  measure ,  d i rec t l y  and  con t i nuo ls t i ,
ne t  l ong  wave  rad ia t i on ,  a  quan t i l y  h i t he r to
evaruated by tak ing the d i f ference between net
radiat ion (a l l  wavelengths)  and shor t  \^ iave radiat ion
ba lance .  The  techn ique  i s  t o  enc lose  a  ne t
py r rad iomete r  i n  a  spher i ca r  shee t  o f  b lack  po ry thene
wh ich  ac ts  as  a  l ong  wave  band  pass  f i l t e r .  The
e f fec t  o f  d i f f e ren t i a l  hea t i ng  due  to  i nc iden t  sho r t
wave  rad ia t i on  i s  e l im ina ted  .by  roLa t i ng  the  f i l t e r .
The  i ns t rumen t  can  a l so  be  made  in  a  un l -a i rec t i ona l
form by enclos ing one s ide wi th  a f ixed temperature
cav i t y .  Theore t i ca l  compu ta t i ons  o f  t he  e f fec t  o f
c loud  Cover  on  the  nc t  I  nn r r  wave  rad ia t i on  l oss  a t
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the ear th '  s  sur f  ace are bej -ng carr ied out
concu r ren t l y .

The u l t ra-v io le t  component  of  so lar
rad ia t i on  i s  o f  cu r ren t  i n te res t  i n  s tud i -es  o f  sk in
cance r  and  a l so  o f  deg rada t i on  o f  ma te r i a l s ,
pa r t i cu la r l y  p las t i cs .  The  i n tens i t y  o f  g loba l
i - r l t ra-v io le l  ?adiat ion is  measured rout ine ly  at
Aspendale us ing a su i tab ly  modi f ied pyranometer '
a  i imi lar  inst iument  has been constructed for  the
Un ive rs i t y  o f  Papua  and  New Gu inea .  Th i s  w i l l  be
insta l led at  Por t  Moresby but ,  be ing por tab le and
bat tery  operated,  wi I l  be avai lab le for  shor t  per iod
su rveys  i n  remote  pa r t s  o f  t he  Te r r i t o ry .  A l so ,
u l t ra lv io le t  rad iat ion record ing equipment  bui l t  by
the univers i ty  o f  Queensland cont inues to  be operated
a t  Aspenda le  on  the i r  beha f f .  I t  i s  one  o f  a  cha in
of  three inst ruments,  the others being in  Br isbane
and New Guinea.

In connect ion wi th  Radiat ion envi ronment
of  p lant  communi t ies,  some measurements,of  g loba1 and
net  rad j -at ion gradients  have recent ly  been commenced
in a p ine forest  in  the Dandenong Ranges.  A
min iature pyranometer  and net  pyrradiometer  have been
used,  wi th  su i tab le arrangements to  hois t  them
through the canopy.

The spectra l  d is t r ibut ion of  rad j -at ion in
the v is ib le  wavelengths is  o f  impor tance j -n  s tudies
of  the ef f ic iency of  energy convers ion in  p lants  '
The monochromato i  equipment  des igned to measure th is
d is t r ibut ion has been cal ibrated and is  operat ing
sat is factor i ly .  Development  of  a  computer  progranlme
capable of  deal ing wi th  the monochromator  output
pr6sented some d i f f icu l t ies but  these have now been
iargely  overcome and i t  is  ant ic ipated that  rout ine
record ings wi l I  commence shor t ly .

VII MISCELLANEOUS

Ai rc ra f t  Des ign  and  Wind  Gus ts

The  e f fec t  o f  w ind  gus ts  g i ves  r i se  to  a
number of  problems in  a i rcraf t  des ign concerned both
wi th s t ructura l  s t rength and the maintenance of
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con t ro l .  Fo r  t h i s  reason ,  i n fo rma t ion  on  gus ts  i s
a lways  requ i red  by  a i r c ra f t  des igne rs .  Observa t i ons
o f  ve r t i ca l  a i r  ve loc i t y  ob ta ined  f rom an  a i r c ra f t
be long ing  to  the  D iv i s ion  o f  R .ad iophys i cs  have  been
re la ted  to  s imu l taneous  measuremen ts  o f  w ind  ve loc i t y ,
wind and temperature gradient  and net  rad iat ion"
The  resu l t s  ca -n  be  c lass i f i ed  acco rd ing  to  the
s tab i l i t y  o f  t he  a tmosphere ,  t hough  in  a I I  cases  the
d is t r i bu t i on  o f  gus t  ve loc i t i es  i s  ve ry  d i f f e ren t  f rom
t h e  G a u s s i a n  f o r m .  I n  s t a b l e  c o n d i t i o n s  t h e  r . m . s .
ve r t i ca l  ve loc i t y  dec reases  w i th  i nc reas ing  s tab i l i t y ,
the phenomenon being more marked at  greater  he ights .
However ,  there appeared to  be no d i rect  connect ion
w i t h  h e i g h t  a l o n e . In  contrast ,  under  unstable
c o n d i t i o n s ,  t h e  r . m . s .  v e r t i c a l  v e l o c i t y  i n c r e a s e d
wi th height  but  ra ther  unexpectedly  -  was found to
dec rease  as  the  tempera tu re  g rad ien t  i n tens i f i ed .
The  l a t te r  e f fec t  p robab ly  a r i ses  f rom w ind  shear .

In  the  absence  o f  more  p rec i se  i n fo rma t ion ,
Aeronau t i ca l  Eng inee rs  make  use  o f  a  so -ca1 led
"de r i ved  gus t  ve loc i t y "  ca l cu la ted  so le l y  f rom the
a i r c ra f t ' s  ve r t i ca l  acce le ra t i on :  i f  t h i s  i s  compared
wi th measured gust  ve loc i ty  i t  is  found that  when
veloc i t ies are low the der ived va lues are over-
es t ima ted  and ,  when  h igh ,  under -es t ima ted .

iJusn -F ' l_res

Each year  bush f i res cause great  damage to
Aus t ra l i an  fo res ts .  However ,  t he  l osses  cou ld  be
considerably  reduced i f  more were known about  the
behav iou r  o f  f i r es  i n  va r ious  wea the r  s i t ua t i ons .
To  th i s  end ,  i n  co l l abo ra t i on  w i th  the  D iv i s ion  o f
fndus t r i a l  Chemis t r y ,  upper  w inds  measured  by  p i l o t
ba l loon and temperature soundings f rom ai rcraf t  have
been  ob ta ined  i n  the  v i c in i t v  o f  f i ve  fo res t  f i r es .
Using only  those occasions when the wind was
reasonably  s teady,  the measured amount  of  heat  carr ied
awalz by Lhe wind was found to agree wel l  wi th  the
compu ted  amoun t  re leased  by  the  f i r es ,  t he  w ind
removing the energy uni formly at  a l l  leve ls .

I t  was  thus  poss ib le  to  con f i rm  the
es t ima tes  o f  f ue l  quan t i t i es  and  bu rn inq  ra tes  on
which the ca lcu l -at ions were based
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Turbu lence  reco rds ,  re la t i ng  to  sca les  o f
some hundreds  o f  me t res ,  showed  a  c lea r  d i f f e rence
between a i - r  mot ions ins ide and outs ide the smoke
plume
grea te r  i ns ide ;  however ,  t h i s  d i f f e rence  was  no t
apparen t  i n  a i r  mo t ions  o f  ve ry  much  sma l l e r  sca le .

Shou ld  more  i n tense  bush f i res  p rov ide  the
oopor tuni ty  i t  is  hoped to carry  out  fur ther  work
dur ing the coming summer.

Comput ing

This  year  the comPutat ion and data
processing group has been largely  concerned wi th
p rocess ing  obse rva t i ona l  da ta  f rom the  Wangara
exped i t i on .  The  da ta  f rom s i x  t housand  ba l l oon
f l i gh ts ,  and  abou t  e igh t  hundred  rad iosonde  f l i gh ts  '
together  wi th  micrometeoro logica l  records '  were
punched on about eighty thousand cards d.uring and. after
the  exped i t i on .  The  p rocess ing  o f  t he  rad iosonde  and
micrometeoro logica l  data has been completed,  but  in  the
case  o f  t he  p i l o t  ba l l oon  f i gu res  the  e rad i ca t i on  o f
obse rva t i ona l  and  punch ing  e r ro rs  necess i ta ted
t ransferr ing the data temporar i ly  to  magnet ic  tape.
Mos t  o f  t h i s  p re l im ina ry  check ing  i s  now f i n i shed  and
the computat ions proper  are going ahead.

Other  invest igat ions in  which the group has
ass i s ted  i nc lude  the  fo l l ow ing :  t he  d i s t r i bu t i on  o f
rac la r  echoes ,  t he  t ra jec to r i es  o f  GHOST ba l l oons  to
de te rm ine  the i r  po leward  d r i f t ,  va r i a t i ons  i n
a tmospher i c  t u rb id i t y ,  t he  genera l  c i r cu la t i on  be tween
f ive and th i r ty  mb,  and a theoret ica l  s tudy in
s t r a t o s p h e r i c  d i f f u s i o n .

The  D iv i s ion  has  pu rchased  a  mu l t i channe l
ana logue  magne t i c  t ape  reco rde r - ,  f o r  da ta  acqu is i t i on
bo th  i n  t he  l abo ra to ry  and  on  f i e ld  exped i t i ons .  The
reco rded  tape  i s  su i t ab le  fo r  au tomat i c  p rocess ing ,
by e i ther  analogue or  d ig i ta l  computer .  f ts  main
appl icat ion wi l l  be to  record turbulent  or  o ther
rapiAty  f luctuat ing quant j - t ies which make manual
fo l lowing a prohib i t j -ve task.

A new analogue/d ig i ta l  convers ion system is
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be ing  bu i l - t  wh ich  w i l l  g rea t l y  f ac i l i t aLe  the
au tomat i c  p rocess ing  o f  da ta .  I t  w i l l  supe rsede  the
system at  present  in  use in  which char t  records are
manual ly  fo l lowed and conver ted to  d ig i ta l  form on
punched  paper  tape .  The  new sys tem w i l l  accep t
ana logue  da ta ,  e i t he r  f rom manua l l y  f o l l owed  paper
cha r t s  o r  ana logue  magne t j - c  t ape ,  as  we l l  as  d ig i t a l
data f rom both typewr i ter  and punched paper  tape.  I t
wi l l  reproduce these on d ig i ta l  magnet ic  tape in  a
fo rm su i tab le  fo r  d i rec t  read inq  i n to  a  compu te r .

Inst rument  Development

The  Draw ing  O f f i ce  has  as  i t s  ma jo r  f unc t i on
the prov is ion of  a  mechanica l  inst rument  des i -gn
se rv j - ce  fo r  t he  D iv i s ion .  The  fo l l ow ing  a re  examp les
of  the more impor tant  inst ruments developed dur ing
the  cou rse  o f  t he  yea r .

A  "Sun  t racke r " ,  essen t i a l l y  an  i ns t rumen t
stand which cont inuously  and automat ica l ly  pos i t ions
i t se l f  w i th  re fe rence  to  the  sun .  Norma l l y  a
complex system of  prec is ion gears and cams is  needed
to  cope  w i th  the  s l i gh t  i r regu la r i t i es  o f  t he  sun ' s
pa th ;  i n  t h i s  case ,  however ,  two  s imp le  so la r  ce l l s
operat ing in  ver t ica l  p lanes mutual ly  a t  r ight  angles
are employed to contro1 an inexpensive gearbox.

I n  m e a s u r i n g  d i f f u s e  ( s k y )  r a d i a t i o n ,  i t  i s
s tandard  p rac t i ce  to  use  a  f i xed  shade  to  sh ie ld  the
sun ' s  d i sc  f rom the  so l -a r ime te r .  Th i s  however
b locks out  some of  the radiat ion being measured and
to  ove rcome th i s  an  occu l t i ng  d i sc  has  been  dev i sed .
Essen t i a l l y ,  i t  cons i s t s  o f  a  sma l l  d i sc  mov ing  i n  an
a rc ,  t he  p lane  o f  wh ich  i s  ad jus tab le .

Re fe rence  was  made  in  l as t  yea r ' s  Repor t  t o
the  e f fec t  o f  sea  su r face  tempera tu re  on  l a rge  sca le
var ia t ion of  ra in fa l l  in  ad jacent  reg i -ons and to  the
proposal  to  develop a su i tab le buoy to  measure sea
temperature.  S ince then,  two prototype buoys have
been  deve loped ,  t h i s  D iv i s ion  be ing  respons ib le  fo r
the mechanica l  des ign of  the buoy,  the Bureau of
Me teo ro logy  fo r  t he  e lec t ron i cs  ( i nc lud ing
recep t i on )  ,  and  the  D iv i s ion  o f  F i she r j -es  and
Oceanography for  the anchorage.  Pre l iminary
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t r i a l s  f i ve  m i les  o f f - sho re  i n  Po r t  Ph i l l i p  Bay  have
g i v e n  s a t i s f a c t o r y  r e s u l t s ,  a n d  r e l i a b i l i t y  t e s t s  w i l l
be cont inued for  another  twelve months.

Add i t i ona l  senso rs  fo r  t he  "Sumner "  l ong
term recorder  cont inue to  be made avai lab le.  At  the
reques t  o f  t he  U .  S .  Geo log i ca l  Su rvey  Depar tmen t ,  a
ba romet r i c  p ressu re  un i t  su i t ab le  fo r  use  up  to
a t t i t u d e s  o f  2 0 r 0 0 0  f e e t  h a s  b e e n  d e s i g n e d  a n d
n r a r l  r r  n a r l

To  mee t  t he  resea rch  needs  o f  t he  D iv i s ion ,
many d i f ferent  types of  j -nst ruments are designed,
u l t imate ly  appear ing as prototypes in  the machine
shop .  O f  t hese ,  some a re  o f  i n te res t  t o  o the r
worke rs  bo th  i n  Aus t ra l i a  and  ove rseas ,  and  the re fo re
of  industr ia l  va lue.  Where new ideas are involved
patents are taken out ,  but  in  e i ther  case the
inst rument  f requent ly  goes in to commerc ia l  product ion.
Current ly ,  there are twelve patents  in  force and a
tota l  o f  seven types of  inst ruments being manufactured.

Genera l

The Div is ion is  an accredi ted laboratory of
the  Na t iona l  Assoc ia t i on  o f  Tes t i ng  Au tho r i t i es  i n
the f ie lds of  1ow speed anemometry  and atmospher ic
radiat ion inst ruments.  In  the case of  the former,
the annual  ca l ibrat ion rate -  which grows cont inuously

now amounts to over one hundred instruments a year,
from both Commonwealth and State Governments as well
as f rom industr ia l  and commerc ia l  f i rms.  The number
of  rad iat ion inst ruments handled has again increased
by about  a quar ter  over  last  year 's  f igures and is
now reaching such propor t ions that  p lans are bej -ng
contemplated to  make the ca l ibrat ion process an
automat ic  one.  A l ready a computer  programme has
been wr i t ten to  scrut in ize the f igures obta ined f rom
the low temperature bl-ack body source and to evaluate
t h e  s e n s i t i v i t i e s .

The new wind tunnel  and anci l l iarY
fac i l i t i es  have  been  made  ava i l ab le  to  an  o f f i ce r  o f
the  D iv i s ion  o f  f r r i ga t i on  Research ,  Den i l i qu in .  The
vrork has been concerned wi th  problems of  so i l  eros ion
as  re la ted  to  sLze ,  shape  and  d i s t r i bu t i on  o f
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obs t ruc t i ons .

Dur inq  c loud  seed ing  f l i gh ts  o rgan ized  by
the  V ic to r i an  S ta te  Depar tmen t  o f .Ag r i cu l t u re ,  rad l r
mon i to r i ng  was  ca r r i ed  ou t  t o  t rack  ra in  echoes  i n
the  v i c in i t y  o f  t he  seed ing  a rea .  obse rva t i ona l  da ta
in the form of  notes and ra in  echo photographs were
made avai lab le to  the Depar tment .

Two  F luxa t rons ,  a  desc r ip t i on  o f  wh ich
appears  e l sewhere  i n  t h i s  repo r t ,  have  been  loaned ;
o n e  t o  t h e  D i v i s i o n  o f  L a n d  R e s e a r c h ,  K a t h e r i n e ,  N . T . ,
and  one  to  the  Un ive rs i t y  o f  Wash ing ton ,  SeaL t le .

VITI  ACTTVITIES AND PERSONAL]A

Meteoro logy is  inherent ly  in ternat ional  in
nature,  and cont inues to  grow rapid ly  in  terms of  i ts
assoc ia t i ons  w i th  o the r  d i sc ip l i nes .  Members  o f  t he
Div is ion have mainta ined the i r  connect ion vz i th
var ious orga_nizat ions,  both nat ional  and
internat ional ,  which have been formed to deal  wi th
p rob lems  o f  An ta rc t i c  Research ,  Dynamic  Me teo ro rogy ,
Ozone ,  Evapora t i on ,  Hyd ro logy ,  Spec ia l  Rad ia t i on
Ins t rumen ts  and  Observa t i ons ,  p lan t  f n ju ry  and  A i r
Po l l u tan ts ,  Ocean ic  Research  and  Space  Research .

Dur ing the year  Mr.  W. C.  Swinbank and.
Dr .  A.  J .  Dyer  were jo in t ly  awarded the Royal_
Meteo ro log i ca l  soc ie t y ' s  Buchan  p r i ze .  Th i s  award  i s
a  b ienn ia l  one  and  i s  made  in  recogn i t i on  o f  t he  mos t
impor tant  or ig ina l  contr ibut ions t .o  meteoro logy
publ ished in  the euar ter ly  Journar  dur ing a r l i re-year
pe r iod  "

I n  1 9 6 7  t h e  C h i e f  o f  t h e  D i v i s i o n ,
D r .  c .  H -  B .  P r i e s t l e y ,  w a s  e l e c t e d  V i c e - p r e s i d e n t  o f
the In ternat ional  Associat ion of  Meteoro logy and
Atmospher ic  Physics and appointed a member of  the
newly formed Joint I^rMo/ruGG organi- zing committee of
t h e  G . A . R . P .  ( g l o b a 1  a t m o s p h e r i c  r e s e i r c h  p r o g r a m m e ) .
rn March he at tended the f i rs t  meet i -nq of  the-raLter
and the f i f th  meet ing of  the I {Mo Advisorv commit tee,
bo th  a t  Geneva ,  v i s i t i ng  en  rou te  and  l ec tu r i nq  a t
m e t e o r o l o g i c a l  i n s t i t u t i o n s  i n  t h d ' - U . S . A . ,  U n i l e d
K ingdom,  and  Hong  Kong .
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Ear lY  i n  t he  Year ,  Mr .  W.  C .  Sw inbank
returned f rom twelve months '  leave of  absence in  the

U . S . A . ,  w h e r e  h e  s p e n t  f i v e  m o n t h s  a s  V i s i t i n g
p ro fesso r  a t  t he  un i ve rs i t y  o f  Hawa i i ,  and  two  mon ths

a t  t he  Un ive rs i t y  o f  Ca l i f o rn ia ,  Los  Ange les .  He  was

a lso  a  V i s i t i ng  sc ien t i s t  a t  t he  Na t iona l  cen t re  fo r

A tmospher i c  Research ,  Bou lde r ,  f o r  a  pe r iod  o f  t h ree

months.  Tn september he at tended as Austra l ian
delegate the x lv th Genera l  Assembly of  IUGG at  Lucerne

anc i resented papers to  the rAMAP on behal f  o f  h imsel f

and  Mr .  n .  K .  wenn .  A t  t h i s  mee t ing  he  was  appo in ted

consu l tan t  t o  t he  In te r -un ion  Commiss ion  fo r  Rad io

l / te teoroIogy.

F r o m  S e P t e m b e r ,  L 9 5 7 ,  t o  M a Y ,  L 9 6 8 ,
M r .  E .  L .  D e a c o n  o c c u p i e d  a  p o s i t i o n  a s  V i s i t i n g
P r o f e s s o r  a t  t h e  T e x a s  A -  &  M .  U n i v e r s i t y '

From JanuarY to Ju lY of  th is  Year
Dr .  A .  J .  Dye r  was  on  s tudy  l eave  a t  t he  Depar tmen t
o f  A tmospr re r i c  sc iences ,  un i ve rs i t y  o f  wash ing ton .
H is  work  has  two  aspec ts ;  c i r cu la t i on  sys tems  o f  t he

st ratosphere and atmospher ic  f ine s t ructure in  the

lower  }aye rs .

f n  J a n u a r y ,  L 9 5 8 ,  M r .  I .  C .  M c l l r o y  r e t u r n e d

f rom a  yea r ' s  l eave  o f  absence  w i th  the  wMo,  du r ing

which t - ime he ass is ted the Egypt ian Meteoro logica l
Depar tment  in  set t ing up an Agro-meteoro logy Sect ion

in  the  new Meteo ro log i ca l  f ns t i t u te  o f  Research  and

T r a i n i n g ,  C a i r o .

Dr .  D .  E .  Angus  con t i nued  to  g i ve  a  cou rse

of  lectures in  micrometeoro logy at  Mel-bourne Univers i ty ,
but  terminated i t  a t  the end of  the L967 academic year

as  a  resu l t  o f  impend ing  l eave  o f  absence .  Two  mon ths

later  he took up ;  three-year  appointment  as Reader  in

Envi ronmenta l  ehys ics in  the Botany Depar tment  of  the

Un ive rs i tY  o f  Queens land .

Dr .  R .  Ro th  o f  t he  Un ive rs i t y  o f  Mun ich  i s

srcending a year  in  the Div is ion work ing in  the f ie ld

o f  a tmosPher i c  t u rbu lence .

Dr .  T .  Schne ide r  f rom the  Agr i cu l t u re
Lln ivers i t lT ,  Wageningen,  recent ly  commenced a two-year
pe l l owsh ip  i n  Ag r i cu l t u ra l  Me teo ro logy '
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Mr .  E .  J .  Yanaz  D .  f rom the  Cen t ra f
Un ive rs i t y  o f  Venezue la  spen t  a  mon th  i n  t he  D iv i s ion
becoming fami l iar  wi th  a l l  aspects  of  the Evapotron
and  F lu ia t ron .  Bas i ca l l y  conce rned  w i th  hyd ro logy ,
he hopes to  emplov the techniques embodied j -n  these
inst ruments on h is  re turn.

In  co l l abo ra t i on  w i th  the  V ic to r i an
Depar tmen t  o f  Ag r i cu l t u re ,  two  f i lms  on  Agr i cu l t u ra l
y teteoro logy were produced '  and were subsequent ly
screened on the country  te lev is ion network.
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PUBLICATIONS

A N G U S ,  D . E . ,  a n d  D I L L E Y '  A . C .  ( f 9 5 7 )  -  T h e
determinat ion  o f  conductances  in  the  water  pa thway

o f  s o i l - c r o p - a t m o s p h e r e  s y s t e m s .  C . S . I . R - O .
C o n f .  o n  S t r u c t u r e  a n d  F u n c t i o n  o f  W a t e r  i n
P h y s i c a l  a n d  B i o l o g i c a l  S y s t e m s ,  S m i g g i n  H o l e s ,
L 9 6 7 .  ( p u b t .  C . S . I . R . O . ,  M e l b o u r n e )  4  z  1 4 - 1 5 . '

B E R S O N ,  F . A .  ( L 9 6 7 )  -  M e r i d i o n a l  i n t e r a c t i o n s  i n  t h e
q u a s i - b i e n n i a l  s t r a t o s p h e r i c  o s c i l l a t i o n  s o u t h  o f
t h e  t r o p i c s .  P o l a r  M e t e o r o l o g y ,  T e c h .  P a p e r  N o . B 7 ,
W M o - N o  .  2 L I . T P . I l - I  :  3 6 4 -  3 7 8 .

B E R S O N ,  F . A .  ( 1 9 6 7 )  L a y e r  e c h o e s  f r o m  u n d e r  a  c a n o p y
o f  h i g h  c l o u d .  A u s t .  M e t .  M a g . ,  1 5  ( 4 )  :  2 0 5 - 2 2 4 .

B E R S O N ,  F . A . ,  a n d  K U L K A R N I ,  R . N .  ( 1 9 6 8 )  -  S u n s p o t
c y c l e  a n d  t h e  q u a s i - b i e n n i a l  s t r a t o s p h e r i c
o i c i t l a t i o n .  N a t u r e ,  4 7  ( 5 1 3 4 )  :  I I 3 3 - I I 3 4 -

B E R W I C K ,  P . D . ,  a n d  S U M N E R ,  C . J .  ( 1 9 5 8 )  -  A n  a c c u r a t e
hydrau l i c -pneumat ic  we igh ing  lys imeter  fox
g e n e r a l  f i e l - d  u s e .  A g r i - c .  M e t e o r o l .  ,  g  ( 1 )  :  5 - 1 6  -

B U S I N G E R ,  J . A . ,  M I Y A K E  ,  M . ,  D Y E R ,  A . J . ,  a n d
B R A D L E Y ,  E . F .  ( 1 9 6 7 )  O n  t h e  d i r e c t  d e t e r m i n a t i o n
of  the ,  tu rbu len t  heat  f lux  near  the  ground-

J .  A p P l .  M e t . ,  I  ( B )  :  1 0 2 5 - 1 0 3 2 .

C O L L I N S ,  B . G .  ( 1 9 6 8 )  -  A  l o n g  w a v e  r a d i a t i o n  s o u r c e
f o r  n e t  p y r r a d i o m e t e r  c a l i b r a t i o n .  J .  S c i e n t .
I n s t r u m .  ( 1 .  o f  P h y s .  E )  ,  S e r i e s  2 ,  I  :  6 2 - 6 4 .

C O L L I N S ,  B . G .  ( 1 9 6 8 )  -  A  m o d i f i e d  C a m p b e l l - S t o k e s
s u n s h i n e  r e c o r d e r .  M e t .  M a g . ,  L o n d .  r  9 . 1 -  z  L 6 - L 9

C O L L I N S ,  B . G . ,  a n d  W A L T O N ,  E . W .  ( 1 9 6 7  )  -  T e m p e r a t u r e
compensat ion  o f  the  Mol l -Gorczynsk i  Pyranometer .
M e t .  M a g . ,  L o n d . ,  9 5  ( 1 I 4 I )  :  2 2 5 - 2 2 8 .

D E A C O N ,  E . L .  ( 1 9 6 8 )  S e d - a t m o s p h e r e  e n e r g y  e x c h a n g e
( s m a l l -  s c a l e )  .  I n t e r n a t i o n a l  D i c t i o n a r y  o f
G e o p h y s i c s .  ( P e r g a m o n  P r e s s )  4  p p .

r X



2 6

D E A C O N ,  E . L . ,  a n d  S T E V E N S O N ,  J .  ( 1 9 6 8 )  _  R a d i a t i o n  a n d
a s s o c i a t e d  o b s e r v a t i o n s  m a d e  o n  T n d i a n  O c e a n
c r u i s e s .  1 .  C r u i s e s  d u r i n g  1 9 6 2 .  C . S . I . R . O :  D i v .
o f  M e t "  P h y s i c s  T e c h .  p a p e r  N o .  1 6 "

D Y E R ,  A . J .  ( 1 9 5 7  )  -  a  c o m b i n e d  w a t e r  a n d  e n e r g y
b a l a n c e  s t u d y  a t  K a t h e r i n e ,  N o r t h e r n  T e r r i l o r v .
A u s t .  M e t .  M a g .  ,  f  5 .  ( 3 )  :  L 4 B - 1 5 5 .

D Y E R ,  A . J  "  ( L 9 5 7 )  T h e  t u r b u l e n t  t r a n s p o r t  o f  h e a t  a n d
water  vapour  in  an  uns tab le  a tmosphe ie .
Q . J " B o l ' . M e t . S o c . ,  - 9 1  ( 3 9 8 )  :  5 0 1 - 5 0 8 .

D Y E R ,  A " J .  ( 1 9 6 8 )  -  T h e  r o l e  o f  f e t c h  i n  p l a n t  s t u d i e s :
F U n c t i O n i n o  n f  r l a r r a c { - r i - 3 1  E C O S V S t e m S  a t  t h e;;t;&--pfJa".t;;;-;;;;i. 

- -;;;'.1 "Jf".i..
Copenhagen Sympos ium,  24-30 Ju ly  1965 (UNESCO) :
4 9 3 - 4 9 8 .

D Y E R ,  A . J . ,  a n d
fa l - lout  f rom
A u s t .  J .  S c i

H r c K S ,  B . B "  ( I 9 6 7 )
ove r  Aus t ra l i a
( 5 1 1 2 )  :  2 5 0 - 2 5

H ] C K S ,  B . B .  ( L 9 6 7 )  R a d i o a c t i v e
t h e  F r e n c h  1 9 6 6  p a c i f i c  T e s t s .
,  3 0  ( 5 )  :  1 5 B - I 7 0 .

Concen t ra t i ons  o f  Be rv l_ l i u

G A L B A L L Y ,  I .  ( 1 9 6 8 )  -  S o m e  m e a s u r e m e n t s  o f  o z o n e
v a r i a t i o n  a n d  d e s L r u c t i o n  i n  t h e  a t m o s p h e r i c
s u r f a c e  l a y e r .  N a t u r e ,  L o n d . . ,  2 L g  ( S f a O )  :  4 5 6 - 4 5 7

M A H E R ,  F . J .  ( 1 9 5 8 )  -  A
J .  S c i e n t .  I n s t r u m .w

N a t u r e ,  L o n d . ,

sens i t i ve  the rmomete r .
( . f  .  o f  P h y s .  E ) ,  S e r i e s  2 ,

d u r i n g  1 9 5 5 .
t .

m-7
2 I 6

KULKARNI ,  R .N .  (1958)  Day  and  n igh t  measuremen ts  o f
o z o n e  i n  t h e  S o u t h e r n  H e m i s p h e r e .  e . J . R o y . M e t . S o c . ,
2 !  ( 4 0 I )  z  2 6 7 - 2 7 8 .

KULKARNI ,  R .N .  (1968)  Ozone  f l _uc tua t i ons  i n  re la t i on
to upper  a i r  per turbat ions in  the middle
la t i t udes  o f  t he  Sou the rn  Hemisphere .  Te l l us ,
2 0  ( 2 )  :  3 0 5 - 3 1 3 .



2 7

P R I E S T L E Y ,  C . H . B .  ( L 9 6 7 )  -  O n  t h e  l i n k  b e t w e e n

micrometeoro logy  and la rger -sca1e dynamics  '

I n t e r n a t .  S y m p "  o n  D y n a m i c s  o f  L a r g e - S c a l e
P r o c e s s e s  i n  t n e  A t m o s p h e r e ,  M o s c o w ,  2 3 ' 3 0  J u n e

1 9 6 5 .  ( U .  S .  S .  R .  A c a d .  o f  S c i .  )  :  2 2 8 - 2 3 0  '

P R I t r S T L E Y ,  C " H . B .  ( 1 9 6 7 )  -  O n  t h e  j - m p o r t a n c e  o f

v a r i a b i l i t y  i n  t h e  p l a n e t a r y  b o u n d a r y  l a y e r '

Repor t  o f  S tudy  Conf .  on  the  Globa l  A tmospher ic

n e i e a r c h  P r o g r a m m e ,  J u n e - J u l y  1 9 6 7 ,  S t o c k h o l m '
( ICSU, / IUGG & WMO) APPCNdiX VI  :  1 -5 .

PRTESTLEY,  C .H .B .  
/ 1967  

)  -  T 'he  p rob lems  o f  t he  l ower
a tmosphere .  ANZAAS,  Me lbou rne '  39 th  Mee t ing ,
1 9 5 7 .  A u s t .  J .  S c i " ,  3 0  ( 4 )  z  I I 7 - 1 2 6 "

PRIESTLEY,  C .H .B .  (L967  )  -  Handover  i n  sca l -e  o f  t he
f l uxes  o f  momen tum,  hea t ,  e t c . ,  i n  t he  a tmospher i c

'boundary 
layer .  In ternat .  Symp.  on Boundary

Layers 
-and 

turbulence,  inc lud ing Geophysica l
ap f l i ca t i ons ,  Kyo to ,  Japan ,  Sep tember  1966 '
P h y s .  o f  F l u i d s ,  L !  ( 9 )  P t .  2  :  S 3 8 - 5 4 6 "

$ I IEpHERD,  W.  (1967)  -  P lan t  p rope r t i es  i n  re la t i on  to
crop conductances in  evapotranspi rat j -on pathways '
C . S . I . R . O .  C o n f .  o n  S t r u c t u r e  a n d  F u n c t i o n  o f
Wate r  i n  Phys i ca l  and  B io log i ca l  Sys tems ,  Smigg in
H o l e s  ,  L g 6 7 - .  ( p u n t  "  C .  S . I  .  R . O .  '  M e l b o u r n e )
4  :  1 6 - 1 7 .

SHEPHERD,  W.  (1968)  -  D i s t r i bu t i on  and  ene rgy  s ta tus
o f  mo is tu re  i n  hay .  Fou r th  Aus t ra l i an
G r a s s l a n d s  C o n f e r e n c e ,  P e r t h ,  1 9 6 8 .  l d  :  1 7 - I B '

S U M N E R ,  C . J .  ( f 9 6 8 )  -  a  s o l a r i m e t e r  s t a n d  w i t h
m o t o r i z e d  o c c u l t i n g  d i s c .  J .  A p p l .  M e t . ,
7  ( 1 )  :  L 4 s - 1 4 7  "

SWINBANK,  W.C.  (1967)  Some aspec ts  o f  t he  t rans fe r
of heat, water vapor, and momentum in the lower
a tmosphere  (Abs t rac t ) .  I n te rna t .  Symp.  on
Boundary Layers and Turbulence,  inc lud ing
Geophys i ca l  App l i ca t i ons ,  Kyo to ,  Japan ,  Sep t .  1966 .
P h y s .  o f  F 1 u i d s ,  I 0  ( 9 )  P t .  2  z  5 3 1 4 .



2 B

S V f N E A N K ,  W . C .  ( L 9 6 7 )  -  E v a p o r a t i o n .  E n c y c l o p e d i a
o f  A t m o s p h e r i c  S c i e n c e s  a n d  A s t r o g e o l o g y .
E d .  R h o d e s  W .  F a i r b r i d g e  ( P u b l .  R e i n h o l d
P u b l i s h i n g  C o r p n . ,  N e w  Y o r k )  :  3 6 8 - 3 7 2 .

S W I N B A N K ,  W . C .  ( f 9 5 8 )  T r a n s f e r  o f  p r o p e t r t i e s  o f  t h e
a i r - e a r t h  i n t e r f a c e  ( a b s t r a c t ) .  I n t e r n a t .
A s s o c .  o f  M e t e o r o - I o g y  a n d  A t m o s p h e r i c  P h y s i c s ,
R e p o r t  o f  P r o c .  a t  I . U . G . G .  X I V t h  G e n e r a l  A s s e m b l y ,
L u c e r n e  I  1 9 6 7 .  P u b l i c .  I A M A P  N o .  1 4
( I . A . M . A . P . ,  T o r o n t o ) ,  P a p e r  D - 3  :  1 8 1 .

S W f N B A N K ,  W . C . ,  a n d  D Y E R ,  A . J .  ( 1 9 6 7 )  -  A n
exper imenta l  s tudy  in  mic ro-meteoro logy .
Q . J . R o y . M e t . S o c . ,  9 3  ( 3 9 8 )  =  4 9 4 - 5 0 0 .

T A Y L O R ,  R . J . ,  W A R N E R ,  J . ,  a n d  B A C O N ,  N . E .  ( 1 9 6 8 )  -

A n  a n a l y s i s  o f  s o m e  o b s e r v a t i o n s  o f  v e r t i c a l  a i r
ve loc i ty  components  made f rom an a i rc ra f t .
Un ivers i ty  o f  Me lbourne,  Meteoro logy  Depar tment ,
P u b l i c .  N o .  1 0  :  1 0 4  p p .

T R O U P ,  A . J .  ( 1 9 6 7 )  -  O p p o s i t i o n  o f  a n o m a l i e s  o f
upper  t ropospher ic  w inds  a t  S ingapore  and
C a n t o n  I s l a n d .  A u s t .  M e t .  M a g . ,  1 5  ( 1 )  z  3 2 - 3 7 .

W E B B ,  E . K .  ( f 9 6 8 )  T h e  t h i n  t h e r m a l  b o u n d a r y  l a y e r
o f  t h e  s e a  s u r f a c e  ( A b s t r a c t )  .  I n t e r n a t .  A s s o c .
o f  M e t e o r o l o g y  a n d  A t m o s p h e r i c  P h y s i c s ,  R e p o r t  o f
P r o c .  a t  I . U . G . G .  X I V t h  G e n e r a l -  A s s e m b l y .  L u c e r n e ,
1 9 6 7 .  P u b l i c .  r A M A P  N o .  L 4  ( I . A . M . A . P . ,  T o r o n t o )  ,
P a p e r  D - 4  =  I B 2 .



2 9

X STAFF

C h i e f  C . H . B .  P r i e s t l e Y ,  M . A . ,
S c . D . ,  F . A , A . ,  F . R . S .

C . h i e f  R e s e a r c h  S c i e n t i s t  W . C .  S w i n b a n k ,  M . S c .

S e n . P r i n . R e s e a r c h  S c i e n t i s t  E - L .  D e a c o n ,  B . S c .

P r i n c i p a l  R e s e a r c h  S c i e n t i s t  F . K .  8 a 1 1 ,  D . S c .

P r i n c i p a l  R e s e a r c h  S c i e n t i s t  A . F . A .  B e r s o n ,  D t . P h i l .

P r i n c i p a l -  R e s e a r c h  S c i e n t i s t  R . H .  C l - a r k e ,  B . A . ,  M . S c .

P r i n c i p a l  R e s e a r c h  S c i e n t i s t  A . J .  D y e r ,  P h . D . ,  D . S c .
J

P r i n c i p a l  R e s e a r c h  S c i e n t i s t  I . C .  M c I l r o y '  B . S c .

P r i n c i p a l  R e s e a r c h  S c i e n t i s t  R . J .  T a y l o r ,  M . S c .

P r i n c i p a l  R e s e a r c h  S c i e n t i s t  E - K .  W e b b -  ,  B . A .  ( H o n s .  )  ,
B .  S c .

. 1 -

S e n i o r  R e s e a r c h  S c i e n t i s t  D . E .  A n g u s ,  B . S c . ,  P h . D ,

S e n i o r  R e s e a r c h  S c i e n t i s t  R . N .  K u l k a r n i ,  M . S c . ,

,  P h . D .

S e n i o r  R e s e a r c h  S c i e n t i s t  W .  S h e p h e r d ,  B . S c . ,
M . A g r .  S c .

R e s e a r c h  S c i e n t i s t  B . B .  H i c k s ,  M . S c -

R e s e a r c h  S c i e n t i s t  H .  C .  M a r t j - n ,  B .  S c .  ,
P h .  D .

R e s e a r c h  S c i e n t i s t  G . W .  P a l t r i d g e ,  M . S c . ,
P h .  D .

R e s e a r c h  S c i e n t i s t  A . B .  P i t t o c k ,  M . S c . ,
P h .  D .

E x p e r i m e n t a l  O f f i c e r  B . G .  C o l l i n s '  B . S c .

E x p e r i m e n t a l  O f f i c e r  A . C -  D i 1 1 e y ,  B . S c .

E x p e r i m e n t a l  O f f i c e r  I . E .  G a l b a 1 1 y ,  B . S c .

E x p e r i m e n t a l  O f f i c e r  R . H .  H i l l  ,  B . E .  ,
D i p .  E I e c .  E n g .

E x p e r i m e n t a l  O f f i c e r  R . R .  M c c r e g o r '
D i p .  A p p 1 .  S c i .

E x p e r i m e n t a l  O f f i c e r  F . J .  M a h e r '  A . R . M . T . C .


