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I  INTRODUCTION

To achieve a greater understanding of the fundarnental
p rocesses  o f  rne teoro logy  together  w i th  the  app l ica t ion  o f  th is
knowledge to problerns of econornic importance to Austral ia
cons t i tu te  the  D iv is ion 's  two rna in  ob jec t ives .  In  dynarn ic
rneteorology, for exarnple, whi lst  at tent ion is directed pr irnar i ly
to  the  bas ic  p rob le rns  o f  a t rnospher ic  rnechan ics ,  p rorn inence is
given to rnatters of part icular i rnportance to Austral ia,  In
app l ied  rne teoro logy  the  accent  i s  on  agr icu l tu re  and the
eff ic ient use of water.  I t  is in such spheres that rr lany of the
resu l ts  and techn iques  wh ich  are  a  consequence o f  the  D iv is ionrs
major  f ie ld  o f  in te res t ,  a t rnospher ic  tu rbu lence and exchange
p r o c e s s e s ,  c a n  b e  r e a d i l y  a p p l i e d .

] I  DYNAMICAL AND SYNOPTIC METEOROLOGY

The Genera l  C i rcu la t ion

(a) Heat Balance of the Atrnosphere olrqr the Anta-rct ic
Plateau. 

-The 
heatEalance requirernents of the atrnosphere

ovefrFg the Antarct ic plateau have been further invest igated,
espec ia l l y  dur ing  the  spr ing  war rn ing  o f  the  s t ra tosphere .
Cons idera t ion  has  been g iven to  the  processes  wh ich  govern  the
vert ical  t ransfer of heat and an hypothesis developed that
ver t i ca l  r r rass  t rans fer  a l rnos t  van ishes  a t  the  base o f  the
s t r a t o s p h e r e .  T h i s  l e v e 1  -  c a l I e d  t h e  r r s t r a t o b a s e r r  -  l i e s  a t  s o m e
dis tance above the  upper  Antarc t i c  t ropopause where ,  be tween
4 0 , 0 0 0  a n d  5 0 , 0 0 0  f e e t  a b o v e  s e a  l e v e l ,  s o r n e  o f  t h e  w o r l d r s
l o w e s t  t e r n p e r a t u r e s  o c c u r .

The hypothes is  has  been tes ted  by  de ter rn in ing  quas i -
Lagrangian rates of heat loss by net radiat ion in the vic ini ty of
the  s t ra tobase as  i t  descends dur ing  spr ing  war rn ing .  These
coo l ing  ra tes  are  rnore  rea l i s t i c  and in  rnuch be t te r  agreernent
w i th  rneasurernents  f ro rn  rad io rne ter  ascents  a t  U.S.A.  s ta t ions
in Antarct ica than the losses calculated earl ier as heat budget
residuals involving an art i f ic ial  constraint at  the highest daturn
l e v e l  ( 7 5 , 0 0 0  f e e t ) .  M o r e o v e r ,  u s i n g  t h i s  r n o d e l  t h e  c o m p u t e d
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vert ical  rnot ions in the lower stratosphere help to account for the

cons iderab le  lag  be tween the  spr ing  war rn ing  and the  ensu ing

rna jo r  inc rease in  to ta l  ozor re ,

In evaluat ing the heat budget in the st-ratosphere i t  was

a lso  necessary  to ie te r rn ine  thJ  ver t i ca l  eddy  t ranspor t  o f

potent ial  heat in terrns of enthalpy f lux and the conversion of

i reat into turbulent k inet ic energy. One f inding is that in the

lower  s t ra tosphere  these two processes  rna in ly  der ive  f  rom

Iarge-sca le  s land ing  edd ies  assoc ia ted  w i th '  p redorn inant ly '

as" - . r rd i r rg  rno t ion  over  western  Antarc t i ca  and descend ing

rnot ion  over  the  re rna inder .

(b )  B ienn ia l  s t ra tospher ic  osc i l la t ions  south  o f  the

' ; :  e < i  b YT 
"opl"g.f f igrr" t tat i"r ,  N"t ional Antarct ic Research expedit ion and has a

very good record.  o f  uppe r  ar r  soundings '  I toT, : : : "11\y  corn-

;i;;f ;"ti"tl""i p;.;":'sing of {ive.veir" 9-*-" 
(1???^2i)

h i rec ted  towards  i  s tudy  o f  heat  and rnornentum t rans fers ,  has

ernersed evidence for a 24-rnonth cycle in the rneridional wind

cornponent  a t  bu ,000 fee t .  The dynarn ic  l inks  be tween the

q . , " " i - b i . n n i a l t r o p i c a l o s c i l l a t i o n a n d t h e e x t r a t r o p i c a l . t w o -

" ; ; t  
cyc les  in  w ind ' ,  te rnpera ture  and ozor re  a re  now be ing

l-" . . i r r .a,  part icular ly t l ie al ternat ing rnodes of spr ing warrning

in  the  Antarc t i c  s t ra tosPhere .

(c) @ott"  
The invest igat ions of the

southern  osc i l la t ion  descr lbed i -n  ear l ie r  rePor ts  have cont inued '

M.. t  upPer winds for Nandi and Fi j i  for sorn-e years have been

"o..rprr t lh,  
and frorn these and thickness gradients between

N a n d i a n d T o w n s v i l l e i t h a s b e e n f o u n d t h a t t h e e q u a t o r w a r d
rner id iona l  w ind  shear  be tween 500 and 300 rnb  in  the  south

;; ; t t r ; ; i r i .  i "  stronger at t i rnes of high Southern Osci l lat ion

index"  Th is  i s  cons i i ten t  w i th  the  sug!es t ion_rnad.e  i .n  the .  196415

repor t  tha t  the  osc i l la t ion  is  a  consequence o f  var la t lons  Ln  a

rnean to ro ida l  c i rcu la t ion  be tween the  eas tern  and western  hern i -

s p h e r e s .

A t t e n t i o n h a s b e e n g i v e n t o t h e v a r i a t i o n o f z o t : . a l - w i n d
colr lponents with Southerr i  Osci l lat ion index'  At Canton Island

io"  
" )<" r r rp le  

the  low leve l  (5 ,000 fee t )  w inds  behave as  expec ted ,

i "  e "  t h e  e a s t e r l i e s  a r e  s t r o n g e r  w h e n  p r e s s u r e  i s  h i g J :  o y g r - t h e

pac i f i c  and low over  Aus t ra l ia .  A t  h igher  leve ls  (200 rnb)  the

variat ion is in the opposite sense. Thls lat ter f inding is further

evidence of the e*teirs ive inf luence of the sbuthern osci l lat ion

throughout  the  t roPosPhere .
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( d )  P r o c e s s e s  o f  H a n d o v e r  i n  S c a l e ,  T h e  a d v a n c e  o f
nurner ica l  logY and the  exc i t ing
p r o s p e c t s  o f  g l o b a l  o b s e r v a t i o n  u s i n g  s a t e l l i t e s  a r e  f o r c i n g
r n e t e o r o l o g i s t s  t o  w o r k  a n d  p l a n  r e s e a r c h ,  i n  s p e c i f i c  t e r r n s ,

towards  a  cons iderab le  ex tens ion  o f  the  per iod  o f  de ta i led  fo re-

casts.  Quest ions then ar ise as to how the f luxes of rnornenturn

and energy  to  and f ro rn  the  sur face ,  wh ich  as  pure ly  rn ic ro -

rne teoro log ica l  p rocesses  have rece ived rnuch spec ia l i s t  s tudy ,

becorne red is t r ibu ted  th rough the  rna in  depths  o f  the  a tmosphere

b y  p r o c e s s e s  o f  I a r g e r  s c a l e "  T h e  h a n d o v e r  o f  f l u x  b e t w e e n

d i f fe ren t  sca les  o f  rno t ion  thus  becornes  a  p rob le rn  o f  sorne

urgency ,  though i t  has  no t  ye t  been we l l  fo r rnu la ted .  var ious

or ien ta t ion  s tud ies  bear ing  on  th is  p rob le rn  a re  be ing  car r ied
through in  the  D iv is ion .  These inc lude the  changes in  the  sca le

and pi t tern of ternperature f luctuat ions with increasing height

in  the  boundary  layer ;  the  var ia t ion  o f  geos t roph ic  d rag  coef f i c ien t
with stabi l i ty;  the conversion of rnornenturn f lux frorn rnicro-
sca le  to  rnacro-sca le  w i th in  the  boundaty  Layer ,  wh ich  is  shown

to  be  in  c lose  assoc ia t ion  w i th  the  pa t te rn  o f  hor izon ta l  acce le ra-
t ion; and a direct est i rnat ion of the vert ical  f lux of moa1lentu111
effected by the typical  cornplex of rner idional f ront and
accof i rpany ing  an t icyc lone in  the  southern  hern isphere  wester l ies"
I t  i s  hoped tha t  these s tud ies  w i l l  be  repor ted  ind iv idua l l y  in
subsequent  AnnuaI  Repor ts  and tha t  co l lec t i ve ly  they  w i l l  p rov ide
va luab le  leads  in to  the  w ider  p rob le rn .

lMet and Dry Spel ls and the Drought

A s tudy  has  been rnade o f  the  occur rence o f  spe l1s  o f  wet
and dry  rnonths  (de f ined accord ing  to  whether  the  ra in fa l l  was
a b o v e  o r  b e l o w  t h e  r n e d i a n )  a t  I 3  s t a t i o n s  i n  N o r t h e r n  N " S . W .
and Southern  Queens land.  Pers is tence f  ro rn  rnonth  to  rnonth  was
found fo r  spe l l s  o f  3  to  6  rnonths  dura t ion  bu t  no t  ou ts ide  these
l i rni ts" Further conf irrnat ion was obtained frorn an exarninat ion
of .  I2  o ther  s ta t ions  in  eas tern  Aus t ra l ia "  There  was on ly  a  s rna l l
excess  o f  the  longer  spe l l s  (5  rnonths  or  rnore)  above chance
expecta t ion ,  i "  e "  approx i rna te ly  th ree-quar te rs  o f  the  dry  o r  wet
spe l l s  cou ld  we l I  have occur red  in  any  randorn  sequence o f  wet
or  d ry  rnonths"  However ,  ra in fa l l  be ing  a  causa l  phenomenon
the near  randornness  o f  i t s  month ly  sequences  does  no t  exc lude
the  poss ib i l i t y  o f  es tab l i sh ing  the i r  assoc ia t ion  w i th  o ther
var iab les"  For  the  I3  s ta t ions  s tud ied  an  assoc ia t ion  was found
b e t w e e n  e x t e n s i v e  w e t  a n d  d r y  s p e l l s  ( i "  e "  s p e l l s  o f  5  o r  r n o r e
months  a f fec t ing  a t  leas t  4  s ta t ions)  and the  sea sur face  te rn-
pera ture  a t  Por t  Hack ing ,  in  the  sense tha t  the  dry  spe l l s  were
assoc ia ted  w i th  be low average sea sur face  te rnpera ture .  I t  was
a lso  found tha t  dur ing  ex tens ive  dry  spe l l s  the  Papeete-Darwin
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p ressure  grad ien t  was  be low average and fo r  ex tens ive  wet  spe l l s
a b o v e  a v e r a g e .

Dur ing  the  recent  w idespread drought  wh ich  a f fec ted
eastern  and cent ra l  Aus t ra l ia ,  inc lud ing  the  s ta t ions  under
exarn ina t ion ,  the  sea sur face  te rnpera tures  -  in  the  ear ly  s tages
at  leas t  -  were ,  as  wou ld  be  expec ted  f ro rn  the  resu l ts  jus t
quoted ,  genera l l y  be low average"  When te rnporary  re l ie f  f ro rn
the drought carne to parts of the east coast in June and JuIy,
L965,  the  te rnpera tures  becarne above average"  However ,  the
Papeete-Darwin  pressure  grad ien t  d id  no t  deve lop  the  expec ted
anornaly unt i l  sorrre rnonths after the extensive dry spe1l
cornrnenced.  Th is  suggests  tha t  the  drought  was assoc ia ted  w i th
o ther  anorna l ies  o f  a tmospher ic  c i rcu la t ion :  accord ing ly
pressure  anorna l ies  over  a  la rge  par t  o f  the  southern  hern isphere
inc lud ing  Aus t ra l ia  a re  be ing  exarn ined.  200 rn i l l i bar  w ind
var ia t ions  over  Aus t ra l ia  a re  a lso  be ing  s tud ied  and the  work
continue s .

Var ious

Whi ls t  s ta t i s t i cs  o f  w ind  speed,  d i rec t ion  and f requency  as
wel l  as  te rnpera ture  are  cons idered to  be  an  essent ia l  par t  o f
cl i rnatology, the distr ibut ion and behaviour of wind shi f t  l ines
( rna in ty  co ld  f  ron ts )  a re  no t  nor rna l l y  inc luded.  However ,  work
has  now s ta r ted  on  the  ex t rac t ion  o f  ten  years  da ta  fo r  the
Aust ra l ian  reg ion ,  four  years  hav ing  so  fa r  been cornp le ted .

Recent ly the opportunity arose to rnake an observat ional
study of the growth of a wel l  rnarked squal l  l ine, ernploying
radar,  t i rne lapse photography and rneasurernents frorn a swtface
rneso-sca le  ne twork .  One resu l t  was  tha t  the  l ine  sqr :a l l  rnoved
to  the  le f t  o f  the  upper  w ind  in  accordance w i th  the  R.S.  Browning
rnode l  fo r  the  nor thern  hemisphere '

Re-evaluat ion of upper wind cof i Iponents relat ive to the sea

breeze or  f  ron ta l  l ines  f ro rn  observa t ions  ob ta ined on  the
Coona lp in  Downs exped i t ion  o f  1961,  i s  be ing  car r ied  ou t  in  the
l ight of  subsequent experience of af ternoon convect ion and i ts
e f fec ts  on  the  reor ien ta t ion  o f  these l ines .  Th is  i s  a  p re-
requisi te to publ icat ion of this extensive body of data.

Overseas  exper ience has  ind ica ted  tha t  locus t  swar rn ing
is  assoc ia ted  w i th  convergence in  the  w ind  f ie ld  and tha t  the  ra in
o f ten  assoc ia ted  w i th  th is  convergence prov ides  favourab le
cond i t ions  fo r  egg lay ing .  A  eo l labora t ive  s tudy  by  the  Ant i -
Locus t  Research  Cent re  (U.  K .  ) ,  the  D iv is ion  o f  Entorno logy ,
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and s ta f f  o f  th is  D iv is ion  has  been made to  de f ine  rnore  prec ise ly

the  synopt ic  s i tua t ions  assoc ia ted  w i th the  swar rn ing  o f  locus ts

i n  e a s t e r n  A u s t r a l i a "

In  response to  an  enqu i ry  f ro rn  the  N.  S .  W.  Depar t rnent  o1

Agr icu l tu re  an  a t te rnp t  was  rnade to  charac ter ize  those synopt ic

si iuat ions which, dur ing the rnonths of February and March of

pas t  years  gave r i se  to  an  inch  or  rnore  o f  ra in  over  two or  f i Io re-consecut ive  
days  in  the  Mur rurnb idgee I r r iga t ion  Area"  Such

cond i t ions  are  conduc ive  to  ep idern ics  o f  Brown Rot  in  peaches"

several  synopt ic types were found, the pr incipal featur.e being

s t rong r ro t t t t  to  t to r ih*es t  w inds  a t  500 rnb  (20 ,000 fee t ) .

V isua l  t rack ing  and p lo t t ing  o f  ra in  echoes observed on

the  radar  has  cont inued and rnore  than th ree  years  observa t ions
obta ined.  These are  be ing  sub jec ted  to  s ta t i s t i ca l  ana lys is  and

a corrrparison rnade of the ntovernent of echoes with upper winds

as  observed in  the  Nfe lbourne area .

Tirne lapse f i }ns, and visual observat ion of the rnovernent
o f  ra in  echoes over  V ic to r ia  and the  ad jo in ing  coas ta l  waters  o f
Por t  Ph i i ip  Bay  backed up  by  p ic tu res  f ro rn  the  weather  sa te l l i tes
TIROS VII  and VI l t ,  have been used in synopt ic studies of f ronts
and thunders to r rn  ins tab i l i t y  l ines .

Br igh t  ' range l ' r  echoes -  a  phenornenon ra re ly  seen on  a
IO c rn  radar  -  have recent ly  been observed w i th  the  passage o f
dry  f ron ts ,  the  re f lec t ion  be ing  a t t r ibu ted  to  the  presence o{
ex t re rne  hurn id i ty  g rad ien ts  assoc ia ted  w i th  the  eddy  s t ruc tu re
of the front.

UI  UPPER ATMOSPHERE STUDiES

O z o n e

Observat ions of the total  ai l rount of ozone and of i ts
ver t i ca l  d is t r ibu t ion  in  the  a t rnosphere  by  the  'umkehr '  rne thod
us ing  Dobson spec t rophotorne ters  have cont inued a t  Aspenda le ,
Br isbane and Macquar ie  Is land in  co l labora t ion  w i th  the  Bureau
of  Meteoro logy  and the  Antarc t i c  D iv is ion  o f  Ex terna l  A f fa i rs "
The Dobson spec t rophotorne te t  a t  Por t  Moresby  has  been
reca l lb ra ted  and t rans fer red  to  Darwin .  Regu lar  observa t ions
of  to ta l  ozone and i t s  ver t i ca l  d is t r ibu t ion  a t  Darwin  began in
Apr i l  1966 and t ra in ing  in  observa t iona l  techn iques  g iven to
Ioca l  Bureau o f  Meteoro logy  s ta f f  .
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A t  Aspenda le  the  d i rec t  rneasurernent  o f  the  ver t i ca l

d is t r ibu t ion  o f  ozone in  the  a t rnosphere  us ing  Brewer -Mast

ozorre sondes has cont inued with regular weekly f l ights" Addit ional

f l igh ts  a re  rnade dur ing  wor ld  Geophys ica l  In te rva l  weeks ,

Su i face  ozone rneasurernent  us ing  Ehrner t ' s  type  o f  equ ip rnent

cont inue to  be  rnade da i l ya t  Aspenda le  and Macquar ie  Is land.

To deterrnine the night t i rne var iat ion of total  ozorte,

spectrophotornetr ic f i Ieasu1'elr lents are being rnade at Kerang

arta f i "y" Since the ful l  rnoon is used as a l ight source the work

is  conducted  nor th  o f  the  D iv id ing  Range where  the  n igh t  sk ies

a r e  r e l a t i v e l y  c l o u d  f  r e e "  T h e  r e s u l t s  a r e  b e i n g  a n a l y s e d .

An ear l ie r  repor t  re fe r red  to  a  26- rnonth  osc i l la t ion  in  the

Spring ozone rnaximurn at Aspendale and Brisbane for the period

t g S + l Z S "  S i n c e  1 9 6 3 ,  h o w e v e r ,  t h e  c y c l e  h a s  d i s a p p e a r e d "  I n

atternpt ing to elucidate this i t  was discovered that a sirni lar

per iod ic i ty  ex is ted  a lso  fo r  the  I00  rnb  te rnpera tures  a t

L"nur ton ,  Hobar t  and Macquar ie  Is land -  bu t  aga in  on ly  fo r  the

per iod  L954163.  S ince  bo th  these years  a re  ones  o f  rn in i rnurn

iunspot  ac t i v i t y  i t  i s  p resurned tha t  these resu l ts  a re  connected

wi th lhe  so la r  cyc1e.  More  de f in i te  conc lus ions  awa i t  the

col lect ion of further data.

The contr ibut ions frorn lower and rniddle stratospheric
waves  to  the  var ia t ion  in  ozone on  bo th  a  da i l y  and seasona l

basis have been exarnined by reference to urnkehr data and

ternpera tures  a t  the  I00  rnb  and 20  rnb  leve ls .  The ana lys is

ind ica tes  tha t  the  shor t  te r rn  changes in  ozone are  governed no t

on ly  by  lower  s t ra tospher ic  waves  bu t  a lso  by  rn idd le  s t ra to -

spher ic  per tu rba t ions ,  wh ich  are  independent  o f  each o ther  rnos t

o i  th .  t i rne"  On a  seasona l  bas is  in  the  rn idd le  s t ra tosphere  i t

seerns  tha t  changes in  ozor re  conten t  a re  a f fec ted  by  processes

other than that of  the wel l  known photochernical  one" The

rnechanisrns causing dai ly ozorre osci l lat ions are quite di f ferent

f  ro rn  those respons ib le  fo r  the  seasona l  osc i l la t ions .

T h e  I 9 6 4 1 5  A n n u a l  R e p o r t  r e f e r r e d  t o  a  p e r s i s t e n t  d i p  i n

the ozone concentrat ion and rnixing rat io at the 50 rnb leveI over

Bou lder ,  co lo rado,  in  March  and Apr i l  I964 .  Pre l i rn inary

atternpts to explain the dip did so in terrns of ozone destruct ion

by  vo l tan ic  du i t  f ro rn  the  Mt "  Agung erup t i 'on  tn  L963 '  s ince  then

a rnore detai led exarninat ion has suggested that a quasi - I lor izontal

advec t ion  o f  a i r ,  invo lv ing  a  I r Iass  t ranspor t  o f  ozone be tween the

equator and 40oN could account for the ozone rninirnurn. Back-

ing  th is  up  are  independent  op t i ' ca l  observa t ions  wh ich  c lear ly

dJrnons t ra t "  the  presence o f  advec t ion  a t  the  requ i red  a l t i tude .
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Flans  are  we l l  advanced fo r  a  ser ies  o f  da i l y  azor re  sound-
ings  f ro rn  Aspenda le  in  oc tober  1965 v ihen the  Bureau o f  Meteoro-
Iogy  expec t  to  rnake a  ser ies  o f  th ree-hour ly  rad iosonce re l .eases
over  a  four -week per iod"  Dur ing  the  sarne  per iod  the  sound ings
wil l  be extended to take in Hobart ,  Mt" Garnbier and Adelaide
and so rnake possible a detai led exarni .nat ion of the distr ibut ion
of  ozone dur ing  the  passage o f  a  co ld  f ron t .

To furt} :er our understanding of the synopt ic distr ibut ion
of ozone in rniddle lat i tudes the present azone network is being
expanded by the addit ion of a Dobson spectrophotorneter at
Hobar t "  The ins t ru rnent  has  been ordered and i t  i s  hoped to
ins ta l l  i t  ear ly  nex t  year "

Badioact iv i ty

The rout ine rneasurernents of total  $-act iv i ty in rainfal l
repor ted  in  the  I96415 Repor t  have cont inued.  A t though the
maxirnurn in late Spring cont inues to occur,  the level of  total
0 -ac t iv i t y  has  gradua l ly  dec l ined s ince  the  las t  equator ia l  tes ts
o f -  1962 -  a l though th is  rnus t  be  a t t r ibu ted  to  rad ioac t ive  decay
as  we l l  as  re r r rova l  o f  rna ter ia l  f  ro rn  the  s t ra tosphere ,  Based
on sonle rneasurelTrents of long-I ived isotopes in New Zealand
i t  has  been suggested  tha t  the  leve l  o f  these is  ac tua l l y  r i s ing  -
a  resu l t  o f  ear l ie r  Russ ian  tes ts  a t  h igh  Nor thern  la t i tudes"
Th is  i rnp l ies  a  l ink  be tween the  two hern ispheres ,  poss ib ly  in  the
upper  s t ra tosphere .

The fo r thcorn ing  French tes t  ser ies  in  the  South  Pac i f i c
is expected to provide further inforrnat ion on circulat ion
processes .  P lans  are  in  hand to  s tep  up  the  sarnp l ing  prograr r lme
at  th is  t i rne ,  and to  s ta r t  co l lec t ing  a i r  sarnp les .

lvfeasurernents of Be7 are now being rnade on a rout ine
bas is  by  rneans  o f  garnrna  ray  spec t roscopy"  Th is  par t i cu la r
e le rnent  i s  be ing  s tud ied  s ince ,  be ing  produced a l rnos t  whor ly
in  the  s t ra tosphere ,  i t s  p resence in  the  t roposphere  rnay  be  used
as a  rneasure  o f  the  in te rchange be tween these two reg ions"
Month ly  a i r  sarnp les  are  ob ta ined a t  he igh ts  o f  80 ,000 fee t  and
90,  000 fee t  th rough the  cour tesy  o f  the  Ba l loon Launch ing
Stat ion of the Departrnent of Supply at Mi ldura, Victor j .a,  and
week ly  g round leve l  sarnp les  a t  Aspenda le .  o ther  sarnp les  were
obta ined w i th  the  ass is tance o f  the  u .s .  A i r  Force  weather
Reconna issance F l igh ts  a t  Eas t  sa le  and Ava lon ,  v ic to r ia ,  up  to
the  t i rne  they  ceased opera t ions .
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S i n c e  F e b r u a r y  1 9 6 6 ,  t h e  D i v i s i o n  h a s  b e e n  a c t i n g  a s  a n

ager rcy  o f  the  Atorn ic  Energy  Research  Es tab l i shrnent ,  Harwe l l  ,
Eng land,  in  the  co l lec t ion  o f  rnonth l f  a i r  sarnp les .  Th is  fo r rns

part  of  that Organizat ionrs global net-work.

IV  GENERAL MICROMETEOROLOGY AND EVAPORATION

The ana lys is  o f  the  observa t ions  f ro rn  the  rn ic ro rne teoro-

log ica l  exped i t ions  to  spec ia l l y  se lec ted  s i tes  a t  Kerang and Hay

arl  rro* aknost cornplete. In part icular,  the results show that

the  t rans fer  rnechan is rn  fo r  the  ver t i ca l  t ranspor t  o f  water  vapour

frorn an evaporat ing surface approxirnates to that for the transfer

of heat,  both di f fer ing frorn that for mornenturn in the sense that

the transfer coeff . ic ients for the forrner are gTeater in lapse

cond i t ions .

A nurnber  o f  p red ic t ions  based on  d i rnens iona l  a rgurnents

have been conf i r rned by  the  observa t ions .  Sorne o f  these re la t ion-

sh ips  are  use fu l  in  check ing  the  cons is tency  and qua l i t y  o f

observa t ions  fo r  ind iv idua l  exped i t ions  and as  be tween one

exped i t ion  and another ,  wh i ls t  o thers  have rnore  d i rec t  app l i ca-

t i o n .  F o r  i n s t a n c e ,  i t  i s  p o s s i b l e  f r o r n  o n e  o f  t h e  d i r n e n s i o n l e s s
re la t ionsh ips  to  es t i rna te  the  ver t i ca l  f lux  o f  heat  g iven  the

ternpe TatvTe at two levels above the surface and the wind speed

at one 1evel which, the forrnulat ion being dependent on a 1ow

p o w e r  o f  t h e  w i n d  s p e e d ,  d o e s  n o t  r e q u i r e  g r e a t  a c c u r a c y  i n
rneasur ernent.

E a r l i e r  r e p o r t s  h a v e  r e f e r r e d  t o  t h e  D i v i s i o n r s  c o n t r i b u t i o n s

towards  progress  in  the  cent ra l  rn ic ro rne teoro log ica l  p rob le rn  o f

de ter rn in ing  the  bas ic  f lux -pro f i le  re la t ionsh ips  in  the  lowest  few

tens  o f  rne t res  o f  the  a t rnosphere .  In  par t i cu la r ,  the  Kerang and

Hay exped i t ions ,  in  wh ich  care fu l  a t ten t ion  has  been pa id  to  the

r igorous  exper i rnenta l  requ i re rnents ,  have y ie lded a  la rge

volurne of valuable data.

A  rna jo r  d i f f i cu l ty  o f  the  prob le rn  l ies  in  the  proper  in te r -

p re ta t ion  o f  exper i rnenta l  da ta ,  par t i cu la r lyas  the  var ious  un-
known quant i t ies which have to be evaluated are interrelated in a

cornp l i ca ted  way.  I t  has  been found poss ib le  to  overcorne th is
di f f icul ty to a Targe extent,  by developing a scherne of prof i le
a n a l y s i s  r n e t h o d s  w h i c h  h a v e ' r h i g h  r e s o l v i n g  p o w e r r ' ,  i . e .  w h i c h
are capable of isolat ing each required quant i ty with rnaxirnurn
sensit iv i ty and with rninirnurn sensit iv i ty to errors in other
irnperfect ly known quant i t ies. By applying these rnethods to the
ava i lab le  h igh-qua l i t y  da ta ,  re la t ionsh ips  have been der ived
which can be adopted with conf idence as a basic forrnulat ion.
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In  an  independent  tes t ,  f luxes  es t i rna ted  f ro rn  measured grad ien ts ,

us ing  these re la t ionsh ips ,  were  f  ound to  be  in  exce l len t  agreernent

w i t h  m e a s u r e d  f l u x e s .

Knowledge of the basic relat ionships has two rnarn

appl icat iorrs:  ai  a guide towards a better understanding of the

phys ica l  p rocesseJ  invo lved,  and in  the  prac t ica l  eva lua t ion  o f

i lu *es  f  ro rn  p ro f i le  r r reasurer r ren ts ,  e .  g .  in  de termin ing
evapora t ion  i to r r t  land  or  water .  In  add i t ion ,  such knowledge is

neehed in  cer ta in  par t i cu la r  l ines  o f  inves t iga t ion ,  two o f  wh ich

are  cur ren t ly  be ing  pursued,  F i rs t ,  the  s i rnp le  bu lk  aerodynarn ic

forrnula for evalual ing evaporat ion frorn a natural  water surface

has been extended. to cover '  therrnal ly strat i f ied condit ions, and

tes ts  o {  the  genera l i zed  fo r rnu la  a re  now be ing  car r ied  ou t  us ing

the  cornpreh lns ive  da ta  o f  the  weI I -known Lake Hefner  (U.S.A,  )
I95Ol5 I  inves t iga t ion"  second,  the  ope ra t tng  fo r rnu las  fo r  the
' rspec t rum s l i cer "  a re  be ing  genera l i zed  so  tha t  the  ins t ru rnent

rnay  be  used in  ther rna l l y  s t ra t i f ied  cond i t ions .

Las t  year rs  repor t  rnent ioned the  d i f f i cu l ty  caused to ,so la r

as t ronorners  th rough "sh i rn rner ing"  o f  the  i rnage as  a  resu l t  o f

te rnpera ture  f  luc tu i t io t  s  in  the  lower  a t rnosphere ,  re l ieved on

sor . r l  occas ions  by  br ie f  bu t  use fu l  per iods  o f  exce l len t  see ing .

In  d iscuss ing  the  rne teoro logrcaL lop t ica l  re la t ionsh ips ,  i t  was

suggested  th l t  the  spe l l s  o f  te rnpera ture  qu iescence wh ich  are

enc6untered  when the  w ind  is  no t  too  s t rong shou ld  genera l l y  be

accornpanied by excel lent seeing i f  the l ine of s ight s lants upwards

in the * ina direct ion, but not i f  i ts azirnuth departs appreciably

f  rorn the wind direct ion" A pi lot  experirnent to test the suggested

re la t ionsh ips  was conducted ,  in  co l labora t ion  w i th  the  cs IRO

Div is ion  o f  Phys ics ,  dur ing  the  March  L965 Hay exped i t ion .
Ana lys is  has  now been cornp le ted ,  and the  resu l ts  conf i r rn  bo th

the  occur rence o f  good see ing  dur ing  per iods  o f  tempera ture
qu iescence and the  suggested  re la t ionsh ip  w i th  w ind  d i rec t ion .

t r t i "  work  he lps  to  es tab l i sh  a  f i r rn  bas is  fo r  spec i fy ing  the

rne teoro log ica l  cond i t ions  favourab le  fo r  so la r  observ ing .

To f ind out the effect of  weather on the propagat ion of

rn ic ro -waves  over  a  water  sur face ,  a  p re l i rn inary  s tudy  was

rnade during the surnrner rnonths of the refract ion of a tadar

bearn over Port  Phi l ip Bay by rneasuring the intensity of a signal

ref lected, f rorn a pi le t ight sorne Z0 rni les away. Although at the

t i rne the new antenna systern had not been instal led, an encouraging

degree o f  cor re la t ion  was found be tween echo in tens i ty  and a i r -

se i  re f  rac t i ve  index  d i f f  e rence s  '  The work  cont inues  "

In the 1963164 Annual Report ,  i t  was rnent ioned that the

instrurnent designed. to rneasure eddy f luxes in the lower
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a t rnosphere  -  the  Evapot ron  -  had been brought  to  an  advanced
sta te  o f  deve loprnent .  A  techn ica l  paper  descr ib ing  the
t e c h n i q u e  h a s  b e e n  r e l e a s e d "

In a further developrnent a new instrurnent based on the
sarne pr inc ip le  now per rn i ts  IT Ieasu le f i Ien ts  o f  senSib le  heat  f lux

to  be  ob ta ined very  s i rnp ly .  The new ins t rument ,  ca l led  the
rF luxa t ronr  to  d is t ingu ish  i t  f  ro rn  the  parent ,  consurnes  on ly  Z

wat ts  o f  ba t te ry  power  and is  su i tab le  fo r  opera t ion  by
re la t i ve ly  unsk i l led  personne l .  The read-out  appears  on  a
s ing le  counter  as  a  d i rec t  read ing  o f  the  sens ib le  heat  f lux .

Extension of the technique to the rneasurernent of the
evapora t ive  f lux  p resents  no  d i f f i cu l ty  in  p r inc ip le ,  bu t  ca l l s  fo r

a  fas t  response hurn id i ty  sensor "  F ine 'w i re  wet  bu lbs  were

ernp loyed in  the  Evapot ron  fo r  th is  purpose bu t  o ther  dev ices
are  be ing  exp lo red  to  see i f  a  sa t is fac to ry  rne thod can be
achieved rno re sirnply.

An elementary theory of the thin therrnal boundary layer
o f  na tura l  water  sur faces ,  re fe r red  to  in  an  ear l ie r  repor t ,  has

been cornpleted" Under cornrnonly encountered condit ions, with
wind  speeds up  to  a  few rne t res  per  second,  the  theory  ind ica tes
a skin thickness of about I  rnrn, and a ternperature di f ference
a c r o s s  i t  o f  O . Z 5  t o  I  d e g .  C ;  w i t h  i n c r e a s i n g  w i n d  s p e e d s ,  b o t h
the  th ickness  and the  te rnpera ture  d i f f  e rence d i rn in ish"  These
theore t ica l  resu l ts  a re  in  genera l  agreernent  w i th  the  rneagre

observa t iona l  ev idence ava iLab le .  The resu l ts  have a  d i rec t
pract ical  appt icat ion in the evaluat ion of lake evaporat ion by

cur ren t  rne thods .  In  these,  a  knowledge o f  the  t rue  sur face
ternpera ture  is  ca l led  fo r ,  whereas  fo r  p rac t ica l  reasons  the

actual rneasurerTlent of  ternperature rnust be rnade just below
the sur face"  For tunate ly ,  the  percentage er ro r  i s  s rna l les t  when
the  w ind  is  s t ronges t ,  i .  e .  genera l l y ,  when the  evapora t ion  is

g  rea te  s t  "

In  las t  year rs  repor t  re fe rence was lT lade to  a  p ro jec t

involving the energy and water balance of glaciers and snow

covered reg ions"  Th is  work  has  cont inued and a  spec ia l l y

cons t ruc ted  snow lys i rne ter  i s  cur ren t ly  undergo ing  weather ing

t r ia ls  a t  Mt .  Bu l le r "  I t  i s  hoped to  ob ta in  in i t ia l  rneasurernents

la te r  th is  w in te r .
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V AGRICULT URAL METEOROLOGY

T }}: Lv sirneter In stalljLtion

The D iv is ion  rna in ta ins  twe lve  la rge .  we igh ing  lys i rne ters
( Z  

" q .  
r n e t r e s  i n  a r e a ,  l . I  m e t r e s  d e e p  a n d  6  t o n s  i n w e i g h t )

f i l l ed  e i ther  w i th  water  o r  so i l  car ry ing  a  c rop .  Cont inuous ly
and au tor r f t . t i ca l l y  we ighed to  I  par t  in  I40 ,000,  they  are  ernp loyed,
to  s tudy  evapora t ion  f ro rn  na tura l  sur faces .  Dur ing  the  f i rs t  s ix
year  s  o f  the i r  l i fe  a  de ta i led  s tudy  o f  water  loss  f ro rn  i r r iga ted
pasture  was rnade.  Two f ina l  repor ts  wh ich  dea l  par t i cu la r ly
w i th  the  change in  re la t i ve  evapora t ion  ra te  as  the  so i l  d r ies  ou t
are  now near ing  cornp le t ion .

At  the  beg inn ing  o f  the  year  ha l f  the  Iys i rne ter  a rea  was
p lan ted  to  po ta toes  -  a  typ ica l  row c rop  -  the  who le  a rea  be ing
sub jec ted  to  f requent  i r r iga t ion  to  rna in ta in  evapora t ion  a t  the
poten t ia l  ra te .  F i rs t  ind ica t ions  are  tha t  such evapora t ion  is
o f ten  s ign i f i can t ly  h igher  f ro rn  a  po ta to  c rop  than f ro rn  a  pas ture .

Pas ture  evapora t ion  has  been success fu l l y  es t i rna ted  by
rneans of the wel l -known energy balance and cornbinat ion rnethods
invo lv ing  rneasurernents  o f  s tandard  rne teoro log ica l  pararne ters .  t !
Frorn the data so far avai lable i t  seerns l ikelv that such rnethods
rnay be equal ly el fect ive with potatoes - at  least dur ing the rnore
i rnpor tan t  s tages  o f  g rowth .

.  cornplernentary to the lysirneter invest igat ions has been a
ser ies  o f  rneasurernents  re la ted .  to  the  phys io log ica l  ac t i v i t y  o f
po ta to  p lan ts  des igned pr imar i l y  to  i fnprove assessrnent  -  as
d is t inc t  f ro rn  d i rec t  r r reasurernent  -  o f  c rop  evapora t ion .  For
ins tance,  f ro rn  a  s tudy  o f  the  shor t  te rm var ia t ions  o f  such
var iab les  as  tu rg id i ty ,  water  po ten t ia l  ,  lea f  te rnpera ture  and
s torna ta l  d i f fus ive  res is tance,  i t  i s  hoped to  es tab l i sh  a  re la t ion-
ship between thern and the plant internal conductance funct ion
which  en ters  in to  one fo r rn  o f  the  cornb ina t ion  fo r rnu la .  weather
cond i t ions  l i ke ly  to  a f fec t  c rop  behav iour ,  espec ia l l y  g rowth  ra te
and water  consurnpt ion  together  w i th  var ious  agronorn ic
proper t ies  such as  ground coverage are  a lso  be ing  fo l lowed f ro rn
day  to  day .

The hydrau l i c  l ys i rne ter  rnent ioned in  the  1964165 Annua l
R e p o r t  h a s  b e e n  s u c c e s s f u l l y  t e s t e d ,  t h e r e  r e r n a i n i n g  o n l y  t h e
long te r rn  s tab i l i t y  tes t "  The ins t ru rnent ,  wh ich  is  o f  s i rnp le
r u g g e d  c o n s t r u c t i o n  a n d  i n e x p e n s i v e  t o  p r o d u c e ,  r e q u i r e s  n o
power, is not s igni f icant ly af. fected by arnbient ternperature
f luc tua t ions  and func t ions  re l iab ly  to  w i th in  0 .  0 l ' r  ra in fa l l .
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A  p r o v i s i o n a l  p a t e n t ,  a  p r e r e q u i s i t e  t o  t h e  i s s u e  o f  a  l i c e n c e  t o

a coryrrr tercial  rnanufacturer has been taken out,  and an

ins t ru rnent  i s  cur ren t ly  under  cons t ruc t ion  fo r  the  Bureau o f

M e t e o r  o 1 o g Y .

Cl i rna t ic  E#egts  o f  I r r iga t ion

A s  r n e n t i o n e d  i n  e a r l i e r  r e p o r t s ,  t h e  D i v i s i o n  i s

co l labora t ing  w i th  the  I r r iga t ion  Research  Labora tory ,  Gr i f f i th ,

i n  c o n t i n u o u s  r n e a s u r e m e n t s  a t  C o l e a m b a l l y ,  N ' S ' W ' ,  o v e r  a

per iod  o f  a  few years ,  to  eva lua te  the  e f fec t  o f  i r r iga t ion  on

i l i rna te"  The da ta  ob ta ined so  fa r  a re  now be ing  prepared fo r

cornprehens ive  s ta t i  s t i ca l  ana lys i  s '

F rorn  genera l  cons idera t ions  o f  energy  ba lance i t  rnay  be

argued that t*here wi l l  be a rather sharply def ined upper l i rni t  to

* f r - i . f r  the  (sc reen)  te rnpera ture  w i l l  r i se  above a  wet  a tea  o f

su{ f i c ien t  ex ten t .  
'A  

s t ldy  o f  wor ld  w ide  c l i rna t ic  da ta  has  been

car r ied  ou t  w i th  th is  po in t  in  v iew,  and has  ident i f ied  the

l i rn i t ing  te fnpera t r r " "L"  gzo5.  (+  to f ) "  The average da i l y

rnax i rnum te rnpera tures ,  over  rnonth ly  per iods ,  have been

exarn ined and are  found to  1 ie  w i th in  a  few degrees  be low th is

l i rn i t  bo th  w ide ly  and f requent ly ;  h igher  va lues  are  ex t re rne ly

rare"  Under  d r ie r  cond i i ions  there  is  qo  sharp  upper  l i rn i t  and

o b s e r v e d  v a l u e s  e x t e n d  w e l l  b e y o n d  I 1 0 " F '

T  ransp i ra t ion  Reduct ion

The poss ib i l i t y  o f  reduc ing  c roP water  loss  by  chern ica l

treatrnent 
-ot 

the fol iage or soi l  has extrernely i rnportant
r e  g l a s s  h o u s e  t r i a l s  r e f e r r e d  t o
r f i r rned the  feas ib i l i t y  o f  reduc ing

spray ing  leaves  w i th  cer ta in
app l ica t ion  o f  p las t i c  rna ter ia ls  "
capac i ty ,  each t rea t rnent

s ign i f i can t ly  reduced t ransp i ra t ion  bu t  had l i t t le  e f fec t  on  photo-

"y i t t "s is  
except  w i th  heavy  app l ica t ions  o f  s i l i cones ,  where

there  was so l r re  ev idence o f  p lan t  darnage '

As  so i l  rno is tu re  conten t  decreased and t ransp i ra t ion

f r o r n  t h e  u n t r e a t e d  p l a n t s  w a s  r e d u c e d  b e c a u s e  o f  c l o s e d

s torna tes ,  water  , t " "  d . i f f " "ed  l i t t le  be tween t rea ted  p lan ts  and

cont ro ls .  However ,  as  the  so i l  d r ied  ou t  s t i l l  fu r ther ,  the

t rea ted .  p lan ts  w i th  the i r  p rev ious  lower  water  use  took  longer

to  reach w i l t ing  po in t  than the  cont ro ls '
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Blue Mou ld  in  T  obacco

Exper i rnents  on  the  cont ro l  o f  B lue  Mou ld  p rev ious ly
repor ted  have cont inued.  Da i ly  weather  fo recas ts  supp l ied  by
t h e  B u r e a u  o f  M e t e o r o l o g y  a r e  u s e d  t o  d e c i d e  w h e t h e r  t e s t  p l o t s
sha l l  be  sprayed and the  inc idence o f  rnou ld  on  these p lo ts  i s
cornpared w i th  tha t  on  o ther  p lo ts ,  sprayed e i ther  accord ing  to
di f ferent rout ines or not at  al l .  Unfortunately,  relat ively l i t t le
p r o g r e s s  h a s  b e e n  r n a d e  d u r i n g  t h e  l a s t  f e w  g r o w i n g  s e a s o n s  a s
there  has  been v i r tua l l y  no  B lue  Mou ld  in  the  area .  Never the less ,
i t  i s  p r o p o s e d  t o  c o n t i n u e  t o  a t  l e a s t  t h e  I 9 6 6 1 6 7  s e a s o n .  T h e
work is treing carr ied out jo int ly with the Victor ian Departrnent
o f  A g r i c u l t u r e  a t  t h e  T o b a c c o  R e s e a r c h  S t a t i o n ,  O v e n s ,  w i t h
f inanc ia l  as  s is tance f ro rn  the  T  obacco Adv isory  Cornrn i t tee .

G ener al

Pre l i rn inary  tes ts  have been car r ied  ou t  on  a  p i lo t - rnode l
ins t ru rnent  known as  an  energy  par t i t ion  evapora t ion  recorder
des igned to  record  cont inuous ly  the  evapora t ion  f ro rn  a  na tura l
sur face .  The techn ique ernp loys  a  rnod i f ied  fo r rn  o f  the  we l l -
known energy balance or Bowen rat io rnethod of deterrnining
evapora t ion ,  the  ins t ru rnent  per fo r rn ing  a l l  necessary  opera t ions
autorna t ica l l y .  Resu l ts  have been rnos t  encourag ing  and
rnodifications are planned to rnake the instrurnent rnore cornpact
and su i tab le  fo r  f ie ld  use .

V] RADIAT ION

A study has been rnade of the effect of  Doppler broadening
of  spec t ra l  absorp t ion  l ines  -  a  consequence o f  the  ve loc i t ies  o f
the  rno lecu les .  I t  shows tha t  fo r  gases  un i fo r rn ly  d is t r ibu ted  in
the atrnosphere the Doppler broadening rnay be neglected even
when i t  i s  severa l  t i rnes  grea ter  thantha t  caused by  the  gas
p r e s s u r e .  T h e  t h e o r y  o f  t h e  E l s a s s e r  a b s o r p t i o n  b a n d  w h i c h  i s
app l icab le  to  a  se t  o f  p ressure  broadened l ines  has  been ex tended
to  pure ly  Dopp ler  b roadened l ines .  To  eva lua te  absorp t ion
pararneters {or atrnospheric carbon dioxide a very eff ic ient
cornputer  rou t ine  has  been deve loped"  For  exarnp le ,  the  absorp t ion
coeff ic ient for the i rnportant infra-red 15 rnicron band is affected
by  sorne  2 ,000 ind iv idua l  l ines  so  tha t  accura te  ca lcu la t ion  needs
to  cons ider  about  I0 ,000 wave lengths"  The prograrnrne  deve loped
can accornp l i sh  th is  on  a  CDC 3600 cornputer  fo r  one se t  o f
cond i t ions  in  less  than l0  rn inu tes .  In  con junc t ion  w i th  exper i -
mental  data this should lead to a rnore exact knowledge of
a t rnospher ic  rad ia t ion  processes  w i th  par t i cu la r  re fe rence to  the
h igher  a t rnospher ic  leve ls  where  cond i t ions  are  very  d i f fe ren t
f ro rn  those in  the  labora torv .
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A knowledge o f  the  energy  rece ived on  a  hor izon ta l

surface frorn srr i  arrd sky and i ts distr ibut ion between the

var ious  *a . r . I . r rg ths  is  use fu l  fo r  severa l  purposes  such as  the

deterrninat ion of"the turbidi ty c: I laraclet ist ic s of the atrnospher e '

avai lable natural  i l lurninat ion and studies of photosynthesis in

plants.  Equiprnent to deterrnine this distr ibut ion based on a

iocal ly ,rrrd."  rnonochrornator has been designed and wi l l  short ly

; ; - ; ; . j r " t ing .  I t  w i l l  p rov ide  records  o f  the  energy  a t  in te rva ls

o f  one rn i l l i rn ic ron  f r6 r r ,  380 to  780 rn i l l im ic rons ,  i .  e '  the

v is ib le  spec t ru rn  (+ZO -  ?00 rn [ r )  as  we l l  as  sorne  o f  the  near

u l t ra -v io ie t  and in f ra - red .  These records  are  ob ta ined on

d. igi tal  rnagnet ic tape thereby perrni t t ing a CDC 3200 cornputer

to be used. for al l  data red.uct ion. The equiprnent,  cornpletely

autornat ic in oper at ion, wi l l  scan the spectrurn at intervals of

? rninutes throughout the dayl ight hours'

T h e l a s t A n n u a l R e p o r t d e s c r i b e d t h e e f f e c t s o n r a d i a t i o n
va lues  o f  the  vo lcan ic  dus t  wh ich  permeated the  ear th rs

u . t r r ro "pn . re  fo l low ing  the  erup t ion  o f  Mt '  Agung '  Ba l i '  i n  1963 '

These in i t ia l  in fe r " t " . " "  * " t "  based on  observa t ions  rnade a t

Aspend.a le .  A  survey  on  a  g loba l  bas is  i s  now under  w?! r

pt6t i t t r i r rary results Lftowing that the northern hernisphere

iece ived cons iderab ly  le  s  s  dus t  than the  southern  hern ispher  e  '

R a d i o r n e t e r c a l i b r a t i o n s b y c o r n p a r i s o n w i t h s e c o n d a r y
standards have hi therto been rnade using sunl ight as the

rad ia t ion  source .  Th is  o f ten  resu l ts  in  cons iderab le  de lay  owing

to  the  need to  awa i t  su i tab le  cond i t ions ,  i .  e .  c lear  sky  and l i t t le

haze.  F loweveT,  a r rangernents  a re  now in  hand to  ins ta l l  a

Xenon arc larnp as a 
"oir"""  

of  radiat ion suff i_cient ly sirni lar- to

"rrni ignt 
for cai ibrat ion work. The larnp i tsel f  is due for del ivery

shor t i y  and the  assoc ia ted  power  supp l ies  a re  be ing  cons t ruc ted

i n  t h e  D i v i s i o n .

The cornpar ison  o f  four  d ' i f fe ren t  types  o f  ne t  rad io rne ter '

conducted  under  the  ausp ices  o f  the  C.  i .  M.  O '  Work ing  Group

on Rad ia t ion  Ins t ru rnent i  fo r  Genera l  Use,  has  cont inued '  The

Gerrnan Schu lze  and Br i t i sh  Kew ins t ru rnents '  wh ich  are

re spect ively polythene shielded and rnechanical ly vent i lated- type s,

were  ins ta l led  
" i  

tn "  beg inn ing  o f  I9  66  and hour ly  records  f ro rn

a l l  four  pyr rad io rne ters  a re  now be ing  taken"

Ul t ra -v io le t  rad ia t ion  in  the  wave length  0 '  30  to  0 '  3B

rnicrons is of interest both for i ts etythetnal ef fects on the hurnan

skin and for i ts ef fect on the weathering of bui lding rnater ials '

Fac i l i t ies  have been accorded to  the  un ivers i ty  o f  Queens land to

ins ta l l  an  ins t ru rnent  a t  Aspenda le  to  record  th is  rad ia t ion ,  and

the results obtained. wi l l  be cornpared with those frorn sirni lar
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equiprnent in New Guinea and Brisbane. Sirnultaneously,  ul t ra-
violet  r i leasurernents are being rnade by an instrurnent constructed
in  the  D iv is ion ts  labora tory ,  based on  s tandard  pyranof i Ie te rs
f i t ted  w i th  su i tab le  g lass  f i l te rs .

Two new types  o{  rad io rne ter  have been deve loped in  the
Div is ion .  The f i rs t  ins t ru rnent  conver ts  ne t  rad ia t ion  to  f requency ,
th is  be ing  ob ta ined f ro rn  the  d i f fe rence f requency  o f  two te rnpera-
tu re-dependent  quar tz  c rys ta ls .  An ou tpu t  o f  th is  na ture  avo ids
prob le rns  wh ich  can deve lop  in  o rd inary  rad io rne ters  as  a  resu l t
d f  s rna l l  induc t ive  or  ther rna l  vo l tages ,  and a lso  enab les  use  to
be rnade of a sirnple counter to integrate the radiat ion over a long
per iod  o f  t ime.  \ {o rk  i s  now proceed ing  on  the  cons t ruc t ion  o f
a  so la r i rne ter  based on  the  sarne  pr inc ip le .

The second ins t ru rnent  i s  no tewor thy  fo r  the  s i rnp le  des ign
of i ts elernent:  wire is wound on an anodised alurniniurn plate and
the whole assernbly painted black. The plate is rnounted at the
end o f  a  s l igh t ly  la rger  tube,  th rough wh ich  a i r  i s  b lown.  The
a i r ,  escap ing  th rough the  annu lar  gap so  c rea ted ,  fo r rns  a
perpendicular curtain around the plate protect ing i t  f rorn the
d is tu rb ing  e f fec ts  o f  na tura l  ven t i la t ion .  I t  has  been success fu l l y
checked aga ins t  a  s tandard  po ly thene sh ie lded ne t  rad iometer :
the  magn i tude o f  the  te rnpera ture  and w indspeed e f fec ts  a re  now
b e i n g  a s s e s s e d .

The rad ia t ion  rneasurernents  made under  a  var ie ty  o f
wea iher  cond i t ions  f ro rn  an  R.A.A.  F .  a i rc ra f t  over  western
V ic to r ia  and the  ad jo in ing  coas ta l  waters  o f  Bass  St ra i t ,  have
cont inued and the  to ta l  o f  50  hours  records  so  fa r  accurnu la ted
are  be ing  eva lua ted .  The e le rnents  measured are  ne t  rad ia t ion ,
downcorning and outgoing short  wave.

VII  MISCELLANEOUS

Developrnent within the computat ion and data processing
group over the past year now enables i t  to take ful l  advantage of
the faci l i t ies provided by the CSIRO cornput ing network, and
thereby  inc rease the  e f fec t i veness  o f  i t s  serv ice  to  the  D iv is ion .
In  par t i cu la r ,  the  D iv is ionrs  card  punch ing  and ana logue-d ig i ta l
conversion equiprnent have faci l i tated the autornat ic processing
of rnuch observat ional data. Standard prograrnrnes for a var iety
of types cf calculat ion have been developed and include for
exarnp le  cor re la t ion ,  spec t ra l  ana lys is  ,  l i near  regre  s  s ion  and
curve f i t t ing. Plans for further developrnent are current ly
directed towards the use of rnagnet ic tape as the rnost ef f ic ient
rnediurn for both cornputer input and high speed data recording.
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An ozone  sonde  and  the  I  0  c rn  rada r  used  to  t r ack  i t .
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D u r i n g  t h e  y e a r ,  t h e  g r o u p  h a s  p r o c e s s e d  d a t a  f r o r n  a

nurnber  o f  inves t iga t ions ,  inc luJ ing  the  s ta t i s t i ca l  ana lys is  o f

h igh  leve1 w ind  
" t?  

t " t .pera ture  o fserva t ions '  a  cor r tpar ison  o f

th;  t ransfer rnechanisrns for heat and water vaPour frorn

rn ic rorne teoro log ica l  r r leasurernents  rnade a t  lH .ay  and Kerang ' .

the  seasona l  andother  var ia t ions  in  the  d is t r ibu t ion  o f  ozone in

the  upper  a t rnosphere ,  spec t ra l  ana lys is  o f  ver t i ca l  w ind

f luctuat icns fror i r  air  
"rui t  

rnot ions, and the distr ibut ion of

rad ia t ion  under  vary ing  cond i t ions  o f  te r ra in  and weather

obta ined f ro rn  a i rborne  rad io rne ter  r r reasurernents  .

Cur ren t ly  under  way is  a  co l labora t ive  s tudy  be tween the

Div is ion  o f  Rad iophys ics ,  the  Meteoro logy  Depar t rnent '

Me lbourne Un ive is i l y ,  an6 th is  D iv is ion  on  ver t i ca l  a i r  ve loc i ty

.o*por r " r ts  ob ta ined f ro rn  a i rc ra f t  and assoc ia ted  ground based

observa t ions  rnade s i rnu l taneous ly '  The records '  rnade a t

h e i g h t s  r a n g i n g  f r o r n  5 0  t o  5 , 0 0 0  f e e t ,  a r e  b e i n g  s u b j e c t e d  t o

speitrat  
"rr i ty i i "  

and a good' body of data on the turbulence

which an aircraft  rnight expect to encounter in these layers is

e x p e c t e d  t o  e m e r g e .

In  Apr i l ,  1966,  a  new antenna '  a  Zr /zo  x  3 t /zo  parabo lo id  -

was ins ta l led  on  the  D iv is ionrs  I0  c rn  tadat ;  wh i ls t  th is  i s  no t

yet fu1ly operat ional i t  is suff ic ient ly so for the rout ine

t U r u r . . " t i o }  o f  r a i n  e c h o e s ,  r e f e r r e d  t o  e l s e w h e r e  i n  t h i s  r e p o r t ,

t o b e r e s u r n e d . I t i s a l r e a d y c l e a r t h a t t h e n e w a n t e n n a g i v e s
r n u c h b e t t e r s e n s i t i v i t y a n d r e s o l n t i o n t h a n t h e e a r l y v e r s i o n -
and ra in  echoes have been de tec ted  and fo l lowed a t  a  range o f

o v e r 2 O 0 r n i l e s " W o r k i s n o w i n h a n d t o p r o v i d e a d d i t i o n a l
di  splay faci l i t ie s .

T o  a s s i s t  t h e  B u r e a u  o f  M e t e o r o l o g y  i n  a  s t u d y  o f
, ,sea  c lu t te r , r  observed on  rad .ar  oveT the  ad jacent  coas ta l  waters

o f  Por t  Ph i l ip  Bay ,  synchronous observa t ions  were  rnade w i th

the  radar  a t  agreed t i rnes '

A n e w b a l l o o n f i l l i n g b u i l d i n g h a s r e c e n t l y b e e n . c o r n p l e t e d
at  the  D iv is ion ts  exper i rnenta l  s i te :  i t  w i l l  per rn i t  h igh  a l t i tude

bal loons to be launJhed in al l  but the rnost extrerrre weather

cond i t ions .

T o o v e r c o r n e t h e e f f e c t s o f s t r a y i n t e r f e r e n c e s u c h a s
rad io  and te lev is ion  t ransrn iss ions  on  the  tes t ing  and ca l ib ra t ion

of sensit ive equiprnent,  a shielded roorn, electr ical ly cont inuous

and cons is t ing  o f  t *o  in tegra l  she I Is  has  been bu i l t '
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' f  o  p rov ide  a  b igger  work ing  a l :ea  and a . l  so  enab le  la rge
cup anernorneters  to  be  ca l ib ra ted  rnore  sa t is fac to r i , l y  than is
poss ib le  a t  p resent  w i th  the  D iv is ion !s  ex is t ing  w ind  tunne l ,  a
n e w  t u n n e l  w i t h  a  5 0 %  i n c r e a s e  i n  c r o s s  s e c t i o n  a r e a  h a s  b e e n
d e s i g n e d :  c o n s t r u c t i o n  i n  t h e  D i v i s i o n r s  w o r k s h o p s  i s  w e l l
a d v a n c e d .  T h e  t u n n e l ,  o f  t h e  o p e n  c i r c u i t  v a r i e t y ,  i s  3 8  f t . l o n g
and has  two work ing  sec t ions  in  tandern  -  the  la rger  work ing
sec t ion  accornrnodat ing  a i r  speeds in  the  range 0  -  I5  m/sec  wh i le
t h e  s r n a l l e r  i s  s u i t a b l e  f o r  s p e e d s  u p  t o  2 5  r n / s e c "

T h e  D i v i s i o n r s  l a b o r a t o r y ,  r e g i s t e r e d  f o r  a  n u r n b e r  o f
years  by  the  Nat iona l  Assoc ia t ion  o i tes t ing  Author i t ies  as  an
accred i ted  tes t ing  au thor i ty  in  the  f ie lds  o f  low-speed anernornet ry
and a t rnospher ic  rad ia t ion  ins t ru rnents ,  has  cont inued to  p rov ide
th is  serv ice .  A  s i rn i la r  serv ice  is  p rov ided in  respec t  o f  heat
f lux plate s .

Recent ly  the  rad iosonde f requency  a l loca ted  to  the  D iv is ion
was changed f ro rn  7z  rncs  to  402 rncs .  Accord ing ly ,  a l l  re levant
fac i l i t i es  have been rnod i f ied ,  and to  p rov ide  recept ion  under  a l l
cond i t ions ,  a  s teerab le  an tenna,  as  we l l  as  ver t i ca l  po in t ing  and
ornn i -d i rec t iona l  sys terns  cons t ruc ted  and ins ta l led .  The new
sonde has  a lso  been adapted  to  rnar ry  in  w i th  ex is t ing  a i rborne
o zorve rnea suring eqri iprne nt .

As  par t  o f  a  ra ingauge co f i rpar ison  prograr r r rne  sponsored
by  the  Wor ld  Meteoro log ica l  Organ iza t ion ,  the  D iv is ion  has
ins ta l red  on  i t s  observa t iona l  s i te ,  fo r  the  Bureau o f  Meteoro logy ,
an  in te rna t iona l  ra ingauge and an  Aust ra l ian  gauge:  read ings  were
c  ornrnenced in  Decernber  .

The ba t te ry -opera ted  rn ic roc l i rna te  ins ta l la t ion  ment ioned
in  the  Ias t  Annua l  Repor t ,  and des igned to  record  var ious
rne teoro log ica l  e le rnents  in  a  euca lyp t  fo res t ,  i s  now in  opera t ion
and a  jo in t  paper  descr ib ing  i t  in  p repara t ion .

Dur ing  the  year  ins t ru rnents  have been len t  to  the  Ar rny
De s ign  E s tab l i shrnent  to  as  s is t  in  rneasur ing  s i rnu la ted  so la r
rad ia t ion  in  t rop ica l  tes t ing  charnbers ,  and to  the  Cornr .nonwea l th
Depar t rnent  o f  Works  to  rneasure  so la r  heat  ga in  th rough doub le
g l a z e d  w i n d o w s .

Ternperature and hurnidi ty rneasuring equiprnent has been
len t  to  the  s ta te  Depar t rnent  o f  Agr icu l tu r "  i r r lonnec t ion  w i th  an
inves t iga t ion  in to  the  inc idence o f  Brown Rot  in  peaches a t  Ta tura ,
V i c t o r i a .
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The D iv is ion  has  cont inued to  adv ise  var ious  bod ies  on
the  es t i rna t ion  o f  evapora t ion  f ro rn  open water  sur faces ,  as  we l l
5s rneet reque sts for r  out ine weather observat ions "

VII I  ACTIVITIES AND PERSONALIA

Always  an  in te rna t iona l  sc ience,  rne teoro . l  ogy  cont inues  to
grow rap id ly  in  th is  respec t .  Mernbers  o f  the  D iv is ion  have
cont inued the i r  assoc ia t ion  w i th  var ious  organ isa t ions ,  bo th
nat iona l  and in te rna t iona l ,  wh ich  have been fo r rned to  dea l  w i th
p r o b l e r n s  o f  A n t a r c t i c  R e s e a r c h ,  D y n a r n i c  M e t e o r o l o g y ,  O z o r r e ,
Evaporat ion, Hydrology, Special  Radiat ion Instrurnents and
Observa t ions ,  P lan t  In ju ry  and A i r  Po l lu tan ts ,  Ocean ic  Research
a n d  S p a c e  R e s e a r c h .

D r .  C .  H .  B .  P r i e s t l e y ,  C h i e f  o f  t h e  D i v i s i o n ,  I e f t  A u s t r a l i a
in  Apr i l  fo r  Geneva.  He a t tended the  th i rd  sess ion  o f  the  V/ .  M.  O.
Adv isory  Cornrn i t tee  o f  wh ich  he  was e lec ted  V ice-Cha i r rnan,
and the  second rneet ing  o f  the  ICSU/ IUGG Cornrn i t tee  on
At rnospher ic  Sc iences .  On the  re tu rn  t r ip  he  pa id  b r ie f  v is i t s
to  cent res  in  London and Wash ing ton  to  d iscuss  new approaches
t o  p r o b l e r n s  i n  r n e t e o r o l o g i c a l  r e s e a r c h .

Lagt year Mr " W. C. Swinbank attended a syrnposiurn on
the  rne teoro log ica l  resu l ts  o f  the  In te rna t iona l  Ind ian  Ocean
Exped i t ion  and presented  an  inv i ted  paPer  en t i t led  r rA i r -sea

In terac t ion ' r .  The syrnpos iu rn ,  he ld  in  Bornbay ,  was  sponsored
j o i n t l y  b y  1 M . M .  O .  a n d  U . N " E . S . C .  O .

In  August  Mr  .  R .  H.  C1arke  Ie f t  fo r  the  U.  S .  A .  En rou te
to  Wash ing ton ,  where  he  is  spend ing  about  a  year  in  the
Geophys ica l  F lu id  Dynamics  Labora tory  o f  the  U.  S .  Weather
Bureau,  he  rnade a  th ree  weeks  v is i t  to  the  Nat iona l  Center  fo r
A t r n o s p h e r i c  R e s e a r c h ,  B o u l d e r ,  C o l o r a d o .  H e  i s  w o r k i n g  o n
cornputat ional studies of the general  c irculat ion with special
r e f e r e n c e  t o  t h e  S o u t h e r n  H e r n i s p h e r e "

D u r i n g  S e p t e r n b e r  D r "  A .  J "  D y e r  s P e n t  a  r n o n t h  o v e r s e a s ,
the  pr i rnary  purpose be ing  to 'p resent  inv i ted  papers  to  the
U " N . E . S . C . O "  f i r s t  I n t e r n a t i o n a l  S y r n p o s i u r n  o n  E c o - S y s t e r n s
at  Copenhagen,  and the  C.A.C.R.  Syrnpos iu rn  on  At rnospher ic
C h e r n i s t r y ,  C i r c u l a t i o n  a n d  A e r o s o l s  a t  V i s b y ,  S w e d e n .  W h i l s t
abroad he took the opportunity to vis i t  a nurnber of scient i f ic
ins t i tu t ions  engaged in  upper  a i r  t racer  s tud ies  and rn ic ro -
r n e t e o r o l o g y  b o t h  i n  t h e  U . K .  a n d  U .  S " A .
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Spending an ini t ia l  two rnonths v 'r i th the U.S. We ather
B u r e a u  i n  W a s h i n g t o n ,  M r .  B "  B .  H i c k s  i s  c u r r e n t l y  o v e r s e a s
on a ternporary appointrnent with the Argonne National Universi ty,
C h i c a g o .  H i s  i n t e r e s t  i s  i n  t h e  u s e  o f  r a d i o  a c t i v e  i s o t o p e s  a s
t r a c e r  s  o f  a t r n o s p h e r i c  r n o t i o n s .

S i n c e  S e p t e r n b e r ,  1 9 6 5 ,  M r .  R .  J .  T a y l o r  h a s  b e e n  o n
secondrnent  to  the  Depar tment  o f  lde teoro logy ,  Un ivers i ty  o f
Me lbourne,  where  he  is  a  Sen ior  Research  Fe l low in  Aeronaut ica l
T u r b u l e n c e .

T h e  p o s t - g r a d u a t e  c o u r  s e  o f  l e c t u r e s  i n  M i c r o r n e t e o r o l o g y
a t  M e l b o u r n e  U n i v e r s i t y  c o n t i n u e s  t o  b e  g i v e n  b y  D r .  D . E .  A n g u s .

P r o f e s s o r  J . A .  B ' ; s i n g e r ,  o n  s a b b a t i c a l  l e a v e  f r o r n  t h e
Meteoro logy  Depar t rnent ,  Un iver  s i ty  o f  

'W 'ash ing ton ,  
recent ly

spent four rnonths with the Divis ion working on the transfer
processes  o f  rnornenturn ,  heat  and water  vapour " in  the  lower
atrno spher e .

Mr .  Mer rsah,  Agr icu l tu ra l  Ex tens ion  Of f i cer , '  and
Mr. Nahyi,  I rr igat ion Agronornist ,  both frorn the Ministry of
Agr icu l tu re ,  Ghana,  spent  s ix  weeks  w i th  the  D iv is ion  s tudy ing
water  movernent  in  the  so i l -p lan t -a t rnosphere  sys tern .  They
were  in  Aus t ra l ia  as  Fe l lows o f  the  Spec ia l  Cornrnonwea l th
Af r i can  As  s is tance P lan .

Dur ing  February  the  D iv ig ion  ar ranged.a  conference or r
Instrurnentat ion for Plant Environrnent Measurernents. The rnain
purpose was to  enab le  the  inc reas ing  nurnber  o f  phys ic is ts  and
b io log is ts  who a f  e  concerned w i th  ins t ru rnenta t ion  fo r  env i ron-
rnenta l  s tud ies  to  corne  together  and d iscuss  on  the  one hand
their  requirernents, and on the other hand the latest equiprnent
and techn iques  fo r  rneet ing  such requ i re rnents .  The top ics
covered vegetat ion structure, l ight intercept ion and growth;
radiat ion and heat exchange; l iquid water in the soi l  and plant;
oxygerL ,  COr ,  water  vapour ;  da ta  hand l ing .  The Conference
aroused grea t  in te res t ,  a  to ta l  o f  iB0  sc ien t is ts  f ro rn  a l l  over
Aust ra l ia  a t tend ing .  The papers  p resented  are  to  be  pub l ished

' i 'short ly in a single voLurne.
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