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I .  INTRODUCTION

A dec is ion  was made in  1974 to  d iscont inue the  prac t ice  o f  i ssu ing

annual reports, the longer term nature of many of the projects now under-

taken be ing  more  su i tab le  to  a  two-year ly  rev iew.  Th is  i s  the  f i rs t  such b i -

enn ia l  repor t .

A  fea ture  o f  D iv is iona l  ac t i v i t ies  over  the  las t  two years  has  been the

co l labora t ion  w i th  o ther  D iv is ions ,  Un ivers i ty  Depar tments ,  and w i th  Federa l

and State Government agencies. A section of this report is devoted to

br ie f l y  ou t l in ing  these pro jec ts .

One of our most successful research programmes has been in the area

of Geophysical Fluid Dynamics. Signif icant contr ibutions have been made to

the  main  a ims o f  the  D iv is ion :  to  ga in  a  be t te r  unders tand ing  o f  the

atmosphere and of the oceans as they affect the atmosphere. The inf luence

of  the  work  in  th is  labora tory  i s  be ing  fe l t  th rough mos i  o f  the  o ther  a reas

of  the  D iv is ion .

The programme o f  research  in  a tmospher ic  chemis t ry  has  a lso  been o f

cons iderab le  s ign i f i cance.  Unfor tunate ly  the  expans ion  o f  e f fo r t  in  th is  a rea

rece ived a  se t -back  w i th  the  un t ime ly  death  o f  Dr .  B i l l  Mansf ie ld  who had

recent ly  jo ined the  D iv is ion  and wou ld  have p layed a  major  par t  in  an

expanded programme.

A notab le  de f ic iency  in  a tmospher ic  sc ience is  the  lack  o f  an  adequate

theory  o f  c l imate .  A  re -or ien ta t ion  o f  some par ts  o f  the  D iv is ion 's  resources

and s ta f f  has  enab led  a  new focus  on  prob lems o f  c l imate  to  be  e f fec ted .  In

th is  p rogramme,  c lose  co l labora t ion  w i th  the  Aus t ra l ian  Numer ica l  Meteor -

o logy  Research  Cent re  i s  o f  v i ta l  impor tance.  Burgeon ing  ac t iv i t ies  inc lude

studies of the pattern of cl imate, analyses of relevant mechanisms and a

cons idera t ion  o f  appropr ia te  c l imate  mode ls .  A  major  s tumbl ing  b lock  is

l i ke ly  to  be  inadequate  knowledge o f  the  behav iour  o f  the  oceans,  par t i cu la r -

l y  the  sur face  mixed layer  wh ich  in te rac ts  s t rong ly  w i th  the  a tmosphere .

Whi le  a i r -sea  in te rac t ion  ac t iv i t ies  w i th in  the  D iv is ion  w i l l  have re levance to

th is  p rob lem a  ser ious  gap ex is ts  in  research  in  phys ica l  oceanog j raphy .



I I . GEOPHYSICAL FLUID DYNAMICS

The aims of the geophysical f luid dynamics group are to further the
understanding of dynamical processes in the atmosphere, and to a lesser
extent in the oceans, principally by the use of theoretical studies and
laboratory models. The basic philosophy is to study simple models of
par t icu lar  phenomena in iso lat ion,  and so bui ld  up knowledge of  the com-
plexity of atmospheric motions via a piece meal approach.

The group now has a wel l -equipped laboratory,  which inc ludes a
number of tanks for internal wave and convection experiments, a rotating
turntable, TV cameras and video tape recorder, and schlieren optical
equipment .

The activit ies cover almost the whole spectrum of atmospheric motions,
from small-scale breaking internal waves to the largest scale quasi-geostropic

motions, although for the past two years the emphasis has been on motions

of  medium scale (10-100 km) in  the atmosphere and oceans.

lnternal Tides in the Ocean

As mentioned in the last report (1972/731, internal t ides (internal

waves of t idal periods) are generated by surface tidal motion over bottom
topography in the ocean, continental slopes being the most important
features. The development of theoretical models for the prediction of
internal t ides has reached the stage where they may be applied to almost
any continental slope, regardless of its shape, so that the associated tidal
water movements and currents may be calculated. This may well have some
practical application on the North-west shelf of Australia for example, where
the motions are predominantly t idal and bottom currents are quite large.
Figure 1 shows the vertical structure of the motion at two stages of the

t i da l  cyc le :  f l ood ing  (1a )  and  h igh  t i de  (1b ) .

The Stability of Planetary Waves and Atmospheric Predictability

A study has been made of the stabil ity of large-scale, quasi-geostrophic
planetary waves, which constitute some of the ingredients of weather, using

a barotropic  non-divergent  spher ica l  model  ( i .e .  one consist ing of  a s ingle
fluid layer of constant depth). lt has been shown that, apart from waves of
the very largest scale, all Blanetary waves are unstable if their amplitudes are
large enough. Other planetary waves which may have very small amplitudes,

so that  they in i t ia l ly  only  appear as "noise" ,  may grow to considerable

magnitude at the expense of the init ial wave. lt appears that it is this
phenomenon of the essential instabil ity of the constituents of atmospheric

motion which ultimately l imits the period of t ime for which accurate

weather forecasts may be made to about 2 to 3 weeks.

The Air Flow Over Mountains

A laboratory study of airf low over mountains has been made using

model-mountains towed along the bottom of a tank fi l led with stratif ied salt
water. A well-known feature of the flow field is the pattern of lee waves
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F igu re  1 :
Two phases of internal
tidal motion, generated

by the surface tide over
a cont inental  s looe (shown at
the r ight)  in a laboratory ex-
periment vienred from one
side.  1a at  f looding;  1b at
high t ide.  The f lu id mot ion
is made v is ib le by photo-
graphic t ime exposure of  the
displacement of  neutra l ly
buoyant beads in a stratified
f  l u i d .

which occur  downstream of  the mounta in,  as shown in the accompanying
figure. lf these waves are sufficiently large, stagnant regions develop which
are associated wi th the phenomenon of  c lear  a i r  turbulence.  The in i t ia l  a im
of the study was to test observed criteria for the formation of rotors, with
theoret ica l  cr i ter ia ,  based on the common assumpt ion that  the mounta in has
no inf luence on the f low far  upstream. The resul t  was a complete lack of
agreement  between exper iment  and theory.  This led to an examinat ion of
the flow upstream which revealed that, when the waves downstream were
generated,  the mounta in a lways produced ef fects which,  in  ideal  condi t ions,
propagated inf in i te ly  far  upstream. These ef fects are s imi lar  to  the "shear
f ronts"  ment ioned in the previous repor t ,  and cause modi f icat ions to the a i r -
s t ream prof i le  inc ident  on the mounta in.  They throw new l ight  on the
nature of  a i r  f low over  and around mounta ins,  and theoret ica l  and exper i -
menta l  s tudies are cont inuing.  F lgure 2 is  a ser ies of  photographs taken
dur ing a laboratory exper iment  showing the development  of  a s tagnant
region f rom in i t ia t ion at  (1)  to  complet ion at  (6) .



Break-up of Ground Based Inversion

A labora tory  mode l  o f  the  convec t ive  penet ra t ion  o f  an  a tmospher ic

tempera ture  invers ion  by  ground heat ing  has  been s tud ied .  The exper iments

have shown tha t  p rac t ica l l y  a l l  the  ava i lab le  energy  re leased by  ground heat -

ing  goes  in to  inc reas ing  the  depth  o f  the  mixed reg ion  by  convec t ive  s t i r r ing
-  there  is  l i t t le  penet ra t i ve  e ros ion  o f  the  invers ion  base.  However ,  the

convec t ive ly  d r iven  d is to r t ions  o f  the  invers ion  base genera te  cons iderab le

in te rna l  wave ac t iv i t y  above i t ,  as  shown in  F igure  3 .

To de termine the  energy  assoc ia ted  w i th  the  in te rna l  waves ,  a
quant i ta t i ve  co lour  sch l ie ren  techn ique has  been dev ised.  Th is  permi ts  the

reso lu t ion  o f  re f rac t i ve  index  grad ien ts  as  smal l  as  2  x  10-8 /m:  in  the

labora tory  tank  th is  represents  an  ab i l i t y  to  reso lve  ampl i tudes  to  w i th in

0 .3mm in  wave lengths  o f  60mm.

Al though no t  more  than 1% o f  the  ava i lab le  po ten t ia l  energy  o f

convection is converted into internal waves, the latter can propagate far

f rom the  convec t ive  reg ion ,  tak ing  the i r  energy  w i th  them.  Th is  amounts  to

a  la rge  f lux  o f  energy  wh ich  may have impor tan t  consequences  a t  h igher

a l t i tudes .

Laboratory Simulation of Stratus Cloud

St ra tus  c loud commonly  rad ia tes  more  heat  f rom i ts  upper  sur face

than i t  rece ives  f rom the  sun,  c rea t ing  an  uns tab le  convec t ion  w i th in  the

c loud.  Th is  convec t ion  causes  add i t iona l  coo l ing  because dry  a i r  over ly ing

t h e  c l o u d  i s ' e n t r a i n e d ' i n t o  i t ,  r e s u l t i n g  i n  t h e  e v a p o r a t i o n  o f  s o m e  o f  t h e

c loud 's  suspended l iqu id  water .

The thermal  budget  o f  such c louds  is  thus  par t ia l l y  dependent  on  the

ra te  a t  wh ich  they  en t ra in  over ly ing  a i r .  To  g ive  a  bas is  fo r  the  pred ic t ion

of  th is  en t ra inment  a  labora tory  s imu la t ion  was dev ised.  An inver ted  mode l

o f  a  c loud was c rea ted  in  water  by  over ly ing  co ld  s l igh t ly  ac id ic  water  w i th

warm s l  igh t ly  a lka l ine  water .  Ins tead o f  coo l ing  f rom above,  the  mode l  was

heated from below by sodium lamps, the energy from which was absorbed

in  the  upper  por t jon  o f  the  c loud by  the  add i t ion  o f  thymol  b lue  to  tha t

layer .  Th is  exper iment  p rov ides  some resu l ts  o f  convec t ion  en t ra inment

wh ich  have a  d i f fe ren t  charac ter  f rom the  more  convent iona l  labora torv

s tud ies  where  the  source  o f  convec t ion  is  a t  a  r ig id  boundary .

Angular Momentum Diffusion

A previous report described an experiment demonstrat ing the effect of

f ine  sca le  tu rbu len t  mix ing  on  a  c losed,  un i fo rmly  ro ta t ing  body  o f  f lu id .  A

new exper iment  has  now been dev ised to  s imu la te  more  c lose ly  and quant i -

f iab ly  the  k ind  o f  convec t ive  mix ing  wh ich  occurs  in  the  a tmosphere ,  wh i le

exc lud ing  d i rec t  buoyancy  e f fec ts .  Th is  was accompl ished by  dr iv ing  a

c i rcu la t ion  o f  water  th rough an  ar ray  o f  c lose ly -spaced ho les  in  the  bo t tom

of  a  c losed water - f i l l ed  cy l inder  mounted  on  a  ro ta t ing  tu rn tab le .  In tense

cyc lon ic  vor t i ces  s ign i fy ing  a  d i f fus ion  o f  angu lar  momentum,  were  observed
(see F igure  4) .  The pro f i les  o f  ve loc i ty  in  these vor t i ces  fo r  a  w ide  var ie ty



Figure 2: The development of lee waves in the flow (from left to right) of a density-stratified
f lu id over a mountain,  showing the format ion of  a stagnant regron.

Figure 3:
Schl ieren photograph (or ig inal

in colour)  of  a laboratory ex-
periment - showing a
growing convect ing region,
( lower one th i rd of  p icture)
and the internal  waves gener-
ated above it.

of experimental variables have now been analysed. These velocity profi les

reveal  a remarkable s imi la i i ty  which quant i ta t ive ly  conf i rms both in  scal ing
and form an hypothesis  which states that  convect ive eddying in  rotat ion
di f fuses angular  momentum at  a rate measured in terms of  an angular
momentum gradient ,  and a d i f fus iv i ty  which remains at  a constant  f ract ion
of  that  for  d i f fus ion of  re lat ive veloc i ty .  This  property  is  in t r ins ic  to the
convect ion,  prov id ing i ts  Rossby number (def in ing the rat io  of  eddy vor t ic i ty
to background vor t ic i ty)  is  below a cr i t ica l  va lue requi red for  the eddies to
be approximately  two-dimensional .

This resul t  promises to have widespread appl icat ion,  not  only  in  the
parameter iz ing and numer ical  model l ing of  atmospher ic  phenomena but  in
geophysics generally, because it suggests that the diffusivity of rotationally



Figure 4:
An exper iment i l lustrat ing
angular  momentum di f fusion.
Turbulence generated in a
cyfinder ot water by an
array of  jets on the bot tom
is v iewed f rom above. In the
picture at  top the cyl inder is

stat ionary,  and in the picture

at  bot tom i t  is  rotat ing,  wi th
a consequent format ion of
cyclonic vort ices f rom the
turbu lence.

modi f ied eddies is  character ized by a s ingle hor izonta l  ve loc i ty .  Exper iments
at  Woods Hole Oceanographic Inst i tu t ion* are now being conducted to
explore the importance of Rossby wave radiation stress and potential
vor t ic i ty  d i f fus ion (comparat ive to angular  momentum di f fus ion)  on the
redistribution of mean velocity in rotating systems.

Parametric Instabil ity and the Maintenance of Fine Scale
Structure in Stratif ied Media

In a study reported previously it was demonstrated that a large scale
internal  wave f ie ld in  a s table,  cont inuously s t rat i f ied medium, is  capable o{

b e e  } e c i l o n  v i l l



exciting instabil ity in fine scale waves irvhose frequency is nearly one half of
that of the large scale wave.

One implication of this result was that in the atmosphere and the
oceah, where waves of all scales are present simultaneously, the finer waves
might be sustained by the intermittent passage of larger scale waves of
nearly double frequency through them. An experiment at Woods Hole
Oceanographic Institution has now been constructed to test this hypothesis
and preliminary tests are providing positive confirmation of the theoretical
predictions.

Future Prospects

Satell i tes, and large scale international observation experiments are
providing an unprecedented wealth of detail on the structure of the large
scale motions in the atmosphere and ocean. The deficiencies of theoretical
and numer ical  models in  descr ib ing th is  s t ructure are revealed in  s imi lar
detail. These deficiencies are to a maior extent due to the inadequacy of
'parameterization' of those sub grid scale processes which determine the
dynamics of the larger scale. lt is in clarifying the physical basis for para-

meter izat ion that  geophysical  f lu id dynamics model l ing wi l l  cont inue to p lay

a useful part.

A good example is the experiment on rotation and convective mixing
mentioned above. The extreme idealization of that experiment allowed the
quantitative confirmation of a basic physical concept (the property of
angular  momentum di f fus iv i ty)  but  s imple modi f icat ions in t roducing buoy-
ancy are planned which wil l reveal more directly the relevance of the
process to the init iation of tropical cyclones.

Another example is the failure of the accepted formulations for con-
vect ive entra inment  when appl ied to the st ratus c loud s imulat ion,  a lso
referred to earlier in this section. These formulations are used widely in
numerical models. Clearly. further experimentation to explore the discrep-
ancy in this and other configurations is justif ied.

Similar examples exist in almost every other facet of the group's

activity. The intention is to continue to refine theoretical and experimental
models for better simulation of reality while adhering to the principle that
the physical processes involved are best revealed 'one phenomenon at a
t ime' .



M.  METEOROLOGICAL PHENOMENA

The main  ac t iv i t ies  in  th is  f ie ld  have changed somewhat  s ince  the
prev ious  repor t  (1972173) ,  inc reas ing  a t ten t ion  now be ing  g iven to  env i ron-

menta l  s tud ies .  The emphas is  i s  no t  so  much on  surveys  o f  par t i cu la r  s i tes  -

though some have been under taken -  as  on  the  deve lopment  o f  techn iques ,
procedures  and mode ls  app l i cab le  under  a  w ide  range o f  cond i t ions .

Environmental Studies

Recent ly  commenced,  a  ma jor ,  long  te rm programme se ts  ou t  to  assess
the  impact  on  the  (a tmospher ic )  env i ronment  o f  a  p ro jec ted  power  s ta t ion

complex  in  the  Loy  Yang area  o f  the  La t robe Va l ley ,  V ic to r ia .  Emiss ion  o f
po l lu t ing  mater ia ls  f rom s tacks  and re la t i ve ly  la rge  quant i t ies  o f  water

vapour  f rom coo l ing  towers  cou ld  lead to  undes i rab ly  h igh  concent ra t ions  o f

contaminants  un less  the  va l ley  i s  su f f i c ien t ly  we l I  ven t i la ted .  A l though th is

work ,  car r ied  ou t  in  co l labora t ion  w i th  the  Sta te  E lec t r i c i t y  Commiss ion  o f

V ic to r ia  (S .E.C. )  i s  o f  an  'app l ied  na ture ' ,  the  oppor tun i ty  i s  be ing  taken to
use the  va l ley  as  an  ou tdoor  labora tory  to  s t ldy  a  number  o f  fundamenta l
processes.

To de termine to  what  ex ten t  and under  what  cond i t ions  a 'c losed

c i rcu la t ion 'deve lops  in  the  va l ley ,  a  s tudy  is  be ing  made o f  s lope and dra in -

age w inds  in  the  area .  Te thered ba l loons ,  g round ar rays  and a  mod i f ied

rad iosonde car ry  ins t rumenta t ion  to  measure  pressure ,  tempera ture ,  humid i ty

and w ind  ve loc i ty .  Ver t i ca l  p ro f i les  o f  the  la t te r  th ree  e lements  a re  be ing

obta ined f rom a  ser ies  o f  da i l y  sound ings  wh ic l r  commenced in  Apr i l  1975

and w i l l  con t inue fo r  12  months .

Phosphorous  smoke f la res  prov ide  a  v isua l  ind ica t ion  o f  w ind  f low.

Later ,  su lphur  hexaf luor ide  -  wh ich  can be  de tec ted  in  concent ra t ions  as
low as  1  in  1012 by  vo lume -  w i l l  be  used as  a  t racer  to  inves t iga te
d ispers ion  o f  indus t r ia l  a i r -borne  po l lu tan ts .

These exper iments  a re  be ing  backed up  by  numer ica l  mode ls  o f

a tmospher ic  f luxes .  A l though the  work  has  on ly  recent ly  commenced i t  i s

apparent  tha t ,  a t  the  ou tse t  anyway,  there  w i l l  be  a  dear th  o f  synopt ic

in fo rmat ion  to  p rov ide  fo r  adequate  in i t ia l i sa t ion .  l t  i s  hoped tha t  a  scheme

of  'dynamic  in i t ia l i sa t ion ' -  in  wh ich  the  pred ic t ion  mode l  i t se l f  i s  used to
produce cons is ten t  in i t ia l  cond i t ions  -  w i l l  overcome the  prob lem.  To be

dec ided immedia te ly  i s  the  cho ice  o f  a  su i tab le  ver t i ca l  coord ina te  sys tem.

Th is  i s  made d i f f i cu l t  by  re la t i ve ly  severe  var ia t ions  in  topography ,  and a
need to  ach ieve  ex t remely  h igh  reso lu t ion  to  cope w i th  ear ly  morn ing  h igh

s tab i l i t y  s i tua t ions .

Westernpor t  Bay  is  a  g rowing  indus t r ia l  a rea  and the  ensu ing  deve lop-

ment  poses  the  prob lem o f  where  to  loca te  s to rm water  d ra in  ou t le ts  so

tha t  the  mater ia l  they  d ischarge causes  min ima l  nu isance.  A t  the  regues t  o f

the  Westernpor t  Bay  Env i ronmenta t  S tudy ,  the  D iv is ion  under took  an

inves t iga t ion  to  re la te  the  dr i f t  o f  sur face  mater ia l  to  p reva i l ing  w inds .



Theore t ica l  ca lcu la t ions  were  supp lemented by  observa t ions  o f  d r i f t  cards ,

loca ted  and f i xed  by  shore-based theodo l i tes .  The resu l ts  p rov ided c lear
proo f  o f  the  need to  loca te  ou t fa l l s  to  the  nor th  o f  an  area  known as

Sandy Po in t  so  tha t  resor t  a reas  to  the  south  wou ld  remain  f ree  o f  debr is .

T h e ' R i n g l e l m a n  S c a l e ' i s  a n  a c c e p t e d  m e a n s  o f  p u t t i n g  a  q u a n t i t a t i v e

va lue  on  v isua l  smoke nu isance.  The sca le ,  deve loped overseas ,  i s  a f fec ted  by

the  bac l<ground i l lumina t ion :  an  a t tempt  ( in i t ia l l y  unsuccess fu l )  to  app ly  the

method in  the  Melbourne area ,  led  to  an  examinat ion  o f  the  phys ica l  bas is

o f  the  sca le  in  te rms o f  the  Aspenda le  so la r  and sky  rad ia t ion  records .  The

resu l t  -  app l i cab le  to  the  Melbourne area  -  i s  a  sca le  w i th  a  d iu rna l  and

seasona l  var ia t ion  permi t t ing  l t  to  be  used fo r  any  source ,  in  te rms o f  the

opt ica l  dens i ty  o f  the  la t te r .  The s tudy  has  i l l us t ra ted  the  d i f fe rence

between methods  employed in  the  l i cens ing  prac t ices  o f  the  V ic to r ian

Environmental Protection Authority and the Brit ish standards on visual

s m o k e  e m i s s i o n .

Wor l<  has  cont inued on  improv ing  methods  o f  es t imat ing  the  inc rease

in  fog  due to  the  ( re la t i ve ly  warm)  d ischarge o f  coo l ing  water  f rom a  power

s ta t ion  in to  a  nearby  body  o f  water .  The las t  repor t  re fe r red  to  th is  in  the

contex t  o f  Newpor t ,  an  inner  suburb  o f  Me lbourne.  Tes t imony has  been
g iven to  the  Cour t  o f  Appea l  re la t ing  to  the  issue o f  a  l i cense by  the

Env i ronmenta l  Pro tec t ion  Author i ty  to  the  S.E.C.  to  opera te  th is  same

stat r o n.

The Boundary Layer

The d iu rna l  course  o f  w ind  and tempera ture  var ia t ion  in  the  boundary

layer  has  been computed w i th  a  var ie ty  o f  tu rbu len t  mix ing  fo rmula t ions

suggested  in  the  l i te ra tu re ,  and the  resu l ts  checked aga ins t  those o f  the

Wangara  f ie ld  exper iment  he ld  in  1967.  Th is  showed tha t  fo rmula t ions

which  are  made to  depend on  the  tu rbu lence in tens i ty ,  w i th  some a l lowance

for  "background tu rbu lence" ,  ach ieved the  bes t  s imu la t ion ,  bu t  a re

expens ive  in  computer  t ime compared w i th  one dev ised by  the  D iv is ion  and

which  has  per fo rmed sa t is fac to r i l y .

Computa t ion  o f  the  mean sur face  w ind  speed and d i rec t ion  over  the

oceans f rom the  mean pressure  d is t r ibu t ion ,  w i th  the  use  o f  s im i la r i t y

theory ,  as  mod i f ied  ( f rom the  Wangara  da ta)  to  take  account  o f  hor izon ta l

tempera ture  grad ien ts ,  y ie lded resu l ts  in  qu i te  good accord  w i th  such

observa t ions  as  are  ava i lab le .  Th is  exerc ise  shows tha t  s im i la r i t y  theory ,  w i th

a l lowance fo r  hor izon ta l  tempera ture  grad ien t ,  p rov ides  a  reasonab le  bas is

fo r  re la t ing  sur face  s t ress ,  and hence sur face  w ind ,  to  the  isobar ic  pa t te rn .

ln  Ju ly -August ,  1974,  a  success fu l  f ie ld  exped i t ion  (employ ing  over  20

s ta f f )  was  under taken a t  Da ly  Waters ,  N.T .  The purpose,  to  ex tend our

knowledge o f  the  boundary  layer  to  t rop ica l  con t inenta l  reg ions .  Measure-

ment  o f  w ind ,  tempera ture  and humid i ty  were  made by  mast -  and ba l loon-

borne sensors .  and f luxes  o f  heat  and momentum near  the  ear th 's  sur face

were  measured,  a l l  o f  them cont inuous ly  fo r  30  days .  l t  i s  expec ted  tha t
these data, when f inal ly evaluated, wi l l  provide a better basis for under-
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standing near-sur face processes,  inc luding the nocturnal  low level  ( 'v  200m)
wind maximum of  up to 20 m sec.  r ,  a t  least  in  the t ropical  savannah lands.

The numerical studies of sea breezes referred to in earlier reports have
cont inued.  Their  dependence on orography.  c loudiness,  ground roughness,
pressure d is t r ibut ion,  in i t ia l  temperature st ructure and lat i tude has been
checked against observations from a former field expedition to the Coorong-
Renmark area of  South Austra l ia  and a sat is factory correspondence achieved.

Lightning and Precipitation Rate

Very heavy precip i ta t ion,  of ten capable of  leading to f looding in  some
areas,  is  somet imes associated wi th a h igh f requency of  l ightn ing.  l t  is
possible that a useful relation can be obtained between this frequencY, rate
of  prec ip i ta t ion over  a catchment  area.  and hence downstream f looding.  This
may be par t icu lar ly  t rue in  mounta inous regions in  re lat ive ly  low lat i tudes.
This re lat ion,  i f  conf i rmed,  wi l l  be consistent  wi th the most  in tense
precip i ta t ion being formed in very st rong,  deep convect ive updraughts
embedded in the storm c loud mass.  l t  would a lso throw l ight  on the un-
solved problem of charge separation mechanism necessary to account for
l i gh tn ing .

To test  the hypothesis ,  the cr i t ica l  vo l tage of  a l ightn ing f lash detector
was adjusted to detect discharges of moderate intensity within a radius of
10 km. With the cooperat ion of  the Victor ian State Rivers and Water
Supply Commission,  the inst rument ,  together  wi th a sui table recording
device,  has been located ih  the centre of  the re lat ive ly  c i rcu lar  Yackandandah
catchment  area in  nor thern Victor ia .  A cont inuously recording water  level
s t ream gauge is  located at  the out le t  to  the catchment .  Dur ing the f i rs t

three months of  operat ion only one re levant  s torm was sampled,  but  an
encouraging associat ion emerged.  l t  is  hoped that  data f rom about  20 such
occasions wi th a fa i r  spread of  in tensi ty  wi l l  be acquired over  a per iod of
two years.

Thermal Convection

This section deals with some of the results from the Hay expedition
invest igat ing thermal  convect ion and referred to in  our  last  (1972/731

Annual  Report .  The object ive was to gain a bet ter  understanding of  the
natura l  convect ion process and,  in  par t icu lar ,  an e luc idat ion of  the manner
in which smal l -scale eddies and p lumes,  which t ransfer  heat  in to the lowest
few metres of  the atmosphere,  g ive r ise to the larger  scale thermals which
extend up to heights of some 1 or 2 km.

Winds and temperatures up to 32 m were measured from a mast
whilst the pattern of surface air f low was recorded by an array of wind-
speed/d i rect ion inst ruments set  at  a height  of  1.5 m at  100 metre in tervals
across the wind direction. Thermals passing across the site were tracked by
gl iders,  thei r  posi t ion being moni tored f rom the ground.
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I t  was found that  the thermals are fed cont inuously f rom r ight  near
the ground.  They do not  r ise f rom indiv idual  smal l -scale p lumes or
coalescence of  p lumes,  but  are dr iven by the warm sur face layer  as a whole
in the lowest ten or twenty metres above the ground. Their form is that of
th in-wal led cel lu lar  convect ion.  usual ly  polygonal  -  the cel ls  being typ ical ly
about  2 km across,  and the wal ls  roughly 100 m th ick.  Under the
condi t ions of  the exper iment ,  the cel lu lar  s t ructure extended only to l imi ted
heights -  around 200 or  300 m. Above th is  there were iso lated columnar
thermals -  the fami l iar  " thermals"  proper in  which g l iders c l imb.

Two resul ts  of  th is  work are of  immediate pract ica l  importance.  The
net  heat  f lux carr ied by the cel l  wal ls  approximates to 10% of  the tota l
f lux at  5 m -  imply ing a cel l  wal l  sampl ing error  of  only  about  3% when
carry ing out  heat  f lux measurements us ing the eddy corre lat ion technique.
The st ructure of  the convect ion a lso expla ins the spur ious,  apparent  negat ive
shear ing st ress of ten met  wi th when at tempt ing to measure heat  f luxes
above  10  m.

Numer ical  Simulat ion of  Cumulonimbus Cloud

A diabat ic  heat ing model  of  co lumnar updraught ,  or ig inal ly  developed
to studv the format ion of  tornados has been modi f ied and appl ied to up-
draught  in  a cumulonimbus c loud.  The model  s imulates real is t ica l ly  such
features as a protected warm core and a dome-like top: it also specifies the
condi t ions under which the c loud wi l l  penetrate the t ropopause.  Since the
latter involves the injection of water vapour into the stratosphere, the
resul ts  have impl icat ions for  the general  c i rcu lat ion.  The success of  the
model  lends support  to  two of  i ts  major  postu lates.  F i rs t ly  that  la tera l
transfer of heat and momentum bV turbulence is more important than
transfer  on the scale of  the c loud i tse l f .  Secondly that  the net  ver t ica l  force
on a f lu id e lement  is  def ined as the buoyancy re lat ive to adjacent  c loud
elements rather  than the ambient  a i r .

Layer Echoes and Storms

Observat ions f rom the Div is ion 's  10 cm radar at  Aspendale together
wi th others f rom the Bureau of  Meteorology 's  radar  in  Br isbane,  have been
used to carry out  fur ther  analyses of  the extensive layer  echoes which are
found ahead of  convect ive and f ronta l  s torms.  The resul ts  conf i rmed ear l ier
f ind ings v iz  that  these echoes are due to Rayle igh scat ter ing f rom ice
crysta ls  or ig inat ing in  the top of  cumulonimbus and anvi l  c louds.  Fur ther ,
calculat ions show that  on average one to two mi l l ion tonnes of  ice are
ejected f rom a major  ce l l  o f  a moderate/severe storm complex.  This com-
pares wel l  wi th an independent  est imate based on water  substance cont inui ty .
Al though conclus ive in-s i tu  measurements are st i l l  lack ing there is  ind i rect
ev idence that  the concentrat ion of  ice par t ic les having d iameters between
100p and 500p is  suf f ic ient  to  account  for  thei r  p lay ing a par t  in  the
natura l  seeding of  middle- level  c louds.  This work has been d iscont inued.
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IV .  CL IMATE AND THE GENERAL C IRCULATION

The phys ica l  bas is  o f  c l imate  and c l imat ic  change invo lves  many com-
p l i ca ted  processes  tak ing  p lace  in  bo th  the  a tmosphere  and the  oceans.  l t  i s

essent ia l  tha t  the  ro les  o f  bo th  reg ions  be  incorpora ted  rea l i s t i ca l l y  in  any

mode l .  A  cons iderab le  amount  o f  work  on  some re levant  p rob lems has  a l -

ready  been car r ied  ou t  by  the  D iv is ion ,  no tab ly  a i r l sea  in te rac t ion ,  ozone

and rad ia t ion  ( inc lud ing  the  la t te r ' s  in te r - re la t ion  w i th  c louds) .  However

much fu r ther  research  is  needed to  p roper ly  unders tand and take  in to

account  the  very  impor tan t  g loba l  t rans fer  mechan isms wh ich  opera te  in  the

atmosphere  and oceans,  and to  syn thes ise  the  d iverse  phys ica l  mechan isms

which  are  the  component  par ts  o f  c l imate .

With the object of closirtg some of these gaps in our understanding, a

smal l  g roup has  recent ly  been fo rmed to  deve lop  dynamica l  theory  and

mode l  c l imate .  Th is  i s  cur ren t ly  engaged in  s tud ies  o f  the  pa t te rns  o f

c l imat ic  change and var iab i l i t y  w i th in  the  per iod  o f  ins t rumenta l  record ,  the

under ly ing  phys ica l  mechan isms -  inc lud ing  la rge  sca le  t ranspor ts  o f

momentum and heat  -  and aspec ts  o f  s imp l i f ied  c l imat ic  mode l l ing .  Th is

work  complements  the  more  complex  numer ica l  mode l l ing  o f  the  genera l

c i rcu la t ion  be ing  under taken a t  the  Aus t ra l ian  Numer ica l  Meteoro logy

Research Centre.

In i t ia l l y ,  c l imate  change w i l l  be  examined on  a  t ime sca le  f rom a

season to  one or  two years :  per iods  o f  these lengths  have the  most  d i rec t

impact  on  man.  U l t imate ly  i t  i s  hoped to  p lace  more  e f fo r t  in to  s tud ies

which  may ho ld  ou t  hope o f  p red ic t ing  changes in  c l imate  over  longer
per iods  o f  t ime.

Pattern of Cl imatic Change in Austral ia

Ear l ie r  work  has  demonst ra ted  the  impor tance o f  the  mean la t i tude o f

the  subt rop ica l  h igh  pressure  be l t ,  L .  in  re la t ion  to  Aus t ra l ian  ra in fa l l  and

other  c l imat ic  var iab les .  l t  has  now been shown tha t  another  ma jor  in f luence

o n  A u s t r a l i a n  r a i n f a l l  i s  t h e  s o - c a l l e d ' S o u t h e r n  O s c i l l a t i o n ' i n d e x ,  S ,  w h i c h

was d iscussed in  the  1964-65 and ear l ie r  repor ts .  The index  is  a  measure  o f

the average east-west pressure dif ference between the semi-permanent eastern

Pac i f i c  h igh  and the  low over  the  Indones ian  reg ion .  A  h igh  index  ind ica tes

increased f low o f  mo is t  uns tab le  t rop ica l  a i r  over  nor thern  and eas tern

Aust ra l ia  lead ing  to  h igh  ra in fa l l  in  these areas .  l t  has  been shown tha t

cor re la t ions  o f  annua l  ra in fa l l  w i th  S  and w i th  L  together  account  fo r  more

than ha l f  o f  the  to ta l  year  to  year  var iab i l i t y  in  Aus t ra l ian  ra in fa l l .

On a  longer  t ime-sca le ,  changes in  ra in fa l l  over  the  per iod  o f  ins t ru -

menta l  record  in  Aus t ra l ia  have been examined.  Ear l ie r  work  has  po in ted  to

the  s ign i f i can t  decrease in  mean ra in fa l l  wh ich  occur red  over  much o f

eas tern  Aus t ra l ia  in  the  1890 's .  Cur ren t  work  shows tha t  an  inc rease in

mean rainfal l  of some 10 to 30 per cent occurred over part of eastern

Aust ra l ia  in  the  mid  1940 's ,  a l though the  la t te r  change has  no t  comple te ly

reversed the  changes in  the  1890 's .  The abso lu te  change in  the  mid  1940 's
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is  shown in F igure 5:  however the maximum percentage changes which
amount to more than 20%. occur in inland N.S.W.

The pat tern of  change in mean ra infa l l  which occurred in  the 1940's
appears to be related to that apparent in year to year variations associated
wi th the Southern Osci l la t ion index.  This suggests that  changes on a t ime
scale of  decades may be the product  of  the same under ly ing physical

mechanisms which are responsib le for  shor ter  term var iat ions in  ra infa l l .

l o o s

F igu re  5 :
Absolute change in mean
annua l  r a i n fa l l ,  i n  mm,  f r om
the per iod 1913-1945 to the
per iod 1946-1974. The large
areas of  increased rainfa l l  in
eastern Austra l ia amount to
increases of more than 2oo/o
in parts of  in land N.S.W.
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Large Scale Local Eddy Transports

A new examinat ion of  the large scale local  eddy f lux of  heat  has been
carr ied out  us ing deta i led and f requent  (3-hour ly)  upper a i r  soundings over
the per iod of  one month,  made several  years ago at  a s i te  near  Melbourne
(The Laver ton Ser ia l  Sounding Exper iment)  .  A re lat ion is  revealed between
the eddy f lux vector  of  heat  and both the mean hor izonta l  temperature
gradient  and the mean vector  wind.  This has a d is t inct  ver t ica l  s t ructure
and suggests a three-tier subdivision of the atmosphere between the surface
and the middle st ratosphere.  Subsequent  computat ions us ing rout ine upper
ai r  data f rom Austra l ia  and a few selected stat ions in  the Northern Hemi-
sphere suggest  that  the re lat ion may be suf f ic ient ly  re l iab le to be used to
represent eddy transports in climate models. Further work planned includes
observat ional  s tudies to conf i rm the general i ty  of  the re lat ion and the con-
st ruct ion of  a very s imple three-dimensional  c l imate model  which can be
used to invest igate the impl icat ions of  the re lat ion.

Numerical Climate Models

Work has been carr ied out  on the development  of  a numer ical  c l imate
model with a seasonal cycle and land-sea contrasts. Using this model a
number of experiments have been performed aimed at elucidating the nature
and inter- re lat ion of  the numerous feedback mechanisms.  l t  is  found,  for
example,  that  an increase in the carbon d iox ide concentrat ion (which could
resul t  f rom increased burning of  foss i l  fue ls)  would cause the g lobal  mean
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temperature to rise, the temperature change being greatest in high latitudes
in the winter months due to the strong albedo-temperature coupling. A
reduction in the effective solar constant (due for example to an increase in
atmospheric aerosol concentration) would cause the global mean temperature
to fall, the largest temperature change again occurring in high latitudes.
Studies have also been carried out on the sensitivitv of the climate model
to changes in numerous parameters including cloud cover, aerosol concen-
t rat ion,  land and sea d is t r ibut ion and so on.

Analyt ica l ,  as wel l  as numer ical  s tudies of  a number of  d i f ferent
c l imate models are cont inuing wi th par t icu lar  emphasis on the a lbedo-
temperature feedback mechanism and the stabi l i ty  and mul t ip le-branch
nature of the solutions.

As a pre l iminary to der iv ing eddy f lux parameter izat ions for  use in
stat is t ica l -dynamical  c l imate models,  an analys is  is  being made of  unstable
baroclinic waves on a rotating sphere.

Cloud-Climate I nteraction

Al l  general  c i rcu lat ion models of  g lobal  weather  and c l imate inc lude at
least  one of  the major  assumpt ions:  i .e .  e i ther  a f ixed c loud amount  and
distribution and/or a fixed sea surface temperature. Both assumptions are
equivalent  in  that  they ' force ' the g lobal  energy balance (and hence the pre-

d ic ted c l imate)  to the observed value.  Methods of  re leasing th is  arb i t rary
constra int  have been examined and i t  has been shown that  the overal l
planetary system seems to have adopted a format such that the total
entropy production rate is a minimum. lt has yet to be proved that the
planetary system should adopt such a format - as it can be proved for non-
turbulent  systems for  instance.  However,  i f  one accepts that  such an overal l
constraint is operative, then it is possible to use this constraint to design

models which do not  have arb i t rar i ly  f ixed c loud and sea sur face tempera-
tures.  l t  may then be possib le to make a pr ior i  c l imate predict ions ( that  is
predict ions which do not  requi re assumpt ions about  basic  dependent
var iables) .  A zonal  average model  based on the constra int  predicts  sur face
temperatures and c loud amounts very s imi lar  to  those of  the real  wor ld.

1 4



V, ATMOSPHERIC CHEMISTRY

Carbon Dioxide

Since the appearance of the previous report (1972173], , measurements
of  the space and t ime var iat ions of  carbon d iox ide in  the t roposphere and
stratosphere have been accumulated. The continued support of the Air
Transport Group (Department of Transport), Oantas and TAA has resulted
in a comprehensive coverage of the Australian-New Zealand sector of the
Southern Hemisphere.

(a) Instrumentation

In addition to the observational programme, during the past eighteen
months, much effort has been directed towards the discovery and elucidation
of  errors ex is t ing in  a l l  prev iously  publ ished basel ine CO2 data.  These errors
are due to pressure broadening of the CO2 absorption l ines by nitrogen so
that CO2 concentrations as indicated by nondispersive infrared analysers
depend on the relative ratios of oxygen, nitrogen and argon present in the
instrument 's  reference and sample cel ls .  The magni tude and s ign of  th is
carr ier  gas error  depend on the make of  analyser  as wel l  as on the ambient
pressure so that despite the international exchange of standard calibration
gases, inter-station differences due to the error exceed the actual concentra-
tion differences.

(b) Baseline monitoring and interpretation

Some of  the moni tor ing data accumulated s ince the commencement of
the CO2 project are shown in Figure 6. Air samples collected over the Tas-
man Sea are of  par t icu lar  in terest  because they may or ig inate e i ther  in  the
troposphere or stratosphere. Thus for each fl ight, tropopause levels have
been estimated from radiosonde data (Australian east coast and New Zealand
stations) and the data classified according to the probable origin of the
sample.

A notable feature was the pronounced 1974 Autumn minimum in
CO2 concentrations. The seasonal variation appears to be greatest in the
upper troposphere and least in the stratosphere and suggests a net north-
south interhemispheric exchange of upper tropospheric air.

The increase in annual  mean concentrat ion based on the l imi ted
number of years of data available appears to be slightly less than 1 ppmv
y r  l .

(c) Carbon isotope studies

It is established that over the past decade and a half the atmospheric
CO2 concentration has been increased. Estimates of trends earlier this
century are based on data collected for other purposes using inferior tech-
n iques.  We have in i t ia ted two studies which have as thei r  pr imary a ims,  a
determination of the CO2 content of the atmosphere in past centuries and
millenia and a better understanding of the mechanisms which determine the
level of CO2 concentration.
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Figure 6:  Mean monthly data col lected f rom a Fokker Fr iendship (F27l .  and Piper Commanche
(PA30).  Data (expressed in the 1974 Manometr ic  Scale)  for  a l t i tudes between 3.5 and 5 km.
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Figure 7:  One of  a number of  possib le s i tes now under invest igat ion for  a future atmospher ic
basel ine moni tor ing stat ion.
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The f irst of these is a study of the stable isotope rat ios in the growth

r ings  o f  t rees .  C la /C12 ra t ios  in  carbon conta in ing  compounds have been

used in radiocarbon dating (relying on the steady radioactive decay of the

Cto) .  Compar ison w i th  o ther  da t ing  methods  (e .g .  dendrochrono logy)  shows

dev ia t ions  in  the  rad iocarbon da tes ,  w i th  secu la r  and perhaps  loca l  e f fec ts .

These var ia t ions  have been a t t r ibu ted  to  var ia t ions  in  i so tope f rac t ionat ion

in  the  growing  wood and cor rec t ions  app l ied  have been der ived  f rom

measurements  o f  var ia t ions  in  the  s tab le  i so tope ra t io  Cr3  1C12.

The causes  and magn i tudes  o f  f rac t ionat ion  e f fec ts  a re  no t  we l l  under -

s tood:  poss ib le  in f luences  are  tempera ture  or  ambien t  COz concent ra t ions  a t

the  t ime o f  g rowth .  Most  au thors  acknowledge an  add i t iona l  e f fec t  in  bo th

C14 lCr2  and C13/C12 ra t ios  due to  the  recent  in jec t ion  in to  the  a tmosphere

of fossi l  fuel CO2 (Seuss effect).  However, there is some doubt that either

fract ionation effects or the Seuss effect can explain the 20th Centurv

Cr3  lC12 t rends  as  observed in  some Nor thern  Hemisphere  t rees .

Us ing  t rees  and c l imato log ica l  da ta  f rom Tasmania  and South  Aus t ra l ia

our  ob jec t ive  is  to  es tab l i sh  i f  these t rends  can be  observed in  the  Southern

Hemisphere  (a re  they  g loba l  changes?)  and to  re la te  var ia t ions  in  C13/C l2

ra t ios  to  h is to r ica l  changes in  tempera ture  or  a tmospher ic  compos i t ion .

(d) lce Cores and Ancient Atmospheres

There  have been a  number  o f  a t tempts  to  f ind  we l l  p reserved anc ien t
a i r  en t rapped in  bubb les  o f  po la r  i ce .  The resu l ts  however  a re  inconc lus ive
par t i cu la r ly  w i th  respec t  to  CO2.

The second s tudy  o f  pas t  a tmospher ic  compos i t ion  invo lves  ice  cores
co l lec ted  by  the  Aus t ra l ian  Nat iona l  Antarc t i c  Research  Exped i t ion .  The
ANARE cores  are  super io r  to  those measured in  some o f  the  prev ious

s tud ies ;  fo r  example ,  they  have no t  been s to red  in  d ry  i ce ,  a re  f rom areas
where  mel t ing  and re f reez ing  is  un l i ke ly  to  have occur red ,  have been
ten ta t i ve ly  da ted ,  and compr ise  a  w ide  spat ia l  sample  o f  deep cores  -  some
dat ing  back  in  excess  o f  10 ,000 years .

A  mass  spec t rometer  i s  be ing  employed to  measure  the  re la t i ve

amounts  o f  N l8 ,  Nt rn ,  o t r ' ,  Arao ,  C '2Oiu ,  p lus  the  to ta l  gas  t rapped.  l t  i s

hoped to  ga ther  in fo rmat ion  on  the  phys ica l  p rocesses  a f fec t ing  the  t rapp ing

and s to rage o f  the  a i r  and on  the  compos i t ion  o f  pas t  a tmospheres .

Ozone

Ozone s tud ies  in  th is  D iv is ion  began w i th  the  pr inc ipa l  ob jec ts  o f  us ing

ozone as  a  t racer  to  ind ica te  a tmospher ic  c i rcu la t ion  and i t s  ro le  in  the

overa l l  t rans fer  o f  so la r  energv .  Recent ly ,  however ,  a  knowledge o f  ozone

has assumed an impor tance in  i t s  own r igh t ,  as  a  resu l t  o f  the  poss ib i l i t y  o f

exhaust  gases  f rom superson ic  a i rc ra f t ,  aeroso l  sprays  e tc .  a f fec t ing  the

s t ra tospher ic  ozone layer .  There fore  i t  i s  even more  impor tan t  to  cont inue

bu i ld ing  up  a  we l l -documented c l imato logy  o f  the  ver t i ca l  d is t r ibu t ion  o f

ozone as  a  func t ion  o f  season,  la t i tude  and long i tude.
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In  the Austra l ian region,  the observat ional  programmes at  Br isbane,
Aspendale,  Hobart ,  Per th and Macquar ie ls land have cont inued.  Observat ions
at Darwin were discontinued after the cyclone disaster of Christmas 1974
and the spectrophotometer returned to Aspendale for recalibration. lt wil l
be returned to Oueensland shor t lv  to  be set  up at  a new s i te in  Cairns.

Rout ine for tn ight ly  ascents us ing Mast-Brewer sondes have cont inued
at  Aspendale,  Vic tor ia .

Trend analyses of total ozone and of ozone at various levels, have
cont inued.  Over the years 1963/1974,  ozone has been decreasing at  Aspen-
dale but  i f  the per iod selected is  1960/1970 an increase is  observed.  Clear ly
a wave type fluctuation more aptly describes the results. From a study of
100 mb temperature t rends for  the corresponding years,  th is  f luctuat ion can
be expla ined on the basis  of  c i rcu lat ion changes in the st ratosphere.
Analyses of unkehr observations and of ozone sonde data support the view.

Much ef for t  has been put  in to detect ing natura l  and possib le man-
induced t rends in  the g lobal  ozone content ,  yet  to  date,  no adequate
at tempt has been made to assess the sui tabi l i ty  of  the g lobal  ozone moni tor-
ing network for  th is  purpose.  Such an examinat ion has recent ly  been carr ied
out  and has shown that ,  even a l lowing an ideal  d is t r ibut ion of  moni tor ing
stations within the network, a real trend of 2Tzo/o per decade in total ozone,
would requi re approximately  10 years of  observat ions to establ ish,  wi th 99%
certa inty ,  that  such a t rend exis ted.  These d i f f icu l t ies stem f rom the h igh
var iabi l i ty  of  the ozone amount  above any par t icu lar  s tat ion,  which in  turn
is  due to shor t - term var iat ions in  the weather  and the seasonal  cyc le.  These
resul ts  have important  impl icat ions re lat ing to both the present  d is t r ibut ion
of ozone observing stations and the interpretation of the data, from the
present far-from-ideal network.

There is  no doubt  that  ozone p lays a centra l  par t  in  the photo-
chemistry of the atmosphere and it is important, therefore, to study the
dist r ibut ion of  t race substances which may af fect  the behaviour  of  ozone.
NO2 is  one of  them. A method has been developed of  measur ing NO2 using
the Dobson spectrophotometer. lt makes use of the absorption of NO2 at
wavelengths t r4377 and ) .4448 and cal ls  for  only  a s l ight  modi f icat ion to
the instrument. Although the accuracy of the observation is not great, it is
bel ieved to be suf f ic ient  to  prov ide an average background value of  N02
against  which any future changes in NO2 may be assessed.

To date about one year's data of NO2 at Aspendale gives an interest-
ing seasonal  var iat ion of  the gas very s imi lar  to  that  of  ozone.

With the assistance of the Bureau of Meteorology, Antarctic Division
of  the Department  of  Science and the CSIRO Div is ion of  Cloud Physics,
measurements of  ozone in the sur face a i r  cont inue at  Darwin,  Robertson
(NSW),  Aspendale and Macquar ie ls land.  The measurements are made wi th a
continuous Brewer coulometric potassium iodide ozone detector. A gas phase

chemi luminescent  ozone detector  has a lso recent ly  been insta l led at
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Aspendale. Extensive checks between the two methods show them to be
comparable although the wet chemical melhod gives systematically lower
concentrations. Surface ozone observations are being continued as part of
g lobal  measurements of  c lean or  background a i r .

Oxides of Nitrogen and Ammonia

Two years of measurements of NO2 at ground level at Aspendale
show an average dayt ime concentrat ion of  1.3 pphm N02.  Simul taneous
measurements indicate that  the NO* concentrat ion is  about  1.5 t imes the
N02 concentrat ion dur ing dayt ime at  Aspendale.  Observat ions at  Mt .  Bul ler
and Cape Otway in background air gave maximum concentrations of NO*
of  0.1 and 0.5 pphm respect ive ly .  The concentrat ion of  ammonia in  the
background a i r  is  observed to be 0.1 pphm at  sea level  and negl ig ib le con-
centrat ions at  h igher  a l t i tudes.  These measurements of  NO2 and ammonia in
background a i r  are the f i rs t  measurements in  the Southern Hemisphere.

A theoretical study has revealed that the natural emissions of oxides
of  n i t rogen (odd n i t rogen) and ammonia f rom the ear th 's  sur face in  the
Northern Hemisphere have upper l imi ts  of  3 x  103 g (N) y i1 and
13 x 1013 g (N) yeai l  based on considerat ions of  boundary layer  res is tance.
The est imate indicates that  man-made emiss ions are a major  component  of
the n i t rate cyc le in  the Northern Hemisphere.

Halocarbons

Chlorof luoromethanes,  pr inc ipal ly  f reon 11 (CFClr)  and l reon 12
(CF2Cl2)  are being produced in large and increasing amounts as aerosol
propel lants and ref r igerants.  These compounds have been considered valuable
as t racers of  atmospher ic  mot ions because they are re lat ive ly  iner t  in  the
troposphere.

Approximately  98% of  the annual  product ion of  f reon 11 is  re leased
in the Northern Hemisphere.  Thus i t  is  a usefu l  t racer  for  ident i fy ing in ter-
hemispher ic  atmospher ic  t ransport .  Concurrent  measurement  of  CO2 and
freon 11 in  t ropospher ic  a i r  samples should assis t  in  the in terpretat ion of
the seasonal  var iat ions in  the concentrat ion of  COr observed in the
Southern Hemisphere.

Recently there has been growing concern that the freons together with
carbon tet rachlor ide (CC14) might  contr ibute,  v ia photo-d issociat ion.  to  the
chlor ine atom content  in  the st ratosphere.  l t  has been postu lated that  the
lat ter  can cata ly t ica l ly  destroy ozone (Ot  ) .

Just  s tar ted,  is  an invest igat ion in to the u l t imate fate of  man-
made carbon-tet rachlor ide re leased into the atmosphere.  The s inks for  th is
chemical  in  the envi ronment  -  in  decreasing order  of  importance -  are
photo lys is  in  the st ratosphere,  hydrolys is  in  the ocean,  gas phase react ion
and uptake by land.  l t  would appear that  the current  levels  of  carbon tet ra-
chlor ide in  the atmosphere can be expla ined ent i re ly  on the basis  of  man's
act iv i t ies and the in ject ion of  th is  mater ia l  in to the atmosphere.
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The measurement  has commenced of  soace and t ime var iat ions of
CC1+ and CFCl 3 in  the Southern Hemisphere,  ut i l iz ing a i r  samples col lected
for  the CO2 Programme.

Stratospheric water vapour

A bal loon-borne inf rared radiometer  has been used for  the measure-
ment  of  s t ratospher ic  water  vapour at  a l t i tudes of  24 to 27 km. Radiance
from two zeni th angles,  T0o and 45",  and f rom 12" below the hor izon is
moni tored and f rom these data the amount  of  water  vapour above the
instrument  is  ca lculated.  These measurements began in November 1972 and
have cont inued at  approximately  b i -month ly  in tervals .  The programme was
interrupted last  year  as a resul t  o f  some adminis t rat ive changes af fect ing the
Hibal  bal loon launching fac i l i ty .  However,  the programme is  cont inuing in
co l l abo ra t i on  w i th  t he  CS IRO D iv i s i on  o f  C loud  Phys i cs ,  us ing  sma l l e r
ba |  |  oons.

Dur ing July  1974 two compar ison f l ights took p lace at  Laramie,
Wyoming, USA, where the radiometer data were compared with those from
an aluminium oxide sensor.  The resul ts  of  the compar ison have been pub-
l ished in an in ternal  repor t  of  the Univers i ty  of  Wyoming (see references) .

A new vers ion of  the inst rument  wi th increased opt ica l  gain,  has been
developed.  F l ight  t r ia ls  to evaluate the new inst rument  and compare the
data f rom both the new and o ld inst ruments are in  progress.

Surface Air Sampling Network

Radioactivity

Al though inf luenced by atomic debr is  f rom nuclear  weapons test ing in
the south Paci f ic  region,  data obta ined f rom the sur face a i r  sampl ing net-
work at  several  la t i tudes (9 'S to 43oS) indicate that  the summer peak in
Be-7 concentrat ions propagates poleward at  a rate of  about  35 cm.s- t .
There is  ev idence of  a spr ing peak preceding the summer maximum

A low lat i tude in ject ion of  Be-7 dur ing spr ing is  apparent ,  and there
is  some evidence in the Cs- l37/Be-7 isotope rat io  data for  a s imi lar
incurs ion at  h igher  la t i tudes.

(b)  Atmospher icpar t icu lates

Measurements of  to ta l  oar t icu late concentrat ions are obta ined f rom the
sur face a i r  sampl ing network at  s ix  locat ions in  the envi rons of  major  c i t ies
along the eastern Austra l ian coast  and extending in to Papua and New
Guinea.  Dur ing the f i rs t  three years of  operat ion of  the network,  concentra-
t ions average between 40 and 55 1tg lm3 for  main land Austra l ia ,  wi th Hobart
and Port  Moresby y ie ld ing Iower values.

Part icu late concentrat ions obta ined at  neighbour ing stat ions ( for

example,  Melbourne and Sydney)  tend to be posi t ive ly  corre lated.  Negat ive
corre lat ions are somet imes found between extreme southern and nor thern
stat ions ( for  example,  Melbourne and Townsvi l le) .  These resul ts  are consist -
ent  wi th the re levance of  wind d i rect ion in  determin ing par t icu late levels .
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VI.  AIR-SURFACE INTERACTION

For  many years  the  D iv is ion  has  pu t  cons iderab le  e f fo r t  in to  advanc ing

our  unders tand ing  o f  phys ica l  p rocesses  respons ib le  fo r  the  in te rchange o f

energy  (heat ,  water  vapour  and momentum)  be tween the  a tmosphere  and

the  under ly ing  land sur face .  Observa t iona l  techn iques  fo r  use  in  a  cons tan t

f lux  s i tua t ion  ( low he igh t  and un i fo rm sur faces)  have para l le led  deve lop-

ments  in  theory  and we are  now a t  the  s tage o f  ex tend ing  opera t ions  to

heterogeneous land areas  and to  the  sea.  Work  over  the  land is  l i ke ly  to

lead to  an  inc reas ing  emphas is  on  prob lems o f  meso-sca le  d imens ions
(he igh ts  up  to  1  km and d is tances  o f  tens  o f  k i lomet res) ;  wh i ls t  over  the

sea fu r ther  endeavours  w i l l  be  needed,  par t i cu la r ly  in  v iew o f  the  d i f f i cu l t

env i ronmenta l  cond i t ions  in  wh ich  sensors .  dep loyed in  the  open ocean,  w i l l

have to operate.

To s t rengthen the  team,  resources  are  be ing  redep loyed f rom agro-

meteoro logy .

Air-Sea Interaction

The exchange o f  energy  or  mat te r  be tween the  lower  a tmosphere  and

the  Ear th 's  sur face  can be  measured a t  a  s ing le  loca t ion  us ing  tu rbu lence

sensors  mounted  w i th in  10-20 m o f  the  sur face  on  an  ins t rument  tower .

The ver t i ca l  f luxes  o f  momentum,  heat  and water  vapour  so  measured are

then re la ted  to  the  phys ica l  and aerodynamic  fea tures  o f  the  under ly ing

sur face  (on  a  sca le  o f  kms)  and to  va lues  o f  such bas ic  quant i t ies  as  w ind

speed,  a i r  and sur face  tempera ture  (and humid i ty ) ,  ne t  rad ia t ion ,  e tc .

Measurements  o f  the  tu rbu len t  f luxes  must  be  made over  a  number  o f

d i f fe ren t  sur faces  encompass ing  smooth  and rough te r ra in  ( land)  and the

ocean,  in  a  var ie ty  o f  weather  cond i t ions .  Re l iab le  f lux  representa t ion  on  a

sca le  o f  hundreds  o f  km ( typ ica l  o f  the  gr id  sca le  used in  numer ica l  mode ls

o f  the  a tmosphere)  then becomes feas ib le ,  based on  an  observa t iona l  ne t -

w o r k  o f  b a s i c  p a r a m e t e r s  s u c h  a s  i n d i c a t e d  a b o v e  a n d  r e l i a b l e ' m a p s ' o f

sur face  aerodynamic  roughness  (see la te r  in  th is  sec t ion) .

In  p rac t ice ,  d i rec t  observa t ions  o f  the  f luxes  over  the  sea,

par t i cu la r ly  in  a  severe  mar ine  env i ronment ,  depend upon su i tab le  sensor ,

da ta  logg ing  and p la t fo rm des ign .  A  pro to type ins t rumented spar  buoy  was

dep loyed in  the  Great  Aus t ra l ian  B igh t  f rom the  Russ ian  research  vesse l

" D i m i t r i  M e n d e l a e v " ,  g i v i n g  v a l u a b l e  e x p e r i e n c e  i n  d e p l o y m e n t  t e c h n i q u e

and per fo rmance o f  sensors  under  f ie ld  cond i t ions .  Work  on  the  buoy  has

cont inued (see cover  photograph) ,  w i th  tes t ing  conf ined to  Por t  Ph i l l i p  Bay ,

an t ic ipa t ing  a  s ta r t  soon on  the  t ransmiss ion  o f  da ta  to  the  N.A.S.A.

N i m b u s - F  S a t e l l i t e .

Two exped i t ions  to  the  Byuku ls lands  in  the  Eas t  Ch ina  Sea were

made in  re la t ion  to  the  G.A.R.P.  A i r  Mass  Trans format ion  Exper iment ,

(AMTEX,  February ,  1974 and 1975) .  The resu l ts  o f  the  f i rs t  per iod  have

b e e n  a n a l y s e c l ,  a n d  g e n e r a l l y  s h o w e d  t h e ' n e u t r a l ' d r a g  c o e f f i c i e n t  ( C p )
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increasing with wind speed, in contrast to the near-constancy of the
'neutra l 'heat  t ransfer  coef f ic ient  (Cp).  The resul t  is  consis tent  wi th a
rev iew study showing that  Cg/C,  depends on the roughness Reynolds
number (Re),  general ly  increasing as Re increases and being greatest  over
land.  Except ional ly  large a i r -sea temperature d i f ferences occurred in  both
AMTEX observat ion per iods ( the sea being warmer than the a i r  by as much
as 1OoC).  For  one par t icu lar  5 day per iod,  observed outgoing energy ( in  the
form of  sensib le and latent  heat)  exceeded the avai lable energy f rom net
incoming radiat ion by more than an order  of  magni tude (660 wm-2 com-
pared to 30 wm-2)!  The computed Bowen rat io  (sensib le to la tent  heat
f lux)  of  0.20 was consistent  wi th the sur face temperature of  21oC, and
supported the resul ts  of  ear l ier  work in  the Div is ion.  In  the second AMTEX
observat ional  per iod,  c lose examinat ion of  instantaneous f lux values and h igh
frequency spectral energy, indicated intermittent energy transfer occurring in
bursts lasting several seconds, separated by non-active periods lasting for a
minute or  more.  Thus the concept  of  'average f lux ' ,  and i ts  impl icat ion in
bulk t ransfer  re lat ions.  requi res fur ther  invest igat ion.  par t icu lar ly  in  the
highly unstable condi t ions exper ienced dur ing AMTEX.

For use in  f ie ld expedi t ions (such as AMTEX) a por table data
recording system using cassette magnetic tapes has been constructed and
successfu l ly  tested.  l t  great ly  fac i l i ta tes data acquis i t ion and on-s i te analys is .

Fur ther  ref inement  of  the in f ra-red hygrometer  referred to in  the last
annual  repor t  has been made,  a l lowing for  re l iab le eddy f lux determinat ion
of evaporation.

Analyses of  turbulent  f lux data obta ined dur ing three f ie ld expedi t ions
(East  China Sea,  February 1975,  Daly Waters,  N.T. ,  Ju ly  1974 ( rough
terra in)  and Moree,  N.S.W.,  Apr i l  1975 (shor t  grass)  wi l l  cont i r - rue.  Measure^
ment  of  energy exchange over  the ocean,  par t icu lar ly  dur ing the passage of
cold f ronts and squal ls ,  wi l l  be made f rom the tower fac i l i ty  and the spar
buoy in Port  Phi l l ip  Bay,  the buoy dest ined eventual ly  for  deployment  in
the Bight .

In  addi t ion,  the computat ion and mapping of  sur face aerodynamic
roughness wi l l  be undertaken,  us ing a 2.5"  square gr id cover ing the
Austra l ian cont inent  and surrounding ocean.

Air-Land lnteraction

Over the past  year  Div is ional  act iv i t ies in  agrometeorology have been
decreased.  The cable p ivot  lys imeter ,  designed for  easy insta l la t ion in  the
f ie ld has undergone i ts  f ina l  test ;  data f rom the Rutherglen Wheat  Exper i -
ment  has been worked up,  as a lso has data f rom the former Potato and
Pasture Water-Use studies at  Aspendale.  One of  the points to emerge f rom
the Rutherglen data analys is  has been the good agreement  between indepen-
dent ly  der ived values of  the turbulent  t ransfer  coef f ic ients on the one hand
from wind and temperature gradients above the wheat ,  and on the other
f rom measured f luxes of  heat  and water  vapour and the corresponding
gradients of  temperature and humidi ty .
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St i l l  uncompleted but  near ing i ts  end is  the work on snow f ie ld
hydrology in  the Fal ls  Creek area of  the Victor ian Alps.  The object  of  th is
exper iment  is  to  develop a means of  est imat ing snow mel t  rate and evapora-
t ion f rom s imple micrometeorological  observat ions.

The Daly Waters expedi t ion has been ment ioned ear l ier  in  th is  repor t :
to study vertical f luxes in the lowest layers of the atmosphere, recordings of
wind speed,  temperature,  humidi ty  and var ious radiat ion and a l l ied
quant i t ies were made cont inuously for  about  a month.  Observat ions were
made at several heights up to 48 m at each of three sites. Reduction of the
data is  s t i l l  proceeding.

Towards the end of  1974 and ear ly  in  1975 a s imi lar  but  less compre-
hensive set of profi le measurments were made for the Westernport Bay
Environmental  Study.  There was concern that  increasing industr ia l izat ion in
the area might  g ive r ise to unacceptable levels  of  atmospher ic  pol lu t ion,  and
the work sought to assess the frequency of occurrence of temperature
invers ions and thei r  ro le in  contro l l ing the d ispersal  of  pol lu tants in  the
lower atmosphere. A 48 m mast was instrumented and local staff of the
Envi ronmental  Study were t ra ined to operate the sensors and automat ic
recording equipment .

The Div is ion has long made use of  por table masts on which to mount
inst ruments dur ing f ie ld expedi t ions -  but  in  terms of  ease of  erect ion,
ready access to inst ruments and low weight ,  none has proved ideal .  Work
has star ted on the design of  a por table mast  which embodies a pantograph
pr inc ip le,  thus permi t t ing inst ruments to be ra ised and lowered at  wi l l ,  yet
permi t t ing thei r  ver t ica l i ty  to  be reta ined.

Bulk relationships for airlsurface transfer

The bulk aerodynamic ( "bulk")  re lat ionship for  the lower atmosphere
expresses the ver t ica l  f lux of  heat  or  water  vapour s imply in  terms of  mean
wind speed and sur face- to-a i r  d i f ferences of  temperature and speci f ic
humidi ty .  This  approach is  par t icu lar ly  appl icable over  water  sur faces,  where
the sur face values are readi ly  obta inable f rom the water  temperature.
Especia l ly  is  i t  o f  considerable pract ica l  importance when evaluat ing the
sur face inputs to the atmosphere f rom the ocean,  in  assessing the evapora-
t ive losses f rom reservoi rs  and (v ia the "combinat ion formula")  f rom land
su rfaces.

Recent ly  three modi f icat ions have been made to the basic  formulat ion
of  the bulk re lat ionship,  enabl ing i t  to  be more re l iab ly  appl ied in  a wide
range of  condi t ions over  d i f ferent  sur faces.

The f i rs t  takes account  of  the ef fect  of  the th in molecular- t ransfer
sublayer ,  in  the a i r  adlacent  to the sur face when the la t ter  is  reasonably
smooth,  as in  the case of  ca lm water .  The second makes an adjustment  for
thermal  s t rat i f icat ion of  the atmosphere ("d iabat ic"  ef fect ) ,  and the th i rd
covers the extreme case of  f ree convect ion i .e .  an unstable s i tuat ion when
there is  v i r tual ly  no mean wind.
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VII .  RADIATION: SOLAR AND THERMAL

Current  research fo l lows two main l ines;  i )  the in teract ion of  c louds
with solar and terrestrial radiation, particularly in the context of atmospheric
radiat ion balance and i i )  the use of  radiat ion as a remote sensor for  moni tor-
ing purposes.

In the case of  the former a speci f ic  object ive is  the parameter isat ion
of  radiat ion quant i t ies in  a form sui table for  inc lus ion in  general  c i rcu lat ion
models.  In  respect  of  the la t ter ,  examples are:  the assessment  of  sur face
character is t ics such as moisture and sea roughness;  the measurement  of
atmospher ic  turb i ty  ( resul t ing f rom suspended aerosols and pol lu tants) ;  and
the connect ion between u l t rav io let  deplet ion of  incoming solar  radiat ion and
the quant i ty  and nature of  a i rborne mater ia l .

L idar  and High Cloud

In May of  th is  year  the Div is ion took del ivery of  a laser  radar
(LIDAR),  ef fect ive ly  a radar  operat ing at  a wavelength of  6943 A.  l t  t rans-
mi ts  pulses of  energy,  having a peak power of  tens of  megawatts ,  and
detects the s ignal  returned f rom dust  layers and c louds.  Analys is  of  the
return s ignal  a l lows calculat ion of  the heights and th ickness of  the re levant
layer ,  together  wi th in format ion on the ref lect ion and t ransmiss ion of  the
layer  to v is ib le solar  radiat ion (see Figure 8) .  This  shor t  wave informat ion
is  obta ined s imul taneously wi th in f rared-wavelength in format ion gathered by
the in f rared radiometer  developed by the Div is ion and referred to in  ear l ier
reports.

Clouds ref lect  so lar  radiat ion back to space but  reduce the in f rared
output  f rom the ear th.  These two ef fects act  in  the opposi te d i rect ion on
the g lobal  energy balance,  and the basic  quest ion is 'which ef fect  dominates?'
I t  is  hoped to answer th is  and other  s imi lar  quest ions for  the var lous c loud
types by us ing the radiometer-L idar  combinat ion.

Microwave Remote Sensing

A centra l  requi rement  for  both agr icu l ture and meteorology is  a
knowledge of  the amount  of  water  in  the sur face layers of  the soi l .  The
earth 's  sur face emits  radiat ion at  microwave f requencies at  a rate which is

F u r r h e z  c r o ! d  r o y e r s

I  F . l l . c t i o n s  b . b w
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Figure 8;  Return s ignal  f rom di f ferent  levels in the atmosphere when i l luminated by a ruby
laser pulse.  Enhancements in s ignal  at  certa in a l t i tudes s igni fy the presence of  c louds or  haze
Resolut ion in the vert ical  is  6 metres and the f igure represents data which has been dig i t ized
and reproduced f rom magnet ic tape.
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F igu re  9 :
The  D i v i s i on ' s
new Lidar System

dependent  (among o ther  th ings)  on  the  emiss iv i ty  o f  the  so i l .  Th is  emiss iv i ty

in turn depends on water content. To detect this type of radiat ion, a semi-
por tab le  mic rowave- rad iometer  has  recent ly  been bu i l t .  Cur ren t ly  undergo ing

labora tory  tes t ing ,  i t  i s  des igned fo r  ins ta l la t ion  in  an  a i rc ra f t ,  enab l ing  the

ins t rument  to  look  downwards  a t  the  ear th .  In i t ia l  f l i gh t  t r ia ls  a re  schedu led

in  con junc t ion  w i th  the  D iv is ion  o f  Chemica l  Fhys ics .  That  D iv is ion  is

i n t e r e s t e d  i n  m o n i t o r i n g  t h e ' d a m p n e s s ' o f  f o r e s t s  a n d  t h e i r  p o t e n t i a l  f o r

forest f i res.

U.V.  Rad ia t ion

The D iv is ion  has  devetoped and ins ta l led  equ ipment  to  measure  con-

t inuous ly  the  incoming so la r  u l t ra -v io le t  rad ia t ion  a t  a  number  o f  s i tes  a t

d i f fe ren t  la t i tudes  (Por t  Moresby ,  Townsv i l le ,  Br isbane and Melbourne) .  The

equ ipment  has  now been opera t ing  fo r  s ix  months  and is  in tended to

mon i to r  U.V.  fo r  severa l  decades as  a  check  on  any  long- te rm var ia t ion

ar is ing  f rom c l imate  change.  The ne twork  w i l l ,  among o ther  th ings ,  comple-

ment  a  s imi la r  ne twork  be ing  ins ta l led  a t  var ious  base- l ine  s ta t ions  by  the

U . S . A .

So lar  Energy  Input  to  Aus t ra l ia

Based on  exper imenta l  measurements  o f  the  re f lec tance o f  the  var ious

c loud types ,  use  has  been made o f  observed c loud amounts  a t  45  s ta t ions

over  Aus t ra l ia  to  ca lcu la te  contour  maps o f  so la r  energy  ava i lab i l i t y  over  the
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Continent. Comparison with observation at 9 stations shows that the differ-
ence between calculated and observed monthly average inputs is never
greater  than 10 per  cent  and is  usual ly  wi th in 5 per  cent .  Bear ing in  mind
the typical measurement inaccuracy of 5 per cent, the agreement is very
good. Thus for most general requirements, it seems likely that extensive
solar monitoring networks wil l not be necessary.

The calculat ions inc lude informat ion on d i rect  and d i f fuse radiat ion
f luxes,  as wel l  as the tota l  so lar  input  to  inc l ined p lanes.  Computat ions
have been further extended to produce contour maps of the seasonal
average net  radiat ion input  ( i .e .  both solar  and inf rared radiat ion) .

U.V. Absorption by Sea Water

UV absorpt ion by sea water  is  a usefu l  index of  water  qual i ty  and is
a means of  detect ing organic or  inorganic mat ter  in  water .  A method has
been developed of using a Dobson spectrophotometer for this purpose.
Measurements on samples col lected in  Port  Phi l l ip  Bay showed up the vary-
ing degrees of  water  pol lu t ion due to d issolved organic mat ter  at  Bayside
beaches.  As can be seen f rom Figure 10,  the degree of  pol lu t ion increased
markedly in  the v ic in i ty  of  out fa l ls  f rom land dra inage systems.

An examinat ion of  Melbourne tap water  showed that  i t  had the same
degree of  absorpt ion as sea water .  This  has important  impl icat ions in  that
some of  the chemicals which have absorpt ion in  the wavelengths under
study are act ive ly  carc inogenic

Radiation Standards: Radiometer Calibration and Observatory

Standards

The new pyrheliometry laboratory has been completed and now pro-
v ides excel lent  fac i l i t ies for  the in tercompar ison of  a number of  radiometers
s imul taneously.  A d i rect  l ink wi th the Div is ion 's  computer  enables resul ts  to
be evaluated immediate ly .

ln  March 1975 a jo int  compar ison was made between standard
pyrhel iometers belonging to the New Zealand Nat ional  Meteorological
Serv ice and the (Austra l ian)  Bureau of  Meteorology on the one hand,  and
the Div is ion 's  regional  s tandard on the other .

The inst ruments compr is ing the Regional  Radiat ion Standard (W.M.O.

Region V) have been augmented by the acquisit ion of an Active Cavity
Radiometer of the type developed by Willson at the Jet Propulsion Labora-
tory,  Cal i forn ia,  U.S.A.  l t  is  ant ic ipated that  th is  type of  pyrhel iometer
which is  se l f  ca l ibrat ing wi l l  eventual ly  supersede the Anstr i jm as our
pr imary radiat ion standard.

Calibration

The interchange of calibrated net pyrradiometers with the Atmospheric
Envi ronment  Serv ice of  Canada has been mainta ined:  th is  prov ides a usefu l
cross check on the respective accuracies of the two calibration systems.
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Observatory

This spectra l  pyranometer  prev iously
lengths ( \ ,  400-700 nm) is  current ly  being
range (290-440 nm).

operat ing in  the v is ib le wave-
rebui l t  to  operate in  the U.V.

Analys is  of  radiat ion data measured on c lear  days at  Aspendale has
yie lded s imple analyt ica l  expressions for  the three basic  components of  so lar
radiat ion (g lobal ,  d i f fuse and d i rect  radiat ion)  as funct ions of  so lar  e levat ion.
Such expressions.  which could be expected to be of  universal  appl icat ion in
regions of  comparable turb id i ty ,  are f requent ly  requi red for  so lar  engineer ing
and meteorology.

Var ious types of  radiometer  have been made avai lable on shor t - term
loan to numerous outs ide bodies,  inc luding the Army Design Establ ishment ,
the Hort icu l tura l  Research Stat ion,  Tatura,  the Bal larat  School  of  Mines,
and Melbourne,  Latrobe and Monash Univers i t ies.
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VII I .  OVERSEAS VISITS AND COOPERATIVE VENTURES

Overseas Visits

In July  1974 Dr.  G.B.  Tucker  at tended a Study Group Meet ing of  the
Joint  Organizat ion Commit tee (J .O.C.)  of  G.A.R.P.  at  Wi jk  near  Stockholm.
The subject  was "The Physical  Basis of  Cl imate and Cl imate Model l ing" .  He
returned to Australia via Senegal, Dakar, where he was able to see at f irst
hand sc ient i f ic  aspects of  progress in  the G.A.R.P.  At lant ic  Tropical  Exper i -
ment. En route he also visited the South African Weather Bureau,

Later, in November 1974, Dr. Tucker took part in the J.O.C/G.A.R.P.
meet ing in  Budapest ,  Hungary,  fo l lowing th is  by a v is i t  to  the USSR as a
member of  the Austra l ian Earth Sciences Delegat ion.  Dur ing the course of
the meeting the delegation was able to inspect the Institute for the Physics
of the Atmosphere, Moscow, and the Computing Centre at Novosibirsk in
Siberia, one of the main research centres for atmospheric numerical
mode l l i ng  i n  t he  USSR.

Towards the end of 1974 Dr. G.l. Pearman undertook an intercompari-
son of  CO2 cal ibrat ion gases and to th is  end spent  two months v is i t ing
pr inc ipal  CO, Moni tor ing Stat ions compr is ing the g lobal  network.  The
obiective was to establish the magnitude of the carrier gas error and its
importance in the comparabil ity of CO2 data from the global baseline net-
work. Six compressed gas tanks, containing mixtures of CO2 in air or CO2
in nitrogen, were taken to each station where the CO2 concentration in
each tank was measured. The intercomparison confirmed the precision of
the system of calibration gases, but showed that at present our under-

standing of the carrier gas problem is such that atmospheric concentration
dlfferences between stations of up to about 2 ppmv can not be established
as being either real or erroneous. lt is appropriate that we record our
appreciat ion of  a l l  those who made th is  work possib le.  Inc luded are
members of the GMCC section, Air Resources Laboratory, NOAA at Barrow,
Alaska,  Boulder .  Colorado,  and Mauna Loa,  Hawai i ;  Dr .  C.D.  Keel ing 's  group

at  the Scr ipps Inst i tu t ion of  Oceanography,  La Jol la ,  Cal i forn ia;  Dr .  C.S.

Wong's group at the Ocean Chemistry Section, Environment Canada,
Victor ia ,  Br i t ish Columbia;  Mr.  D.C.  Lowe,  Nuclear  Sciences Inst i tu te,  DSIR,
New Zealand, and Mr. W. Bischof, Institute of Meteorology, University of
Stockholm.

Dr. Pearman also:- participated in the Preparatory Workshop stage 2
of  the SCOPE medium term programme Project  6 on Envi ronmenta,
Moni tor ing held in  London;  at tended a meet ing of  the WMO CIMO work ing
group on air pollution; attended the WMO workshop on the measurement of
NO, held at Chamrousse; and visited several establishments concerned with
measurements of  atmospher ic  composi t ion and c l imat ic  change;  and in March
1975 took part in the WMO meeting of exper:ts on CO2 held at the Scripps
Inst i tu t ion of  Oceanography,  La Jol la ,  Cal i forn ia.

Dr,  Plat t  v is i ted Europe and the U.S.A.  in  October 1973 to select  a
Lidar from among four tenders received by the Division.
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ln 1974 Dr. Paltridge attended the GARP Study Group Conference on
the Physical Basis of Climate and Climate Modell ing at Wijk, Sweden. En
route he visited meteorological establishments in Europe and the U.S.A. In
1975 he visited Germany to attend the first meeting of the GARP Working
Group on Extended Cloudiness and the Radiation Budget, held in Hamburg.

Mr. W. Shepherd spent three months in Europe and U.S.A. in 1974.
He attended international conferences at Tel Aviv, Moscow and Paris con-
cerned with evaporation and with the environment and visited several
institutions studying movements of natural aerosols in the atmosphere.

As a result of receiving the Carl Gustav Rossby Memorial Fellowship
for  1975,  Dr .  A.D.  McEwan is  spending s ix  months at  the Woods Hole
Oceanographic Institution, Massachussetts. His field is the laboratory simula-
tion of various dynamical phenomena in the oceans and atmosphere.

Mr.  l .E.  Galbal ly  spent  n ine months in  1973 at  the Nat ional  Centre
for Atmospheric Research, Boulder, Colorado, working on Atmospheric
Aerosol problems. He visited various other institutions in the U.S.A., Canada,
U.K., Sweden and Germany and attended the second IUTAM-IUGG
symposium on Turbulent  Di f fus ion in  Envi ronmental  Pol lu t ion at  Char lot tes-
v i l le ,  V i rg in ia in  Apr i l  1973.

'  ln  February 1974 and again in  1975,  Dr .  J .R.  Garrat t ,  Dr .  R.J.
Francey,  Mr.  P.  Hyson and Mr.  G.  Grauze,  made expedi t ions to the Ryuku
lslands in the East China Sea. They took part in the GARP Atmospheric
Transfer Experiment (AMTEX) and using the eddy correlation technique
measured the fluxes of heat, water vapour and momentum over the ocean.

At  the inv i tat ion of  the Government  of  Maur i t ius Mr.  P.D.  Berwick
recently spent two months in that country as a W.M.O. consultant. The
purpose of the visit was to plan the establishment of a micrometeorological
unit within the Department of Meteorology.

As part of our Stratospheric Water Vapour Programme Mr. P. Hyson
vis i ted the Univers i ty  of  Wyoming,  U.S.A.  in  July  1974.  fhe object ive was
a compar ison between the Div is ion 's  in f rared hygrometer  and an a luminium
oxide sensor employing bal loons as carr iers.  The resul ts  have been publ ished
in an in ternal  repor t  of  the Univers i ty  (see Sect ion '  lX 'Publ icat ions ' ) .

Cooperative Ventures

Studies of the composition of air trapped in ice cores from Antarctica
and of the stable isotope ratios in tree rings are being undertaken with
Dr.  W.F.  Budd and Mr.  V.  Morgan of  the Glacio logy Sect ion of  ANARE.

Shortly the Division expects to start measurements on freon ll and
carbon tetrachloride in the free atmosphere. A suitable gas chromatograph
and detector is being acquired on loan through the good offices of
Dr.  J .E.  Lovelock,  Department  of  Appl ied Physical  Sciences,  Univers i ty  of
Reading.
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Through the cooperation of Mr. B.N. Nollar, Chemistry Department,
University of Tasmania, some preliminary measurements of the concentra-
tions of several heavy metals {including lead and cadmium) in atmospheric
particulates collected at Hobart have been made. The acquisit ion of an
atomic absorption spectrophotometer wil l enable us to expand this
programme in the near future to measure heavy metals in samples from all
stations in the surface air sampling network.

Australian Baseline Station

In the introduction of the Division's last report, it was stated that
"we look forward to the establ ishment  in  Austra l ia  of  a 'base- l ine 's tat ion,
along the l ines of the World Meteorological Organization's recommendation,
capable of sustaining a long-term series of high quality observations".
Members of this Division have continued to work together with the Division
of Cloud Physics and the Australian Departments of Environment and
Science and Consumer Affairs in an effort to establish guide l ines for the
development of such a station. This has involved participation on an inter-
departmental committee which has considered the organizational alternatives
available. In addition a network of climatological stations has been estab-
lished in southern Tasmania to enable the determination of patterns of local

wind direction, wind speed and solar radiation in the area nominated to be
most suitable for the baseline station.

Flight Activity of Locusts

f n September 1973, moth migration to Tasmania from the mainland
was observed by radar during the course of a joint experiment with the
Division of Entomology. These moths may play a significant part in army-
worm infestations of grassland. In February and March 1974 radar observa-
tions of the fl ight activity of high concentrations of locusts were made at
Benal la  and Narrabr i .  These studies conf i rmed ear l ier  radar  observat ions that
massive insect migration can take place in the early hours of the night,
stressing the need for spatial description of winds in the lowest kilometre
or so.

Other

In 1973 Dr.  P.G.  Baines gave a course of  lectures on atmospher ic  and

oceanic dynamics in the Department of Mathematics, Monash University.

Mr.  Galbal ly  is  g iv ing a ser ies of  lectures on the composi t ion and

chemistry of the atmosphere to honours students at the Department of

Meteorology, University of Melbourne.

Sponsored by W.M.O.,  Mr.  Rodja l i  o f  Indonesia and Mr.  N.S.  Boulahya
of  Alger ia both spent  a year  wi th the Div is ion as v is i t ing Fel lows.  Mr.
A.M.A.H.  Omara of  Egypt ,  a lso on W.M.O. Fel lowship,  worked in the
Division for some 4 months. ln all three cases, the Fellows were studying
the application of agro-meteorological techniques.

Mr. H.J. Son of the Korean Meteorological Services spent 18 months
in the Division as a Fellow under the Colombo Plan: he studied the
occurrence of severe local storms in Australia.

3 1



IX.  PERSONNEL _ MOVEMENTS AND AFFILIATIONS

It is with great regret that we report the death of Dr. W.W. Mansfield
in December 1974, six months after he joined the Division.

ln  December 1974 Mr.  R.H.  Clarke,  Leader of  our  Dynamic and
Synoptic Group, resigned to take up a new appointment as Officer-in-Charge,
Australian Numerical Meteorology Research Centre, Melbourne.

New Appointments

In September 1973 Dr. P.G. Baines, who for the preceding two years

had been the holder  of  a Oueen's Fel lowship in  Mar ine Science,  jo ined the
Division to work on theoretical f luid dynamics.

Towards the end of 1973 Dr. R.J. Francey from the Simon Fraser
Univers i ty ,  Canada,  jo ined the Div is ion.  He wi l l  be concerned wi th a i r lsea

interaction problems.

A former Post-doctoral Fellow in the Research School of Chemistry,
Australian National University, Dr. B.L. Sawford was appointed to the
Division in October 1974 to work on theoretical studies of mesoscale
phenomena.

Dr. J.S. Frederiksen, a Post-doctoral Fellow at the Institute of
Theoret ica l  Physics,  Univers i ty  of  Groningen (Nether lands)  jo ined the
Div is ion in  December 1974 to develop numer ical  models in  the context  of
c l imate.

fn mid 1974 Dr.  P.J.  Fraser  f rom the Austra l ian Nat ional  Univers i ty
was appointed to work in the field of atmospheric chemistry.

Affi l iations

Dr.  G.B.  Tucker  is  a member of  the Joint  Organiz ing Commit tee,
GARP; Austra l ian Academy of  Science Nat ional  GARP Commit tee;
Australian National Committee on Geodesy and Geophysics, Sub-Committee
for  Meteorology and Atmospher ic  Physics;  Austra l ian Nat ional  Commit tee
for Antarctic Research - Sub-Committee on Meteorology; Australian
Nat ional  Advisory Commit tee for  UNESCO, Man and the Biosphere Pro-
gramme; Australian Institute for Defence Science; Pacific Science Committee;
CSIRO Advisory Commit tee on Comput ing;  and the Austra l ian Academy of
Science Ad Hoc Committee on Climate Change.

Dr.  A.J.  Dyer  is  a member of  the Austra l ian Academy of  Science Ad
Hoc Commit tee on Cl imate Change;  Austra l ian Academy of  Science Nat ional
Scient i f ic  Commit tee on Problems of  the Envi ronment ;  Nat ional  Commit tee
for Geodesy and Geophysics (including the Sub-Committee for Meteorology
and Atmospher ic  Physics) ;  Austra l ian Academy of  Science,  Nat ional
Commit tee for  Space Research;  IAMAP Commit tee on Atmospher ic  Chem-
ist ry  and Global  Pol lu t ion;  AMTEX Steer ing Commit tee;  and the ICSU
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Committee on Space Research. He is also, Vice-President for Australia,
Royal  Meteorological  Society and Chairman,  Austra l ian Branch,  Royal
Meteorological Society.

Dr.  R.N.  Kulkarn i  accepted an inv i tat ion to become the Chairman of
the Working Group on Atmospheric Ozone for Region V of the W.M.O.
He is  a member of  the Internat ional  Ozone Commission of  the l .A.M.A.P.

Mr.  R.J.  Taylor  has been appointed Chairman of  the W.M.O.
Commission of  Atmospher ic  Science Work ing Group on Atmospher ic
Boundary-Layer Problems for the 4-year period 1974-1977.

Dr.  G.W. Pal t r idge is  a member of  the Internat ional  Commission on
Atmospher ic  Electr ic i ty ,  Work ing Group No.  3,  and the Ad Hoc Work ing
Group for  JOC for  GARP -  Extended Cloudiness and Radiat ion.

Dr.  G. l .  Pearman is  a member of  the W.M.O. Work ing Group on Ai r
Pol lu t ion Measurement .

Dr.  A.B.  Pi t tock is  Technical  Secretary to the Cl imate Change
Commit tee of  the Austra l ian Academy of  Science.

X. MISCELLANEOUS

The year  saw the pract ica l  complet ion of  a new wing to the Div is ion.
Besides the addi t ion of  of f ices and laborator ies,  the Machine Shop was en-
larged and an up-to-date lecture theatre established.

Standards

The Div is ion cont inues i ts  work as an accredi ted laboratory of  the
Nat ional  Associat ion of  Test ing Author i t ies (NATA) in  the f ie lds of  low
speed anemometry,  and solar  and thermal  radiat ion.  This Associat ion ex is ts
to mainta in var ious standards and for  th is  purpose makes use of  se lected
laborator ies,  both government  and industr ia l .  The tota l  number of  inst ru-
ments received for calibration fluctuates from year to year, but typically is
several  hundred.

Increased at tent ion has been g iven to communicat ion wi th the general
publ ic  and to th is  end ta lks have been g iven over  the radio and to
communi ty  groups such as Rotary.  Scient i f ic  repor ts  have been supple-
mented by others of a more general nature directed to the intell igent
l ayman .
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