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I N T R O D U C T I O N

This is the last research report of the Division of Atmospheric

Physics. The Division has now been amalgamated with the Division of Cloud

Physics and the CSIRO component of the Austral ian Numerical Meteorology

Research Centre to form the new Division of Atmospheric Research.

Over the 35 years of i ts existence the role of the Division remained,

as i t  was at the outset, to conduct basic research into the physical

processes underlying and control l ing weather and cl imate. However

progressive changes have occurred in the research programs tackled,

ref lect ing perceived growing points in the advancement of meteorological

sc ience,  deve lop ing  sc ien t i f i c  and techn ica l  sk i11s ,  and newly  emerg ing

problems of relevance to the Austral ian community.

In general,  the growing points have moved up the scale of phenomena,

the earl ier achievements in understanding micro-scale processes being used

+ ^  c + r r A \ r  + h a  I  r v**- 'ger meso-, synoptic-, and planetary-scale phenomena.

Increased ski l ls of note include laboratory experimentation of geophysical

f luid dynamical phenomena, rapid developments in computers and numerical

techniques, and the now ubiquitous satel l i te platforms and sophist icated

remote sensing faci l i t ies. Perhaps the most notable emerging problem area

concerns the increased awareness of the precious nature of the atmospheric

environrnent. Accordj-ngly, enhanced research on aspects of chemical

consti tuents of Lhe atmosphere on the local and global scale have been added

to the classical physical and dynamical studies aimed at improving weather

forecasting and understanding the physical basis of cl imate.

A common feature of the (otd) Division of Atmospheric Physics and the

(new) Division of Atrnospheric Research wil l  be the range of techniques used

to break nehr ground. A broad attack is essential because the scales of

atmospheric phenomena of interest virtual ly prohibit  true experimentation.

Therefore the use of theory, Iaboratory models and numerical studies must be

strongly backed by f ield programs and diagnostic investigations of g1oba1

data to ensure that deductions using surrogates are relevant to the real

svsEem.

G.B.  TUCKER

Chie f  o f  D iv is ion .



I I  D Y N A M I C S  R E S E A R C H

The objectives of the dynamics research program are, in broad terms:

( i)  The increase of our understanding of the dynamics and physics of

the atmosphere and, to a lesser extent, of the oceans.

( i i )  The use of this increased understanding to develop procedures and

models to improve short and long-term weather forecasting and

predict ion of other social ly and economical ly signif icant

environmental variables, such as the concentrat ion of atmospheric

pol lutants and the large-scale atmospheric transport of chemical

cons t i tuents .

These objectives have been pursued on a broad front, employing f ield

observations, theoretical modell ing and laboratory experiments. Activi t ies

range from the largest atmospheric scales through mesoscales to the

small-scale dynamics of the atmospheric surface layer, and to the dynamics

of the near-shore regions of the ocean, especial ly when i t  seems l ikely that

the latter wi l l  increase understanding of atmospheric phenomena.

For present purposes, descript ions are divided' rather arbitrari ly,

into three areas - large-scale dynamics which embodies geostrophic f1ow,*

small-sca1e dynamics which involves sub-geostrophic f1ow, and geophysical

f luid dynamics involving primari ly laboratory-tank experiments.

* Geostrophic = balance between horizontal pressure gradient and effect

o f  ear th 's  ro ta t ion .

A  L A R G E - S C A L E  D Y N A M I C S

The Quasi-biennial Osci l lat ion

The quasi-biennial osci l lat ion is a remarkable quasi-periodic

phenomenon which manifests i tself  most clearly as an alternating sequence of

easterly and westerly winds in the tropical stratosphere. The osci l lat ion

is the dominant feature of the dynamics of this region.

over the past four years the phenomenon has been studied using

theoretical,  laboratory and numerical techniques. First the exist ing theory

was modif ied to correct some conceptual errors; this led to a successful

Iaboratory analogue of the osci l lat ion which has proved a major factor in

gaining widespread acceptance of the theory, and f inal ly the phenomenon has

been successful ly reproduced in a numerical model of the low-lat i tude,

stratospheric circulat ion. This was the f irst simulat ion of the



B

three-dimensj-onal structure of the osci l lat ion and diagnosis of the modelts

evolut ion has highl ighted some important and hitherto unrecognized features

of the underlying dynamical mechanisms.

Stratospheric Warmings

Under normal condit ions the winter stratospheric polar region is very

cold during the polar night. Occasional ly, however, the temperature in this

region may r ise, in a few days, by as much as 50oC (less in the Southern

Hemisphere). This "stratospheric warming" phenomenon is, on the basis of

observational evidence, crearly associated with large-scale planetary wave

motions which ampli fy strongly at such t imes. Previous theoretical work has

explained how such warmings are produced by the poleward heat transport in

ampli fying planetary waves, but without explaining the reasons fox the

ampli f icat ion. This question has been addressed in the Division along two

Iines. Techniques developed to evaluate the stabi l i ty of atmospheric f low

patterns have been appried to winter stratospheric condit ions, and the

dynamics of the interaction between planetary waves and the background f low

has been studied in a simple model of nonl inear planetary waves. Together,

these studies suggest that under certain circumstances the wj-nter

stratospheric flow may be unstable and that the stratospheric warming

phenomenon is a manifestation of the consequent breakdown of the flow.

Theory of the Role of Transient Eddies in the General Circul_ation

while i t  has long been recognized that synoptic-scale, transient eddies

(weather systems) play a signif icant role in the atmospheric general

circulat ion, our understanding of their impact is far from complete. Over

the past decade, developments in the theory of the interaction between

eddies and the zonal mean ( longitudinal ly-averaged) f low have led to major

advances in our understanding of the circulat ion of the stratosphere, where

the background f low is longitudinarry uniform. rn the troposphere, however,

departures from longitudinal symmetry are large and cl imatological ly

important and therefore these techniques have proved to be of limitecl

usefulness in this region. Now similar techniques have been developed in

the Division which do not require longitudinat symmetry of the background

flow; these techniques are being applied to cl imatological data with the aim

of clari fying the effect of the transient eddies on the cl imatology of the

tropospheric circulat ion.
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Atmospheric Blocking

The weather in the mid-lat i tudes of both the Northern and Southern

Hemispheres often includes eastward progression of storms, associated with

low-pressure systems and fronts, which are interspersed with periods of fair

weather, associated with high-pressure systems. The west-east (zonal)

component of the accompanying wincl is usually strong while the south-north

(meridional) component is usually weak.

occasional ly. the eastward progression of storms and anticyclones is

blocked by a combination of a high and a low-pressure system. The block has

its principal warm high-pressure system displaced polewards of the cold

low-pressure system thus creating a pressure dipole. There may also be a

series of dipole repl icas of alternating sign extending downstream of the

main dipole. A stable f low configuration is set up, which is characterj-sed

by enhanced neridional and reduced zonal f low in mid-lat i tudes.

These blocks occur only in certain geographical locations, for example

the northeast Atlantic and northeast Pacif ic oceans and the Tasman sea.

They occur more readi ly in certain seasons, part i-cularly winter. Blocking

pairs may have a profound effect upon the weather and cl imate in both

hemispheres. For example, during the southern winter of 19a2, persistene

and recurring blocking dipole pairs occurred in the fasman sea. This led to

abnormally cold temperatures and severely reduced rainfal l  in south-eastern

Austral ia.

Unti l  recently there was no universal ly accepted theory of the

formation, maintenance and decay of blocks. However, in the last two years

work in the Division has elucidated how the high-low dipole blocks occur and

why they are nearly stat ionary. The three-dimensional instabi l i ty theory is

able to provide a unif ied approach for explaining both of the principal

weather regimes - the single lovr- and high-pressure systems that propagate

rapidly eastwards and the stat ionary dipole blocks. The theory successful ly

predicts areas of cyclogenesis for given hemispheric f lows and explains the

average monthly storm tracks and associated eddy fluxes. It also captures

the preferred geographic locations of both developing and mature blocks. In

part icular, the type of disturbance responsible for tr iggering the

atmosphere into the blocked flow regime was first predicted by the theory.

Atmospheric Response to Sea Surface Temperature

A simple model has been used to study the mechanisms which control the

local and remote (teleconnection) responses of the atmosphere to the thermal

forcing result ing from sea surface temperature (SST) anomalies. Depending
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on the lat i tudinal rocation, two major l imits of atmospheric response may be

identi f ied. The f irst,  the "diabatic l imit",  occurs with the ssr anomaly

enbedded in weak low-lat i tude basic f low and results in a strong enhancement

of the init ial  anomaly response through a vigorous posit ive

dynamics-diabatic heating feedback. Strong teleconnections are evidenc

between low and high lat i tudes. The second domain, the "advectj-ve l imit ' , ,

occurs when the SST anomaly is placed at higher lat i tudes in the vicinity of

the westerly maximum. The local response is extremely small  due to the

creation of an indirect zonal circulat ion in the vicinity of the anomary.

The model results were used to interpret experimental results obtained

from general circulat j-on models and provided a rat j-onale for the existence

of teleconnections found between low and high lat i tudes when SST anomalies

were imposed in the equatorial oceans.

In a separate investigation, seasonali ty of responses was investigated.

The extratropical regions of the winter hemisphere appeared to possess

strong teleconnections with equatorial forcing but weak or non-existent

connections with loca1 heating anomalies. In an apparent contradict ion the

extratropical regions of the sunmer hemisphere were quite sensit ive to local

thermal forcing but apparently unaffected by the remote forcing from

equatorial regions. The sensit ivi ty of the middle lat i tudes to remote

(equatorial) forcing is shown to be a function of the relat ive location of

the ssr anomaly with respect to the zeros of the basic frow and the

magnitude of the mid-Iat i tude westerl ies.

B  S M A L L - S C A L E  D Y N A M l C S

Turbulent Dispersion Studies

The dispersion of pol lutants in the atmosphere (and in r ivers, lakes

and oceans) is achieved by turbulent frow. This process is much more

effect ive than molecular dif fusion but is also more complicated, because the

turbulent eddies involved are general ly compara-ble in size with the plume or

cloud of pol lutant being dispersed.

Fluid f low and contaminant transport can be described in two ways. The

Eulerian descript ion is in terms of the velocity and contaminant

concentrat ion at f ixed points within the f luid. The alternative Lagrangian

descript ion considers the velocity of small  elements of f luid ("marked

part icles") as they move about. so rong as the effect of molecurar

dif fusion is negrigible, as in geophysicar f lows, these marked part icles

retain their ini t iar concentrat ion. The Lagrangian descript ion is more
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appropriate when considering contaminant material -  any approximations

involve only the velocity stat ist ics of the marked part icles and are thus

independent of the contaminant distr ibution. In contrast, approximations

made i.n the Eulerian framework necessari ly involve both the velocity of Lhe

fluid and the concentrat ion of contaminant.

A picture of the average concentrat ion of contaminant can be bui l t  up

by fol lowing the distr ibution of a suitably large number of marked part icles

and the variabi l i ty of the concentrat ion may be calculated from the

distr ibution of a large number of pairs of part icles. Models for both

concentrat ion and variabi l i ty embody features such as the intensity'  size

and l i fet ime of turbulent eddies. Studies are concerned with increasingly

complex situations - stat ionary, homogeneous turbulence with a uniform or a

spatial ly-varying mean wind, neutral turbulence where the boundary, for

example, the earthts surface, results in a vert j-cal shear in the mean wind,

non-neutral boundary-layer turbulence, and a convectively mixed layer where

buoyant motions dominate the turbulence but are strongly modified by the

Iower and upper boundaries, as between the earth's surface and a temperature

invers ion .

Two dist inct gas tracers were released from separate points during

field experiments and sampled continuously at a third point. These

experiments enabled various concentrat ion stat ist ics to be determined. They

provided, in part icular, boundary-layer data on variat ions of concentrat ion

of potlut ion from an isolated source and on the way in which nult iple

sources interact and tend to smooth out variat ions. Analogous experiments

were conducted in a simulated boundary layer in the wind tunnel of the

Division of Environmental Mechanics.

Slope Winds

Night-t ime cool ing of near-surface air layers may generate katabatic

(down-slope) winds. This can occur on quite gentle slopes and result in a

body of cooled air col lect ing at the lowest point. The result is a stable

strat i f icat ion in the lower atmosphere which tends to trap any airborne

pollutants.

Earl ier work in the Latrobe Valley, an electr j-ci ty-generating area to

the south-east of Melbourne, involved tethered-bal loon sondes winched up and

down repeatedly between the surface and 200 m height. I t  confirmed that the

most important force retarding down-slope flow is the mutual entrainment

drag at the interface between the top of the flow and the overlying ambient

wind when outgoing long-wave radiat ion from the earthrs surface causes i ts
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temperature to drop. The other retarding force - fr ict ion at the surface -

is effect ively decoupled from the frow by strong near-surface stabir i ty.

condit ions for onset of down-slope f lows as functions of cool ing rate,

ambient wind strength and stabi l i ty of the air have been studied.

Current work centres on up-slope winds result ing from solar heating of

the slopes. Laboratory experiments and theoretical modell ing indicate an

important role for these f lows in the venti lat ion of val leys in l ight wind

cond i t ions .

The Blocking Effect of a Ridge on the Wind

Data col lected previously during studies of down-slope cold-air

drainage (katabatic) winds have been analyzed to show the blocking effect of

a r idge on a stably-strat i f ied f low (in which the air is colder and denser

near the ground than aloft).  such blocking occurs when the wind has

insu f f i c ien t  energy  ( i .e .  the  speed is  too  low)  to  l i f t  the  denser  a i r  over

the r idge. This simple physical picture enabres the formulation of a

cri terion for the depth to which the f low is blocked in terms of the wind

speed, the height of the r j-dge and the density gradient of the air.  The

observations and the blocking cri terion are consistent with earl ier

numerical and laboratory modell inq.

Valley Circulat ions in a Crosswind

Previous numerical and laboratory experiments showed that stagnant air

trapped in a varley can be swept out by a cross-wind i f  a Froude number
(based on the air stabi l i ty and depth of the val ley) exceeds a cri t ical

value. Field experiments have confirmed this work but suggest a higher

va lue  (1 .6  c f .  L .3 )  fo r  the  c r i t i ca l  F roude number .

A simple model of the diurnal planetary boundary layer has been

developed. Drawing on contr ibutions to the oceanographic 1iterature, the

model is the f irst of i ts kind to incorporate the effects of wind-shear

generated entrainment and is free of adjustable parameters. Detai led

comparison with pubrished f ield data shows that the model has good

predict ion capabil i ty for mixed-layer depth, temperature and wind velocity -

the major parameters required for lower-atmosphere pol lut ion dispersion

s tud ies .

The nodel emphasises the role of mean-f low instabi l i t ies ( i .e.

instabi l i t ies on length scares of the depth of the mixed layer or rarger, as

dist inct from length scales associated with bi l low turbulence) in the growth

of the mixed layer. These instabi l i t ies occur when the kinetj-c energy of
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mean motion of the layer exceeds a measure of the stabi l i ty of the layer

relat ive to ambient condit ions.

This "Froude dynamics" approach indicates that strong growth of the

duirnal mixed layer occurs when wind shear between mixed layer and ambient

air is large and not so much when surface heating is large.

Latrobe Valley Sea Breezes

Analysis of surface wind data for the Latrobe Val1ey has revealed the

existence of sea breezes which regularly penetrate to Morwell ,  85 km up the

Val1ey from the east coast (Figure 1). In mid-summer the sea-breeze

frequently advances to Yarragon, 110 km inland. A less regular sea breeze

from the south coast is sometimes detected at Hazelwood, arr iving from the

southwest via the Boolarra gap.

This sea-breeze cl imatology has been combined with aspects of studies

elsewhere examining the role of the sea breeze in the dispersion of

pol lutants. with the current distr ibution of emitters in the Valley, i t

appears the arr ival of the sea breeze may irnprove the air qual i ty in al l

regions, although on occasions i t  may transport emissions to the upper part

of the Valley beyond Yallourn. A f ield study has been proposed to further

examine these ideas.

lnternal Gravity Waves - Turbulence

Internal gravity waves are important for many smaller-scale processes

in the ocean and atmosphere, but their study has lacked an adequate

dynamical framework taking into account both the stat ist ical and non-l inear

nature of the problem. An avai lable stat ist ical theory is only val j-d for

inf ini tely weak nonlinearit ies, and therefore does not apply to oceanic or

atmospheric internal waves.

A new stat ist ical dynamical theory' val id for both strong and weak

nonlinearit ies, has recently been developed at the Division by applying the

novel approach of reformulating the problem as an equivalent quantum field

theory.
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F ig .1 .  La t robe Va l ley

of sea-breezes

region of south-east Austral ia. Direct ion

is  ind ica ted  (see tex t ) .

Atmospheric Boundary Layer

Turbulent transfers. A comprehensive investigation of f lux-profi le

relat ionships in the lower atmosphere for the unstably strat i f ied (daytime)

case, based on the Divisionrs earl ier data from Kerang and Hay sites, has

been completed. This gives a t ight determination of the thermal stabi l i ty

relat ionships. I t  determines the effect ive von Karman constant in the

flux-profi le relat ionship for heat or water vapour transfer as 0.416, within

a remarkably small  experimental standard error of 0.6 per cent. (This

effect ive value in f lux relat ionships is completely independent of a current

controversy about the value of von Karman's constant in the wind profi le.)

I t  also identi f ies a departure from the conventional similari ty scal ing in

winds l ighter than about 4 m/s, evidently due to the intermittent onset of

free convection.
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These results, apart from providing a basis of comparison for

theoretical models of turbulent transfer '  can be used in practical

appl icat ions either direct ly or in the bui lding up of improved bulk transfer

relat ionships part icularly for use over the sea.

Evaporation. A new type of combination method developed in the Division

for determining evaporation and surface (stomatal) resistance is based on

the measurement of bulk quanti t ies (wind speed plus air temperature and

hunidity at some suitable height) together with the Bowen rat io (from

measured dif ferences of temperature and humidity between two heights) - the

bulk-Bowen or (BB) method. on the other hand, the well  known

Penman-Monteith (pu) method is based on measurement, or cl imatological

specif iciat ion, of the bulk quanti t ies together with heat-energy input from

rad ia t ion .

Either combination method can be used in two modes. One is to

determine the surface characterist ics - resistance and bulk transfer

coeff icient - for a part icular vegetated surface, from suitable measurements

which must include independent measurement of the evaporation; here the BB

method should be used. The other mode is to evaluate the evaporation without

the dif f icult ies of measuring i t  direct ly, by making only the measurements

for a combination relat ionship when the two surface characterist ics are

already approximately known; for this the PM method should be used.

A tr ial  appl icat ion of the procedure to the Divisionrs data from a

grassland site at Kerang, using the BB method to determine overal l  surface

characterist ics and then the PM method to evaluate the evaporation for each

3O-minute run, has lent strong support to the val idity of the approach. The

experimental scatter in the evaporation for the individual runs from the

combination method, relat ive to that independently measured, is represented

by a standard deviat ion of only 5 percent.

Modell ing the boundary layer. A simple, but real ist ic '  3-1ayer model of the

daytime unstable atmospheric boundary layer has been used to predict wind

components and velocity defects (real wind minus geostrophic wind) in terms

of entrainment, thermal wind and accelerat ions. The predicted quanti t ies

were compared with observations from 3 field experiments (AMTEX, WANGAM'

KoORIN - see previous reports) and general ly showed good agreement.

Basical ly the wind components were not signif icantly affectei l  by the above

effects, implying an internal equi l ibr ium with the turbulence f ield. In

contrast the velocity defects showed a strong dependence on these factors,

and irnply that the main response of the boundary-layer flow to entrainment
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and advection is a rotat ion of the layer f low towards the external ly- imposed

pressure-gradient f low. Use of a second-order turbulence-closure model of

the nighttime boundary layer allowed two major studies to be performed -

f irst,  investigation of the radiat ive cool ing effects within and above the

nocturnal boundary layer by coupling the turbulence model to a long-wave

radiat ion model, and, second, sinulat ion of observed propert ies and

interpretat ion of low-Iat i tude behaviour (analysis of KOORIN observations).

The first study showed that thermodynamically the nighttime layer

develops a three-layer structure. In the lowest tenth and uppermost f i f th

of the layer radiat ional cool ing dominates the total cool ing, while in the

central region, occupying most of the layer, turbulent cool ing dominates.

At the top, radiat ional cool ing is a signif icant fract ion of the surface

cooling rate. Radiat ion effects are greatest above the layer, where larqe

gradient Richardson numbers are generated. Consequently turbulence in this

region decays rapidly after sunset, aiding the development of the nocturnal

jet.  In the absence of such effects a much slower decay occurs.

In the second study, involving observations of the nocturnal boundary

layer and model simulat ion, mid-lat i tude observations (mainly in terms of

evolut ion of the depth and i ts dependence on surface turbulent f luxes) were

general ly consistent with model calculat ions for horizontal ly-homogeneous

terrain. Low-lat i tude observations of non-dimensional depth were

signif icantly srnal ler than those at mid-lat i tude, apparently the resuLt of

katabatic f lows at the site and not the dif ference in lat i tude. This is

consistent with model calculat ions for non-zero slope terrain.

Cold Fronts Research Programme (CFRP)

The CFRP, a long-term study of cold fronts and associated phenomena in

south-east Austral ia, has now completed two of i ts three planned observation

phases and, in al l ,  nine rfrontalt  events were identi f ied, with most being

observed simultaneously by research aircraft,  radar, upper-air soundings and

a surface network of instruments. Several of the events are of part icular

interest because of their detai led mesoscale structure related to the

presence of thunderstorm bands. To date analysis of these observations has

considerably extended our knowledge of the frontal ' t ransit ionr zone GIz),

with i ts rchangelinesr, rainbands and associated cloud bands. Figure 2

shows mesoscale cloud bands B, C and D making up a frontal transit ion zone.

Band D later grew into a vigorous squa1l l ine producing a major

pressure-jump l ine and a mesohigh pressure feature at the surface.
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Important features of the frontal zone include -

(a) The nult iple-I ine nature of the transit ion zone.

(b) The main component of the FTZ comprises one or two active squall

l ines, with associated pressure-jump l ine, the latter being the

result of a cold-air outf low from the squall  l ine in i ts direct ion

of movement.

(c) The frontal region is characterised by an evolving mesoscale

surface pressure f ield which has a considerable dynamical

inf luence on low-Ievel winds. Observations from several fronts

have been simulated using a simple 'slab' boundary-Iayer rnodel and

an appropriate t ime sequence of mesoscale horizontal pressure

gradients corresponding to the passage of a mesohigh. Figure 3

shows the surface pressure f ield corresponding to the ETZ

il lustrated in Figure 2. Contours are isobars in tenths of mb

above 990 mb. Pressure features are identi f ied by HL-H2, L1-L4.

Change ttr" or,,  corresponds with leading edge of cl-oud band C

(appropriately displaced to the east) and l ine D, with rear edge

of cloud band D. Mesohigh H2, coinciding with the rainband, is

produced by evaporation of rain at low levels and the subsequent

cold outf low gives the pressure-jump l ine Dn. Most features were

moving from west to east at about L5 m/s.

(d) Dynamical ly the region of the FTZ comprises a pre-frontal and a

weak post-frontal jet,  both being determined by the thermal-wind

field. Within the FTZ the wind f ield and circulat ion pattern are

dominated by the main squall  l ine, with maximum upwards vert ical

velocity of O.2 m,/s ahead of the sguall line and maximum downwards

of 0.1 m/s behind, on a horizontal scale of l-00 to 2OO km.

Maximum cyclonic vorticity at a height of about 1 km is found in

the region of the squall  l ine.

(e) Frontogenetical ly the FTZ is act ive in the Mt. caribier region,

with contr ibutions to frontogenesis ( i .e. increase in

temperature contrast across the front) from both low-level

divergence and deformation.

Future work in the f ield includes the f inal phase of the CFRP to studv

evolut ion of the transit ion zone between Mt. Gambier and Melbourne.
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F i g . 2 . Satel l i te photo at 0000 cMT (1100 Eastern Summer Time) on 23

November 1981 showing rnesoscale cloud bands (A,BrC) making up a

f ron ta l  t rans i t ion  zone over  Mt .  Ga lb ie r ,  S .A.  (see  tex t ) .
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International Turbulence Comparison Experiment (ITCE)

The previous report of the Division described some f indings of an

extensive f ield experiment carr ied out in l-976 at Conargo, New South Wales -

the International Turbulence Comparison Experiment. The experiment compared

the performance of t-urbulence sensors a few metres above the surface, and

investigated f lux-profi le relat ions, part icularly calculat ion of the von

Karman constant of the wind profile in the atmospheric surface layer - a

vital component of turbulence research.

Recent work on the data gave a value for the constant close to 0.4,

establ ished this value as suitable for the atrnosphere and gave a basis for

judging the rel iabi l i ty of earl ier world-wide experiments. Results

emphasised the important effects of stat ist ical error, f low distort ion and

sensor separation upon turbufent f lux measurements.

C  G E O P H Y S I C A L  F L U I D  D Y N A M I C S

Non-Linear Effects in Strat i f ied FIow over Topography

Effects of topography on atmospheric motions are not ful ly understood

and this places signif icant l imitat ions onr for example, large-scale

atmospheric models. However, j .n recent years advances have been made. The

procedure has been to study certain simple systems as a guide to the

behaviour of more varied systems, and the atmosphere in particular. Work

has concentrated on non-rotat ing two-dimensional f lows.

A laboratory study of two-layer l iquid f low over obstacles has been

carried out to investigate and describe the non-l inear f low propert ies

upstream and downstream. A successful theoretical descript ion of the

observed phenomena has been obtained, and indicates how the procedure may be

general ized to more real ist ic atmospheric f lows. Several non-l inear

features of the f low which have atmospheric analogues, such as internal

undular bores and (probably) hydraul ic drops have been described in detai l

for the f irst t ine.

fnternal Tide Generation

A modest part of the Divisionrs programme has been

oceanography on those topics where the necessary data

been avai lable and where i t  is I ikeIv that the result

atnospheric phenomena.

devoted to physical

and expert ise have

wil l  shed l ight on
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Internal t idal motions in the ocean are important because they may

consti tute a dominant port ion of the water motion near the edges of

continental shelves where they are generated, and hence are signif icant for

o i l  d r i l l i ng  and p ipe t ines ,  po l lu t ion  d ispersa l  and b io log ica l  p rocesses .

The generation process occurs because the density-strat i f ied water is

advected over bottom topography by the surface t ide. Theoretical- models for

internal t ide generation have been extended to the point where they may be

readily appl ied to continental shelf, /slope geometries with real ist ic oceanic

density strat i f icat ions, provided that the topography is reasonably

two-dimensional. The models have been applied to al l  of the world's

continental shelves, and the regions with the largest internal t ide

generation have been identi f ied; the Austral ian north-west shelf is one such

reg ion  (F igure  4) .

Three-dimensional topographic features complicate the internal t ide

generation. The most common such features on continental shelves or slopes

are submarine canyons, and inside these the t idal motions (as well  as some

other motions) are anomalously large. A laboratory experiment has been

carried out to investigate this, and i t  is now known that the reason for
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this phenomenon is, in part.  that internal waves inside submarine canyons

behave l ike sound waves inside organ pipes, in that the waves ref lect from

the open end. A generation theory appropriate for submarine canyons has

been developed.

Bass  St ra i t  Dens i ty  S t ra t i f i ca t ion

The nature of the density f ield in Bass Strait ,  between the Austral ian

mainland and Tasmania, is of vi tal importance for physical processes in the

region such as mixing processes, turbulent dif fusion and current structure,

and processes dependent on internal wave propagation. A study of the

monthly variat i .on of this density f ield has revealed that Bass Strait  \ ,rater

is strongly strat i f ied in summer but is well  mixed in winter, and that this

variabi l i ty is control led by the competing processes of surface heating and

tidal botton sLirr ing, with wind st irr ing a secondary factor except in

w in te r .
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A T M O S P H E R I C  R A D I A T I O N  R E S E A R C H

This program is concerned with the f lows of solar and terrestr ial

(heat) radiat ion through the atmosphere and at the earth's surface. These

flows produce the regions of heating or cool ing which drive the global

atmospheric circulat ion, with winds blowing from areas of cool ing to areas

of heating, both at surfaces and in the atmosphere. Investigations can be

divided conveniently into strategic long-term studies of the interaction of

radiat ion with the atmosphere, and applied studies concerned with the

involvement of radiat ion in problems of the environment.

The strategic studies aim to increase understandinq of how the

atmospheric system is forced by the absorption of radiat ion. Such knowledge

is vital to progress in the understanding and predict ion of cl imate, on the

long t imescale, and to forecasting of the weather, on the shorter

t imescales. Unti l  recently there has been l i t t le understanding of the

interaction of solar and terrestr ial radiat ion and clouds. This is part ly

because clouds are so diverse but more importantly because, f i rst,  they

scatter as well  as absorb radiat ion and, second, they consist of water

droplets in the lower atmosphere and ice crystals in the upper atmosphere.

The scattering propert ies of water droplets can be predicted but the many

different Lypes of ice crystals complicate the scattering propert ies of

clouds considerably.

The interaction of clouds and radiat ion has been recognised by the

World Climate Research Program of the World Meteorological Organization

(WMO) as a major component of cl imate. Meteorology is by i ts nature a

globaI study, and the Division is committed to part icipation in

international radiat ion programmes. This focus wi1l,  in the long term, be

of immense benefi t  to regional areas, such as Austral ia, whose cl imate is

affected by distant events in, for example, the Pacif ic area.

The Division has bui l t  up a formidable range of techniques, both

experj-mental and theoretical,  for study of radj-at ion. A recent acquisit ion

is a satel l i te reception centre which wiI l  enable direct reception and

sophist icated processing of cloud data embracj-ng a vast region around

Austral ia. I t  is known as ICSTDAil -  an acronym from CSIRO System for

Interactive Data Analysis. For many years the Division of Cloud Physics has

cooperated with the loan of an instrumented aircraft for cloud-related

studies. With the amalgamation of the Division of Cloud Physics and the

Division of Atmospheric Physics, the faci l i t ies wil l  becorne fulIy

integrated.
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Applied studies in the group have involved nainly remote-sensing

techniques, for example for identi fying cloud amount and type from satel l i te

data and determining sea surface temperature around the Austral ian coast. A

major new init iat ive has been the development of a pulsed infrared laser

radar (t idar) for several appl icat ions, such as the detection of cloud

height and formation of fog at airports and the measurement of prof i les of

pol lutant gases in the atmospheric boundary layer. The l idar wi l l  also be

used i-n cloud-radiat ion studies.

The Di-vision maintains several standard solar radiat ion measurinq

instruments. These are avai labLe to industry for cal ibrat ion purposes.

R A D I A T I O N  I N T E R A C T I O N  W I T H  C L O U D S

Transfer Through Three-dimensional Clouds

The general practice in considering radiat ion transfer through clouos

was unti l  recently to treat clouds for theoretical purposes as horizontal

layers of large extent and homogeneous in qual i ty. This enabled a

simpli f ied two-dimensional treatment. Real clouds, however, never attain

these quali t ies, although i t  is found that extended stratus or altostratus

clouds can often be treated as inf ini te layers. Cumulus clouds are a good

example of three-dimensional "f ini te" clouds which must be treated in a

three-dimensional manner.

A fundamental theoretical method for treating three-dimensional

transfer in a scattering medium has been developed at the Division. This

method transforms the three-dimensional equations into a two-dimensional

format involving varying scatter. The development of this method al lows the

predict ion of radiat ion transfer through cumulus clouds and other

three-dimensional media.

Radiat ion and Mj-crophysics in rce Clouds

One aim of cloud-radiat ion research is to develop a simple but

suff iciently accurate model for the transfer of radiat ion through clouds.

For instance, i t  is convenient to specify ref lect ion of solar radiat ion from

clouds or the emission of infrared radiat ion in terms of quanti t ies such as

temperature or l iquid water content and bypass the detai ls of cloud part icle

size. This was achieved previously for water clouds, and the emphasis has

now shifted to ice clouds. Two approaches have been considered. First,  the

relat ions of ref lect ion and emission to basic cloud part icle shapes and

sizes have been studied. The information has been applied to producing a
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parameterization. Second, the emission and ref lect ion propert ies have been

studied remotely using l idar and radiometer methods frorn the ground. I t  has

been found, for instance, that emission and ref lect ion often vary with cloud

temperature, and this information is of immediate empir ical use in

atmospheric models. Furthermore, backscatter propert ies of the clouds vary

systematical ly with temperature and this variat ion is apparently related to

crystal type. The l idar data have led indirect ly to the possibi l i ty of

parameterizing the optical propert ies of ice clouds in terms of temperature

and l iquid water content.

A further study of ice clouds in the tropics at Darwin in 1981 using

the Aspendale l idar and radiometer revealed many interesting propert ies of

clouds associated with thunderstorms, as well  as clouds associated with

synoptic si tuations. The backscatter propert ies are being compared with the

propert ies of mid.-Iat i tude cirrus clouds.

The Inf luence of Radiat ion on fce Cloud Part icle Growth

Cloud part icles (water droplets or ice crystals) grow when the air is

saturated and water vapour condenses out onto the part icles. These

part icles are heated or cooled by radiat ion, causing a dif ference in

temperature between the part icle and i t  environment. A study of this effect

in high ice clouds, where part icles are general ly fal l ing under gravity '

indicate that the radiat ion component can have a signif icant effect on cloud

part icle growth.

Cloud-Radiat ion rnteraction and Cl- imate

The basic knowledge of radiat ion transfer through clouds gained over

the past few years has been apptied to simple energy-balance models of the

cl imate. The optical propert ies of a number of cloud types were introduced

in a systematic manner. The models were found to be highly sensit ive to

cloud height for al l  cloud types, and also to the l iquid water path through

the cloud. They showed that high, thin clouds have a warming effect '

whereas lovr clouds have a cool ing effect. They demonstrated once agaj-n the

importance of the accurate specif icat ion of cloud optical propert ies in

cloud models.
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B  S A T E L L I T E  S T U D I E S

Detection of Cloud Type and Amount from Satel l i tes

Meteorological satel l i tes now provide a comprehensive view from space

of the earth and i ts atmosphere. rt  is usuarly quite obvious, through solar

ref lect ion or infrared emission, which areas are covered by cloud. rt  is

not so obvious how broken cloud or cloud type, density and height can be

determined. Recent research in the Division has involved both basic

theoretical work on convert ing radiances at the satel l i te into cloud

information and work, using exist ing methods with the necessary development,

to map clouds on a seasonal and gtobal basis.

An example of the latter is the analysis of two and a harf years of

data from the selective-chopper radiometer on the NIMBUS 5 satel l i te to

produce a grobal cr imatology of high-level ice clouds. The technique was

based on the dif ferential absorption of ref lected solar radiat ion at two

separate wavelengths in the carbon-dioxide and water-vapour absorption bands

near 2.7 Um. The analysis showed the high level clouds associated with the

monsoons and the tropicar convergence zone as well  as'the absence of high

crouds over arid areas and eastern port ions of the major oceans. rt  also

showed year-to-year variat ions of the extent of high clouds.

The International Satel l i te Cloud Clinatology Programne, in which the

Division is invorved, has been set up by wMo to map the globar cloud amount

and type on a systematic basis for several years. A recent study has

concentrated on inferr ing cloud propert ies from radiometers on board

geostationary satel l i tes. For instance, satel l i te data for the Austral ian

region can be obtained every three hours from the Japanese Geostationary

saterl i te. using basic radiat ion propert ies of clouds which have been

discovered over the past decade, a method has been developed to dist inguish

cloud type, height and amount.

with the acquisit ion of the csrDA satel l i te reception faci l i ty (see

above) '  the methodology for obtaining cloud information wil l  be greatly

strengthened.

Satel l i te Measurement of Sea Surface Temperature

Techniques involving the use of more than one satel l i te radiometer

channel to obtain an accurate measurement of sea surface temperature (SST)

are under investigation. Theoretical rnodels are used to predict the

attenuation of infrared radiat ion as i t  traverses the atmosphere to the

satel l i te. The rnajor absorber is water vapour with smaller contr ibutions
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from minor atmospheric consti tuents including methane, carbon dioxide and

aerosols. Algorithms have thus been derived for evaluation of the window

channels on the NOAA series of orbit ing satel l i tes.

Ground-truth data have been col lected to test these algori thms.

High-resolut ion satel l i te data have been supplied by the New Zealand

Meteorological Service and these have been supplemented by radiosonde and

ground-based radiometer measurements as well  as boat measurements of SST.

The algorithms were found to perform well in our temperate latitudes and

future work wil l  test their appl icabi l i ty in more tropical areas. In the

future, efforts wil l  also be directed at gaining more accurate measurements

in part ly cloudy condit ions. This project wi l l  be one of the main programs

of  the  new CSIDA fac i l i t y .

C  E N V I R O N M E N T A L S T U D I E S

Ultraviolet Radiation Monitoring Network

The Austral ian network of instruments measuring sunburning ultra-violet

(W) radiat ion has been closed down. However long-term variat ions in

shortwave UV flux continue to be monitored at Aspendale and Brisbane by

instruments similar to those operated by Temple University, Pennsylvania.

The Austral ian measurements have been cal ibrated and archived and wil l  be

used in a detai led comparison with rneasurements of visible solar radiat ion.

Atrnospheric Turbidity at the Baseline Station

One of the long-term studies at Aspendale has been the annual variat ion

of the atmospheric turbidity, a quanti ty which measures the effect of dust

in the atmosphere on solar radiat ion. Increasing human activi ty can lead to

a bui ld-up in the dust, or haze, content of the atmospherer leading to a

decrease in solar radiat ion at the surface and to subtle cl irnatic effects.

Turbidity measurements have now been transferred to the Baseline

Station at Cape Grim, north-west Tasmania (described in a later section).

Turbidity is monitored at two wavelengths. It is extremely 1ow but when the

wind blows from the north, the 'plumer from Austral ia, and part icularly

l4elbourne, can be seen very clear1y. An unexplained annual variat ion in the

'clean' air has also been detected, with a marked minimum in winter.

Environmental Applications of the rnfrared Lidar

The l idar or laser radar (described earl ier) can be tuned over many

wavelengths between 9 pm and 11 un. Absorption bands of several gases which
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exist in the atmosphere, e.g. water vapour, ozone and methane, are hri thin

this range. Concentrat ions of these atmospheric consti tuents, and others,

can thus be monitored.

The l idar also has applications at airports, where i t  could monitor

cloud base and the formation of fog and i t  has important potential for

forecastj-ng applications. Thus the wind speeds determj_ned by satel l i te

measurement of cloud movement can be converted to wind heights by

corresponding l idar cloud height measurements. This is part icularly

important for high clouds whose alt i tudes cannot easi ly be determined.

D  R A D I A T I O N  S T A N D A R D S

Recording of the main solar radiat ion parameters at Aspendale ceased in

1980. Recording of radiat ion parameters is now concentrated at the Baseline

Station at Cape Grim. The Station is a more appropriate site than Aspendale

where effects may be compounded by urban pol lut ion. The main cause of

long-term variat ion of ground-level solar radiat ion appears to be volcanic

activi ty as dust layers can last for several years in the stratosphere and

spread over large areas of the globe.

The Division continues as the Regional Radiat ion Centre for the

South-West Pacif ic (designated as Region V by the WMO) and is also the

National Radiat ion Centre for Austral ia. I t  holds the Regional and National

Standard pyrhel iometric instruments for the measurement of direct solar

radiat ion. The Division took part in the f i f th Int,ernational

Pyreheliometric Comparison in Davos, Switzerland, in 1980. The Regj_onal

Standard is an active cavity radiometer. This type of radiometer can now

measure solar radiat ion to an accuracy of 0.3e. A regional comparison of

instruments was held at Aspendale in 1982, involving the Austral ian Bureau

of Meteorology, the New Zealand Meteorological Service, Middleton

Instruments, (Melbourne) and the Division of Atmospheric physics.
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I V C L I M A T E  R E S E A R C H

Patterns of Cl imatic Variat ion in the Southern Hemisphere

Analyses have been made of regional and hemispheric-scale patterns of

variat ion in precipitat ion and temperature, with part icular emphasis on

Argentina, Chite, and Austral ia. Major inf luences have been identi f ied as

the Southern Osci l lat ion (a movement of pressure between the eastern

tropical Pacif ic and the fndonesian region) and the eccentr ici ty of the f low

around the South Pole which is sometimes more and sometimes less biased

toward the Australasian as opposed to the south Atlantic sectors. The

possibi l i ty of high-lat i tude inf luence on the Southern Osci l lat ion'

including lagged relat ionships, is being explored.

Climatic Change in Austral ia

Past changes in the Austral ian cl imate, both within the period of

instrumental record and on paleocimatic t imescales, have been analysec.

Cooperative work with the Laboratory of Tree-Ring Research, University of

Arizona, ted to a prel iminary temperature reconstruction for Tasmania from

!776 onvtards. while the precipitat ion pattern at the t ime of the maximum

Holocene warming (approximately 8000 years before present) has been

examined. Changes in the seasonal precipitat ion patterns over Austral ia

this century have been described and possible mechanisms have been

identi f ied. The most signif icant changes were an increase in spring, sunmer

and autumn rainfal l  part icularly in central N.S.W. (Figure 5) and a decrease

in winter rainfal l  in the south-west of West Austral ia and on the western

slopes of the Dividing Range in eastern Austral ia.

These studies have been applied to the question of possible regional

cl imatic changes to be expected due to a global warming caused by the

increasing concentrat ion of carbon dioxide and other infra-red absorbing

gases in the atmosphere. The principal conclusion is that the summer

rainfal l  regime wil l  probably extend further south and last longer, bringing

increased sprj-ng, sunmer and autumn rainfal l  to large areas of Austral ia.

Winter rainfal l  may decrease, especial ly in the south-west of West

Austral ia, but perhaps not in Tasmania.

Impact of Cl imatic Change

Studies on the irnpact of past and possible future cl imatic changes on

the vegetation and crop productivi ty of Austral ia have been undertaken in
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Fig.5. I l lustrat ion of the substantial changes in Austral ian summer

half-yearly rainfal l  between 1913-45 and L946-79.

cooperation with Mr. H.A. Nix of CSI'RO Division of Water and Land Resources.

Prel iminary results using a regression model of net primary productivi ty in

conjunction with a crude cl imate scenario thought to resemble the effect of

a doubling of atmospheric CO2 suggest signif icant increases in biomass

production over most parts of Australia except the south-west of West

Austral ia.

Solar Variabi l i ty, Weather and Climate

The possibi l i ty that variat ions of energy radiated from the sun affect

weather and climate on earth continues to be a question of wide interest

with many new publications and claims subject to considerable controversy.

Developments in this field have been carefully reviewed in studies for the

U.S. National Academy of Science and the WMO Conmission for the Atmospheric
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Sciences. l4any of the claims in the l j - terature have been found to be poorly

based, with l i t t le clear evidence for signif icant effects of solar

variabi l i ty on surface weather and cl imate. However, new and accurate

satel l i te-based data on solar variabi l j . ty offer the promise of more

definit ive results in the near future.

Detectabi l i ty of Ozone Trends

Ozone concentrat ions in the stratosphere are thought to be subject to

the possible destructive inf luence of pol lutants such as oxides of nitrogen

and chlorof luoromethanes. At the invitat ion of the Environmental Studies

Board, US National Academy of Sciencesr drrd the World Meteorological

Organization, studies were'made of possible trends in stratospheric ozone

amounts. These concluded that no stat ist ical ly signif icant global trends

have yet been detected but that satel l i te-based observations of the vert j .cal

distr ibution of ozone may enable trends due to global pol lut ion to be

detected within the next decade or so. Possible mult iple causes of ozone

changes wi11, however, make the identi f icat ion of specif ic inf luences

d i f f i cu l t .

Atmospheric Effects of a Nuclear War

At the invitat ion of the Austral ian Inst j- tute of Physics and the

Austral ian National University, studj-es were made of the atmospheric effects

to be expected from a rnajor nuclear war in the Northern Hemisphere, with

part icular reference to effects in the Southern Henisphere. Crit ical to

effects in the Southern Hemisphere is the question of inter-hernispheric

exchange of air and debris including smoke and dust frorn nuclear explosions

and result ing f ires. Greatly enhanced inter-hemispheric transport may

result from major disturbances to the atmospheric circulat ion due to the

absorption of solar radiat ion by the smoke. Debris reaching the Northern

Hemisphere stratosphere would also dif fuse across both hemispheres on a

t imescale of years. Such stratospheric inject ions of debris could result

from the detonation of individual warheads larger than about 500 kilotonnes

of TNT equivalent, from smoke plumes due to f irestorms in major ci t j -es, and

possibly from the convective transport aloft of tropospheric smoke clouds

heated by solar radj-at ion. Unlike earl ier est imates, these considerations

now suggest that major atmospheri-c and cl imatic effects may be experienced

in the Southern Hemisphere due to a Northern Hernisphere war.
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V  A T M O S P H E R I C  C O N S T I T U E N T S  R E S E A R C H

During the past decade, there has been a worldwide increase in studies

of the chemistry and composit ion of the atmosphere. Much of the interest in

environmental qual i ty has stemmed from urban problems. However, there has

also been increased concern with atmospheric composit ion on regional and

g loba l  sca les .

The Divisionrs j-nterests have grown from a small  stratospheric ozone

program in the early 1970rs to include studies of radiat ively inportant

gases  (e .9 .  CO^,  CH/ ,  CO,  CCI"F ,  N.O) ,  t ropospher ica l l y  reac tJ -ve  gases  (e .g .
z - 4 ' J Z

o" ,  NO,  No. ) r  par t i cu la tes ,  p rec ip i ta t ion  chemis t ry ,  u rban po l lu t ion  and
5 Z

consti tuent transport.

In their early stages, studies were observational ly oriented because of

lack of basic information, part icularly with regard to the composit ion of

the Southern Hemisphere atmosphere. However, the phi losophy of the Division

has been that the program should be based on a combination of observational,

interpretive and theoretical studies. Over the past 3 years there has been

increasing consideration of atmospheric composition and dynami-cs and the

Divisional structure has al lowed profi table interaction of atmospheric

chemists and dynamidists.

Carbon Dioxide

Observational program. The monitoring of carbon dioxide (COr) in background

air has continued using the Dj-visionrs aircraft sampling network, the Cape

Grim Baseline Station (see later) and samples col lected at several si tes in

Antarct ica. A11 aircraft data were brought into a form where they are

international ly comparable and based on the most recent international

standardsr while surface-stat ion data are being f inal ized in this form. A

complete descript ion of the temporal and spatial variat ions of CO^ in the

southern Hemisphere mid-lat i tudes has been completed.

A study of the annual variat ion of CO2 concentrat ion at 3 Northern

Hemisphere stat ions suggests that the ampli tude of this variat ion has

increased over the past 20 years. The signif icance of this in terms of the

global carbon budget has been considered in detai l .  One possible

interpretation is that the Northern Hemisphere seasonal biosphere^ has

increased i ts annual net turnover of carbon by about 0.5 x l-0- kq

(approximately 10t) in recent decades.

A review of the globa1ly available data from a number of observational-
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programs has been carr ied out to establ ish the major features of 
"",

variat ion. These data have been used, in conjunction with an atmospheric

transport model (see later) to obtain quanti tat ive estimates of the major

CO- f luxes of the global CO. cycle. For example, the study indicates that
a z

the present interhemispheric distr ibution of CO, relates to a net source of
o - o

5 x 10- kg per year of carbon in the Northern Hemisphere of which 2.3 x 10-

kg per year are transported into the Southern Hemisphere. The equatorial
q

oceans,  by  v i r tue  o f  the i r  tempera ture ,  re lease 1 .3  x  10-  kg  per  year  o f

carbon into the atmosphere and high-lat i tude oceans take up a net amount of
o

4 .4  x  10-  kg  per  year .  The genera l  p ic tu re  i s  modu la ted  by  a  seasona l  ne t
o

exchange of approximately 6 x 10- kg per year by the global biosphere and a

much smaller seasonal variat ion in oceanic exchange.

The potential for eddy-covariance measurements of vert ical f luxes of

Co^ in the atmosphere has been cri t ical ly examined. Such techniques seem

very unl ikely to be useful over vast areas of the global oceans.

Carbon isotopes. An active program on the stable carbon isotopes in

t ree- r ings ,  s ta r ted  in  1975,  was te rmina ted  in  1983.  The carbon s to red  in

tree-r ings is derived from atmospheric Co. and i t  was hoped that historical
.  L 3 ^ , L 2 -  

z
trends in 

--c/--C 
rat ios would be indicative of atmospheric trends and thus

useful in determining the degree to which biospheric carbon from

deforestat ion and agricultural act ivi t ies has contr ibuted to the present

level of CO, in the atmosphere.
1 ?  1 )

These studies have shown considerable variabi l i ty of "C/--C between

trees and that the average trend over the past 100-150 years was general ly

dif ferent from that described by German col leagues for Northern Hemisphere

trees. Investigations in co-operatj-on with the Research School of

Biological Sciences, Austral ian National University, led to theoretical and

observational evidence that the fract ionation which was known to occur

during photosynthesis is variable. I t  depends to a large extent on the rate

of photosynthesis and in part icular on environmental factors that inf luence

the water status of the plant. f t  was reluctantly concluded, therefore,
1 ?  1 2

that trends of 
- 'C/--C 

observed in tree-r ings cannot be unambiguously

related to atmospheric trends. These studies have, however, opened up a

number of potential uses of isotopic techniques in plant physiological

studies, while tree material col lected in this investigation forms the basis

of the developing studies in dendrochronology in Tasmania.

observations of ""/"" in co^ trapped from air at cape Grim have
z

continued. With the advent of more complete and competent staff ing at the



stat ion, the quali ty of these measurements has improved markedly. The data

wil l  soon provide a measure of the current rate of non-fossi l  CO, release

into the atmosphere. Seasonal and meridional variat ions, once defined, wi l l

be used to establ ish specif ic aspects of the carbon cyc1e.

In a joint study with the Glaciology Section, University of Melbourne,

techniques have been developed to extract air samples trapped in Antarct ic

ice cores without melt ing the ice. By extensive measurements of a large

number of gases in these samples, i t  is hoped to confirm the integri ty of

the aj-r and provide fundamental information concerning the changes in

radiat ively important gases in the atmosphere over the last 2-3 centuries.

Global carbon cycle modell ing. The program of modell ing the global carbon

cycle has f ive main objectives: - to predict increases of atmospher5-c CO,

arising from increasing use of fossi l  fuel;  to deduce changes in atmospheric

CO, concentrat ions over the last century for comparison wj-th corresponding

cl imate changes; to interpret the results of the Division's carbon dioxide

concentrat ion, carbon isotope and ice-core studies; to derive the rboundary

condit ions' required when using the atmospheric mixing model in more

detai led studies of the carbon cycle; and to systematical ly investigate

uncertaint ies in both the present and future carbon cycles.

Both the model i tself  and the mathematical and computational techniques

involved have been developed and ref ined over the last three years.

Addit ional geophysical and geochemical information has been used in

cal ibrat ing and test ing the model and in reducing the extent to which

uncertaint ies in any one aspect of the model contr ibute to uncertaint ies in

its predict ions. The model is currently being used in a systematic study of

the apparent discrepancies between direct est imates of net gIoba1

deforestat ion based on ecosystem modell ing and the amount of deforestat ion

indicated by the recent behaviour of the carbon cycle. The model has also

been involved in the interpretat ion of the results of the Division's program

of studying carbon isotopes in tree-r ings.

Atmospheric mixing modell ing. The general objectives of the modell ing

program for atmospheric mixing are to develop a model that can describe the

lat i tudinal and vert ical distr ibution of atmospheric consti tuents on t ime-

scales of a month or more and to use the model to quanti tat ively describe

sources, sinks and atmospheric l i fet j-mes of observed atmospheric

consti tuents.

Over the last three years the main appl ications of the model have
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involved COr, carbon isotope rat j-os and CCI'F (Freon-l l) ;  these atmospheric

consti tuents are measured in the Division's observational programs. The

model has indicated the lat i tudj-nal variat ion of oceanic uptake of CO, and

has provided constraints on the amount of COZ arising from tropical

deforestat ion. I t  wi l l  be important in interpreting the Division I s

observations of the g1oba1 distr ibution of carbon-13.

Other studies have investigated the extent to which large-sca1e

transient phenomena such as the El Nino perturb the carbon cycle.

Application of the model to CCIrF has contr ibuted both to the ref inement of

the model and to investigations of discrepancies of direct est imates of the

release of CCI.F into the atmosphere, The model is being further ref ined by

incorporation of information from the Division's dynamics program.

The Baseline Atmospheric Pol l-ut ion Station

An Australian covernment contribution to the WMO Background Air

Pollut ion Monitoring Network has been the Baseline Atnospheric Pol lut ion

Station located at Cape Grim in the north-west of Tasmania. The project is

joint ly managed by the Department of Science and Technology and CSIRO. The

Divisionrs involvement in recent years has been via the provision of lead

scientists to part icipate in appointnent of staff ,  to advise on measurement,

qual i ty control,  data processing and presentation associated with the

stat ion's observational and research program, the provision of technical

support in construction and test ing of equipment, and representation on the

working group establ ished to assist in the direct ion of the program.

Dr. R.J. Francey was seconded from the Division as Director of the

Station, together with a Senior Technical Off icer from late 1981 to December

1983. Activi-t ies of the Station are described in separate biannual reports.

Halocarbons, Ni-trous Oxide, Methane and Carbon Monoxide.

Industr ial and agricultural act ivi t ies can cause signif icant changes in

global atmospheric composit ion. Carbon dioxide is a well  documented

example, and the l ist of atmospheric trace gases increasing in concentrat ion

global ly, presumably due to human activi t ies, now includes tr ichlorof luoro-

methane (Cc13F), dichlorodif luoromethane (CC12F2), methylchloroform

(CH3CC13) ,  carbon te t rach lo r ids  (cc l * ) ,  n i t rous  ox ide  (Nro) ,  methane (CHn)

and possibly carbon monoxide (Co).

Current concerns about the rate of accumulation of CCI3F, CCL'E2,

CH3CC13, CCLA, NrO and CH, in the atmosphere are based on model calculat ions

which show that their combined climatic effect may approach the predicted
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global mean warming expected from a doubling of atmospheric COZ. The

resultant chlorine and nitrogen oxides, produced by the photolyt ic

destruction of halocarbons and *2O in the stratosphere' may also

signif icantly reduce levels of stratospheric ozone (o3). on the other hand

increased concentrat ions of atmospheric CH4 are calculated to enhance levels

of stratospheric Or. CO is not important radiat ively in the atmosphere, but

i t  signif icantly l imits tropospheric levels of hydroxyl radicals (OH) , and

thus  ind i rec t l y  a f fec ts  many o ther  t race  gases  (e .9 .  CHnt  o ther

hydrocarbonsr CHrCI) whose tropospheric concentrat ions are, in turn, l imited

by reaction with oH.

The fol lowing sections cletai l  f indings from studies of atmospheric

ha locarbons ,  N^O,  CH,  and Co,  par t i cu la r ly  dur ing  the  las t  th ree  years .
z q

Data have been col lected on each of these species either at Cape Grim or

throughout the troposphere over south eastern Austral ia.

( i)  CC13F. Concentrat ions have r isen by approximately 70t from mid 1'976 Lo

the end of L982, or about 9a per year. The rate of increase is slowing down

in response to reduce€l globa1 emissions. Comparison of data col lected at

Cape Grirn with those col lected in the middle and upper troposphere over

south eastern Austral ia show simil-ar trends, with the aircraft data being

higher, on average, by approximately 2-3 pptv. Vert ical gradients of 1 pptv

through the Southern Hemisphere troposphere have been suggested from model

studies, due to the large-scale interhemispheric transport processes. The

long term CC13F record suggests that maximum releases may have occurred

around 1977 rather than 1974 as given in the published release data.

( i i )  ccl^F^. concentrat ions have r isen by 6-72 per year since the
z z

cornmencement of the program. Regression analysis of the data shows that the

rate of increase of CCITF, is slowing down, which is not consistent with

qlobal CCt^F^ releases which have j-ncreased throughout the observat- ion-  z z
period at Cape Grim. fhis anomaly may be resolved by acquisit ion of a

Ionger data record. The absolute concentrat ions and trends of CCI2E2

observed at Cape Grim and other global observational si tes indicate that the

atmospheric l i fet ime of CCITE, is approximately 100 years.

( i i i )  CH^CCI^. Concentrat ions have r j-sen by about 9g per year since the
J J

program commenced. The CH3CC13 observations show signif icant negative

curvature, consistent with a reduction of global release rates, and also an

annual cycle whose ampli tude and phase suggest that i ts cause is seasonal

behaviour in atmospheric oH levels.

( iv) CC1n. Concentrat ions have r isen by 1.28 per year since observations

began in mid-L978, which is consistent with estimated global release rates
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A
(currently l-00-150 x 70- kg/yr) and an atmospheric l i fet ime of 50 years,

indicating stratospheric photolysis is the najor sink.

(v) N^O. Concentrat ions have r isen by 0.38 per year since the commencement

of observations. The absolute concentrat ion and trends of NrO measured at

Cape Grim and elsewhere have been interpreted in terms of a global NrO

source of 29 x 709 kg/yr, approximate Iy 2oz of which results from human

act iv i t ies .

(vi) CH,. Concentrat ions at Cape Grim and throughout the entire troposphere
q

have r i sen  by  1 .3s  per  year  s ince  observa t ions  began (F igure  6) .  The

surface CH, data show an annual cycle whose phase and ampli tude are
L

quali tat iv. iy :-r agreement with the hypothesis that the najor sink for CHn

is oxidation by oH radicals. The global increase in atmospheric CHA and the

observed annual cycle have been simulated with a t ime-dependent, global

mass-balance model of the atmosphere, which incorporates seasonally varying

oH levels and a CH, source of 550 x 109 kg/yr, whose anthopogenic component
4

(approximately 50%) is growing at 3-4% per year.

(vi i)  CO. Concentrat ions observed at Cape Grim do not appear to have

changed signif icantly over the observational period. A longer data record,

with increased frequency of observation, may reveal a trend. Comparison of

observations from a number of global si tes suggests that the concentrat ions

observed in the Northern Hemisphere are 2.5 t imes higher than those observed

in the Southern Hemisphere. CO concentrat ions at Cape Grim show an annual-

cycle similar in phase and ampli tude to the C"4 cycle described above,

suggesting a conmon cause, namely the seasonal inf luence of atmospheric OH

rad ica ls .

Nitrogen Gases in the Lower Atmosphere and their Production in Soi1.

Nitr ic oxide (NO) , nitrogen dioxide (NOr), nitrous oxide (N2O) and

ammonia (NH3) al l  play an important role in the chenistry of the lower

atmosphere. The cycles of these gases are strongly inf luenced by their

production or removal in soi ls and plants.

rn the troposphere, the energy for many chemical processes is derived

from the oxidation of carbon monoxide, hydrocarbons and organic compounds to

carbon dioxide and other products, along with the absorption of visible and

near-visible ultraviolet radiat ion by nitrogen dioxide, ozone and some other

trace species. Tropospheric chemistry is dominated by reactions of hydroxyl

and hydroperoxyl radicals ini t ial ly formed from water vapour and excited

atomic oxygen, i tself  generated by the photodissociat ion of ozone. Nitr ic

oxide and nitrogen dioxide both have a regulatory role in this chemistry.
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Fig.6. Monthly mean concentrat ions of methane and carbon monoxide at Cape

Grim. Dashed and sol id l ines show l inear regressions with and

without a function to approximate observed annual cycles.

When the nitr ic oxide concentrat ion is low, ozone is consumed' when i t  is

high, ozone is produced. The concentrat ion of hydroxyl radicals is

regulated by nitr ic oxide and carbon monoxide.

During the last three years, both f ietd and laboratory studies have

been init iated on the soi l /atmosphere exchange of NO and NO2. Measurements

have been carr ied out over a grazed pasture at the Victorian Department of

Agriculture Research Station at Rutherglen, Victoria. Measurements were

made by placing a st irred chamber over a site (0.8m x 0.8m) and measuring

the change of No and NO, concentrat ion in the chamber. The exchanges
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observed can be explained by the presence of a constant exhalat ion of NO

from a soil site accompanied by an opposing concentration-dependent uptake.

No persistent f lux of NO, was detectable. The uptake velocity for NO, was

on average 3 to 5 t imes larger than for NO. Laboratory studies have been

carried out on NO production in soi ls as joint work with the Department of

I ' leteorology, University of Stockholn. The studies indicated, for example,

that at least 90? of the NO production in the soi l  was of biological origin

and that production of NO was at least a factor of 1-0 larger in anaerobic

condit ions than in aerobic condit ions. A simple physical model has been

designed to aid the interpretat ion of these measurements and to provide the

basis for more efaborate models of soi l , /atmosphere exchange of NO applicable

to the f ield situation.

Nitrous oxide (N2O) is also produced by soi l  and aquatic microbes as

well  as in some combustion processes. I t  is of interest since 5-t is, via

chemical reactions, the source of reactive nitroqen oxides in the

stratosphere which have a major inf luence on the gIobal ozone balance and

also since i t  is a signif icant absorber of terrestr ial infrared radiat ion in

the atmosphere and may therefore contr ibute to change in the surface

temperature and the cl imate of the earth.

Analysis of air samples from Cape Grim show an increase in nitrous

oxide over the period 1,978-1982 of the order of 0.3 ppb,zyr as a l inear

trend. Other increases have been observed by US workers at Samoa, the South

Pole and in the Northern Hernisphere. This increase in atmospheric NrO could

be due to either an increase in strength of natural sources such as soi ls

and oceans or a decrease in the stratospheric sink, or both. I t  also has

been suggested that an j-ncrease may have come about from manrs fossi l  fuel

combustion or agricultural act ivi t ies.

Stratospheric Nitrogen Oxides Experiment

As mentioned in the previous tr iennial report,  a major project was

undertaken on nitrogen oxides and other trace gases in the Southern

Hemisphere stratosphere. Scientists from York University and the

Atmospheric Environnent Service of Canada and several Austral ian

laboratories part icipated.

In the stratosphere, short-wave ultravj-olet radiat ion dissociates

molecular oxygen and forms a constant source of atomic oxygen and

subsequently ozone. Trace gases frorn the lower atmosphere, including

nitrous oxide, halocarbons (both natural and man-made) and water vapour,

dissociate in the stratosphere forming reactive species, which react with
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the atomic oxygen and ozone, thereby maintaining an equil ibr ium ozone

concentrat ion in the stratosphere.

Recent concern about the ozone layer has been based on the notion that

man may be increasing the concentrat ion of these trace gases or reactive

species in the stratosphere and thus ult imately may reduce the equil ibr ium

ozone concentrat ion. Bal loon-borne measurements of ozone, nitrogen

compounds and other trace consti tuents in the stratosphere have been used to

verify and, in some cases, question parts of the complex reactj-on schemes

used in the computer-based numerical models of the stratosphere.

There were vert ical and lat i tudinal variat ions in the relat ive

proport ions of NO, NO, and HNO.r with substantial increase in the total

towards high lat i tudes. Unusual prof i les of aerosol '  CCl2F and No were

observed at Al ice Springs and Mildura.

Comparlson of these observations and modell ing results showed good

agreement for prof i les of 03, N2O, NO and NOr. However the models predict

too l i t t le NO (NO = NO + NO^ + HNO.) below 22 km and fai l  to reproduce the
y y z s

lat i tudinal variabi l i ty of No, and HNo3. The models accurately simulate the

conversion of N^O to NO and the part i t ioning of NO:NO.:HNO-. Comparison of
2 y 2 J

N.O and CCI'F loss in the stratosphere suggests a more rapid loss of CCI,F
Z J

in the lower tropical atmosphere than is calculated by these models. This

factor may have some inf luence on the accuracy of predicted O. deplet ion by

c c l 3 F .

some comparisons of observations and nodell ing results have indicated

inaccuracies in simulat ion of, for example, radiat ion transmission,

transport processes in the lower stratosphere and winter-t ime chemistry at

high lat i tudes. A comparison of the Southern Hemisphere data set with

similar data from the Northern Hemisphere is underway.

Photochemical Smog in Melbourne

Photochemical smog results from the interaction of various atmospheric

pol lutants under the inf luence of sunl ight, giving r ise to concentrat ions of

ozone which are harmful to the health of humans. The i-ncreasing problem of

smog in Ivlelbourne is largely attributable to exhaust emissions from motor

vehicles. A survey of the Melbourne smog situation has been undertaken by

means of an aircraft equipped to measure the relat ionship between the

concentrat ion of precursors and the resultant concentrat ion of ozoner and

various meteorological parameters.

The survey showed that the emissions from the central and western

suburbs rarely i f  ever gave r ise to smog events over the metropolj- tan area.
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An event is a day during which the average hourly ozone concentration

exceeds the acceptable level of l-20 parts per bi l l ion by volume. On smoggy

days the winds tended to carry al l  emissions toward the west leading to

events in the rural sectors to the north-west and south-west of the city.

On average these events occurred about eight t imes a year, some events

possibly affect ing the same location more than once per year. On an average

of about four occasions per year part of the metropoli tan area (usuatty the

city and the suburbs to the north and west of the city) experienced a smog

event, the source of which was emissions from suburbs to the east and

south-east of the city, these emissjons being carr ied south-west over Port

Phi l l ip Bay then to the north by the bay breeze which sets in at about noon

( F i g u r e  7 ) .

F ig .7 .  Paths  o f  emiss ions  f rom the  cent ra l  bus iness  d is t r i c t  on  e igh t

smoggy days  ( I979/ l -980) .
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The wind trajectories imply that the emissions from the Newport D power

stat ion are incorporated in the general emissions which affect the rural

area but on only two occasions per year'  on average' is the Newport D plume

incorporated in the emissions which give r ise to metropoli tan events.

Because of the emphasis which this survey placed on the emissions from

the eastern suburbs of Melbourne a survey has been made of the hydrocarbon

composit ion of these emissions. By comparing the hydrocarbon composit ion of

motor vehicle exhaust and traff ic emissions with that of ambient air

downwind of the eastern suburbs, i t  has been shown that 55-65% of the

hydrocarbons fron this area are from motor vehlcle exhaust, 30-358 from

evaporative losses from motor vehicles and 5-108 from non-motor vehicle

sources. Of part icular interest was the f inding that about half  of the

evaporative losses from motor vehicles take place while the vehicles are

moving - a rather unexpected source of emissions and one which is not part

of the test for compliance of vehicles with the present Austral ian Design

Rules .

Smog chamber experiments are now proceeding with the aim of simulat ing

the behaviour of the enissions from the eastern suburbs.



44

V I  M I S C E L L A N E O U S

Instrumentation developed in support of basic research at the Division

has sometimes an unexpected and useful impact in unrelated commercial and

domest ic  a reas :

Measuring knit t ing yarn: Opto-electronic counters used for sensing the

rotat ion of anemometers have been adapted for measuring the yarn length used

by circular knit t ing machines. The instrument al lows for the accurate

sizing and repeatabi l i ty of production in, for exarnple, sock manufacture.

The low-cost yarn sensor may be readi ly attached to standard knit t ing

machi-nes. Patentabi l i ty of the device is under review.

Forestal l ing oi l-paint ing damage: An instrument for measuring the

ultraviolet l ight in solar radiat ion has been developed primari ly for

medical research, for example into sunburn and skin cancer, and for

agricultural research, for example into eye diseases of catt le. However, i t

is also used in the National GaIIery of Victoria to measure levels of UV

potential ly harmful to oi l  paint ings.

Improved TV reception: A very low-noise, wide band-width arnpti f ier

developed for meteorological bal loon telemetry appl icat ions has been found

to offer signif icant performance advantages over exist ing ampli f iers, when

used in TV masthead applications at fr inge-signal si tes. The ampli f ier is

being manufactured by a Melbourne company.
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Awards

P E R S O N N E L ,A F F I L I A T I O N S

D r .  A . B .  P i t t o c k

Federal Aviat ion

Aviat ion Industry.

Transfers

Dr .  R.J .  F rancey  and Mr .  I .D .  He lmond were  seconded

Cape Grim, Tasmania, Baseline Air Pol lut ion Station

Science and Technology as Director and Senior

respectively.

Dr. G.W. Paltr idge served as Executj-ve Director,

Envlronmental Conservation Executive, for 1- year.

Death

Mr .  I .G.  B i rd : -  Member ,  Nat iona l  Commiss ion

Sub-committee on Meteorology, Australian Academy

was awarded a Cert i f icate of Commendation by the U.S.

Administrat ion for service to the U.S. Government and

Dr. A.D. McEwan, Assistant Chief of the Division, was appointed Chief of the

CSIRO Division of oceanography.

Dr. P.J. Webster was appointed Professor of Meteorology, Pennsylvania State

U n i v e r s i t y ,  U . S . A .

New Appointment

Dr. f .G. Enting joined the Division to work on carbon cycle modell ing.

Secondments

Mr. A.J. Troup died in 1983 having served CSIRO since L949.

Retirements

Six long-serving members of the organization have ret ired from the Division:

Mr .  N.E.  Bacon (appo in ted  t956,  ,  Mr .  P .D.  Berw ick  (1963) ,  Dr .  A .J .  Dyer

( 1 - 9 5 4 ) ,  l ' 1 r .  L . F .  E v a n s  ( 1 9 4 3 ) ,  D r .  R . N .  K u l k a r n i  ( 1 9 6 1 )  a n d  M r .  I . C .  M c I l r o y

(Le4e) .

Aff i l iat ions

for two ye?lrs to the

of the Department of

Techn ica l  o f f i cer ,

Petroleum Industry

for Antarct ic Research,

o f  Sc ience (AAS) .
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Dr .  R .J .  F rancey : -  Member ,  Depar tment  o f

Baseline Air Pol lut ion Station (BAPS) Working

Dr .  P .J .  F raser : -  Member ,  Env i ronmenta l  Law

Associat ion; member DST BAPS Working croupt

Medical Research Counci l  Working Party

alternative aerosol propellants.

Science and Technology (DST)

Group.

Committee, International Law

member, National Health and

on chlorof luorocarbons and

Mr. I .E. Galbal ly:- Member, Advisory CoNnittee SCOPE UNEP International

Nitrogen Unit;  nember, National Committee on the Environment, AAS; member,

DST BAPS Working croupt member, fnternational Ozone Conunission,

International Associat ion of Meteorology and Atmospheric Physics (IaUap);

associate editor of Journal of Atmospheric Chemistrv.

Dr. J.R. Garratt:-  Member, editorial board, Boundary Layer Meteorology;

member editorial commitLee, Quarterly Journal of RoyaI Meteorological

Society; Chairman WMO Group of Rapporteurs on Boundary Layer Problems.

Dr. P.C. Manins:- Member, Latrobe Valley Air-shed Study Working croupi

Convenor LVASS Data Interpretat ion Group.

Dr. c.W. Paltr idge:- Secretary, International Radiat ion Commission, IAMAp;

Chairman, National Committee for Atmospheric Sciences, 1\AS.

Dr. G.I.  Pearman:- Member, WMO Commission of Atmospheric Science, Group of

Rapporteurs on Carbon Dioxide and the Carbon Cycle; member, WMO Corunission

for Instruments and Methods of Observation, Working Group on Instruments and

Methods for Envj-ronmental Pol lut ion Measurement; member, Commission on

Atmospheric Chemistry and Global Pol lut ion, IAMAP; member, DST BAPS Working

Group.

Dr .  A .B.  P i t tock : -  Member ,  Sc ien t i f i c  Adv isory  Commi t tee  to  the  U.S.  Federa t

Aviat ion Administrat ion's High Alt i tude PoIlut ion Programi member, Working

Group for Solar-Terrestr ial Relat ions, International Cormnission for

Meteorology of the Upper Atmosphere, IAMAP; member, National Committee for

the Environment, National Committee for Atmospheric Sciences and

sub-committee on the World Climate Research Program, AAS; panel member,

Study on Sun, Weather and Climate, Geophyslcs Research Board, U.S. National

Academy of Science.
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Dr .  C.M.R.  P la t t : -  Member ,  In te rna t iona l

member, DST BAPS Working Group.

Radiat ion Commission, fAMAP;

Dr. R.A. Plumb:- Member, fnternational Commission for Dynamical Meteorology,

TAMAP.

Dr. c.L. Stephens:- Member, Progfrarn Committee IAMAP Clouds and Radiat ion

Groupt Co-convenor, Working Group on Intercomparison of Radiat ion Codes for

Climate Models, IAMAP; associate-editor of Journal of Atmospheric Science

and of Monthly Weather Review.

Dr. G.B. Tucker:- Chairman, National Committee for GARP, Austral ian Academy

of Sciencei member, Joint Organizing Committee for FGGE; Chairman, NationaL

Drif t ing Buoy Programme Committee; Vice-President, Joint Organizing

Committee, GARP; member, JSC GARP/WCRP; Chairman, Advisory Group to EPA,

Victoria on Melbourne Air-Shed Study; member, Latrobe Valley Air-Shed Study

Steering Committee; member, Austral ian National Committee on Atmospheric

Sc ience,  AAS.

Mr .  E .K.  Webb: -  Member ,  In te rna t iona l  Assoc ia t ion  o f  Geodesy ,  Spec ia l  S tudy

Group on Electrornagnetic wave propagation and refraction in the atmosphere.

Dr .  P .J .  Webster : -  Member ,  ed i to r ia l  board  o f  Pure  and App l ied  Geophys ics .

Overseas Visits

Dr. I .J. Barton spent 15 months

Oxford University, analysing data

at the Depattment of Atmospheric Physics.

from the NIMBUS 5 satel l i te.

Dr .  P .J .  F raser  spent  12  months  a t  NoAA,  Bou lder ,  U .S.A.  work ing  on  the

Geophysical Monitoring for Climate Change programme.

Dr .  J .S .  Freder iksen spent  I  months  as  v is i t ing  Fe l low a t  NCAR,  Bou lder ,

U.S.A. and 3 months as Crawfoord Fel low at the University of Stockholm in

research on large-scale atmospheric processes.

Mr. I .E. Galbal ly visi ted the Department of Meteorology, University of

Stockholm for 5 months studying emissions of nitrogen gases to the

atmosphere.
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Dr .  J .R.  car ra t t  spent  L2  months  as  V is i t ing  Sc ien t is t ,  NCAR,  Bou lder ,

U.S.A. ,  s tudy ing  smal l -sca le  a tmospher ic  p rocesses .

Dr. R.A. Plumb spent I  months as Visit ing Scientist,  geophysical f luid

dynamics  program,  Pr ince ton  Un ivers i ty ,  U .S.A.

Dr. B.L. Sawford spent 12 months on

Department of Applied Mathematics

Un ivers i ty .

turbulent dispersion research at the

and Theoretical Physics, Cambridge

Dr. G.L. Stephens spent 16 months as Visit ing Faculty Member, Department of

Atmospheric Sciences, Colorado State University on earth radiat ion budgets

measured by  sa te l l i tes ,  and assoc ia ted  s tud ies .

Dr. G.B. Tucker spent 9 months as Senior Visit ing Fel low at CIRES, NCAR,

Boulder, U.S.A. concerned with large-scale responses of the atmosphere to

variat ions of incident solar radiat ion.

Dr. P.J. Webster spent 9 months as Visit ing Scientist,  geophysical f luid

dynamics programme, Princeton University, U.S.A.

In addit ion, the fol lowing made shorter visi ts ( l--B weeks) for such purposes

as attending conferences, del ivering lectures, and visi t ing research

c e n t r e s :  D r .  P . G .  B a i n e s ,  M r .  A . C .  D i l l e y ,  D r .  P . J . B .  F r a s e r ,  M r .  I . E .

Ga lba l l y ,  Dr .  J .R.  Gar ra t t ,  Mr .  P .  Hyson,  Dr .  G.w.  Pa l t r idge ,  Mr .  G.R.

P a t t e r s o n ,  D r .  G . I .  P e a r m a n ,  D r .  A . B .  P i t t o c k ,  D r .  C . M . R .  P l a t t ,  D r .  R . A .

P lumb,  Dr .  W.  Shepherd ,  Dr .  G.L .  S tephens,  Dr .  G.B.  Tucker ,  and Dr .  P . ,1 .

webster.
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V l l l  P U B L I C A T I O N S  ( J u l y  1 9 8 o  -  J u l y  1 9 8 3 )

BATNES,  P .G.  (1980) .  The dynamics  o f  a  souther ly  bus ter .  Aus t .Meteoror .
M a g . ,  2 8 2  L 7 5 - 2 O O .

BATNES,  P .G.  and P.A.  Dav ies  (1980) .  Labora tory  s tud ies  o f  topograph ic
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