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Synopsis 

Searching for activities to carry out in peace-time, in 1946 the Radiophysics 

Laboratory of the CSIR (which became CSIRO in 1949). seized on cloud-seeding, 

a rain-making technique discovered in America. The Laboratory gained an 

early lead in the field of cloud physics and rainmaking and by the 1950s it had 

established an international reputation. But in Australia it never managed to 

entirely overcome scepticism about cloud-seeding; nor did it succeed in 

entrenching the technique in agricultural practice. In the 1970s the program 

suffered a series of setbacks: the retirement of Radiophysics' leader, 'Taffy' 

Bowen, who had been the driving force behind the program; a shift in focus 

within the field of climatology; and new demands on the CSIRO from 

government. When in the early 1980s the cost of running a seeding aircraft 

rose steeply while returns to wheat farmers fell, cloud-seeding was deemed 

uneconomic and the program was abandoned. 



Introduction 

People of many times and cultures have developed techniques to 'make' 

rain fall. Both the USA and Australia had some vigorous proponents of 

artificial rainmaking in the 19th century; their techniques included lighting 

fires and setting off explosions, both on the ground and in the air1
. In the 

twentieth century the more sophisticated attempts to make rain took the form 

of 'cloud-seeding' - artificially introducing into clouds substances that act as 

'nuclei' around which water may condense and then fall as rain (or snow). In 

Australia, CSIRO investigated cloud-seeding over the period 1946 to 1981, at 

the same time conducting theoretical research in cloud physics. This study 

traces the history of the program's experimental side. 

Cloud-seeding originated in America in 1946. Along with methods to 

ward off hail and disperse fog, it became known as 'weather modification'-

a topic that attracted world-wide interest and became the subject of numerous 

conferences and a large volume of literature. As recently as 1977 the World 

Meteorological Organisation thought it worthwhile to issue guidelines on 

rainmaking.2 Experiments still continue in some countries, as do conferences 

discussing their results.3 

So the interesting point about the CSIRO experimental program is that it 

'failed': experiments ceased in 1981 and cloud-seeding did not become an 

accepted part of the repertoire of agricultural techniques for any great length of 

time (although it was adopted as a routine technique by the Tasmanian Hydro­

Electric Commission, for filling dams). Why did work stop in Australia while 

it continued in other countries? Technical and economic factors were 

important in cloud-seeding's demise, but they are not the whole story. The 

technique was cross-disciplinary, a physical-science technique applied to the 

domain of agriculture, and the barriers between scientific disciplines (and 

institutions) hindered its adoption. There was active opposition to it from 

some quarters. And, importantly, towards the end of the program there was a 

significant shift in the way Australian governments thought about drought, to 

which cloud-seeding had become closely linked. 

The CSIRO cloud-seeding program evolved at the time that Australia was 

building its post-war political and economic relationship with USA. The 

cloud-seeding group too devoted much effort to creating links with its 
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American counterparts. It has often been claimed that this country's post-war 

relationship with the USA has been virtually colonial in nature: it seems 

obvious to look at how the political and scientific links between the two 

countries might be related. Overall it seems that the scientific relationship 

mirrored the political one (as has been claimed for the relationship between 

Australia and Britain in the colonial period4
). Years ago Donald Fleming 

remarked that the natural history enterprise 'served a fundamental part of the 

quest for a national identity in societies where cultural differentiation ... was 

insecure, and the sense of the land correspondingly important for self­

awareness'5 - and in the case of post-war Australia one could take the 'cultural 

differentiation' to be differentiation from America. I expected to find evidence 

of this in the cloud-seeding program, and certainly the Australia group 

insisted vehemently on the location-specific nature of its research, and the 

primacy of local knowledge. But this seems to have been more to justify their 

activities within Australia than to differentiate themselves from their 

American counterparts- although they did assert their independence in other 

ways. 

Fleming also wrote of how natural history 'coincided with the primary 

national purpose of mastering [the] environment and canvassing its economic 

potentialities'.6 The cloud-seeding program seems to suggest that in the 1950s 

and '60s Australian science, despite its best endeavours, was still valued 

within Australia primarily as an adjunct to the productive system, remaining 

bound 'to an ethic of practicality and knowledge-for-use', which Fleming 

attributes to a continued identification with 'the pioneers'7 Manning Clark, 

like Fleming, noted that in Australia this identification persisted long after the 

so-called pioneers had a firm, technological grasp of the country.8 

Sources 

My account of the cloud-seeding program is drawn almost entirely from 

archival material held at the CSIRO Radiophysics Laboratory in Sydney, 

material which to the best of my knowledge has never been used before. 

These files are mainly from the Division of Radiophysics. The archive also 

contains some files from the Division of Cloud Physics, a separate CSIRO 
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Division to which the cloud physics program was transferred in 1972, but other 

archival material was transferred to what is now the Division of Atmospheric 

Research in Melbourne and has been unavailable to me for this study. 

Because I have used a limited range of sources for this account it can only be a 

partial one at best, told mainly from the viewpoint of CSIRO. C. B. Schedvin 

too has written a brief, unpublished, history of the program from the same 

point of view, but based on archival material originating in the CSIRO central 

office and the CSIRO Executive in particular: this account I discuss below. 

The history of cloud-seeding in the USA has been well documented but 

published accounts of the CSIRO program are few. The best one is probably 

that by E. J. Smith, a member of the CSIRO program, which was published in 

1974.9 This is a straightforward summary of the CSIRO's experiments which 

gives no consideration to the context in which they were carried out; I have 

not drawn upon it for this study. A similar but more technical account, 

concentrating on the experimental work of the 1980s, has been given by 

Warren King, another researcher in the program.10 A slightly broader 

approach has been taken by Brian Ryan, yet another former member of the 

Division of Cloud Physics. His unpublished manuscript, 22 pages long, 

outlines CSIRO's work on cloud and rain physics in general; only a few pages 

are devoted to the practical program, and again this is a summary of the 

experiments, with the conclusions drawn from them.11 

C. B. Schedvin's treatment of the cloud physics program is the fullest I 

have found (29 pages) . It is a section of a draft chapter, written around 1986, in 

the second (unpublished) volume of his history of CSIRO. Schedvin traces the 

development of the program from 1946 to 1984, giving much attention to 

rainmaking. He also comments on the general features of the program, noting 

that, like other attempts at artificial rainmaking made elsewhere, the CSIRO 

work had the pattern of initial caution followed by periods of over-optimism 

and premature claims of success.12 In this manuscript Schedvin takes a largely 

'internalist' view of the program, although he does note that rainmaking was 

chosen as a research program because it was 'an applied problem of major 

potential significance'13
; that rainmaking was 'the public face of cloud 

physics' 14
; and that there was pressure as early as 1950-51 for 'practical 

rainmaking' to ease droughtl5
. Although I cannot comment on the complete 

manuscript, in dealing with cloud-seeding Schedvin has not chosen to 
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elaborate on the political or economic context of the work. His general 

conclusion is that there was relatively slow progress in understanding cloud 

behaviour and precipitation, and that if the theory had advanced more rapidly 

the rainmaking program would have closed sooner than it actually did16 

(because the theoretical work would have allowed the cloud-seeders to better 

understand the limitations of their technique). 

Why the program persisted 

If one question is: 'Why did the CSIRO program cease while similar work 

in other countries kept going?', another question is, paradoxically: 'Why did 

the Australian program keep going as long as it did?' The accounts of the 

program discussed above all suggest that an initial optimism about the 

prospects of rainmaking was whittled away by a growing understanding of the 

physical processes involved, dampened further by field trials that had negative 

or ambiguous results, and finally killed when the computed cost-benefit ratio 

of seeding deteriorated badly. All, except Schedvin's, consider these events in 

isolation. When I began this study I considered it likely that 'external' 

interests were at least partly responsible for the program's continuing as long 

as it did, even in the face of very early doubts about whether cloud-seeding 

could ever be useful under drought conditions. In at least one published 

CSIRO report it is admitted that eagerness to produce tangible results, 

especially under drought conditions, meant that a lot of cloud-seeding activity 

was not run as a well-designed experiment, and thus was considered to be of 

no use in gauging the effectiveness of the technique.17 But a second look 

seemed to suggest that the cloud-seeding program might have persisted partly 

because of the lack of effective connection with such interests- what could be 

called the 'radical disconnection' of this part of CSIRO from the 

economic/productive system, and its orientation, instead, towards the 

international (and USA-dominated) scientific community. This disconnection 

is a well-recognised feature of the post-war CSIRO: Schedvin noted that 

research programs were inclined to take on a life of their own, and to take 

scientific criteria as their points of reference.18 But it is a little surprising that 
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such an apparently 'applied' research program as cloud-seeding should have 

showed this. 

The problem that Schedvin identifies - the pure and applied parts of the 

program becoming uncoupled - seems to be the key one. Success in cloud­

seeding depends strongly on local factors. 19 Writing in 1982, King formulated 

three questions that in 1948 were the ones that had to be answered to establish 

the long-term prospects for cloud-seeding: the most critical was, 'How often do 

suitable clouds occur?'20 The answer varies from region to region. King 

claims that the question was not tackled until the mid-1960s, due to lack of 

suitable instrumentation.21 Yet he has also privately admitted that the 

separation between the 'practical' cloud-seeding group and the 'theoretical' 

cloud physics group, within the same laboratory in CSIRO, led the cloud­

seeding program to run for ten to fifteen years longer than it otherwise would 

have; the 'theoretical' group already possessed the instrumentation that the 

'practical' group needed to determine the frequency of suitable clouds.22 It 

seems that the two sides of the prosram may have developed different 

agendas: the practical side was the more valued within Australia, but the 

theoretical had more international esteem. 
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Chapter 1: Weapon of war, 1946-1952 

. . . the condition [drought] keeps occurring and occurring 

again, when there is the possibility that by spending a bit of 

time and money the country's greatest enemy could be 

conquered. 

R. W. Clay (private citizen) to CSIR, 6 December 1948.1 

The Radiophysics Laboratory and its leaders 

The early history of the Radiophysics Laboratory has been described many 

times.2 Founded in 1939 to research the new 'weapon', radar, it ended the war 

as one of the largest divisions of CSIR, and one of the most prestigious. Along 

with the other physical science divisions of CSIR, which had been called into 

existence to serve the war effort, the Radiophysics Laboratory had no pre­

existing peacetime role to return to. 

In 1942 the Laboratory's newly appointed head was F. W. G. (Fred) White. 

In 1943, while touring radar establishments in the UK and USA, White came 

across Edward G. ('Taffy') Bowen, then working at the Radiation Laboratory of 

the Massachusetts Institute of Technology. White and Bowen had first met at 

King's College, London, when White was a lecturer and Bowen a research 

student. White invited Bowen to become Assistant Chief of Radiophysics, 

taking charge of its research activities, and Bowen duly arrived in Australia in 

1944. In the following year White was elevated to the CSIR Executive and 

given special responsibility for the physical science divisions; in 1946 Bowen 

was formally appointed as the Chief of Radiophysics. He held the position 

until his retirement in 1971.3 

Bowen was a Welshman who had gained his PhD under E. V. Appleton 

at the University of London in 1933, working on atmospheric physics. In 1935 

he became one of the small group working under Robert Watson-Watt that 

developed the first British experimental air-warning radar, and went on to 

8 



lead the team that developed the first British airborne radar. In 1940 he was 

the radar representative with the Tizard Mission, which transferred important 

aspects of radar technology from Britain to the USA. Bowen spent three years 

in the USA, first in Washington as a radar liaison officer and then at the MIT 

Radiation Laboratory developing airborne radar systems.4 

For many years Bowen's right-hand man in Radiophysics was J. L. (Joe) 

Pawsey, who played a very important role in fostering the new science of radio 

astronomy at the Laboratory.5 Pawsey had studied physics at the University of 

Melbourne and then obtained his PhD in 1934 under J. A. Ratcliffe at 

Cambridge, working on ionospheric studies. He then worked for five years at 

EMI, contributing to the technology that was to make television commercially 

viable. At the outbreak of war Pawsey returned to Australia, joining 

Radiophysics in 1940. By 1945, when Radiophysics began its postwar program 

of research, he was recognised as the leader of Radiophysics' investigations of 

'fundamental science'.6 According to his colleagues, Pawsey believed in the 

value of attempting the occasional 'long shot' - and was 'an arch-empiricist', 

whose favourite saying was 'suck it and see'.7 

The post-war CSIR/CSIRO 

Pawsey's attitude was in tune with the CSIR culture of the time. At the 

end of the war CSIR faced the future with a desire to reduce the amount of 

applied research it was doing in favour of the search for knowledge. 

Influential individuals, such as David Rivett, CSIR's Chief Executive Officer 

from 1926 to 1948, and Fred White, believed strongly in the 'classical' theory of 

the growth of scientific knowledge which emphasised rationality, autonomy 

and self-directed inquiry. This view was strengthened by the greater role of the 

physical sciences in CSIR during the war; in the physical sciences there seemed 

no doubt that the advancement of abstract knowledge came before its 

application.8 At the war's end CSIR was about to enjoy more freedom to 

explore than it had ever had: in the 1930s it had frequently been under trial 

and expected to rescue particular industries, while during the war its role was 

to help with whatever problem came to hand. 
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To assist the pursuit of uncommitted enquiry CSIR wanted to separate 

scientists from consumers of science- not out of a lack of interest in practical 

matters, but to protect the researcher from day-to-day problems.9 The post-war 

organisation was structured in a way that accorded with these principles of 

scientific autonomy and individualism, and was designed to maximise 

individual freedom. Although the Executive was formally responsible for 

allocating resources of the organisation, in practice the Chiefs of Divisions (the 

organisation's sub-units) were highly autonomous.10 Research objectives were 

set from the bottom up: the Executive merely arbitrated on research programs 

recommended by the Chiefs. The promise of such freedom in directing 

research had swayed Bowen in his decision to head Radiophysics. 11 

Radiophysics' research program 

In July 1945 Bowen presented to the CSIR Council, the organisation's 

governing body, a peacetime program for Radiophysics.12 He wanted to strike 

a balance between applied and fundamental research, as the war had forced 

Radiophysics into giving 'too much' attention to practical problems and more 

fundamental research was needed to redress the balance. The main categories 

of work outlined in the program were studies of radio propagation, vacuum 

research (for the purpose of generating radio waves at very high frequencies), 

radar aids to navigation and surveying, and the radar study of the weather.13 

This last was included because during the war it had been found that storm 

clouds produced characteristic radar echoes. 

Woodruff Sullivan has traced the rise and fall of Radiophysics' various 

research programs between 1946 and 1953. Vacuum physics work died away 

within two years and the application of radar to air navigation, although 

highly successful (i.e. adopted by the industry), ceased to be significant after the 

mid '50s.14 The programs that flourished were radio astronomy ('radio 

propagation' at first) and rain and cloud physics. Between 1946 and 1949 these 

programs increased their share of the professional staff from 6°/o to 63o/o, while 

total staff grew by only 25°/o. In terms of publications coming from 

Radiophysics, radio astronomy and rain and cloud physics accounted for 71 o/o 

of the papers- the radio astronomers, however, were more productive than 
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the cloud physics group.15 The radio astronomy group was led by Pawsey, 

while Bowen directed the rain and cloud physics work. 

The cloud physics program, and especially its rainmaking component, 

flourished in those early years because it promised significant economic 

benefits to Australia, and because it balanced the more arcane radio astronomy 

research.16 The growth of these areas was not due just to their own intrinsic 

strengths. Some of the research directions Radiophysics took in the early post­

war period led to dead-ends, mainly because they did not match up with the 

needs, interests or capabilities of Australian industry. An enthusiastic Bowen, 

making use of his connections in the USA, had Radiophysics experimenting 

on the production of the new transistor technology soon after it was invented, 

but this came to nothing when Australian companies decided that they were 

interested in using transistors, not in making them. Between 1947 and 1949 

Radiophysics also built one of the world's first-generation computers, but by 

1954 the now CSIRO Executive had decided to abandon the field of computer 

design, perhaps partly to concentrate resources on fields of basic research such 

as the new radio astronomy and cloud physics.17 

The invention of cloud-seeding 

In the mid 1940s the most widely accepted theory of rain formation was 

that proposed by Tor Bergeron. This held that water vapour in the 

atmosphere, as it cools, condenses upon small particles to form a cloud. As the 

water vapour condenses it releases 'latent heat' which forces the cloud to 

higher altitudes, resulting in a progressive cooling. The cloud extends 

upwards until some of the water droplets freeze as small ice crystals. 

(Normally the water in the tops of clouds is supercooled - that is, the water 

freezes at well below 0°C.) The ice crystals act as 'nuclei', attracting water 

vapour and growing as droplets. Eventually they fall through the cloud, 

collecting more water droplets as they go. Depending on various conditions 

the precipitated water may fall as hailstones, snowflakes or raindrops. In the 

mid 1940s this 'Bergeron process' was widely believed to be the only 

mechanism of precipitation, although some literature existed on the 
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formation of water droplets in warm (non-freezing) clouds by collision and 

coalescence. 

In early 1947 the aim of Radiophysics' cloud physics program was simply 

to investigate how radio waves were reflected by water drops and ice particles 

in clouds. The object was to verify existing theories of radio scattering, make 

fundamental studies of cloud structure and water-drop formation, and see if 

this knowledge could be applied to short-term forecasting.18 These plans were 

fundamentally altered by a serendipitous discovery made in Schenectady, New 

York, at the research laboratory of the General Electric Company. 

World War IT had stimulated research in a number of areas of both pure 

and applied meteorology. Among the many people led into war-related 

meteorological research was Irving Langmuir, Associate Director of the 

General Electric Company and a Nobel prize-winning physical chemist. 

Langmuir had begun to work in the area by studying the uses of smoke­

screens, and then the nature of clouds in relation to their effects on the icing­

up of aircraft. From there he branched out into more general studies of 

meteorology.19 

Langmuir was assisted by a technician, Vincent Schaefer. In the summer 

of 1946 Schaefer was studying clouds in a laboratory setting, attempting to 

create ice-crystals in a freezing unit. On 12 July, having trouble keeping the 

chamber cold enough, Schaefer put a large piece of 'dry ice' (frozen carbon 

dioxide) into it. Upon contact with the chamber's atmosphere the dry ice 

seemed to produce millions of tiny ice crystals.20 After more tests Schaefer 

concluded that the dry ice had produced natural'condensation nuclei'- the 

ice crystals- by lowering the temperature of the cloud to about -40°C. Schaefer 

decided to try to recreate the effect in the field. On 13 November 1946 he 

scattered three pounds of dry ice into a stratified cloud and saw 'an avalanche' 

of ice crystals fall thousands of feet below the cloud before evaporating. Cloud­

seeding was born. 

CSIR enters the field 

News of Schaefer's historic experiment reached the CSIR group by 19 

November, through newspaper reports.21 Bowen was in the USA and so 
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Pawsey, as acting Chief, wrote to N. A. Whiffen at the Australian Scientific 

Research Liaison Office within the Australian Embassy in Washington, asking 

him to find out more about the work at General Electric. The Radiophysics 

group had known about Schaefer's laboratory trials for several months, for 

one of Radiophysics' staff, E. B. Kraus, had visited the Schenectady laboratory 

in the middle of the year.22 But until Schaefer's field trials, Radiophysics had 

not been interested in rain-making.23 

On 5 December Pawsey wrote to Fred White, enclosing a report by Kraus 

and another of Radiophysics' staff, Pat Squires, on the technical background to 

the problem of artificially induced precipitation. The CSIR group had already 

reproduced Schaefer's laboratory experiments.24 Now it planned to do more 

laboratory investigations in collaboration with the CSIR Division of Physics 

and also wanted to carry out research high in the atmosphere. For this, high­

flying aircraft were needed, and for the more regular cloud physics work, they 

needed a lower-flying craft such as a Tiger Moth. Pawsey asked White to 

approach the RAAF to secure these. 

Security issues 

Getting further information about the experiments at General Electric 

was difficult. At first this was said to be because General Electric was trying to 

clarify its patent position, but later it became clear that the difficulty was 

because the technique was seen to have potential military value.25 In February 

1947 Whiffen in Washington reported that he was unable to obtain 

information from General Electric until he had obtained clearance from the 

defence services, for although the project was not yet classified, General 

Electric was trying to have it sponsored by a branch of the services.26 By early 

March the project was to be highly classified, 'on account of its possible use in 

bombing targets under cloud'.27 Indeed, the Australian Embassy advised 

Radiophysics that only an officer of the Australian Army would be permitted 

to discuss the work on artificial precipitation with General Electric.28 The 

value to Radiophysics of General Electric's information was already 

diminishing, as in February 1947 the Australian group had successfully seeded 

clouds in the field. Nevertheless, Radiophysics continued to request the 
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information. A frustrated Bowen wrote to the Australian branch of General 

Electric in March 1947, trying a backdoor approach. However, he emphasised 

that 'we do not regard any of this work in the military sense and would not 

agree to handle it as such'.Z9 A final direct appeal by the Australian Embassy in 

Washington led to an Embassy officer being allowed to visit Langmuir and 

Schaefer. But Bowen cabled his regret that General Electric would not release 

the results except on a classified basis. 'We regard this work of great 

importance to primary industry in Australia', he wrote, 'and will therefore not 

agree to discuss it on a secret basis'.30 By mid-May Whiffen had received 

clearance from the US War Department to discuss aspects of General Electric's 

work. The details, when released, were not particularly useful to 

Radiophysics. 31 Apparently the two programs had already diverged. 

In the background of these developments was an increasing concern 

about the propriety of CSIR's undertaking secret research. Bowen's statement, 

rejecting secrecy, echoed similar statements by David Rivett in the same 

month: in a public address on 'Science and Responsibility' Rivett had stressed 

the necessity for complete freedom in the search for and exchange of 

knowledge, and had attacked the continuation of the security arrangements 

that had prevailed during the war. Secrecy, he pronounced, was futile: with 

regard to nuclear technology, the so-called 'secrets' of the atomic bomb were a 

set of engineering procedures which other nations were certain to develop 

within a few years.32 The Australian defence forces felt vulnerable in their 

relation to science and technology. The Defence and Supply departments 

controlled no research establishments of their own but relied on the 

cooperation of CSIR and a few university and private groups. Australia was a 

marginal player in the defence networks of the western world and the flow of 

technical information from the UK and the USA could easily be stopped.33 

Rivett's position was therefore an embarrassment. 

In practice Rivett accepted that security arrangements were necessary to 

cover the patches of defence work remaining in CSIR. (There was nothing of 

this kind, however, in Radiophysics.) But throughout 1947 and 1948 concerns 

over CSIR's 'lax' security arrangements surfaced repeatedly. As the Cold War 

intensified in 1948 the supply of 'sensitive' information from the UK was cut 

off, apparently as a result of pressure from the USA. In Australia these doubts 

culminated in a political attack by the Federal Opposition parties on the 
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government and on CSIR. Following the attack the organisation was subjected 

to an external review and subsequently reconstituted as CSIRO 

(Commonwealth Scientific and Industrial Research Organisation) in 1949. 

Even before the review the Division of Aeronautics, the section of CSIR still 

most involved in defence work, had been transferred to the Department of 

Supply and Development. And even after the organisation was reconstituted 

security remained a sensitive issue.34 

International liaison 

In 1947 some aspects still remained of the close scientific liaison that the 

war had created between Britain, the US and Australia, especially in the field 

of radar.35 Australia's Scientific Liaison Offices, particularly that in 

Washington, had played an important role in transferring technical 

information among the three countries. The ASLOs continued to provide 

such help to Radiophysics in its attempts to gather information about rain­

making programs. They both acted as CSIR's agents in dealing with other 

countries and circulated information over a wider area (for instance, collecting 

from DSIR in the UK information on Russian cloud-seeding experiments); 

their officers made personal visits to sites and wrote reports on them, 

represented Radiophysics at meetings and even presented Radiophysics' 

papers a!. these meetings.36 Radiophysics staff themselves put a great deal of 

effort into the same kinds of activities to maintain their overseas contacts.37 

This too was a legacy of the war for, particularly from 1942,there had been a 

great deal of interchange of scientists, especially physicists, among the three 

countries, and the value of these opportunities for interaction was not 

forgotten. 38 Overseas trips by Radiophysics staff - and there were a surprising 

number at a time when the passage by ship to Europe took four weeks - were 

for 'intelligence' gathering, education, publicity and making personal 

contacts.39 In the field of radio astronomy and, apparently, in rain physics, 

Radiophysics was very concerned to avoid duplicating the efforts of others.40 It 

could not afford to put scarce resources into areas in which, all else being 

equal, the Australians would be handicapped by distance-induced delays in 

having their work published in the major journals. Sullivan notes that after 
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some radio astronomy work had been needlessly duplicated by Radiophysics as 

a result of poor communication, Pawsey tried to coordinate certain aspects of 

the research in Australia and the UK in 1946 and again in 1948-49.41 Sullivan 

identifies the end of these attempts with the realisation that 'Australian 

science ... was becoming an independent entity, not just an extension of the 

mother country' .42 (As 'the colonials' were attempting to organise 'the 

metropolitans', a certain amount of independence had obviously been 

achieved already!) 

In the late '40s and early '50s Radiophysics was building its relationships 

in the field of cloud and rain physics with other researchers, particularly those 

in the US. It managed to get a toe-hold in the American system to the point of 

being invited to submit papers to US meetings concerned with weather 

modification: the second Radar-Weather Conference· (October 1951) appears to 

have been an all-American affair with the exception of Bowen.43 Such 

involvement was feasible because the field was a small one. Assessing cloud­

seeding in the USA in 1951, Bowen thought that there was little real 

experimental work being done, and that 'one cannot help drawing the 

conclusion that they are lagging far behind our own efforts'.44 

The CSIR cloud-seeding program takes shape 

Radiophysics began field trials, seeding clouds with dry ice, in January 

1947. On 5 February over Bathurst, NSW, the cornerstone of its future 

research was laid when a cumulus cloud was seeded and within minutes 

swelled into a towering anvil and began to drop rain. This event was later 

claimed as 'the first occasion in history in which a substantial rainstorm was 

deliberately caused by man' - strictly true, for Schaefer's historic experiment 

had produced snow!45 Within days Bowen claimed that 'it is practically certain 

that we can produce rain artificially, given the right meteorological 

conditions' .46 The program for the next few months was to carry out further 

dry ice experiments and to test the usefulness of other materials for seeding. 

By late March the CSIR Division of Physics had confirmed US findings that 

silver iodide was an efficient seeding material. Radiophysics was apparently 

keen to begin using this material, but was slow to do so (apparently for 
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technical reasons) and had not taken it up even by September 1948. 

Throughout 1947 and 1948 the focus of Radiophysics' work was on the physical 

processes occurring in seeded clouds; it had not yet begun to look at the 

problem of inducing rainfall over a wide area.47 By the end of 1948 the 

Radiophysics researchers had made about 40 seeding tests (all with aircraft 

supplied by the RAAF). The results led them to believe that they could 

identify reasonably well clouds that would respond to being seeded with dry 

ice. By November 1948 Bowen had turned his attention to the relation 

between cloud conditions and rainfall, especially during droughts; however, 

he thought that the relation between cloud type and the effectiveness of 

seeding could be considered at a later stage.48 By 1949 about eighteen people 

were connected with the rain and cloud physics program. The program was 

now dominated by theoretical studies, perhaps partly because of the increasing 

difficulty of finding 'suitable' clouds that were not already raining. In 1950 one 

of the cloud seeders, E. J. (Pat) Smith, estimated that the expectation of finding 

such clouds had declined from 50°/o in 1948 to 30°/o in 1949 and was tending to 

0°/o in 1950!49 

This decline may have been due to long-term climatic variation for 1950 

and 1951 were drought years in Australia's eastern States. Around the middle 

of 1951 the Radiophysics group began to be drawn into operational cloud­

seeding- practical seeding to relieve drought- or at least took the first steps 

towards it. The now CSIRO group had had some contact with parties in 

Tasmania and when Bowen visited Tasmania in August 1950 he found 

'intense' interest in rainmaking by the agricultural, forestry and hydro-electric 

power authorities. Following this visit Pat Smith was sent to Tasmania to 

start a series of experiments that would, in a year or two, indicate whether 

Tasmania was suitable for practical rainmaking. The experiments were 

hindered by a shortage of suitable clouds, and by May 1951 they were wound 

down and Radiophysics intended to retrieve its equipment from the field. But 

in June 1951 Radiophysics had to turn its attention back to practical cloud­

seeding, following a visit from Ian Clunies Ross, who had joined Fred White 

as the second member of the new CSIRO Executive. Clunies Ross 'stressed his 

interest in such experiments [i.e. those reported to have been carried out in the 

US] in view of the fact that the Executive is continually embarrassed by 

inquir[i]es about rain-making.'50 
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As a result of this direct pressure Radiophysics decided to conduct 

experiments modelled on those that Langmuir was now carrying out in New 

Mexico, and for which he was claiming great success. These experiments used 

silver iodide, not dry ice, as a nucleating agent. Silver iodide worked as a 

seeding agent because its crystal structure is extremely similar to that of ice 

crystals; it also allowed clouds as warm as -4° C to be seeded. Its potential had 

been discovered by another researcher at the General Electric laboratory, 

Bernard Vonnegut, at almost exactly the same time that Schaefer had carried 

out his historic field trial. Vonnegut went on to devise a way of vaporising 

silver iodide so as to introduce it into clouds in a suitable form: this was to 

heat the material to 2500 op to produce crystals of silver iodide 'smoke' and 

then to send these into the air on a heated updraft. The device for creating this 

updraft was called a 'ground generator'. Such generators became popular with 

commercial 'rainmakers' as they were cheaper to operate than an aircraft. 

Silver iodide was also much easier to handle than dry ice, which had to be kept 

cold.51 

The experiments that Radiophysics now carried out with ground 

generators were modelled on those of Langmuir but did not replicate them 

exactly, for under Australian conditions reproducing Langmuir's set-up would 

have required a very large amount of the rather costly silver iodide.52 

Radiophysics' experiments differed significantly from Langmuir's in at least 

one respect: they were based on the assumption that a chain reaction in rain 

formation was possible. Working on this assumption, the researchers used far 

smaller quantities of seeding material than they would have if they had not 

assumed a chain reaction. These experiments had negative results, which the 

CSIRO group used to repudiate Langmuir's claims for the effectiveness of 

ground generators. 

Even before these experiments Bowen had preferred aircraft seeding over 

the use of ground generators, arguing that an aircraft allowed a known 

quantity of material to be introduced into a cloud at a specific point and the 

growth of 'precipitation elements' traced.53 (For most of its subsequent cloud­

seeding experiments Radiophysics used aircraft fitted with burners that 

vaporised a solution of silver iodide to produce the tiny silver iodide crystals.) 

Radiophysics-' field trials, in contrast to Langmuir's, were directed towards 

trying to determine the physics of the processes rather than 'merely' showing 
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that cloud-seeding worked. It may be that Radiophysics' preference for 

airborne seeding was also part of an attempt to differentiate the Australian 

experiments from Langmuir's activities and claims. The relationship between 

Radiophysics and the General Electric researchers was faltering as early as 1948, 

and by 1951 Bowen was openly voicing his annoyance at Langmuir's 'highly 

irresponsible statements' in the popular press and the lack of 'properly 

authenticated scientific account[s] of the data from which the conclusions are 

drawn' .54 Langmuir's pronouncements were having an adverse effect on 

CSIRO's work, both because 'there is a relatively small body of people who 

believe [them] and are correspondingly scornful of our own modest claims' 

and because 'there is a rather greater number of people who point out the 

absurdity of some of his claims and automatically put all rain-making 

activities into the same category'.55 

Jeff Townsend, who has studied the history of rainmaking in the USA, 

describes Langmuir as one of the cloud-seeding researchers who wished to play 

'the grand role of scientific revolutionaries', and who quickly took the 

position of a rebel against the scientific orthodoxy represented by the US 

Weather Bureau.56 This polarisation of the debate in the USA was to lead to a 

lengthy investigation by a congressional committee (the Orville Committee) 

in the mid-1950s. Open controversy was finally quietened only in the late 

1950s when the responsibility for coordinating research into 'weather 

modification' was handed to the National Science Foundation. In Australia, 

by contrast, at least until the early 1950s Bowen took considerable care to keep 

Radiophysics' rainmaking work positioned well inside the bounds of scientific 

orthodoxy. He was able to point to two staff, Kraus and Squires, who were 

bona fide meteorologists and who 'between them probably know as much as 

anyone about the physics of cloud and rain formation'. 57 Radiophysics' first 

public announcement of its cloud-seeding work appeared in Nature on 12 

April1947. Although Bowen seems to have enjoyed being able to point to 

newspaper reports of CSIRO's cloud-seeding work- including some in the 

New York Times58
- he cautioned his staff about the fact that reports were 

appearing in the press before the scientific journals: 'I consider this to reflect 

badly on the standing of the Laboratory as a scientific institution and will do 

my utmost to see that it does not happen in future.' 59 By contrast, Langmuir 

and Schaefer were not publishing very much, if at all, in the scientific 
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literature, but were communicating through the popular press.60 Although 

Radiophysics apparently did not wish to practice 'popular science' in this way, 

press coverage of the American work influenced their own program by leading 

to calls for them to take on operational, i.e. applied, cloud-seeding. 

Operational cloud-seeding 

Bowen had sought to avoid any involvement in practical rainmaking. In 

February 1947, in a carefully worded letter to David Rivett, he commented that 

the experiments had been so successful that 'we must guard against the danger 

of allowing ourselves to be diverted from the scientific work to the more 

practical problem of making rain in the drought areas. I think that the best 

way of doing this is to make careful arrangements at an early stage for 

someone else to be responsible for the application of our results.' He went on 

to suggest that the subject might be important enough to warrant the creation 

of a special government department, and that he saw a role in operational 

rainmaking for the RAAF (flying), the Weather Bureau (determining 

favourable conditions for seeding), agriculturalists (establishing the need for 

rain) and CSIR (to advise on methods).61 Rivett was in favour of the idea.62 

But although Bowen was still discussing this with White in 1948 - 'My main 

enthusiasm has been for getting work of this description done and I don't 

mind much how it is done' - nothing caine of it.63 

In the second half of 1951 the 'operational' side of Radiophysics' cloud 

and rain physics program continued to expand. CSIRO's Tasmanian State 

Committee decided to drop the dry ice experiments that had been started in 

1950, because of their relatively high cost, but wanted to experiment with 

ground-based silver iodide burners. Langmuir's experiments with such 

burners had been reported in the Australian press as early as January 1950, and 

Radiophysics had started similar experiments at Hay, NSW64
• Members of the 

local Pastures Protection Board (prominent graziers in the district) were asked 

to keep special records of the rainfall. The local people became convinced that 

the Hay experiment was producing rain: '[CSIRO] will certainly be called on if 

they ever have a drought'.65 But CSIRO decided that the burners had not 

worked.66 
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By late 1951 the Minister for the Army had asked CSIRO to assist in 

ameliorating the drought then affecting Queensland. In his reply to Fred 

White on this question Bowen distinguished between controlled experiments, 

which took time and resources to arrange but which were scientifically useful, 

and uncontrolled experiments that would be useless in accounting for what 

occurred, whether there was rain or not. He was recalcitrant, 'more than ever 

convinced that a proper scientific investigation of the problem is the only way 

in which progress will be made ... '.67 Bowen's reply to requests from drought­

stricken regions that CSIRO carry out experiments for them was usually along 

the lines that 'our chief concern at the moment is to obtain a complete picture 

of the physical processes involved'.68 A request from Broken Hill Water Board 

led to the formulation of policy: CSIRO would give practical assistance when 

relief was needed urgently, but the operation would have to be organised and 

financed by those requesting the help.69 

While reluctant to get involved directly, Bowen was very encouraging to 

others, both individuals and organisations, that wanted to carry out their own 

cloud-seeding experiments. He seems to have looked upon experiments by 

other parties, even if uncontrolled, as possible sources of useful information. 

When the Zinc Corporation of Broken Hill requested advice on undertaking 

its own experiments, Bowen replied that ' ... we are not being secretive about 

our experiments on the physics of rain formation. We are, in fact, anxious to 

tell everyone all that we know, especially people like yourselves who might be 

able to help and perhaps co-operate by doing similar experiments.'70 Similarly, 

in the course of a long correspondence with a Queensland grazier, W. H. 

Anning, he discussed experiments on non-freezing clouds. As Radiophysics 

was unlikely to do many experiments of this kind itself, he wrote, 'it would be 

an excellent thing ... if you could see your way to seeding warm clouds .... [W]e 

would be terribly interested in the results.'71 
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Using outside resources 

Bowen was certainly interested in recruiting resources from every other 

source available to him. He looked for advice to other CSIRO Divisions­

those of Physics, Aeronautics, Industrial Chemistry, Tribophysics, and 

particularly the Meteorological Physics section in Melbourne- and to 

organisations such as the Ministry of Munitions, the L.ong Range Weapons 

Establishment in South Australia, and of course the Weather Bureau. Most of 

these requests were for technical advice. For data, Bowen enlisted the help of 

Australian National Airways, Qantas and Trans-Australian Airways to 

measure temperature as a function of altitude. For equipment, Bowen 

approached sources as diverse as Richard Woolley, the Commonwealth 

Astronomer (for a rain gauge), the South Australian Department of Mines (for 

a dust counter) and the NSW Department of Railways (for a coal crusher, in 

use at the Ultimo power station, with which to crush dry ice). And for places 

in which to experiment, he requested the use of sites as diverse as the 

Women's Hockey Grounds at the University of Sydney (Radiophysics was 

housed at the University until 1968) and the Sydney Harbour Bridge. This far­

flung net of connections is typical of Bowen's entrepreneurial style but is also a 

sign of the continuing material shortages of the immediate post-war period. 

What is conspicuous, however, is the relatively small number of contacts 

made between Radiophysics and any agricultural advisers, even the 

agricultural sections of CSIRO itself, or any bodies concerned with water 

management.72 

The major outside resource was, of course, the aircraft provided by the 

RAAF. For cloud-seeding with dry ice the material had to be dropped into 

clouds from above. This needed a high-flying aircraft and most light civilian 

'planes were not up to the job.73 (This was the greatest impediment to private 

cloud-seeding experiments.) The first move to obtain high-flying aircraft had 

been initiated by Pawsey, who in December 1946 had asked White to approach 

the RAAF about aircraft use; however, in November Kraus had already made 

the first (fairly informal) approach to the RAAF about the use of a lower-flying 

plane. As a radar research establishment Radiophysics had developed a strong 

working relationship with the RAAF during the war and so hoped to be able 

to continue to draw on its resources. Certainly, once the work was under way 
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Radiophysics made regular reports on its progress to the RAAF; it also 

continued to provide advice on subjects such as air navigation.74 

Cloud-seeding as a weapon 

The exact nature of the RAAF's interest in cloud-seeding is unclear. 

During the war the RAAF had had a great need for meteorological services: so 

great, in fact, that in 1940 the Commonwealth Bureau of Meteorology was 

attached to the RAAF as a directorate?5 The kinds of information that 

interested the RAAF were forecasts of wind direction (for navigation), cloud 

cover and general visibility (for air strikes, landings and parachute drops), and 

general factors that affected aircraft safety, such as turbulence and icing. After 

the war, at the same time it was supporting Radiophysics' cloud physics 

research, it was receiving information about US research on weather through 

its own channels. In July 1948 H. A. Wills of the Division of Aeronautics 

passed on to Bowen reports pertaining to a US project, 'Thundercloud', which, 

he said, 'I have at last managed to pry out of the R.A.A.F.'- and these were 

unclassified reports.76 

On their side, the US defense forces were interested enough in the 

Australian work to ask Radiophysics for information, both directly and 

through the Australian Meteorological Office.77 Although it was reported in 

late 1948 that the US Air Force had proved to its own satisfaction that 'no 

useful results' could be achieved through seeding clouds with dry ice, military 

interest in cloud-seeding persisted. Military sponsorship of General Electric's 

work had ended fairly early but various sections of the US forces sponsored 

other programs: the US Signal Corps sponsored work at MIT, and in 1953 the 

Air Force established a tropical meteorology lab in Honolulu and began 

backing a cloud physics program at the University of Chicago.78 The Defense 

Department was one of Langmuir's staunchest supporters: 'Project Cirrus', a 

project to test the efficacy of cloud-seeding which ran from 1947 to 1952 (and 

after which Langmuir went into semi-retiremenf9
) was financed entirely by 

defence funds. 80 The military support fundamentally shaped the 

development of rainmaking research in the USA.81 
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The US Defense Department was undoubtedly interested in cloud­

seeding as a weapon. Until 1972 at least, the Naval Weapons Center in 

California studied both cloud-seeding techniques and the effects of seeding 

over an extended area (and also in the early 1970s personnel of the Defense 

Department carried out a large seeding operation to alleviate droughts in the 

Philippines82 
- perhaps as a field test). The original interest in General 

Electric's work had been reported to be that of bombing under cloud cover; a 

1968 report by geophysicist Gordon J. F. MacDonald, who had been connected 

with the defense establishment, also suggested that seeding could be used 'for 

local enhancement of precipitation to cover or impede various ground 

operations', or to remove moisture from the air, so as to prevent rain 

downwind, thus subjecting a specified stretch of territory to drought.83 There 

seems to be good evidence that from 1967 the US used cloud-seeding in the 

Vietnam War to try to hinder the movement of supplies for the Vietcong: the 

aim was to increase rainfall at the beginning and end of the monsoon, to make 

travel through the jungle more difficult and to trigger landslides and wash 

away river crossings. (The results of these 'offensive' seeding operations, 

however, could not be quantified any more easily than those of civilian 

seeding programs.84
) The seeding apparatus for this purpose was developed at 

the Naval Weapon Center and the techniques used were those of commercial 

cloud-seeders. The CSIRO group was in contact with the Naval Weapon 

Center as late as 1970, and provided it with information and instructions on 

cloud -seeding. 85 

Although hardly as reliable in its effects, cloud-seeding, like the atomic 

bomb, represented the harnessing of immense forces latent in the natural 

world, released by a small trigger. This view- that small changes in the 

atmosphere could bring about large effects- was held by cloud-seeders of all 

persuasions. Langmuir used to liken seeding a cloud to striking a match that 

could set a whole forest on fire. The countervailing view, that the forces of the 

atmosphere were vast and could be altered only by the imposition of equally 

vast forces, was the more orthodox position held by, for instance, the US 

Weather Bureau. Townsend notes that the Weather Bureau's opposition to 

the US cloud-seeders, particularly Langmuir, was partly based on this 

intellectual stance but also partly on its view of itself as a protector of the 

public interest.86 It was also part of the Bureau's public role to defend against 
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the idea that small, man-made triggers could indeed affect the weather, given 

the widespread concern in the late 1940s and early 1950s that the explosion of 

atomic bombs might be altering weather patterns. The Bureau would have 

backed the view (actually voiced by an army meteorologist) that 'it would take 

10 atomic bombs per second to have an appreciable influence' on the 

atmosphere.87 In Australia these concerns seem to have been muted. Here, 

insofar as cloud-seeding was popularly seen as a weapon, it was one to be used 

against the 'enemy' of drought. 

Charting a course for the future 

Radiophysics' first formulations of the cloud-seeding problem were 

technical ones. In 1947 Kraus recognised that the viability of cloud-seeding 

would depend on how frequently suitable clouds (ones above freezing level) 

occurred, and noted that 'for the time being this problem has been shelved' .88 

In 1951 Pat Smith identified four meteorological variables, not necessarily 

independent, that were important in determining when a cloud was suitable 

for seeding with dry ice.89 

In January 1952, in an outline of the rain and cloud physics work planned 

for the future, Bowen presented the problem from an economic as well as a 

technical point of view. He distinguished clearly between ameliorating the 

effects of drought and increasing agricultural production overall; he also noted 

the difference between increasing total annual rainfall and increasing the 

rainfall in a crucial part of the growing season. Only this last possibility 

seemed to be economically feasible.90 Bowen seems to have seen cloud­

seeding as able to aid agriculture only in a specific and limited way (although 

he himself was interested in investigating a separate problem- whether 

drought periods were associated with a lack of cloud). Furthermore, he was 

extremely aware of the importance of location-specific factors that might affect 

the efficacy of cloud-seeding, noting that 'it is important to investigate this 

matter on an Australia-wide point of view to determine in which areas ... [to 

concentrate on] practical rain-making attempts'.91 (In later years, Bowen 

sometimes presented a much less specific view of the possibilities of cloud­

seeding; it is hard to decide whether he was doing so to achieve certain ends, 
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or whether he had become carried away by the subject.) Given this 

appreciation of local factors, and the way that Smith had formulated the 

technical problems of cloud-seeding, it was logical that the major activity of 

the cloud-seeding program was to become attempts to establish how often 

suitable seeding conditions occurred in specific parts of Australia. 

Comment 

The cloud-seeding program was similar to Radiophysics' other major 

activity, radio astronomy, in that they were initially driven by radar 

technology and techniques. In both fields innovation had been brought about 

by 'marginal' participants, who had introduced techniques developed during 

the war into a different field - astronomy in one case and meteorology in the 

other. 

The two programs also differed. The CSIRO cloud physics group had less 

of a problem than did the radio astronomers in establishing their standing 

with the pioneers in these fields in other countries.92 This is probably partly 

because there was no colonial legacy to contend with- Britain was one of the 

other radio astronomy pioneers, and the one the Radiophysics group looked to 

most- and because in the USA the field of cloud-seeding seems to have 

broadened quickly, so that it was not dominated by any one group.93 And with 

its promise of practical results, cloud-seeding, and cloud physics generally, was 

able to act as a smokescreen for the more arcane astronomy program.94 As that 

program expanded, this function was to become more important, as the next 

chapter shows. And yet, for all the vaunted practicality of the program, it 

seems that by 1949 theoretical studies of rain and cloud physics were 

dominating the program at Radiophysics.95 This may simply have been 

because the number of suitable occasions for cloud-seeding arou~d Sydney was 

falling: in 1950 Pat Smith estimated that the number of such occasions per year 

had fallen from 70 in 1948 to 30 in 1949, and then to 5 in 1950.96 And in 1952 

there was a serious setback to the program's practical side, when an RAAF 

aircraft with its crew, two scientists, and their equipment, crashed into the sea 
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off Cronulla.97 But the larger role played by theory may simply represent an 

interest in basic research for its own sake. 

Jeff Townsend has pointed out how the Langmuir camp, the cloud­

seeders who positioned themselves as 'revolutionaries', preferred to justify 

their practices by 'experience', that is, practical attempts at rainmaking, rather 

than by detailed explanations of the physical processes involved. The CSIRO 

group was somewhat different. At this time CSIRO could be considered the 

embodiment of scientific orthodoxy in Australia, and the cloud-seeding group 

sought legitimacy by publishing in the scientific literature. Far from wishing 

to appeal to popular experience the CSIRO group did not want to take on 

practical cloud-seeding. Although Bowen seems to have shown a keen 

awareness of the economic rationale that must govern the use of cloud­

seeding, perhaps to some extent this was, or later became, a guise under which 

the scientific problems could be pursued. In a letter to Bowen in January 1949, 

Ross Gunn, Director of Physical Research in the US Weather Bureau, virtually 

accused the Australians of being over-optimistic about the economic potential 

of the technique - indeed, accused them of lack of objectivity. Bowen's reply 

was, perhaps, disingenuous: 

Here in Australia we have been lucky in our rainmaking work, more 

particularly in that we have been encouraged to investigate the physics of the 

process without worrying too much about the economics of the question. . . . I 
was a bit surprised, therefore, to find you saying in your letter "your group 

feels that artificial seeding is likely to be of greater economic value than we 

do". I wonder where you have got that impression from? 98 

At the time, some research groups Radiophysics dealt with (the Canadians, for 

instance) were dubious about the prospects for cloud-seeding, and so Gunn's 

statement appears to have been correct. Bowen's reply was probably a 

defensive move aimed at keeping his group dissociated from the enthusiasts 

of the Langmuir camp and well into the 'scientific' camp. However, 

elsewhere Bowen admitted that the experiments had concentrated on the 

scientific aspects of the problem and that the economic problems and the 

practical application to agriculture were being left until 'a later date' .99 
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There is no doubt that Radiophysics had seized upon cloud-seeding because it 

genuinely seemed to offer huge economic returns. But the group also saw that 

on the experimental side the field is wide open. Here .is a major process of 

nature. No information is available that is worth a damn [sic] which will 

serve to confirm or re[flute. 100 

It may be that not only was cloud-seeding a 'practical' area that 

counterbalanced radio astronomy, but also that within cloud-seeding, in later 

years, the economic rationale became something of a smokescreen for the 

science- or the science lost touch with the economic rationale. 
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Chapter 2: Turning points, 1957-1963 

But there is no doubt that the art of rain making is control. 

This aspect has been developed to its utmost in Australia 

and even the rain makers are controlled ... 

Albert Norman, "'We made it Rain": Letters from the South Seas', 

Christian Science Monitor, 27 January 1958. 

In the period 1957-1963 the CSIRO rainmaking program reached two 

turning points. One was a disturbing deterioration in experimental results; 

the other, a failed attempt to get the Commonwealth government to legitimise 

the technique by establishing an organisation to carry it out as a routine 

practice. It is worth looking first at some of the background to these events. 

The beginning of wide-area experiments, 1953-1956 

In the early 1950s the CSIRO cloud physics group was one of the few in 

the world that had the use of an airborne research facility. 1 This gave it a 

definite lead in the field. By the mid 1950s the CSIRO cloud-seeders were 

confident, claiming that 

[w]hile related work has also been proceeding in other countries of the world, 

it is largely as a result of investigations carried out in Australia that the basic 

problems are now more clearly understood. 2 

The program expanded. Satisfied that it could induce rain from individual 

clouds, Radiophysics turned its attention to trials of seeding over wide areas 

(of the order of 1,000 square miles). In these the fundamental problem was to 

distinguish any effect caused by cloud-seeding from the natural variability of 

the rainfall, and so each experiment had to run for a couple of years. For these 

experiments Radiophysics managed to find the funds to buy a light aircraft of 

37 



its own. (Seeding with dry ice had required a high-flying aircraft that could 

carry a thousand pounds of dry ice per cloud seeded; seeding with silver iodide 

was less demanding.) In September 1954 Radiophysics started experiments 

with the Victorian State Electricity Commission and in December that year it 

seeded clouds near Cloncurry in Queensland. These were essentially 

preliminaries to the main experiment of this period, started in 1955 in the 

Snowy Mountains region, in conjunction with the Snowy Mountains Hydro­

Electric Authority (SMHEA). 

The other notable event of this period occurred in October and 

November 1954, when Radiophysics staff took part in a project in the 

Hawaiian islands to study the physics of rainfall from warm clouds. This 

experiment, 'Project Shower', was funded by the US Office of Naval Research; 

the other participating institution was the US Weather Bureau.3 Once again, 

the Australian group made its measurements of cloud parameters from an 

RAAF aircraft, flown to Hawaii for the purpose. Project Shower was 

Radiophysics' first international collaboration in cloud physics, and it shows 

how the group was becoming more closely connected with the 'mainstream' 

US research in the field. Radiophysics' relations with the US Weather Bureau 

were quite good, in contrast to those of the Langmuir camp. 

Background developments in radio astronomy 

At the same time that the cloud-seeding program was expanding and 

becoming more closely linked to the American scientific institutions, so too 

was Radiophysics' radio astronomy program. By the early 1950s that program 

was in full swing and the main question was what kind of new instruments 

should be developed for it. By coincidence, in 1951 Lee DuBridge, President of 

CAL TECH (California Institute of Technology), asked Bowen to advise on how 

radio astronomy might be developed in the USA, which until that time had 

been lagging in the field. Bowen, apparently impressed by Bernard Lovell's 

plans for the large telescope at Jodrell Bank (UK), the first of its kind, drew up a 

proposal for a similar large telescope. But rather than simply accepting an 

offer to head this new facility in the US, with Fred White's encouragement he 

began to explore the possibility of building a large telescope in Australia. 
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Bowen's proposal had competitors both inside and outside Radiophysics. 

Nevertheless, after a complicated sequence of events it was eventually realised 

as the Parkes radio telescope, opened in 1961.4 

As the Commonwealth Government seemed unlikely to meet the cost of 

this proposed telescope it was necessary to look elsewhere for funds. In 1954 

the US Carnegie Corporation contributed $US 250, 000 towards the telescope 

from its British Dominion and Colonies Fund. In April 1955 the 

Commonwealth Government too agreed to finance the project, but only as far 

as matching, pound for pound, private contributions. CSIRO mounted a 

popular appeal for funds but raised little in Australia, and so in 1955 Bowen 

began to do the rounds of other American philanthropic organisations. He 

succeeded with the Rockefeller Foundation, which pledged another 

$US 250,000. This was enough to get the project started; other money was 

raised later from other sources. In discussing this episode in his history of the 

Parkes radio telescope, Peter Robertson points out that the large American 

philanthropies recognised that science funding could strengthen America's 

cultural and political influence in the post-war world, 'particularly in 

countries such as Australia where a power vacuum had developed as a result 

of Britain's declining influence' .5 Shortly after the Carnegie Corporation 

made its award in 1954, Vannevar Bush, the president of the sister Carnegie 

Institution, proclaimed the desirability of strengthening those ties. He wrote: 

Nothing, I am sure, would bring our two counties closer together more 

effectively than for Australia to lead the way in an important area of 

fundamental research. . .. Also I feel sure that this accomplishment on your 

part would lead the Australians to view this country [America] as a place 

where good fellowship is found in the discussion of mutual interests.6 

Robertson also comments on the different attitudes to science shown by 

the contributing parties. The Australian Government was cautious to the 

point of seeming to need 'reassurance from the Americans that the idea was 

worth supporting' .7 As for private Australian donors, not only was there a 

lower level of available resources, and little tradition of private philanthropy, 

but most of the private support for science that did exist was directed to 'more 

utilitarian research in fields such as medicine, biology and agriculture' .8 The 
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public appeal for funds for the radio telescope raised a negligible amount over 

a period of years, but when in the late 1950s CSIRO set up a trust to raise 

money for a special laboratory for plant industry research, £30, 000 was donated 

within a month. R. G. Casey, Minister for CSIRO, lobbied the Government for 

this project, arguing that it would provide substantial economic benefits for 

Australia, and the government 'had little hesitation' in agreeing to meet the 

full amount of half a million pounds. 

Funds could be raised in Australia for the physical sciences. Mark 

Oliphant at the newly created Australian National University obtained half a 

million pounds, for what initially was to be a proton accelerator (finally 

abandoned in 1961). And in 1952 Harry Messel at the University of Sydney 

established the Nuclear Research Foundation, which in its first eight years 

raised more than three million pounds to support research using cosmic rays 

to investigate the fundamental structure of matter. (Admittedly, two-thirds 

came from overseas, but raising even a million pounds in Australia was a 

considerable achievement.) But nuclear physics and the search for 

fundamental laws of nature were supported because nuclear physics and its 

applications were seen as central to the nation's defence planning, and because 

these fields carried international prestige.9 Radio astronomy, by comparison, 

was an arcane science with little practical value. The question of which areas 

of science Australia could successfully compete in does not seem to have 

mattered: after all, Australia was a leader in radio astronomy but not likely to 

become one in the expensive field of nuclear physics. 

Bowen did not attempt to justify radio astronomy in terms of its 

immediate practical value but argued that benefits would flow in the long 

term. 10 The more pragmatic players, such as White and Casey, went to some 

lengths when supporting the proposed telescope to stress the practical benefits 

of radio astronomy, such as a better understanding of radio communications 

or plasma physics. Underlying the attempts to justify the telescope by its 

practical 'spinoffs' was a concern about the effect that it would have on the 

existing balance between pure and applied research in CSIRO - in terms of its 

public profile, if not in terms of its running cost. 11 White had actively 

supported the radio astronomy program and Clunies Ross and Casey had at 

least approved of it, but by announcing plans for a giant radio telescope CSIRO 

laid itself open to the charge that radio astronomy fell outside its charter. 
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Radio astronomy had come to dominate Radiophysics' budget, growing 

from 38°/o in 1952 to 51 °/o in 1956- which meant, by that latter year, about 

£150, 000 per year. (The cloud and rain physics group accounted for a third of 

the budget in 1956, i.e. about £100, 000 annually. 12
) In defending this level of 

funding to White, Bowen was bold enough to claim that the CSIRO outlay on 

radio astronomy was ten times that of the research groups at Cambridge or 

Manchester in the UK, and far greater than that of any individual group in the 

USA, and yet despite this the Australian group was 'trailing the field badly in 

many respects'. Presumably Bowen meant to imply that the Radiophysics 

group could not hope to compete at all at a lower level of funding. 

Nevertheless, in October 1956 senior Radiophysics staff and the CSIRO 

Executive decided that support for the giant radio telescope would be met, not 

by cutting Radiophysics' other work, but by pruning the existing radio 

astronomy program.13 

Even before the telescope was commissioned until October 1961 it 

acquired a political significance, by becoming bound up with the American 

side of the space race. By 1957 the USA had e~stablished several military 

facilities at Woomera in South Australia, which was now a well-equipped 

rocket range. In 1958 the space race erupted and NASA was born. The new 

organisation found itself embarrassed by a complete lack of satellite tracking 

dishes - indeed, up to 1959 the most competent instrument anywhere for this 

purpose was the new telescope at Jodrell Bank. The American use of 

Woomera was formalised in 1960 with the signing of a US-Australia 

agreement relating to space tracking and communication, and part of that 

agreement was a proposed deep-space tracking station with a 26-m diameter 

dish, which would have made Woomera one of three stations world-wide that 

NASA could use for satellite tracking. Meanwhile NASA had already 

discussed with Bowen the use of the Parkes telescope. That was in early 1959: 

by June of that year Casey, who was also Minister for External Affairs, was 

impressing upon Cabinet that the Parkes telescope was likely to strengthen 

Australia's hand in negotiations with the USA. A formal agreement on the 

way NASA would use Parkes was reached in 1960. Although it turned out 

that NASA used Parkes little until 1966 (depriving the telescope of some of the 

political kudos that Jodrell Bank had accrued from satellite tracking), the 1960 

agreement had secured greater political justification for the telescope. It seems 
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likely, therefore, that cloud-seeding, as a very visible and 'applied' research 

program, became more politically important for Radiophysics in the second 

half of the 1950s while the astronomy program was politically 'exposed' - but 

that this added importance probably only lasted for a few years. 

The wide-area experiments 

In the early to mid-1950s the emphasis in the Radiophysics cloud-seeding 

program was on understanding what happened to silver iodide after it was 

released into the atmosphere. By 1955 the researchers had determined that 

silver iodide decayed rapidly after being released from ground generators, and 

that ultraviolet radiation was the culprit. This pretty much put paid to claims 

(such as Langmuir's) for the effectiveness of ground generators. The group 

now developed silver iodide burners that would operate on light aircraft, so 

that the 'smoke' of silver iodide crystals could be introduced directly into 

clouds. Optimism surged, and in early 1955 Bowen began to suggest that the 

Government should introduce weather control legislation. But it was still not 

known if rainfall could be increased over a wide ar.ea, and if so, whether this 

could be done economically. The first of the major wide-area experiments 

carried out in the next decade was run between 1955 and 1959 in the area 

administered by the Snowy Mountains Hydro Electric Authority (SMHEA).14 

Radiophysics started several other experiments along similar lines in this 

period, in various climatic regions: in the Mt Lofty Range north of Adelaide 

(beginning in 1957), the New England area of NSW (1958), Sydney's 

Warragamba catchment area (1959) and the Darling Downs area of Queensland 

(1960). 15 

The Snowy Mountains Experiment 

This experiment seems to have resulted from an approach by 

Radiophysics to the SMHEA but it was funded by the SMHEA. 16 It was done 

by choosing a target area for seeding and a control area that was not to be 

seeded, and seeding clouds over the target area on a proportion of the days 
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suitable for seeding, the actual days being chosen at random. After the first 

two years of seeding, Radiophysics claimed increases in the precipitation in the 

seeded areas of around 20°/o. But the SMHEA was sceptical. It employed P.A.P. 

Moran of the Australian National University as a statistical consultant and in 

1957, only two years into the experiment, he privately advised Clunies Ross 

that 'the experiment must be continued for another two years before we shall 

have any idea of what is really happening.' 17 Although the SMHEA agreed 

that the experiment should be extended for a further two years, it not agree 

with Radiophysics on the interpretation of the results. Roscoe Braham, a 

meteorologist at the University of Chicago, was asked to independently assess 

the experimental design. In November 1959 he did so, and judged some 

aspects of the experiment, such as the randomisation and the seeding 

technique, to be excellent. But he also found that the experimental design was 

flawed in that, because of difficulties in measuring precipitation quickly and 

accurately, snowfall sometimes had to be estimated rather than measured, and 

those making the estimates knew on which days the seeding was done. 18 As 

well, while agreeing that the seeding probably had increased precipitation, 

Braham thought that the 20°/o figure which CSIRO put on the increase was 

probably 'substantially larger' than the real increase.19 

The researchers had thought it reasonable to assume that if seeding 

caused any extra rain or snow, this precipitation would occur within a few 

hours of seeding. But five years into the experiment the SMHEA decided that, 

on the basis of its own measurements (disputed by Radiophysics20
), there was 

no evidence that this occurred. As a result it disagreed with Radiophysics' 

claim that the substantial overall increase in precipitation which Radiophysics 

had recorded had anything to do with the seeding, and insisted that if the work 

were to be published, the results would have to be described as 

'inconclusive'21
• In the end CSIRO and the SMHEA could not even agree 

about the issuing of a joint ministerial statement announcing the results of 

the experiment.22 The whole episode led to a great deal of ill-feeling between 

Radiophysics and the SMHEA. 23 It may be a sign of the sensitivities attached 

to this experiment that the Radiophysics files on it, seemingly alone of the 

cloud-seeding experiment files, were destroyed.24 
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Drought relief operations 

Two years into the Snowy Mountains experiment, however, Bowen's 

optimism was still high. This optimism was picked up by the Sydney press in 

January 1957 and given some journalistic embellishment.25 1957 was a dry 

year in the eastern States; dry enough to be classified as a drought. Even before 

the dry conditions became alarming, the rural community was well aware of 

the rainmaking experiments/ 6 and as early as February 1957 Radiophysics 

received requests for operational cloud-seeding. These requests were turned 

down on the grounds that Radiophysics lacked the funds to meet them (or, 

more specifically, the aircraft and personnel). By May, CSIRO had applied to 

the Federal Treasury to buy a new aircraft for rainmaking - although for 

experiments, rather than drought relief- and this was heartily endorsed by 

Arthur Fadden, Deputy Prime Minister in the Menzies coalition 

government.27 Soon after this a push began at a political level for 

Radiophysics to carry out 'emergency drought relief' cloud-seeding. This 

urging may have come from Casey, possibly after discussions with White. It 

was certainly Casey who asked the Minister for Air, F. M. Osborne, to arrange 

for the RAAF to lend Radiophysics a couple of aircraft for this purpose. The 

loan was agreed to, but the Department of Air refused to bear the cost. CSIRO 

had no funds available either, but Casey obtained an assurance from Treasury 

that the project could go ahead, up to a cost of £10, 000. With these 

arrangements in place Casey told White to go ahead with the work. In 
agreeing to the loan of the aircraft Osborne seems to have required that the 

work would be described as 'experimental' and not as 'relief'. 'We will have 

to be careful about publicity', wrote Casey, 'as we are liable to be bombarded 

with similar requests if the impression is given that we can do this sort of 

thing over a wide area. '2 8 

The operations were to cover New South Wales, Queensland and 

Victoria. The State Departments of Agriculture were to advise where rain was 

most needed, and the Weather Bureaux were to indicate in which of those 

areas suitable clouds were likely to occur. The choice of a seeding site was a 

compromise between these two, with desperation being considered the more 

weighty factor. 29 These arrangements minimised CSIRO's responsibility for 

the outcome of the seeding. Casey's announcement of the plans for drought-
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relief attempts appeared in the press on 5 June. By 12 June an RAAF Dakota 

that had previously been used for rainmaking experiments was stationed at 

Amberley, Queensland; a second was ready at Richmond air base by 16 June 

and a third began flights from Nhill in Victoria soon after. By 21 June 

substantial rain had fallen in Victoria and the Victorian Department of 

Agriculture asked for the seeding to be halted; the 'plane involved was soon 

redeployed to Queensland. Radiophysics diverted its resources to these 

operations only with great reluctance. Its overriding concern was that its two 

controlled experiments under way in South Australia and the Snowy 

Mountains would not be disrupted in any way.30 

Although these emergency operations were of no use in determining the 

effectiveness of cloud-seeding (as Bowen continually emphasised), the general 

understanding was that the seeding in northern New South Wales and 

Queensland had been quite successful. Letters of thanks began to stream in. 

The State Departments of Agriculture 'frankly admitted' that the program had 

assisted in New South Wales and Queensland.3
i Casey was happy for CSIRO 

to take public credit for the rain that had fallen and even Arthur Fadden 

received his share of thanks for CSIRO's work.32 Then in July, in the face of 

this apparent success, the question arose as to how to end the program. It was 

a sensitive issue, for there were still parts of both NSW and Queensland that 

needed rain. But as White wrote to Casey, 'I think we must face the fact that 

there is always likely to be some area of Australia which, in the opinion of the 

agriculturalists and primary producers, needs rain'. It was decided to end the 

emergency program on 26 July and return the borrowed aircraft to the RAAF. 

In White's view, the interest that had been aroused in the States in cloud­

seeding had 'created a favourable opportunity for a discussion of the 

responsibilities, both financial and operational, for similar measures in the 

future.' 33 He proposed to Casey that discussions should be held with the States 

about forming a special commission, 'jointly between the States and the 

Commonwealth, to control this situation'. 

When the emergency seeding was ended in late July there was a flurry of 

protests, both to the government and to CSIRO. In one case CSIRO succumbed 

to the pressure, agreeing to carry out more seeding in the Warren-Trangie­

Nyngan region of NSW, home to several merino studs. ('They are the 

mainstay of the pastoral industry, which in tum is one of the principal factors 
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in our economy', pleaded (Sir) W. N. Kater, a prominent landowner, urging 

yet another extension of the work from the end of August.34
) CSIRO asked the 

landowners in this region to keep quiet about this exercise, not wanting to stir 

up more requests. But requests kept coming. In August the NSW Department 

of Agriculture wrote directly to Bowen, indicating that rain was again needed 

in some parts of the State. Rural bodies were also pressuring their State 

representatives, who were appealing directly to the Commonwealth. By 

September CSIRO was desperate for the Commonwealth government to 

decide whether it would continue to fund operational cloud-seeding or would 

require State governments to carry the cost.35 

Emergency seeding, again funded by the Commonwealth, was restarted in 

September 1957 by H. Holt, acting minister for CSIRO. Even more pressure 

was now applied, especially from Queensland, where Premier Nicklin 

appealed directly to the Prime Minister for rainmaking aircraft to be sent to 

south-east Queensland. The reply was non-committal. Within a fortnight the 

Queensland State Minister for Agriculture telegrammed the same request to 

Holt and an aircraft left for Queensland the next day. A similar request from 

New South Wales soon after caused White to cable Holt, concerned that it was 

'too easy for state governments to make such requests', and suggesting that the 

States be required to bear the cost of operating the aircraft. 

The presumed success of the emergency seeding unleashed an apparently 

insatiable demand for rainmaking services, both from individuals and from 

the States. It also resulted in closer links between the Radiophysics cloud 

seeders and the State Departments of Agriculture. · Nevertheless, it seems that 

cloud-seeding did not really become incorporated into the discussions of what 

one might call the 'drought establishment'- those who were to shape 

government policies on drought. In 1958 Keith Campbell, Professor of 

Agricultural Economics at the University of Sydney, commented that 

Spectacular though rainmaking experiments have been, we would be foolish 

to place too much reliance on the potentialities of this technique, especially if 
it diverts attention from alternative measures. After all, production instability 

will still be with us as a major problem whatever success the rainmakers 

ultimately achieve. 36 
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This view of drought- as one risk factor among many affecting agricultural 

producers- did not become incorporated into government policy until thirty 

years later, but its slow ascendancy may have been one factor underlying the 

eventual demise of the cloud seeding program. 

A Rainmaking Commission? 

As early as 1955 Bowen, buoyed by the apparent success of the 

experiments, had suggested to Casey that the Government should start to 

think about drawing up legislation on 'weather control'. Bowen and the 

CSIRO Executive had consistently presented CSIRO as defending the farmer's 

interests, working to establish the efficacy of rainmaking techniques and to 

prevent farmers from being cheated by ineffective commercial operators. 'We 

consider that we have an inescapable responsibility to develop rainmaking 

methods specially suited for Australian conditions and to ensure that they are 

adequately tested and verified before being recommended for general use', 

wrote Bowen. 37 This role, as protector of public interests, was comparable to 

the one taken by the US Bureau of Meteorology. The rainmaking legislation 

that Bowen began to discuss in 1955 was an extension of this, its object being 

'to prevent abuse of weather control techniques and to give the 

Commonwealth some form of control over the operations in this field'. 

Again, the issue of control was presented as a question of protecting the public 

interest. For one thing, it was thought that techniques of successful 

rainmaking were likely to become widely known and operations by unskilled 

people might lead to floods that would threaten life and property. For 

another, the effect of weather control experiments could not be confined inside 

State boundaries: while state instrumentalities might advise on the need for 

water, weather should be modified only by a body with Commonwealth-wide 

authority.38 It was suggested that in the preliminary stages, while 

Radiophysics was still checking its experimental results, a Weather Control 

Commission might be set up, which would issue licences to persons properly 

qualified to do experiments. At a later stage further legislation might be 

needed to give the Commonwealth 'complete control of actual weather 
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modification operations'39
, although it was envisaged that the actual seeding 

operations would be carried out by the private sector.40 

Bowen and White were deeply concerned to prevent the 'quite chaotic 

state' that they thought would follow if people learned how to seed clouds 

successfully but no controls were in place.41 In the USA, up until late 1957 

(when Casey discussed the matter with the Director of the National Science 

Foundation) only piecemeal legislation had been enacted with regard to 

weather modification, State by State. Although the US Federal Government 

had the power to enact such legislation Congress had chosen not to do so. 

Partly as a result, rainmaking in the USA developed up until1958 in a way 

that Bowen considered to be 'rather chaotic'.42 Why was there such concern in 

Australia about order and control? One reason was that CSIRO had adopted 

the role of 'public protector'; another, that it hoped for legislation 'to 

encourage and also safeguard from interference the continued experimental 

work of responsible groups' - i.e., CSIR0.43 It is also possible that other 

general, political fears (such as of communism or even the atomic bomb) 

might have been projected onto weather modification. As well, Australia 

carried a strong tradition, stronger than that in the US, of expecting 

government to authorise science and technology, and to bear the risks of using 

it. 

Political rejection 

In late 1957 White prepared a Cabinet submission to authorise the 

creation of a Commonwealth Rainmaking Commission. The Commission 

was intended to undertake practical rainmaking as a separate activity from 

CSIRO's controlled experiments. This would leave the experimental work 

undisrupted in times of drought. The legislation setting up the Commission 

would define the legal liability of the rainmakers, and license and train 

commercial cloud -seeding opera tors. 4 4 

The proposal, presented to Cabinet in February 1958, was rejected. 

According to Casey, Menzies was critical of the publicity that had been given to 

the cloud-seeding experiments, which he (Menzies) thought led people­

especially the Queensland Premier? - to believe that they 'had only to demand 
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a rainmaking aircraft in their district to counter the effects of drought.' 

Furthermore, he believed that acceptance of the cabinet submission 'would 

inevitably mean that we would be gradually drawn into taking full financial 

responsibility for coping with drought conditions in the States.'45 The 

Commonwealth government had traditionally played only a minor role in 

drought relief, as after Federation matters pertaining to agriculture had 

remained the responsibility of the States. The Commonwealth had no 

constitutional power to deal with rainmaking, although CSIRO's activities 

were 'covered' as long as they were experimental. This last difficulty was not 

insuperable, however. The Attorney-General's Department had advised that 

it would be possible to create a Rainmaking Commission by Commonwealth 

legislation, which would be able to provide emergency rainmaking over 

Commonwealth Territories. If the States wished to make use of its services 

they could enact legislation to extend the cover of the Commonwealth Act to 

their own State.46 Presumably, the payment for the Commission's services 

could also have been negotiated. 

Menzies' stance was consistent with his position as the political 

representative of the urban middle class. Judith Brett, for instance, notes that 

despite Menzies' own rural background- he came from a marginal wheat­

growing area of Victoria - 'he was frequently out of sympathy with the 

Country Party which did represent the sort of people among whom he grew 

up. '47 Agriculture's contribution to the Australian economy had reached its 

post-war high in the early 1950s, with the percentage of the workforce in rural 

industries, rural contribution to GDP and contribution to exports all declining 

steadily thereafter.48 The Country Party retained considerable political power 

within the coalition government but there is no sign that support for cloud­

seeding by the 'grass roots' or industry bodies of the rural sector was translated 

into effective political support in Canberra. In any case, in the late 1950s the 

Government's agricultural policy did not provide a congenial climate for a 

technique such as cloud-seeding. In the late '40s and early '50s the 

Government had been concerned with expanding the volume of agricultural 

exports and import-substituting commodities. But by the late 1950s the 

emphasis had swung back to providing a secure income to the producer and 

uniform and stable prices to the consumer: while not absolutely inimical to 

techniques to increase extractive efficiency, this policy was less concerned with 
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stabilising actual production than with price controls.49 Still, against this 

should be set an undeniable concern about the effects of drought on the 

'national interest'. 

It seems that Menzies' personal lack of belief in cloud-seeding as a 

workable technique, rather than questions of policy, carried the day. According 

to Casey, Menzies held that the capacity to make rain was unproven, even 

despite the solid support that both Casey and CSIRO had given it. Menzies 

may have been influenced by, for example, John McEwen (Country Party), a 

significant force in the Coalition government, who also did not believe that 

rainmaking was effective50
. Even more likely, he may have been influenced 

by the scepticism of the Snowy Mountains Hydro Electric Authority. Before 

the issue was presented to Cabinet CSIRO had insisted that 

[t]he U.S.A. cannot be looked to for knowledge on rainmaking . .. . [lack of 

organised effort in the USA has been] fortunate for Australia, as it has given 

this country an opportunity for world leadership which we now hav~ 1 

but the press reports on cloud-seeding coming out of the USA at that time 

were fairly negative. On 5 February 1958, only a few days before the crucial 

cabinet meeting, the Australian press reported that the US Advisory 

Committee on Weather Control had advised President Eisenhower that US 

· rainmakers had been successful only in mountainous areas and under certain 

conditions. Casey lamented to White, 'This is the sort of comment that Mr. 

Menzies is likely to get his teeth into- and quote in Cabinet'.52 Later 

comments coming out of the USA were not much more encouraging. In May 

1958, for instance, the American Meteorological Society issued a press 

statement - which, ironically, Bowen appears to have had a hand in - that 

gave little hope: 

Present knowledge of atmospheric processes offers no real basis for the belief 
that the weather or climate of a large proportion of the country [the USA] can 

be significantly modified by cloud seeding.53 
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Even without invoking a 'cultural cringe' towards the Americans, it is entirely 

plausible that the Cabinet's decision-making was swayed by such negative 

statements. 

The Cabinet's decision may also illustrate a generally greater aversion to 

risk in Australia, as compared to the US, which was probably due at least in 

part to a relative lack of resources. In 1959, in addition to the experimental 

groups, ten operational groups were at work in the USA. In summing up the 

value of cloud-seeding, Robert D. Elliott, a US practitioner, noted: 

It is clear ... that the value [of cloud seeding] exceeds the cost by several orders 

of magnitude. This explains to a great degree the sustained interest and 

participation in many cloud seeding projects even though it is not possible, 

with present observational data and statistical techniques, to obtain 

scientifically definitive results in any given place even over a period of several 

years. It is a matter of taking a calculated risk.54 

In the USA individuals were free to take this 'calculated risk'. In Australia a 

more paternalistic State wished to prevent them from doing so. But it was not 

willing to bear the risk itself. 

The government's refusal to set up a rainmaking commission, or to take 

other steps towards operational cloud-seeding, put CSIRO in a difficult 

position, as it continued to receive requests for rainmaking assistance. A 

frustrated Bowen asked the Executive to clarify the terms in which future 

requests should be turned down, warning that the goodwill which had accrued 

to the organisation could easily be lost.55 (The Executive, naturally enough, 

felt strongly that responsibility for the decision should be sheeted home to the 

Government. 56 ) I do not know to what extent, if any, such goodwill was lost. 

There appear to have been few other immediate side effects; for instance, no 

alteration in the experimental rainmaking program and no immediate 

increased emphasis on fundamental cloud physics as opposed to empirical 

tests of cloud-seeding. Into the early 1960s at least Bowen remained hopeful of 

a legislated approach and it seems that he also sought some support, direct or 

indirect, from influential individuals, for an operational cloud-seeding 

practice.57 Nevertheless the government's refusal to establish a rainmaking 

commission meant that if rainmaking was to gather any further degree of 
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legitimacy this had to come from more convincing (Australian) experimental 

results. 

Radiophysics' relationship with the USA 

Despite the statements that Menzies 'got his teeth into', US views of 

cloud-seeding were not universally pessimistic. As a solution to the long 

political battle over rainmaking in that country, in July 1958 the National 

Science Foundation (NSF) was given the role of coordinating weather 

modification experiments. In March 1959 the NSF announced the grants for 

research in weather modification for the 1959 fiscal year: a total of 

$US 1, 130,000. The aim of the program was a more intensive study of the 

scientific basis of weather modification, a change from the former 'scattered 

and unrelated investigations' to 'efforts soundly based on scientific 

knowledge'.58 An important change was highlighted by one grant to the 

University of Chicago, for studying the physical effects of silver iodide seeding 

upon clouds, rather than trying to measure changes in precipitation. (There 

were also grants for two randomised cloud-seeding trials of the kind CSIRO 

was running.) It is probably fair to say that at this point the larger, better 

resourced and now more coherent US research program began to eclipse that 

of CSIRO, which had been funded to a level equivalent to roughly a sixth of 

the NSF's 1959 allocation. The discrepancy between the scale of effort in the 

two countries grew swiftly. In fiscal year 1961 the NSF's grants under its 

Atmospheric Sciences Program was $US 1.5 million, a third of it specifically for 

weather modification. The projections for 1962 and 1963 under the same 

program were $6.6 million and $17.4 million respectively.59 

However, Radiophysics' work remained well regarded in the USA in the 

late 1950s and into the 1960s. The group seems to have become closely 

involved with its American counterparts. In 1958, three US groups, including 

the US Weather Bureau, were carrying out experiments with silver iodide 

burners that followed the design of the Australian ones; 'almost every [US] 

group' concerned with cloud-seeding at that time was using liquid-water­

content meters designed and built by Radiophysics; and several groups were 

using nuclei-counting sets also borrowed from the Australians.60 (And a 
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decade later, in 1966-67, Radiophysics worked in Australia with the US Naval 

Research Laboratory on a series of experiments given the name of 'Project 

Whitetop'. [Unfortunately the archival material on this project vvas 

transferred out of the Radiophysics files in the 1970s, and I have found no 

further details on the project.61
]) 

As in radio astronomy, there were some problems in having the 

Australian work recognised. In at least one case the CSIRO group was 

deprived of priority for a finding because a journal editor had delayed 

publication of the work until after the same finding was reported by an 

American group.62 But this does not seem to have been common, and was 

not as much of a problem as it was for the radio astronomers. By the late 1950s 

Radiophysics had planned another step in establishing its position on the 

world stage - holding an international cloud physics conference. The 

conference, originally scheduled for 1959, seems to have taken place in August 

or September 1961.63 [Again, unfortunately I have been unable to find any 

records of the conference itself, only references to it in letters. In one Bowen 

described it as 'a magnificent occasion'.64
] 

As early as 1952 Bowen had been invited to head a proposed US research 

centre for cloud and rain physics.65 His personal involvement in the US 

system continued to grow, and in 1957 he was invited to contribute to the 

President's Advisory Committee on Weather Control. Following a public 

statement by the American Meteorological Society that year, White 

commented to Bowen, 

This strikes me as being rather humorous, although satisfying in some ways to 

us. The great majority of the results quoted are, of course, Australian. It is 

very unusual to find an American authority such as this recognizing 'foreign II 

work. However, I suppose it simply means that you are partly 
II Americanised "!66 

Bowen became further integrated into the American system to the extent of 

reviewing proposals for funding under the Atmospheric Sciences Program of 

the National Science Foundation.67 Given this involvement, it is perhaps 

surprising that Bowen remained in Australia; this is discussed further in the 

last chapter. 
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Diminishing returns from seeding 

In mid 1958 Radiophysics was still, in public at least, cautiously optimistic 

about cloud-seeding. It recognised that success was entirely dependent on the 

right meteorological conditions; whether economically significant rainfall 

could be achieved vvas still uncertain. Even in 1960 Bovven was expressing 

considerable hope for the technique's use, although only for certain parts of 

the country: the central arid lands and the coastal regions had both been ruled 

out as being unlikely to benefit from seeding. But by 1961 the experimental 

results were showing disturbing trends. The Darling Downs experiment 

(started in 1960), seemed to be showing a consistent reduction in rainfall in 

seeded areas (although the statistics were not conclusive.) So too were the Mt 

Lofty range experiments, which had been halted after only three years.68 The 

seeding in the Warragamba Dam catchment area had started off well but after 

eighteen months was showing zero increase in rainfall. The New England 

experiments, which had also started off with promise, indicating rainfall 

increases of 15°/o, were now showing a serious reverse trend. And even the 

Snowy Mountains experiments were worrying. According to Radiophysics, 

the overall result at the end of five years -vvas a 19°/o increase in precipitation in 

seeded areas, but while the seeding had been stepped up over those five years, 

the percentage increase in precipitation had gone steadily down.69 

Radiophysics responded to these problems by checking for obvious 

factors, such as changes in seeding technique over time, and examining more 

closely the daily rainfall records of the experimental areas. So for a while it 

was business as usual- or almost as usual, for the Darling Downs experiment 

too had been suspended, 'in view of the possible reaction of the agricultural 

communityr should anyone suspect that seeding decreased rainfall.70 But by 

1962 it appeared that the result of an average cloud-seeding experiment in 

Australia was 'compounded of positives and negatives'- that is, cloud-seeding 

sometimes promoted rainfall and sometimes inhibited it. 71 The conditions 

giving positive results were known: good towering cumulus clouds. The 

experimental program was novv refashioned to concentrate on determining 

the conditions that might give negative seeding results. By 1963 the 

experimental results were still inconclusive, and fluctuating significantly from 

year to year. There was novv doubt too about one of the researchers' 
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fundamental assumptions: that the effects of silver iodide were not 

cumulative over time.72 And so in 1964 the large-scale experiments -vvere 

suspended. The Radiophysics group turned to analysing the data it had 

already gathered, and to making fundamental studies of how 'freezing nuclei' 

worked to produce rain, in the hope of giving large-scale experiments a 

sounder basis.7 3 

Comment 

In the late 1950s cloud-seeding missed its moment to become established 

as a routine practice and thus legitimised. CSIRO's claims for its effectiveness 

were offset by sceptical assessments from the USA, and what symbolic 

significance the field did have was less compelling (to government) than that 

of nuclear technology or the nascent space-age. Although the Menzies 

government refused to create a separate authority to carry out rainmaking, 

when CSIRO carried out emergency rainmaking it was acting very much as an 

executive arm of government. (Interestingly, Casey sometimes used the term 

\ve' in referring to CSIRO.) 

Although the Radiophysics group had not attained credibility with the 

national government, it had established itself internationally in its field. In 

this period it strengthened its links with the American system, and it may be 

that just as the group was becoming self-assured, it was not only more closely 

linked to the USA, but also, as White remarked of Bowen, more 

'Americanised'. Is it possible that the American scientific system did not just 

adopt the Australians' techniques, instruments and findings but in fact 

appropriated them? 
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Afterthought: was cloud-seeding linked to the atomic age? 

In the first chapter I noted that cloud-seeding vvas similar to the atomic 

bomb in that both used a small trigger to release vast, latent, natural forces, 

and I suggested that in Australia in particular it could have been viewed as a 

weapon against a hostile Nature. It may be that in Australia cloud-seeding 

became a sort of 'poor man's nuclear technology', or at least received an 

analogous construction. The insistence on the State's control of the 

technology, and the fears about what might result if 'unauthorised persons' 

began to use it, seem to mirror, weakly, contemporary fears about atomic 

weapons. 

Nuclear explosions were persistently linked to the weather, specifically 

the inducement of rain. In September 1956 the Washington Post published a 

report which claimed that unexpectedly heavy rain was falling over northern 

Queensland in the path of a 'fallout laden cloud' from an atomic test at 

Maralinga.74 Harry Wexler, Director of Meteorological Research in the US 

vVeather Bureau, sceptically asked Bowen if he knew of any connection 

between atomic tests and the weather; Bowen replied that in Australia, 'no 

significance' was attached to the Queensland rainfall. He added that 'under 

the right conditions, the dust thrown up by such an explosion might give rise 

to wide-spread rain for a day or two after the explosion', but that 'the chances 

of the conditions being just right are so remote that it would be next to 

impossible to distinguish it from a chance phenomenon.' But Bowen did not 

cite any evidence, experimental or theoretical, for this point of view; he did 

not even draw any connection between this and his own, controversial, idea 

that the arrival of meteoritic dust from space caused increased rainfall.7 5 

Popular belief in a connection persisted. In June 1957, a day after public 

claims of success for the 'drought relief' cloud-seeding, an unnamed CSIRO 

weather scientist (not from Radiophysics) reported an overall change in 

Australia's weather patterns but stated firmly that 'H-bomb explosions have 

nothing to do with it'.76 (The British atomic tests that were then being carried 

out on Christmas Island vvere in the news almost every day.) The same article 

in the Melbourne Sun in February 1958 that had damned the US cloud-seeding 

attempts noted that the i\dvisory Committee on Weather Control had told 

Eisenhower that 'weather might eventually be changed by setting off nuclear 
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explosions high in the atmosphere'. In a note to Casey, White addressed this 

point specifically, noting that the 'official attitude' of the World 

Meteorological Office 'at present' was that nuclear explosions have no effect 

on the weather. 'However', he added, 'this attitude may be incorrect'. 

The possibility that atomic explosions might indeed cause rain was 

presumably quite threatening to the cloud-seeding fraternity, as it could have 

opened the -vvay to a 'stronger' technology ousting or subsuming their 'weaker' 

one. This is perhaps one reason for the seeming lack of concern about trying 

to establish or disprove the link empirically. In February 1962 Sir Mark 

Oliphant wrote to Bowen about such a hypothesised link. 'I have always held 

that those who say that nuclear -vveapons affect the weather are crazy', mused 

Oliphant, 'but now I wonder!' He went on to calculate the possible effect of 

ions in the atmosphere serving as condensation nuclei, adding, 'if your 

meteoritic dust acts as nuclei for condensation, ions should be even more 

effective ... an extraordinarily small use of the total ions available as nucleating 

centres, would serve to produce a lot of rain!'77 Arthur Higgs, Radiophysics' 

Technical Secretary, replied on Bowen's behalf (apparently Higgs was often 

given the task of writing the more difficult letters78
), rejecting the idea out of 

hand.79 
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Chapter 3: Persistence, and resistance, 1963-1971 

... unequivocal answers to the question have not yet been 

found, but surely waiting for such answers, even if they 

are obtainable, is no single excuse for withholding use of 

techniques of cloud seeding, particularly in times of crisis. 

[The Director of the Bureau of Meteorology] ·would be 

considerably embarrassed if he were asked not to use 

techniques of forecasting unless they were based on 

unequivocal answers to meteorological questions. 

E. E. (Otto) Adderley, a member of the CSIRO cloud-seeding group, 

responding to an attack by Bill Gibbs, Director of the Bureau of 

:Nfeteorology, March 19681 

He [Bowen] had insight, intuition, and he worked on that 

basis rather than science. Of course that doesn't go down 

too well with most scientists. 

E. K. (Keith) Bigg, former member of the Radiophysics cloud physics 

group2 

The previous chapter described ho-vv in the early 1960s the cloud-seeders 

had reached a technical stalemate when the results from their wide-area 

experiments seemed to be deteriorating. In an effort to crack this problem they 

mounted one major experiment, of a ne-vv design, between 1964 and 1970. 

While this -vvas running Bowen once again took the fight to have cloud­

seeding accepted into the political system. Although by the '60s the CSIRO 

group had consolidated its position internationally, its status in Australia was 

not so secure. 3 
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The persistence theory 

The -vvide-area trials that the CSIRO group had run in the '50s were of two 

basic designs. In the first type, a 'control' area was left unseeded while a target 

area was seeded on a random basis- that is, the days on which seeding was 

done were selected randomly from the set of all days suitable for seeding. The 

ratio of the rainfall in the target area to that in the control area was used (after 

a little statistical massaging) as a measure of the effectiveness of seeding. The 

second type of experiment was called a 'two-area cross-over' trial. Again, two 

areas were selected. On some occasions the first area was seeded while the 

second was not; on other occasions the second area was seeded while the first 

was untouched. And again, the ratio of the rainfall in the seeded area to that 

in the unseeded area was taken as the measure of effectiveness. The Snowy 

Mountains experiment had been of the first type, subsequent experiments of 

the second. 

The cloud-seeders had always assumed that when an area was seeded 

with silver iodide there were no long-lasting effects- certainly not effects that 

would remain after a few months. But early in the 1960s Bowen became 

convinced that an effect of this kind was playing havoc with the two-area 

cross-over tests, by causing the difference in the rainfall in the two areas to 

decrease over time. If the rainfall in the two areas was becoming more 

similar, the statistical analysis would greatly underestimate the effects of 

seeding. Bowen aired this idea in 1966 in the Journal of Applied Meteorology. 4 

It was not an entirely new idea, as there had been American suggestions that 

some 'persistence effect' might occur, but this was its clearest formulation. 

Bowen later claimed that he had first suspected persistence effects during the 

Snowy Mountains experiment.5 If the idea was right, then the statistical 

results of the previous experiments had underestimated the actual increase in 

rainfall due to seeding. To Fred White, Bowen wrote that 

It ·would be fair to say that the increase [in rainfall] was at least that achieved 

during the first year of each experiment . . . It may not be possible to use this 

argument in public, but we certainly have grounds for being much more 

optimistic than we have been for a long time. 6 
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Bowen was so convinced of the correctness of this idea that, using his US 

contacts, he had it drawn to the attention of a committee of the US Academy of 

Sciences that was then investigating cloud-seeding.7 But one thing was 

lacking: a physical explanation of the effect. Bowen directed Keith Bigg, a 

member of the cloud-seeding group, to 'go out and find these persistence 

effects' .3 Bigg recalls that he, like 'everyone else', thought that 'this was just 

another one of Taffy's bright ideas'; it vvas not until twenty years later that he 

became convinced that Bowen had been right.9 

At the time few people were persuaded that persistence effects existed. 

Indeed, the very statistical measures being used to established the effectiveness 

of seeding, and which would also demonstrate persistence effects, were 

attacked by a statistician working under Roscoe Braham, the meteorologist 

who had criticised the design of the Snowy Mountains experiment.10 Years 

later support began to come from another quarter. vVhen Bowen presented a 

paper in Washington on the subject in 1970 he noted that the physics of the 

persistence effect remained obscure, but that for an explanation 'one is almost 

invariably forced back to some form of interaction between weather systems 

and the environment. '11 A climatologist, L. A. Joos, heard the talk, and later 

began to correspond with Bowen about what might produce such an effect.12 

Joos' suggestions may or may not have been correct. But by 1970 it had become 

easier to entertain the idea of persistence effects, as there had been a shift to 

looking at the weather as occurring within a total system vvithin which the 

ground itself might be important. 

The Tasmanian Experiment, 1964-1970 

In the early 1960s this discussion of possible mechanisms was still a long 

way off. The first step vvas to run an experiment to establish that the effect vvas 

real. This experiment was carried out in conjunction with the Tasmanian 

Hydro-Electric Commission (HEC). The high central plateau of Tasmania was 

used as the target area and three control areas were chosen at different 

distances and directions from the target. Seeding was undertaken in 12-day 

periods, but only in every second year, and so the Tasmanian experiment ran 

for a long time, from 1964 to 1970. The final results seemed clear. Seeding had 
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increased autumn rainfall was by 30°/o, at a 5°/o significance level (that is, the 

odds of obtaining this result by chance were one in twenty). Seeding also 

seemed to increase rainfall in winter in periods of light to madera te rain. For 

the first time in an Australian experiment there was no sign that seeding had 

lost its experiment over time. As early as 1966, preliminary results showed 

that in 1964 precipitation in the target area had been 25°/o higher than that in 

the control area, and that it remained high after seeding ceased in December 

1964 and did not return to its normal value until August or September 1965. 

Naturally, Bowen took all this as support for his theory.13 But not all members 

of the cloud-seeding group itself were convinced: the seasonal variations in 

the effect of seeding were put dovvn to some kind of microphysical change in 

the clouds. 

The first cloud-seeding 'school' 

In 1965 Radiophysics was again pressed into operational seeding in 

Victoria, NSW and Queensland.14 Towards the end of the 1964-1965 summer 

CSIRO was approached by the Forestry Commissions of NSW and Victoria to 

seed over areas that were threatened by bushfires15
, and in April and May it 

seeded drought-stricken regions of southern Queensland.16 In May, Bowen, 

apparently trying to get out of the perennial round of such obligations, wrote 

to a number of State authorities, suggesting that they should take responsibility 

for any cloud-seeding operations which they might require during droughts 

and bushfires.17 By June this proposal had been transformed into plans for 

Radiophysics to run a course of instruction in the techniques of cloud-seeding, 

to which State authorities would send representatives to be trained.18 This 

plan was apparently well received and the first such course was held in August 

1965. It was attended by representatives of State departments of agriculture and 

forestry, and assorted others from CSIRO, the Bureau of Meteorology and East­

West Airlines. Following the 'school', the participants were invited to spend 

some time in the field, flying the Radiophysics' seeding aircraft. The 1965 

cloud-seeding course was apparently a success for Radiophysics decided to run 

another in 1966. tvfean-vvhile, Bowen intensified his campaign to have State 

governments take on the responsibility for cloud-seeding. 
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Political approaches in the mid 1960s 

Bowen may have stepped up his initiatives at this time because he saw 

the threat of commercial cloud-seeders moving into the field. 19 Certainly he 

was keen to offload the cost of operational seeding. The time was ripe for 

handing over the responsibility for this work to the States as CSIRO had 

developed a good working relationship with most of the relevant State 

departments.20 But getting any body, public or private, to take on cloud­

seeding had proved surprisingly difficult up to this point, as is shown by the 

trials and tribulations of Donald M. Shand. Shand was the Chairman of East­

West airlines and had keenly supported Radiophysics' cloud-seeding since the 

late 1950s. In 1963 or 1964 CSIRO enlisted him to drum up further support for 

seeding among the graziers.21 In a 1966 letter, Shand outlined the farce of 

'buckpassing' that he had met so far: 

I approached the graziers [about cloud-seeding]. All graziers agreed that the 

right thing for me to do was to see the P.P. [pasture protection] Boards. This I 

did and they advised me that the right authority would be at the Federal level. 

I approached certain people at this level who informed me that these clouds 

belonged to the State of N.S. W. and therefore I again put the proposition up to 

State authorities, but they informed me that the water from this area would be 

going into Federal territory. I then approached the Water Foundation who 

informed me that their function was to conserve water and not to make it. 

I have called a meeting of the presidents of all the banks in Australia and 

suggested that an authority be set up. This type of approach has been made 
over the past 2 lf2 years. 22 

_ 

In 1966 Shand and Bowen made other approaches, for instance to the NSW 

parliament, where they arranged to have 'Dorothy Dix' questions raised in the 

parliament at question time on 25 October, followed by a screening of CSIRO's 

1964 promotional film, 'The Rainmakers'. Somewhat anticlimactically, it was 

shown after a film of the 1962 Cup Final at vVembley (Tottenham Hotspur v. 

Burnley); nevertheless, it did arouse the interest of at least one member of 

Parliament.23 But nothing much came of this effort. The political approaches 

begun around 1963 had still not borne fruit three years later. 
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Approaches to the Australian Agricultural Council 

In January 1966 Bowen sent a statement on cloud-seeding to the 

Australian Agricultural Council, a peak agricultural body coordinated by the 

Commonwealth, to have it considered by the Council's subsidiary Standing 

Committee on Agriculture on which the States were represented. In taking 

this action he by-passed the member of the CSIRO Executive who would 

normally have been responsible for forwarding the information to the 

Agricultural Council.24 The issue of cloud-seeding was first referred to the 

Standing Committee on Agriculture at its meeting on 2 February 1966, and was 

considered by both the Committee and the Council at various meetings until 

at least November 1966. 

The Council, which by its own assessment was the only body with 

Australia-wide representation that was concerned with drought, considered 

cloud-seeding only as a drought relief measure- not, for instance, as a means 

of building up water resources ahead of a drought.25 It gave far more time to 

considering other, preventative, steps to be taken against drought, principally 

the conservation of water and fodder. Cloud-seeding was not initially linked 

in the Council's collective mind with the growing issue of conservation, 

although Bowen was now tending to put a conservation 'spin' on the issue, 

pointing out that 'you cannot conserve vvhat you have not got' .Z6 The 

Council's statements have a familiar, contemporary, ring, emphasising as they 

did that it was up to individual farmers to provide for themselves against the 

'emergency' of drought, and that the role of Governments was to give farmers 

incentives to do this.27 Cloud-seeding, at least in the form of a government­

controlled technique, did not fit too well with this philosophy. 

Nevertheless, the Standing Committee on Agriculture did consider the 

issue. By this time a reasonable modus operandi for seeding had been worked 

out betvveen CSIRO and the States. None of the State representatives on the 

Standing Committee expressed negative vievvs of the technique; those of New 

South Wales, Tasmania and Victoria were very positive, while the South 

Australian representative emphasised the close cooperation that his 

department had had with CSIRO over cloud-seeding.28 
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At a meeting of the Standing Committee in late 1966, the CSIRO 

representative, C S Christian, raised the idea that cloud-seeding might go hand 

in hand with water conservation, and at this meeting the Committee invited 

CSIRO to prepare a report on cloud-seeding in relation to both drought relief 

and water conservation. But the Committee's essential demand was for more 

infd"rmation. The Chairman put it to the meeting that CSIRO should lead the 

States, because it had the 'definite information'. Christian responded that 

cloud-seeding was like other natural resource issues in which 'the initiative 

has [mostly] come from the States rather than from the Commonwealth'. But 

the Chairman was insistent: 'the C.S.I.R.O. should now put the facts before the 

people on which [a] judgement can be made.'29 However, at this point there 

was probably very little information that CSIRO could add to that which it had 

already given the Agricultural Council. 

The States accept cloud-seeding 

The deliberations of the Agricultural Council and its Standing Committee 

were overtaken by other events. Bowen prepared a document on cloud­

seeding for both the May and November 1966 meetings of the CSIRO Advisory 

Council, the organisation's guiding body. This document, moderate but 

positive in tone, stated that the seeding technique in use had reached a 'stable 

and efficient level' and that major changes in practice were unlikely in the 

near future. It presented seeding for droughts and bushfires as justified by the 

amount of water that could be extracted from supercooled clouds; emphasised 

that cloud-seeding was the only process known by which the 'maximum 

possible precipitation' could be 'extracted' from vveather systems; and 

circumscribed the geographical regions suitable for cloud-seeding. Last but not 

least, it cited a change in attitude towards cloud-seeding that had occurred in 

the USA in the previous year, a change from an attitude of scepticism to one of 

faith - with concomitant projected increases in spending on the technique.30 

Soon after this document was prepared in May, CSIRO presented a 

statement on cloud-seeding to Government: presumably the same document, 

or something like it. Following this, on 11 July the Acting Prime Minister, Jack 
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McEwen (Menzies had recently retired) sent a statement on cloud-seeding to 

the State Premiers, which suggested that they consider initiating cloud-seeding 

in their respective States. The statement voiced confidence in the technique, 

but its crucial point was that the Commonwealth was now willing to 

reimburse the States for the running costs (although not the capital costs) of 

cloud-seeding done to relieve drought.31 

The effects of this statement cannot be quantified, as there was already 

quite a bit of State-sponsored seeding going on in 1965 and 1966, but the years 

1967-1969 probably saw the most widespread cloud-seeding in Australia. In 
March 1967, for instance, seeding was under way in five States. Victoria was 

pursuing it the most vigorously. New South Wales had two aircraft seeding, 

and Queensland, one; Western Australia was set for two experiments to be run 

jointly by CSIRO and the State; and in Tasmania the CSIRO experiment was 

running well, with the Hydro-Electric Commission expected to take over 

practical seeding in due course (which it did).32 

In issuing invitations to the 1966 Cloud Seeding School Bowen cast his 

net wider than in 1965, and also invoked the Prime Minister's statement to the 

Premiers. State departments were invited to nominate two types of people to 

attend: those who vvould carry out the work, and those 'senior officers who 

would like to hear about and assess the possibilities'.33 As in 1965 a member of 

the Weather Bureau was invited to give talks in the course, but so too were 

two staff of the NSW Department of Agriculture. All this added up to a 

serious attempt to enlist as many people as possible in the cause. The 

participants were mainly from agricultural departments, but there were also 

representatives from forestry bodies, water conservation authorities, the WA 

Public Works Department and the University of Queensland. 

The State representatives at the course had views on cloud-seeding which 

ranged from neutral at worst to very positive at best. G. Nicholson, an 

agronomist vvith the NSW Department of Agriculture, summed up what vvas 

probably a common position: 

My association with C.S.I.R.O. cloud seeding experiments over the past six to 

eight years has aided the build up of good public relations between research 

and extension. An incentive was required for State authorities to accept cloud 
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seeding as an aid to production. Nature [fires and drought], plus public 

opinion, provided the incentive. 3~ 

With the exception of 1969, the cloud-seeding schools continued yearly 

until 1970, the year before Bowen retired. By that time they had become 

international events, the last one attracting not only 23 Australian participants 

but also 5 from the Philippines, 2 from the USA, and one each from New 

Zealand, Peru and Korea.35 (Participants had also been invited from Israel, 

Japan and Russia.) In their five years of operation these schools were attended 

by 126 people and the notes from them were widely distributed.36 

By 1970, although a number of States were said to be considering 

legislation to govern cloud-seeding, only Victoria had actually enacted it, 

giving the Victorian government control of weather modification and 

prohibiting unauthorised operations.37
• But even without specific legislation 

the other States were firmly in control of the activity. Private individuals and 

groups were discouraged from moving into the field and it would have been 

possible - although apparently it proved unnecessary - to exclude them by 

invoking regulations of the Department of Civil Aviation that prohibited the 

release of material from aircraft without prior authority.38 The State 

operations were usually carried out by the Departments of Agriculture, who 

appointed cloud-seeding officers to supervise the activity; the actual work was 

done by private contractors. In Bowen's opinion, 'a happy and relatively 

trouble-free situation seems to result in which private companies have the 

pleasure and presumably the profit of participating, while the Department 

concerned remains firmly in control.'39 

Conflict with the Bureau of Meteorology 

In 1967, just as State governments began to accept cloud-seeding as a 

sanctioned technique, open conflict broke out between Radiophysics and the 

Bureau of lv'feteorology. The antagonism bet-vveen them seems to have gone 

back a long way40
, well before 1957, but in that year real trouble had occurred 

when the Bureau's statistician, Gerry O'J\tfahoney, criticised the way the Snowy 

Mountains experiment was being conducted. O'Mahoney -vvas supported by 
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the Bureau's Director, Bill Gibbs; as a result, Bowen 'wrote Gibbs off .41 

Radiophysics and the Bureau of Meteorology had also clashed over a seeding 

experiment in the mid '60s done by the Victorian Department of Agriculture, 

for which the CSIRO analysed the results: O'Mahoney attacked them again 

about the procedures being used. A few months after the Prime Minister's 

statement to the Premiers had supported cloud-seeding, Gibbs sent interested 

State authorities a counter-statement -vvhich argued that cloud-seeding had not 

been proven to be effective.'12 And by 1967 the Bureau may have had another 

reason to think that Radiophysics vvas encroaching on its territory: at some 

time in the 1960s Bowen had become interested in long-range weather 

forecasting- specifically, predicting droughts- and in 1967 he published the 

first of what were to be ten booklets predicting rainfall trends (the last came out 

in 1976).43 The Bureau may well have been aware of this work, even if it had 

not yet been published. Although exacerbated by personal antagonism 

between Gibbs and Bowen, the underlying struggle was an institutional fight 

for superior authority. 

According to the Bureau, on 18 July 1967 Fred White wrote to Gibbs 

seeking to get the Bureau 'more involved' with cloud-seeding, but also 

objecting to the proposed publication of a paper by Gerry O'Mahoney that 

argued against the effectiveness of cloud-seeding in a specific experiment.44 

On 21 July Gibbs wrote to Bowen. Ostensibly he was seeking greater 

involvement by the Bureau, in line with White's suggestion. But in the same 

letter he described the O'Mahoney paper as an example of an independent 

evaluation, adding, 'I know that you will not be in complete agreement with 

the contents ... '.43 Bowen was incensed. To Fred White he seethed that 'not for 

the first time, the Commonwealth Bureau of Meteorology is fiddling around 

in a disgraceful way in a matter which is of the utmost importance to this 

country'.46 

White may have taken some action on this complaint. At any rate, the 

Bureau's story is that it was then gagged. In early August Gibbs sent the 

Minister for the Interior, :N1r Anthony, a statement to the effect that cloud­

seeding -vvas not proven, specifically attacking the CSIRO statement distributed 

by McE-vven in July. Later that month the :Nfinister directed that the Bureau 

-vvas to make no public statements on cloud-seeding. The order was reiterated 

by the Bureau's new :Nfinister, Nixon, in October of the same year.47 
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Nevertheless, by September 1967 Radiophysics was convinced that the 

Bureau's opposition to its own views on cloud-seeding had been codified into 

policy; certainly the Bureau vvas still using public forums to push its case. 

Bowen found, while giving a public lecture in Cobar, that 

... the local lvieteorological Officer virtually denied everything that I had said. 

He was later quite apologetic about the whole thing and gave the impression 

that he was only doing what he had been told to do. 48 

A similar event occurred in Victoria, when a member of the Victorian 

Department of Agriculture was giving a lecture at a Water Resources 

conference: by pre-arrangement, Gerry O'Mahoney was given time to present 

the 'not proven' case. Other cases occurred, and the States complained to 

Radiophysics about them, being 'occasionally ... quite bitter about the 

behaviour of the Bureau in this matter'.49 

The conflict erupted in public again in March 1968 while Bowen was 

overseas.50 The Melbourne Age got hold of a 'confidential' statement from 

the Bureau in which Gibbs took the line that it was 'undesirable to have a 

single authority responsible for the design, operation and evaluation of the 

experiment'. The Age also noted that the Bureau had been gagged on the 

issue.51 It appears that around this time Dick Kingsland, Secretary of the 

Department under which Meteorology fell, had (like White before him) urged 

the Bureau to get together with CSIRO to try to agree on a joint position. 'But', 

said Gibbs in writing to Bowen, 'I doubt that you and I could reach such a 

position' .52 

He was right. As Bowen was overseas another member of the cloud­

seeding group, Otto Adderley, prepared a detailed response of several pages to 

Gibbs' statements.53 When Bowen finally replied to Gibbs, three months later, 

he did not attack the substance of Gibbs' statements but instead scathingly 

insisted on the Bureau's complete lack of international standing in the field, 

and indeed its complete lack of practical involvement: 

You are certainly entitled to express your opinions and beliefs on cloud seeding 

but, with no specific work of your own going on in this field, no laboratory 
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work, no practical work and therefore no factual material of your ozvn to draw 

on, you must not be surprised if people discount what you have to say. 54 

The comparable conflict in the USA, between the 'fringe' advocates of 

cloud-seeding and the US Weather Bureau, had been resolved, or at least 

quieted, by putting the matter under the jurisdiction of the National Science 

Foundation. No such resolution was possible in Australia. The CSIRO itself 

was Australia's closest analogue to the NSF. Australian universities were 

carrying out little research related to cloud physics (and in any case, the Bureau 

of Meteorology claimed that many in the Australian universities shared its 

scepticism about cloud-seedin~5 ). On what grounds were governments to 

choose between the arguments presented by the CSIRO and the Bureau? I 

cannot answer this for State governments as I have no information about their 

interest in cloud-seeding after 1970. But the silencing of the Bureau in 1967 

probably reflects not so much the Commonwealth government's faith in 

CSIRO as the need to protect the public position it had taken in recommending 

cloud-seeding to the States. The general conflict between the two positions was 

officially ended fifteen years later when CSIRO abandoned its strong advocacy 

of cloud-seeding, in the circumstances described in the next chapter. 

Lack of university involvement in the field 

Why was there so little Australian university research in areas related to 

cloud-seeding, even straight cloud physics? After an initial burst of 

enthusiasm in the late 1940s from S. M. vVadham, Professor of Agriculture at 

the University of Melbourne (see note 90, chapter 1), there is no sign of any 

interaction between CSIRO and the agricultural departments of universities. 

But perhaps this is no more surprising than the fact that only in 1967 did the 

cloud-seeders make contact with the agricultural and land-use divisions of 

CSIRO. The lack of contact in both cases points to disciplinary barriers. As 

well, agriculturalists may have seen cloud-seeding as a possible boon for 

agriculture, but not as an activity that they could contribute to, evaluate or 

control. 
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Lack of contact with the physics departments of universities probably had 

other causes. In many fields relationships between the university sector and 

CSIRO were extremely cool as long as a vast discrepancy remained in their 

research funding.56 Bowen is known to have opposed and attempted to 

undermine attempts by other Australian organisations to move into radio 

astronomy, and it would not be surprising if he had attempted to do the same 

in cloud physics.57 There is only one exception. Between 1962 and 1966 

Bowen agreed t.o support, from Divisional funds, a research program in cloud 

physics at the University of New England (Armidale) started by Neville 

Fletcher. This support, to the tune of five thousand pounds a year, was 

terminated in 1966 by the CSIRO Executive only when Commonwealth 

funding for university research became available for the first time. But almost 

certainly it was given solely because Fletcher had been a member of the 

Radiophysics cloud-seeding group, and 'one of the most outstanding men we 

have had' .58 As \Nell, Fletcher's research program was one of laboratory studies 

into silver iodide and ice crystal nucleation, and studies of natural rainfall: 

subjects that complemented, not competed with, Radiophysics' cloud­

seeding.59 

Comment 

At the end of the 1960s cloud-seeding in Australia had reached its apogee. 

It had been accepted as an operational technique by a number of the State 

governments and the Tasmanian Hydro-Electric Commission, and 

Radiophysics had formed good links with these groups. The scientific 

reputation of the Radiophysics group appears to have been well established 

internationally, while Bowen's personal reputation was such that he was 

invited to act as a consultant in the USA. Although in Australia cloud­

seeding had become strongly linked to drought relief only, Bowen thought that 

it should not be viewed as an emergency measure: 'the proper basis for the 

practical operations for which State Governments are now accepting 

responsibility, is continuing benefits to agriculture, water resources, etc.'. His 

overall position was still that 'the potential value of cloud-seeding is such that 
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it is a good bet to carry on with seeding now without waiting until a fuller 

answer has been provided'.60 But the physical effects of cloud-seeding -vvere 

being unravelled very slowly. In 1971 the main problems of the field were still 

understanding the microphysical processes of cloud-seeding, measuring cloud 

characteristics, and understanding when and why seeding produced an 

increase or decrease in rainfall.61 The greater acceptance of cloud-seeding in 

Australia in the late '60s was not due to changes in knowledge or technique: it 

-vvas due to the way in which Bowen had exploited aspects of Australia's federal 

system. 
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Chapter 4: Endgame, 1971-1981 

I have read your draft News Feature "Can 
Science Control Rain" and would like to suggest 
some amendments. . . . I have omitted your 
comment about Australia being a thirsty country 
- the parallel with its beer consumption is a little 
too obvious. 

Jack Warner, Chief of the CSIRO Division of Cloud 

. Physics 1 

The new Division of Cloud Physics 

Bowen retired in 1971, after twenty-five years as Chief of Radiophysics. 

The cloud-seeding program had lost its greatest champion. Bowen was 

succeeded as Chief by Paul Wild, a radio astronomer, who now had to decide 

the future of the cloud physics research. Wild initially thought that the 

program \.vould continue as before, perhaps even expand slightly, and that 

cloud-seeding would continue to be one of the group's major activities.2 But 

he had no reason, political or scientific, to keep the cloud physics group within 

Radiophysics, and in July 1972 it was hived off to become a separate entity, the 

Division of Cloud Physics, under the leadership of Jack Warner, a long-time 

member of the cloud-seeding group. The new Division remained at the 

Radiophysics laboratory in Sydney but formally became part of the 

Environmental Physics Research Laboratories, an umbrella grouping headed 

by C. B. H. Priestley. The EPRL also embraced the Division of Atmospheric 

Physics (formerly Meteorological Physics) in Melbourne, the Division of 

Environmental Mechanics and, after its creation in 1974, the Australian 

Numerical :tvfeteorology Research Centre, which was jointly operated with the 

Bureau of Meteorology. 

It was at first assumed that weather modification would remain the new 

Division's major interest. Indeed, 'without the incentive of an active cloud 

seeding program much cloud physics [undertaken by the Division] would be 

an academic exercise and thus largely un\.varranted', wrote Jack \Varner.3 This 

is an interesting comment in the light of King's suggestion, mentioned in the 
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Introduction, that the two programs had become uncoupled: perhaps Warner 

was conscious of this and sought to bring them back together. Certainly in the 

final cloud-seeding experiment (discussed below) considerable emphasis was 

placed on measuring the physical parameters of clouds. As well, the group was 

no longer as confident about its results as it (or Bowen) had been; apparently 

there was some doubt as to whether the 'true facts' had yet been distilled from 

the existing cloud-seeding data. The group felt vulnerable to attack and sought 

to ensure that their procedures were 'acceptable in the professional world of 

s ta tis ticians'. 4 

Throughout the 1970s Cloud Physics ran four major activities: cloud­

seeding experiments; studies of convective processes in clouds, and of 

coalescence; investigations of the nature and distribution of 'nuclei' in the 

atmosphere; and research on stratospheric aerosols.5 At the end of the 1970s 

the cloud physics activities still accounted for 84°/o of the Division's budget; the 

studies of atmospheric pollutants only 16°/o.6 But throughout the decade, 

although popular support for the former continued, the latter rose to eclipse it 

in political importance.7 As early as 1976 Warner considered that if (due to 

certain eventualities discussed later) the Division should have to abandon 

cloud-seeding, its future activities should centre around 'inadvertent' vveather 

modification due to aerosols and particulates in the atmosphere.8 

'Inadvertent' weather modification 

In the USA cloud-seeding was now sometimes seen as unwarranted 

interference with the natural environment, a form of pollution. As early as 

1966 the National Science Foundation had warned that 

Anything that has a general and significant effect upon plants and animals, 

making some more abundant, others less so, is of primary concern to 

mankind, for it strikes at the very basis of human existence. Changes in 

weather and climate may be expected to have such effects. 9 

Such sentiments were aired more often in the 1970s. The US Committee on 

Atmospheric Sciences acknovvledged that even if a capacity~ to modify the 

vveather were developed, it should not automatically be used. 1 0 Elsevvhere 
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cloud-seeding was described as 'a controversial government activity with 

unpredictable and possibly disastrous long-range consequences', including 

increased sediment in lakes and dams resulting from increased water inflow, 

the increased likelihood of avalanches and floods, and possible increased 

precipitation downwind of a seeded area. 11 And in 1978 a former associate 

administrator of the Environmental Protection Agency linked vveather 

modification with pollutants, suggesting that both should fall under a new 

Department of the Environment, so that their effects on vveather and climate 

could be assessed and regulated. 1 2 

These American criticisms were based on the belief that cloud-seeding 

actually worked. In Australia, by contrast, there seems to have been little or no 

concern about the effects of increased rainfall from cloud-seeding on the 

natural environment, either because cloud-seeding was not generally believed 

to be effective or because it was not seen to be practised on a wide enough scale 

to significantly alter the environment. 13 Australian concern focused instead 

on inadvertent weather modification - the effects of industrial pollution on 

rainfall. In about 1978 a press report (undated) attributed to Cloud Physics the 

statement that industrial air pollution might be retarding the chance of rain 

from individual clouds. It was reported that Cloud Physics had found that 

most nuclei in clouds around which water had condensed were man-made 

rather than natural, and that their characteristics altered the likelihood of rain; 

that industrial pollution would change the whole character of Australia's 

rainfall. The pollution angle seems to have become a popular one with the 

press. The same story was picked up by the National Times in 1978 and by the 

Melbourne Age in 1980.14 

By 1977 the Division of Cloud Physics was thinking about redirecting its 

efforts. Although the need to increase rain through cloud-seeding was still an 

important consideration, there was 

a growing emphasis upon the need to understand to what degree man's 

everyday activities could have deleterious side-effects upon the weather on a 

long-term as well as short-term basis. The potential social and economic effect 

of results from this work may well in the future overshado·w that from cloud 

seeding activities. 15 
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But this shift in direction was blurring the distinction between the Division of 

Cloud Physics and the Melbourne-based Division of Atmospheric Physics, 

which in 1977 was running programs in atmospheric chemistry and regional­

scale meteorology, among others. 16 And the Chief of Atmospheric Physics, 

G.B. (Brian) Tucker, was very public in his opposition to cloud-seeding, which 

probably undermined Cloud Physics' position. 17 Tucker was an old opponent 

of cloud-seeding: a decade earlier he had been decrying it from within the 

Bureau of Meteorology. 18 

A change of focus in climatology 

Cloud-seeding was also threatened by a related intellectual shift of the 

1970s, which saw climatologists begin to pay more attention to the large-scale, 

even global, aspects of weather and climate. This shift seems to have taken 

place throughout the Western world and to have been prompted by concerns 

about air pollution, particularly the level of carbon dioxide in the atmosphere. 

In the late 1970s and early 1980s, scientists studying the Australian climate 

began to focus on the El Nino-Southern Ocean Oscillation (ENSO) and started 

to debate the issues of global warming and long-term trends in rainfall. The 

1982-83 drought in particular focused interest on ENSO. In 1983 at a major 

meeting about ENSO it was claimed that the phenomenon 

is one of the most important processes determining rainfall over much of 

eastern Australia. At best it accounts for about 40% of the variance of annual 

totals in some localities. It provides a good general measure of widespread 

seasonal rainfall deficiencies and surpluses. 19 

Later researchers suggested that Australian crop production in general was 

strongly related to ENSO, and that for some crops the trend in, for instance, air 

pressure, could be used to predict final yields even before the crop was 

planted. 20
• (R. L. Heathcote has commented that at a time of shrinking funds 

for research, scientists from both CSIRO and the Bureau of Meteorology saw 

this 'applied' side of meteorology as giving them the chance to survive. 

'Nothing like the chance of forecasting a drought to get the research funds 

rolling?', he quips. 21
) It seems that as climatologists shifted en masse to 
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studying large-scale aspects of climate, the small-scale studies, such as cloud 

physics, became unfashionable, and were left on the margins of the 

profession's activities. 

The changing political and economic context 

The conservative governments in power between 1949 and 1972 had 

pursued a laissez faire policy with CSIRO, but under the Whitlam government 

political attitudes hardened noticeably. CSIRO was thought to be too big, with 

too many self-perpetuating programs that stemmed from the self-indulgence 

of individual scientists unwilling to recognise the 'larger priorities'.22 These 

'larger priorities' had changed too: with a government of a new political 

complexion came an explicit recognition that the agricultural sector had 

declined in relative economic importance (accounting for only about lOo/o of 

GDP in the early '70s).:23 Not surprisingly there was a political move against 

CSIRO's concentration on rural research which, in the early 1970s, accounted 

for at least half of its overall activities. In 1974 the Industries Assistance 

Commission was directed to inquire into rural research in Australia. Jack 

\!Varner, in discussing how far cloud-seeding should be categorised as rural 

research for the purposes of this inquiry, commented that 'in view of the 

Government's attitude towards support for the rural community' it was not in 

CSIRO's best interests to classify as rural research any program that could in 

any way be so described, but only those that unquestionably were so? 4 

[emphasis added] While wanting CSIRO to cut back on rural research the 

Government also urged it to give more attention to environmental problems 

and the management of natural resources.25 

These political shifts were coupled with economic pressures. There was a 

world-wide recession from 1973 and by the mid 1970s the Commonwealth 

Government was faced with an economic downturn, high inflation and rising 

unemployment. From 1975 to 1983 Commonwealth expenditure on science, as 

a percentage of all expenditure, remained essentially flat. 26 CSIRO's 

appropriation funding flattened off too. Only near the end of the 1970s did the 

organisation decide that after several years of budgetary restraint, it would 

have to look again at which programs should be sacrificed for the common 

good. The cloud-seeding program, vvhich had no vvell-defined end point and 
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involved the expense of running a research aircraft, was an obvious target. 

And no-one could point to any figures showing hard economic benefits from 

cloud-seeding, other than a rough cost-benefit estimate that had been made by 

the Tasmanian Hydro-Electric Commission in 1973.27 This was favourable­

the benefits were thought to be from four to ten times the cost of the 

experiments -but there were no comparable calculations for agriculture, 

which was a more difficult area to deal with as the effects of 'extra' rain 

depended upon both volume and timing. 

The economic pressures triggered a number of reviews of CSIRO. The 

Fraser government, concerned about the efficient use of public funds, 

established the Independent Inquiry into the CSIRO ('the Birch Report'), 

which reported in 1977. The Inquiry was the first external review of CSIRO 

since its creation in 1949. Although its recommendations were essentially 

conservative they did push CSIRO to start changing the sectoral balance of its 

research between 1978 and 1983. Internal reviews also became common as 

CSIRO began to accommodate itself to the new economic conditions, and 

between 1972 and 1982 the Division of Cloud Physics was reviewed at least four 

times. 

The final experiment 

Meanwhile the Division went on with its seeding experiments, although 

with more planning and forethought than in earlier decades. After the success 

of the 1964-1979 Tasmanian experiment, various Queensland authorities were 

invited to nominate areas in their State where extra water was required, and 

the catchment of the Fairbairn dam, inland from Rockhampton, was a popular 

choice. Cloud Physics made a three-year survey of the area, to establish if the 

clouds here were suitable for a full-blown experiment. In the end the area was 

abandoned after a statistical simulation showed that the natural rainfall was so 

variable that no cloud-seeding experiment could hope to show conclusive 

results in five years or less.28 

Cloud Physics then decided to tum to western Victoria, where the 

Victorian Department of Agriculture had carried out a five-year seeding 

operation some years before. This area was chosen because it vvas a wheat­

growing region in vvhich extra rain vvould be welcomed, and a reasonable 
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amount of its rainfall was associated with the passage of cold fronts, which also 

dominated the weather patterns of a large part of southern Australia. The 

researchers spent three years (1975-78) examining the suitability of the clouds 

in the area for seeding. These preliminary investigations showed that the 

clouds associated with cold fronts vvere not suitable for seeding, but that those 

found in rain depressions- 'closed lows' - vvere. The suitability of the clouds 

for seeding was determined by measuring the clouds' liquid water content and 

ice crystal concentrations: it was the use of a single criterion, that liquid water 

content exceed 0.1 gm-3, which most differentiated this experiment from all 

those conducted previously in Australia.29 The experiment that followed the 

preliminary investigations was designed very carefully. Considerable 

emphasis was placed on assessing the physical effects of seeding. The target 

and control areas were placed in such a way that, going on past records, even a 

modest increase in rainfall could be detected, at a reasonable significance levet 

after five years. (There was no consideration, however, of 'persistence effects'.) 

This experiment was always intended as the 'make or break' one: the one that 

would determine the future of cloud-seeding in Australia, at least as far as 

agriculture was concerned. 

Before the experiment began, its economic impact was estimated by 

establishing wheat yield in the region and rainfall in the growing season. 

From these measures it was calculated that a 10°/o seasonal increase in rainfall 

would yield an increase of $1 million (1978 dollars), five times the cost of the 

experiment. But by the end of the first year of operation aircraft costs had risen 

steeply and farm prices only modestly, casting doubt on whether seeding 

would be economically viable even if found to be technically effective. The 

costs of cloud-seeding could be cut if remotely-sensed data could be used to 

assess the suitability of clouds for seeding and if seeding material could be 

released from the ground instead of the air. Warner suggested that adopting 

these techniques should become the main aim of the cloud-seeding program 

after the completion of the experiment in Victoria.30 But it was not to be. By 

the end of the second year of the Victorian experiment there had been no 

statistically acceptable increase in rainfall. In fact there had been only three 

occasions in the whole tvvo years that had qualified as 'suitable for seeding', 

even though the general rainfall in the seeded areas had not been unusually 

lovv. The experiment was abandoned. 
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In the same year, 1980, the Division of Cloud Physics was to be reviewed 

yet again. According to Warner, 

Stripped of verbiage the terms of reference ask the Committee to determine 

r.uhether the Fokker [aircraft] is worth keeping, whether cloud seeding is worth 

doing and what would be the best way of disposing of the Division. 3 1 

Warner, who was to retire within a year or so, was getting tired of it all. He 

recognised that if cloud-seeding -vvere abandoned there would be little reason 

for the Division of Cloud Physics to be maintained as a separate entity, even if 

it took on an expanded program of research in inadvertent weather 

modification. And so the end came in August 1981 when, under the direction 

of Mike Manton as Acting Chief of the Division, the cloud-seeding program 

was quietly dropped.32 Formally, this was on the grounds that 'recent work by 

the Division of Cloud Physics and overseas groups suggests that precipitation 

enhancement is not feasible, except perhaps in special locations ... Our present 

ability to predict the occurrence of such circumstances is not sufficient to 

permit operational cloud-seeding experiments that are economically 

feasible. '3 3 A press release announcing the end of cloud-seeding in rural areas 

was released by the CSIRO Executive in October 1981. 

There was yet another review in 1982: this time of atmospheric research 

in CSIRO as a whole. It recommended that Cloud Physics be closed. The 

Division was disbanded in 1985. 

Comment 

On the face of it, cloud-seeding folded after the objective demonstration 

in the western Victoria experiment that the technique was unlikely to be 

economically viable in parts of Australia with similar synoptic patterns. 

However, underlying factors played a role. In the USA too cloud-seeding had 

suffered a downturn in the late 1970s. The National Science Foundation's 

activities had declined; the government agency most active in the field vvas the 

Bureau of Reclamation, but the scientific return on its activities vvas held to be 
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low. 34 Both countries had seen the rise of 'ecological consciousness', a 

growing aversion to manipulating the natural environment, deliberately or 

inadvertently, and a declining belief in the ability of science to control the 

world, or the desirability of its doing so. But these were probably not 

significant factors in the demise of cloud-seeding in Australia. More 

important was the falling political significance of rural issues, as the 

agricultural sector became relatively less important to the economy. Cloud­

seeding in Australia had become most closely identified with agriculture and 

drought relief (as against filling catchment areas, for instance). In the early 

1980s it was recognised, as it had been in the late 1940s, that 'if cloud-seeding is 

not economic in good or average seasons, then it is even less likely to be so if 

practised only in drought years' 35 -but this time there was no political will to 

alleviate drought at any cost. 

The economic contraction of the early 1970s led directly to the fiscal 

squeeze on CSIRO and its attention to cost cutting; it also led to the task of 

government's being seen primarily, perhaps almost solely, as that of managing 

of the economy. There was an increased emphasis on efficiency. This 

emphasis was even apparent in the Western Victoria experiment. The criteria 

determining whether or not clouds were 'suitable' for seeding were related to 

the idea of whether or not cloud -seeding was an efficient process for extracting 

the maximum amount of water from the clouds: the idea was that the clouds 

had to contain abundant liquid water, but too few ice crystals to make them 

likely to release that water by themselves. These criteria had in fact been 

identified as early as 1949.36 And so concern with efficiency was not new. 

Even in the '60s Bowen had stressed that cloud-seeding was a technique for 

efficiently extracting a natural resource. But it is interesting that the Western 

Victorian experiment was the first Australian experiment in which the liquid 

water content of clouds was measured, even though this had been recognised 

as an important parameter in the earliest years of cloud-seeding. The 

instrument used in the Victorian experiment was designed by CSIRO, but the 

limits set for liquid water content were within the measurement range of 

other liquid water meters.37 

According to Warren King, a former member of the Division of Cloud 

Physics, such measurements could have been made some years before they 

actually were.38 Perhaps measuring physical parameters of clouds had been so 
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difficult for some decades that the cloud-seeding group's attention had become 

fixed on proving the effectiveness of seeding through statistics, rather than 

through trying to demonstrate its physical effects. Or perhaps in Bowen's time, 

his faith in cloud-seeding had meant that precise measurements of parameters 

such as liquid water had not received the attention that they might have- but 

this is pure speculation. Hovvever, it vvas not instrumental measurements that 

finally killed faith in cloud-seeding; rather, the faith died first. 

The CSIRO program had an interesting afterlife, which featured vitriolic 

debate between parties in CSIRO, Bovven in retirement, and others, and 

attempts by Keith Bigg to revive the idea of persistence effects.39 CSIRO re­

entered the field in 1987 when it devised a seeding experiment for Melbourne 

Water (the Melbourne water supply authority) to carry out over the Thomson 

River Dam in Victoria. Cloud-seeding was also 'preserved' by the Tasmanian 

Hydro-Electric Commission (HEC), who used it as a routine technique for 

filling its dams. One of the HEC's cloud seeders, Ian Searle (who was trained at 

one of Radiophysics' courses on cloud-seeding), in 1994 appeared in the media, 

urging that cloud-seeding be tried in the current drought.40 And cloud-seeding 

was tried.4 1 The great hope, the great dream that CSIRO pursued for decades, 

has not quite faded away. 
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Discussion: cloud-seeding in context 

This study could be extended in several ways. Weather modification in 

Australia has a history that stretches beyond the borders of this account: 

rainmaking was practised in nineteenth-century Australia \vhile hail 

prevention techniques \Vere used well into the twentieth, and these must have 

affected how CSIRO's cloud-seeding was received. The grounds on which 

some groups opposed cloud-seeding, and the ways evidence was marshalled 

on both sides (particularly how statistics were used), also deserve a closer look. 

An intriguing point is the influence that Radiophysics' astronomy program 

may have had on its cloud physics program. Some influences seem obvious -

for instance, Bovven's theory about meteoritic dust. Others may be more 

subtle, such as the concept of a 'signal-to-noise' ratio, a commonplace in radio 

astronomy, which may have affected the way the Radiophysics group 

interpreted its statistical measures. (There are hints of this in the Radiophysics 

correspondence.) The influence of astronomy may have extended to shaping 

the cloud-seeders' 'world view': as Townsend has noted, there was a 

considerable difference in the 'world vie-vvs' of the maverick American 

rainmakers and the orthodox American meteorologists. And of course the 

interaction between the cloud physics program's practical and theoretical sides 

needs to be made clear. 

However, I will round off the present account by considering only 

something of the political, social and economic context in which cloud-seeding 

was embedded. Three aspects of that context stand out: Australian practices 

and policies related to drought; the fragmentation of the Australian science 

system; and Australia's post-war relationship with the United States. 

Australia's inconsistent view of drought 

Whereas in the USA cloud-seeding was used for a variety of purposes, 

such as filling water catchments, in Australia it became overwhelmingly 

linked to the idea of drought relief. Although Bowen later tried to dra-vv 

attention to other uses for cloud-seeding, drought -vvas from the beginning the 

public raison d 'etre for the Australian experiments. As in the USA, any 
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private doubts about the feasibility of using cloud-seeding for drought relief 

were not aired in public.1 

Drought can be defined in several -vvays. But however we define it, 

'drought' is a way we characterise one kind of extreme deviance from 

Eurocentric conceptions of climatic normality.2 Studies of drought in Australia 

frequently use the concept of 'meteorological drought', which takes place 

when annual rainfall in a given area is in the lowest 10% of rainfall figures 

ever recorded. When meteorological drought occurs over at least 10% of the 

continent at any one time it is very likely to produce 'agricultural drought'- a 

shortfall of moisture that causes economically significant losses to crops and 

livestock.3 If we apply this definition- meteorological drought occurring over 

at least 10% of the country- then drought is in fact a normal feature of the 

Australian climate, for a drought of this kind occurs somewhere in the country 

in three out of every four years:~ Cloud-seeding was thought of as an 

emergency technical procedure for 'treating' drought.5 As such, it may have 

appealed to governments because it did not require them to think about the 

frequency of droughts or to reassess their drought policies. 

For decades the policies and practices of Australian governments failed to 

deal with drought in a systematic, long-term way, even though it was realised 

quite early in the history of European settlement that prolonged dry spells are 

normal in many parts of the country. In 1865 Surveyor General Goyder, faced 

with that year's drought in South Australia, created a regional resource 

management policy that is still relevant today.6 In 1901 a NSW Royal 

Commission into the conditions in the State's vVestern Division noted that 

'drought is the predominant characteristic of the west [of NSW], and not 

merely an enemy to be occasionally encountered.'7 And in 1937, after drought 

had contributed to the miseries of the Depression, the Commonwealth 

government stated that 'drought is not abnormal in Australia and the 

economy of any State is, or should be, organised to meet such a contingency.'8 

Yet in many ways practices flew in the face of these perceptions. As late as 1990 

each State had its o-vvn set of procedures for invoking a drought declaration, 

and in some areas producer groups were responsible for declaring drought. 

Claims for drought relief were more frequent in the marginal semi-arid 

country than in the higher rainfall areas. At face value, this is not surprising. 

But drought relief represented a subsidy to producers in those areas, and -vvas 

generally provided vvhether or not they vvere managing the land in accordance 
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with the constraints of the environment. In other words, a farmer could try to 

grow a crop in an area unsuited to that crop, fail, and then call for drought 

relief. 

Drought and the settlement imperative 

One reason for this inconsistent behaviour seems to have been a deep 

need to deny that drought was a permanent feature of Australia.g 'So 

powerful was this sentiment that, when Franklin Barrett was filming drought­

stricken areas in western NSW in 1919, a local member of parliament 

prevailed upon the Government to ensure that Barrett's Breaking of the 

Drought was "subject to the strictest censorship"', writes Tim Bonyhardy.10 

And in 1921 the West Australian government banned a textbook by T. Griffith 

Taylor, founder of the geography department at the University of Sydney, 

because of its emphasis on aridity in Australia.U The need to deny that 

drought was normal sprang primarily from a desire to people the country. 

Bonyhardy argues that in general Australians were unwilling to accept that 

much of the continent might be unsuitable for settlement, and that this 

popular sentiment influenced government.U Governments themselves had 

incentives to act as if each drought were an isolated crisis. In the early decades 

of this century, up to at least the 1930s, national and imperial interests required 

people to be kept on the land and the greatest possible area to be put under 

crop, and this overrode the question of whether drought relief was justified by 

'business considerations' Y 

According to Powell, before the First World War 'a consuming passion 

for "closer settlement'' was indulged by every Australian and New Zealand 

government' .14 The landscapes this produced reflected social and economic 

goals, especially vvelfare-state notions regarding the distribution of national 

resources, efficiency and increased productivity. This last, as a national aim, 

was inseparable from an imperial aim. Bet\veen the First and Second World 

Wars the 'settlement imperative' revived strongly, partly due to nationalist 

and imperialist ambitions. The soldier-settlement scheme instituted after the 

First vVorld vVar vvas designed to create this pattern of 'close settlement'Y 

But, in placing people on parcels of land too small to sustain them, it was 

doomed to fail. By the end of the 1920s ideas of close settlement were being 
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condemned on economic and social grounds. Griffith Taylor insisted that the 

contemporary margins of settlement already approximated the limits set by an 

implacable Nature, and his ideas, initially rejected at the popular level, won 

some acceptance by the end of the 1930s.16 

Hovvever, interest in settlement was revived in many countries in the 

1930s and 1940s, due to the waves of people displaced from various countries 

in EuropeY In Australia in the early post-war period, 'there was still a latent 

belief in the existence of an intermediary region, an undetermined but very 

vvide marginal zone that might be made over to more useful purposes by the 

introduction of irrigation, new crop or livestock strains, and a more numerous 

and more enterprising population. 118 The cloud-seeding experiments were 

predicated on the existence of such a zone: indeed they were aimed at defining 

and mapping it. As late as the 1950s it was widely believed that the northern 

parts of Australia had to be populated to ward off the threat of invading hordes 

from Asia. Reliable rainfall (or at least, a reliable water supply) "Vvas the key to 

such settlement. The point was made by at least two of Bowen's 

correspondents: a rice grower from the Northern Territory and the 

indefatigable vV. H. Anning from Queensland.19 

Drought and the federal system 

A second reason for the poor way in which drought was handled was the 

way responsibility for drought was divided up between different levels of 

government. After Federation the States had retained the responsibility for 

dealing with drought. But they lacked the ultimate financial incentive to do 

so, because drought relief was reimbursed by the Commonwealth. (The 

promise of such reimbursement was the crucial point in the 1966 letter that the 

Acting Prime Minister sent to the State Premiers about cloud-seeding, referred 

to in Chapter 3.) 20 The Federal government had no formal constitutional 

power to deal with drought, but it might have been able to acquire it if it had 

wished to do so: the 1950s and '60s saw State powers over many areas 

transferred to the Commonwealth. But, as Chapter 2 shows, the 

Commonvvealth simply did not want to take on further responsibility for 

dealing with drought. This vvas natural, given that the responsibility "Vvas seen 

to be mainly financial (that is, the cost of repair and compensation for the 
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damage and loss caused by drought) and potentially open ended. 21 Partly as a 

result, drought relief remained poorly coordinated between the States and the 

Commonwealth for decades. Only in the mid 1960s, for instance, was a select 

committee of the NSW Legislative Assembly charged with looking at ways to 

achieve such coordination.22 

The Australian political system has been a stumbling block in other ways 

to dealing \-Vith environmental problems such as drought. In 1976 Randall 

Baker, a geographer with experience of the Sahel in Africa, suggested that the 

severe impact of the droughts in that region during 1968-73 was the result of a 

fragmented approach to dealing with drought by the governments of the 

region. In 1980 R.L. Heathcote, who has written extensively on drought in 

Australia, suggested that the same problem vvas found in Australia. Baker had 

argued that the structure of an administration largely determined how well 

that administration would deal with interdisciplinary problems, regardless of 

the talent or goodwill of its staff.23 Both Baker and Heathcote stressed that it is 

easy, but less than just, to point to 'buck passing' within an administration as a 

sign of government inefficiency. Rather, it is a sign of a poor fit between the 

regional character of natural hazards and the generally non-regional 

boundaries of administrative areas. Such buck-passing was a significant 

feature of the attempts to have cloud-seeding adopted in Australia; witness the 

efforts of Donald Shand, described in Chapter 3. 24 

Technical means of alleviating drought 

Yet a third problem in dealing with drought was simply the technical 

difficulty of transporting fodder, water or starving livestock around the 

country to relieve drought-stricken areas. This was overcome only in the 

1960s, by better road transport. A 1965 study by the Rural Liaison Service of the 

Reserve Bank found that although the drought that began in 1964 (and 

continued into 1966) was severe in many areas, graziers suffered less than they 

had in previous droughts, and one important reason for this -vvas that they 

could now move livestock around the country more quickly. 25 Chapter 3 

notes some discussion in this period by the Australian Agricultural Council on 

drought prevention and alleviation. The Council's deliberations suggest that 

at this point, the late '60s, cloud-seeding was seen as an interesting possibility 
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but not even potentially one of the most important drought-management 

practices. 26 

Re-thinking drought in the 1980s 

By the 1970s the 'populate or perish' thinking had died away, improved 

transport made it easier to cope with drought and, as Chapter 4 notes, 

climatologists had shifted their attention to the ENSO phenomenon and 

possible ways to predict drought. All this made it feasible for governments to 

rethink their drought strategies. A further incentive to do so \-Vas given by the 

drought of 1982-83 which, coming after a number of good years, was seen as a 

national disaster. And a review of Australia's water resources, completed in 

1983, pointed out (yet again!) that drought was inevitable in Australia. 

Although the impediments of the federal system remained, by 1983 the 

country had a new Labor government- traditionally less of a respecter of 

States' rights than the conservative parties. 

In 1984 the Government set up the National Drought Consultative 

Committee, whose members were State and Federal bureaucrats and primary 

producers. This committee formulated the first national drought policy - a 

policy which for the first time linked drought relief measures with policies on 

rural restructuring. Earlier policies had been aimed at maintaining the rural 

population but now primary producers who were considered 'non-viable' in 

the long term -vvould be expected to leave the industry. As the relative 

importance of the rural sector to the economy has declined - from about 29% 

of national economic output in 1950-51 to about 4% in 1990- and as the 

political power of the rural sector has also fallen, so too have governments 

become less interested in promoting the welfare of the rural comrnunity.v 

Douglas and Wildavsky have argued that 'attribution of responsibility for 

natural disasters is a normal strategy for protecting a particular set of values 

belonging to a particular way of life', and that 'risk taking and risk aversion, 

shared confidence and shared fears, are part of the dialogue on how best to 

organize social relations'. 18 The re-assignment of the responsibility for drought 

to individuals marks a significant shift in social relations. In the late 1980s 

Heathcote commented on the general loss of sympathy for farmers affected by 

drouaht, oredictina that if forecasts of drou
0
aht became more reliable there 

0 .1. 0 
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would be 'even less public sympathy for any future victims of drought who 

had disregarded the warnings.'29 

The new policy was the beginning of the end of the strategy, used in 

marginal areas, of gambling on either a good crop or drought relief. Its 

emphasis on self-reliance was the same emphasis that the Agricultural 

Council had given to the subject in the 1960s, as I noted in Chapter 3, which 

even then had been described as the 'traditional' view. 30 But now the policy 

was in line with the economic fetish of the day - 'governments should not 

intervene to distort market prices or outputs', proclaimed the Drought Task 

Force Review.31 Government policy on drought is now such that it is hard to 

see any chance of a large-scale revival of cloud-seeding- even despite its recent 

resurrections, noted in the last chapter. 

New organisations, old economic pressures 

Under the new drought policy primary producers had to be responsible 

not only for the commercial performance of their 'enterprises' but also for 

ensuring that agricultural activity was 'environmentally responsible'. The call 

for 'environmental responsibility' was becoming commonplace in discussions 

of Australian agriculture; the movement that arose to answer it was Landcare. 

Landcare is an umbrella term covering many organisations across the country; 

a decentralised, self-help scheme. The Landcare movement did not originate 

in the ecological consciousness of the urban middle-class, which has fuelled 

most of Australia's formal Green groups. Rather (according to its national 

facilitator) the first groups were born in the early 1980s (just when cloud­

seeding died) out of landholders' frustration with government inaction on 

land management problems- that is, the inadequacy of centralised 

government services (perhaps becoming increasingly inadequate as 

governments sought to wind back their spending). On the face of it Landcare 

and cloud-seeding would seem to be polar opposites: the one decentralised and 

'environmentally friendly', the other centralised, 'hi-tech' and 

interventionist. But they are both responses to the same set of economic 

pressures. It has been suggested that the formalisation of Landcare in the late 

1980s was propelled by the woes of the farm sector: for instance, farm business 

and profit declined by 350% between 1989/90 and 1990/91, with the figures 

105 



expected to worsen. 32 According to a Victorian Landcare consultant, John 

Marriott, 

tough economic times are causing people to bite the bullet and say: 'Well, hell, 

zf we're going to get out of this we'd better do something about it now.' 

If things were still good they'd be saying: 'What's the worry? I'm making a 
'd '3) qur ... 

And the same sentiments are heard from CSIRO. In September 1994, Dr John 

Williams of CSIRO's Division of Soils addressed a· conference on the changes 

that had to be made if Australia's rural industries were to become sustainable 

by 2020: the thrust of his talk was that with better management systems and 

technology, grain and pasture production could be increased from its present 

level of 30% of real potential to 50%- and that even if only a quarter of farms 

achieved this rise, farm export earnings would increase by half a billion dollars 

a year.34 The switch from centralise~ state science to decentralised groups has 

been driven not by a change in ideology but by the economic concerns that 

have always driven Australian agriculture - a drive for efficiency and 

productivity- and by the withdrawal (or at least re-deployment) of 

government services to the rural sector. 

The fragmentation of the Australian research system 

A striking characteristic of the cloud-seeding program was its isolation 

from research groups in other fields. Geographical isolation may have played 

a part in this but structural barriers seem to have been more important. 

Radiophysics' lack of contact with (Australian) universities was discussed in 

Chapter 3. Even for its highly successful program in radio astronomy, a new 

field "Which won international acceptance, CSIRO's research was transferred to 

the university system most effectively by the movement of individuals -

Bernie Mills and Chris Christiansen, who migrated from Radiophysics to the 

University of Sydney in the 1950s. As CSIRO did not have teaching functions 

it could not reproduce its research programs directly; in fields where it 

dominated the Australian research system, but was unwilling or unable to 

transfer its research to the universities, it may have handicapped the growth of 
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those fields in Australia. (But the problem also lay with universities, where 

they were too starved of funds to absorb such transfers.) 

The cloud-seeding group was isolated not only from the universities but 

also from other parts of CSIRO. Not until the late 1960s does it seem to have 

made contact with the Division of Land Research which, in the 1950s and '60s, 

had set out to determine if northern Australia were suitable for intensive 

agricultural and pastoral activities. From its research, that Division concluded 

that the nature of the soils in the area, plus extreme climatic variability, meant 

that 'there was essentially no future for rain-fed agriculture' in northern 

Australia.35 This study surely bore on the interests of the cloud-seeding group, 

but I have found no sign that the two groups had any contact before the late 

1960s, and even that contact seems to have been only a meeting or two.36 They 

did not meet earlier largely because they were from different disciplines, and 

CSIRO's structure deliberately isolated disciplinary groups from one another.37 

Not only that, but the organisation's philosophy explicitly favoured small 

groups of twenty to thirty researchers whose programs could be controlled by a 

single leader, resulting in poor coordination across fields.38 A general reason 

for the fragmentation of Australian agricultural research (which may also 

apply in other fields39 
) has been pointed out by John Williams: 

the pursuit of unsuitable agricultural practices necessitated the parallel 

evolution of a scientzfic network geared to solv[ ing] "one-off" production 

problems as they arose. This fragmented focus led to Australia's rural research 

effort becoming compartmentalised into separate disciplines and institutions . .w 

The policy vacuum 

This fragmentation went unremedied in the Nienzies period, when there 

was no science policy per se. Menzies thought that the idea of planning and 

directing science smacked of socialism, and the conservative governments that 

follovved him after 1966 did not revise that view.41 CSIRO was viewed as a 

substitute for a science policy, and was left to go its ovvn vvay. As a result, the 

organisation \Vas still allocating its resources in the 1960s in much the same 

pattern that it had in the immediate post-war period, with the dominant areas 

being agricultural production and rural-based manufacturingY As Chapter 4 
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sho-vved, only in the 1970s did CSIRO begin to redefine its role, in the face of 

competition from the universities in the field of basic research and increased 

government demands for demonstrated relevance. 

Ann Moyal has pointed out that Australia has traditionally relied on 

institutions to provide the science necessary to attain national goals, rather 

than developing strategies that focus on economic and social objectives and 

encourage the necessary science to help achieve those objectives.~ This is 

partly an inherited pattern, a result of the relationship between science and the 

state in Britain. But mainly it has been because, to a large extent, science has 

not been seen as relevant to national goals. The creation of CSIR would seem 

to be an exception, but in fact the organisation was created to meet the goal of 

'economic self-sufficiency' within the Empire.44 Although science has always 

been seen to be relevant to, say, agriculture, in a narrowly utilitarian sense, it 

has not been viewed as a means of developing the Australia economy. In the 

mid 1920s Australia was faced with a choice of economic directions, and it 

opted to try to increase its population and foster industrialisation through high 

tariff barriers, and put little emphasis upon fostering industry through 

scienceY In the years immediately after the Second World War the 

government of the day did not see science as relevant to any of Australia's 

immediate goals of stabilising the economy, maintaining full employment and 

creating an adequate system of social security.~6 Neither CSIR nor any other 

scientific body was seen to play a central role in developing manufacturing 

industries. Technology development was seen as less important to the 

Australian economy than the continuation of a sufficiently high level of world 

and domestic demand.'~7 It appears that the very trade protection used since 

the 1920s to achieve the national goals of employment creation, 

industrialisation, and population growth ('the familiar trio', as Schedvin calls 

them48
) had the long-term effect of instilling into Australia an isolationist 

attitude, an aversion to manufacturing and a marked disinclination to export"9 

-all conditions that would work against the growth of research and 

development in the private sector. This in turn was to make CSIRO's task of 

transferring its results to industry that much harder - or even impossible.50 

Australia's relationship with the USA 
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To pursue its goal of industrialising, the Menzies government looked 

abroad, mainly to America. The US-Australia relationship also dominated 

Australia's political horizon in the first fevv decades after the war. A 

prominent theme, indeed the prominent theme, of studies of Australian 

science in the colonial period has been Australia's relationship to the 

European 'centre': post-war Australian science cries out to be considered in the 

light of the Australia-US relationship. (Where CSIRO research is concerned 

the question is given added piquancy by the fact that R. G. Casey was not only 

the Minister responsible for CSIRO between 1950 and 1960, but also Minister 

for External Affairs over almost the same period, 1951 to 1960.) 

In the early 1940s America began consciously to shape a new international 

economic order for its own benefit. American officials of the period were keen 

to promote 'a series of multilateral arrangements based on the ideal of the 

"open-door" that would ensure non-discriminatory trade, currency 

convertibility, and unrestricted access to materials and markets everywhere', 

which -vvas advanced as a formula for global development.51 US efforts to 

support capitalism conflicted with the plans of the Curtin and Chifley Labor 

governments to help Australia recover from the war. These plans included 

nationalising the banks, protecting local manufacturing to help it diversify, 

and fostering heavy industry. Australian officials argued that America's 

policies threatened national sovereignty and were little more than a 

smokescreen for 'economic imperialism'.52 

Australia resisted US initiatives in a number of ways53 until 1946-47, 

when it bowed to US pressure, abandoning commitment to full employment, 

accepting a limited trade and tariff agreement, and ratifying US-sponsored 

multilateral agreements. It did not totally capitulate, however: from March 

1947 the Australian Labor government refused to sign one of the 'Treaties of 

Friendship, Navigation and Commerce', which the US State department later 

described as being 'designed to stimulate foreign investment as a means of 

promoting economic development'. The Australian government was 

apparently disturbed by the threat of such a treaty to Australian authority over 

foreign investment and exchange controls. But in 1949 Labor was defeated at 

the ballot box. The nevv conservative government -vvas assessed by the US State 

Department as being, 'to a much greater degree than its predecessor ... 

interested in encouraging the flow of American capital investment to 

Australia', as indeed it proved to be. After 1950 Australia signed a series of 
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agreements which led it to be 'an open and hospitable region for American­

based economic activities and multinational businesses.' As early as 1955 

annual American investment in Australia rivalled that of British investment; 

by the late 1960s the total value of America's investments in Australia had 

outstripped that of Britain's.54 

Military collaboration had begun with the war. The ANZUS treaty \.Vas 

negotiated in 1950-51; in 1952 Australia began buying substantial military 

equipment from the US; and in 1953 the two countries signed a rvfilitary 

Standardization Agreement, which replaced a long-established arms link 

between Australia as a Dominion and the UK. In 1955 a secret agreement 

anticipated the establishment of a 'joint' defence-intelligence facility near Alice 

Springs: Australia was to have no responsibility, even in a consultative sense, 

for operating this facility. Soon after this, Australia offered America use of the 

Woomera rocket range and the two countries collaborated on tracking rockets 

and satellites. During 1963-1970 a series of 'joint facilities', over which 

Australia gave up all sovereign rights, were established on Australian soil. 

The most visible sign of Australian support for the US was its decision to send 

troops to Vietnam. Australia viewed the American alliance as 'like an 

insurance policy' and 'every now and then you have got to pay your dues'.55 

Ed Clark, the US Ambassador to Australia in the '60s, described the country as 

'a perfect place to do business - no leaks, no problems, no undercutting, no 

resistance'.56 

These are the bare bones of the Australia-US relationship. How should it 

be viewed? In a recent study of the subject, Philip and Roger Bell discuss five· 

'models' of the relationship, ranging from 'ideological hegemony' to 

'modernisation'. These views differ mainly in describing the mechanism by 

which Australia became dependent on America; they differ less on the degree 

of dependency so created. Bell and Bell themselves find none of these models 

to be entirely satisfactory: they themselves interpret the relationship mainly as 

the story of 'the smaller nation's continuing search for security or well-being 

in a competitive international system'Y In contrast to Ed Clark, however, Bell 

and Bell point to 'cultural resistance', arguing that as Australia became 

increasingly integrated into the world economy, and its authority over 

domestic political, economic and cultural issues \.Vas diminishing, these 

processes 'provoked intense efforts by government, as well as community 

groups and individuals, to resist any further erosion of their nation's po-vver 
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and cultural identity' .58 Did science represent any such 'cultural resistance'? 

Or did it mirror the larger political relationship? Australia's scientific 

relationship with Britain in the colonial period showed tension and 

ambiguity: it would be surprising if the post-war relationship was much less 

complex. 

Integration and independence 

The CSIRO cloud-seeding group certainly sought to integrate itself with 

the US system. Graph 1 ( CSIRO papers on cloud-seeding and cloud physics 

grouped by the origins of the journals in which they were published) gives a 

rough idea of how closely the Australian effort in this field became bound to 

the American one. Annual reports and popular articles have been excluded 

from the data but articles in non-specialist journals have not, and as these are 

over-represented in the 'Australian' category even fewer standard scientific 

papers were published in Australia than might be inferred from the graph. By 

the 1960s the number of papers appearing in US journals is striking; this was a 

period when the general political and cultural relationship between Australia 

and the USA was also becoming closer. 

The turning to America was propelled by at least three, quite obvious, 

reasons. First, the cloud-seeding group lacked Australian peers - there was no 

community of 'critical mass'. The outward orientation that this produced is 

said to be common to all small countries, and to lead to researchers in such 

countries concentrating on abstract and theoretical ideas- the common 

currency of international exchanges.59 At the beginning of Chapter 3 it was 

noted that the CSIRO group became more secure in its international standing 

at the same time that it was still battling for recognition in Australia. The 

criteria for recognition were different: in the wider arena, theoretical advances 

in cloud physics; domestically, undisputable practical success. It would not be 

surprising if these different reward schemes worked to uncouple the 

theoretical and practical strands of the program, as I have earlier suggested 

might be the case. 

The second reason for the Australians to turn to the USA \Vas simply the 

level of resources that the latter could provide: as the quote from Vannevar 

Bush in Chapter 2 makes clear, these resources -vvere consciously used to bind 
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other countries to the US. I have no evidence that CSIRO ever received any 

direct US funding for its cloud-seeding work, but it did take part in US­

sponsored joint experiments. Even Neville Fletcher's modest research 

program on cloud physics at the University of New England was funded by the 

US National Science Foundation. And of course in the 1950s and '60s 

Radiophysics was taking a considerable amount of American money for the 

Parkes telescope, not only for its construction but also its use by NASA. vVith 

regard to this latter funding, Bowen wrote in 1960: 

On the question of NASA and their possible use of the telescope, I agree that 

life would be quieter without them. However, the possible financial gains are 

too good to miss - always provided they go into the research activities of 

Radiophysics. . .. [NASA is building a dish at Woomera] ... the total cost is 

firmly stated as being £A2 000 000, of which £900 000 is a contribution to 

Woomera for their part of the construction program. With this kind of money 

going around, we cannot afford to be stand-offish.60 

The third reason for turning outwards, to America, was the idea of 

scientific 'maturity', where maturity was equated with international 

acceptance. 

The discourse of development and modernisation 

This concept of scientific maturity, held by many in CSIRO just after the 

war, was the same as that which Basalla voiced twenty years later.61 As Roy 

MacLeod has pointed out, Basalla's diffusionist view of the development of 

science is closely akin to the model of the development of economies posited 

by W.vV. Rostow, a neo-classical economist for whom 'development' was a set 

of stages through which each country passed in the same sequence. 62 In 

Rostow's theory differences between countries' historical and cultural 

conditions were merely 'noise' in the system.63 Both Basalla's and Rostovv's 

schemes assume a linear progression, a set of necessary conditions or tasks to 

be accomplished, the irrelevance of cultural and historical conditions of 

particular countries; both assume that the condition of the USA represents the 

ideal final state. Both views are part of the post-vvar American-generated 
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'discourse of development and modernisation', which Edward Said has 

described as 

a truly amazing conceptual arsenal - theories of economic phases, social types, 

traditional societies, systems transfers, pacification, social mobilization, and so 

on - [that] was deployed throughout the world ... 64 

Wolfgang Sachs has considered the vvay in which this view of 

development became linked to the role of the nevvly created United Nations. 

Sachs emphasises that this view is place-less, a-historical, a story in which 'the 

histories of the world were seen as converging into one history, hav[ing] one 

direction, and the UN vvas seen as a motor propelling less advanced countries 

to move ahead.'65 According to Sachs, the concept of 'one world' was to be 

achieved by stimulating progress everywhere, absorbing the differences in the 

world into an a-historical and delocalized universalism of European origin. 

The view he describes is similar both to the idea of assimilation that European 

Australians applied for a long time to Aboriginal people, and to the European 

colonists' wish to modify the Australian environment. Cloud-seeding is an 

attempt to 'rectify' or at least modify characteristics of a particular location, as 

were so many of the activities of Australia's European colonists. It may also be 

pertinent that cloud-seeding was a technology for agricultural development 

that more interested the 'new nations' of Australia, the USA, Israel, India, 

South Africa, and some other African countries than it did the 'old nations' of 

Europe. It may no! be too far-fetched to see cloud-seeding as a forerunner of 

the 'green revolution' and akin to other 'development technologies'. 

While attempting to modify the characteristics of the Australian climate 

the CSIRO cloud-seeders also insisted that the success of the technique was 

highly location-specific; that it had to be tested 'on the ground' and that results 

obtained in the USA could not be automatically applied to Australia. In doing 

this they vvere emphasising particular characteristics of place (Australia) and 

their own right to determine techniques appropriate to that place.66 But this 

hardly seems to amount to the 'cultural resistance' that Bell and Bell refer to; it 

challenged no aspect of the American-dominated field but rather was an 

argument to use in Australia to justify its activities. 67 In any case, weather is 

markedly less 'local' in character than flora, fauna or geology, the fields in 

which 'peripheral' regions such as Australia have mounted their guerilla 
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attacks on 'metropolitan' scientific theories. Even those attacks have tended to 

be accommodated, sooner or later, into a body of theory that seemed to have 

no overt place 'markers'. Only recently have Australian writers (such as 

George Seddon and Tim Flannery) turned Eurocentric biology, for example, on 

its head, pointing out that in world terms it is the biota of Europe \Vhich is 
unusual. 58 

Intellectual orientations 

Covertly the CSIRO group was extremely dependent upon the mere 

existence of its US counterparts to legitimise its activity, but overtly it chose to 

assert its independence - even if this independence had little national accent. 

In its early days the CSIRO cloud-seeding group was keen to establish itself as a 

distinct entity, identified with neither the extreme enthusiasm of Langmuir 

and his supporters nor the scepticism of the US meteorological agencies. (A 

home-grown research effort was also seen by Bowen, among others, as a way to 

forestall an 'invasion' by American commercial 'weather modifiers'.) The 

CSIRO group frequently emphasised the difference and superiority of its 

techniques and the precedence of its claims, and on some occasions it was able 

to lend American groups superior equipment. The strongest sign of 

independence was the way, shown in Chapter 2, that the CSIRO group chose to 

highlight or downplay American developments in the field, insisting on their 

relevance or irrelevance according to how useful they were to it at the time. 

Bell and Bell too emphasise how Australia actively excercised choice in its 

general political relationship with the USA, rather than being a passive victim 

of political and cultural hegemony. 

Ian Inkster has drawn attention to what is presumably a less voluntary 

aspect of the relationship: the 'mental maps' or intellectual/psychological 

orientations of the scientists. 69 The evidence on the cloud-seeders is mixed. 

One of the early experimentalists of the group, Eric [?] Kraus, who had made 

the original contact with the General Electric researchers, moved to the USA 

after only a short time with CSIRO. Another important member of the cloud­

seeding group, Sean T-..vomey, also moved to the USA when the opportunity 

arose. (A third, Otto Adderley, moved to Japan upon his retirement). The 

cloud-seeders were almost as mobile as their counterparts in the Radiophysics 
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radio astronomy program, who circulated between England, America, 

Australia and the Netherlands. 70 Bowen himself moved to the USA after his 

retirement from CSIRO, but eventually returned to Australia. In writing to an 

acquaintance in Cambridge in 1949 he referred to Australia as 'this distant 

outpost' and clearly felt the effects of isolation.71 As Judith Brett has claimed of 

Menzies, Bowen appears to have been one of the 'highly ambitious, mobile 

people' for whom 

the desire to be central may be as important in understanding their motivation 

as the will to power ... drawing closer to the centre may more nearly fit the way 

such people experience their own progress through life than, for example, 

climbing a ladder. 72
• 

And yet, as I noted in Chapters 2 and 3, Bowen turned dovvn an offer to head a 

cloud physics institute in the USA and, with Fred White's encouragement, 

managed to have a large radio telescope built in Australia rather than accept an 

offer to direct one in the USA.73 (Apparently this decision went against the 

tide; at the time there was a significant 'brain drain' of Australian scientific 

talent.74
) The strength of the Radiophysics astronomy group was probably the 

most important factor keeping Bowen in Australia: in the 1940s and '50s, 

despite its nominal isolation, it outshone its European counterparts in size, 

diversity and resources.75 And, paradoxically, Bowen may have been not only 

well resourced in Australia but also closer to the centre of national political 

power, having the ear of both Fred White and Richard Casey, than he would 

ever have been in America. In other words Australia (or rather CSIRO) 

provided enough of the resources usually associated with a 'centre' to have 

some attraction. 

Australia and America seen as parallel systems 

Bell and Bell point out that at least until the mid 1960s, Protestant 

Australians possessed a 'dual identity', in which national and imperial 

patriotism were complementary, not contradictory.75 In the post-war period 

many Australians are said to have started viewing themselves as 'slightly 

different sorts of Americans 177
; the dual identity had been stretched to include a 
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third. This was made easier by a popular view of Australia and America as 

countries with similar origins that had undergone separate but similar 

development. \Nell before the 'discourse of development and modernisation' 

came along, faith in Australia's unlimited potential for development was 

often expressed in terms of the country following in the footsteps of the USA.78 

Bell and Bell point out that some formal studies of the US-Australia 

relationship written in the '50s and 60s deny causal linkages betvveen the two 

societies, instead comparing them, highlighting their parallels and explaining 

cross-cultural similarities or 'national character' as expressions of broadly 

similar, but separate, domestic forces.' 79 (Fleming's well-known paper on the 

development of science in Australia, Canada and the USA, written in 1962, 

does just that, although Fleming also takes careful note of the differences 

between the countries.80
) Some Australian historians, including Fred 

Alexander and Russell Ward, incorporated American themes and 

explanations in their attempts to define Australian experience.31 One such 

theme was the 'frontier', appealing in both countries to a nostalgia for a rural 

past. Cloud-seeding may have incorporated the idea of the frontier (certainly 

Bowen used the term 'pioneer' quite often). More generally, the idea of the 

USA and Australia being countries developing 'in parallel' probably also led 

the cloud-seeders to consider their work as being done independently to, but in 

parallel with, that in the USA. The scientific relationship and the political 

relationship were governed by the same metaphor - which is not far from 

suggesting that the one acted as a metaphor for, or mirrored, the other, as Roy 

MacLeod has suggested for the colonial period.32 

Cooperation or co-option? 

MacLeod has also pointed out how an imperial power can co-opt the 

efforts of its empire, even in the most subtle ways. 53 There is great scope for 

examining whether America's informal sway over Australia had this effect on 

Australian science. In the field of cloud-seeding and cloud physics we can see 

some evidence of it in that, just as Bo"Yven was happy to use the resources that 

amateur cloud-seeders represented, at least one important party of the US 

system - the military - was interested in the information the Australians 

might provide. This interest was shown by the requests for information in the 
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1940s, collaborative research sponsored by the US Naval Research Laboratory 

(Project Shower and Project Whitetop) in the 1950s and '60s, and t~e continued 

exchanges of information with the Naval Weapons Research group up to the 

1970s. 

For the Australians there was no conflict between these kinds of 

'cooperative' efforts and their own efforts to solve local problems. How, then 

can we summarise the relationship from the Australian side? My guess is that 

the Australian government saw at least some, if not all, areas of Australian 

science in the same way that Prime Minister Stanley Bruce had seen CSIR: as 

playing a role in an imperial and cultural partnership. It may be that the 

Menzies government did see that science could contribute to its national goals, 

but to political rather than economic ones. 
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