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Abstract 

One step toward explaining the rise of climatic change as a political issue is the 
recognition that interest in it has been nurtured through the political activities of 
scientists. Beginning in the 1950s, entrepreneurial members of the scientific 
establishment forged links between their research and the public and private interests 
of political actors who might be in a position to support them. These entrepreneurs 
adopted three major strategies between 1957 and 1974. First, they attempted to 
develop autonomous domestic and international atmospheric science institutions in 
which they could direct research funding to their own priorities, which included 
research on anthropogenic climatic change. They justified their research in terms of 
its contribution to intellectual progress. Second, they took advantage of jurisdictional 
disputes among some agencies and Congressional factions with regard to weather 
modification policy to recruit allies. Their support for one side in the dispute was 
connected to its commitment to their research. Finally, they adopted the rhetoric of 
the environmental movement to make the issue appear more relevant and important 
to a different set of agencies. None of these strategies was particularly successful; 
alternative strategies might have been more fruitful. While their activities may have 
seemed natural to the actors involved, the paper suggests that more deliberate political 
strategizing on the part of scientific entrepreneurs may be both plausible and useful.  
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1. The Need for Advocacy and the Choice of Strategies 



In his recent book Global Warming, Stephen Schneider provides a gripping 
vision of a future he believes is likely, perhaps towards the end of the next century. 
Water resources will be scarce and distributed differently than they are now. Rising 
sea level will slowly require costly protection or abandonment of coastal property. 
Farmers will have to adapt to changing precipitation and temperature conditions; 
where they cannot, as in many poor countries, crops will fail. Economic growth will 
be inhibited by forced, unproductive investments required to maintain housing and 
industrial facilities in a more variable and dangerous climate. Habitats of many 
species will be threatened. Rates of some diseases and heat-related death will rise. 1

The climatic conditions that account for this grim scenario are the projected 
results of the absorption and re-radiation of infrared wavelengths by carbon dioxide 
(CO?), methane, chlorofluorocarbons (CFCs), and other "greenhouse" gases. These 
gases are produced by everyday activities, such as electricity production and rice 
cultivation, in both the industrialized and non-industrialized nations. Before 
atmospheric scientists rediscovered the greenhouse effect hypothesis in the 1950s,2 
most considered these gases to be harmless, particularly compared to more visible 
pollutants, like smoke and smog. 

The consequences of the greenhouse effect, if it occurs, will be global; 
greenhouse gases mix with the existing atmosphere in a period of months. Their effect on 
climate, however, is slow and indirect, depending, for example, on the responses of 
the oceans and clouds. While scientists seem to agree that warming is the most likely 
result of an atmosphere that has a higher greenhouse gas composition, they have no direct 
evidence to support that hypothesis. The global climate is a very large, complex 
system, and the mechanisms of its operation are poorly understood. Any 
anthropogenic influences (i.e., those having human sources) that may be acting on it are 
camouflaged by spatial and temporal variations in the weather. Since climate is 
defined by a range of values for variables like temperature and precipitation that is so 
wide that large swings in them are not unusual, random noise inhibits detection of the 
greenhouse effect, even at the grossest level. More fine-grained prediction of the 
distribution of "winners" and "losers" from the greenhouse effect, in terms of 
geographical regions, economic sectors, and political entities, is not possible at this 
time, despite intense speculation.3 

The threat posed by the greenhouse effect, then, is massive in scope, but distant in 
time, hard to detect, global, a gradual and uncertain process, and one that will probably 
vary widely by location. As Mancur Olson, James Q. Wilson and others have 
argued, an issue with characteristics like these is unlikely to be the focus of political 
action. 4 Even though many institutions and individuals probably have a very large stake 
in the maintenance of the climate, they have more pressing and concrete concerns that 
tend to dominate their political attention. In addition, some actors may be threatened by 
the discovery of the exact nature of the threat, since such knowledge might bring 
pressure to change ingrained habits and profitable ways of doing business. Nonetheless, 
the issue has risen on the public agenda over the past thirty years and has provoked a 
modest institutional commitment from Federal agencies.  

My research suggests that one step toward explaining the issue's rise is the 
recognition that interest in the greenhouse effect within science and government has been 
nurtured through the political activities of scientists. Scientists worked to develop 
support for research on anthropogenic climatic change not only by repeating and 



explicating claims about the magnitude of the danger described above, but by forging 
links between their research and interests that were more certain and accepted by 
those who might be in a position to support them. These interests have been both 
public, such as interest in the advance of basic scientific knowledge and interest in 
general protection of the environment, and private, such as an agency's interest in 
extending its control over a particular policy domain. 

It is not surprising that scientists, who have the expertise to assess the likelihood 
of climatic change and the extent of its consequences and who can make a stimulating 
and good living doing so, have been the main advocates of the issue in policy 
circles. The notion of policy entrepreneurship, exemplified by those activities which are 
the focus of this paper, is well-established in the social study of American science. 
Henry Etzkowitz argues that entrepreneurial activity has been central to post-World War 
II scientific culture in the U.S. 5

Dan Greenberg calls "evangelism" an essential characteristic of American 
science. 6 From an anthropological perspective, Karin Knorr-Cetina describes 
scientists' constant awareness of "resource relationships" in their practice. 7 

Entrepreneurship is also well-accepted among the practitioners themselves; as John von 
Neumann put it, "the best way to get something done is to propagandize everybody who 
is a reasonable potential support."8 

However, all policy entrepreneurs have limited time, energy, and resources. 
They must choose among many potential opportunities and possible strategies for 
recruiting allies. In this paper, which covers the period 1957 to 1974, 9 I argue that 
scientific advocates of research on the greenhouse effect (and other hypothesized 
mechanisms for anthropogenic climatic change10) adopted three major strategies to 
cultivate interest in this research. First, these advocates worked to develop autonomous 
domestic and international atmospheric science institutions in which they could direct 
research funding to their own priorities, which included research on anthropogenic 
climatic change. They justified their research in terms of its contribution to 
intellectual progress. Second, they took advantage of jurisdictional disputes among 
some agencies and Congressional factions with regard to weather modification policy to 
recruit allies. Their support for one side in the dispute was connected to its 
commitment to their research. Finally, they adopted the rhetoric of the environmental 
movement to make the issue appear more relevant and important to a different set of 
agencies. Greenhouse effect research funding was said to be a part of defending the 
public interest in the natural environment. These strategies were adopted roughly 
chronologically, but their implementation overlapped extensively.  

I make the assumption, without specific documentation to support it, that the policy 
entrepreneurs in this case, primarily the administrators of laboratories and government 
agencies, loosely coordinated their activities regarding climatic change research. This 
assumption appears warranted by their small number, the large number of opportunities 
they would have had to discuss the issue, and the internal cohesion of the period's 
scientific elite, of which these advocates were members. The degree of coordination and the 
possibility that better coordination might have produced better results (from the 
entrepreneur's perspective) remain open issues. Whether these administrators conceived 
of these strategies as strategies is also not clear from the published record. 11 Their 
statements and actions may have seemed quite natural to them, particularly, as I discuss 
below, in their effort to pursue climatic change research in relatively autonomous 



institutions. One of the points of this paper, to which I return in the conclusion, is to 
suggest that deliberate political strategizing on the part of research policy advocates is 
possible, because alternative courses of action are often open. 

After describing each of the strategies adopted to secure support for greenhouse 
effect research, I postulate counterfactual, but plausible, alternatives that might have 
been adopted. The objective of these exercises, imperfectly attained, is to evaluate the 
"returns" advocates achieved on their "investment" in each strategy. These "returns" 
included financial support and increased interest from higher levels of government, 
particularly potential future supporters of research. Both of these indicators were difficult 
to measure in the actual case, and their hypothesized levels in the counterfactuals are 
speculative. A "structured, focused comparison" 12 with another research program of the 
same period might provide additional insights into the actual and potential success of 
greenhouse effect research policy entrepreneurs. 13

2. Context: Shrinking Globe, Advancing Technology, and the New Expert 
The fate of policy entrepreneurs, like their economic counterparts, depends 

not only on their skills, brains, and guts, but also on the opportunities offered by their 
environment. Many larger events and processes influenced the activities of atmospheric 
research policy entrepreneurs and the responses to them during the late 1950s, 
1960s, and early 1970s. The three subtle, long-term processes alluded in the 
heading of this section are important, but somewhat hidden, aspects of the 
entrepreneurs' environment that deserve some elaboration before I take up the main 
argument in the following three sections. 

Marshall McLuhan coined the term "global village" in 1964.14 International trade 
and cultural intercourse expanded rapidly in the postwar era; concern about global 
issues naturally expanded with them. The broadening of security, economic, and political 
affairs .provided a conceptual context that made fears about global environmental 
damage, including climatic change, seem increasingly plausible. The 1972 publication of 
Limits to Growth marked a watershed in the development of globalist environmentalism, 
and it summed up worries that had been developing, both popularly and scientifically, in 
the preceding decades. 15 

The scientific community, through its development of new indicators and 
its internationalist spirit, contributed to this process of global integration. More 
importantly, science aided technological change, the handmaiden of the globalization 
of political issues.  

Many inventions have played a role; the atomic bomb's has been among the 
most important. The ability to quickly deliver weapons of mass destruction inter-
continentally was developed and revealed to the public during the 1950s and 1960s. 
Global destruction became as plausible (or, rather, more plausible) than global 
integration. Even though the idea that humans can change the weather is as old as 
religion, the awesome power of atomic weapons surely made the notion of 
anthropogenic climatic change more viable. 

The analogy between weather and climate modification and nuclear technology 
was commonly made in the U.S. John von Neumann's 1955 article (in Fortune) "Can 
We Survive Technology?" held that the unintended environmental effects of attempts 
to influence the weather (as well as the deliberate military use of weather warfare) 
constituted a threat comparable to that of nuclear weapons. 16 Policy-makers took 
the analogy seriously enough to propose legislation that incorporated the methods of 



regulating nuclear technology into the regulation of weather modification. Senator 
Clinton Anderson, for example, put forward a bill in 1966 that called for the 
provisions of the Price-Anderson Act, which restricts liability for accidents at 
nuclear power plants, to apply to weather modification operations. Atomic Energy 
Commissioner James T. Ramey took the analogy further by suggesting that 
licensing schemes for such operations ought to parallel those for nuclear power plants. 
17 

Nuclear technology had more direct effects on climatic change research as 
well. Fallout from atmospheric nuclear testing was popularly believed to be a 
climatic change agent in its own right. For instance, George Kimble of Indiana 
University noted in a 1962 article:

If there's one thing the farmers who live around me are agreed upon, it is that the weather 
is not what it used to be: it's worse .... If there's another thing most of them are agreed 
upon, it is the reason for these presumed changes: "The bombs are what done it." 18

  
Concern about fallout led a number of agencies, including the Atomic Energy 

Commission (AEC) and the Department of Commerce, to investigate its dispersion 
in the atmosphere. 19 While scientists concluded that fallout did not affect the weather, 
research initiated in response to atmospheric nuclear tests led to new findings about 
other hypothesized climatic change agents, including greenhouse gases.20 These tests 
provided a ready-made experiment for tracing the atmospheric and oceanic circulation 
of particular elements, such as carbon, by injecting a large, known amount of them at 
a specified time and place. Radioactive tracer research fostered the development of 
professional careers, like Lester Machta's, and laboratories, like the Geophysical 
Fluid Dynamics Laboratory (GFDL) of the Weather Bureau (originally in 
Washington, DC, and then in Princeton, NJ), that were important in the study of 
anthropogenic climatic change. 21

  At least two other technological developments of the period, satellites and 
computers, had notable effects on the efforts of scientists to understand and publicize the 
greenhouse effect. Satellites permitted much easier observation of very large-scale 
weather patterns than had been possible before. Although public concern about climatic 
change by no means outstripped that about the daily forecast, even casual viewers of 
television were exposed to the notion of continent-sized cloud movements. For 
atmospheric experts, the new vantage point was a windfall. Vast amounts of data that 
had been previously gathered by widely scattered ground-based observers (or had simply 
been unavailable) could now be gathered by space-based instruments.  

The decreasing cost of computation allowed climate models, a key tool for 
the analysis of anthropogenic influences on climate, to become far more sophisticated. 
The theorized relationships among variables in the climate have become increasingly 
complex and interactive; tests of these theories require large amounts of data in order to 
be adequate. But the computing power needed to construct and manipulate a model 
rises rapidly as it becomes more detailed; the massive improvements made in 
mainframe computers during the 1960s and 1970s were a necessary condition for the 
great strides made in climate modeling. From the mid-1960s on, proponents of 
research on anthropogenic climatic change stressed the promise and importance of 
advances in computing and used model results to justify their program. 22



A final contextual process that should be kept in mind in considering the body of the 
paper is the transformation of the political role of experts that has occurred throughout 
the industrialized world, and especially in the U.S., in the past three decades. The 
norms of science are sometimes said to include "organized skepticism;" scientists 
should refuse to state conclusions, at least to non-specialists, beyond what their data will 
unequivocally support. 23 

Samuel Hays, in his history of U.S. environmental politics, points out that 
this norm has been placed under great pressure by environmental problems that 
require extrapolation from limited evidence in order for policy to be made. In such 
cases, standards of proof and evidence may vary among scientists. Once committed, 
however, positions based on disputed evidence tend to harden.24

Predictions about climatic change require inferences from very limited 
data. As particular scientists came to support particular hypotheses about 
anthropogenic climatic change, they often came under attack from the upholders 
of the standard of organized skepticism. In response, they may have become 
more active advocates. Certainly, concern about the appropriateness of raising a 
public alarm about the greenhouse effect, given substantial uncertainties, has 
been a constant theme in discussions at high levels within the scientific 
community. 25 

The exact importance of the three processes discussed in this section -- the 
broadening of political horizons, rapid development of key technologies, and the growing 
politicization of experts -- in the history of greenhouse effect research is uncertain. 
Although they usually enter the narrative below indirectly, they nonetheless influenced 
the ability of advocates of this research to devise particular strategies, the commitment 
of these advocates, and the responses of other political actors to them. The three 
processes may be seen as enabling entrepreneurial activities, but they did not by any 
means guarantee entrepreneurial success, which was, in my interpretation, mixed. 
  

3. Strengthening the Autonomy of Atmospheric Science
  

Although this case history is shaped by a larger context, including the processes 
discussed above, the action in it did not have an appreciable impact on those processes. 
Computers and satellites, for example, were not developed with climatic change research 
in mind. At no point in the period under consideration did climatic change garner 
much public attention; a count of stories on the topic, for instance, showed that no 
more than about 20 articles were devoted to it in the popular literature in any year 
before 1980.26 No Presidents took any interest in it, so far as the published record 
shows. Although some of the research that the issue's advocates fought for required 
the use of oceanographic vessels, airplanes and satellites (Big Science by the standards 
of the day) the program was small compared to most government budgets, amounting 
to a few million dollars a year at most. 

The greenhouse effect hypothesis was developed within normal science. 27 The 
question of human impact on the climate relates directly to the great puzzles of energy 
and element flows within and between the lithosphere, hydrosphere, atmosphere and 
biosphere that are a major part of the research agenda for all the earth sciences. In fact, 
the hypothesis was first put forth around 1900 by two independent scientists, Arrhenius 



and Chamberlain, with little success. 28 As Victor and Clark describe, it only received 
serious attention once it rested firmly on a theoretical consensus in meteorology and 
oceanography that developed in the first six decades of this century and on related 
experimental data. 29 The idea that the greenhouse effect could occur within several 
generations was first offered in the mid-1950s. 

In the earliest years of government-funded research on the question, during the 
late 1950s and early 1960s, scientists primarily sought to explore it within the established 
atmospheric research program. Even though, as discussed below, they sometimes 
appealed for support on grounds that made practical sense to 1950s politicians, their 
strongest desire seems to have been to pursue the matter within institutions in which they 
could set the priorities and in terms with which they felt comfortable. This approach was 
typical of the larger scientific enterprise, exemplified most prominently by the 
postwar Kilgore/Bush debates over the governance of Federal support for basic research. 
Vannevar Bush, the spokesman for research scientists in the late 1940s, advocated peer 
review as the method for allocating research funding; his opponent, Senator Harley 
Kilgore called for more direct political oversight and the application of some political 
criteria, such as geographical location, in the process. 30 Like many of their predecessors 
and colleagues, atmospheric scientists interested in climatic change worked to create 
research management structures that put a layer of professional insulation between 
specific projects and political oversight. 

Two studies are commonly considered to be responsible for the revival of scientific 
interest in the greenhouse effect, Gilbert Plass's study of COI's impact on the Earth's 
radiative balance and Hans Suess's finding that at least some CO2 released from fossil 
fuels was not being absorbed by the oceans (as many scientists had believed). Suess and 
Roger Revelle termed the effect of rising CO2 on climate "a large-scale geophysical 
experiment." 31 Similar metaphors, suggesting that the problem was a scientific curiosity, 
recurred in presentations for non-technical audiences. At a Congressional hearing in 1956, 
for instance, Revelle justified research into the CO2 content of the atmosphere by saying 
that "we ought to adequately document" the great experiment. Plass stated: "We shall be 
able to test the carbon dioxide theory against other theories of climatic change quite 
conclusively during the next half-century.” 32

The research of Plass, Suess, Revelle, and others suggested that monitoring the 
CO2 content of the atmosphere would provide important clues about the possible time 
scale of the greenhouse effect. The faster the CO2 level rose, the sooner the greenhouse 
effect could be expected. This project was rather tardily, but uncontroversially, inserted 
into the program of the International Geophysical Year (IGY), 1957-58, at the behest of 
U.S. scientists. 33 Seven CO2 measuring devices were prepared for this project, one 
emplaced at Mauna Loa, Hawaii, another in Antarctica, and five to be used on vessels;34 
the Hawaiian monitoring station has been maintained almost continuously since the IGY and 
has provided undisputed documentation that the great "experiment" is indeed going 
forward rather rapidly. 35

Congress approved the funding of the IGY on a project-by-project basis in its 
appropriations for the National Science Foundation (NSF), but it generally deferred to 
the scientific community's priorities. Judging from the transcripts of oversight hearings, 
CO2 monitoring seems not to have been an exception. 36

The IGY was funded on an ad hoc basis with the explicit understanding that it 
would not be an ongoing program. 37  Other, more stable, atmospheric science research 



organizations were also established in the late 1950s and early 1960s. A program in 
atmospheric sciences was established by NSF in 1958. The National Center for 
Atmospheric Research (NCAR), funded through NSF, was founded in June, 1960. 
GFDL began operation about the same time. 38 Although it was a small part of their 
regular programs, research on anthropogenic climatic change was apparently supported 
by these organizations as a matter of course. 
  

For example, a 1962 report stated: 
  

"At NCAR a broad variety of scientific talent is engaged in an interdisciplinary 
effort to probe the large-scale dynamics and structure of the atmosphere with the 
eventual goal of determining what kinds of manmade influences can affect large 
weathern patterns. 39

  
Later reports sporadically mention this objective, without particular emphasis; it seems to 
be part of the routine at NCAR. This institutionalized long-term interest paid 
dividends. For instance, NCAR's V. Ramanathan discovered the greenhouse effect of 
chlorofluorocarbons (CFCs) in 1975 and continues to be among the leading experts on 
the greenhouse effect today. Similar evidence demonstrates a minor, but continuing, 
interest in anthropogenic climatic change in other programs. 40

Prominent proponents of the greenhouse effect hypothesis held leadership 
positions in the scientific community, including Revelle, director of the Scripps 
Institution; W.O. Roberts, director of NCAR; and Robert White, head of the Weather 
Bureau and its successors. 41 These individuals were therefore able to exert a strong 
influence on program development and to use discretionary funds to build and maintain 
programs at times as well. For instance, according to one source, the planning of the 
IGY CO2 monitoring program was supported by the discretionary funds of the Scientific 
Committee on Ocean Research (SCOR) of the International Council of Scientific Unions 
(ICSU), which Revelle chaired.42

As this example suggests, American scientists were leaders in the effort to 
create relatively autonomous international atmospheric science institutions as well; these 
slowly took up research related to anthropogenic climatic change. For instance, in 
1967 the World Meteorological Organization (WMO) and ICSU established the Global 
Atmospheric Research Program (GARP) under a Joint Organizing Committee (JOC) 
made up of scientists. GARP's research agenda was generated by U.S. scientists, 
especially M.I.T.'s Jule Charney. By the mid-1970s, GARP was making important 
contributions to the study of the greenhouse effect.43 GARP might have gotten 
underway more quickly had scientists been confident that WMO was capable of 
carrying it out. ICSU and its constituent groups were reluctant to participate in 
GARP's planning in the early 1960s and only did so when they felt assured that 
WMO's priorities would not dominate those of the scientific community. 44   
Although they seem to have gained some autonomy in this period, atmospheric 
scientists did not achieve a consensus on the very tricky and complex issue of the 
dynamics of climate and weather and human impacts on them. In fact, autonomy 
appears to have fostered the profusion of competing hypotheses about anthropogenic 
climatic change that marked the 1960s. In addition to fallout (see above) and 
greenhouse gases, at least nine other potential change agents received serious 
consideration: 45



1) Particulates  The most serious competitor to the greenhouse effect hypothesis 
was the idea that dust particles raised by agricultural and industrial activities changed 
the global albedo (reflectivity) enough to cool the earth. Reid Bryson argued that dust 
in the air (combined with the replacement of forest with desert) made the earth reflect 
more visible light and therefore convert less incident energy into heat. This hypothesis 
was received skeptically by greenhouse effect researchers, but despite their claims that 
it was disproven as early as 1974, it was still well enough regarded to dominate the 
climatic change portions of the 1979 Global 2000 report to the President. 46

2) Rocket Exhaust Heat and water vapor injected into the highest part of the 
atmosphere by rockets stirred concern in the early 1960s, as the technology for 
launching objects into orbit matured. The WMO commissioned a panel of experts to 
consider this topic in 1965; the panel did not find a cause for immediate concern.47

3) Intentional Weather Modification Cloud-seeding programs regularly 
confronted opposition from those who felt that they had a detrimental effect on 
weather and climate. In one of the most significant of these instances, some 80,000 
Quebecois signed a petition protesting weather modification activities in New York 
in 1967.48 As discussed in the next section below, atmospheric scientists claimed that 
support of basic research would allow them to better assess the potential unintended 
consequences of weather modification. 

4) Jet Contrails  The hypothesis that jet flights, particularly of a large fleet of 
supersonic transports (SSTs), would bring cloudiness to normally clear polar regions was a 
source of scientific disagreement. Internal conflict within the National Academy of 
Sciences panel on weather and climate modification on this point resulted in a front page 
story in the New York Times in 1965. The controversy continued through the debate about 
Federal funding of the SST in the late 1960s and early 1970s.49 (See section 5 below.) 

5) Auto Exhaust Vincent Schaefer put forward the argument in 1966 that particles 
in auto exhaust would cause a rise in precipitation downwind from cities. This 
proposition received wide media coverage. 50

6) Urban Heat Cities are warmer than the surrounding countryside. This "heat 
island" changes local weather patterns, an effect which gave rise to a multi-year NSF-
funded study of the St. Louis area to determine if such local effects had regional or 
larger-scale impacts. 51 Cities are one of many large human-made land features that were 
hypothesized to influence weather and climate; others included irrigation works and 
reservoirs. 52

7) Total Thermal Output The Soviet climatologist M.I. Budyko argued that, 
within the foreseeable future, the heat output of all human activities would be large 
enough to affect the global energy balance. Such an injection of heat would have an 
unpredictable effect on the climate. This notion was well-known enough to be included in an 
elementary economics text in a discussion of environmental limits to growth. 53

8) Oxygen Depletion At the 1968 annual meeting of the American Association for 
the Advancement of Science, Lamont Cole's paper, "Can the World Be Saved?," 
argued that fossil fuel burning, marine pollution, and deforestation would cause a net 
drop in atmospheric oxygen content. Later measurements showed that such fears were 
unfounded. 54

9) Oil Spills Charles Weir suggested that an oil spill in the Arctic Ocean could 
change the heat budget of the Arctic region by melting ice, since the oil would absorb 
light that the ice ordinarily would reflect. This region plays a major role in 



determining the northern hemisphere's weather patterns, so such a change in the 
Arctic albedo could have large-scale consequences. 55

These diverse hypotheses, and the resulting disputes within the scientific community 
about such basic results as whether human activities were likely to cause surface 
temperatures to rise or fall, seem to have confused the public. A Time magazine essay, 
"The Age of Effluence," in 1968, for instance, used the dispute between the warming, 
cooling, and oxygen depletion theories to exemplify the difficulty of obtaining useful 
scientific advice on environmental problems. "It seems undeniable that some disaster 
may be lurking in all this, but laymen hardly know which scientist to believe." 56

Nonetheless, public confusion did not prevent real scientific progress through 
the endeavors of relatively autonomous atmospheric research institutions. Some of the 
proposed climatic change processes (like total thermal output) were shown to be 
negligible. Improved means for assessing hypotheses about climatic change (like better 
general circulation models) were developed. The greenhouse effect was largely 
supported by scientific findings, although its exact mechanisms became murkier.57

The results of the strategy of seeking autonomy, assessed in about 1965, are 
modest. While they had not actively sought allies outside the scientific community, 
advocates of increased research on climatic change had induced serious consideration of 
the issue within their own community, catalyzing the normal messiness that 
characterizes the early stages of research on a complex problem. But, due to a lack 
of money, researchers were unable to pursue all promising leads during this period; 
even a project with as high a scientific priority as the CO2 monitoring program was 
starved of funds in 1964 and faced financial difficulties in other years.58 Important 
topics, like the response of the oceans to a warmer atmosphere (as opposed to their 
ability to absorb C02), received no attention during the 1960s.59  The close integration 
of climatic change research with the larger agenda of atmospheric science makes it 
difficult to determine the exact amount of money spent on this research, but the ad 
hoc IGY funding and the institutionalized support of atmospheric science centers were 
certainly insufficient to pursue the research program envisioned by Revelle, 
Roberts, and their colleagues. 

One might wonder, then, whether more progress would have been made in 
greenhouse effect research in the 1960s, if scientists had called for a separate research 
program on the topic and brought Congressional attention to it more vociferously, using 
strategies described below, even though such a program might have been more carefully 
overseen than the actual institutions were overseen. By 1963, the data showed fairly 
clearly that the CO2 level was rising rather rapidly and, after all, Revelle had noted 
in his 1957 testimony that a 20% rise in CO2 (which could be expected by about 
2000) could cause "considerable change" in the climate. 60 A 1982 retrospective by 
a high WMO official noted, "It is rather surprising that during the 1960s no more 
interest was shown in expanding monitoring of atmospheric CO2 to other remote places 
on the globe." 61

A call for a directed greenhouse effect research program was perhaps most likely 
to bring a positive response during the Kennedy Administration, which had a 
demonstrated interest in meteorology.62 Congress was willing to consider dramatic 
specialized science projects at the time; one example is the ill-fated Mohole, an effort 
to drill a hole to the Earth's mantle. 63 However, such a proposal would have faced 
substantial hurdles in gaining support. Potential impacts were both further off in time 



and more uncertain than in later years. 64 (Indeed, the global temperature seems to 
have cooled slightly between 1940 and 1970.65)  The research had no pork-barrel aspect 
that might have attracted powerful Congressional allies. Posing the problem as an 
environmental or energy issue, strategies that were followed after 1970, would have 
made little sense in the political culture of the early and mid-1960s. The environmental 
movement was in its infancy and was concentrating on visible environmental insults, 
like pollution of rivers and urban air.66 As for energy policy, while there was some 
interest in the greenhouse effect as a justification for nuclear power during the decade, 
other side effects of fossil fuel, such as smog and diminishing reserves, made a much 
more compelling case for an energy transition. 67

A somewhat more plausible alternative strategy would have been to argue that the 
greenhouse effect was a security issue. Some advocates of greenhouse effect research 
used standard Cold War rhetoric to supplement purely scientific justifications when 
they sought funding during the late 1950s and early 1960s. The threat of being 
beaten in a weather arms race by the Soviet Union was a boilerplate argument, used by 
the Advisory Committee on Weather Control (which counted Edward Teller among its 
members) to justify greater support for all types of atmospheric research in 1958; it 
was hauled out repeatedly by advocates in later years. 68 Revelle and others concerned 
about the greenhouse effect occasionally offered the additional argument that the Soviet 
Union's geopolitical position would improve if a rise in temperature freed its northern 
ports of ice and lengthened the growing season of its heartland.69

A purely security-based rationale for greenhouse effect research would have been 
difficult to devise, though. Regional forecasts were little more than guesswork. 
Moreover, even if atmospheric scientists had thought of this strategy and developed 
enough data to convince politicians to defer to them, the approach might have provoked 
internal dissension. Some researchers were not keen to tie their fortunes to that of the 
military; the civilian nature of the IGY, for instance, was a strong selling point for it. 
Moreover, the strategy of autonomy was a natural reflex of scientific leaders at the 
time, their default option, although more blatantly political strategies for the support of 
special projects, like Mohole, were not unheard of. Advocates of greenhouse effect 
research had "an understandable reluctance ... to openly engage in debate” 70 on the 
basis of scientific uncertainty; despite some advances, early models of climatic 
change were still very crude and yielded inconsistent results.71 The policy 
entrepreneurs might reasonably have felt that the generation of many competing 
hypotheses about anthropogenic climatic change would have a salutary effect on the 
debate and might well turn up threats more severe than the greenhouse effect. Some 
had confidence that any substantiated threat of the greenhouse effect would be easily 
managed with a technological fix, such as the deployment of reflective material in the 
atmosphere.72 In sum, Revelle said in 1966: 
  

Our attitude toward the changing content of carbon dioxide in the atmosphere that 
is being brought about by our own actions should probably contain more curiosity 
than apprehension. 73

  
Revelle and other policy entrepreneurs were leery of a special greenhouse effect research 
program for political reasons as well; goal-directed programs, especially those proposed 
by non-scientists, could multiply, squeezing basic science. Directors of top 
oceanographic laboratories hesitated to support early proposals for the International 



Decade of Ocean Exploration in the mid-1960s on such grounds. 74 Wariness of 
mission research played a role in the case at hand throughout the period I have 
analyzed. Some elements of research on anthropogenic climatic change were included 
in the budget category "inadvertent weather and climate modification" and were 
considered part of the larger weather modification program.75 In defending and 
attempting to expand these elements, advocates of greenhouse effect research opposed 
a more utilitarian approach to research management and sought to recruit allies by 
promoting their work as basic atmospheric science. A call for a program devoted 
exclusively to greenhouse effect research would have undermined this second major 
strategy. 

4. Weather Modification: The Uses of A Jurisdictional Dispute
  

"I should like to emphasize that the question of the inadvertent modification of the 
weather needs to be as carefully examined as the advertent steps we take." - 
Robert M. White, Administrator, Environmental Sciences Service Administration, 1966 
76

 
I have not discovered the exact reasons for the establishment of the budget category 
"inadvertent weather and climate modification," under which some greenhouse effect 
research was subsumed within the weather modification program beginning in the late 
1950s. The thrust of this program was precipitation enhancement, especially rain-making 
by seeding clouds in the Western states, which had little to do with climatic change, 
particularly on a global scale. Bureaucratic convenience probably played a role in 
uniting the two under one rubric. 

Atmospheric scientists were probably not enthusiastic about including climatic 
change research within the weather modification budget, unless they took the subversive 
view that being within the program would help them to show the impracticality of 
precipitation enhancement more easily. Skeptical meteorologists strongly opposed 
advocates of cloud seeding and their enthusiastic Congressional supporters. This schism 
emerged in the late 1940s and defined the politics of weather modification for three 
decades. 77 Its net effect was jurisdictional chaos and sporadic changes in the 
emphasis of Federal weather modification activities. The tenacity of the combatants 
is reflected by the large number of reviews that fruitlessly called for the 
reorganization of governance of these activities; they included reports by the House 
Committee on Government Operations (1965), NSF (1965), NAS (1966, 1971, 
1973), Rand (1968), the National Advisory Committee on Oceans and Atmosphere 
(NACOA) (1972, 1973), and the General Accounting Office (1974).78

The controversy that swirled around the weather modification program forced 
anthropogenic climatic change researchers and their allies to defend this research 
regularly. Although they aspired to autonomy, they would have been unable to 
establish a normal science fully independent of normal politics, even if they had been 
satisfied with the level of funding in the 1960s. While the President and the Budget 
Bureau ignored the subject until the mid-1970s. 79 some in Congress took an interest 
much earlier. 



Atmospheric scientists interested in the greenhouse effect saw their funding to 
be in competition with the proposed rapid expansion of weather modification operations 
that required large capital investments, such as the purchase of airplanes. Policy 
entrepreneurs like Thomas Malone, chairman of the NAS Committee on Atmospheric 
Sciences, therefore argued in favor of a "broad" view of weather modification, which 
encompassed more basic research, including research on inadvertent climate 
modification, and opposed the "narrow" view of weather modification as only rain-
making. Basic understanding of the physical basis of the climate, they argued, would 
eventually lead to better weather modification methods. 80

The argument was deployed on behalf of a bureaucratic champion, the Commerce 
Department, against the claims of the Interior Department. Those advocating greenhouse 
effect research seemed to assume that the budget game was zero-sum, although in 
retrospect it seems possible that, had rain-making support expanded as dramatically 
as Senators from and states had proposed (by almost 700%, from about $9 million 
in fiscal 1967 up to about $70 million per year by 1970),81 the crumbs of that 
rapidly growing pie left over for anthropogenic climatic change research might have 
been more than the slice they actually received during the turf war that occurred. In 
cultivating bureaucratic allies, the scientists also became enmeshed in a 
Congressional jurisdictional dispute between the Commerce and Interior Committees. 
The debate had scientific and cultural as well as bureaucratic dimensions. Leading scientists 
simply did not think that the effectiveness of cloud seeding had been or could be 
demonstrated, a belief that has been borne out over time.82 Moreover, most of the advocates 
of cloud seeding were businessmen or academics from western land grant institutions who 
lacked elite credentials; 83 a hallmark of the politics of science of this era was the opposition 
of Ivy League scientists to any allocations that smacked of pork barrel politics, as cloud 
seeing proposals did. 84

NSF was assigned the responsibility for reporting on all Federal weather modification 
activities in 1958 on the recommendation of the Advisory Committee on Weather Control. 
The Interdepartmental Committee for Atmospheric Science (ICAS) had nominal 
responsibility for coordinating the various agencies' programs, but neither ICAS nor NSF had 
the authority to change the weather modification plans of any other agency. 85 The Bureau of 
Reclamation (in the Department of the Interior) began cloud seeding operations in 1961. The 
following year, NSF's annual report on weather modification implied its opposition to 
Interior's program; "the program of weather-control research should be an integral part of 
basic meteorological research."  In 1963, NSF was somewhat more explicit, devoting 
substantial space to interdisciplinary historical climatic change research and stating that this 
"somewhat modified approach to weather modification activity undoubtedly will be 
continued and expanded." 86

However, NSF did not seek to be the lead agency for the oversight of all Federal 
weather modification activities. Some cloud-seeding operations would surely be supported, 
and NSF was uncomfortable with the idea of administering programs that were not basic 
research projects. 87 The role of Interior's rival thus devolved on Commerce (which 
housed the Weather Bureau), with NSF's support. Since the White House stayed on 
the sidelines, Congress was the central arena for this turf battle in the mid-1960s. For 
example, after hearings before the Senate Interior Committee (in which only 
Department of Interior witnesses testified), the Bureau of Reclamation's rain-making 
program received a $1 million boost for fiscal 1965.88 In an effort to put some clout 
behind the "majority" view among atmospheric scientists - that "large-scale engineering 



and development efforts in weather modification" were "premature" - NSF and NAS 
appointed special study panels on the issue, whose reports became touchstones in 
Congressional debate. 89 Indeed, in the words of Science correspondent John Walsh, 
the pessimistic interim report of the NAS panel in 1964 cast "a big wet blanket" on 
Congressional supporters of would-be rain-makers. 90

  
The debate grew more intense as the lines were drawn for the "major 

battle" in 1966.91  The NSF Director wrote: 
  

"The basic requirement to be placed on this research program is that it be vigorously 
directed toward developing an understanding of our finite physical environment sufficiently 
comprehensive to guarantee the ability to detect changes resulting from cultural influences 
upon the air environment before they become a significant factor to the future of our 
culture; and to assure our ability to predict the influence of mankind's activities upon the 
physical environment well enough that the evaluations and predictions of our scientists can 
be accepted as being sufficient upon which to base decisions with respect to land usage, the 
disposal of waste materials and energy, and the conscious attempts to modify weather and 
climatic factors for the benefit of mankind.92

  
Western Senators, on the other hand, especially Clinton Anderson of New Mexico, 
chairman of the Interior Committee, tended to see the scientists as more interested in 
producing scientific papers than water for their states.93 As Gordon McDonald, the 
chairman of the NAS panel put it, "Congress has displayed considerable 
impatience." 94

 The disagreement crystallized in the form of two bills introduced in the 89th 
Congress in 1966, one sponsored by Anderson, which would have placed the Interior 
Department in control of weather modification policy, and the other sponsored by 
Senator Warren Magnuson of the Commerce Committee, which would have put the 
Commerce Department in this position. Although both departments were pushing for a 
bigger program, the Commerce bill called for a "broad" program, with an emphasis on 
basic research. As these bills were under consideration, the NAS panel revised its 
interim report and sought a compromise. Its final report was less pessimistic about the 
prospects for rain-making than its 1964 report had been, but it also stated that research 
on anthropogenic climatic change should be one of four main programmatic thrusts of 
Federal weather modification work. 95

This line was endorsed by such greenhouse effect research advocates as 
Roberts, director of NCAR, and White, administrator of ESSA, 96 but no compromise 
was achieved. Both bills died. The momentum for a Congressional allocation of 
authority in weather modification policy dissipated in the late 1960s. The only action 
Congress took, in 1968, stripped (or relieved, depending on one's interpretation) 
NSF of its responsibility for reporting on Federal weather modification activities. 97

With Congress deadlocked (and because proposals to bring in the President's 
Science Advisor to adjudicate the conflict fell on deaf ears),98 desultory bureaucratic 
infighting ensued. The advocates of the "broad" view of weather modification were not 
particularly successful on this ground either. Congressional activity had provoked a 
preemptive response from the bureaucracy, as all agencies expanded their proposed 
weather modification budgets. 99 ICAS, even though lacking full authority, was able 
to rein in the most grandiose plans. Nonetheless, funding for Federal weather 
modification activities nearly doubled between the fiscal years 1966 and 1971, rising 



from $9 million to $16 million. As defined by ICAS budget figures though, research 
on "inadvertent weather and climate modification" actually declined by about 20%, 
from $434,000 to $360,000.100

In financial terms, then, the strategy of taking sides in the tug-of-war over 
weather modification policy appears to have yielded meager results from the 
entrepreneur's point of view, assessed about 1970. For instance, in 1968, the research 
director of ESSA stated that his agency planned to establish another station for 
monitoring CO2. ESSA was already funding the Mauna Loa Observatory (MLO), and 
NSF was supporting data collection in Antarctica. For several years, however, ESSA 
was unable to procure funds for the third station, and it was not constructed until fiscal 
1974.101 In fiscal 1971, for instance, the agency102 asked for $889,000 for the 
monitoring program in its submission to the House Appropriations Committee, but was 
granted only $300,000 to support MLO.103 It is true that these restrictions were imposed 
during a time in which science budgets were generally declining. However, while 
general science funding did not revive until 1976, the budget at hand rose before that 
date and then stagnated during the mid-1970s.104

The alliances that the advocates made with the Commerce Department and its 
Congressional benefactors were thus not strong enough to provide funding satisfactory to 
them, nor did these alliances prove particularly helpful in the future. And the strategy 
seem to have earned the enmity of the powerful Senator Anderson. Without first-
hand access to decision-makers, I cannot determine the precise contribution that the 
arguments of atmospheric scientists for a broad program made to the stalemate in 
weather modification policy, but they were surely an important resource for 
Commerce. 

Scientific leaders might have had the clout to broker a compromise if they had 
moved sooner than they did, swallowing their technical and other misgivings in the 
recognition that Anderson and other Congressional westerners were determined to fund 
some cloud-seeding no matter what.105 Their fears of a funding squeeze may not have 
been realized under Interior; climate research programs might have been able to ride a 
weather modification gravy train and expand their studies more quickly than they 
actually did. On the other hand, even though ardent supporters of precipitation 
enhancement operations did not waver during the contest, they were unable to produce 
demonstrable benefits that might have rallied uninterested Members of Congress to 
their side or swayed key scientists. Their technical failure, rather than technical 
criticism of their opponents, may have been the most important factor in the deadlock. 

The scientific community may have had an alternative to full-scale involvement in 
this turf battle. The claim that better basic climate science would contribute to 
better cloudseeding techniques was a dubious one; most processes being studied by 
climatologists were at a scale far larger than individual storms. Since inadvertent 
climatic change had little relation to intentional rain-making, researchers might have 
called for the separation of the two. The risk in doing so may have been the loss of 
what little funding they already received under the aegis of weather modification. 
Early weather modification experiments had raised expectations that control of 
precipitation and storms would become routine.106 The technology was glamorous, and 
anthropogenic climatic change researchers may have correctly believed that they could 
get by best by clinging to its shadow. 

By the late 1960s, this belief, if it had been held, was surely gone. The growth 
of the American environmental movement opened up new opportunities for the 



advocates of research on anthropogenic climatic change. Although weather modification 
programs continued to encompass research on the greenhouse effect through the early 
1970s - it remained in NOAA weather modification budgets, an aspect of the annual 
reports on weather modification, and within the purview of NAS weather modification 
panels107 - such research also began to be funded under programs to protect the 
environment during the late 1960s, and then, in the mid-1970s, under programs aimed 
at establishing energy policy. 

To take advantage of the changing political environment, research policy 
entrepreneurs moved away from arguments that connected climatic change to weather 
modification and began to consistently label the problem as one of pollution. The 
greenhouse effect could be construed in many ways. From being a great experiment, 
it had become a tool for improving human control over the weather. Now, it became 
a threat to a valued resource. 

  

5.  Climatic Change as an Environmental Issue

In 1990, the greenhouse effect is popularly seen as an environmental problem of 
the first order. Before 1979, however, the issue was absent from the agendas of the 
major U.S. environmental organizations. 108   The U.S. Environmental Protection Agency 
first became involved in the issue in 1983.109 Scientific advocates of research on the 
issue were the first to connect it to the larger environmental agenda, but they did so 
slowly. As C. C. Wallen, a WMO official, put it, "It took some time before 
meteorologists realized that they had a stake in seeing to it that the composition of the 
atmosphere was not changed so as to jeopardize the health of living beings or alter the 
world's climate." 110 

Several reasons may account for the sluggishness of the response of atmospheric 
scientists to the enormous burst of public interest in environmental affairs that marked the 
late 1960s and early 1970s. Some atmospheric scientists may have hesitated to 
connect themselves to a movement they perceived as radical and anti-technology; Walter 
O. Roberts stated some misgivings along these lines in a 1973 interview." 111 Some 
were concerned that the public alarm not be raised about a scientific matter that 
was still highly uncertain." 112 Another explanation is that the two strategies described 
above limited the appeal of an environmental rationale for climatic change research. It 
may have appeared too goal-directed for research advocates concerned about 
scientific autonomy. Other advocates may have been too enmeshed in the micro-
politics of weather modification to change their focus; I believe that bureaucratic 
entanglements were very important impediments to a change in the strategy of justifying 
climatic change research. Despite public acceptance, the idea that anthropogenic 
climatic change was an environmental problem did not have much impact on science 
or policy until about 1970. 

Anthropogenic climatic change was seen as an environmental problem by 
some in the late 1950s and early 1960s. Carbon dioxide was portrayed in occasional 
news reports as pollution; for instance, a 1961 New York Times article stated that 
CO2 levels were believed to be rising because of "the steady discharge of fumes by 
smoke stacks, automobile exhaust pipes, jet engines, forest fires, and burning rubbish 



heaps. "113 However, more commonly, scientists and journalists tended to see CO2 as an 
inevitable byproduct of society, not a potentially controllable emission. The view that, in 
Roberts' words, "We cannot do anything about carbon dioxide," is still widely held 
today." 114

Even on the rare occasions when atmospheric research policy entrepreneurs 
deliberately appealed to the environmentally concerned during the 1960s, a 
positive response was not automatic. A 1965 report of the Presidential Science Advisory 
Committee, Restoring the Quality of Our Environment, for instance, devoted a chapter to 
the greenhouse effect. The report raised the alarm that this big, invisible issue was 
slipping through the cracks of the Federal government's pollution control effort. Press 
coverage of the report ignored this point, as did the bureaucratic response, focusing on 
the more visible problems of smog and water pollution." 115 For example, although NSF 
established a new Environmental Sciences Division in 1966 at the same time that the 
NSF Director reasserted his interest in the CO2 build-up, the new division seemed to 
devote no particular attention to the problem. 116

Beginning in about 1966, scientists began to hypothesize that agents that were 
more clearly identifiable as pollutants than C02i such as particulates and auto exhaust, 
had an influence on the weather and climate (see Section 3). These hypotheses 
strengthened the perception that "the atmosphere is not a dump of unlimited 
capacity." 117 By 1968, the notion that pollution could modify the climate was a 
common place. In an article sparked by the variety of anthropogenic climatic change 
hypotheses, U.S. News and World Report wrote: "No matter which [agent of 
climatic change] proves to be more important in the long run, this much seems 
clear: Pollutants are having an effect on the weather." 118

This view did not directly infiltrate the somewhat stagnant U.S. policy debate 
on weather modification. It was first put forward by U.S. scientists in international fora 
and then trickled back to the domestic arena. In 1969, while his boss, Robert 
White, was still deeply involved in the effort to redefine the weather modification 
program to include more atmosperic research,119 ESSA's Robert McCormick was 
instrumental in convincing the WMO's Commission on Atmospheric Sciences to call 
on the WMO Executive Committee to establish a global monitoring network for 
pollutants suspected of changing the climate, specifically carbon dioxide and 
particulates. 120   The WMO never considered anthropogenic climatic change to be a 
part of its weather modification program. 121 Indeed, non-U.S. scientists, especially 
Scandinavians, who had been conducting greenhouse effect research since the late 
1950s, had consistently seen the issue as an environmental one. 122 The views of 
foreign scientists may have helped to bring about the change in the outlook of 
American researchers by serving as a sort of repository of justifications. 
Justifications that worked in political circumstances in other nations and 
internationally could be drawn upon as times changed at home. 

The U.N. Conference on the Human Environment (UNCHE) in Stockholm 
in June, 1972, was a turning point in the movement toward an environmental rationale 
for U.S. Federal climatic change research activities. In the wake of UNCHE, 
carbon dioxide monitoring was moved from the budget category "inadvertent weather 
and climate modification" to a new one labelled "global monitoring of climatic change." 
The financial difficulties of the late 1960s were alleviated as funding for this item rose 
by 400% between fiscal years 1971 and 1975.123  The organizers of UNCHE had made a 



special effort to solicit the views of non-governmental organizations, such as ICSU, in 
devising the conference agenda. 124 This agenda-building process, outside of Federal 
bureaucratic constraints, facilitated the more liberal use of environmental rhetoric in 
support of greenhouse effect research by American atmospheric scientists. 

The 1970 Study of Critical Environmental Problems (SCEP) had the primary 
purpose of contributing to the UNCHE agenda. SCEP was a multidisciplinary team 
assembled by M.I.T. management professor Carroll Wilson; its steering committee 
included prominent greenhouse effect research advocates Roger Revelle and Thomas 
Malone. The SCEP report, Man's Impact on the Global Environment, released in August, 
1970, restated McCormick's call for a global monitoring network and suggested 
that such a network be recommended by UNCHE. It also provided an authoritative 
summing-up of the existing scientific literature on the greenhouse effect and 
anthropogenic climatic change more generally. 125 In their exhaustive review of the history 
of greenhouse effect science, Victor and Clark note that this document, because of its 
environmental concern, has a "dramatically different" tone than previous reports on the 
problem.126

However, the content of the report was less significant for the public debate than 
the timing and targeting of its release. Even though the report's authors considered the 
greenhouse effect likely to be a more important long-term threat to the climate, public 
attention was focused on SCEP's statements about the supersonic transport airplane 
(SST).127 Federal funding for the SST was highly controversial at the time of SCEP, 
and the issue was a crucial one for the development of the modem environmental 
movement, serving as a focus for organizing and ultimately providing one of its most 
dramatic early victories. As mentioned above, the deliberations of the 1964-1966 NAS 
weather and climate modification panel had revealed a disagreement about the effects 
of the SST on climate, particularly cloudiness over polar regions. Although that panel 
came to the tentative conclusion that large-scale SST traffic would not result in any 
climatic change, the issue had remained contentious among scientists. 128  SCEP 
recommended that large-scale deployment of the SST be delayed until concerns about 
its effect on the climate, especially due to particulates and cloudiness, could be 
resolved.129 According to a history of the SST debate, "what had formerly been a 
seemingly eccentric scare theory ... had been given an aura of legitimacy and 'the stamp 
of seriousness." 130 SCEP's recommendation about the SST was covered on the front 
page of the New York Times.131

The legitimacy given by SCEP to the issue of SST-caused climatic change forced 
proponents of the SST to respond substantively; they had previously referred back to the 
NAS's 1966 conclusion that the SST's impact on climate would be negligible or 
dismissed it as "vivid speculation." 132  Among other moves, the Department of 
Transportation initiated a Climatic Impact Assessment Program (CLAP), which 
received $7 million in fiscal 1972. Although this sum was small compared to SST 
development, it was quite large by the standards of anthropogenic climatic change 
research. 133  Perhaps, as alleged by critics, the CIAP's work was not very good; it 
nonetheless moved the field forward if by no other means than by providing fodder 
for critical scientists to chew over.  

SCEP's participants and organizers surely sensed that the SST portion of their report 
would garner the most attention, but they used the spotlight of that attention to cultivate 
interest in anthropogenic climatic change theories that they considered even more pressing, 



such as the greenhouse effect. In the following year, building on the warm reception given 
to SCEP, Wilson, Malone, William Kellogg of NCAR and others organized a study similar 
to SCEP but with international participation, the Study of Man's Impact on Climate 
(SMIC), for the purposes of solidifying the place of inadvertent climatic change on the 
agenda of UNCHE (thereby guaranteeing higher-level governmental attention 
to it) and ensuring that the scientific basis for UNCHE's recommendations was firm. 

134  U.S. participants in SMIC included McCormick and Lester Machta, then head of 
NOAA's Air Resources Laboratory. SMIC was a "turning point" in the process of 
convincing scientists and concerned policymakers that climatic change was a global 
pollution problem. 135

In the wake of SCEP, SMIC, and UNCHE, a "sense of urgency" infused those 
concerned about the greenhouse effect, in the words of the 1973 NAS panel on weather 
and climate modification. 136 The urgency was heightened by a number of frightening 
naturallycaused weather-related anomalies in 1972-74, including the failure 
of the Peruvian anchovy fishery due to a weather and ocean current pattern known as 
El Nino, drought in the Soviet Union's breadbasket, and unseasonably cold winters in 
much of the U.S.; and by the related inflation in food prices. In a 1974 speech to the U.N. 
General Assembly, Secretary of State Henry Kissinger called for better ICSU/WMO 
research on climatic disasters and indicated the U.S.'s willingness to take the lead.137

With a little help from Mother Nature, then, climatic change research reached the 
agenda of top U.S. policy-makers. Kissinger's main concern seems to have been the 
prospect of political instability in the Third World stemming from climate-related 
disasters. 138 Those who were given the responsibility for implementing his mandate, 
however, now viewed the problem, in large part, as one of global pollution. As White 
later stated, if natural climatic disasters had not spurred an increase in interest in 
climatic change, fear of anthropogenic climate change would have. 139

The strategy of identifying anthropogenic climatic change as an environmental 
problem, then, seems to have resulted in a surge of interest in the problem from top 
governmental officials, international organizations, and non-governmental and 
academic organizations and researchers by the mid-1970s. Indeed, a deliberate effort 
was made to create an international network of concerned high-level 
individuals who could make a sustained assault on the issue. 140  Research budgets 
rose rapidly, as noted above. 

The U.S. commitment to this research, though, was closely tied to international 
obligations and concerns. It was therefore ripe to be undermined by the failure of other 
nations to meet their reciprocal obligations and by the ebbs and flows of U.S. concern 
about the international environment. The rise in support for climatic change research 
levelled off after fiscal 1975; under President Gerald Ford, OMB turned down NOAA 
efforts to expand the program in the following two fiscal years.141 The monitoring 
component of the proposed research may have been growing large enough (up to a 
projected $41.8 million annually in fiscal 1978)142 to attract the attention of anti-
inflation budget cutters who were slashing science across the board, but the failure 
of any other nation to complete a monitoring station probably contributed to the 
difficulty. The program's advocates stated that it was "impractical" for the U.S. to "do it all 
alone," yet that was just the position that the program was in. The Global Environmental 
Monitoring System envisioned by UNCHE, a mainstay of the United Nations 



Environmental Program (UNEP) established after UNCHE and within which the CO2 
monitoring effort was located, was extremely slow to take shape.143 Might those 
concerned about the greenhouse effect have avoided this difficulty by promoting a purely 
American research program based on environmental concern?144

Despite public statements to the contrary, the U.S. probably had the global reach 
necessary to implement an adequate monitoring program. SMIC had called for 12 
monitoring stations in remote areas; by 1974, the U.S. had built or was constructing four 
such stations in the Arctic and Antarctic as well as the Central and Western Pacific. 145 
Most of the modeling work that was being done in the mid-1970s was being done in the 
U.S. From the scientists' point of view, the U.S. Committee for the Global Atmospheric 
Research Program noted that "the degree to which [our proposed national climatic 
research program] should be regarded as national as opposed to international is not of 
critical importance for our purposes," even though it described the proposed division of 
labor between the proposed national and international research programs in detail. 146 An 
internationalist approach to this research may have suited the ideological aspirations of 
American atmospheric science well 147 and, arguably, may yet be useful to lay the 
groundwork for a policy response that will have to be international, but it seems plausible 
that the U.S. could have gone it alone in research and let the rest of the world free ride.  

A purely domestic research program would have faced tough questions from those 
who would have preferred to share the burden with others who were likely to benefit from 
the knowledge developed. In addition, I doubt that entrepreneurs promoting such a program 
would have found domestic allies easily. Securing the backing of public interest 
environmental groups on its behalf would have been difficult; by and large, they did not 
put a high priority on global environmental issues until the early 1980s.148  EPA (not 
likely to be a very powerful ally in any case) was running a data center for the CO2 
monitoring network, but the mid-1970s were a period of explosive growth of Congressional 
mandates for EPA, like the Toxic Substances Control Act (1975), that surely would have 
made tough competition for a long-term, low visibility issue like anthropogenic climatic 
change.149 A pitch might have been made for the support of agricultural interest groups 
on the basis of potential greenhouse-induced water shortages, but if the U.S. Department of 
Agriculture (USDA) is any measure of their potential interest, such a pitch would not have 
been well received. When USDA finally took an interest in the issue around 1980, it 
confined itself to the question of how the increased CO2 content of the atmosphere might 
increase crop yields, rather than take a broader view of the overall impact of the 
greenhouse effect, including the impact of projected changes in temperature and 
precipitation.150

The first oil shock of 1973, however, provided an opportunity for greenhouse 
effect research policy entrepreneurs to secure new domestic allies. They took advantage 
of it; at least as early as 1974, Roger Revelle organized a group of greenhouse experts 
with the purpose of putting useful information in energy policy-makers' hands. 151 
Energy use is the primary generator of greenhouse gas emissions; choices among 
energy strategies, for instance, placing an emphasis on nuclear power (long favored by 
Federal energy planners) over fossil fuel, could have the effect of slowing the rate of 
greenhouse gas accumulation, presumably allowing more time for study and development 
of responses. The environmental externalities of various energy sources are wide-



ranging. Tradeoffs among them, including climatic impacts, could reasonably be 
construed as important factors to be considered in a rational approach to energy policy, 
an approach which many scientists expected to be taken in the 1970s. 

By 1977, the Department of Energy was interested enough in the issue to be 
designated the lead Federal agency on it. 

152 Under DOE's leadership, Federal 
spending on greenhouse effect research eventually resumed its climb in the late 
1970s.153 When the Carter Administration proposed expanding production of synthetic 
fuels, which emit more greenhouse gases per unit of energy than other energy sources, 
concern about the greenhouse effect was strong enough for Congress to call hearings 
on the issue and to require, in 1980 legislation, an NAS report on the topic. 154 

Entrepreneurial activity had facilitated the insertion of the issue into an active and 
important policy debate. 

The process of building domestic support for anthropogenic climatic change 
research, then, was slow. The pronouncements and programs of international meetings and 
organizations helped raise the profile of the issue domestically and dramatized the view that 
it was an environmental concern. They bridged a gap in which domestic advocates of the 
issue were still enmeshed in bureaucratic battles over weather modification and were 
only beginning to develop an environmental rationale that could plausibly win the 
support of domestic allies. 
 
6. Conclusions

I have argued that scientists concerned about possible human influences on the 
climate, particularly the greenhouse effect, adopted three major strategies in trying to 
win more research support and bring greater attention to the issue between 1957 and 
1974. First, beginning in the late 1950s, they viewed the issue as a scientific puzzle, 
one which scientific institutions could and should resolve, at least for the foreseeable 
future. This approach encouraged scientific interest in the issue and the proliferation of 
anthropogenic climatic change hypotheses. However, a pure science rationale did not 
command sufficient support from potential funding sources to carry through even the 
relatively modest research program on the greenhouse effect envisioned in the early 
1960s. 

This rather complacent strategy was supplanted to some extent in the mid-
1960s, because of the affiliation of anthropogenic climatic change research with weather 
modification. This affiliation caused interested atmospheric scientists to defend their 
research as a potential contribution to weather modification techniques, part of a 
broad, rather than narrow, approach to weather modification. In the turf battle over 
weather modification policy, the scientists' side came out on the losing end, by and 
large. The pace of research funding on "inadvertent weather and climate modification" 
lagged behind that of other areas of weather modification in the late 1960s. 

Later still, with growing momentum after 1970, anthropogenic climatic change 
was presented as an environmental issue, first in international fora and then as one of a 
number of such issues that, advocates argued, ought to affect U.S. energy policy. 
The climate was portrayed as a natural resource that needed to be defended from 
the onslaught of industrialism. In the early 1970s, this approach brought the attention of 
high policy-makers to the issue and, with it, increased budgets. After a pause in the 
mid-1970s, these trends continued into the late 1970s. 



An interesting generalization that may be drawn from this case is that successive 
strategies of persuasion constrain each other. Greenhouse effect experts committed to 
viewing their work as basic research, for instance, could not easily call for a mission-
oriented effort. The happenstance that anthropogenic climatic change research was 
located within the weather modification program and the choice by the proponents of 
this research to engage in the bureaucratic turf wars that engulfed this program 
concentrated their energy and narrowed their vision, so that when new opportunities 
appeared with the rise of the environmental movement, advantage could not be taken 
immediately. Later still (and outside this paper's focus), one might note that the strong 
connection to energy policy may have slowed the incorporation of greenhouse gases 
other than CO2 into the research program, inhibiting a possible widening of the range of 
potential political allies. 155

An important way that early strategies constrained later ones in this case was 
by directing scientific research and thus influencing what results might be available to 
support later arguments. By considering greenhouse effect research to be basic 
science, for example, proponents of this research opened the door to many competing 
hypotheses about anthropogenic climatic change, making any call for a directed 
research program much more difficult, even though most of the entrepreneurs 
discussed in the body of the paper did not change their estimation that the greenhouse 
effect was the most plausible and serious threat to the climate. However, the 
relationship between political strategies and scientific results is difficult to 
reconstruct. If anything, I would guess that I have overestimated the confidence that 
Revelle, Roberts, Malone, White, and others had in their assessment that the greenhouse 
effect would probably occur; the range of plausible political strategies may have been 
more constrained than the paper suggests. This is a topic for future research. 

In a 1979 editorial, Michael Glantz argued that "crisis awareness" was necessary for 
pluralistic societies to address the threat of the greenhouse effect and other environmental 
threats that are equally gradual and diffuse. 156 My research suggests that any strategy of 
research advocacy must be long-term and cannot rely on crisis awareness. In the U.S. 
polity, little moves very quickly. Peaks of public awareness, like the 1972 weather 
anomalies, may be opportunities for pushing an existing strategy harder or extending it 
farther, but the past constrains the options in such instances as does the necessity for 
extended future interactions. Support that is not sustainable over a period of years will 
not be particularly valuable. On the other hand, Glantz appropriately suggests that those 
concerned about the greenhouse effect choose their strategy of advocacy very deliberately. 
Advocates may choose the indicators, impacts, and time frame they emphasize. These 
choices will affect their ability to win allies. 

These findings and comments may not have much import for the future of 
greenhouse effect research in the U.S. Since the 1970s, when my research leaves off, the 
issue has reached a much higher level of public attention and political interest. The 
dynamics hypothesized may not apply well. For instance, the manipulation of public 
opinion may play a role in future policy-making, but I am not certain that the past 
constrains the present as much in public relations strategies as it does advocacy among 
experts and in the Congress.  

Similarly, more actors are involved in the issue now, making the level of 
coordination hypothesized above less feasible. More appropriate analogies may be found 



in smaller programs, such as the fusion program described by Joan Bromberg in a 1982 
article. 157

On the other hand, it may be that when obscure programs rise high on the political 
agenda, as climatic change research did in the past several years, the constraints of 
earlier strategies of advocacy carry over. If the key entrepreneurs are the same people and 
the same bureaucratic entities remain the major actors, then this result seems possible. In 
such cases, it would behoove all of those involved to critically examine their history and 
identify hidden chains.  
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