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® ABSTRACT

This paper presents a case study of the role of scientific élites in mediating
between science and politics, securing support for research and shaping the
interests of the rank and file. We apply a ‘garbage can’ model, which posits that
science, policy and politics typically evolve in separate, unconnected streams,
each with its own momentum. In this model, élites may act strategically as
‘policy entrepreneurs’ to take advantage of occasional temporary opportunities,
or ‘windows’, to influence the policy and science streams. Our case study is of
US policy toward research related to the Greenhouse Effect, from the
International Geophysical Year in 1957 to the aftermath of the 1972 UN
Conference on the Human Environment.” We trace the evolution of two research
programmes — carbon-cycle research and atmospheric modelling. The major
political strategies followed by the relevant élites connected with these
programmes were concerned with the pursuit of professional autonomy, with
weather modification and with environmentalism. Changes in élite strategy
followed mainly from events outside science, in the policy and politics ‘streams’,
rather than from scientific findings.

Scientific Elites and the Making of US
Policy for Climate Change Research,
1957-74

David M. Hart and David G. Victor

As Michael Mulkay has pointed out, scientific élites mediate the
relationship between bench scientists and the political community,
setting the priorities of the former by allocating resources such as jobs
and grants and negotiating for these resources with the latter. These
élites received substantial academic attention in the 1960s and 1970s,3
but in recent years social scientific interest in them has waned some-
what. Sociologists and anthropologists have concentrated on
working scientists,* whereas the few political scientists and policy
analysts interested in science have focused on politicians.’ Exactly
how scientific ¢lites mediate between the bench and the hearing room
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- and, in particular, the ways in which they advance agendas in the
political arena — deserves closer attention.

With the intention of helping to fill this gap, along the lines
proposed by Mulkay in 1976,5 this paper presents a case study of élite
behaviour in the development, through 1974, of US policy and
scientific research related to the possibility that humans were chang-
ing the global climate.” Although the greenhouse effect is now a
central concern of international environmental policy, our study
pertains to a period in which no regulatory or other response was
seriously considered. Policy debate centred on what ought to be
studied and how much money should be spent on particular lines of
research. ‘Policy’, therefore, means the allocation of funding for
research and the organization and management of research insti-
tutions, not ‘greenhouse policy’ as it is used today.

We use the term “élite’ to denote a small group of leading scientists
and administrators in a field. The oceanographic and atmospheric
science ¢élites whom we follow in this paper include such figures as
Robert White (chief of the US Weather Bureau and its successor
agencies), Roger Revelle (director of the Scripps Institute of Ocean-
ography), and Thomas Malone (chairman of the National Academy
of Sciences” Committee on Atmospheric Science). These individuals
(and others like them) were active in Federal policy making and
influential among their professional colleagues, because of their
positions, prestige and personalities.

We take a particular interest in three aspects of ‘élite’ behaviour: (1)
the use made of scientific information in gaining funding and high-
level policy attention; (2) the implicit strategies adopted with respect
to other actors in the policy process; and (3) the manner by which
control was exerted over research programmes of less politically
powerful scientists. The links between élite behaviour, science policy
and research programmes are complex. Scholars have made many
efforts to construct ideal typical models of these relationships. We
describe three of these here in order to contrast them with a fourth —
John Kingdon’s ‘modified garbage can’, which we have adopted to
frame our case.®

At one end of the spectrum is Michael Polanyi’s view that the
scientific agenda is autonomous from politics and other social forces.’
This agenda unfolds through the internal logic of experimentation,
discovery and debate. Public funding for science accelerates progress
on that agenda, more or less efficiently depending on the extent to
which the government attempts to attach strings to funds. Scientific
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¢lites are responsible for defending the boundaries of their fields from
the intrusions of the incompetent, in part by articulating the unique
cultural and material benefits provided by science.

At the other extreme, the relationship of science to policy has been
seen as one of enthusiastic and opportunistic responsiveness. The
fictional ‘Dr Grant Swinger’, whose motto is ‘something always
comes along’, personifies this view.'® Scientists will adapt their rhet-
oric and, if necessary, their agendas to reflect the perceived objectives
of policy-makers, be it the ‘war on cancer’ or ‘star wars’. Scientific
élites, in this perspective, are little more than special pleaders for
privileged interest groups. Their authority and expertise give them a
powerful claim on resources as long as they take care to construe
favourably their contribution to a politically attractive cause. By
controlling resources and through their professional standing, élites
can reorient the activities of the rank and file when circumstances
demand such a change.

A third view sees science as shaped gradually by society on a time
scale measured in decades or centuries. Social movements, like Pro-
gressivism, may spawn new scientific agendas if they can construct
suitable problems and mobilize resources to support research. Sim-
ilarly, a major policy shift, such as the emergence of the Cold War,
can transform the scientific agenda. In such cases, contending politi-
cal coalitions may recruit scientific support and generate contending
research programmes.'' Scientific élites may provide buoyancy to, or
be a drag on, such influences on science, depending on their social
positions, the goals of the movement or policy, and other factors. For
instance, Middtun and Baumgartner suggest that French energy
modellers made little change in their work in response to the en-
vironmental movement in the 1970s because of their dependence on
the state, whereas many new American energy models were built
because leading modellers could seek non-state sources of support.'>

A fourth ideal type, which we find to make the best sense of our
case, is the ‘garbage can’ model of the policy process." In this model,
science, policy and politics evolve in separate, unconnected streams.
Each stream has an internal momentum and its own dynamics, but on
occasion, ‘policy windows’ open that cause the streams to interact.
These windows provide opportunities to link ‘solutions in search of
problems’, which are being developed by scientists, with political
‘problems in search of solutions’, to use Kingdon’s terms. During the
limited time that a window is open, science, policy and politics may all
be reoriented before settling into new routines. This is a loosely
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coupled system, and the interaction between scientific and political
agendas is jerky and inconsistent.

Scientific élites may play a central role in identifying policy win-
dows and seizing advantage of them. In advocating that their ideas
should be incorporated into policies during these moments of
opportunity, members of an élite act as ‘policy entrepreneurs’. They
invest resources, such as time and authority, in this advocacy. Suc-
cessful policy entrepreneurship creates allies and wins resources for
their scientific field.

In the garbage can model, the pursuit of autonomy (as in the first
model above) is only one strategy that science policy entrepreneurs
might adopt, for instance, when they perceive the streams to be very
far apart. The strategic behaviour of entrepreneurs in the garbage can
model also has some resonance with the blatant opportunism des-
cribed by the second model above, but it is typically constrained by
the internal momentum of scientific research programmes and of
existing entrepreneurial strategies. Social and political events may
provide openings for change (as in the third model above), but in the
garbage can model, members of scientific élites, in their roles as
advisers to government and as public spokesmen, may be able to
shape this process; they are more active than the third model en-
visions them to be. In addition, change is sudden, rather than gradual,
in the garbage can.

We hope to show that the garbage can model, while inelegant,
allows a sensible interpretation of the actions and statements of
leading scientists and administrators in the case of early US climate
change research. It provides insights into the mechanisms by which
élites mediate between science and policy, and thus extends Mulkay’s
original proposal. We do not claim that our work provides a rigorous
and general test of the various models or that this case is repre-
sentative, but we hope that it provides ideas that are useful to other
researchers. In addition, this case is of interest because of the
continuing political and public concern about global climate change,
for which the events described here provide a basis.

The case study begins with a brief overview of the historical context
of research on anthropogenic climate change from its origins in the
nineteenth century to the International Geophysical Year (IGY) of
1957-58. Since the IGY, the US government has regularly supported
research programmes on key topics related to climate change. The
bulk of the paper addresses the interplay of science, policy, and
politics in the governance of these programmes.
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Setting the Stage: The Emergence of the Greenhouse Effect as Two
Interesting Problems in the Early Cold War

In the nineteenth and the first half of the twentieth centuries, scientific
interest in the idea that human activity could change the global
climate was sporadic; neither scientists nor governments created
sustained research programmes in this area. Only after World War II
did scientific attention coalesce into two distinct discourses, each with
an élite cadre of leaders, that together ultimately constituted a
research programme on the greenhouse effect. One, the carbon-cycle
discourse," encompassed the questions of whether and why atmos-
pheric concentrations of carbon dioxide (CO,) were increasing. The
other, the atmospheric modelling discourse, included an interest in
what would happen to the climate if higher concentrations of CO,
were reached. Although not entirely compartmentalized, the two
discourses were divided by discipline and institutional bases. Both
benefited from US military patronage.

The greenhouse effect hypothesis — that changes in the abundance
of atmospheric CO, would affect climate — was first put forward in
1824." The earliest calculations of the radiative strength of CO, were
made in the 1860s'® and, by 1900, both T.C. Chamberlain and Svante
Arrhenius had independently proposed models predicting that
temperature would rise if enough CO, was added to the atmosphere,
whether from natural sources or by people. Chamberlain’s theory
proposed that cycles of CO,, outgassing by volcanoes and uptake by
weathering of rocks could explain the cycles of glacial and interglacial
periods. Arrhenius explored the prospect that CO, from fossil fuels
might raise temperatures.'” This work was largely ignored for the next
five decades. In the 1930s and 1940s, G.S. Callendar published a series
of papers on climate change, CO, concentrations and fossil fuel CO,
emissions,'® but he left no programmatic or institutional legacy.

The invention of nuclear weapons appears to have raised the
legitimacy of the idea that humans could change the climate, and
Federal nuclear programmes supported the first institutionalized
research on the topic. In the early 1950s, scientists like John von
Neumann and politicians like Senator Clinton Anderson linked
nuclear weapons and climate change together as comparable threats
to civilization." Fallout from atmospheric nuclear testing was pop-
ularly believed to be a climate change agent; in 1962, George Kimble
of Indiana University noted:
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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”.?

These fears prompted the Atomic Energy Commission (AEC), the
Office of Naval Research (ONR) and the Department of Commerce to
sponsor investigations of the dispersion of fallout in the atmos-
phere.’ While scientists ultimately concluded that fallout did not
affect the weather,” this Federal support stimulated interest in the
two subjects that, many years later, fused into a coherent greenhouse
effect research programme: the carbon cycle and global atmospheric
circulation.

Carbon-cycle researchers try to understand the distribution and
flows of carbon in nature. Chamberlain’s geological theory, involving
volcanoes and erosion, was an early attempt to describe the carbon
cycle. The oceans are also a major part of the carbon cycle, and
oceanographers dominated the study of the carbon cycle in the US
through the 1970s.” Atmospheric nuclear tests provided a ready-
made experiment for tracing the circulation of carbon by injecting a
large, known amount into the atmosphere at a specified time and
place. Important early papers on carbon cycling grew out of radio-
active tracer studies funded by the Atomic Energy Commission
(AEC).* The Office of Naval Research also supported this work,
because basic studies of oceanic properties were important for
characterizing the role of the oceans in the carbon cycle.

By measuring the proportions of radioactive and non-radioactive
isotopes of carbon, Hans Suess established by 1955 that some, but not
all, of the carbon released by burning fossil fuel dissolved in the
ocean.” This ‘Suess effect’ motivated Roger Revelle, the director of
Scripps Institute of Oceanography, to propose a more thorough
investigation of ocean/atmosphere carbon exchange. If CO, (as
Gilbert Plass argued [see below]) had a unique infra-red spectrum and
(as Suess argued) remained in the atmosphere, then an anthropogenic
greenhouse effect was possible. In 1957, Revelle and Suess (with ONR
and AEC funding) collaborated to develop the calculations and
models to explain the chemical and dynamical processes that gov-
erned uptake of CO, in the oceans.”

Revelle’s work with Suess was the first of his many contributions,
both scientific and political, to the history of anthropogenic climate
change research. His scientific leadership made Scripps the top
carbon-cycle research centre in the US. More importantly, as we
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show below, Revelle regularly advised Federal agencies and leaders,
using his influence to advance this research programme.

The second relevant discourse was built around efforts to model the
behaviour of the atmosphere, and to predict how it would change if
concentrations of CO, increased. This discourse grew out of mathe-
matical meteorology. Like carbon-cycle research, atmospheric
modelling was advanced by US military support.

John von Neumann, the father of scientific computing, proposed
the development of a computer model for weather forecasting im-
mediately after World War II. In 1946, he secured Navy funding fora
Numerical Meteorology Project, based at the Institute for Advanced
Study in Princeton. The Project’s first successful forecasts were made
from 1951 to 1953. Von Neumann was careful to cultivate the Air
Force, Navy and the Weather Bureau for additional support of the
project: for example, he timed his efforts to be helpful to the Weather
Bureau for the 1952 budget cycle. Similar tactical efforts were
launched with prominent scientists within the Department of
Defense. In 1954, a Joint Numerical Weather Prediction Unit
(JNWPU) was established at Princeton, supported by the Weather
Bureau and the military.”” In 1955, with the same sponsors, von
Neumann and Harry Wexler of the Weather Bureau formed a spin-off
group from JNWPU, under Joseph Smagorinksy, to conduct re-
search into the general circulation of the atmosphere. In 1960, this
project, initially based in Washington, moved to Princeton and, after
a series of name changes, became the Geophysical Fluid Dynamics
Laboratory (GFDL).%

The core of the atmospheric modelling discourse, then, can be
traced to von Neumann’s projects. Other researchers also con-
tributed to it. For example, in 1956, Gilbert Plass published an article
on the infra-red spectra of CO, and water vapour and the prospect of
global warming that is widely cited by reminiscing scientists as
marking the beginning of a broad revival of carbon dioxide theories
of climate change.” Plass’s theory, like Chamberlain’s before him,
was motivated by the theory of climate change on a geologic scale due
to changing CO, concentrations, but it also provided support for
Callendar’s theory of climate change due to combustion of fossil
fuels. Like Callendar, however, Plass did not build an institutional
base to carry on this work, nor did he seem to engage deeply in the
ongoing debate about the likelihood of an anthropogenic greenhouse
effect.*®

In the very early days of carbon-cycle research and climate

Downloaded from http://sss.sagepub.com at Stanford University on June 23, 2009


http://sss.sagepub.com

650 Social Studies of Science

modelling, then, élite scientists, like Revelle and von Neumann,
responded to the opportunities offered by the Cold War; it even
provided scientists with working materials, such as isotopes and
satellite imagery. In responding to events outside of science, élite
scientists were entrepreneurial, selling their military benefactors on
the value that their results would provide. Moreover, by creating new
institutions and political alliances, the élites in each field provided
incentives to less politically active colleagues to pursue work in
carbon cycling and atmospheric modelling. These themes are pursued
in more detail in the next three sections.

Climate Change Research During the IGY and Immediately After

By 1957, the two discourses and two élites that would direct sustained
attention to anthropogenic climate change were established. The
carbon-cycle discourse paid special attention to the oceans, and was
coordinated by élite oceanographers like Roger Revelle. The atmos-
pheric modelling discourse evolved out of numerical weather
prediction, the success of which gave John von Neumann, Joseph
Smagorinsky and others prominent in the nascent field of atmos-
pheric science, excellent contacts, credibility and access to funds.

In the late 1950s and early 1960s, both élites seem to have followed
a strategy of seeking to establish relatively autonomous institutions
that insulated their research programmes from political oversight.
Atmospheric modellers took a role in setting up institutions like the
National Center for Atmospheric Research (NCAR) in 1960; their
funding through large line items in Federal budgets allowed some
research related to anthropogenic climate change to proceed as a
matter of course. On the other hand, fund-raising for new, widely
dispersed atmospheric monitoring stations, which were central to the
advance of the carbon-cycle research programme, stalled after the
euphoria of the International Geophysical Year (which had stim-
ulated such monitoring) had worn off. The IGY was not
institutionalized, and Revelle and his colleagues did not mobilize
strongly to secure broad support. We attribute this lack of entre-
preneurship to the lack of a suitable policy window before 1965, and
the absorption of this élite’s energy elsewhere in the ‘garbage can’.

The Suess effect provided the scientific rationale for atmospheric
monitoring. Suess had shown that all of the CO, produced by humans
would not be absorbed by the oceans; therefore, if CO, emissions
were rising over time, atmospheric CO, concentration should also be
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rising. Following the rhetoric that humanity was ‘conducting a great
geophysical experiment’, the most quoted line of his famous 1957
paper with Suess, Revelle repeatedly argued that the great experiment
ought to be ‘adequately documented’.* Revelle proposed to begin to
collect a reliable data series for atmospheric composition, including
the proportion of CO,, during the IGY.

As chair of the Scientific Committee on Ocean Research (SCOR) of
the International Council of Scientific Unions (ICSU), Revelle drew
upon discretionary funds for planning meetings for the IGY atmos-
pheric monitoring programme.”> He then shepherded the pro-
gramme, which was conceived after IGY planning was well under
way, through both the international and US approval and appro-
priation processes. The oceanographic élite apparently encountered
no political difficulty with this allocation, at either level. American
scientists seem to have dominated international planning for IGY. At
the national level, 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; atmospheric monitoring of CO, seems to
have been no exception.*

Scripps Institute, which Revelle headed, hired C. David Keeling to
run the atmospheric monitoring programme. Keeling’s station at
Mauna Loa, Hawaii, has been maintained almost continuously since
1957, and has provided perhaps the only undisputed fact in the debate
about the greenhouse effect — namely, that atmospheric CO, is rising
steadily. These measurements were the first systematically done in the
‘free’ troposphere, away from local pollution sources.* The fact that
they were unambiguous quickly became clear. By 1961, Walter
Sullivan of The New York Times was reporting that CO, levels were
rising because of ‘the steady discharge of fumes by smoke stacks,
automobile exhaust pipes, jet engines, forest fires, and burning rub-
bish heaps’.*® Only about half of the carbon dioxide estimated to be
released by human activities seemed to be absorbed by the ocean; the
rest remained in the atmosphere.

Despite its scientific importance and the ease with which it was
funded as part of the IGY in 1957, the CO, monitoring programme
struggled for money during the early 1960s. In 1964, Keeling was
unable to produce any useful measurements at Mauna Loa because
of financial difficulty.® Other stations also encountered severe
financial difficulties.” Yet, the oceanographic élite does not seem to
have aggressively pursued funding at this time.
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This hesitancy is interesting. After all, Revelle had noted in his 1957
testimony that a 20% rise in CO, (which could be expected by about
2000) could cause ‘considerable change’ in the climate. A 1982 retro-
spective by a high official of the World Meteorological Organization
(WMO) commented, ‘It is rather surprising that during the 1960s no
more interest was shown in expanding monitoring of atmospheric
CO, to other remote places on the globe’.® Furthermore, the
Kennedy Administration had a demonstrated interest in meteor-
ology. Elite scientists might have relied on Cold War rhetoric to
appeal to the Administration for the support of research related to
climate change; the advocates of this research occasionally offered the
argument that the Soviet Union’s geopolitical position would im-
prove if a rise in temperature freed its northern ports of ice and
lengthened the growing season of its heartland.*

Historical reviews by scientists have suggested that the élite was
timid because of uncertainty about the effects of CO, on the climate.
As one put it, leading oceanographers had ‘an understandable reluc-
tance . . . to openly engage in debate’, since the inference of a
greenhouse effect from rising CO, levels was not conclusive.* Never-
theless, atmospheric models, although they were crude in the early
1960s, pointed in an alarming direction, as we discuss below. It seems
to us that these models ought to have stimulated curiosity and data
collection, rather than deterred it. In addition, the continuity of belief
in the greenhouse effect among the hypothesis’s most important
advocates, like Revelle and Bert Bolin (both of whom remained
involved in the issue from the 1950s to the 1990s), is far more striking
than the degree of scepticism with which they used model results.*

A better explanation centres on the institution-building
endeavours of the oceanographic élite in the 1960s. This decade
brought Big Science to oceanography, in the form of projects like
Mohole (an ill-fated attempt to drill through to the Earth’s crust
underwater), the International Indian Ocean Expedition, and the
International Decade of Ocean Exploration (IDOE).* The directors
of oceanographic institutions engaged in a running battle to maintain
control over the agenda of these programmes, using the argument
that ‘basic research’ was best managed by institutions autonomous
from public oversight. They hesitated, for example, to support early
proposals for the IDOE because it seemed too mission-oriented.*

These efforts took the time and energy of this small group, and
the atmospheric monitoring stations had little role in their plans.
In addition, greenhouse effect research seemed to be a ‘mission’;
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entrepreneurship on behalf of a costly set of atmospheric monitoring
stations would undermine the rationale of ‘basic science’ that pro-
vided Scripps and its like with autonomy.* Such entrepreneurship
was pursued, as we describe below, when the political and policy
streams in the ‘garbage can’ allowed atmospheric monitoring to be
reframed as ‘basic science’. Commitment to the strategy of building
autonomous institutions constrained élite behaviour in the early
1960s.

During the same period, atmospheric modellers began to produce
full studies of how the atmosphere would respond to elevated levels of
CO,, but this was not the major focus of their work. In fact, they
viewed the rise in CO, as little more than a changing parameter with
which to examine the general problem of atmospheric thermal equi-
librium.* Like carbon-cycle researchers, atmospheric modellers
adopted the view of the greenhouse effect as a geophysical experi-
ment. Unlike atmospheric monitoring stations, though, support for
atmospheric models was safely institutionalized, and the modellers
had little incentive to seek policy attention for climate change
research.

Atmospheric models, like carbon dioxide monitoring, demand
substantial capital investments, particularly in computers; extensive
training is also required. Because of these huge start-up costs, model-
ling research was highly concentrated until the late 1970s. Initial
development centred on one institution, GFDL (a unit of the
Commerce Department), and only one other institution, NCAR
(funded by the National Science Foundation) emerged in which
systematic research on (and ultimately modelling of) the atmosphere
was conducted.* Both received their funding on an institutional,
rather than a project, basis. NCAR did use the threat of anthro-
pogenic climate change as a justification for the modelling work it
pursued. For example, in 1962, a 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
weather patterns.”’

NCAR’s expression of concern about anthropogenic climate change,
though, was pro forma, one of a long list of interests. It is unlikely that
modelling research would have been threatened without it.

Federal investments in building institutions to study the transfer of
heat and circulation in the atmosphere produced their first scientific
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returns very rapidly. In 1961, Fritz Moller co-authored a paper with
S. Manabe of GFDL on the radiative balance of the atmosphere
which included consideration of CO, and water vapour. The topic of
the paper was suggested by GFDL Director Smagorinsky, who was
orchestrating the research programme begun by von Neumann and
Wexler in 1955. This work provided the basis for models of the
general circulation of the atmosphere. Manabe went on at GFDL to
develop the first full models to test the sensitivity of the atmosphere to
changes in CO,. Moller continued his work on the radiation balance
and, in 1963, published a refined paper.®

Atmospheric modelling, with its roots in numerical weather pre-
diction and its original military sponsorship, seems to have followed
the pattern of postwar physics in establishing and maintaining
relative autonomy. With this margin of comfort, modellers could
comfortably swim in their own science ‘stream’, to use Kingdon’s
term. The great ‘experiment’ of the greenhouse effect was an
interesting scientific problem, but not one that demanded a political
effort on their part.

Failed Entrepreneurship in the Mid-1960s

From the perspective of the 1990s, when the threat of global warming
is seen by many as urgently requiring a very large research invest-
ment, the mid-1960s appears to have been a fallow period in the
scientific history of the greenhouse effect. The raw materials were
available for a synthesis of carbon cycle and atmospheric modelling
results to project the rough timing of anthropogenic climate change.
Such a synthesis would have been useful in the search for additional
political support and funding for a greenhouse-oriented research
programme, but there was no momentum towards it from either élite.
The two discourses did not intersect until after 1965, when a debate
over weather modification provided a policy window that was com-
patible with the oceanographic élite’s vision of climate change
research as basic research. Their push failed to achieve its goal,
however, for reasons that have more to do with policy and politics,
than with whether their scientific findings were compelling.
Carbon-cycle research in the 1960s was chiefly concerned with the
refinement of calculations of fluxes among the cycle’s various ‘boxes’
—namely, atmosphere, oceans, biosphere and earth. By the middle of
the decade, a consensus had been achieved on the basic facts, and
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lasted until the late 1970s. This consensus, with Keeling’s data,
provided a crisp answer to the question of how fast the atmospheric
CO, level was rising: a steady (if exponential) 0.2% per year.*
Carbon-cycle researchers did not, by definition, ask the question:
How fast are greenhouse gas levels rising? The fact that trace gases
other than CO,, such as methane (CH,), nitrous oxide (N,O) and
chlorofluorocarbons (CFCs), also absorb and re-radiate infra-red
wavelengths went unexamined, even though spectral analysis tech-
niques that would have permitted this finding were well-known.”!
N,O, for example, was known to be an active absorber in the infra-
red; in fact, this absorption was used in the 1920s to identify N,O as a
component of the atmosphere. Interest in other greenhouse gases
would have opened up a very large new research agenda, but such
questions were pre-empted because the debate about the greenhouse
effect was framed in terms of carbon-cycle research.*

The atmospheric modelling community in the 1960s did not
demand information about the internal workings of the various
boxes, nor about the range of potential greenhouse gases. Their
interest was not how quickly atmospheric CO, was rising, but rather
what the climate would be like after such a rise. The crucial study of
this period, a 1967 paper by Manabe and R.T. Wetherald (hereafter
MW67) of GFDL, presented the effects on global temperature in the
GFDL model when certain perturbations in the global radiation
budget, including (but not centred on) doubled CO,, were plugged
in.” Following MW67, ‘double CO,’ became the benchmark for the
modellers (and later for the larger discourse about the greenhouse
effect as a whole), presumably because it was easy to handle in the
model and because it was an interesting test of model sensitivity.

The modellers ignored information that was emerging from
oceanography that is crucial to understanding climate change,
because they were interested only in climate equilibria. For example,
in 1966, a parameter for oceanic thermal diffusivity (the rate at which
heat is dispersed from the top of the ocean to the bottom) was
calculated by Walter Munk. This parameter could have helped
atmospheric modellers to forecast the timing and rate of atmospheric
response to rising CO,.* If the oceans have a high thermal diffusivity
then the entire hydrosphere must be heated before atmospheric
temperature rises; the oceans would have a large ‘thermal inertia’
effect. On the other hand, if diffusivity is low, atmospheric tempera-
ture will respond more rapidly to increased concentrations of
greenhouse gases. But oceanic thermal diffusivity was the territory of
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oceanographers, and MW67 looked only at equilibrium atmospheric
temperature levels, rather than at the specific process and timing by
which those levels would be reached. By design, equilibrium calcula-
tions ignored the rate of change.

As we argued above, we think the view that these two discourses
meandered along separately because their leaders were uncertain
about the greenhouse effect is untenable. During the mid-1960s, a
profusion of competing hypotheses about climate change were put
forward. In addition to fallout and greenhouse gases, agents from
dust to rocket exhaust to oil spills received consideration as possible
influences on climate.*® These diverse hypotheses generated disputes
within the scientific community about such basic results as whether
human activities were likely to cause surface temperatures to rise or
fall. In 1968, for instance, a Time magazine essay, ‘The Age of
Effluence’, used the dispute between warming and cooling theories to
exemplify the difficulty of obtaining useful scientific advice on policy
issues. ‘It seems undeniable that some disaster may be lurking in all
this, but laymen hardly know which scientist to believe’.** Such
competition within science seems more likely to stimulate efforts of
devotees of a particular hypothesis than to deter them.

A second possibility is that the entrepreneurship of the members of
these élites in this period was restrained because they had confidence
that, like an experiment, a greenhouse effect could be controlled.
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 appre-
hension’.”” PSAC, for example, considered the deployment of
reflective material in the atmosphere as a technological fix to counter
rising CO,.* If people were inadvertently changing the climate for the
worse, they could deliberately change it for the better. This vision of
control reflected the optimism of other proposed ‘mega-projects’
(such as vast civil engineering works using nuclear explosives) that
were driven by Cold War competition. Such proposals diminished in
the late 1960s, just as the intellectual climate outside of science
changed and the greenhouse effect emerged as an important scientific
priority.

The weakness of these two arguments is that élite behaviour
changed during the mid-1960s before any significant change in know-
ledge about either the prospects for a technological fix or the
likelihood of the greenhouse effect. The champions of climate change
research became more entrepreneurial when a window opened that

Downloaded from http://sss.sagepub.com at Stanford University on June 23, 2009


http://sss.sagepub.com

Hart & Victor: Scientific Elites and US Climate Policy 657

allowed them to position their work as a basic science problem, rather
than as the subject of a Federal mission. Such positioning made it
possible for Revelle and his colleagues to pursue heartily larger
funding and the more thorough integration of carbon-cycle research
and atmospheric modelling.

An early indication of this change is a chapter in a 1965 report on
the environment of the President’s Science Advisory Committee
(PSACQ), that put projections of fossil fuel use, the associated rise in
atmospheric CO, and its climatic consequences together on a time
scale for the first time. The chapter, written by Revelle, issued a
warning that the greenhouse effect was slipping through the cracks of
the Federal government’s research and pollution control pro-
grammes.” It seems to have made little substantive impression on
policymakers, although NSF Director Leland Haworth did mention
the concern in Congressional testimony, and in the introduction to
the 1966 NSF annual report.*

The carbon dioxide/climate problem (as the issue came to be
known) did not spark the PSAC report; rather, far more visible
environmental insults, like water pollution and smog, were the major
motivations. Nor did Revelle’s chapter spring from new scientific
evidence — although it did refer to the ongoing research programmes,
including the work of Manabe and Wetherald. Revelle simply seems
to have taken an otherwise unrelated opportunity presented to him as
a member of a PSAC panel to try to bring the science and policy
streams together. In the context of President Johnson’s call for more
basic research on pollution,* such entrepreneurship made good
political sense.

In the mid-1960s, the main policy venue for arguments that por-
trayed greenhouse-related research as basic science was the Federal
weather modification programme. This programme both stimulated
these arguments and proved to be the biggest barrier to efforts to
integrate and expand carbon-cycle and atmospheric modelling
research. Bureaucratic and Congressional opposition frustrated the
entrepreneurship of the oceanographic and atmospheric science élites
in this arena.

Beginning with the experiments of Nobelist Irving Langmuir in the
late 1940s,% the heart of Federal weather modification efforts was
precipitation enhancement (especially rain-making by seeding clouds
in the Western states), which had little to do with climate change on a
global scale. The efficacy of these efforts was the subject of a schism,
lasting thirty years, between the bicoastal atmospheric scientific élite
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and those from the nation’s interior, both academic and commercial,
who ran cloud-seeding operations. Even though there were rea-
sonable scientific grounds for doubting the effectiveness of cloud
seeding (doubts that have been borne out over time),” the dispute
also had an important cultural dimension. In the mid-1960s, the
technique’s academic advocates tended to be from less prestigious
institutions; they were also associated with commercial operators
who aimed to make money by making rain.* Elite scientists resented
any research allocations that smacked of pork barrel politics, as cloud
seeding proposals did.*® They also saw ‘basic research’ funding to be
in competition with the expansion of ‘applied’ weather modification
operations, which would have required large funding - for instance,
for the purchase of airplanes.

The net effects of this schism were 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 called unsuccessfully for the reorganization of govern-
ance of these activities. These 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).%

An important tactic in the struggle was the creation of a ‘broad’
view of weather modification by members of the élite, like Robert
White, an atmospheric modeller turned administrator, who held key
weather and environmental policy positions in the Commerce
Department in this period. While the ‘narrow’ view of weather
modification was that of trial-and-error attempts to manipulate
nature,*’ the ‘broad’ view called for a deeper understanding of the
principles behind the weather — that is, more basic research. Know-
ledge of the physical basis of the climate, it was claimed, would
eventually lead to better operational weather modification methods.®
As the NSF put it, ‘the program of weather-control research should
be an integral part of basic meteorological research’.®” One element of
the broad view was that research on ‘inadvertent’ weather modifi-
cation was at least as worthy of support as (in White’s words) ‘the
advertent steps we take’.”” The greenhouse effect was said to be among
the most important subjects for research in this area, although it
seems reasonable to question the contribution such research might
have made to precipitation enhancement or other local weather
modifications that were the main objectives of Federal policy.
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The broad view was deployed in support of Commerce against the
claims of the Interior Department’s Bureau of Reclamation. As the
home of the Weather Bureau and the National Oceanic and Atmos-
pheric Administration (NOAA), Commerce had an internal
professional constituency and a turf interest in the broad view. This
turf fight was mirrored by a jurisdictional dispute between the Senate
Commerce and Interior Committees. NSF and NAS appointed
special study panels on weather and climate modification, whose
reports became touchstones in the Congressional debate; these panels
attempted to put some clout behind the ‘majority’ view among
atmospheric scientists — that ‘large-scale engineering and dev-
elopment efforts in weather modification’ were ‘premature’.”’ 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.”

In 1966, the debate grew more intense, as the lines were drawn for a
‘major battle’ over competing bills. One bill, sponsored by Senator
Clinton Anderson, would have placed the Interior Department in
control of weather modification policy; the other, sponsored by
Senator Warren Magnuson of the Commerce Committee, would
have put the Commerce Department in this position. Western
Senators, like Anderson (who chaired the Interior Committee),
tended to see scientists as more interested in producing scientific
papers than water for their States. As Gordon McDonald, the
chairman of the NAS panel put it, ‘Congress has displayed
considerable impatience’.”

While the bills were under consideration, the NAS panel revised its
interim report and seemed to seek 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
climate change should be one of four main programmatic thrusts of
Federal weather modification work.™ This line received the
endorsement of members of the atmospheric science élite, such as
Thomas Malone, chair of the NAS Committee on Atmospheric
Science and W.O. Roberts, the director of NCAR.” The NAS study,
like the PSAC report, offered no new scientific information to support
climate change research; like its many successors, it served as an
authoritative compilation and summary of existing information.

Congress never passed a bill resolving the matter, nor did the
agencies involved come to a negotiated settlement. It appears that the
advocates of the ‘broad’ view of weather modification were not

Downloaded from http://sss.sagepub.com at Stanford University on June 23, 2009


http://sss.sagepub.com

660 Social Studies of Science

particularly successful in the desultory infighting that characterized
the late 1960s. Funding for Federal weather modification activities
nearly doubled between fiscal years 1966 and 1971, rising from $9
million to $16 million. As defined by Federal budget figures, though,
research on ‘inadvertent weather and climate modification’ actually
declined by about 20%, from $434,000 to $360,000.” In 1968, for
instance, the research director of Commerce’s Environmental Science
Service Administration (ESSA, a precursor of NOAA) stated that his
agency planned to establish another station for monitoring atmos-
pheric CO,. (ESSA was already funding Keeling at Mauna Loa.) For
several years, however, ESSA was unable to procure funds for
another station, and it was not constructed until fiscal 1974.” In the
worst year, the agency received only a third of the amount it requested
for this line item.™

In spite of their entrepreneurship in support of a programme on
‘inadvertent weather modification’ centred on greenhouse effect
research, the atmospheric and oceanographic élites were unable to
squeeze through the policy window they perceived to secure funding
in the second half of the 1960s. Furthermore, ¢lite activity had little
apparent influence on the trajectory of greenhouse-related research.
The carbon dioxide monitoring programme did not grow, but it did
keep extending the upward curve with its limited data. Atmospheric
modelling continued to be carried on in a parochial way, with only the
most tenuous relationship to public problems. No new incentives
were offered to sway the commitments of researchers proceeding in
established directions.

On the matter of research funding, politics and policy were in
stalemate. The scientific élites attempted to use the science in hand as
a ‘solution in search of a problem’, but were unable to forge a
convincing link. They helped to stymie the grandiose plans of Senator
Anderson and other proponents of rain-making, but research on
inadvertent climate modification was not accepted as a substitute for
rain-making as a legitimate use of Federal dollars. In a period of
technological optimism, ‘inadvertent climate modification’ lacked
the glamour of weather modification.

Almost the same scientific case became convincing in a different
political context after 1970. Early weather modification experiments
had raised expectations that control of precipitation and storms
would become routine.” These and other disappointed hopes helped
to contribute to the rise of the American environmental movement in
the late 1960s and early 1970s. This movement created a policy
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window that the élite successfully used to gain financial and political
support, and to reorient rank and file research.

The Early 1970s: The Greenhouse Effect as an Environmental Problem

Environmentalism in the US has deep historical roots. The European
encounter with the untamed New World landscape provoked both a
dominant attitude of exploitation and conquest, and dissident per-
spectives calling for moderation and preservation.*® American
political history has been marked by occasional revivals of the latter,
typically in periods in which social movements flourish and many new
political associations are formed.* The late 1960s to the early 1970s
was the most recent of such periods. The scope of environmentalism
is truly breath-taking, from efforts to preserve urban parkland to
concern about the global climate.*’ The ‘green’ impulse is malleable.
Although one would be hard-pressed to support the claim that
scientific findings catalyzed the rebirth of environmentalism, they
have shaped the movement’s particular directions within the large
degree of freedom its guiding ideas permit. At the same time,
environmentalism has acted as a midwife for new scientific agendas in
many fields, legitimating them and providing constituencies for their
results.

The conversion of the greenhouse effect into an environmental
problem deemed worthy of sustained public research support in the
early 1970s illustrates these interactions. Elite oceanographers and
atmospheric scientists helped to define anthropogenic climate change
as an environmental issue; in the process, they broadened the scope of
environmentalism, and secured public resources for research on the
problem. They also engineered a retooling of non-élite scientists, so
that, by 1974, a coherent new thrust had emerged around such
problems as detection of climate change.®

From the perspective of the ‘garbage can’ model, the interest of the
American public in environmental problems appeared as a policy
window to these élites, who had by this time been working for more
than a decade on anthropogenic climate change with meagre funding.
During this period, politicians could gain by appearing
environmentally-conscious — but, as always, they sought problems
that could be ‘solved’ (from the public point of view) without dis-
rupting established routines. The greenhouse effect was abstract and
not threatening in the near future, but the research that was called for
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could be portrayed as the single most important step that could be
taken in a key area of the new and attractive realm of international
environmental policy.

As in the 1960s, the established research programmes inched
forward in the early 1970s. Climate modellers continued to refine
their estimates of the atmospheric response to elevated CO,. Notably,
the GFDL model was improved to represent the general circulation
of the atmosphere in three dimensions, and to explore changes in the

" circulation with elevated CO,. New data from deep sea expeditions
and satellites that had a deep impact on conceptions of the carbon
cycle were just beginning to appear. Nevertheless, the essence of the
science of the greenhouse effect remained roughly as it had been —
there were no new findings that made it significantly more or less
urgent. Yet, when important scientific figures reflect on the history of
the issue, they agree that the Study of Critical Environmental
Problems (SCEP) of 1970, and the Study of Man’s Impact on Climate
(SMIC) of 1971, were pivotal publications.*

Neither SCEP nor SMIC was technically novel. Most of the reports
presented in SCEP, for example, were write-ups of ongoing research;
many of these were previously published, or were later published in
more complete form elsewhere. What was unusual about them was
their interdisciplinary and environmentalist tone. SMIC’s inscription
is a Sanskrit prayer: ‘Oh, Mother earth, ocean-girdled and mountain-
breasted, pardon me for trampling on you’. These images convey a
dramatically different impression than those of the scientific literature
of only a few years earlier, which had seemed to welcome the in-
advertent experiment of global climate change — provided that the
experiment was well documented and that scientists could learn from it.

SCEP and SMIC were not the first attempts to frame the
greenhouse effect as an environmental issue. The 1965 PSAC report
discussed above was about pollution; the 1966 NAS weather modifi-
cation report stated that ‘the atmosphere is not a dump of unlimited
capacity’.* By 1968, the notion that pollution could modify the
climate was a commonplace. US News and World Report wrote: ‘No
matter which [agent of climate change] proves to be more important
in the long run, this much seems clear: Pollutants are having an effect
on the weather’ ® As early as 1969, the World Meteorological
Organization’s (WMQO) Commission on Atmospheric Sciences called
for the establishment of a global monitoring network for pollutants
suspected of changing the climate, specifically carbon dioxide and
particulates.*’

Downloaded from http://sss.sagepub.com at Stanford University on June 23, 2009


http://sss.sagepub.com

Hart & Victor: Scientific Elites and US Climate Policy 663

By and large, though, according to C.C. Wallen of the WMO:

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.®

One reason why this policy window was difficult to recognize may
have been that many scientists saw CO, as an inevitable byproduct of
society, not as a potentially controllable emission. The view that, in
NCAR Director W.O. Roberts’ words, ‘We cannot do anything
about carbon dioxide’, is still widely held today.*® Some may have
hesitated to connect themselves to a movement that they perceived as
radical and anti-technology. At the same time, environmentalists
may have had trepidations about the wisdom of weather modification
techniques, which they may have associated with atmospheric scien-
tists. Roberts, for instance, in Congressional hearings, had called for
‘maximum possible mastery of the atmospheric environment’.”®
Finally, the strategy of seeking allies within the debate on weather
modification took entrepreneurial time and energy, and may have
crowded out consideration of the possibilities that environmentalism
afforded.

SCEP and SMIC were able to break through these barriers for
three reasons. First, they were institutionally outside the norm. While
its steering committee included Roger Revelle and Thomas Malone,
SCEP’s guiding spirit was Carroll Wilson, an MIT management
professor with a long and broad involvement in American and inter-
national science policy.”’ SCEP was prepared at a meeting in the hills
of Massachusetts in July 1970. This meeting was consciously intended
to be informal and collegial, bringing together leaders and
practitioners from a range of scientific specialties. Wilson did not
want the result to be just another stuffy Academy review. His ap-
proach seems to have created a critical mass that was both
comfortable with the idea of linking science and the environment, and
energized to do something about it.

Second, SCEP received wide publicity because of its statements
about the supersonic transport airplane (SST).”? In 1970, Federal
funding for the SST was highly controversial; the issue was a crucial
one for the development of the modern environmental movement,
since it served as a focus for organizing and ultimately providing one
of its most dramatic early victories. Even though SCEP considered
the greenhouse effect to be a more important long-term threat to the
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climate than the SST, it did recommend 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.”
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”’ by SCEP.* SCEP’s
recommendation about the SST was covered on the front page of The
New York Times.” The legitimacy given by SCEP to the issue of SST-
caused climate change played a large role in the establishment of the
Climatic Impact Assessment Program (CIAP) by the US Department
of Transportation, which received $7 million in fiscal year 1972.
Although this sum was small compared to SST development, it was
quite large by the standards of anthropogenic climate change
research.®

Third, and most importantly, Wilson organized SCEP and SMIC
with the intention of contributing to the UN Conference on the
Human Environment (UNCHE) in Stockholm in June 1972. In
devising the conference agenda,’” the UNCHE organizers had made a
special effort to solicit the views of non-governmental organizations.
SMIC was a successor to SCEP: it included a more international
group of participants specifically to give SCEP’s conclusions with
regard to climate more clout in the Stockholm agenda. In a letter to
Maurice Strong, the chairman of the Stockholm conference, Carroll
Wilson wondered . . .

how and in what ways one might develop a kind of network of the rather limited
number of key influential people in a certain number of countries around the world
who are globally conscious and who have a vision extending to the end of this
century and beyond and who have a deep concern for the environment in its
broadest sense.”

The two reports’ calls for a global atmospheric monitoring network
was approved by the Conference with little discussion.”

The imprimatur of the UNCHE opened a domestic policy window
that was converted into more funding for research on the greenhouse
effect. For example, CO, monitoring was moved from the budget
category ‘inadvertent weather and climate modification’ to a new one
labelled ‘global monitoring of climate change’. The financial dif-
ficulties of the late 1960s were alleviated as White’s agency sought and
secured funding increases of 400% for this item between fiscal years
1971 and 1975.'° By 1973, (vet another) NAS panel on weather and
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climate modification stated that a ‘sense of urgency’ infused the
atmospheric science élite concerned about climate change.'”'

The urgency was heightened by a number of frightening weather-
related anomalies in 1972-74, including the failure of the Peruvian
anchovy fishery due to a weather and ocean current pattern now
known as El Nifio/Southern Oscillation (ENSO), drought in the
Soviet Union’s breadbasket, and by unseasonably cold winters in
much of the US, with related inflation in food prices. In a speech to the
UN General Assembly in 1974, Secretary of State Henry Kissinger
called for better international research on climatic disasters, and
indicated that the US was willing to take the lead.'” With a little help
from Mother Nature, then, climate change research reached the
agenda of top US policy-makers.

Kissinger’s main concern seems to have been the prospect of
political instability in the Third World stemming from climate-re-
lated disasters.'”® The administrators and scientists to whom poli-
ticians and policy-makers turned to implement Kissinger’s mandate,
however, viewed the problem to be the need for better data and
forecasting capabilities, including the monitoring of global pollution
and projection of its probable impact. Carbon dioxide and other
potential agents of climate change were definitely on this agenda,
even though the é€lite saw the anomalies themselves as natural. As
Robert White later stated, if natural climatic disasters had not
allowed for an increase in interest in climate change, fear of
anthropogenic climate change would have.'®

None of these developments — SCEP, SMIC, UNCHE, the bigger
budget nor the Kissinger speech — can be said to have been rooted in
scientific advances. The same individuals, holding essentially the
same views — such as Revelle, White and Malone - continued to play
leading roles in the debate. Now, however, they had a message to
which their audience was more receptive.'®

If anything, uncertainty within the scientific community about the
impact of the greenhouse effect (but not the general principle behind
it) was growing during these years. Although Keeling’s data showed a
continued rise in atmospheric CO,, this was not correlated with
observed temperature, which declined between 1940 and 1970, after
rising between 1900 and 1940. The temperature data gave credence to
the idea that cooling caused by particulate emissions outweighed
greenhouse warming.'® The disagreement among the ‘coolers’ and
the ‘warmers’ was sharp enough to cast serious doubt on the viability
of the warming hypothesis. Although this uncertainty is not evident
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in statements by leading ‘warmers’, the debate may have fuelled their
interest in research policy entrepreneurship. The stations proposed to
monitor atmospheric CO, (which comprised a large fraction of the
budget item discussed above) would also measure turbidity, with the
intent of resolving whether particles emitted by human activities
would be dispersed globally and remain in the atmosphere for a long
enough period of time to disrupt the climate.'”

The debate about anthropogenic climate change also opened up in
another way. In 1974, two atmospheric chemists argued for the first
time that chlorofluorocarbons (CFCs) were destroying the earth’s
ozone layer.'® As a direct result of concern about CFCs as potential
destroyers of ozone, V. Ramanathan tested CFCs for infra-red
absorption: he found that on a molecule-for-molecule basis they were
10,000 times more effective than CO, in trapping heat.'” During the
following year, a study of the radiative properties of other gases —
CH,, N,O and several others — was also published, and it was found
that they, too, were strong infra-red absorbers.""® Thus concerns
about the global environment were extended to the ozone layer —and,
by accident, also came to encompass a wider range of greenhouse
gases, not just CO,. This effectively coupled the emerging discipline of
atmospheric chemistry to the issue of the greenhouse effect, since
these ‘newly-found’ greenhouse gases are chemically active in the
atmosphere and, therefore, their radiative effects depend on the extent
of this activity.

With an important tweak from Carroll Wilson, research policy
entrepreneurs had mobilized to reconstruct the greenhouse effect as a
threat to a valued resource, rather than as a way to improve human
control over the weather or (before that) a great experiment. Al-
though fears of climate change in no way spurred the UN to hold its
1972 Stockholm Conference, that Conference provided a convenient
focal point for their advocacy, as well as (in its resolution on global
monitoring) an important resource in the ensuing domestic policy
process. While concerns about climate played only a minor role in the
SST debate, linkage of the two by SCEP provided valuable publicity
and momentum. As a result of these efforts, research on
anthropogenic climate change received better funding, and enjoyed
higher credibility and public interest than ever before.

This entrepreneurship was not inspired by new findings. Indeed,
leading oceanographers and atmospheric scientists seem to have been
slow to recognize the policy window, perhaps because of the inertia of
earlier strategies of political action. Wilson’s lack of prior involve-
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ment in the issue seems to have made him more open to perceive the
opportunity. We find it difficult to imagine that the ‘weight of scientific
evidence’ would have inevitably moved both policy and science in the
directions that they went without élite entrepreneurship and the
windows opened by the environmental movement.

Conclusion

We have traced the scientific and political evolution of research on
anthropogenic climate change from its beginnings in the 1950s until it
reached a new plateau in 1974. During that period, this research was
composed of two distinct scientific discourses — one on the carbon
cycle and the other on atmospheric modelling — that, by and large,
proceeded independently of one another. The threat of global warm-
ing was only one motivation for these research programmes.
However, élite scientists and administrators were able to use this
threat as a rationale to secure allies and resources, with increasing
success over time. Their strategies of doing so varied as the oppor-
tunities they perceived in their political environment changed.

In the late 1950s, the relevant élites aimed to establish relatively
autonomous scientific institutions in which they could pursue their
own broad agendas for oceanography and atmospheric science; these
included greenhouse effect research as a small component. While the
atmospheric modellers succeeded, carbon-cycle research stalled; the
oceanographic élite seems to have been occupied with more pressing
matters than seeking the expensive atmospheric monitoring stations
this research required. In the mid-1960s, élites in both discourses
joined and attempted to label research on anthropogenic climate
change as basic research on inadvertent weather modification. This
rationale did not gain strong enough allies to overcome Congres-
sional and executive branch supporters of precipitation enhance-
ment. Weather modification policy remained deadlocked by jurisdic-
tional disputes well into the 1970s. The rise of the environmental
movement provided better opportunities to secure funding for both
carbon-cycle and modeliing research, and to link the two discourses
into a common research programme on the greenhouse effect. The
climate, scientific leaders discovered, could be portrayed as a natural
resource that needed to be defended from the onslaught of in-
dustrialism. However, the élite did not seize this opportunity easily;
the entrepreneurship of an outsider seems to have been important in
setting an example and providing new energy.
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The history of research on anthropogenic climate change between
1957 and 1974 accords nicely with Kingdon’s ‘garbage can’ model of
policy making. Science, policy and politics were loosely coupled, and
change was discontinuous. The scientific agenda and the political
strategies of the scientific ¢lite had substantial inertia. Hence, research
policy advocacy was not always vigorous or convincing. Rather than
growing from scientific findings, opportunities to shift or accelerate
the advance of the agenda often emerged unpredictably from pre-
viously unrelated policy arenas. Whether or not leading scientists
perceived and took advantage of such opportunities depended on
their history, entrepreneurial skill and other factors.

Elite entrepreneurship served as a mechanism by which the scien-
tific agenda was influenced by politics. By seizing an opportunity, the
two élites we have examined legitimated and provided support to
particular lines of research: they thereby helped to redefine which
problems were important. The élites also shaped the beliefs of policy-
makers and the public when such opportunities arose — but usually by
relying on old scientific information, and not on late-breaking news.

The same scientific case can yield quite different policy results in
different circumstances. Very little new scientific information about
the prospects of global warming was produced between the late 1960s
and early 1970s. In 1969, the projections of CO, rise, and of the
resultant change in temperature, had little bearing on the turf battle
over weather modification. But in 1974, after the greenhouse effect
had been positioned as an issue of pollution, essentially the same
projections energized the scientific community and helped secure
financing for further research on the subject.

The reports of ad hoc, blue-ribbon groups, like NAS panels and
SCEP, that summarize the state-of-the-art, played important roles in
élite mediation between the bench and the hearing room. These
documents provided integrated assessments of the greenhouse effect,
showing causes, effects, and forecasts. Representing a presumed con-
sensus, they were a more important political tool for the élite than the
normal publications that practitioners use to build the state-of-the-
art (that is, technical journal articles). Generating them at strategic
moments assisted entrepreneurs to link opportunities to research
agendas.

The case also illustrates the limits of the imagination of small,
specialized élites. Atmospheric scientists and oceanographers con-
cerned about climate change did not stress social scientific research
opportunities that might have assisted them in building their case.
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They failed, for example, to consider carefully the potential sources of
CO,, apart from fossil fuel use. The idea that deforestation in
developing countries could make a substantial contribution to CO,
levels, which is widely accepted today, was discounted because scien-
tists assumed that the green revolution would cause slash-and-burn
agriculture to dwindle.""" Even today, the international research
programme related to global climate change largely excludes the
social sciences.

Specialization also constrains the use of policy windows by poli-
ticians and bureaucrats. The greenhouse effect was defined through
the decades that we have explored (and well into the 1980s) as an
‘energy problem’; indeed, in the years after our narrative ends, the
Department of Energy was designated as the lead agency on the
matter in the US. This conception constrained interest in greenhouse
gases other than CO, (which, by current estimates, accounts for only
perhaps half of the projected greenhouse effect), and slowed the
development of a more comprehensive approach to research policy.

The image of a ‘garbage can’ policy process is not an entirely
depressing one for us. A continuing public debate over research
policy is healthy for democracy and for science, even if one argues
that one result is that a threat as important as the greenhouse effect
was not adequately surveyed as early as possible. Indeed, one can
argue equally effectively that the internal logic of the scientific agenda
in a more Polanyian world might have caused the problem to be
ignored, or at least insufficiently integrated for even longer than it has
been. Dr Grant Swinger, on the other hand, might have spent only a
couple of years on the greenhouse effect before moving on to the next
big thing. In the ‘garbage can’, both sustained attention and rapid
change are possible.
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