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Introduction
Knowing the Enemy, Knowing the Earth

Simone Turchetti and Peder Roberts

Surveillancc is a subject on many lips. Thanks to Edward Snowden’s revelations,
commentators around the world have questioned if anything remains unde-
tected by the surveillance networks set up by the world’s most powerful nations.
Documentation leaked by the former Central Intelligence Agency (CIA) con-
tractor has revealed electronic ears and eyes spreading across the planet, enabling
the rapid transfer of massive amounts of data to an army of intelligence opera-
tors, aided by some of the fastest computing machines on earth and their capa-
cious hard drives. While emblematic examples such as German chancellor Angela
Merkel’s tapped Nokia handset evoke the gadget-oriented espionage of an early
007 movie, the sheer scale and sweep of the operations have caused the great-
est concern for most members of the public. Not only has it become apparent
how much private information transferred through mobile phones, e-mails, Web
portals, and social networking websites can be tapped into by security agencies,
but we now also know that intelligence operators do not always discriminate
between enemies and allies in tapping operations—something that has come to
light in the most embarrassing circumstances for the Obama administration.!

While the Snowden case has thus put in plain sight the truly global reach of
surveillance operations and networks, the historical provenance of this powerful
system of global monitoring continues to be virtually unknown. Watching over
enemies (political and otherwise) has been an essential feature in the exercise of
power since time immemorial, and knowledge of the earth and its resources has
long been useful to statecraft: consider the strategic value possessed by the Map
Room of Britain’s Royal Geographical Society as late as World War I1. But the
transformation that took place during the Cold War involved putting the entire
earth under surveillance, altering the scope, the nature, and above all the extent
of scientific interrogation of the planet and its environs.

Both superpowers, especially the US administration, conceived the capacity
to monitor the earth within a framework of control through strategic influ-
ence, without the need for explicit sovereignty over colonial spaces. This led to
the establishment of infrastructures that routed signals from overseas outposts
to central homeland units devoted to their analysis. Human communications
were—and still are—a miniscule part in this traffic, which includes data from
the oceans, the surface and interior of the earth, and the sky (and more recently
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celestial space) above it. So from the beginning of the Cold War onward, gather-
ing new information on enemies or potential enemies has been intimately linked
to gathering information about the earth.

Despite a recent flourish of studies on the relationship between states and the
scientific research they patronized during the Cold War, especially in the United
States,? surveillance is too often regarded as a discrete activity linked to concrete
state aims rather than a more general imperative to understand and control both
the earth and its inhabitants. Surveillance networks owe their existence, or at
least their sophistication and extent, to the dramatic expansion of funding to
the geosciences after 1945. Their contribution was decisive not only in making
it possible to analyze the activities of potential enemies through traces upon the
earth’s environment, but also to understand that environment as an end in itself.
In this light we might fruitfully think of environmental surveillance as a means
to detect signals, packets of data that could be unpacked to reveal intelligence
with value in multiple contexts.

The intimate connection between science and surveillance was neatly cap-
tured through Sputnik, the first artificial satellite to enter the earth’s orbit and a
powerful symbol of the central role of science and technology in Cold War strat-
egies.® Artificial satellites had long been discussed as part of the International
Geophysical Year (IGY, 1957-58), an event that simultancously demonstrated
the power of the geosciences to understand the whole earth (and its environs)
and showcased competition as well as cooperation between the superpowers.*
Sputnik not only provided a platform for observing the earth, but also created
a new category of objects that themselves required surveillance as potential
threats, in terms of both data collection and military strikes. This in turn stimu-
lated the field of upper atmospheric research and the development of tracking
technologies, in addition to sparking significant political debate and strategic
deliberation.

Yet the Sputnik launch was only one aspect of a pervasive concern for under-
standing the earth, its ocean, and its atmosphere within the context of state
security. How could the Cold War West establish an effective detection system
for enemy missiles, having already invested massively in early warning systems
for conventional aircraft? Could satellites detect sensitive military systems on the
earth’s surface and even in its oceans? Could the extent of sea ice be reliably fore-
cast in order to supply Arctic bases? How could foreign nuclear tests be reliably
located and identified? As this volume demonstrates, addressing these questions
led chiefs of government and their scientific advisers to envisage modern forms
of global surveillance and helped to establish the geosciences in Cold War strate-
gic planning. Knowledge about the circulation of jet streams and ocean currents
assisted in the improvement of antiaircraft defense and antisubmarine warfare
measures. A major injection of funds into the study of earthquakes was premised
explicitly upon the need to monitor underground nuclear tests.

Studies of the atmosphere, the oceans, and the inner earth thus coupled the
desire of scientists to acquire new knowledge of the earth’s features with the need
to better know the enemy. As this knowledge had the potential to transform
more traditional methods of surveillance, detection, and intelligence-gathering,
the enormous influx of state funding for the geosciences during the 1950s and
1960s helped researchers to accumulate vast data sets and derive important new
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insights that furthered research agendas within specific disciplines, while also
providing benefits—either directly or indirectly—for states. The chapters in this
volume examine the rise of the geosciences during the second half of the twen-
tieth century through the lens of this “surveillance imperative.” Using surveil-
lance as the central analytic concept and shifting the focus beyond American
borders, the set of chapters that follow explain how a constellation of disciplines,
namely the geosciences, benefitted from this search for novel means to monitor
the enemy instigated by the confrontation between superpowers. Disciplines that
eventually became imbued with “green” values—especially through environ-
mental monitoring—flourished within a geopolitical context in which watching
over enemy states and alliances was at least as important as the “assault on the
unknown.”®

The Surveillance Imperative

Surveillance has long been an important concept in historical and sociological
analyses of science, technology, and society, from the philosopher and histo-
rian Michel Foucault’s early study of penitentiaries to the historian and activist
Mike Davis’s more recent portrayal of CCTV-controlled Los Angeles.® The field
of surveillance studies now has many of the trappings of disciplinary success,
including university centers and departments, an international research network,
and a burgeoning literature. The great majority of these works are concerned
with the relationship between individuals and the states, armed forces, and cor-
porations that desire to know, predict, and, perhaps most worryingly, control
their actions.”

Yet in the earth and environmental sciences, surveillance typically does not
connote the same sense of malevolent intent. A quick scan (we nearly wrote
a survey) of recent literature reveals reference to the surveillance of coral reef
fauna, the monitoring of marine conditions to assist navigation and quickly
detect pollution, and the reconnaissance of territories potentially infested by dis-
case-vector mosquitoes in the context of biomonitoring operations.® Observing
a person, a citizen, or a politician carries a set of legal and moral concerns that do
not exist for an iceberg or for the composition of the earth’s mantle, despite the
fact that each can produce information with relevance to statecraft. The uneasy
relationship between technologies designed to ascertain facts about individu-
als and organizations of governance seems to fade when the targets of surveil-
lance are objects rather than subjects, phenomena to be ordered through science
rather than citizens within a polity. This distinction hinges upon the separa-
tion of the natural and the human, a distinction grounded in the possession
of political agency, but which implicitly supposes that surveillance of objects is
unproblematic because the consequences of that action are limited to the target.
The interdependence of the human and the natural, and between the observer
and the observed, is a reminder that putting a thing rather than a person under
surveillance does not render the action politically neutral.’

The bifurcation between surveillance as the stereotypical Orwellian challenge
to free society and as a set of scemingly innocent scientific practices that have
to do with the gathering of environmental knowledge draws a moral distinction
that obscures common origins. Since the Cold War, intelligence ambitions have
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been embedded in novel methods of scientific inquiry targeting the earth and
its features rather than using human agents alone. The coupling of intelligence
and scientific goals has also created the opportunity to pioneer new forms of
environmental monitoring, as some of the chapters in this volume show.

Surveillance also remains an underutilized concept in analyses of the Cold
War from both international relations and history of science perspectives. In
2001, international relations scholar Robert Jervis correctly identified the “secu-
rity dilemma” as a key tenet of Cold War geopolitics, suggesting that “as each
state secks to be able to protect itself; it is likely to gain the ability to menace
others.”'? Jervis has understood the ways in which security challenges were met
mainly in terms of the expansion of military and nuclear capability rather than
through the growth of information-gathering structures, but these too exem-
plify his point: competition for supremacy spread far beyond the confines of
missile silos and armaments depots. Cold War policymakers and science plan-
ners devoted enormous resources to developing early warning and monitoring
systems, and to developing the careers of scientists within disciplines from seis-
mology'! to physical oceanography'>—many of whom relished the leverage they
obtained over state patrons through the perceived strategic relevance of their
own disciplines and the specter of other states leaping ahead within them due to
greater resources.

The IGY was the preeminent example of a wider phenomenon. Surveillance of
the planet through the lens of the geosciences involved prospecting foreign ter-
ritories to determine the availability of strategic natural resources; reconnaissance
overflights to chart military facilities and the geomorphology of potential combat
sites; surveys and satellite programs to gather atmospheric, terrestrial, and oceano-
graphic data; seismic observatories and atmospheric monitoring stations to detect
nuclear tests; deep-ocean studies to facilitate submarine detection; and much
more. Investment in such projects increased the amount (and diversity) of new
knowledge about the earth as a whole, establishing an infrastructure for ongoing
research and on occasion pushing rivals to counter with their own initiatives.

Several authors have related espionage and reconnaissance to the develop-
ment of the Cold War earth sciences from different scholarly perspectives and
these perspectives certainly have informed studies in the history of contempo-
rary science and technology.!® David van Keuren was correct to draw attention
to the relationship between “science in black” (the world of classified knowledge
production) and its open cousin, “science in white,” citing the dual value of
the abortive 600-foot diameter “big dish” in West Virginia for both radioas-
tronomy and intelligence-gathering.'* John Krige has highlighted the impor-
tance of international scientific meetings during the 1950s to assessing the state
of science behind the Iron Curtain, not least in the field of atomic energy.!®
Our claim in this volume is that while specific incidents such as these cast valu-
able spotlights, the coexistence of scientific and intelligence ambitions should be
regarded as ubiquitous rather than episodic. State support for the earth sciences
recognized the value of the earth itself to Cold War strategy—that the quest to
obtain information for state advantage involved interrogating the planet in addi-
tion to spying on those who inhabited its surface.

As the earth was placed under surveillance through the gaze of the geo-
sciences, state strategy provided both context and motivation.!® Competition
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between states, as much as collaboration between them, provided the fuel for
research. Alan Needell has shown that during the 1950s, the American physicist
and science administrator Lloyd Berkner vigorously advocated for improved US
surveillance of its military rivals while acting as a key organizer of international
geophysical research.!” Berkner insisted that his country respond to the Soviet
nuclear threat through aggressive stances based on intelligence gathering, moni-
toring, and reconnaissance, materialized for instance in new radar-based inter-
ception systems such as the Distant Early Warning (DEW) Line (see Figure 6.2,
p. 130).!8 Such concerns also shaped Berkner’s vision for the IGY: international
scientific endeavors of such a magnitude offered a wealth of new data on foreign
environments and scientific activities.

The chapters in this volume demonstrate that the growth of the geosciences
in Western Europe, in addition to North America, was to a considerable extent
driven by a security dilemma in ways beyond those described by Jervis. State
demands for increased vigilance were manifested through a range of research
programs from covert national missions to open international collaborations. A
new perspective may thus be gained upon the history of the earth and environ-
mental sciences during the Cold War—and beyond—Dby using surveillance as a
conceptual linchpin, and by foregrounding the international and transnational
dimensions of the geosciences during these years.

Beyond the National

The term “transnational” emphasizes flows across borders, connecting simulta-
neous, often coproduced developments in different national contexts.!® Natural
resource extraction frequently involved state or multinational actors operat-
ing in territory far from corporate headquarters, feeding markets around the
world. Events such as the IGY were international in the sense that individuals
and groups acted on behalf of state sponsors within the overall frame of a larger
collaboration, but also transnational in the sense that such events helped fur-
thering research in certain areas of the earth, notably Antarctica, as targets for
investigation uniting different national groups, regardless of sovereignty claims.
Secrecy nevertheless occupied a central role in practices across the spectrum
of the geosciences. As Michael A. Dennis has argued, secrecy shapes research
environments across academic and industrial domains, structuring the process
as well as the dissemination.?? A transnational perspective captures the cross-
border nature of the surveillance imperative and its role in sparking activity in
different states: developments within one national context were often directly
related to developments in another, for reasons of political as much as intellec-
tual rivalry.?! While the superpower face-off was the most prominent example,
we emphasize that such rivalries involving European states—and their former
imperial territories—could also be powerful drivers for the Cold War geosci-
ences. Despite this fact, existing work on North American-Western European
scientific relations during this period has focused only briefly on the geosciences,
and far less has been written on Western Europe and its crumbling empires than
about the superpowers.??

A transnational approach also enables us to revisit the role of science as an
instrument of political power through the tail end of the long history of European
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imperialism, bringing the years of decolonization into the same historiographic
conversation as the heyday of science as a handmaiden of empire.?* The function
of science as an instrument of European imperial authority, like the structures
of carly twentieth-century international science with their focus on national del-
egations, reflected a “realist” view that recognized the nation and its interests
as the fundamental frame for political action.?* After 1945 it quickly became
clear that the pre-1939 status quo, with its inscription of European nationality
upon global political geography, no longer corresponded to the emerging super-
power-dominated world order. US policymakers, diplomats, and scientists alike
regarded geophysical knowledge as a powerful tool to gain knowledge of foreign
environments in order to facilitate their control, without necessarily involving
territorial annexation.

The growth of the geosciences and the pursuit of global surveillance not
only overlapped, but were also mutually reinforcing. The establishment of sci-
entific outposts in far-flung lands, the collection of data from satellites, and the
intensification of research on the high seas led to the collection of geophysical
data on a truly global basis. In some cases, such as the monitoring of foreign
nuclear tests, establishing friendly relations with foreign governments made it
possible to covertly foster monitoring projects. Of course, the covert ambitions
of earth data collection programs were not distinctive of the US intelligence
community alone: most notably, Soviet and British intelligence had similar
ambitions. Yet no other state could afford to promote these programs to the
same extent. By contrast, despite the continued assertion by many European
politicians (especially Charles de Gaulle)?® that the nation-state remained the
natural unit of political authority, the years after 1945 saw a decline of formal
European imperialism. Intra—Western European integration through political-
economic organizations such as the European Coal and Steel Community and
Euratom was also manifested through scientific bodies such as CERN (the
European Organization for Nuclear Rescarch).2® Successive US administrations
encouraged these integration projects and sought to align them with the United
States’s own national interests, as integration in broader alliances strengthened
its role as the Machiavellian Prince of the Cold War world.?” John Krige has
famously argued that during the Cold War, the funding of new research pro-
grams in Europe helped American patrons to forge cultural synergies across the
Atlantic and spread American values, thus setting the conditions for alliances
that embedded political and military goals within a common cultural and eco-
nomic stratum.?®

The goal of fostering European integration did not preclude the United States
from acquiring classified data from these allies with direct relevance to military
or economic goals, either in the 1950s and 1960s or indeed the present—as
the Snowden revelations demonstrate. Interactions with European partners were
often informed by such knowledge. We learn in this volume that a number of
undercover US agents were dispatched to European territories to monitor depos-
its of strategically important natural resources such as oil and uranium, and
to gain information on the intentions of corporations and governments. These
activities blurred the distinction between scientific experts, diplomats, and intel-
ligence agents as their roles became contiguous and, at times, overlapping. Such
data helped the US government evaluate requests for assistance or collaboration
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from European partners in fields where the United States often competed with
European states for access to resources and profits. US science administrators
quarantined more sensitive scientific data (for instance, on nuclear weapons and
Soviet nuclear tests), making them accessible only to a few allies. Data from
the geosciences thus functioned as valuable commodities in terms of building
American political and economic strength, and in turn validated the importance
of the geosciences more generally.

It is worth dwelling further on the dual role of data from the geosciences as
sources of privileged information and avenues for collaboration across national
borders. Monolithic interpretations focused on superpower decision making
miss the often-messy relations within (and occasionally across) Cold War geopo-
litical alliances.?® As recent revelations of American spying upon the leaders of
friendly states reminds us, surveillance of the political world is almost as pervasive
as surveillance of the natural world. New security challenges could be catered
for and collaborative deals offered that might provide mutual benefit—though
the stronger party inevitably set the terms for exchange.3® Secretive transfers of
environmental knowledge stirred tensions in Europe, as described by Roberto
Cantoni and Leucha Veneerin in this volume (Chapter 2), exacerbated by the
ongoing process of decolonization and its attendant challenges to established
political and economic systems. While bonds with research communities in the
United States enabled European scientists to access additional support (intel-
lectual and material), erstwhile imperial powers maintained or even sought to
expand their scientific presence in many former colonies.

As newly decolonized states joined bodies such as the United Nations
Educational, Cultural and Scientific Organization (UNESCO) and the
International Council of Scientific Unions (ICSU), the quest to know and con-
trol regions from the poles to Africa and Asia continued apace.?! The bonds of
empire continued to be relevant, as in the case of geological prospecting in Africa,
but claims to national authority were complicated both by the global ambitions
of the superpowers and rivalries between European states. Italy undermined
France’s control in North Africa by letting Italian firms offer scientific informa-
tion on oil deposits to Algerian rebels, for instance, while cooperative uranium
prospecting in Europe and Africa alternated between uniting and dividing the
atomic research organizations of France, Italy, Spain, and the United States.3?

Equally, the existence of internationally structured scientific events was often
(perhaps invariably) consistent with the military-strategic goals of states in addi-
tion to the research agendas of scientists. Propagandized as an enlightened event
that bucked the confrontational atmosphere of the early Cold War, the IGY
nonetheless straddled the military/civilian domains by instigating studies cou-
pling science with intelligence work.3* When Soviet research groups began trans-
mitting reports to international IGY organizations from 1955, the United States
IGY Committee promptly forwarded this information to State Department
and the CIA’s Office of Scientific Intelligence. Intelligence reports on Soviet
advances in oceanography, meteorology, and rocketry were subsequently shared
with other states, enhancing policymaking but also helping scientists in the Cold
War West to demand increased expenditures premised on the need to compete.3*
Nor did the accumulation of vast, openly accessible data sets at the official
World Data Centers mean the data within held equal value to all states. As Jacob
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Hamblin has pointed out in the case of oceanography, the United States recog-
nized that because global data sets were so much more valuable than the partial
sets it could acquire through its own resources, international data sharing was to
its military advantage—even if this meant providing data to rivals.3® Global data
held greatest value to states with ambitions to global power.

The most notable event of the IGY—the Sputnik launch—renewed fears
among scientists and politicians alike in the Western bloc that the Soviet Union
had achieved supremacy in key fields of science and technology. The crisis that
Sputnik precipitated focused American minds on the importance of science and
ensured new funding opportunities for the geosciences—not least through the
North Atlantic Treaty Organization (NATO), which could mobilize European
scientific cooperation in addition to boosting capacity in strategically useful
fields. A good example was, again, oceanography. NATO entrusted European
experts with conducting surveys in the Atlantic and the Mediterranean, with
a particular focus on areas with direct relevance to antisubmarine warfare
strategies, such as the Straits of Gibraltar and the Faroe-Shetland Channel.?¢
Cooperation on the acquisition of strategically relevant scientific data took place
despite continued disputes between American and British naval officials about
how those spaces should be patrolled.

By considering surveillance in both scientific competition and collabora-
tion, and examining in greater detail the flow of scientific knowledge across and
beyond national borders, the chapters in this collection thus go beyond the nar-
rative of escalation defined by nuclear deterrence or the “two scorpions in a bot-
tle” scenario.?” While few could deny that the Cold War was a conflict between
two distinct blocs, the historical examples discussed in this volume complicate
the picture in interesting ways, providing new perspectives on the strategic value
of the earth sciences within the ever-changing historical landscape of the Cold
War conflict—and into the present.

From Science in Khaki to Science in Green?

The surveillance imperative contributed to a new image of the carth as a series
of systems (and even, some would argue, as a single system). As Robert Poole
shows in this volume (chapter 10), by the 1970s space missions had returned a
wealth of data, including photographic images that revolutionized our previous
understanding of the earth and resonated with an emerging environmental con-
sciousness.?® Along with important new research in fields such as atmospheric
chemistry (such as the Keeling curve), this consciousness contributed to a reas-
sessment of research priorities in the earth sciences, which increasingly came to
be associated with the green of modern environmentalism rather than the khaki
of military science. Ronald E. Doel has demonstrated that the growth of the
geosciences in the United States after 1945 environmental sciences was strongly
linked to military strategy, knowledge of the earth’s surface an essential prereq-
uisite for controlling it.>* Manifested also far beyond the borders of the United
States, this trend emphasized the power of a global scientific vision.
Paradoxically, the surveillance imperative that thrived in the context of super-
power competition helped create an image of the earth as a fragile, complex
entity and to highlight the power of human agency to harm the planet. The
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goals of earth scientists were aligned with those of states during the Cold War—
especially in its first two decades—while also providing a conceptual thread to
the present, where knowledge of the earth and its systems has become central
to debates about climate change. As Naomi Oreskes has put it, military funding
contributed to “a period of unprecedented scientific productivity” in the earth
sciences that must be located within the context of the times: “military con-
cerns were naturalized, and the extrinsically motivated became the intrinsically
interesting.”*® The word “state” might be used with equal effect instead of the
word “military.” The wide range of relationships that contributed to that burst
of productivity in some cases persisted through the later part of the century. In
many cases, this took the form of continued active support, but in others new
research agendas could be developed upon infrastructure made possible by lavish
Cold War funding. Notably, Paul Edwards’s comprehensive study of the history
of climate science reveals the close relationship between technologies of surveil-
lance and the theories that allowed scientists to make use of them for construct-
ing climate models throughout the twentieth century.*!

This question of infrastructure invites a reexamination of a hoary question:
whether military funding, particularly in the post-1945 United States, distorted
science from its “true” trajectory or “generously supplemented pre-existing tra-
jectories.™?2 The former position, advocated most notably by Paul Forman and
Stuart Leslie, requires proof of deviation from a “natural” rescarch path.*3 The
case is at best difficult to prove (though Forman marshaled compelling evidence
in the context of quantum electronics research) and at worst nearly impossible,
given the reliance upon proving divergence from an inherently hypothetical
path. Like Kai-Henrik Barth, Ronald E. Doel, Naomi Oreskes, and (we strongly
suspect) the majority of scholars working today, we lean toward a more nuanced
position that preserves agency for scientists while emphasizing the importance
of patronage in shaping the environments within which research questions are
chosen and investigation conducted.**

As the term “distortion” implies, arguments about the extent of the military’s
role in shaping the research it sponsors are inevitably also loaded with claims to
moral and intellectual superiority, a question of “who was using who?” accom-
panied by a whiff of skepticism about how much the science was thus by defini-
tion compromised. Links between basic research and specific applications are
notoriously difficult to predict, and the post-1945 earth sciences offer particu-
larly strong examples of military funding being used on research that produced
immense advances in fundamental scientific understanding, most notably the
theory of plate tectonics.*® Military funding was a topic of contention among
scientists from the outset of the Cold War,*¢ but the difficulty of determining
how research deviated from a hypothetical “natural” trajectory leads us to prefer
questions about the trajectory that we do know of—the geophysical sciences
becoming associated with a form of environmental surveillance that today is
widely considered as a force for good.

Whether or not the military distorted the earth sciences, some of its key
players sought to harness the tools and training they gained thanks to generous
postwar funding to explicitly environmental problems. Partly this was serendip-
ity; as Sebastian Grevsmiihl (chapter 8) demonstrates in this volume, satellites
designed to address defense research problems could aid in the assessment of
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meteorological and ice conditions, providing valuable data on warming in the
polar regions. The deliberate effort of Cold War planners to train earth scientists
produced new generations of scholars who directed the surveillance imperative
toward environmental monitoring, most notably of climate change. An indepen-
dent British scientist, James Lovelock, exchanged views with CIA and MI6 offi-
cials on how to find people by covertly labeling them with chemical compounds
and then using a device to detect its presence. On his way to the United States,
where he was to report on his surveillance gizmo, Lovelock met with NASA’s
Dian Hitchcock and their collaboration would break new ground in the under-
standing of the earth as a system also chiming with the environmental discourse
(as Poole shows in chapter 10).#” Individual careers in Europe as well as the
United States can reveal such transitions clearly. To take but one example, the
Norwegian physical oceanographer Ola M. Johannessen began his studies under
Haikon Mosby—a key figure in NATO’s oceanographic community—and spent
time at the NATO Supreme Allied Command Atlantic Anti-Submarine Warfare
Centre at La Spezia in Italy, before leading a number of large-scale environmen-
tal monitoring projects and founding the Nansen Environmental and Remote
Sensing Center in Bergen, Norway. Johannessen’s career path is not particularly
unique and indeed mirrors the institutional milieu in Bergen, where NATO
money helped reinvigorate a world-renowned hub for geophysical research that
suffered with Norway’s relative poverty after 1945.48

These transitions from “khaki” to “green” do, however, present problematic
issues. Naomi Oreskes and Erik Conway have recently documented how a small
group of “Cold Warriors” hindered the acceptance of climate change research
that they considered politically problematic.*’ Their work is in some ways a rejoin-
der to accusations by climate change deniers that research into global warming is
an attempt to extract money from states under false pretenses—a position taken
seriously by a disturbing number of political figures.*® Yet so much of the infra-
structure (material and intellectual) that underpins modern climate research
grew out of the Cold War and the strategic decisions made by science admin-
istrators such as Lloyd Berkner and Frederick Brundrett and statesmen such as
Dwight D. Eisenhower and Charles De Gaulle.®! Meteorology and atmospheric
research, holding the promise of accurate weather prediction but potentially also
control of weather systems,>? have come to underpin both our understanding of
climate change processes and dreams of geoengineering projects to ameliorate
those changes. The hubristic belief that global surveillance could lead to global-
scale intervention had great appeal to military planners half'a century ago, and a
similar faith can be seen today.??

Finally, the use of artificial satellites to chart major environmental changes
(deforestation, for instance) was the result of lobbying in the US Congress and
elsewhere for the release of hitherto classified data.>* But, as Roger Launius
shows in this volume (chapter 7), the question of how far the US surveillance
state could develop in the future thanks to spy satellites is yet to be answered.
Since an increase in surveillance is often accompanied by the deployment of
new weaponry, Launius argues that even space, the last frontier of surveillance,
may not escape weaponization. The dual power of satellites to know the enemy
and to know the earth is to a significant extent replicated in unpiloted aircraft
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(drones), which have come to symbolize the new face of warfare while also being
touted as flexible and powerful surveillance platforms, for good or ill.>®

Perhaps the more difficult question is how the political transitions toward
the end of the Cold War connected to the emergence of new political priorities,
including the monitoring of environmental changes. While full historical assess-
ment awaits the release of further archival evidence, it seems clear that from the
1970s traditional Cold War urgencies embraced new environmental problems.
Following President Richard Nixon’s “environmental diplomacy,” NATO sup-
ported a new program on the Challenges of Modern Society, which sought to
offer solution to problems such as air and sea pollution.?® The scientific shield
that the defense alliance wielded seemed now to offer protection to the planet as
much as the Cold War West, invoking a discourse of environmental security that
remains prominent today. While Nixon’s attempt was met with resistance, simi-
lar efforts led to the creation of the United Nations Environment Programme
(UNEP), which has pushed for global environmental policymaking.®” As Soraya
Boudia shows in this volume (chapter 9), new systems of environmental moni-
toring adopted in the UNEP context drew on existing surveillance networks,
replicating similar attitudes toward scientific and technological prowess and
the importance of amassing an arsenal of environmental data. And in the final
years of the Soviet Union, Mikhail Gorbachev embraced environmental moni-
toring as a tool of international cooperation in the Arctic, leading to the Arctic
Environmental Protection Strategy and helping prepare the ground for contem-
porary initiatives in the region such as the Arctic Council.*®

The surveillance imperative proved equally useful for detecting the enemy and
for protecting the planet, either from the threats of military enemies—culminating
in the mooted Strategic Defense Initiative (aka the “Star Wars” program)—or
from modern industrial civilization more generally. The power of surveillance to
know nature, and thus to facilitate its control must not be underestimated, or
the technology regarded as unproblematic simply because the cause of environ-
mental monitoring is regarded as enlightened. Just as powerful tools of surveil-
lance such as CCTV cameras in modern cities have rightly been located within
discourses of political control,*® knowing the environment remains a critically
underestimated source of power, moral as well as practical, for decisions on the
future of the planet and its inhabitants, human and otherwise. The capacity of
technologies to furnish information can serve to naturalize political decisions
when the uses to which that information is put become reduced to inevitable
outcomes of technological development. Critical and historically aware analyses
of the origins of modern environmental monitoring technologies are essential to
understanding why as well as how such technologies have been adopted, and to
ground informed decisions on their usage: as Melvin Kranzberg famously put it,
technology is neither good nor bad, but neither is it neutral.®°

Seen from one perspective, the possibility of truly global environmental
monitoring has enabled a problem caused by actors within specific geographic
contexts—notably the traditional European empires, but also the Cold War
superpowers and new industrial giants such as China—to become regarded as
a global political responsibility. This is good inasmuch as it confirms the effect
of local actions upon global stages, with potentially catastrophic consequences
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at the planetary scale, but the history of asymmetric contributions to environ-
mental damage—disproportionately the responsibilities of rich countries and
former imperial powers—risks becoming obscured.®! Pointing to the severity of
the current crisis and its potential consequences has failed to produce significant
action in the rich world while providing arguments for restraining industrial
development elsewhere, and thus potentially entrenching injustice.

Moreover, the disjuncture between acceptance of data indicating climate
change and acceptance of the possibility of remedial action has fostered nar-
ratives of inevitability, rendering human agency secondary to environmental
change. Nowhere is this clearer than in the Arctic, where retreating sea ice and
glaciers are painted as necessarily leading to increased shipping and extractive
industry, as though the climate has assumed the power of political decision
making. Such perspectives reflect the considerable inertia of the hydrocarbon
economy but also the frame through which the neoliberal gaze views the global
environment. The threat of global environmental catastrophe can be mobilized
to justify global restraint, despite the fact that imperial powers exploited global
energy resources before, during, and after the Cold War and used them to grow
rich while polluting the planet. Asymmetries in power derived from history thus
can fade from view, especially when many of the most severe effects of global
climate change are likely to be felt by those least able to cope.

The converse problem is even more troubling. If the consequences of climate
change are deemed incompatible with the political and economic goals of the
rich world, data that might be incorporated into a narrative of inevitable prog-
ress becomes an obstacle to be challenged. Spells of cold weather in specific
locations still lead individuals to claim that local experience contradicts global
warming narratives: oddly enough, such claims tend to be made by those with
political views most hostile to global environmental regulation.®®> Others have
argued that organized climate change skepticism amounts to disinformation
campaigns based on ideology rather than facts—with similarities to tactics used
by the tobacco industry.®® To label this the politicization of a neutral process is
simplistic: the political character of a/l research findings is latent, and moments
of conflict reveal rather than create this condition. Today perhaps more than
ever, understanding the relationship between the geosciences and the global
surveillance imperative is crucial to risk perception and thus to informed deci-
sion making.

Structure of the Volume

The book is divided into five sections, each focusing on a different aspect of the
surveillance imperative and the Cold War earth sciences. The chapters highlight
how new surveillance priorities informed the rise of specific disciplines and fields
of expertise while also molding new images of the earth.

The first section, Surveillance Strategies to Control Natural Resources,
considers how geophysical prospecting methods were enrolled in the shifting
geopolitical dynamics of post-1945 Europe. The concept of resource secu-
rity possessed both domestic and foreign dimensions, posing challenges to
existing networks of colonial influence within the overarching shadow of the
nuclear-armed superpowers.®* Qil was critical to domestic stability and national
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economic prosperity in addition to military capacity. As Roberto Cantoni and
Leucha Veneer (chapter 2) demonstrate, ensuring its discovery and delivery was
a matter of state interest in both France and Britain. The search for uranium
involved even more intensive state surveillance, a topic investigated by Matthew
Adamson, Lino Camprubi, and Simone Turchetti (chapter 1). From the late
1940s the US government viewed attempts by other states to locate uranium
reserves as a potential threat to its own security, and the United States Atomic
Energy Commission sponsored intelligence work to seek and control sources
in other countries. As the demand for strategic resources like oil and uranium
grew, geoscientists developed new radioactivity-based methods for mapping the
earth and its mineral contents.®® This reinforced the image of the earth as a
storchouse of resources, an enduring theme in European geographical and geo-
political thought that developed in concert with the view of the world as a space
to be known and then controlled. Deploying ever more sophisticated techniques
to interrogate the earth was a central component of state planning for both
international conflict and domestic security.

The second section, Monitoring the Earth: Nuclear Weapons Programs,
examines atmospheric and seismological surveillance of the geophysical traces
of nuclear testing. Effective surveillance required both theoretical knowledge
and an extensive network of monitoring stations. At the same time, questions
that previously held primarily academic interest—from the early uses of radionu-
clides as tracers to the nature of the earth’s interior and ways to transmit seismic
waves—became fields in which state strategic interest made intelligence agents of
scientists. As Néstor Herran (chapter 3) shows, the recognition that atmospheric
radioactivity could have significant public health consequences prompted the
creation of international networks devoted to its measurement. But radiological
techniques also played a key role in gathering information on foreign nuclear
weapons programs, leading to concerns at the highest level of state adminis-
tration over what could or could not be divulged in scientific meetings with-
out jeopardizing national security. The 1963 Partial Test Ban Treaty banned
atmospheric explosions, establishing the importance of underground tests—and
the seismic methods that could detect them, as shown by Simone Turchetti
(chapter 4).°¢ Openly stated goals to ban nuclear tests were thus coupled with
more secret ambitions such as knowing, in the context of official meetings, the
level of enemy expertise in seismic analysis. The planet came to be perceived as a
signals transmission device, with the results of seismic analysis relevant to both
intelligence-gathering and the advance of academic research agendas.®”

The third section, Seeing the Sea—From Above and Below, examines how
the surveillance imperative shaped oceanography and sea-ice research during the
1950s. In addition to boosting surveillance of the earth through geophysical
research, geoscientists themselves became objects of interest due to their specific
expertise, even as events such as the IGY reinforced the advantages to the super-
powers of open data sharing. Sam Robinson (chapter 5) reconsiders the prob-
lem of relations between “special” allies by examining conflicts between British
and US naval leaders over military strategy in the North Atlantic, and the role
of oceanographic surveillance in underpinning such strategies. Open collabora-
tion helped produce large-scale data sets, but it did not dictate either shared
visions for how that data would be used or even how it should be acquired.
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Peder Roberts (chapter 6) explores how charting and forecasting sea ice became
a major concern for North American military planners after 1945, as the Arctic
became an important potential military theater—and its waters became vital
supply lanes for both superpowers. Observations of sea ice across the Northern
Hemisphere, both historical and contemporary, became crucial foundations for
accurate forecasting, and for the development of predictive techniques. The per-
ceived strength of Soviet researchers in this field made knowledge of their tech-
niques strategically important. Placing the Arctic under surveillance included
picking the brains of those who studied it, and assessing the strength of enemy
research capacity.

The fourth section, Surveillance Technologies, considers how new technolo-
gies were used to produce and establish new images of the earth from space.
Roger Launius (chapter 7) reconstructs the history of satellite deployment and
its underlying surveillance dimensions, arguing that surveillance was in fact the
driver behind technological innovation in the satellite field. Sebastian Grevsmiihl
(chapter 8) contends that in addition to their initially envisaged uses for espio-
nage and communications, satellites quickly evolved in unexpected ways to
become resources for assessing environmental conditions and performing global
environmental monitoring. The relationship between satellite imagery and con-
ceptions of global systems is a particularly striking illustration of the surveillance
imperative’s connection with modern environmental consciousness. No longer
just a medium for processing and interpreting otherwise obscure signals provid-
ing information about Cold War enemies, the earth became, through the inter-
pretation offered by newly available photographic evidence, the fragile system
that we are more familiar with.

The final section, From Surveillance to Environmental Monitoring, takes
up the connection between surveillance and environmental consciousness with
analyses of new global systems (of both monitoring and thought). Robert Poole
(chapter 10) examines the impact of photographs of the carth from space in
framing perceptions of the earth as a global system, from the IGY to Apollo and
beyond. In addition to providing data with application for both civilian and mil-
itary statecraft, images from space helped create a new mindset toward the earth
as a discrete entity, the possibility of surveying it as a whole unit augmenting
the fragility revealed by the “blue marble” Apollo images. These images fueled
the ongoing shift from traditional surveillance monitoring practices adopted at
global level to the creation of new systems for environmental monitoring, and
to a new set of international organizations, a story picked up by Soraya Boudia
(chapter 9). The Global Environmental Monitoring System (GEMS) has come
to embrace a range of technological systems across a broad transnational frame-
work, encompassing issues from water quality to biodiversity to atmospheric
chemistry. With its roots in the drive to place the earth as a whole under surveil-
lance, GEMS represents both the evolution and culmination of a process that
has persisted from the Cold War into the present.
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Chapter 1

From the Ground Up: Uranium Surveillance
and Atomic Energy in Western Europe

Matthew Adamson, Lino Cambrubi, and
Stmone Turchetts

Uranium was one of the key strategic materials of the Cold War, when its
overall production worldwide increased exponentially.! During this period, the
US administration and other Western governments interested in the exploitation
of atomic energy invested enormous resources in charting deposits worldwide,
setting up surveying operations, mining and refining uranium ores, and putting
rival prospecting efforts under surveillance. This gave uranium exploration a
peculiar importance. Uranium prospecting required innovative geological work
and often occurred as part of intelligence missions assessing the availability of
minerals.? It became a product of knowledge hybridization and a technopolitical
asset.? The exigencies of uranium reconnaissance also helped prospecting spe-
cialists to promote their research and create new disciplines such as nuclear geol-
ogy and radiogeology. In short, prospecting uranium became an emblematic
Cold War technoscientific endeavor.

By analyzing untapped archival materials from several repositories and illumi-
nating new aspects of the international circulation of uranium and other atomic
matériel and knowledge in Italy, France, and Spain, this chapter fills an impor-
tant gap.* Literature on atomic energy projects has neglected the role played by
strategic minerals in these programs. Only Jonathan Helmreich’s monograph on
its wartime and postwar diplomacy and Gabrielle Hecht’s recent volume on its
African mining complex explicitly focus on uranium.® Our chapter falls between
these works both chronologically and thematically. It reveals that during the
Cold War the control of uranium production brought together scientific experts
and intelligence agents and their interaction informed the status of uranium as a
resource and commodity. Available only on the black market at the end of World
War I1, uranium soon became more readily available. Using the knowledge that
both prospecting experts and intelligence agents offered, the US administra-
tion attempted to forestall the expansion of its global market. The result was
“artificial scarcity,” that is, new circumstances typified by a surplus in uranium
coupled with constraints making it difficult to acquire.%
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This chapter also shows that the missions of scientists and intelligence agents
had repercussions for international relations, since uranium functioned as a
political device in the construction of American hegemony in Western Europe.”
We take a transnational approach in order to document these ramifications;
rather than draw comparisons between national cases, we look at how national
programs were shaped by flows of scientific knowledge, expertise, and restricted
information internationally.® Most Western European governments perceived
the development of an independent national nuclear program as a priority. US
intelligence work and offers of collaboration in the atomic energy field countered
the ensuing independent efforts and disrupted rival projects and partnerships.
American propositions and covert activities helped to reconfigure the Italian
nuclear project, but did not prevent the establishment of alternative schemes in
Spain and France. Hegemony, as we shall see, worked differently in different
places.

The Quest for Independent Uranium Supplies

After the atomic bomb made its appearance in global politics, Western European
leaders asked themselves whether the future sovereignty of their countries
depended on getting access to atomic technology. The resultant ambitions
were from the outset marked by different goals and research trajectories. France
aspired to experiment with nuclear energy without limitations, in theory exclud-
ing nothing, not even nuclear weapons. Italy, on the other hand, was forbidden
from doing so by the Paris Peace Treaty signed on February 10, 1947. Spain was
not in this way restricted, but its impoverishment and isolation left it little hope
of “going nuclear.” Despite these differences, all three countries embarked on
efforts to acquire uranium. They began to manoeuver through alliances and
divisions at a moment when uranium minerals were thought to be rare, readily
available in only a few rich deposits.”

The French government took action rapidly, by the end of 1945 suspend-
ing the granting of uranium mining permits to private firms and creating a
state agency for atomic energy, the Commissariat a ’Energie Atomique (CEA).
The CEA’s charter defined its mission in the realms of science, energy produc-
tion, and national defense, and, combined with associated decrees, gave it a
final say in staking claims on uranium deposits. The French supply, however,
amounted to two modest caches of uranium recovered at the end of the war.1
Approaches to the Belgians to purchase uranium were unsuccessful and a deal
with a Portuguese firm for uranium from Mozambique yielded little due to the
vendor’s unreliability and the ore’s poor quality.!

Prospectors’ findings in La Crouzille (1948), Grury (1950), and promising
indications in the Vendée and in the Upper Rhine shales (1951) suggested that
more, if limited deposits were waiting in France (see Figure 1.1). Meanwhile,
findings in the French colonies were disappointing. Up to 1951 less than half
a ton of uranium was mined in Madagascar despite earlier promising reports.'?
In that year, the state secretary for atomic energy ordered a review of uranium
production. By then the CEA had collected just 46 tons of uranium (half from
La Crouzille). The director of its mining division, Marcel Roubault, promised
50 more, barely enough for an industrial program.!?



EFROM THE GROUND UP = 25

/ \
Figu Mﬂi“m Western Enrope qnd<n£her

11§Ii‘ear-<in>< of interest N[;ap by
Ha?vam der Maarel, Red Geographics

The Americans were not detached observers of the CEA effort, and the com-
munist affiliation of CEA high commissioner Frédéric Joliot-Curie made them
especially wary. In 1947 the US Atomic Energy Commission (AEC) established
its Division of Raw Materials, and its response to foreign prospecting work was
to dispatch overseas experts (at times undercover) to reconnoiter territories, gain
information, and negotiate deals with local companies. The division took over
from the Manhattan District foreign intelligence section, which underestimated
the potential of deposits in mainland France and overrated those of its colonies.
AEC technicians now began to collect samples and the American embassy in
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Paris became a way station for these minerals originating from Western Europe
and Africa. Surveillance of French deposits was coordinated through the CIA’s
“wizard” Henry Lowenhaupt.'* Thus keeping tabs, the Americans learnt about
the French attempt to purchase uranium in Mozambique. And they succeeded in
blocking a sale of uranium to Norway in exchange for heavy water, as reported
by the State Department’s atomic energy adviser, Gordon Arneson.!?

The American attitude gradually changed after the dismissal of Joliot-Curie
in April 1950 and catered for a joint uranium prospecting venture, SOMAREM,
in the French protectorate of Morocco, as well as visits of CEA experts to AEC
mines in Colorado.!® The collaboration, however, did not lead to broader syner-
gies. France continued to view its atomic energy project as crucial to its Cold
War posture, while the United States saw it as challenging its dominance in
nuclear affairs.!”

Other European nations did not necessarily follow the French path. In Italy,
the subject of atomic energy had found the government passive and the exploita-
tion of atomic energy was first envisaged by entreprencurs and researchers based
in Milan. On November 26, 1946, the director of the Geophysics Department at
Milan’s Polytechnics, Giuseppe Bolla, and his assistants established the Centro
Informazioni Studi ed Esperienze (CISE), a research consortium sponsored
by the car manufacturer FIAT, Edison, and three other utility companies.'®
Eventually, concerned by the fact that uranium appeared to be available only on
the black market (and unaware that US intelligence stealthily assisted the AEC
in seizing deposits abroad), they looked for international partners willing to
exchange it for nuclear equipment and expertise.

The Italians succeeded when Spanish officials interested in nuclear energy
realized that their own research work could not advance in isolation. In the early
postwar years, Franco’s Spain faced an economic blockade and was left out of the
Marshall Plan. It lacked nuclear know-how as well as dollars to buy equipment.
Uranium became the Spaniards’ chief trading asset and encouraged by the (opti-
mistic) estimates of mining engineer Antonio Carbonell, they used it as a bar-
gaining tool.!? In April 1948, Franco’s right-hand man, General Luis Carrero
Blanco, invited a CISE consultant to Madrid. Subsequently, the newly appointed
head of the secret Junta de Investigaciones Atémicas (JIA), the physicist José
Maria Otero Navascués, contacted the CISE chairman to bring negotiations to
a successful conclusion.?°

The final agreement granted CISE up to half a ton of uranium from the
Albarrana mine (Cérdoba, see Figure 1.1). In exchange, Italian experts went
to Spain and from October 1948, geologist Luigi Trevisan (University of Pisa)
and chemist Giorgio Marinelli (University of Rome) led prospecting work.
Three Spanish researchers were also invited to the CISE to study radioactiv-
ity measurement techniques and instrumentation.?! Despite all good prospects,
however, the collaboration was undermined from the ground up. In May 1949,
Otero travelled to Italy with less than promised, just 213 kilograms of uranyl
nitrate. And by then JIA physicists invited to the Italian laboratory were already
designing gammascopes more sensitive than their CISE equivalents.??

As the collaboration with the CISE ended, the Spaniards looked for more
partners. In 1951, the Junta Energia Nuclear (JEN) replaced the JIA. It was
entrusted with exclusive rights over Spain’s uranium, and its leadership abandoned
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secrecy. Otero, now its managing director, paid visits to CEA’s research centers
hoping to collaborate with the French. Spanish nuclear engineers were invited to
tour CEA facilities, but French administrators stopped short of a collaborative
agreement, sensing that they had more to give than gain.?® JEN’s relationship
with the Germans were more productive. Physicists Werner Heisenberg and Karl
Wirtz visited JEN offices in Spain, pleased with the opportunity to return to
nuclear work. They were instrumental in making it possible for Spanish research-
ers to work in German laboratories; the Spanish came away from the exchange
with new information and equipment, especially on uranium processing.2*

Unsurprisingly, these Spanish efforts put US officials on alert once again.
Spain was (wrongly) thought to possess the fifth largest reserve of uranium as
a 1949 Herald Tribune article openly divulged.?® Aiming to learn more about
Spanish reserves, secure as much uranium as possible, and counter attempts to
stockpile it by other nations, AEC technicians traveled to Spain in great secrecy
to gain access to JEN’s uranium prospecting work. In keeping with that policy,
the AEC provided Spanish laboratories with better gammascopes than those
made in Italy, while the US National Bureau of Standards offered assistance to
certify the grade of JEN’s uranium samples.?® In 1953 a prominent AEC offi-
cial, John A. Hall, visited Spain to offer assistance in prospecting, and the AEC
eventually authorized JEN scientists to visit its laboratories.?”

Since Italy, in contrast to Spain and France, had yet to pass legislation ensur-
ing a state monopoly on uranium deposits, the AEC could check Italy’s nuclear
ambitions by offering deals to private uranium mining concerns. US surveil-
lance operations in Italy informed the AEC’s approach. The Division of Raw
Materials had learnt all it could about Italian uranium. A Resources and Strategic
Minerals consultant appointed in the framework of the Marshall Plan had pro-
vided preliminary data. In 1950 Arneson dispatched the geologist Clarence
Wendel to work as a “consultant” (meaning an undercover expert) in the US
High Commissioner’s Office of Political Affairs (Germany). Wendel was eventu-
ally called in to secretly patrol uranium-related businesses in Western Europe
and three years later he surveyed Alpine uranium ores.?® When Wendel learnt
about the prospecting efforts of two Italian companies on the largest uranium
deposit then known in Italy (in Lurisia, near Cuneo, see Figure 1.1), he promptly
informed the division, triggering the AEC to make an offer to one of these firms
and buy its output.?’

The AEC’s mounting interest in Italian uranium elicited a secret clash
between Italian and US administrations. The Italian Ministry of Industry
had established the Comitato Nazionale Ricerche Nucleari (CNRN); Naples’
chemistry professor Francesco Giordani became its chairman, while the physi-
cist Edoardo Amaldi and the geologist Felice Ippolito became members and a
contract was signed with the CISE in May 1952.3° Finding the CNRN unable
to block AEC efforts to buy Italian uranium, Giordani turned to the CEA to
gather information about the laws granting to the state the French uranium. He
presented a similar piece of legislation in the Italian Parliament.?! In early 1953,
US diplomats informed the Italian prime minister that opposition to uranium
export would challenge defense agreements between the two countries.? The
result was a standoff. The AEC could not export the Italian uranium that it was
promised, but the CNRN could not buy it either.
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By this time, though, the AEC approach to uranium trading was changing
considerably. Now the Americans aimed to grant Western European countries
greater access to nuclear technologies, all the while attempting to make it dif-
ficult for these states to formulate independent schemes.

The Scramble for International Collaboration

Until 1953 the US administration’s efforts primarily aimed at gathering intelli-
gence on foreign uranium assets with the ultimate goal of limiting the potential
of other countries’ nuclear programs. But the growing availability of uranium
worldwide made this strategy untenable.?? Eisenhower’s Atoms for Peace speech
paved the way for asserting nuclear hegemony differently, through the offer of
collaborative agreements that molded foreign programs in the ways the AEC
advocated. Meanwhile, the Americans continued to keep foreign atomic projects
and collaborations under close scrutiny.

The 1954 Atomic Energy Act changed course and allowed the trade of
nuclear equipment abroad. In addition, at the 1955 Conference on the Peaceful
Uses of Atomic Energy in Geneva, high-ranking US government and industry
officials disclosed information on uranium reserves and nuclear techniques to
scientists and administrators of other countries. Importantly, the US reactors
they were now offering for sale only worked with en7iched uranium and only
the AEC (and its Soviet competitors) had the isotope separation technologies
needed to manufacture it.>* In the next five years, the AEC provided reactors
to dozens of countries that consequently became dependent on the American
enriched uranium technology. In this way, the United States dissuaded these
nations from developing independent atomic projects.®® Exporting the peaceful
atom became the pillar of a new American strategy aimed at maintaining control
of the uranium trade.

The US scheme produced a situation of artificial scarcity. The AEC con-
tinued to control the mineral’s transnational flow, thus making it harder for
competing agencies to acquire it independently, azd at the same time offered its
enriched version at cheaper rates to dissuade other countries from autonomously
searching for it. Under these new circumstances, the AEC did not fear shar-
ing information on its prospecting activities precisely because if collaborating
countries could be dissuaded from going nuclear independent of the United
States, then the natural uranium they extracted could be sold only to the AEC
in exchange for other atomic matériel and knowledge. In 1956 the commission
took European technicians on a tour of uraniferous regions in the United States
when just a year earlier foreign geologists had complained about its secretive
approach. The power and the vast resources the Americans sunk into uranium
prospecting and mining were plain to see. Now directed by Lewis Strauss, the
commission tasked John Hall with controlling foreign distribution through a
newly established Office of International Affairs.3¢

Responses to the American initiative varied. The CEA countered US plans
by invigorating its own search for uranium. French uranium should now have
“a permanent market value,” the new CEA high commissioner Francis Perrin
argued. His administrative counterpart Pierre Guillaumat (now the real man in
charge, due to changes in the CEA’s constitution) regarded uranium provision
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as a matter of resource security. He was ideally suited to the task of supervising
France’s uranium acquisition on the world stage, having served as an intelli-
gence officer in North Africa during the war and, after that, overseeing French
oil interests worldwide.?” Guillaumat made the like-minded, energetic mining
engineer Jacques Mabile director of CEA’s Mining Division. Mabile’s geolo-
gists and prospectors spread to virtually every corner of the Métropole and made
sweeping searches in the colonies. Their prospecting techniques multiplied.
Car-borne prospecting now covered more ground and airborne prospection
was tested in the Grury and the Vendée provinces. They discovered numerous
low-grade deposits, the ores from which were by 1955 feeding a new chemical
concentration plant at Gueugnon.?® In fact, by the end of the 1950s, with the
added production of private entrepreneurs, the CEA stockpile had grown to 559
tons.?” At the same time, prospecting in Madagascar eventually paid off in the
form of a substantial supply of uranothorianite. Meanwhile, a geological study of
North Africa’s Precambrian shields, featuring aerial surveys, led to the discovery
of massive deposits in Gabon (1956-57) and Niger (early 1960s). Africa was to
become France’s principal source of uranium.

With its uranium supply assured, France, like Britain, could sidestep the
American scheme to control circulation of uranium and build its own indus-
trial-scale nuclear reactors fuelled with natural uranium.*® Moreover, with the
increased weight its uranium lent it, France could leverage for bilateral relations,
operating with increasing effectiveness transnationally, while, at the same time,
turning down collaboration with the AEC. The CEA sent mining engineers to
inspect deposits and examine techniques in Sweden, West Germany, and Italy.
The Italian prospecting program drew heavily on French methods and uranium
extracted from Sweden’s bituminous shales was sent to France for processing
and then shipped back to fuel a Swedish plutonium breeding reactor. French
uranium with no strings attached was sold to Denmark and Israel.*!

This improved supply capability made the United States anxious. Its officers
kept an eye on these transactions, asserting control over the international circu-
lation of uranium and isolating the French. Hall was especially wary of a joint
JEN-CEA project. The US administration cemented its dominant influence in
Spanish nuclear affairs by increasing nuclear assistance to Franco’s Spain in the
broader context of the 1953 military agreements between the two countries. In
the next three years the number of American prospectors in Spain doubled, help-
ing it to find two rich pitchblende veins.*? In 1957, a US-Spain bilateral agree-
ment catered to the purchase of a General Electric reactor fuelled with enriched
uranium. However, the Spanish nuclear program advanced rapidly at the expense
of its autonomy. Otero disliked the dependence on American enriched uranium,
but felt the need to compromise in order to get the program going.*? Indeed, the
growing AEC influence on Spanish atomic affairs neutralized previous collabo-
rations. The terms of the Spanish—American bilateral agreement prevented the
Spanish from producing spare parts with other countries’ assistance, hindering
joint research with the Germans. And just as Hall had hoped, the AEC presence
in Spain kept the French at bay. In August 1956, Otero was compelled to inform
a CEA administrator that the JEN would only collaborate with the AEC.**

The US administration watched with concern the influence that France had in
Italy’s fast-growing uranium prospecting program. During the 1950s, the search
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for uranium in Italy gained momentum in order to match the CISE request of
no less than five tons of uranium to start a research reactor. Stockpiling the
mineral was not easy though, especially since the Spanish uranium was no lon-
ger available and half of Lurisia’s output was promised to the AEC.** To find
additional uranium, the CNRN established a Divisione Geo-Mineraria. Ippolito
directed its program, planning surveys and mapping uranium resources nation-
wide.*® Informed by visits to the CEA’s La Crouzille deposits, Ippolito and his
co-workers formed squadre volanti (flying squads) equipped with GM counters
(see Figure 1.2) and started to make maps charting iso-radioactivity curves in
uranium-rich areas. Mabile and Ippolito’s teams exchanged visits and the Italians
saw the CEA’s Craélius borehole drilling machine in operation at Lachaux.

Thanks to French assistance and the CISE uranium prospecting project in
Spain, the Italian nuclear geologists could diversify their efforts. The CNRN’s
division commissioned an aerial survey of the Lurisia area. The geologist
Trevisan, who had explored the Albarrana uranium mines, sought to extract ura-
nium and thorium from Tyrrhenian sands in the context of a project developed
at the University of Pisa. Another group based at Rome’s Institute of Chemistry
(including Marinelli, the other returnee from Spain) researched the possibility
of obtaining radioactive substances from volcanic lavas.*”

These exchanges between Italian, Spanish, and French researchers led to the
rise of uranium geology in Europe. French geologists were particularly keen

Figure 1.2 Radiometric prospecting in Italy
Source: F. Ippolito, “Dieci Anni di Ricerca Uranifera in Italia” Notiziario CNRN 9:7 (1963), 25.
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to examine the Alpine uranium formations in Lurisia since they had hitherto
focused on massifs. Ippolito agreed with his French colleagues that it would be
valuable to determine whether the band of mineralized rock extending through
the Maritime Alps continued into French territory. This sort of research ques-
tion stimulated broader synergies. Prospecting began to more evidently shape
disciplinary identities and redefine research subjects. Out of the uranium geolo-
gists’ work emerged a new discipline, “nuclear geology,” bringing together the
geochemistry of uranium and thorium and the measurement of radioactivity in
rocks in the name of determining composition and mineralization characteristics.
A 1954 symposium organized in Strasbourg (France) catered for its expansion
internationally; Italy’s first meeting of nuclear geologists took place in 1955.43

While US authorities had nothing against the establishment of new disciplin-
ary perspectives, concrete French assistance to the CNRN made them anxious.
Ippolito asserted at the 1955 Geneva conference that up to 100 tons of ura-
nium could be mined in Italy, enough to fuel an independent nuclear program.*’
Ippolito’s statement certainly caught the attention of US informers. In fact, the
US embassy in Italy had already relayed secret information on “several tens of kilo-
grams” of uranium transferred from Lurisia to the CISE laboratory in Milan.>
To prevent further transfers Arneson’s successor at State Department, Gerald
Smith, had already agreed with Hall on an assistance plan. And in March 1955
Hall met a CNRN delegation to negotiate supplies of heavy water and enriched
uranium and arrange for the purchase of a US-made research reactor.%!

Much like the Italians, Spanish officials now found themselves lured by
American technology even as they fought to regain their project’s lost auton-
omy. “We need to win the battle for Spanish fuel,” wrote Otero in 1958, “and
to this goal the JEN devotes all its energies.”®® He believed that Spain needed
to remain open to bilateral agreements with other countries. A long exchange
with the CEA’s director of external affairs Bertrand Goldschmidt stirred new
life into JEN-CEA relations.*® The following year Otero and the JEN presi-
dent, Hernandez Vidal, visited Paris and eventually Hernidndez and Guillaumat
drafted a bilateral treaty.>* Otero now wondered if French assistance might allow
the JEN to build a natural uranium reactor and free Spain from its dependence
on American fuel (see Figure 1.3).

As a consequence the JEN did not downsize its uranium prospecting program
and even tried to get private interests involved. Its prospectors continued to visit
facilities in the United States, Sweden, Canada, Portugal, and France.*® US and
French experts helped convince the chief of JEN’s Mining Division, Demetrio
Santana, that his division ought to deploy new geophysical techniques.>® These
were provided by the CEA at a reduced cost in the hope of undercutting US
influence on Spanish nuclear affairs. The Spanish geologists were now able to
independently prepare maps for uranium-bearing areas in Anddjar and Ciudad
Rodrigo (see Figure 1.1).57

Much like the Spaniards, Italian officials sought to avoid technological depen-
dence on the United States. The CNEN continued to look for ways to recover nat-
ural uranium and at the 20th International Geological Congress (Mexico City),
Ippolito, Marinelli, and their co-workers reported on morphological features and
transformations typifying the Alpine uranium veins. Their study anticipated sys-
tematic explorations undertaken from 1956 to 1958.%8 A report prepared for the
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Figure 1.3 Guillaumat examining the mineral at the Spanish uranium factory, 1958

Source: Archivo General Administraciéon (Medios de Comunicacion).

Italian prime minister asked for a considerable investment in prospecting, noting
that the division had expanded considerably.® Ippolito was about to be rewarded
for this expansion as he succeeded Giordani as CNRN’s head.

Meanwhile conversations between European experts on nuclear geology con-
tinued. The newly established European Atomic Energy Society (EAES) pro-
vided for exchanges between these experts outside “official” national atomic
agencies’ channels. Goldschmidt was instrumental in the JEN’s entry into the
forum and in May 1957 the Junta hosted the society’s first meeting devoted,
notably, to uranium geology. Delegates compared geological structures in dif-
ferent countries, thus promoting a better understanding of uranium-bearing
formations.®® Now CEA’s André Lenoble and Jaque Geffroy extended the col-
laboration that had typified their relations with the Italians to other European
countries. In the 1957 Madrid workshop they advanced their ideas, envisioning
for the first time a province uranifére européenne, and justifying pan-European
cooperation in the nuclear field.®' Other papers presented at the Madrid work-
shop envisaged geological links with geopolitical resonance: Portugal shared
mountain chains with Spain, as did Italy with France, and France with Spain.
European integration could be built from the ground up. But in fact, as we shall
now see, it was constructed from high above.

Geopolitical Oligopolies in an Age of Surplus, 1958-1964

By the end of the 1950s, worldwide prospecting efforts had succeeded beyond
anyone’s expectations. The availability of natural uranium had increased dra-
matically; world uranium reserves amounted to 1.5 million tons. Canada and
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South Africa had expressed an interest in selling excess output, and the US gov-
ernment now decided against renewal of contracts with these countries as well as
with Belgium, the other major world supplier of natural uranium.®?> World ura-
nium production peaked in 1962 and then slumped for five years.%® The status
of global uranium as a commodity thus shifted once again, now pivoting on the
distinction between its “natural” form and the enriched one.

As the global uranium supply grew, buyers found themselves with more
leverage, which, again, preoccupied Hall and his colleagues at the AEC. Their
European strategy was no longer focused on how to prevent individual nations
from exploiting alternative collaborative frameworks, but instead concentrated
on concocting new alliances whose agenda would be in line with US interests.
Thus another framework for acquiring uranium and many sorts of nuclear tech-
nologies emerged: Euratom, which entered force on January 1, 1958. First sug-
gested at the 1955 Messina Conference, Euratom advanced Western European
unification in the way the US administration wanted.** A supply agency was
established to assure access to uranium as well as to American-licensed technolo-
gies. The treaty catered for revising US bilateral agreements so as to allow private
companies in Europe to purchase American nuclear reactors for energy produc-
tion.®® Euratom actually had ownership, not of natural uranium, but of fissile
materials, enriched uranium and plutonium, but this “theoretical” ownership
(Goldschmidt’s words) did not extend to military establishments. Watertight
controls from the International Atomic Energy Agency (IAEA), while present,
did not extend to these French establishments, meaning that the French could
continue their weapons program.

The path leading to the establishment of Euratom is telling: US interests
dominated its final form. The French had proposed a European uranium enrich-
ment plant—a proposal that greatly displeased the AEC, since such a plant would
threaten its new monopoly. Intelligence on the plan convinced US officials to
intervene. As the Secretary of State John Foster Dulles put it in 1955, Euratom
had produced “unforeseen political and security problems” since enrichment not
only put the US-enriched uranium monopoly at risk, but also gave the Europeans
an opportunity to jump-start any military program.®® The CIA was busy moni-
toring the French atomic weapons program and feared especially that French,
Italians, and Germans—the chief three Euratom promoters—would unite in an
effort to build atomic weapons. A later CIA report on the subject clarified that
an enrichment facility would enable France to produce 350 kilograms a year of
weapons grade uranium.®” US diplomats worked hard to dissuade the French
and their partners from embarking on the enrichment path. They succeeded: by
the time Euratom’s three wise men (Louis Armand, Giordani, and Franz Etzel)
prepared Euratom’s constitutive document, enrichment was no longer the prior-
ity. An American proposal to guarantee the provision of enriched uranium to
Euratom member states doomed an independent, collective European enrich-
ment capability.®8

Under these circumstances, the French redoubled their efforts to locate and
secure natural uranium and demonstrate to the world that “we are the incon-
testable leaders of the Euratom powers” (as a 1958 internal CEA report put it).®
For the CEA leadership, “free” trading of natural uranium was paramount—
witness French opposition at the 1956 TAEA negotiations to safeguards being
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extended to the raw material.”® Thriving uranium prospection and mining activ-
ities formed the leading edge of French atomic foreign policy. A 1958 CEA
report stressed that France must use its “mining advantage” to press upon coun-
tries its growing arsenal of atomic technologies and its European neighbors were
encouraged to call upon its mining and prospecting expertise.”! Following the
exploitation of the Nigér deposit, Mabile was heard to say: “France is ready to
take a seat among the great powers, something never before seen in the history
of mineral substances.””? (see Figure 1.4)

Nevertheless, the French felt their lack of enriched uranium keenly. US offi-
cials had scrutinized this French deficiency for years. The forlorn attempt to

C.E.A. URANIUM PRODUCTION STATISTICS
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Figure 1.4 CEA production statistics

Source: CEA, The Uranium Mining Industry. Commissariat o PEnergiec Atomique. 1964—1965 (Lyon: CEA,
1966).
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design a natural uranium-fueled nuclear submarine and French frustration with
the underperformance of their third research reactor suggested how deleterious
this lack could be. In fact, France purchased limited amounts of enriched ura-
nium from the United States (and Britain), and at the end of the 1960s, com-
pleted at great expense a uranium enrichment plant at Pierrelatte, in large part
for the benefit of their military program.”?

Still, natural uranium brought France and Spain closer than ever. The JEN
maintained working ties with the CEA’s Mining Division into the 1960s and
the collaboration gave the Spanish the opportunity to reduce their dependence
on US atomic technologies by purchasing a French natural uranium reactor.”
The French offer, first made in 1963, highlighted that natural uranium, in con-
trast with enriched uranium, assured an independent nuclear fuel supply and the
possibility of making use of in-house reserves, as a Spanish report highlighted:
“The discovery in France of significant uranium deposits is what has allowed our
neighbor to build a national nuclear industry [our translation]””?

This is what Otero wanted. In 1958 he had produced detailed calculations to
back an argument for a reactor fuelled with natural uranium (Figure 1.5).7® That
year the JEN opened its first uranium treatment plant and Otero was eager to use
its output to fuel Spanish reactors. However, high costs doomed the project.””
The 1963 agreement with the CEA took up where Otero’s failed initiative left
oft, giving the JEN the opportunity to use its surplus of natural uranium to fuel
Spain’s third power plant, Vandells 1.78 To the French, the sale represented the
first export of their reactor technology, and a break of the US monopoly. They
offered very good conditions to the Spaniards.”” However, the French natural
uranium reactors were not attractive to Spanish private companies, who found
them expensive to operate. They made little sense from the mid-1970s onward,
when enrichment technologies had become widespread. Even France would opt,
10 years later, for US reactors in order to supply its national electric power grid.

In this changing scenario of transnational flows, countries where neither
bombs nor major uranium outputs were foreseeable had no choice but to “shop
abroad.” This was the case for Italy, where the need to carry forward prospect-
ing activities faded after some unexpected twists. In 1960 a new law replaced the
CNRN with a new National Committee on Nuclear Energy (CNEN). Ippolito,
its new head, hoped to follow the French strategy of using natural uranium
to propel an independent nuclear project. A new atomic energy law declared
that natural uranium came under exclusive state ownership, enabling the state-
owned Societa Minerali Radioattivi Energia Nucleare (SOMIREN) to gain pri-
ority in uranium prospecting in Italy. Administered by oil tycoon Enrico Mattei,
SOMIREN had appeared on the prospecting scene in 1955, collaborating with
the CNRN in surveys in Sardinia and Calabria. By 1959 its well-practiced pros-
pectors had found the largest uranium deposit in Italy, near Novazza (Bergamo).
Its output was expected to be 1,000 tons.3°

But unlike Spain, Italy had invested far too much in US technology to pur-
sue in-house reactors fuelled with natural uranium. On the one hand, Mattei
succeeded in purchasing one of these reactors in Britain, thus using some of
the natural uranium SOMIREN had found. On the other hand, Italy’s CNEN
did not have the mining and prospecting complex of the French CEA. When
in 1962 world uranium production peaked, the economic incentive to search
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MILLONES DE DOLARES
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Figure 1.5 Otero’s graphs comparing the mid-term costs of possible reactors, two fuelled
with natural uranium (below) and two with enriched uranium

Source: Otero Navascués, “Necesidades espanolas de elementos combustibles”, Energin nuclear 5 (1958):
18-34, 25.

for and mine more uranium vanished, as did any hope of exploiting Italy’s ura-
nium reserves. Although by 1965 Italy could have produced up to 350 tons of
natural uranium, it never did. In 1962 the Lurisia uranium mine shut down,
the Novazza deposit was never excavated, and the plan to extract thorium from
Tyrrhenian sands came to nothing.®!

When in 1963 Ippolito documented the achievements of 10 years of uranium
prospecting in Italy, he acknowledged first of all that the uranium market had
changed considerably. But, faithful to his early strategy, he claimed that the search
for uranium should continue anyway. Europe, he argued, “must look for its own
deposits to stabilize its uranium market [our translation].”®? Then, abruptly,
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accusations of mismanagement led to investigations of Ippolito’s activities and
eventually to his imprisonment for unlawful use of public funds in 1964.33

Following this affair, the CNEN was reorganized and the geo-mineralogy
division dismantled. With uranium prospecting no longer at the top of the
CNEN’s agenda, a geo-mineralogy laboratory was established in the CNEN cen-
ter La Casaccia (near Rome) and a nuclear geology laboratory at the University
of Pisa. These research centers broadened the set of applications emerging from
carlier nuclear geology work without prioritizing new uranium search meth-
ods.?* Nuclear geology was now described as “a very new field” uniting geolo-
gists, petrographers, cosmic ray researchers, nuclear physicists, meteorologists,
oceanographers, and volcanologists.®® Similarly, in France and Spain, radiomet-
ric techniques developed from uranium prospection became accepted practice in
other pursuits, leading to the rejuvenation of radioactive geology after its initial
appearance in the 1930s. In Spain, expertise and equipment in radioactive mea-
surements had advanced dramatically since the first maps of radioactive areas of
the 1920s and 1930s.36 In France, radiggéologie, while still associated with map-
ping of uranium minerals, also branched out into the radiometry of all classes
of rocks, the study of radioactivity in the environment, and the measurement of
geological time.%”

Conclusion: Open and Secret Ambitions

By the end of the 1960s, their 20-year efforts to acquire uranium had decisively
shaped the nuclear programs of France, Italy, and Spain. As we have shown,
these efforts were based on finding common interests, building networks of
trust, and establishing or impeding the circulation of materials, technologies,
and experts. European countries established alliances and relations of mutual
dependency in a context marked by the global transition from uranium scarcity
to surplus and by American dominance over the supply of enriched uranium.

All the while, uranium kept its status as a politically sensitive resource—and
still does. Hecht has recently argued that the uranium market cannot be con-
strued as simply the result of “market” forces: participants exchange values and
rules alongside technologies and raw materials. However, the uranium market
seemswholly dependent upon these forces mainly because the exchanges typifying
the politics of uranium are often made invisible by some of the actors involved in
its acquisition. We have seen here that for a long time uranium was not a market-
able commodity due to its military implications, but rather a resource stealthily
dealt and monitored by intelligence agents, prospecting experts and (especially
in the early postwar years) black market traders. In the circumstances of the
Cold War, the potential of uranium to fuel military atomic projects meant that
negotiations and agreements on uranium trade between countries were often
kept hidden, while intelligence agencies carefully monitored new schemes and
trading activities.

What does this paper make visible? First and foremost that since the end of
World War 11, the US administration, through its intelligence and atomic energy
agencies, sought to put uranium deposits worldwide under surveillance in order
to control their distribution in the foreseeable future. The United States’s exten-
sive reconnaissance and information-gathering activities are telling: the United
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States was determined to secure Western Europe’s uranium supplies or, at the
very least, limit uranium acquisition by rivals in the region, including Italy,
Spain, and France.

In the early 1950s, the recognition that there was too much uranium inter-
nationally to allow for an entirely “prohibitionist” approach led the AEC to
offer bilateral agreements with many countries in Western Europe and else-
where. Propaganda concerning the liberal trade of atomic energy served to dis-
tract America’s partners from the fact that these agreements left these projects
dependent on the AEC’s provisions. And it kept hidden the continuation of
intelligence activities focusing on prospecting and mining activities in foreign
countries combined with diplomatic pressure to “cooperate” with US collabora-
tive schemes. As we have seen, Spain and Italy capitulated, renouncing alterna-
tive partnerships with Western European nations. Only France’s plans for an
independent program were well enough advanced to keep its project’s autonomy,
and even France eventually accepted a bilateral deal with the United States.

However, the AEC could not prevent the further expansion of the uranium
market and the availability of natural uranium at cheaper prices worldwide. In
fact, this expansion was exactly what enabled the French to find at least some
measures to limit US influence in Europe, especially by offering natural ura-
nium reactors to Spain. Such a strategy even allowed another nuclear power,
Britain, to sell a power reactor to Italy. But while these dealings could take place
at the periphery of the atomic energy industry, the AEC remained the hegemon
at the center.

In any case, to address attempts to subvert the production and circulation
regime that the AEC desired, the US administration shifted decisively toward
monitoring mid-stream and downstream activities rather than outsourcing pro-
cesses in the atomic energy field. This was especially in order to certify their
genuine peaceful intentions. From the late 1950s US intelligence agencies con-
ducted less surveillance on uranium deposits and focused instead on monitoring
the circulation of know-how and equipment needed to design as well as test
nuclear weapons.® The US administration also promoted the establishment and
consolidation of international agencies, such as the IAEA, to set international
controls.

European resistance to US hegemony required scientific and diplomatic dex-
terity. Scientist-diplomats like Otero, Goldschimdt, and Ippolito working in their
own, transnational environments, represented not only their respective national
programs, but also constructed transnational networks throughout. And the
scientist-diplomats were not alone. Geologists, engineers, and prospectors had
their own interchanges, via cross-border visits and professional conferences, and
almost always mediated through national atomic agencies. Viewing this from
the transnational perspective and keeping uranium acquisition and exchange at
the center of the story illuminates the role of these agencies role as instigators
and gatekeepers.

Perhaps the most telling sign of the transnational nature of uranium acquisi-
tion is found in the development of the sciences involved: a little over a decade
into the pursuit, some geologists were discussing the possible meaning of a
European uraniferous province, while others attempted to establish nuclear
geology or radiogeology to redefine their scientific effort to prospect uranium
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and create a new disciplinary identity. Just as the two world wars have respec-
tively been labeled the chemists’ war and the physicists’ war, the Cold War could
be considered the geoscientists” war, as thousands of experts worldwide were
employed to chart many of the earth’s features, including mapping its uranium
deposits. Nuclear technoscience thus required transnational “tectonic” move-
ments setting in motion crews of experts to study these features. The history of
the search for uranium thus yields a new understanding of the interplay between
geophysics and geopolitics.
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Chapter 2

Underground and Underwater: Qil Security
in France and Britain during the Cold War

Roberto Cantoni and Leucha Veneer

In the years following World War 11, global demand for oil increased continu-
ally, and Western European governments pursued various political and diplo-
matic strategies to obtain hydrocarbons as further reserves were revealed across
the world. The tensions of the Cold War increased national concerns over energy
security yet further, and in this chapter we shall discuss some aspects of the par-
ticular strategies employed by two leading Western European administrations
to gain at least some control over the sources of their supply. These strategies
included maneuvers such as stockpiling, encouraging diversification of supply,
and, when the opportunity arose, controlling access to resources on home soil
and abroad. This control required the mobilization of state and commercial geo-
logical surveying to obtain “geostrategic intelligence,” that is, gathering infor-
mation on what oil and gas reserves could be found underground; finding out
what others (whether enemies or allies, co-producers, or business rivals) already
knew about these reserves; and what acquisition strategies they had put in place.
Surveillance in terms of both geophysical exploration and intelligence-gathering
was therefore an essential element of oil security, an element often neglected in
the existing literature on the history of oil exploration.! Oil surveillance opera-
tions also produced conflicts between diplomats, firm managers, government
officials, and geoscientists of different countries. As Robert Jervis more gen-
erally shows, the bolstering of energy security through surveillance activities
by one administration made its neighbors feel less reassured about their own
security.?

The Cold War may have, broadly speaking, divided the world in two, but
within that division was a somewhat fragmented system of alliances. Using
archival material, this chapter focuses in particular on the traditional imperial
powers of France and Britain because the international postwar order had forced
both states into positions of lesser powers than before, their commercial and
diplomatic footprints becoming accordingly smaller. Therefore, their oil secu-
rity circumstances appear unique.® Moreover, both nations, due to that imperial
past, were accustomed to maintaining significant numbers of scientific and intel-
ligence personnel abroad, especially in colonies and countries that had recently
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gained independence. Here we reveal that these energy security urgencies
prompted French geoscientific personnel to start exploring Algeria at the end
of World War II. In Britain at a slightly later date, following the embarrassment
of the Abadan and Suez Crises,* the discovery of gas in the North Sea started a
rush for oil there as Britain sought self-sufficiency in fulfilling its energy needs.

The Secret Struggle for Algerian Oil

When World War II ended, the French government was not the only Western
European administration concerned about how to source oil to fuel the nation.
However, its officials were more alert to the plans of other countries asserting
a presence in the world’s oil-rich regions. Cold War divides notwithstanding,
the plans of their allies worried the French government officials more than the
distant Russian bear, especially as British and US oil firms held a dominant
position in the French metropolitan oil market. The French oil industry was the
largest in Europe before the conflict, but after 1945 it had to completely rebuild.
Furthermore, its main source of supply in the Middle East was lost, an element
that forced the French to be more vigilant both in terms of finding new deposits
and controlling what other countries were doing.®

France’s largest oil company, the Compagnie frangaise des pétroles (CFD),
had maintained a presence in the Middle East and owned shares in the Iraq
Petroleum Company (IPC), a consortium that also included the Anglo-Dutch
Royal Dutch Shell, the Anglo-Iranian Oil Company (controlled by the British
government), and five American companies. But at the end of the conflict,
British and US oil majors challenged the so-called Red Line agreement that
ensured equal IPC shares within the territories of the former Ottoman Empire
(see Figure 2.1). The dispute revealed to French government officials that the
US administration had allowed American oil companies to challenge the status
quo in the extraction and distribution of oil supplies from the Middle East.
The war had quite evidently established new balances of power in the region.
Moreover, the US companies— Standard Oil of New Jersey and Standard Oil
of New York—now wanted to take a larger share of Saudi oil; in order to do so,
they had to rid themselves of the constraints of the Red Line. Anglo-Iranian
and Shell were willing to appease the Americans and did nothing to stop the
Arabian-American Oil Company (ARAMCO), which was not originally part of
the IPC and held concessions in Saudi Arabia, from “crossing” the Red Line. So
in the spring of 1946, Jersey Standard publicly declared that it considered the
agreement to have lapsed, owing to France’s wartime status as an enemy power
during the period of the Vichy regime.® During an autumn visit to Europe,
representatives of the American oil majors further bolstered the US position by
maintaining that the Sherman Antitrust Act forbade them to respect the restric-
tive provisions of the agreement, which would amount to cartelization.”

The secret deals between Americans and British convinced the French that
they ought to reinforce their information-gathering activities on foreign oil
agreements. At a CFP board meeting in December 1946, Director René de
Montaigu confirmed press rumors that Jersey and New York Standards had
acquired shares in ARAMCO, while President Victor de Metz informed the
board of a new agreement between Anglo-Iranian and the two Standards.® The
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deal reassured British and US governments about controlling oil provisions
in the Middle East at the expense of French energy security. During the next
20 years, the British government—controlled AIOC sold Jersey 160 million tons
(Mt) of crude, and the two companies jointly built a pipeline linking the Persian
Gulf to the Mediterranean.® The British used it for their Kuwaiti crude, which
they exploited on a 50-50 basis with Gulf (another US firm). Shell’s neutrality
was also acquired through a very favorable contract, allowing the company free
access to Kuwaiti oil: from May 1947, Gulf provided 30 percent of Shell’s crude
oil requirements in the Eastern Hemisphere.!?
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Naturally, the CFP managers understood that American and British govern-
ments had done nothing to prevent this situation (in fact, they had encouraged
it), but it was especially the extension of British and US oil interests in Northern
Africa that the French could not stomach. With the Treaty of Paris of 1947,
Libya ceased to be an Italian colony: two of its three regions, Cyrenaica and
Tripolitania, passed under British military control while the third, Fezzan, was
controlled by the French. According to journalist Pierre Fontaine, a “secret bat-
tle” now ensued between British and French administrations to draw the borders
between Cyrenaica and the potentially oil-rich Fezzan region. An army of scien-
tific experts was mobilized to find out how much oil could be sourced out from
this region and what the British were after. Thanks to pioneering prospecting
activities carried out by geologist Conrad Kilian in the 1920s and 1930s, French
oil authorities were in fact fully aware of the region’s potential.!! In 1942 Kilian
had even been approached by ARAMCO and Shell consultants, who lured him
into revealing them his Saharan secrets, but he had rejected their offers.!?

Kilian now considered it imperative that the CFD establish a partnership with
US oil concerns in prospecting work. In 1947 the French geologist met Jean
Bédier, director of the powerful Banque de Paris et des Pays-Bas, and showed
him his findings. With the help of the former director of the Office National des
combustibles liquides, Bédier thus submitted a project calling for the establish-
ment of a French-American consortium for the exploration and exploitation of
Fezzan. French officials now understood that establishing a consortium would
mollify American diplomacy in the dispute with the British for the definition of
Libya’s internal borders and encouraged the deal.!®> However, at the last minute,
Kilian withdrew his support and the secrets of Fezzan’s underground would
remain hidden for some time.

Kilian had also urged the French government to prospect Algeria for hydro-
carbons. His observations on the sediments of the Hoggar area, in the Sahara,
suggested the existence of geological conditions apt to the presence of oil. In
November 1948 his report was passed on to the French Académie des Sciences,
sealed in a box, and stayed untouched until the geologist’s death three years
later.!* Kilian’s hypotheses on the area turned out to be only partially accurate,
but his work paved the way to the exploration of the Sahara desert and instigated
the CFP to prospect more.!® The dispute between British and French govern-
ments on Fezzan continued and, by the end of the 1940s, it was informed by
other factors. The Soviets sought to support Arab nationalism in the region,
partly in an effort to gain control of oil resources. US and British oil companies
now stealthily mobilized their own scientific monitoring networks to search for
new oil fields out of Soviet and French reach. To this effect, the British even
employed a geologist-turned-diplomat and military intelligence agent, Francis
James Rennell Rodd. A specialist in the study of oil-bearing structures of the
Fezzan region and a collaborator to the International Geological Map of Africa,
Rodd exploited his knowledge of local territories and local elites in an attempt
to gain control of its yet untapped oil deposits.'®

Meanwhile, the information that the French had secretly acquired on the
dealings of the Standards and ARAMCO in the Middle East was passed on to
their government’s legal departments with a view to launching proceedings in
international courts. In 1946 de Metz urged that CFP’s board take legal action
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at the British High Court of Justice against the American consortium’s deci-
sion to terminate the Red Line agreement.”” Two governmental commissars,
the fuel director and president of the Bureau de recherches de pétrole (BRP),
Pierre Guillaumat, and the president of the Bank of Algeria, Jacques Brunet,
supported de Metz’s proposition. It is important to note that during World War
II, Guillaumat had worked together with the French intelligence in Tunisia and
Algeria. Like Rodd, he had gathered information on foreign territories, their
resources, and secretly managed details on oil deposits. He would play a decisive
role in reorganizing the oil prospecting sector using this knowledge. Having
to face the Anglo-American dealings in the Middle East excluding France,
Guillaumat retaliated by seeking to reduce the influence of British and American
oil interests in the French Métropole. He also instructed the French ambassador
in Washington to deliver a letter of formal protest against the US denunciation
of the Red Line agreement.!®

On the eve of the first court hearing on this agreement in London, a
Shell representative, John Boyle, proposed a compromise to de Metz and de
Montaigu. The IPC would supply CFP as its managers wished, and a new pipe-
line would be built from Kirkuk to the Mediterranean Sea. The counterpro-
posal was accepted but de Metz only agreed to postpone legal proceedings. The
tfollowing February, the French filed the court petition again, hoping now to
force the Americans to reopen negotiations.!® In March, the French ambassador
received a reply from George Marshall, the US acting secretary of state, so the
legal challenge at least helped the French to force the Americans to compromise.
By the end of May 1947, a settlement was reached. The CFP would withdraw
its objections in exchange for an increase in its share of IPC production, which
would also be increased considerably to accommodate French oil demand.?? The
Heads of Agreement were signed by all the major IPC partners a year later.?!
British and Americans diplomats thus realized that the French government was
prepared to make use of its experts, intelligence agents, and lawyers in defense
of oil security, or in order to force them to renegotiate existing agreements to
increase French oil supplies in the wake of the Cold War. However, more secu-
rity concerns soon arose in Paris and soon forced the French to reconsider their
position in the Middle East consortium with a plan to invest more in North
African resources.

The Scramble for Oil in North Africa

The new IPC deal appeared to be short-lived. The superpowers’ influence in
the Middle East increased quickly and dramatically, making diplomatic and oil
relations more volatile. In 1946, the Soviet government had urged Iran to start
up an oil exploration company, though the Iranians had later cancelled the deal
and struck a military agreement with the US government. The Arab—Israeli war
of 1948 led to the permanent closure of one of IPC’s terminals. And both Iraqi
and Iranian officials sought to obtain 50-50 contracts from the oil majors mod-
cled on the one conceded by ARAMCO to Saudi Arabia. The new arrange-
ments would make the two contracting parties equal partners, thus ending
the exploiter—exploited relation that characterized the previous contracts. The
majors’ refusal to agree on this request produced tensions and contributed to
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instability in the area. The French government now decided to partly disengage
from the Middle East. The decision was taken as a consequence of the reorga-
nization of the oil administration at government level, and also because of the
presence of Anglo-American interests within CFP; only 35 percent of its shares
now belonged to the French state.

The French provisional government led by Charles de Gaulle instigated the
foundation of new public agencies responsible for exploring for oil in the French
Union, as well as for the technical development of French know-how in oil
exploration. It then urged these agencies to shift exploration from the Middle
East to Africa, especially the Sahara desert and the Guinea Gulf. Threatening
French oil security in the Middle East thus stimulated sweeping surveys in the
French colonies. The creation of the oil exploration agency, Bureau de recher-
ches de pétrole (BRDP), and the presence of former intelligence agent Guillaumat
at its helm, marked the beginning of a new era in the history of French oil.
BRP managers came from similar educational backgrounds as most of them
had been trained at the Parisian military academy, Ecole Polytechnique, and at
the Corps des Mines, institutes that offered the most prestigious technical and
engineering training in France. Soon a small group of experts, characterized
by strong personal and political links, took control of the French oil agencies.
Many corpsards—like Guillaumat—had entered the cadres of the French intelli-
gence services during the war and now engaged in bringing together intelligence
and geological expertise. Guillaumat had also kept many informants in North
Africa. André Rauscher, a Shell engineer in Tunisia and a fellow polytechnicien,
had helped Guillaumat by spying on the Italian army’s prospecting activities
in Libya. Pierre Taranger of the Compagnie générale de géophysique (CGQ),
and Léon Kaplan of Shell were also close to Guillaumat and directly involved in
French oil exploration.??

The French began to explore North Africa by using all techniques made avail-
able by CGG, especially through a grand gravimetry reconnaissance campaign
in 1948, and through seismology from 1951. However, gravimetry was slow
and its interpretation in the region proved hard; reflection seismology produced
deceptive results, while photogeology could not be applied outside the Saharan
Atlas Mountains, where the mass of Mesozoic layers hindered surface geology.
Because of these problems, the chief geologist of BRP’s Algerian affiliate SN
REPAL, Igor Ortynski, suggested that CGG apply seismic refraction, a method
that had been out of fashion for decades, but which seemed to be more suitable
to the geological characteristics of the Sahara desert.?® From 1952 CGG started
a new campaign that produced more successful results. Besides eliminating
the problem of multiple reflections, refraction seismology allowed penetrating
younger geological layers and forming a picture of deeper layers.?*

The accumulation of this knowledge on local underground resources helped
the French to focus on specific areas to explore. Those in the French Union—as
the area formerly included in the French Empire was called from 1946—could
now be used without previous negotiations or the establishment of new consor-
tia.?® The union was French territory and could therefore be treated as a private
ground. In the Algerian Sahara, the BRP sponsored novel explorations through
SN REPAL and with the collaboration of CFP. French experts thus gained a
refined understanding of the geology of the Saharan region, which would soon
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prove of capital importance in the oil discoveries that took place between 1952
and 1954.

US and British oil concerns also developed an interest in Algerian oil and
tried to get their share of territory to explore. Guillaumat soon realized that
Kilian’s early findings and recently acquired geophysical knowledge should not
be divulged, but this was not enough to grant safe and quick oil supplies from
Algeria. The French needed to prospect more if they wanted energy autonomy
within a few years. They were therefore faced with two main options: let the
Anglo-American enterprises into the Sahara, and gain in efficiency, financial
backing, and technological knowledge; or continue their path independently
at the risk of having to carry a colossal prospecting burden over many years.
This second choice would be a dangerous scheme for a country heavily strug-
gling with inflation. In June 1947, the French director of general affairs, Pierre
Maisonneuve, organized a conference at the Under-Directorate of Algeria to
discuss the prospecting plans of three foreign companies (Caltex, Gulf, and
AIOC) that had shown an interest in Algeria.?® Several ministries and oil com-
pany representatives (including that of SN REPAL) attended. Guillaumat argued
that collaboration with foreign companies would be extremely profitable to the
French economy, due to the shaky state of French finances.?” But his proposal
to develop joint participations with these companies was met with resistance.
The representative of the Algerian governor general, Henri Urbani, challenged
Guillaumat’s favorable attitude toward foreign companies, expressing his serious
concern over a too permissive stance.?® What worried Urbani was especially lack
of knowledge of what US crews were doing in Algeria and how much they knew
about French operations:

First of all, every day we see Americans coming back and forth to Algeria. We don’t
know much about what they come to do, but what we do know is that they are
interested in oil. [ ... ] Once we will have given the Americans exploration permits,
we will see them arriving in Algeria en masse and, from that moment on, what will
their action be in the country??’

Urbani’s reservations were understandable: in June 1947 France was still very
weak, both financially and politically, whereas the role of the United States as
a superpower had been made clear by the enunciation of the Truman Doctrine
only three months earlier. There was little doubt that France would be forced
to give in if the Americans decided to deploy all their influence in North Africa;
even more so if they opted for a major prospecting effort, something that the
French could not match. Urbani’s point was thus that the French ought not to
make concessions in order to have the upper hand in the region. Guillaumat,
however, disagreed. He believed that a few American companies could work out-
side the United States with the same proficiency they had at home. Furthermore,
he was not at all convinced that such frantic foreign activity had taken place
from 1942 to 1945 in Algeria. As a former intelligence officer, and thanks to his
relations with people such as Taranger, Guillaumat had access to restricted infor-
mation that Urbani simply lacked.?® Lucien Bonneau, plenipotentiary minister
and director of Africa and Near East at the Foreign Ministry, also downplayed
the extent of American influence in North Africa but showed wariness. If the
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Americans were determined to access North Africa, they would use their power-
ful transport or radio companies—and, undoubtedly, their secret services.

The notable difference of viewpoints between Urbani and Guillaumat was
also discussed at SN REPAL’s board meetings, where it was concluded that
foreign assistance was needed only in the supply of materials and specialized
drilling staff. SN REPAL took the lead in general operations, and only collabo-
rated with foreign enterprises in associations where it held a majority of shares.?!
Guillaumat succeeded in convincing his colleagues that collaboration in Algeria
would not threaten French interests in the region. Was he really aware of what
the British and Americans were really doing? While the French had been recon-
noitering the Algerian underground, the Americans had been busy reconnoiter-
ing it from the sky.

British and American Attempts to Enter Algeria

The surveillance of potential oil-bearing areas in Algeria was a decisive element in
establishing whether or not the oil majors would try to enter Algeria and whether
the French could stop them. Guillaumat knew that during World War II the US
Air Force had taken aerial photographs in Algeria and that the photos contained
details of geological structures that revealed the presence of oil deposits. After
the war, the French government had agreed with US diplomats that photographic
material ought not to be shared without prior French consent. On the other
hand, the French did not hold copies of these photographs either.3? In 1947
French officials authorized Jersey Standard experts to see the photographs and
the following year an agreement signed at the French embassy in Washington
enabled the French Air Force’s Chiefs of Staff to obtain copies of the photos. It is
likely that SN REPAL obtained access to these copies as well.3

Caltex, Gulf, Anglo-Iranian, and Shell had been attracted by the French
exploratory activities in Algerian territories. Should oil be found, these compa-
nies were ready to wield the power they enjoyed as a result of the war in major
exploratory campaigns. Yet, as they did not have access to the photos, they could
not know enough about the real Algerian potential. So before setting foot in
Algeria, they used their lawyers to sound out French reactions, and to determine
from these reactions if the French had found oil deposits. In September 1947, one
of Gulf’s lawyers sent a letter to Yves Chataigneau, governor general of Algeria,
through the French embassy in Washington.?* After that, Gulf received useful
data on Algerian geology through the French embassy and decided to begin
large-scale works, provided the French government agreed. Gulf representatives
now approached the officials of the Direction des carburants and BRP in Paris,
and met Guillaumat and BRP’s delegate-general, Paul Moch. Gulf was ready to
carry out prospecting works for over $1 million, including surface geological
and seismic works, and photogeology.3® We have seen that while Guillaumat saw
favorably the collaboration with foreign interests, he wanted to retain absolute
control of geological data. But Gulf demanded instead a series of guarantees,
including the availability to Gulf of documentation kept by the Mine Service,
SN REPAL, the Hydrography Service, as far as geology and oil exploration was
concerned. Thus, a conflict between different departments in the French govern-
ment ensued and when Gulf applied for an exploration license, it was refused.®¢
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The same strenuous opposition, however, did not characterize SN REPAL’s
board, which welcomed a collaborative project with an affiliate of the US oil
firm, Jersey. In 1947 Jersey had shown some interest for searching oil in Algeria
and had obtained authorization to send a team of geologists and carry out a
study on the oil potential of the Saharan region, provided an account of the
team’s activities was transmitted to SN REPAL. Jersey could even use the set of
aerial photographs taken during the war by the US Air Force for its exploration.
But the collaboration was short-lived. When the Americans realized that the
only area deemed to have serious commercial oil possibilities was one that would
be assigned to SN REPAL, they pulled out.?”

One reason for Guillaumat to encourage collaboration with foreign enter-
prises in Algeria was that he hoped to gain some influence in oil exploration
projects in other areas of the world. In October 1951 Shell, through its affiliate
Shell Frangaise, informed the new governor general of Algeria, Roger Léonard,
of its intention to ask for a vast exploration permit. Guillaumat reckoned that
room for Shell could be found in the Sahara if they accepted French participation
in their exploration activities in Canada and Venezuela. Representatives of the
Ministry of Finances and Economic Affairs stressed the difficulties of this solu-
tion, so eventually the French administration decided to participate in Shell’s
works, even without getting any substantial quid pro quo in terms of permits.38

That Guillaumat and his collaborators were willing to facilitate relations
with foreign companies did not mean all the oil executives in French compa-
nies embraced his viewpoint, especially when yielding to those companies could
jeopardize their primacy in the area. An episode regarding Shell and SN REPAL
clearly shows this point. In February 1952 the president of SN REPAL, Roger
Goetze, forwarded to Moch (the BRP delegate general) two letters to urge him
to consider the consequences of allocating foreign companies permits in areas
bordering those requested by CFP-SN REPAL (see Figure 2.2). Goetze stressed
the existence of a clause contained in SN REPAL’s permit allowing the com-
pany to prospect outside its permit zone. The French had requested their per-
mits in August 1950, earlier than Shell, but these had not yet been awarded.
Furthermore, since geological knowledge about the area was less detailed at the
time that SN REPAL had requested its permits, Shell could now ask licenses for
more promising areas. Goetze pointed out that in the light of the new geological
data about the Saharan basin, it would be preferable to allow SN REPAL prior-
ity over Shell or other companies on unexplored areas. In order to prevent Shell
from gaining uncontrolled access to the desired area, Goetze even proposed
that SN REPAL take a financial stake in all companies engaged in the Sahara,
especially in prospecting activities, so as not to miss any opportunity that might
accrue.?® Eventually, although the requests jointly made by Shell and by the
Régie autonome des pétroles (RAD, a French public oil agency) were approved,
SN REPAL received the governor’s support to obtain a counselor seat with no
financial stake, or a small stake (up to 5 percent) in the companies to be formed
by Shell and RADP.#?

The results of collaborative prospecting activities would eventually prove
Guillaumat’s strategy right, as they enabled the first major oil discoveries in
Algeria. Up until the outbreak of the Algerian war in 1954, the Algerian Sahara
remained firmly in French hands and provided France with the supply of oil it
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badly needed to cope with national demands. In 1953, the reopening of Anglo-
French negotiations on joint collaborative work led to the constitution of two
companies, the Compagnie de recherche et d’exploitation de pétrole au Sahara
(65 percent RAP; 35 percent Shell), and the Compagnie des pétroles d’Algérie
(65 percent Shell; 35 percent RAP).#! In 1954 the first of these companies dis-
covered the first gas field of commercial value in the area, and two years later
also discovered the Edjeleh oilfield.

Thanks to the geophysical knowledge put compiled during the past 10 years,
the French administration could thus address its energy security needs. SN
REPAL and BRP discovered in 1956 the two largest Algerian oil and gas fields,
Hassi Messaoud and Hassi R’Mel, and kept control of them. Since the main
American concern regarding the conflict was to keep the Soviets out of North
Africa, the early Cold War tensions on oil supplies between American and British
oil companies and the France administration relaxed somewhat. However, this
situation was complicated by events in the late 1950s, principally the conflict
for Algerian independence. While this chapter does not discuss the impact of
this conflict on French energy security in detail, it is worth mentioning that
it partly upset the system of selective collaborations with foreign concerns that
Guillaumat had put in place. In particular, both Italian and US firms now used
the conflict as a lever to gain more influence in the exploitation of Algerian
hydrocarbons. Meanwhile, the French and the British joined forces in the Suez
Canal crisis, thus overcoming their traditional enmity in oil affairs. This leads us
to consider another case, that of the North Sea, where the gathering of knowl-
edge on oil and gas fields was decisive in shaping the relations between another
former imperial power, Britain, and its neighboring countries.

The Race for the North Sea

The British case presents various points of contrast and comparison with the
French one, especially following the discovery of gas in the North Sea in 1959
(with the concomitant realization of the long-held expectation that oil would
also be found). The oil disputes in the Middle East and North Africa between
key Cold War allies highlighted to the British government the urgency of reach-
ing agreements on oil security through supranational organizations formed
along the political fault lines drawn by the Cold War. For instance, from the
early 1950s Britain encouraged NATO to take oil stockpiling seriously for both
military and energy security purposes, and mustered support for a Petroleum
Planning Committee to examine supply lines and storage of military and civilian
oil across the alliance. The committee was even made responsible for developing
strategies to protect these supplies in the event of World War I11.#2

Another element producing anxiety in the British government was the diplo-
matic victory of Egyptian president Gamal Abdel Nasser in the Suez Crisis. This
was bad for British oil security, but even worse for the French colonial interests,
as, so the French claimed, Nasser was acting as a proxy between the Soviets and
the Algerians, and was the main channel through which Algerian independence
fighters received weapons. The outcome of the Suez expedition strengthened the
Algerian liberation movement and made Nasser the champion of Arab national-
ism. Britain now found itself isolated in its quest to secure more oil. Similar to
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the experience of the administrators at the French BRDP, their British colleagues
at the Ministry of Power understood that the solution to the oil supply problem
rested with the ability to know more about oil deposits underground. But in
contrast with the French, the British found that the solution to their problems
was much closer to home and required no intervention in colonies or former
colonies.

Although underlying security concerns in Britain were similar to those in
France, the diplomatic and scientific pressures were different, and so were the
strategies and fuel policies that the Ministry of Power adopted in response. The
most important was to assemble essential information regarding North Sea gas
fields so as to quickly establish control on its output through licensing. This was
imperative given that Britain had no state oil company, and was therefore reliant
on commercial enterprise. The British government held a controlling stake in
AIOC, but the company had been greatly changed by the Iranian government’s
decision to nationalize the Iranian oil industry in 1951, which had led to the
Abadan crisis. AIOC became the British Petroleum Company (BP) in 1954.%3
Before the discovery of gas in the North Sea, the British government encour-
aged companies such as BP, Shell, and Esso to stockpile crude oil and diversify
their sources of supply as much as possible.** Nationalization never became part
of the ministry’s strategy. While the UK gas industry had been nationalized in
1948, no state oil company was founded, even in the wake of the North Sea
discoveries, for fear it would damage existing relations with the major oil com-
panies.*> Nor were these arguments ever simply about business methods and
oil revenues: in the international Cold War context, there was the ever-looming
possibility that Soviet military action might affect both civilian and military oil
supplies from the Middle East, and the great risk inherent in British dependence
on imported oil became starkly clear as domestic demand continued to rise.

In the early 1960s, the British government felt the potential threat to its sup-
plies was serious and quickly put into action a policy that not merely encouraged
but actively forced rapid exploitation of North Sea oil through commercial and
scientific avenues. Although oil and gas had been found just before World War
I1, from 1959 the location of the Slochteren gas field in the Groningen province
produced a rush toward prospecting and finding more hydrocarbons.*® The UK
Parliament soon passed a bill claiming sovereignty over all submarine resources
on its continental shelf and in 1962 BP established the first offshore prospecting
site in Weymouth Bay. However, BP experts knew that sites in British waters had
limited prospects, whereas the North Sea basin (which geologically resembled
northern Netherlands) held much more promise.*” Once the surveys—geological
sampling, gravity, and seismic—revealed that the richest field were located on
the Norwegian shelf, the British government sought to prevent other European
countries from staking a claim on these fields by quickly reaching an agreement
with Norway and licensing exploitation soon afterward (see Figure 2.3).

The agreement, signed in 1964, was far more advantageous to the Norwegian
administration since it would increase the amount of tax revenues from oil and
gas extraction, but would enable oil companies supplying Britain to gain per-
mits to pump gas out quickly and virtually unchallenged, oftering “oil security”
for the foreseeable future. Agreement was rapidly reached with Norway over
the division of all waters too far north for continental European countries to



57

3 . P P . N 1—Q AA- 1 T A Red
SLOJTTONal bouyndarics 11 tITINOI'tIT SEa.iviap Oy T1ansS vall deT 1vIaarcl, ke

Figure 2.
Geographics

claim them,*® Britain agreeing to a slight reduction in territory in order to begin
extraction at once and forestall potential rivals. Exploration licenses were issued
already in 1964, though a final agreement on the division of the North Sea was
not concluded until 1972. By 1967, when minister of power Richard Marsh
reported to the House of Commons on fuel policy, 54 exploration wells had
been drilled in the North Sea by at least 15 different companies.*

The deal with Norway compelled British authorities to constantly monitor
the prospecting efforts of other countries and firms in the North Sea. The UK
and Norway were, naturally, not the only countries hurrying to exploit resources
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on their continental shelves, and diplomatic negotiations over which companies
from which countries had access to which nation’s submarine resources became
complicated and required a certain delicacy. It is worth noting that following
the completion of the 1958 UN Convention on the Law of the Sea a new inter-
national treaty, the Convention on the Continental Shelf, entered into force on
June 10, 1964. The new convention ratified the right of individual nations to
exploit portions of the sea extending beyond what was previously considered
international waters and compelled these nations to prepare documents pro-
viding a geological definition of their shelf to be submitted to the UN.?" The
impending convention stimulated a secret scramble for new oil licenses.

Although French and British administration had restored amicable relations
on oil matters by the 1960s, the French still competed with the British in the
North Sea and kept a close eye on British activities there. Ministry of Power
officials were far more worried about Germany. In 1963 BP was excluded from a
consortium that was to operate in the German North Sea and learned that West
Germany had instead given licenses to the French BRP. The following year, BP
requested that the Ministry of Power arrange a diplomatic approach to enable
BP’s German subsidiary to gain access to the German North Sea. BP was excluded
from a consortium that was to operate in this area because, the company was
told, their interest had not been expressed soon enough. BP officials were reluc-
tantly prepared to accept the decision, but then learned that the French BRP was
admitted after BP was refused, and that BRP had expressed interest later than BP
had. Ministry of Power officials suggested to the Foreign Office that if BP was
discriminated against, reciprocal actions might be taken regarding the issuing of
licenses for British areas of the North Sea. In the end, BP became resigned to the
situation when the Germans promised that the consortium would operate only
in the German North Sea, with areas of German continental shelf in the Baltic
remaining open to other companies, BP included.?!

The attitudes of both Ministry of Power officials and the companies them-
selves could change very quickly though, especially when restricted informa-
tion on other countries’ intentions was made available. In 1966 another area of
continental shelf came under negotiation, this time the Swedish Baltic, and the
Ministry of Power learned from the Foreign Office that the Swedish government
was believed to be forming a consortium of Swedish companies to explore its
own waters. Though the Swedes would have to import equipment and expertise,
the British government—and BP—felt the formation of the consortium indi-
cated that foreign companies would probably not be permitted direct access.®?
Fears also lingered concerning the Soviet Union potentially gaining access to
Swedish Baltic oil fields. Though the earlier case had not resulted in either
French or German companies being treated differently by the minister of power,
Frederick Lee, when he allocated licenses for the North Sea, the possibility of
reciprocal action was now raised again. Since British companies had no urgent
need to gain access to the Swedish continental shelf, British diplomats eventu-
ally agreed that there was no reason to openly challenge the decision. It seemed
better to “adopt a liberal attitude ourselves and then take what credit we can for
it rather than threaten reciprocal restrictions,” as one ministry official put it.
Furthermore, there was another potential security issue with the Swedish Baltic
Sea: if an open invitation to Western companies to prospect was demanded by
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Western governments, it would not be unreasonable to suppose that the USSR
would begin to take an interest as well.

Not unlike the Algerian case, the accumulation and circulation of new geo-
physical knowledge on potential oil deposits played a key role in disputes on the
North Sea licenses. The first set of licenses for British North Sea oil explorations
had been issued by the minister of power between 1964 and 1965 and expired
in 1970. By 1967 some companies had been gathering more accurate geologi-
cal data for two years, and all of them would continue to do so for another
three. Ministry officials now realized that they would not be able to make sound
evaluations on the reissuing of those licenses in the next round unless they pos-
sessed the same information,®* and since the urgency to explore the North Sea as
quickly as possible remained, those licenses would have to be immediately reis-
sued. Although the British government did not have an equivalent of the BRD,
it too compelled the companies to which it had issued licenses to share data with
the Ministry of Power, so that information could be made readily available to its
officials. The lack of scientific capacity within the Ministry of Power to process
the raw data created anxiety. The licensed oil firms would share the data, but not
their scientific interpretations, thus placing the Ministry at a clear disadvantage
when evaluating the new round of licenses.

The Ministry of Power therefore turned to the newly established Institute of
Geological Sciences (IGS, formerly the British Geological Survey) and its new
director, Kingsley Charles Dunham.?® Although recently appointed, Dunham
had considerable academic and commercial experience, having served as profes-
sor of geology at the University of Durham since 1950 and consulted for sev-
eral mining and oil companies, including Iraq Petroleum in Oman and South
Yemen.*® One specific duty that made him eminently suitable for the tasks ahead
was that he had served on the committee chaired by Sir Frederick Brundrett in
1963, which, along with the Trend report on the reorganization of government
science, had recommended the formation of the IGS under the new research
councils in 1965. Unlike Guillaumat, Dunham was never involved in intelli-
gence work. But serving in the Brundrett committee exposed him to the man-
agement style of one of Britain’s pioneers of scientific intelligence. During the
war Brundrett had developed the Royal Naval Scientific Service, subsequently
rising to become head of the Atomic Energy Intelligence Committee and then
science adviser to the Ministry of Defence.?” His connections with both scien-
tific policy and the intelligence services were thus well established, and his influ-
ence had not waned with his retirement in 1959; indeed he was still responsible
for the Defence Research Policy Committee, the chief planning organization for
defense research in post-1945 Britain.®®

Brundrett’s policy review recommended that geological work previously car-
ried out separately by the Overseas Geological Survey and the geological survey
unit of the Atomic Energy Division be centralized under the 1GS.* It also more
clearly directed IGS work toward oil security needs. Following a recommendation
from fisheries scientist Ray Beverton, assistant secretary of the newly established
Natural Environment Research Council (NERC), Dunham agreed to establish
a Mineral Resources Consultative Committee (MRCC) under the aegis of the
Department of Education and Science (DES). This enabled information (and con-
cerns about data acquisition) to be shared between various government agencies,
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including the DES, the Ministry of Power, and the Ministry of Technology.®® As
director of the IGS, Dunham was therefore aware of the overall implications of
controlling information on natural resources, especially oil, and not merely the
geological details. He was willing to meet the Ministry of Power’s demands but
also cautious: he did not have sufficient staft; they did not yet have the data they
needed from the operators; and the time available would not be enough.®!

The ministry agreed to Dunham’s request for funds, but by mid-1968 the
ministry officials were concerned that the IGS would not have any material to
work with, as the information they needed would only really begin to flow in
early 1969.52 The key problem for Dunham was that North Sea operators were
being deliberately sluggish in sending their data, and there was little that either
the ministry or the IGS could do about it, especially as the physical well core
samples were large, unwieldy items requiring careful handling and storage. The
ministry needed at least some information, and as quickly as possible. Most of
the commercial operators were willing to assist, at least in principle, and the UK
North Sea Operators’ Committee recommended to its members that they coop-
erate with any approaches for data from the 1GS.%® On the one hand, they were
legally obliged under the licenses to provide at least their raw data, and since the
ministry issued the licenses, they could not afford to appear uncooperative. On
the other hand, some of the operators knew that the Ministry of Power, follow-
ing the IGS’s advice, would use their data to advance the interest of the state
rather than that of the oil firms. Elements within the governing Labour Party
even pressed for the establishment of a National Hydrocarbon Corporation to
centralize oil exploration and development, although Prime Minister Harold
Wilson and his cabinet never followed through on the proposal.®*

In these difficult circumstances, Dunham skillfully used the power and
knowledge he had gained from the Brundrett committee. Firstly, he sought to
reorient the existing geology programs so as to bring to the fore oil security mat-
ters. His predecessor at the Overseas Geological Survey had already outlined a
survey of the British continental shelf. Now Dunham used NERC and Ministry
of Power’s support to put forward an ambitious plan to prospect the North Sea
basins and correlate geophysical and geological results in order to gain greater
knowledge of oil-bearing structures.®® To counter the oil firms’ sluggishness,
the IGS began to carry out its own surveys. Continental Shelf Unit I (CSU I)
was established at the Leeds office to survey the central North Sea and the Irish
Sea, along with the Mineral Assessment Unit (MAU) in London to analyze
the findings. Continental Shelf Unit IT (CSU II) was formed in Edinburgh to
survey the northern North Sea. The MAU worked closely with the MRCC and
was heavily involved in assessing North Sea resources, though it also had broader
strategic concerns. In the North Sea, the first task was to establish the stratigra-
phy, so both the immediate and the long-term program for the continental shelf
work were quickly established, beginning with the “interpretation of data from
commercial exploration of North Sea and Irish Sea” and “offshore geophysical
and geological investigations in the northern Irish Sea, Humber Estuary and
North Sea off Lincolnshire.”®® The IGS received about half the data the opera-
tors then held by the end of 1967, and the flow continued in 1968.

Although there was no nationalized oil company, the operators still feared
that the ministry might use confidential data they had produced to justify issuing
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licenses to British Gas (which was a state-owned company), prompting ministry
officials to issue reassurances.®” The lack of a national company meant that from
the state’s perspective, the greatest threat to Britain’s oil security appeared to
be that it could not guarantee sufficient investments in geophysical research, a
situation that contrasted with other Western European states. In case of conflict
or due to sudden lack of supply, it was unclear if these companies would pro-
tect national or commercial interests. Dunham also had to face the consequence
of a white paper that advocated a different allocation of funds to NERC and
IGS, thus putting in jeopardy both the Continental Shelf Survey and the IGS
Mineral Intelligence program.®® Nevertheless, the threat of establishing an inde-
pendent national survey unit ultimately convinced private oil firms operating in
the North Sea to align their operations more closely to the chief imperative of
the British government—to secure a constant supply of oil to Britain.

By 1971 a number of major oil fields had been discovered in the North Sea,
and the rate of commercial exploration and discovery was rapidly increasing. A
110-mile marine pipeline was being planned from the Forties field to the coast
near Peterhead, and Dunham reported that “official statements suggest that by
the end of the decade a substantial proportion of the United Kingdom’s oil
requirements may be available from the North Sea,” adding that this was “the
most important geology-based development in Britain since the opening up of
the coal-fields.”®® The pressure began to tell on the IGS, however, in the 1970s,
as basic survey work suffered while projects associated with the North Sea became
paramount—not only analysis of the operators’ data, but also extended seabed
surveys, pipeline projects, and growing transport links. By 1975, when Dunham
left office, he had effectively put in place a comprehensive plan of explorations
prioritizing British oil security by aligning oil firms to IGS plans, since—as
Dunham stressed—“the fossil fuels come first.””® Notwithstanding the oil crisis
of 1973, Britain’s concerns for oil security had been successfully addressed.

Conclusions

Oil supply was at the center of national security strategies in both Cold War
Britain and France, due to the critical role of oil in the military-industrial complex
and an ever-increasing domestic demand. Guided by similar fortunes, namely
the degree of autonomy fostered by the discovery of oil reserves in nearby and
colonial territories and finding their interests in the Middle East threatened by
increasing Soviet and American influence, the French and British governments
attempted to secure control of Algeria and the North Sea respectively. While
the French had relatively little difficulty in achieving quasi-exclusive control of
exploration in Algeria, a territory over which France had complete political con-
trol, the British strategy was made more complicated by the very nature of the
area of exploration, bordered by a number of independent European countries
with their own energy and security concerns.

In the late 1940s, French oil security was shattered both by ploys to evict
CFP from the Middle East and by external political factors that France and CFP
could not control. To rebuild their security, the French mobilized their army of
exploration geophysicists and intelligence agents to know more about what could
be found in the French Union and what other countries intended to do in these
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regions. They moved their focus to the French Union, in an attempt to guarantee
national supplies from an area they could use as their own private ground. The
possession and management of confidential geological information shaped the
beginning of Algeria’s oil era, and gave a marked advantage to French compa-
nies, which were able to use their practical monopoly rights for their exploration
activities without having to worry too much about competitors. But foreign oil
companies sought to establish their presence in the Sahara too and take advan-
tage of their influence internationally. The repeated requests of British and US
oil firms to this end caused a long-lasting quarrel between French institutional
sectors, resulting in the strictly government-moderated entrance of Shell into
Algeria, in a joint-venture with French public agencies, or in making limited con-
cessions to gain collaborative deals in oil exploration ventures elsewhere. The rest
of Algeria, however, would be safely in French hands. At least for a few years.

The British government, in contrast with the French, could count already on
a fairly constant flow of oil from the Middle East. So it maintained an interest in
entering other areas outside Britain, but this waned somewhat when the North
Sea revealed to be the best source available of hydrocarbons. At this point the
chief strategic urgency for the British minister of power became to administer
North Sea licenses effectively, controlling the underlying knowledge that enabled
private firms to extract the oil. Yet, geostrategic knowledge both in the form of
geological studies and an understanding of what other countries wished to do
on their own territory was equally important. British security concerns stimu-
lated continual urgency of both exploration and policy development within the
Ministry of Power, speeding exploitation of the North Sea by encouraging both
the operators and the IGS to map, survey, and drill as much as possible as quickly
as possible, to the extent that by the early 1970s the possibility of British near
self-sufficiency was being mooted. In essence, The British government’s system
of supply was based on control of licenses and thus on geophysical knowledge
that would allow preventing access to other nations and a mechanism of distri-
bution to companies allowing to secure a regular flow of oil to home.

At the same time, oil exploration and geological knowledge had become
another kind of intelligence for nations long accustomed to intelligence gather-
ing, partially through the influence of officials such as Kinglsey Dunham and
Guillaumat, who had backgrounds in the two sides of geostrategic intelligence,
namely information on the underground resources and the plans of those nations
who had an interest in them.
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Chapter 3

“Unscare” and Conceal: The United Nations
Scientific Committee on the Effects
of Atomic Radiation and the Origin of
International Radiation Monitoring

Néstor Hevran

On December 3, 1956, the General Assembly of the United Nations estab-
lished the Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)
to collect and evaluate information on the worldwide levels and the effects of
ionizing radiations. The committee, which was compelled to present a com-
plete report to the UN General Assembly by late 1958, became a key space
for international scientific exchange, setting of standards in radiological pro-
tection, and establishment of transnational networks of radiological monitor-
ing. Nonetheless, its very creation, design, and operation were surrounded by
controversy. Diplomatic tensions regarding nuclear disarmament, surveillance
ambitions, and the interest in playing down a transnational collaborative project
seeking to find out more about radioactive fallout shaped the structure and
inner dealings of the committee.

The constitution and early activities of the UNSCEAR were a result of two
complementary and sometimes contradictory activities of nuclear powers: the
downplaying of the effects of radiation exposure vis-a-vis the findings of activists
and the concealing some of the methods to detect atmospheric radiation used to
gain information on foreign nuclear tests. These activities involved the develop-
ment of transnational networks of radiation monitoring to assess the health haz-
ards of radioactivity for human populations that, additionally, would conceal the
preexisting military monitoring infrastructure.!

In order to reveal this logic of “playing down and conceal,” I first present the
state of military radiological surveillance networks that were developed in the late
1940s and 1950s by the nuclear powers to monitor foreign nuclear activities, as
well as the emergence of nonmilitary programs for the study of environmental
radioactivity in the wake of the global controversy regarding fallout from nuclear
tests. Then, I analyze the composition of UNSCEAR and discuss its relevance
to diplomatic and intelligence-gathering concerns, and how evidence on the
effects of radiation was managed according to different national interests. In this
point, I stress the role of the United States and the United Kingdom as the most
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influential nations in the shaping of the committee and its increasing relevance
at the expense of other UN institutions such as the UNESCO and the IAEA, or
preexisting international institutions dealing with the regulation of radioactivity,
such as the International Commission on Radiological Protection (ICRP).2

Finally, I study the contents and reception of the first UNSCEAR report in
1958, as well as the effect of this institution’s activities in the establishment of
further projects of radioactive monitoring and the setting up of international
standards in the collection and measurement procedures. Backed by its inter-
national and intergovernmental character, UNSCEAR’s approach—based on
the idea of maximum permissible dose—spread globally in the following years.
Indeed, the institution would acquire a dynamic of its own, which helped to
create an international community of experts in radiation language, tied by a
common set of and approaches and practices.

Early Military Radiological Monitoring

Military radiological monitoring can be defined as the set of techniques and
practices created and used to detect nuclear activities, especially those activi-
ties related to the development and deployment of nuclear weapons. The origin
of these techniques and practices can be traced back to American efforts to
assess the extent of the German nuclear program at the end of World War I1.
General Leslie Groves, head of the Manhattan Engineering District—and also
responsible for nuclear intelligence operations since the fall of 1943 —considered
obtaining information about the development of nuclear weapons in Germany a
priority. Groves adopted an innovative approach to intelligence-gathering, based
on the detection of nuclear operations at distance by measuring the radioactivity
such operations released into the environment.® Luis Alvarez, a Massachusetts
Institute of Technology Radiation Laboratory—trained physicist, was charged
with the task of developing a method. He came out a procedure involving the
collection of air samples by US Air Force planes and the determination of the
presence of xenon-133, a rare gas produced during the operation of nuclear reac-
tors. This monitoring schema was first used in the fall of 1944 over sites of
suspected German nuclear activities, with negative results. A parallel intelligence
operation also devised by Groves, the Alsos Project, confirmed that the German
nuclear program had been unsuccessful .

Radioactive emissions from American nuclear tests and facilities were also
monitored in order to assess the reliability of the method employed. Manhattan
District scientists unsuccesstully tried to detect the Trinity test (July 16, 1945) by
seismic and radiological methods, and flights over plutonium-producing facili-
ties at the Hanford nuclear production complex in Washington state revealed
that the xenon-based system was only reliable for detecting nuclear activities at
a short distance. However, scientists alien to the Manhattan project were able to
retrospectively detect the Trinity test, suggesting that it was possible to detect
nuclear explosions as far as 1,000 kilometers away by sonic and seismological
methods, and up to 2,000 kilometers by measuring radioactive debris.

After the war, the prospect of nuclear proliferation furthered nuclear intel-
ligence-gathering. American intelligence operations were reorganized, with
monitoring operations expanding under the impulse of different branches of



“UNSCARE” AND CONCEAL 71

the US military. One of the first initiatives in this direction was Project Mogul,
established in 1945. Geophysicist Maurice Ewing, working at the Woods Hole
Oceanographic Institution, had studied the transmission of sound underwater
and discovered the existence of “sound channels” able to carry sounds at long
distance in deep layers of ocean water. The suggestion that a similar channel
could exist in the stratosphere raised the interest of officials in the US Army and
US Air Force, which appointed Ewing as head of a research group at Watson
Laboratories.®> At the same time, the US Navy established a monitoring pro-
gram as a part of the Operation Crossroads, a series of nuclear tests conceived
to assess the effects of nuclear blasts on ships. Geophysicist and oceanographer
Roger Revelle participated in this effort, which led to inconclusive results. But,
as had happened in the Trinity test, scientists not affiliated with the military
announced that they could detect nuclear explosions using cither seismographs
or Geiger-Miiller counters. This seemed to confirm again that it was possible to
detect signals of distant nuclear tests against the background of natural radiation
once the time of the explosion was known.

By 1946, while sonic and seismological monitoring stagnated due to the limi-
tations of the available high-altitude balloons or seismographs, the radiological
method consolidated as the most promising technique for long-range detection.®
This idea was reinforced by the results of Operation Fitzwilliam, carried out to
monitor the Sandstone nuclear tests in spring 1948 and compare the different
monitoring methods.” The private company Tracerlab, a firm that specialized in
manufacturing radioactivity-measuring equipment, played an important role in
these studies, which were based on the radiochemical analysis of air filters from
ground stations and monitoring flights. The success of these experiences paved
the way for the participation of Tracerlab technicians in subsequent monitoring
operations.

The Central Intelligence Group, the institutional predecessor of the Central
Intelligence Agency (CIA), fostered the development of a centralized body in
charge of monitoring based on a preexisting Air Force group, AFMSW-1 (for Air
Force deputy chief of staff for Materiel, Special Weapons Group, Section One).
By July 1948 this group was under the direct control of the AEC under the name
AFOAT-1 (Air Force deputy chief staff of operations, Atomic Energy Office,
Section One).8 In the following years, AFOAT-1 expanded its mission from the
detection of nuclear tests to the monitoring of all aspects of the nuclear cycle,
from uranium mining to the stockpiling of fissionable materials. In the radiologi-
cal domain, this led to the improvement of methods based on the detection of
krypton-85, and the development of a compact cryogenic collection unit for the
remote monitoring of tests, reactor operations, and plutonium production.’

By 1949, AFOAT-1 had expanded to include two central laboratories (oper-
ated by Tracerlab in Berkeley and Boston), four dedicated squadrons of BW-29
air-sampling bombers, and 24 ground stations, which were operated primarily
as a backup for the more effective monitoring carried out by aircraft. An agree-
ment with the United Kingdom had been reached on the monitoring of Soviet
nuclear activities, which was reflected in the geographical distribution of the
stations. American stations were mostly scattered in the Pacific, from Northern
Alaska to the Philippines, and, in minor, extent, in the Atlantic (Washington
DC, Bermuda, and the Azores), while the British were in charge of monitoring
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the northern regions of the Atlantic Ocean.!? In particular, the United Kingdom
had established ground stations at air bases in Scotland, Northern Ireland, and
Gibraltar, equipped with Geiger counters to analyze filters coming from surveys
in Greenland and Western Atlantic (Operation Bismuth) and the Mediterranean
(Operation Nocturnal). Samples with high readings were sent to the UKAEA
laboratories at Harwell to be analyzed in detail.!!

In August 1949, the British-American monitoring system was able to detect the
first Soviet nuclear test after finding radioactive dust in filters exposed in flights
carried out over the Pacific some days after the explosion. Collaboration between
British laboratories and the US Weather Bureau Special Projects Section, headed
by meteorologist Lester Machta, allowed for the determination of the bomb type
and the location of the explosion in Central Asia. The precision of the monitoring
system was improved in the following years by implementing a complete network
of seismic, sonic, and radiological stations, whose reliability was regularly checked
by following American nuclear tests in the Pacific. In this schema, the different
methods of detection combined to provide a detailed picture of Soviet explosions:
the radiological was used to make out the composition of the bomb, the electro-
magnetic pulse to provide the exact time of explosion, the sonic to help ascertain
the yield, and the seismic to determine the location of the test.!?

While those British and American monitoring projects were carried out, the
Soviet Union also established its own intelligence operations in this field. They
involved not only traditional spying activities that made them aware of American
monitoring practices,'® but also regular monitoring of environmental radioac-
tivity. In particular, analysis of the radioactive debris of American tests seem to
have been instrumental in the design of the Soviet hydrogen bombs based on the
Teller-Ulam design, first detonated in November 1955, only three years after
the first American thermonuclear test.!* But this could also apply to the British
nuclear weapons program, which was fostered by the knowledge provided by
its monitoring programs, and the French program that by late 1957 involved a
parallel network of 15 monitoring stations in continental France and at least one
more station in Tahiti.!®

The Fallout Controversy and Its Consequences

On March 1, 1954, a nuclear test codenamed “Castle Bravo” detonated a 15-ki-
loton hydrogen bomb in the Marshall Islands. The explosion, exceeding the
predicted yield, spread nuclear fallout over regions hundreds of kilometers away
from the test site. The population of nearby atolls had to be eventually evacuated
after receiving high doses of radiation, and a secret study was launched to assess
the effects.!® However, public concern would possibly have remained limited
if not for the fallout affected some Japanese fishing boats. After returning to
Japan, the crew of one of the ships showed signs of radiation sickness. A con-
troversy escalated when measurements of tuna catches—which had been already
marketed—revealed them to be radioactive and unfit for human consumption.
In the following months, more reports on contaminated fish and radioactive
rain coming from nuclear tests featured frequently in Japanese media. From May
to July 1954, a team including marine biologists, meteorologists, food scientists,
and radiologists performed an oceanographic survey of the waters in the Pacific



“UNSCARE” AND CONCEAL 73

Ocean. Considered the first environmental radiation survey outside the nuclear
test sites, it challenged claims by the US Atomic Energy Commission (AEC)
that no radioactive contamination could be found outside the danger zone
established around the Bikini atoll. These findings were contested by the results
of a new AEC survey, codenamed “Operation Troll,” which indicated that the
measured activities remained below the maximum permissible dose. However,
this clash of claims and counterclaims did not help to reassure Japanese public,
fostering the emergence of a strong grassroots Japanese antinuclear movement.
This involved, for example, the creation of a unified Japanese Council against
Atomic and Hydrogen Bombs gathered more than 35 million signatures calling
for a ban on nuclear weapons.!”

Concern over fallout was not restricted to Japan, and soon acquired a global
scope. News about radioactive rain was reproduced by newspapers in all con-
tinents, fostering worldwide awareness on the risks of nuclear testing. In the
United States, a public controversy originated around a specific isotope present
in fallout, strontium-90. In 1953, the AEC had launched Project Sunshine, a
secret project to collect samples of air, water, soil, milk. and human bones in the
United States and abroad, in order to measure the presence of strontium-90. Led
by atomic chemist and AEC commissioner Willard F. Libby, Project Sunshine
was the first large-scale survey of radioactive environmental contamination.!® Its
preliminary results, released to appease public anxiety, were moderately reassur-
ing, but the controversy was not over and some associations tried to undertake
independent measurements. For example, the Consumers Union conducted a
national study of strontium-90 concentrations in milk, which was published in
the magazine Consumer Records, and the Greater St. Louis Citizens’ Committee
for Nuclear Information started a survey of strontium-90 in children’s teeth.!”

In the diplomatic arena, the fallout controversy soon became intertwined
with decolonization issues. India’s first prime minister Jawaharlal Nehru was
one of the most outspoken critics of nuclear tests, requesting in April 1954 a
“standstill agreement” on nuclear testing as a first step toward disarmament.
His appeal referred directly the effects of Pacific atomic tests in Japan, point-
ing out that “Asia and her peoples appear to be always nearer these occurrences
and experiments, and their fearsome consequences, actual and potential.”° One
year later, he was instrumental in the organization of the Bandung Conference,
which launched the movement of nonaligned countries.

A transnational movement of scientists, under the auspices of the UN
Educational, Scientific and Cultural Organization (UNESCO), began to
mobilize to assess the dangers of radioactive fallout for human health. The
International Council of Scientific Unions (ICSU), meeting in Oslo in August
1955, resolved to ask its members to conduct studies of radiation effects inde-
pendently of the United States and to sponsor a scientific study independent
of governments. This initiative was regarded with suspicion by nuclear powers,
which preferred a committee of scientists designated by national governments.?!
In December 1955, the issue was addressed in the United Nations General
Assembly, leading to a resolution, approved unanimously, which requested the
establishment of a committee to study the effects of radiation on human health
in general. Under this formulation, it would not only be a consultative body on
the question of fallout, but also provide a standard reference on radioprotection
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to countries interested on developing civil nuclear programs in nations but lack-
ing radioprotection agencies.?

The United Nations Scientific Committee on the Effects of Atomic Radiations
(UNSCEAR) was constituted by representatives of 15 states, including the
three nuclear powers at this time (the United States, the Soviet Union, and the
United Kingdom), countries with advanced nuclear programs such as France and
Canada, strategic providers of uranium such as Czechoslovakia, Belgium, and
Australia, and six nonaligned countries (India, Brazil, Egypt, Argentina, Mexico,
and Sweden). Japan, epicenter of the fallout controversy, completed the panel.
However, the committee’s composition was in line with that of the early United
Nations, which favored the United States. Only two of the countries participating
in the commission were in the Soviet Union’s sphere of influence.

UNSCEAR was born in this way as a quite exceptional offspring of interna-
tional diplomacy, as the only scientific committee in the UN system and as a
precedent to other international institutions devoted to the regulation of nuclear
affairs, such as the International Atomic Energy Agency (IAEA), which was
established in 1957. Its origin, however, was rather serendipitous and has to
be seen as a response of national governments, and especially of the United
States, to an incipient transnational movement linking initiatives at different lev-
els: grassroots antinuclear movements, nonaligned countries aiming at nuclear
disarmament, and scientists acting as moral crusaders on behalf of populations
sacrificed to the atomic cause.?

UNSCEAR at Work

In early 1956 the members of the committee were appointed by their respective
governments, with each country presenting at least one scientific representative
and one or more substitutes, as well as accompanying diplomats. Among them
were some of the leading experts of the rapidly growing discipline of medical
physics, such as British representative William Mayneord, American representa-
tive Warren Shields, and Swedish representative Rolf Sievert, and scientists with
experience in advising governments and international institutions such as the
Mexican representative Manuel Martinez-Baez. The committee was thus typi-
fied by disciplinary diversity, since it included directors of medical and public
health institutions, biophysicists, members of radioprotection institutions, and
geneticists (see Table 3.1).

The main idea inspiring the committee was to reproduce the spirit of the
recent Geneva “Atoms for Peace” Conference, which was remembered as the
first instance of open international discussion in nuclear matters since the begin-
ning of the Cold War. The feeling that an open discussion could also be attained
in the UNSCEAR was explicitly written down in the committee minutes:

The session has merely confirmed what the Conference on the Peaceful Uses of
Atomic Energy had already shown in August 1955: namely that, despite all dif
ferences in background and language, scientists everywhere had the fundamen-
tal approach to their work, reached the same results, and always welcomed the
opportunity to compare their own results with those of others and to achieve
standardization.?*
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Table 3.1 Heads of national delegations at the UNSCEAR

Country

Representative

Background

Argentina

Australia
Belgium
Brazil
Canada

Czechoslovakia

Egypt

France

India

Japan
Mexico
Sweden

United Kingdom

United States

USSR

Constantino Nuniez

C. E. Eddy / D. J. Stevens

Zenon Bacq
Carlos Chagas

E. A. Watkinson
Ferdinand Hercik

A. Halawani

Louis Bugnard

V. R. Khanolkar

Masao Tsuzuki

Manuel Martinez Baez

Rolf Sievert

William V. Mayneord

Shields Warren

Andrei V. Lebedinsky

Director of the Department of
Medicine and Biology, National
Commission of Atomic Energy

Director of the Commonwealth X-Ray
and Radium Laboratory

Professor of Radiobiology, University
of Liege

Professor of Biological Physics,
University of Rio de Janeiro

Department of Health and Welfare of
Canada

Director of the Biophysics Institute,
Czechoslovak Academy of Sciences.

Director of Department of Research
and Endemic Diseases, Ministry of
Public Health

Director of the National Institute of
Hygiene, Ministry of Public Health

Director of the Indian Cancer
Research Centre, Chairman of
Biological and Medical Advisory
Committee, Department of Atomic
Energy

Director of Japan Red Cross Central
Hospital, Professor Tokyo University

Founder of Institute of Tropical
Disease

Professor of Radiophysics, Royal
Carolinska Institute, Stockholm

Professor of Physics, University of
London; Director of Medical
Physical Department, Institute of
Cancer Research, Royal Naraden
Hospital

Scientific Director of the New England
Cancer Research Institute,

Professor of Physiology

The committee met five times before the submission of its first report: twice
in 1956 (from March 14 to 23 and from October 22 to November 2),?® once in
1957 (from April 8 to 18, 1957) and twice again in 1958 (from January 27 to
February 28, and from June 9 to 13). The final report was approved in the fifth
session and submitted to the General Assembly. In addition to regular meetings,
which were recorded in the committee minutes, the scientific committee also
established informal—and unrecorded—discussion groups focusing on the main
issues examined: genetic effects of radiation, the difference between internal and
externally absorbed irradiation, natural radiation levels, exposures during medi-
cal procedures and occupational exposure, and environmental contamination.
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These meetings, of more technical character, were organized around the discus-
sion and evaluation of documents submitted by national governments under
strict formal procedures. The need to classify and evaluate a huge amount of
information was evident since the first meeting, and the committee requested
the hiring of two young scientists, the Swedish radiophysicist Bo Lindell and the
Argentinean biophysicist Dan Beninson, to present data in a form suitable for
the committee’s discussions.?®

Despite the apparently technical format in which UNSCEAR meetings took
place, discussions in the committee concurrently dealt with diplomatic issues
related to the framing of discussions, the selection of sources of information,
and the dissemination of its results. Scientific representatives to the commission
were aware of the diplomatic implications of their task, and when they forgot,
the accompanying diplomats duly reminded them. Previously classified docu-
ments on the committee held in the UK national archives reveal, for example,
that the British delegation received explicit instructions from the Foreign Office
warning them that “the question of halting or banning nuclear weapon tests lays
outside the competence of the Scientific Committee and should be discussed
only in the context of disarmament” and that “the UK representatives should
resist any attempt to get the Committee to make recommendations on this or
other aspects of the nuclear tests problem.”?” This instruction was consistent
with the British (and American) policy to separate disarmament negotiations
from a multilateral debate on fallout.

UNSCEAR meetings previous to its first report were strongly conditioned
by the publication of scientific reports on the effects of ionizing radiations pro-
duced by the United States National Academy of Sciences (NAS) and the United
Kingdom Medical Research Council (MRC) in June 1956, a few months after
the establishment of the committee. Both institutions had engaged in “indepen-
dent” surveys under the supervision of their respective national atomic energy
authorities. As Jacob Hamblin and Soraya Boudia have shown, the conclusions
of both reports report were a product of a negotiation between MRC and NAS-
appointed experts and the AEC administration, resulting in a pretended scien-
tific consensus on safe levels of radiation.?® In relation to the effects of nuclear
testing, the reports aimed at dispelling fears, stressing that radiation released was
negligible in comparison to the natural background and playing down concern
for genetic damage. On this point, the timely publication of the first compre-
hensive review of the data obtained by the Atomic Bomb Casualty Commission
on the survivors of Hiroshima was also instrumental. This report, published in
1955, provided some evidence of a minimal dose under which no genetic effects
could be observed in humans and was widely used in the media to dispel fears of
health hazards from fallout.?®

The MRC and NAS reports were taken as a basis for discussion in UNSCEAR,
which generally avoided contributing to public scare on fallout. In March 1956,
for example, radiologists William V. Mayneord and Rolf Sievert presented
Swedish and British surveys, suggesting that exposure to radiation due to diag-
nostic procedures was higher than previously expected, and chairman Carlos
Chagas had to remind them that “the committee duty (was) to inform, not to
alarm.”3% All at once, rhetorical strategies were put in place to give legitimacy to
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the commission, such as the replacement of the word “experts” by “scientists,”
or the emphasis on the fact that commission was the result of scientific coopera-
tion between nations.?!

The recollections of first UNSCEAR secretary, the Canadian Ray Appleyard,
also reveal that the UN press corps established rigorous procedures to avoid
scientists making off-the-record remarks, instructing delegates about how to
address the press with strictures such as “never answer hypothetical questions.”
32 These recommendations were strictly followed by the committee members, as
shown by records of press conferences:

Question: (...) On the basis of what you have found so far, are you in a position to
say that there should not be any more testing of nuclear weapons or bombs in view
of the fact that, some time ago, a large number of Nobel prize winners, among
them scientists of great repute, have asked for the banning of tests?...

Prof: Bacq (Belginm): I must say that this question is outside the scope of our work.
We were not asked by the Assembly of the United Nations to answer this question.
We shall give to the Assembly all the data evaluated by us and put it in a readable
form. It will be the responsibility of the Assembly of the United Nations to take
such decisions as the one you have suggested.??

On July 13, 1958 UNSCEAR presented its first report to the General
Assembly of the United Nations. The 232-page report drew heavily on the mate-
rial presented by the United States and the United Kingdom, which counted
together not only the 53 percent of the pages examined, but also provided the
most detailed synthetic reports.3* Given the composition of the committee and
the selection of material examined, it is not surprising that the report’s contents
and conclusions closely followed the path of its British and American predeces-
sors. That is, it too downplayed the hazards of radioactive fallout, minimizing
its genetic impact by comparing with natural levels of radiation, and relied spe-
cifically on studies about the distribution of strontium-90.3% This isotope had
been the focus of the Project Sunshine and also of the American debate, which
revolved around the danger this element posed by entering the human food
chain through milk, an important element of Americans’ diet. The only mention
to the idea that genetic effects of radiation might have no threshold, which was
the basic argument of critics of atmospheric testing, was included as a particular
vote of the Soviet, Czech, and Egyptian delegations in the final report.

It is also remarkable that other isotopes produced in nuclear tests, particularly
carbon-14, were excluded from the first report. Despite carbon-14 being one of
the main sources of radiation in living organisms, the contribution of fallout
to its global increase was widely ignored in the study. This discrepancy was a
centerpiece in the arguments of the two main opponents of nuclear testing at
both sides of the Iron Curtain. Andrei Sakharov, who published his results in
June 1958, estimated 10,000 deaths and other health injuries from the low-
dose radiation effects from each megaton of nuclear weapons exploded.3¢ Linus
Pauling, who knew of Sakharov’s findings though his network of scientific activ-
ists against nuclear proliferation, estimated in November 1958 that one year
of atmospheric nuclear testing would cause “55,000 children with gross physi-
cal or mental defects, 170,000 stillbirths and childhood deaths, and 425,000
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embryonic and neonatal deaths.”®” However, the lack of emphasis on this ele-
ment can be understood by the lack of available studies on the biological effects
of this isotope and the reluctance to disclose data on its production by thermo-
nuclear bombs, which could give details about the bombs’ components.

Towards a Transnational System of Radiation
Monitoring Networks

British and American representatives had the upper hand in UNSCEAR nego-
tiations mainly because, in contrast with other countries, they had been work-
ing on radiological monitoring during the previous 10 years, and had begun
establishing a network of stations that ensured global coverage. A large world-
wide network of 122 stations had been put in place after the Castle Bravo tests
under the direction of Lester Machta, who coordinated measurements obtained
from 39 US Weather Bureau stations in the continental United States and 14 at
overseas locations, 23 overseas stations operated by the Air Weather Service, 31
stations from the State Department, three operated by the Navy and the Coast
Guard, and two by the Atomic Bomb Casualty Commission. The Canadian
Meteorological Service and the Canadian Atomic Energy Commission coop-
erated with respectively ten more stations. In addition, daily measurements
based on gummed film stands were performed by most ships of the Military Sea
Transport Service on routes in the Pacific Ocean.3®

This scientific hegemony is evident in the first UNSCEAR report, which
provides one of the first graphical accounts of the distribution of radiation moni-
toring stations worldwide. According to the first UNSCEAR report, the com-
mittee had had access to measurements from about 350 stations. This number
seems rather impressive, but their authors noted that the uneven distribution of
stations meant that “large areas of the earth are insufficiently covered by the net-
work of stations collecting data,” while also noting that “the different stations
and laboratories do not all operate with comparable collection and evaluation
methods.”®® A disproportionately large number of the stations were located in
the United States in comparison with the lack of measurements in large areas
of Asia and Africa. Indeed, most measurements were obtained from terrestrial
stations, leaving out of the picture most of the Atlantic and Indian oceans, and
large parts of the Pacific. In global terms, the Northern Hemisphere was over-
represented in comparison to the Southern, making the calculation of global
doses difficult and uncertain.

In order to get a better picture, the US Air Force launched in 1957 the High
Altitude Sampling Program (HASP), aiming at the direct measurement of strato-
spheric concentrations of debris from tests of nuclear weapons (and especially of
Sr-90), and the estimation of their stratospheric residence times and mechanisms
and rates of transfer within the stratosphere and from the stratosphere to the
troposphere. Between August 1957 and June 1960, about 3,700 samples of air
were collected by aircraft at more than 70,000 feet (around 20,000 meters) of
altitude in a meridian sampling corridor.

The interest of the United States to build a comprehensive map of the distri-
bution of atomic debris can be related to the beginning of the Geneva talks with
the Soviet Union about the establishment of a treaty banning nuclear tests in
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1958. One of the most important problems faced by negotiators was the unreli-
ability of methods for the verification of violations of the agreement (see chap-
ter 4 by Simone Turchetti). Indeed, these methods could also be used to track
nuclear tests by nations engaged in the development of nuclear weapons, such as
France, in the scenario of widespread nuclear proliferation.

UNSCEAR proved to be an ideal space to further the collaboration of other
nations in the global collection of data on environmental radioactivity and to
strengthen bilateral relationships in the nuclear domain in the same spirit as
Eisenhower’s Atoms for Peace campaign. And, as John Krige has shown in rela-
tion to this later initiative, American hegemony was constructed by means of
technical instruments, such as the establishment of standards and procedures.*
But while these monitoring procedures spread globally, more sophisticated
methods utilized to garner intelligence on Soviet tests were kept away from these
public debates and international negotiations on nuclear fallout in order not to
undermine their effectiveness.

The very methods established to collect fallout samples provide a good exam-
ple of this construction of scientific hegemony by controlling standardization
procedures. The fundamental technique used for measuring fallout was the
“gummed film,” a method initially developed to trace the pattern of fallout
distribution of nuclear tests performed in Nevada since fall 1951. It was based
on putting a gummed film, made from cellulose acetate, on a platform situ-
ated at about one meter from the ground. The film, which supposedly caught
fallout as it descended, was subsequently burned and its ashes analyzed for the
presence of radioisotopes by means of a beta-radiation detector. This method
worked relatively well and produced simple test patterns when fission devices
were concerned, allowing for estimations of individual long-lived nuclides such
strontium-90. However, when thermonuclear devices were first used, they deliv-
ered the test debris into the stratosphere, producing a more rapid dilution and
making them more difficult to follow. Accordingly, mathematical models had
to be developed to allow computation of the doses produced from the available
data. Techniques to compute the actual strontium-90 level included comparison
with other techniques, such as the collection of radioactive debris in soil pots,
but they were not stabilized at the moment of the UNSCEAR reports. In 1960,
for example, an internal memorandum of the US AEC showed that measure-
ments computed from gummed films between 1956 and 1958 underestimated
by a factor of 20 the presence of strontium-90 in comparison with direct mea-
surement in soil pots.*!

These important disagreements did not prevent the United States from sug-
gesting to UNSCEAR that the global radiation monitoring network be based
on gummed films, proposing to provide other countries with standardized foils
and formularies and to collect them for analyzing the data and process the data
automatically to produce global radioactivity maps. Standardization under US
norms was not accepted straight away. An example of this is the opposition of the
Japanese representative to the imposition of American method in one of the first
meetings of the commission, stressing the differences existing between different
measurement methods.*? However, even if the report pointed out the uncer-
tainty related to the gummed film method, the system was approved thanks to
the extensive American network and the abundance of data.
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Conclusion

From its military origin in the late 1940s to its transformation in an international
endeavor under the auspices of the UNSCEAR, radiological monitoring was an
important instrument for the surveillance of nuclear activities. It is impossible
to disentangle public health concerns from diplomatic and intelligence activities,
as all these dimensions mattered and were fundamental to the establishment,
extension, and coordination of the network. The participation of the United
Nations in the development of radiological monitoring can be understood as a
movement consistent with the scenario of international relationships in the late
1950s, when the process of decolonization added a new terrain of confrontation
between the two ideological blocks.

As Soraya Boudia has shown, and this chapter corroborates, the UNSCEAR
was used by the nuclear powers in order to counteract public criticism of nuclear
testing or, in the case of the Soviet Union, to further it. At the same time, a
parallel effort was made to reveal details on the availability of advances methods
for analyzing the composition of bombs from nuclear test fallout, such as those
related to carbon-14. This concealment can also be related to the standardiza-
tion of measurements around the gummed film technique, a method considered
as unreliable for determining radiation doses from fallout, but not for analyzing
bomb composition.

In relation to its scientific impact, UNSCEAR followed the model of other
international institutions such as the World Meteorological Organization. It
exemplifies the adaptation of scientists to a the Cold War model of international
relationships, and the transition from nongovernmental internationalism—which
in the UNSCEAR case could be represented by the International Commission
on Radiation Protection (ICRP)—to an institution based upon nationally
appointed representatives. And, as with the WMO, its legitimization was based
on the establishment of a network of collection, analysis, and standardization of
data, which generally implied the coordination of scientific centers in countries
arising from the decolonization process with the more developed standards and
networks developed by former colonial powers, especially in the United States.
As this chapter shows, this dependency, based on an asymmetry in the develop-
ment of military monitoring networks in the early 1950s, and more generally
in American diplomatic soft power and scientific hegemony, shaped scientific
consensus and objectives to fit American geopolitical goals. By putting the sur-
veillance imperative as the motor of the radiological monitoring, the “infrastruc-
tural globalization” led by UNSCEAR can be considered as an instrument of the
global hegemony of the United States.*3 Given the chronological limits of this
case study, we cannot conclude if this function was still prevalent in the follow-
ing decades, an interesting question that could be addressed by studying how
UNSCEAR developed since the 1960s in relation to the development of civil
nuclear industry and the subsequent local and transnational opposition to it.
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Chapter 4

“In God We Trust, All Others We Monitor”:
Seismology, Surveillance, and the
Test Ban Negotiations

Simone Turchetti

During the second half of the twentieth century, seismologists gained a
greater understanding of how waves produced by seismic events travel across the
inner earth and reach distant places. Stations devoted to detection and record-
ing of these events grew in number and the sensitivity of monitoring instru-
mentation like seismometers increased considerably. Yet the object of enquiring
that allowed this considerable expansion was not the seismologist’s traditional
focus of research, the earthquake, but rather new and problematic: the nuclear
weapons test (see Figure 4.1). Gazing through seismograms, experts now ana-
lyzed the characteristics of seismic movements produced by nuclear weapons,
thus gaining new knowledge on their yield and location. Seismological stud-
ies thus featured in surveillance operations distinctive of the Cold War conflict
and coupled with the gathering of “atomic” intelligence (intelligence on foreign
atomic weapons programs).!

Seismology also played a key role in the unfolding of the Geneva nuclear test
ban negotiations. The talks famously began on July 1, 1958, and saw British,
American, and Russian delegates at the United Nations consider the possibility of
abolishing nuclear tests. Since decisions on whether or not to sign a comprehen-
sive treaty were made conditional upon the ability to policing a ban, especially by
using seismic detection and verification, the talks allowed seismological research
to thrive. As Kai-Henrik Barth has shown, the Geneva talks allowed seismolo-
gists to determine key areas to attack, thus prompting critical reviews of exist-
ing research programs. The result was seismology’s “transformation [ ... ] from a
small academic discipline to a large academic-military-industrial enterprise.”?

But the recent declassification of restricted information suggests that seis-
mology’s hidden ambitions also played a part in the proceedings and offers a
different narrative for this important chapter in the history of nuclear disarma-
ment.? The documents reveal that while negotiating as independent delegations,
US and British teams played a secret game with their Communist discussants.
Western intelligence had by then united in the effort of spying on the Soviet
atomic program through the establishment of the “I” committee. So the stances
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of Western delegations in Geneva did not derive exclusively from an evaluation
on the possibility to police a test ban, but also from considerations on how the
talks could be exploited to garner intelligence.* While it would be wrong to sug-
gest that the talks were only a cover for attempts to extract information, so it is
to say that their only ambition was nuclear disarmament.

This chapter charts the I committee’s history in connection with the test
ban negotiations and the advancement of seismology. I first illustrate how the
committee’s establishment followed the completion of the 1958 Conference
of Experts. I then look at the history of the 1959-1961 Conference on the
Discontinuance of Nuclear Weapons Tests, when intelligence gathering was pri-
oritized by Western and Soviet officials alike in light of the prevailing pessimism
about the possibility of reaching an agreement. And I finally consider how intel-
ligence urgencies informed the patronage of seismology nationally and interna-
tionally when the Geneva talks reached an unsuccesstul conclusion.

Atomic Intelligence and the Test Ban Talks

The 1958 nuclear test ban negotiations emerged at a key point in the history of
nuclear disarmament characterized by the mounting public pressure to ratify an
agreement and the growth of intelligence activities focusing on nuclear weap-
ons. Proposals to ban nuclear tests were first put forward at the United Nations
(UN) in 1948 and became a focus of international policymaking when the UN
Disarmament Commission was established. In 1954 the Indian prime minister,
Jawaharlal Nehru, called for testing to be halted in order to defuse global ten-
sions. The incident of Japanese ship Lucky Dragon, exposed to the nuclear fallout
of the Bravo test (Castle series), produced more protests. The American chemist
Linus Pauling investigated the public health implications of nuclear fallout and
in January 1958 he presented a petition to the UN signed by 9,000 scientists.®
Pauling’s initiative persuaded decision makers. In March 1958 Soviet premier
Nikita Khrushchev decided to unilaterally suspend weapons testing and this
forced US president Dwight Eisenhower to look for a political solution. A panel
of US experts led by physicist Hans Bethe concluded that a test ban treaty needed
to be successfully policed and this could only be done through the realization
of a worldwide network of stations equipped with advanced instrumentation.
Eisenhower thus countered Khrushchev’s initiative with a new proposal: experts
should meet to plan how to monitor a test ban. Further discussions between
diplomacies helped to complete the preparations for the so-called Conference
of Experts. Two delegations comprising representatives of four countries for
each bloc (the Soviet Union, Czechoslovakia, Poland and Romania, the United
States, Britain, France, and Canada) met between July 1 and August 21, 1958.¢
These initiatives received public coverage but by the time experts met in
Geneva, several American, British, and Soviet government agencies were already,
in great secrecy, busy monitoring nuclear explosions. Herbert (Pete) Scoville
Jr., who was appointed in 1955 as Central Intelligence Agency (CIA) assistant
director of scientific intelligence, referred to weapons testing as the “most reli-
able window” to collect information on a foreign nuclear program.” And from
the late 1940s the collection of radioactive debris, the recording of seismic and
acoustic waves, and the analysis of electromagnetic pulses generated by a nuclear
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blast helped ascertaining location, size, and composition of atomic devices tested
by the two superpowers.

The collection of scientific information useful to intelligence personnel grew
considerably during these years and in 1947 the US Air Force set up an agency
specialized in the detection of nuclear explosions. Two years later, the Air Office
of Atomic Energy (AFOAT-1) successfully detected the first Soviet nuclear test.
Later on the agency set up a network, the Atomic Energy Detection System
(AEDS), including stations in Turkey, Australia, and Germany. Information col-
lected through the AEDS was processed in collaboration with the US Atomic
Energy Commission (AEC) Sandia and Livermore laboratories.® In 1956 the
CIA director instigated the establishment of a Joint Atomic Energy Intelligence
Committee to oversee dissemination of information regarding foreign nuclear
explosions obtained through the AEDS. It included representatives of the Joint
Chiefs of Staff, State Department, Army, Navy, Air Force, the AEC, the CIA,
and the Federal Bureau of Investigation (FBI).?

The British government sponsored atomic intelligence too. From 1955 a
purposefully designed committee brought together the directors of the Atomic
Weapons and Atomic Energy Research Establishments (AWRE, William Penney;
AERE, John Cockeroft), the chairman of the Joint Intelligence Committee
(Patrick Dean) and the Ministry of Defence (MoD) scientific adviser, Frederick
Brundrett.!® The intelligence setup superintended a group, the Technical
Research Unit (TRU), liaising with AWRE experts on analysis and techniques,
with MI6 for intelligence gathering, and with the Royal Air Force for surveil-
lance operations and debris collection. US and UK atomic intelligence organiza-
tions worked together on an ad hoc basis on several occasions.!!

And although Kristie Mackrakis has recently argued that the Soviets privi-
leged gathering intelligence through human agents, surveillance of foreign
nuclear tests by seismological detection was not neglected in Soviet Russia.!2
In 1947 seismologist Mikhail Aleksandrovich Sadovsky established a detection
group at the Institute of Chemical Physics. And from 1960 he formed a much
larger group devoted to seismic monitoring at Moscow’s Institute of Physics of
the Earth. Meanwhile, the Soviet Ministry of Defense established the Special
Monitoring Service, whose activities were entirely covered by secrecy and coor-
dinated with GRU’s spymasters.!3

So when the Conference of Experts was envisaged for the first time, these
atomic intelligence operatives thought about the talks mainly as a valuable
opportunity for gathering otherwise unavailable information on these rivaling
monitoring systems. Actually, by the time the conference was organized, US and
British intelligence agencies had already coordinated their efforts to jointly spy
on the Soviet nuclear program through a new echelon: the I committee.

The | Committee and the Conference of Experts

Six months before the test ban talks, the AWRE research director William Penney
suggested reviewing the ad hoc mechanism that had typified US-UK collabora-
tion in the atomic intelligence field until then. In December 1957, he put forward
the proposal for establishing a joint committee to oversee information sharing on
seismic data and data from debris collection in order to more profitably examine
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them and share the deriving assessments on the state of advancement of the
Soviet nuclear program.'* The TRU officers transmitted Penney’s proposal to
Scoville and the AEC Military Liaison with the Department of Defense, General
Herbert B. Loper. Their comments on the proposal were returned to Brundrett
and Dean.!® Yet, the Americans hedged on the scheme. Britain had yet to test
the H-bomb and information sharing may have accelerated its weapons program.
This resistance continued up until August 1958 when the Grapple test series
reached successful completion: the AWRE could now produce H-bombs. !¢

Meanwhile atomic intelligence officers attended the Conference of Experts
cither as delegates or observers. Penney played a key role during the proceedings
while keeping his role within his country’s atomic intelligence organization hid-
den. Yet he passed on to the Foreign Office details that had intelligence impli-
cations, also arguing that one of the British delegation’s secondary objectives
was exactly gaining knowledge on the Soviet monitoring system.!” The TRU
director Robert Press also visited Switzerland. And Scoville’s colleagues at the
CIA sought to obtain intelligence shadowing the Eastern delegates. They learnt
for instance that the Russian Igor Tamm had “considerable fondness of pretty
girls” and that the Czech Alois Zatopek was unhappy with travel restrictions.!3
On August 21, 1958, the meeting ended, but intelligence-gathering continued
since the Second Conference on the Peaceful Uses of Atomic Energy was about
to take place in the same location (the UN Palais des Nations). Now the CIA had
laid out “extensive plans” for the “intelligence exploitation” of the conference.!®
And agent Henry S. Lowenhaupt, who had previously contributed to the local-
ization of the Soviet atomic polygon in Semipalatinsk through a seismological
computation method, supervised a number of intelligence operations with the
help of the AEC director of intelligence, Charles Reichardt.

The I committee was established at the end of these intelligence activities
and following the signing, on August 4, 1958, of the US-UK Mutual Defense
Agreement. The treaty catered to collaboration on the uses of atomic energy for
mutual defense purposes and entailed sharing classified information on atomic
weapons. On September 30, a letter from TRU personnel to Penney confirmed
that the Americans were now willing to hold intelligence talks on the Soviet
program and had organized a meeting in Washington, DC, for this purpose,
due to take place the following October.?? So the I committee brought together
key players in the US and British atomic intelligence communities and became a
key feature in the defense partnership across the Atlantic. In 1959 CIA director
Allen Dulles argued that the Mutual Defense Agreement represented “a mean-
ingful frame of reference for the exchange of corresponding Restricted Data
information on Soviet nuclear weapons” and that the intelligence agencies of
both countries “have a keen interest in this vital area.”*!

The minutes of the first I committee meeting are unavailable, but Scoville
filed an intelligence report on the Conference of Experts in the week that fol-
lowed the meeting, thus suggesting that the same assessment was discussed with
the British.?? Scoville argued that a ban treaty could be extremely beneficial to
Western intelligence. The experts in Geneva had signed a joint statement claim-
ing that a test ban treaty could be policed by 160-170 stations; some located in
Soviet Union. These installations had “great intelligence potential” and Scoville
valued especially Soviet concessions on flights over Russia’s territory.?? He
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concluded that Western intelligence had to gain from a test ban. The Eastern
delegation had proven to be less skilled in the scientific analysis of detection
problems. The Russian experts relied on theories rather than the statistical
approach that typified Western science.

British atomic intelligence officers came to similar conclusions, but disagreed
with the US colleagues on Soviet monitoring. Penney stressed that the Soviets
were skilled in the use of acoustic methods and was unconvinced about their
expertise in the electromagnetic technique that, conversely, had impressed
Scoville.?* Moreover Scoville’s optimistic forecast failed to impress British del-
egates. A ban might have been favorably perceived at the CIA headquarters also
because it was bound to have a restraining effect on other countries’ nuclear
ambitions. A disarmament agreement would thus “bring into play strong public
pressure against testing [ ... ] even though such countries might not initially be
parties to the agreement.”?® This made the intelligence and defense partnership
with Britain even more important. Britain’s role in the NATO alliance would
work as a deterrent to efforts by other European nations.

President Eisenhower took these considerations back into the domain of
policymaking. He now indicated that while detection of nuclear tests was tech-
nically feasible, only those countries that already possessed nuclear weapons
should undertake future talks.2® He thus capitalized on the intelligence partner-
ship with Britain, knowing that while British, American, and Soviet delegations
would meet again as independent parties, two of them shared defense informa-
tion and, more significantly, atomic intelligence.

False Intentions at the Discontinuance Conference

While Eisenhower was busy advocating new talks, testing resumed. In October
1958 a new series of nuclear tests (Hardtack IT) took place at the Nevada site. The
British government ordered three more tests. Khrushchev could not let these explo-
sions go unchallenged and approved 14 more. This prelude to the Conference on
Discontinuance of Nuclear Weapon Tests admittedly did not cast a positive light on
the talks. The proceedings opened on October 31, 1958, with three delegations,
led by the US representative on the UN Security Council, James Wadsworth; his
Soviet counterpart Semyon S. Tsarapkin; and the UK minister of state for foreign
affairs, David Ormsby-Gore. The talks confirmed that a comprehensive test ban
appeared a distant target. The three nuclear powers agreed on a self-imposed two-
year moratorium but the delegations quarreled on everything else.

John Walker has recently claimed that political opportunism was the main
reason why talks resumed given that Eisenhower and Harold Macmillan, the
British prime minister, had agreed during a number of meetings that they
couldn’t renounce to test further.?” A test ban would have compromised further
nuclear weapons development including the ongoing US miniaturization pro-
gram.?® The opposition of key players in this program, such as nuclear scientist
Edward Teller, was well known. In January 1959 Penney advised Macmillan that
it was in the British interest to agree only to an atmospheric tests ban, in order
to continue testing underground.?’

But the recently disclosed documentation tells us is that talks continued not
just because of political opportunism, but also because of the intelligence gains
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that could be derived from these meetings. In particular, US and British delega-
tions took important decisions on what to divulge during the talks in order to
force the Russian to inadvertently give away information.

The focus on underground testing entailed growing attention toward seis-
mic detection, making it the chief means to monitor foreign nuclear explosions.
Underground tests, in contrast with atmospheric tests, released less or no radio-
active debris above ground and were undetectable through acoustic and elec-
tromagnetic means. This is the reason why seismology took center stage in the
proceedings. On January 5, 1959, Wadsworth presented the document “New
Seismic Data,” based on the recent Hardtack IT series, to his British and Soviet
counterparts. The series, he argued, offered experimental evidence that as much
as 10 times the number of low yield explosions (below 5 kilotons—Kkt hereafter)
estimated during the Conference of Experts would go undetected if the policing
system the experts had suggested was adopted.3°

As sufficient information was provided on how these conclusions had been
reached, the Soviets refused to accept them and the negotiations came to a dead-
lock. It did not help that on January 20, 1959, in a farcical twist of events,
the existence of AFOAT-1 was mistakenly revealed when his former director,
Doyle Northrup, received a presidential award. The revelation persuaded the
US Air Force to rename AFOAT-1 as Technical Applications Center (AFTAC).
AFTAC’s motto: “In God We Trust, All Others We Monitor” was (and still is) a
somewhat unsubtle declaration of its surveillance ambitions.

In light of the disagreement with the Soviets, the US delegation could have
casily walked out. But, in fact, in March 1959 US officials kept the talks drag on.
They even suggested restoring scientific debating by arranging technical work-
ing groups, a proposal that Tsarapkin eventually accepted. Technical Group 1
(TWG1) met in Geneva between June 23 and July 15, 1959. The recommenda-
tions put before the conference at the end of TWGI showed agreement on ways
to police atmospheric testing, but left the vexed issues of underground testing
and the ability of seismologists to monitor illegal tests unanswered. 3!

Now the US experts released information selectively to avoid letting their
counterparts know more about their seismic monitoring capability and, in so
doing, understand more about that of their adversaries. Eisenhower had by then
appointed a Panel on Seismic Improvement (chaired by US geophysicist and sci-
ence administrator Lloyd Viel Berkner) to identify new requirements for seismic
monitoring. The panel eventually concluded that more funding should be made
available to US institutions to carry out basic and applied seismological research.??
Meanwhile US seismologists had found out that a nuclear explosion could be
“mutffled” by setting it oft'in a large cavity. But the bulk of information on decou-
pling (the muftling effect) was divulged after the report by the Berkner Panel and
a paper on the subject by scientists Ernest Martinelli, Edward Teller, and Al Latter
were both published. And this was only days before the beginning of TWGI.33

Moreover details on nuclear tests that had enabled to reach the analysis con-
tained in New Seismic Data were not made available. The last US test series,
Hardtack II, had comprised a number of explosions in the kiloton and subki-
loton range. It was a series of 37 tests (some underground) but only four had
been officially announced (Figure 4.2).3* Omissions on test data had a signifi-
cant impact on the talks, especially because some of the unannounced tests (like
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Figure 4.2 Atmospheric test De Baca, Hardtack IT series, Nevada test site, 26 October 1958
Source: National Nuclear Security Administration / Nevada Site Office.

the 6kt Socorro) had helped US seismologists to understand the correlation
between amplitude of seismic waves produced by atomic explosions and yield of
tested weapons.®® Notably, other scientific papers discussing the implications of
these underground tests for seismic detection were embargoed; a paper by seis-
mologists Frank Press and D. T. Griggs could not be published before 1961.3¢

If TWGI represented an opportunity for the US delegation to release infor-
mation selectively, then Technical Working Group 2 (TWG2) was typified by
attempts to exploit this selective release to induce the Soviet delegates to invol-
untarily offer precious information on their own monitoring program, as we
shall now see.

Looking for Revelations during TWG2

On occasion of the meetings of the TWG2, experts from both sides appear to
have acted like skilled intelligence agents, presumably because they were briefed
by atomic intelligence officers before meeting up. In August 1959 Scoville and
AWRE director Nyman Levin agreed on information-sharing procedures in
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the I committee, indicating that priority should be given to “exchanges | ... ]
in respect of research work in connection with control systems for monitoring
the Discontinuance of nuclear tests.”®” The agreement anticipated the organiza-
tion of the second I committee meeting due to take place in London between
October 5 and 9, 1959. Further exchanges between Levin and Loper anticipated
the meeting, which was attended by 32 delegates from both countries.?® These
prominent administrators from scientific and intelligence agencies discussed key
features of the Soviet nuclear program. Brundrett and Penney led the British
delegation, which also included TRU and AWRE personnel. The US delegation
included Martinelli, whose work on decoupling had just been published, and
high-level officials in the US atomic intelligence establishment like Reichardt,
Loper, AFTAC’s new director Jermain F. Rodenhouser, and CIA officer Irl
D’Arcy Brent (who replaced Scoville on that occasion).?’

The list of questions that anticipated the meeting show that it entailed
exchanging knowledge on Soviet thermonuclear tests, characteristics of war-
heads, testing at high altitude and underground, and “subkiloton shots.” Recent
intelligence data put together on the occasion of the last series of tests carried
out in the Soviet Union were also analyzed.** These items were discussed mainly
during the first day of the conference, but the second day was devoted instead
to the conclusions reached at TWGI. The delegates thus considered the intel-
ligence implications of the control system outlined in Geneva and the ground-
work for an intelligence exploitation of the forthcoming TWG2 (November 24,
1959-December 19, 1959).4!

A key target for both intelligence groups was to find out more about Soviet
monitoring efforts and there was no clear indication that a Russian network
exclusively devoted to seismic detection existed. Western seismologists knew
that Soviet monitoring stations near the Arctic such as those in Mikhnevo and
Kuldar (Sakhalin Island) had importance because of their geographical location.
But it was especially the establishment of Antarctic seismic stations in prepara-
tion for the International Geophysical Year (IGY, 1957-58) that had provided
evidence of Soviet ambitions to improve their seismic capability. In 1956, a new
Soviet seismic station was set up at Mirny (East Antarctica).

The chairman of the Panel on Seismic Improvement, Lloyd Berkner, had
played a key role in the IGY organization and prepared reports for the US State
Department (and CIA) on the intelligence gains to be derived from promoting
international collaboration in geophysical research, including seismology.*> And
before the IGY, the US National Committee, responsible for its organization,
had transmitted to the CIA technical data on other countries’ programs. The
report documented Soviet seismic work in the polar regions, the characteristics
of Soviet instruments to be utilized and the location of new seismic stations.*?

The polar regions were critical to long-range detection as seismic signals
propagated through polar “pipelines” thousands of miles away from the epi-
center of a nuclear explosion. US seismologists knew they could travel very far,
as Nevada tests were recorded at the Canadian station of Mould Bay (above the
Arctic Circle). These waves, however, crossed the Arctic and went through the
old geological structures of continental Russia, also reaching Soviet seismic sta-
tions such as that of Borovoy (Kirkov Oblast) and thus offering to Soviet seis-
mologists a wealth of data on US tests.
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Thus US seismologists attending the TWG2, such as AFTAC’s Carl Romney,
wanted to know more about what their Soviet colleagues had managed to detect.
Romney had been a US delegate at the Conference of Experts as well and he
had tried to figure out if the Soviets possessed an operational monitoring system
when the Russian seismologist Ivan Pasechnik had enquired about location and
time of the 1955 US test, Wigwam.** During TWG2 he seized the opportunity
to know more about Soviet seismology when, due to the lack of information made
available by the US delegation, the chief scientific delegate Yevgeni K. Federov
asked impatiently if all the US data had been presented. Romney now “pressed
him for any data the Soviets might have,” forcing Fedorov to confirm that Soviet
seismologists had detected the Hardtack II shot Blanca (22kt) at the stations of
Mirny and Kuldar.*® That the much lower yield Logan (5kt) was not detected
confirmed the lack of sensitivity typifying the Soviet monitoring system.

Russian experts had an equal interest in withdrawing seismic data and acquir-
ing details on the Western control systems. They refused to discuss verification
procedures to avoid entering a “nitty-gritty” area in which sensitive information
could inadvertently be divulged. They were also careful enough to avoid show-
ing too many seismograms. And they were cautious in discussing their profes-
sional affiliation. For instance, Sadovsky kept hidden his responsibility as leader
of the guarded seismic detection center based in Moscow.

Unsurprisingly, the TWG2 ended unsuccessfully as delegations could not
agree on the scientific assessment of how to police underground explosions. In
particular, there was “disagreement regarding the interpretation of the new data
from the Hardtack experiment [ ... ] and the question of de-coupling.” Actually,
the Soviet delegation filed separate conclusions stating that their US colleagues
were “on the brink of absurdity.”*¢ Perhaps even more absurd was the British
statement released at the end of TWG2. The UK delegation concluded that US
delegates were right in claiming that “the 1958 Experts were too optimistic” even
if the evidence proving it, the Hardtack 11 data, had yet to be fully divulged.*”

But looking at the conclusions reached in Geneva exclusively from a scientific
or political viewpoint would be misleading. TWG2 was designed to help Western
delegates to gain a better understanding of the Soviet monitoring program. The
attempt to assemble scientific intelligence had been prepared well in advance
through the activities of the secret I committee. Thus British experts knew much
more about the Hardtack IT series than what was officially released at the end of
the TWG2. And, as we shall now see, this intelligence groundwork was decisive in
instigating a scientific race to improve methods of seismic detection in the three
countries whose delegations had featured so prominently in the Geneva talks.

The Rise of Seismology in Britain

On January 12, 1960, talks in Geneva resumed once again but proposals and coun-
terproposals did not lead to an agreement. It did not help that on May 1, 1960,
a U-2 reconnaissance plane was shot down in Russian territory. The incident sug-
gested that the US administration had put surveillance before policymaking. By the
end of 1960, Soviet and US officials still disagreed on inspections of test sites. And
the beginning on that year of French nuclear testing in the Sahara desert cast a neg-
ative light on the talks.*3 In January 1961, the new US president, John F. Kennedy,
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argued that he hoped to continue talks, but two months later he announced new
tests. In June, shortly after the beginning of the Berlin crisis, Tsarapkin indicated
that the Geneva talks were a waste of time. The Soviet Union would also resume
testing the following September.*” The now mounting disagreement on a test ban
made it even more urgent to advance seismological research. Whatever world lead-
ers would agree upon, the three administrations that had promoted the Geneva
negotiations now fast-tracked the setting up of a seismic monitoring complex,
allowing to collect fresh data on the tests recently announced.

In 1960 Penney advised the prime minister to sponsor more seismological
work in Britain. This was especially in the knowledge that although the I com-
mittee granted data sharing with US seismologists, this may end unless Britain’s
ally saw advantages in the collaboration, especially in terms of refining seismic
techniques. Already in December 1959 the AWRE Field Experiments Division
had carried out decoupling experiments with nonnuclear explosives.>® After that,
seismological detection work moved to Blacknest (near Aldermaston) and the
head of the AWRE division, Ieuan Maddock, was appointed director of the new
Seismic Detection and Verification Unit.>! Hal Thirlaway, formerly a student at
the Department of Geodesy and Geophysics (University of Cambridge) and a MI6
consultant in Pakistan, was now given responsibility for overseeing the seismic pro-
gram.*? Thirlaway and his co-workers pioneered a new method of detection based
on sets of seismometers forming electronically steerable arrays (see Figure 4.3).%3

Blacknest was established mainly because of the need to continue sharing
atomic intelligence with the Americans. Prime Minister Macmillan believed it
necessary to invest as little as possible in seismology, just the amount needed to
allow the UK government to play some role in the Geneva negotiations. And

Figure 4.3 Aecrial view of the Yellowknife array (Canada)
Source: UKAEA, The Detection and Recognition of Underground Explosions, London: 1965, p. 35.
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when the talks were about to end unsuccessfully, the prime minister indicated
that funding for seismological work should be kept “to the absolute minimum.”>*
But Macmillan was eventually persuaded to reconsider his decisions by the
Foreign Secretary Alec Douglas-Home (prime minister from 1963). Levin had
recently informed the foreign minister about the consequences of withdrawing
from seismology work and, in particular, about the nature of the high-level secret
encounters that had taken place in the context of the I committee.>> So Douglas-
Home promptly informed the prime minister that, “If we were to maintain fu//
co-operation with the US [Italic mine,... ] it would be important that we should
have behind us the backing of our own research program.”®® Macmillan was
eventually persuaded to fund Blacknest for another year and Douglas-Home
convinced the Treasury to make Blacknest’s budget part of the “self-generated”
military R&D expenditure. In this way he effectively removed its funding from
those sections of the budget that required the prime minister’s approval.®”

The promotion of coordination in seismic detection and intelligence work
was also decisive to the trajectory of Britain’s atomic testing program as it now
became possible to for British specialists to conduct join tests with US colleagues
at Nevada test site (such as on occasion of the 1962 trial Pampas). This meant
furthering knowledge on weapons and detection systems as well as making it
possible for Britain to save considerably on testing costs by closing down the site
of Maralinga (Australia).>®

The “Iron Curtain” of Seismology: US and
Soviet Detection Plans

The end of the Geneva talks confirmed that the only way to gain new knowledge
on the Soviet nuclear weapons program was to improve seismic monitoring.
Thus seismologists in the United States and the Soviet Union received the fund-
ing needed to complete a number of research programs that on many occasions
had the covert ambition to put foreign nuclear tests under surveillance.

The 1959 Berkner panel’s report and the conclusions reached at the I commit-
tee meetings both had an impact on the US program of seismological research.
This was a program typified by large-scale research projects and although experts
from the United Kingdom and the United States continued meeting regularly
and shared ideas, soon their understanding of seismic detection differed substan-
tially. Romney criticized the seismic array technique even when his British col-
leagues claimed to have detected low-yield French, Soviet, and US tests.®® In 1962
bilateral talks at the State Department confirmed the existence of different opin-
ions across the Atlantic about how to make seismic detection more effective. 5!

This divergence can be explained in terms of different approaches to monitor-
ing foreign explosions. British seismologists believed that a method based on data
collection from a few dispersed (but very sensitive) arrays targeting specific areas
sufficed to the task of securing a comprehensive monitoring of foreign nuclear tests.
Conversely American seismologists wished to increase the “density” of seismic data
by augmenting the number of monitoring stations across the globe because they
believed that an efficient seismic detection system needed to spread out globally.®?

Vela Uniform, a $10 million project managed by the DoD Advanced Research
Projects Agency (ARPA), allowed the growth of US seismology providing fund-
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ing to both the military and academic departments.®® The program was officially
announced on May 7, 1960, and entailed offering equipment for seismic obser-
vatories to foreign countries. The US Coast and Geodetic Survey developed new
instrumentation for this purpose and by 1963 the World-Wide Standardized
Seismic Network (WWSSN) consisted of 76 operative stations and reached a
remarkable number of 125 by the time of completion.®* Although the WWSSN
produced open data, correlation with information from the AEDS (whose sta-
tions had also increased by then) offered otherwise unavailable details on Soviet
tests to US experts.®®

Scoville moved out of the CIA’s scientific intelligence office to take a simi-
lar position within the US Arms Control Development Agency (ACDA), estab-
lished on September 26, 1961.%¢ The ACDA sponsored the placing of Temporary
Mobile Seismic Observatories abroad, while downplaying (or concealing) their
significance for detection of nuclear test. When in February 1963 seismic equip-
ment was transferred to Lagos (Nigeria), one ACDA ofticer informed the local
embassy that in presenting the research program emphasis should be put on its
“aims in the realm of science” such as the “improved prediction of destructive
earthquakes” rather than increasing “capability for detection and identification
of underground nuclear tests.”®” ACDA schemes entailed avoiding the sharing of
sensitive information with the host countries. The placing of equipment in Bolivia
followed the recommendation “to avoid attention to our mobile unit” and indi-
cating that “if enquiries or public comments appeared in the press, details about
the project should be provided by placing some emphasis [ ... ] to the advantages
deriving from seismological research to pure science.”®® US offers of seismologi-
cal equipment to Yugoslavia’s government were promptly refused as it “would
only be a ‘cover’ for American detection of Soviet atomic tests.”® A renewed offer
was made after the Skopje earthquake of July 26, 1963, and rejected again.

The Soviet Union responded to these efforts by sponsoring an independent
seismic program, which entailed primarily the extension of its already existing
network: the Uniform System of Seismic Observations (USSO). The 106 stations
located in Soviet territory in 1959 almost doubled by 1965. Meanwhile the Soviet
Union established new seismic stations in Antarctica and in a number of allied
countries such as Cuba and Vietnam. Moreover, Soviet seismic bulletins such as
the Byulleten’s eti seysmicheskikh stantsiy SSSR introduced censorship procedures to
avoid letting Western seismologists know about seismic events in Russian territory
that offered data on nuclear tests.”” The reorganization, growth, and development
of competing seismic surveillance networks set up by the two superpowers allowed
a sort of Iron Curtain to descend over the international seismological community.
The division entailed promoting alternative methods of standardization and equip-
ment and curtailing access to seismic data, while also affecting the international
dialogue between researchers. This division also materialized in the location of new
seismic stations along the spheres of influence that Cold War alliances produced.

Conclusions

On August 5, 1963, the United States, the USSR and Britain jointly signed a
Partial Test Ban Treaty (PTBT) prohibiting all nuclear tests aside from those
underground. The new agreement was welcomed as a means to promote détente,



98 SIMONE TURCHETTI

especially after the Cuban Missile Crisis. The treaty was, however, the only
political outcome of five years of negotiations, which had been typified by politi-
cal disagreement and scientific quarrels. American, Russians, and British negotia-
tors signed a partial rather than a comprehensive ban because of the deadlock on
how to set up a system to verify compliance. US delegates reiterated Romney’s
argument that seismologists could not successtully detect low-yield nuclear explo-
sion and thus could not sign a treaty extending to underground testing.

Soin July 1963 Khrushchev proposed a ban that did not include testing under-
ground and encompassed exclusively nuclear tests in the atmosphere, space, and
underwater. This was exactly the proposal that Macmillan and Eisenhower had
discussed back in 1959 and since the AEC had already in place plans to move its
testing program underground, Khrushchev found its interlocutors sympathetic. In
this way, however, the PTBT effectively sanctioned (and therefore increased the
number of) underground tests, thus making seismic detection an even more com-
pelling means to garner atomic intelligence. And indeed, the considerable growth
of seismology as a discipline was mainly a result of this growing interest in putting
foreign nuclear programs under surveillance by detecting earthquakes generated
by underground nuclear explosions. Thus for quite some time seismology did not
feature in international negotiations on a nuclear test ban either. And no inter-
nationally recognized organization adopted seismological means to verify nuclear
explosions up until 1997 when, with the Cold War already ended, an International
Monitoring System was set up by Comprehensive Test Ban Treaty Organization in
order to finally enable to bring the prohibition to test nuclear weapons into force.

This chapter showed that these developments cannot be explained exclusively
in light of policymaking or not even political expediency. The Conference of
Experts was the first opportunity for a number of agencies devoted to surveil-
lance to figure out how much information on methods to detect nuclear explosion
could be gained in scientific meetings. It is for this reason that exchanges of infor-
mation on what should be discussed in these talks was agreed upon beforehand by
US and UK intelligence groups in the newly established I committee. This led to
two important developments. At the TWGI information was released selectively
so as to prevent Soviet delegates from gaining information on recent American
tests. At the TWG2 the selective release of this information was decisive in know-
ing more about Soviet detection methods and results. Thus Scoville was certainly
correct in suggesting that testing was the main window of opportunity to collect
intelligence on the advancement of a foreign nuclear program. But it is also true
that talking about a test ban was the most suitable way for US and UK atomic
intelligence groups to find out about how reliable this window really was.

Unfortunately, the heavily redacted files on the I committee do not allow
us to fully explain the role that scientific intelligence played in the conference
proceedings. But the new evidence suggests that scientific and political goals
openly laid out in Geneva overlapped covert intelligence ambitions. Key experts
involved in the talks (Penney, Sadovsky, and Romney) also played key roles either
in the I committee or similar atomic intelligence agencies in the Soviet Union.
The documents also reveal that they agreed to discuss with key intelligence offi-
cers (Scoville, Press, and Reichardt) attending Geneva and designing plans for
the intelligence exploitation of the talks. Key pronouncements at the conference
were eventually reviewed in the context of the I committee meetings.
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The new evidence thus helps us to reconsider the history of seismology dur-
ing the Cold War. True as it is that the Geneva negotiations boosted the search
for new means for seismic detection, they did so mainly because of the trajecto-
ries of intelligence cooperation that the meetings instigated. Britain’s decision to
continue a seismic program derived from the wish to exchange more intelligence
with the US community. US seismological research nationally and internation-
ally thrived partly because of the conclusions that Berkner’s Panel of Seismic
Improvement arrived at, but also because of the implications of seismic work
for surveillance of atomic tests. The ACDA research activities demonstrate that
the goals of seismic detection were at times hidden from the public because of
their intelligence connotations. During the Cold War, these entangled open and
secret dimensions of seismological research sanctioned the existence of invisible
detection networks and set intelligence and research communities together in
the gathering of restricted information and expert advice.
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Section Il

Seeing the Sea—From Above and Below



Chapter 5

Stormy Seas: Anglo-American Negotiations
on Ocean Surveillance

Sam Robinson

The origin of this project [ ... | emanated from the Americans on the basis of & philoso-
phy of the need for world-wide surveillance with which we ourselves do not agree.!

On April 14, 1986, 18 US F-111 fighter-bombers passed unhindered over
the Strait of Gibraltar on a mission intended to assassinate Libyan president
Muammar Gaddafi. The mission failed, and Gaddafi would not be ousted from
power until the Arab Spring and subsequent uprising of 2011. Yet the episode was
important for another reason: This was the first time that the US administration
invoked the UN International Convention on the Law of the Sea (UNCLOS
III) to assert free passage through sea straits for ships and aircraft in order to
launch an air attack without violating the airspace of neighboring European
countries. This was a decisive move, especially because the Strait of Gibraltar has
long been the site of various tensions, even between “special” allies. Gibraltar
has been a British bastion for centuries, but the Spanish government has always
contested the right of free passage through the Strait, and the United States and
France have also vied for control of these strategically vital waters.

This chapter focuses on competing visions for understanding and policing
this important waterway and another, the so-called Greenland-Iceland-UK gap,
in an era when physical oceanography had begun to render the oceans control-
lable spaces but before spy satellites were ubiquitous and everything that moved
by sea, in the air, or on land was traceable from a computer screen. In particular,
using archival documents from British and Spanish repositories, it looks at one
dispute between the US and British authorities on different approaches to sea
reconnaissance that took place at the height of the Cold War.? The controversy
originated in the late 1950s when British and American naval officers elaborated
different plans for surveillance operations. The conflict that unfolded during the
tollowing decade was played out through the sponsorship of competing projects
in vital sea passages for the Cold War conflict (see Figure 5.1).

These differences were eventually put aside and from the mid-1970s a com-
prehensive maritime surveillance system based on sonar technologies was imple-
mented by the US Navy with British assistance. The establishment of a US
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surveillance facility at the Royal Air Force station of Brawdy (Wales) brought an
end to the quarrel.

Surveillance drove scientific and military strategic agendas throughout the
Cold War and was a decisive factor in shaping relations between Western allies.3
US military agencies strived for integrated systems of monitoring that would
ensure global coverage. This ambition, however, was not accepted by all US
allies and was definitely different from what British military defense and scien-
tific circles sought to achieve through reconnaissance. Britain’s “hidden hand”
had been responsible for surveillance operations abroad for more than a century
and represented a pillar of its now-crumbling empire. During World War II,
the pursuit of signal intelligence (SIGINT) had extended British intercept net-
works across the world, and the British chiefs of staff subsequently advocated
coordinating surveillance operations with US agencies, especially in strategi-
cally vital study areas such as the Soviet atomic weapons program.* British plan-
ners understood surveillance as ensuring coverage of strategically sensitive spots
rather than panoptic viewing. US planners had a much grander vision—that of
encompassing everything from the seafloor to space, in a reconnaissance net-
work. Employing hydrophones, radar, spy satellites, seismographs, and various
electronic surveillance (ELINT) techniques to intercept “enemy” communica-
tion networks, they aimed to place the whole of the earth under surveillance.

The Cold War has often been described rather simplistically as a bipolar con-
flict between two homogenous alliances, whose solidarity was maintained by
mutual enmity toward the “other” bloc. However, the Western alliance was in
reality much more fragmented.® At least up until the mid-1960s American and
British military plans were based on diametrically opposed visions, and, as noted
by commentators at the time, “unlike the United States, where military plan-
ning is predicted mainly on assessment of enemy capabilities, British planning
gives somewhat greater weight to enemy intentions.”® Leading military officers
in the United Kingdom feared mainly airborne threats, such as intermediate-
range ballistic missiles (IRBMs) carrying hydrogen bombs, and believed that
sea surveillance should be limited to a minimum. In 1962 British vice-admiral
Varyl C. Begg aptly argued that “the facts of life are that to destroy this country
overnight there would be no point in the enemy coming by sea!”” That said,
since control of communications across the Atlantic was going to play a key
role in any future conflict, both the US and British navies sought to invest in
electronic equipment securing sea communications and detection of enemy ves-
sels. However views in the United States on how to use it differed dramatically.
The advent of submarines carrying nuclear missiles led the US Navy to set up
arrays of hydrophones far away from its country’s coasts so as to offer advanced
warning of imminent Soviet attacks to North America. Conversely, the British
Admiralty had no intention of investing substantially in a detection system that
offered no protection to Britain.

Despite the lack of enthusiasm for comprehensive marine surveillance, the
British Admiralty eventually agreed with its foremost ally about the need for
oceanographic surveys enabling the emplacement of fixed surveillance technolo-
gies on the seabed.® The chapter thus traces the history of Anglo-American
ocean surveillance projects in Gibraltar during the early 1960s and studies of
the “northern flank”—specifically of the Greenland—Iceland—UK gap—during
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the later 1960s and early 1970s. It concludes with an assessment of how these
military-scientific relationships unfolded.

Competing Philosophies on Ocean Surveillance

When World War II ended, British and US naval commanders had very different
ambitions with regards to ocean surveillance. In 1948 the UK Cabinet Defence
Committee stressed that Anti-Submarine Warfare (ASW) had to become the
Royal Navy’s chief responsibility. This assessment was based on the accepted belief
that Britain would not be in an economic position to fight a war before 1957, and
that if war did come, extensive support from across the Atlantic would be needed
in naval operations.” Renunciation of a more proactive role in naval defense glob-
ally, in favor of one which the British economy could sustain, was thus inevitable.
The Royal Navy’s role in patrolling the Eastern Atlantic on behalf of its allies had
only been secured after Churchill delivered an impassioned speech beseeching
President Truman to “make room for Britain to play her historical role ‘upon that
Western sea whose floor is white with the bones of Englishmen.””** However,
the Yangtze incident (1949), the Korean War (1950-3), and Malayan Emergency
(1948-60) demonstrated that the Royal Navy still retained some influence in
international sea operations. And when, in 1949, NATO assigned to the Royal
Navy responsibility for monitoring the Eastern Atlantic, the new task provided a
lifeline to the costly force. Although in 1957 Defence Secretary Duncan Sandys
still described its role in the future as “somewhat uncertain” and his White Paper
also argued for a reduction of future investments in Britain’s naval force, the
Royal Navy’s responsibility in the Eastern Atlantic enabled the funding of novel
ASW techniques and surveillance systems.!!

By contrast, the US Navy could lavish funds on very expensive pieces of ASW
equipment and design multiple far-reaching projects to deploy surveillance vir-
tually everywhere. While the Royal Navy had seen deep funding cuts, the reality
for the US Navy was the opposite. During the early Cold War, the US Navy
expanded rapidly overseas establishing bases throughout the world, often in
direct competition with existing Royal Navy facilities. One notable case was the
US Naval Station at Rota (Spain) established in 1953, just over 100 kilometers
northwest of Gibraltar. Moreover, the US Navy could also count on a constant
flow of new oceanographic knowledge and the production of new technologies
for sea surveillance, through a well-oiled mechanism, which secured regular dis-
bursements from the US Office of Naval Research to a number of military and
civilian research agencies and private companies.!?

The difference between what the Americans and the British could afford fully
emerged when plans for new sonar equipment were being outlined. By the early
1950s both the US and UK navies had independent projects for the develop-
ment of a passive sonar system.!3 However, Corsair, a project jointly undertaken
by the British Admiralty’s Research Laboratory and its Underwater Detection
Establishment, failed and was cancelled in 1957.1% Its US equivalent, project
Jezebel, succeeded thanks to the involvement of an industrial partner, the Bell
Laboratories, which made the system more effective through the use of tar-
get identification equipment. Sonar came in two varieties—active and passive.
Active systems worked in much the same way as radar, emitting pulses (in this
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case sound waves), which bounced off targets in the water. Any returning sound
was registered by hydrophones (sort of powerful water-resistant microphones) on
the ship allowing the tracking of underwater objects. Active systems had been
used extensively in World War II; however, the emission of the pulse also gave
away the position of the emitting vessel.!® Passive systems omitted the pulse and
instead relied on listening for sounds in the oceans (in much the same way a doc-
tor uses a stethoscope). This is exactly what the US Navy opted for, thus mak-
ing the surveillance system silent and impossible to detect—a powerful weapon
in itself. From the mid-1950s the passive Sound Surveillance System (SOSUS)
was deployed on the eastern Atlantic seaboard and there were plans to deploy
it in the Pacific as well.!® Conversely, as a consequence of the Corsair failure,
British attitudes to maritime surveillance changed considerably, leading to plac-
ing greater emphasis on developing an active sonar system instead.

This divergence emerged at a crucial point in time for Anglo-American rela-
tions. The period from the International Geophysical Year (1957-8) to the
Limited Test Ban Treaty (1963) was typified by US—UK military-scientific mutual
interdependence in oceanographic research exactly because of the growing need
for reliable ocean surveillance.!” Variations in currents, temperature, salinity,
and pressure (depth) caused phenomena known as thermociines, which altered
the characteristics of sound waves travelling through sea water. Thermoclines
caused the path of sound waves to be bent rather than remaining linear. As a
result, submarines could hide in plain sight, invisible to sonar. Naval command-
ers viewed thermoclines alternatively as a defensive challenge and an offensive
advantage, depending on whether they were trying to hide or seck. Nevertheless
the pursuit of surveillance though passive and active sonar-instigated collabora-
tion between naval commanders and oceanographers, since marine scientists had
already investigated waves, currents, and temperature variations in the Atlantic
and other oceans in the previous decade. In fact, they had been responsible for
transforming oceanography into a “big science” by using expensive vessels and
instruments for this purpose.'®

The implementation of surveillance systems depended upon the study of
oceanographic characteristics and the setting up of surveys enabling marine sci-
entists to chart them. As will be shown, it was principally the Strait of Gibraltar
that focused the attention of naval officers and oceanographers alike in Britain
and the United States. This led them to join forces, producing oceanographic
knowledge and competing in elaborating new surveillance schemes and systems.

Sea Lines of Communication: Surveillance
of the Strait of Gibraltar

In the mid-twentieth century Gibraltar was not a typical colonial possession; it
was, in fact, a large, although not modern, overseas naval base.!® The “Rock,” as
it was known, had been in British hands since 1704, and the Royal Navy had per-
manently kept a contingent there. After World War II, the naval base continued
to play a role as a key communication and transit center for the management of
British interests and colonies abroad.?® Vessels travelling to British colonies used
the facilities at Gibraltar to refuel and make temporary repairs. The base gave
significant geostrategic and geopolitical capital and provided justification for
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Britain’s continued involvement in the Mediterranean, since its location allowed
the monitoring of all shipping moving to and from the Atlantic.?! British and
American planners agreed that the sea areas adjacent to Gibraltar ought to be
surveyed; however, they actually had very different ambitions on how they
should be monitored.

A number of Cold War developments, including some close to Gibraltar,
prompted the US Navy to challenge Britain’s unilateral control of the Strait and
patrol it more. The 1956 Suez crisis heightened tensions in North Africa, while
France and Spain were forced to withdraw from their African colonies shortly after-
ward.?? These withdrawals were the first major steps toward decolonization and
with Western European forces retreating, the Soviet Union positioned itself as the
bastion of international freedom and anticolonialism in these regions.?? The supply
of arms and machinery to the North African states resulted in an increased number
of Soviet freighters operating in the Mediterranean and close to Gibraltar.2* The
Soviet presence represented a threat to American and British hegemony in the
Mediterranean and was a major catalyst for designing new surveillance plans.?®

Surveillance at Gibraltar was primarily a concern for the US Navy ASW
director, Rear-Admiral Lawson P. Ramage, but the Royal Navy’s flag officer
(senior British officer) at Gibraltar was also preoccupied about the protection of
communication lines near the strait. Gibraltar would be the last line of detec-
tion (and defense, if necessary) before Soviet submarines leaving their bases in
the Black Sea could reach the Atlantic.2® In 1960 the Royal Navy’s director of
undersurface warfare, George Symonds, reported on the Strait of Gibraltar’s
strategic role and recalled the threats derived from the recent construction of
a Soviet base in the Mediterranean.?” If Symonds agreed with Ramage on the
nature of the Soviet threat, he disagreed on the exact shape and form of surveil-
lance system to be deployed.

At the heart of the dispute was a different assessment of cost-effectiveness,
efficiency, and adaptability of competing systems. The American proposal, in
line with the ongoing development of the SOSUS network, was to establish a
chain of fixed passive sonar installations facing the Atlantic side of Gibraltar.?8
Symonds resisted this proposition and argued instead for an active sonar system.
He believed active sonar to be the best surveillance technology to be deployed
at Gibraltar because the knowledge and expertise that Project Jezebel had given
to the US Navy was not held within the British Admiralty or the Royal Navy.
Furthermore, the Admiralty ceased research into fixed passive sonar arrays fol-
lowing the Corsair failure.? Finally, Symonds believed it necessary to deploy a
system capable, if necessary, to seek and destroy nuclear submarines, especially
since these would represent a direct threat to British territories.?® Thus, he sug-
gested countering the US proposal with a British plan to produce helicopters fit-
ted with deep-dangled sonar on a long cable to unite surveillance and offensive
weaponry capable of destroying submarines.? Since 1958 the Admiralty had
been developing the Wasp helicopter specifically for this role.

In order to verify the efficiency of the proposed ASW system, the Admiralty
arranged a survey of the sea area adjacent to Gibraltar. In the summer of 1960
the Admiralty Underwater Weapons Establishment (AUWE), the Admiralty
Research Laboratory and the National Institute of Oceanography (NIO) jointly
undertook the exercise with the assistance of NIO’s research vessel Discovery I1.3
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The survey allowed for a better understanding of acoustic propagation in the
strait’s waters and testing signal strength at different depths so as to ascertain if
the deep-dangled sonar would succeed.

US naval officers now sought to convince their allies of the urgent need of
surveying the strait’s waters, thus juxtaposing the Admiralty’s project with one
bringing together NATO partners. Joint Canadian, US, and British oceano-
graphic research had already taken place in Gibraltar in 1959.3% And in that year
NATO took responsibility for sponsoring collaborative oceanographic projects
in light of ballistic missile-carrying submarines, which entered service in both
the Soviet (1956) and US navies (1959). This compelled the alliance to secure a
better understanding of key sea passages such as the Gibraltar and the Turkish
straits, and the Norwegian Sea. Through its Science Committee, NATO estab-
lished a Sub-Committee on Oceanographic Research, responsible for organizing
the surveys.3*

By the end of 1960 both the US and British naval authorities were looking
at NATO as the space where decisions about Gibraltar would be taken, but
while the US Navy was lobbying for joint oceanographic exploration, the British
Admiralty hoped to convince NATO allies to pay for the sonar to be made in
Britain. The final report of the Admiralty survey showed that the acoustic prop-
erties of the seabed required a more detailed study and the lack of knowledge of
Spanish territorial waters prevented the deployment of the new British device.
And handling and controlling the equipment in the strait’s “strong and vari-
able tidal conditions” was going to be challenging.®® Despite these limitations,
Symonds now advocated the adoption of the deep-dangled sonar, arguing that
it was going to be cheaper and more effective than the US-made sonar array.
Moreover, as the strait would be an important choke point in a future war, he
argued, a purely defensive surveillance system would not work. If Gibraltar was
now to become an “unofficial” NATO base, the Admiralty felt that all their
allies should be compelled to contribute to its surveillance.?® Symonds’s sum-
mary thus launched the ambitious British project and argued for NATO assis-
tance: “we cannot ignore the defence of the Straits of Gibraltar, but on the other
hand we cannot ‘go it alone’ and NATO countries must assist.”%”

However, the 1960 UK Defence White Paper further restricted the budget for
military research and gave the Admiralty limited funds for science projects. Now
a discussion developed between the Admiralty’s director of plans, Peter Ashmore,
the director of general weapons, Michael Le Fanu, and Symonds about the best
use of limited funds.3® All three agreed that the construction of a surveillance
system at Gibraltar had implications for wider NATO strategy and should not
be solely paid for by the Royal Navy.?® But since both the Canadian and the
US navies had shown no interest in the British system, the deep-dangled sonar
scheme floundered in Admiralty bureaucracy. In 1961 even the under-secretary
of state, Nigel Abercrombie, failed to find sufficient funds for full-scale trials.*

The Civil Lord of the Admiralty, Ian Orr-Ewing, who had been brought
in by Macmillan to curb spending in the Royal Navy, now took responsibil-
ity for assessing the feasibility of the British project and requested that the
Third Sea Lord, Peter Reid, prepare a report. Reid’s document was strongly
worded. SOSUS was described as being fantastically expensive and ineffective:
“The reason for our basic disagreement with the American concept of a static
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[anti-submarine] Defence of the Straits in peace time is that it is a purely global
war requirement which, by government policy, is at the bottom of our list of
priorities.”! Static defenses were of “no use either in peace or war unless there is
a force of [anti-submarine] vessels.. . . to classify and follow up the contacts which
the static defences report.™? Reid convinced Orr-Ewing that the British active
sonar represented the way forward, but when the Civil Lord of the Admiralty
enquired again about NATO’s European allies taking on some of the expense
and research for the project, he found out that none was willing to do so.*3 The
project thus stalled and, meanwhile, it became apparent that placing the Strait of
Gibraltar under surveillance had become even more urgent.

In 1963 the French forces abandoned the Tunisian city of Bizerte, which
hosted a French naval base and the facilities of the Allied Forces Mediterranean
(AFMED).** As a result, convoy routes in the southern Mediterranean which
NATO forces patrolled and planned to use in time of conflict were now exposed
to a greater risk. The NATO commander in chief of Allied Forces Mediterranean,
Vice Admiral A. B. Cole, claimed that the offensive capability to defend the east-
ern approaches to the Strait of Gibraltar was compromised. The Gibraltar naval
base now had to project naval power in a 180-degree south-facing sweep. The
Soviet threat had also increased due to submarine activities (potentially involving
nuclear submarines) and “hydrographic/ELINT” ships in the Mediterrancan.*®
In that year one NATO report speculated that Soviet ships gathered both scien-
tific data and intelligence, but in fact, little was known about the true purpose
of these vessels. The memo underlined the effects of decolonization, the rise of
Soviet naval power, and the reduction of NATO military geographic deploy-
ment. Inevitably Gibraltar was to become the main NATO naval and military
base and focus for offensive antisubmarine operations. The question remained
however as to whether and how it should patrolled.*®

Cole, a New Zealander who had been in the Royal Navy since the end of World
War I1,* vigorously argued for effective surveillance of the Strait of Gibraltar
in order to “detect, identify and destroy transiting enemy submarines.” He also
emphasized the benefits to be derived from surveillance of merchant shipping
transiting the straits. This wider conception of the purpose of surveillance lent
support to the British Admiralty’s plans for a deep-dangled sonar emphasizing
its role in peacetime surveillance. In a clear reflection of the Cuban missile crisis
of the previous year, the report suggested that the surveillance system would pro-
vide “useful intelligence information in peace or in times of tension.”*® Cole also
stated that although NATO had already spent considerable sums on improving
the military strength of the naval base, there was no progress in securing “com-
prehensive and effective surveillance system in the Gibraltar Straits.”*® Attached
to the memo was a report detailing operational requirements and suggesting
that the British system was a cheaper alternative to be adopted in any case before
a fully fledged fixed installation could be completed.

Cole’s appeal yielded little. The only item agreed upon at NATO level was to
continue surveying the strait, a project that found some NATO countries such as
France, Belgium, Norway, and Italy very sympathetic and, conversely, was reluc-
tantly carried forward by British oceanographers. By contrast, from 1963 the
US Navy intensified its efforts and sought now to “investigate by analysis and/
or model study the effect of currents on transducer orientation,” while the US
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Office of Naval Research in London collected new data on subsurface currents
in the strait in order to improve the understanding of acoustic properties and to
aid the design a more effective passive system®® Although there was cooperation
on oceanographic work between the British and US Navies, researchers had little
to share in terms of what kind of surveillance Gibraltar really needed. British
plans for “on-the-spot” detection and response with ASW helicopters did not
persuade the Americans, who—by contrast—looked at Gibraltar only as a knot
in a vast network of SOSUS arrays, extending from the seas surrounding Alaska
to the Indian Ocean. These competing visions overlapped with competing strat-
egies to inform diplomatic relations with countries neighboring Gibraltar and
in particular with Spain. Actually, it would be Britain’s changing relations with
Franco’s regime that sanctioned the final defeat of the British surveillance sys-
tem and the adoption of an American one.

The Role of Spain

Decisions on surveillance at Gibraltar did not depend solely on the availabil-
ity of oceanographic data or the cost-effectiveness of new sonar technologies.
Relations with Spain were important as well. In the 1960s Franco’s Spain was
still isolated internationally and, although a member of the United Nations from
1955, it had no representation in NATO or any other pan-European organiza-
tion. The US administration had offered Spain a way out of isolation, mainly
because of Spain’s strategic positioning between Atlantic, Mediterranean, and
North Africa, following the signing of the 1953 Pact of Madrid. One impor-
tant consequence of the agreement was the offer of military aid in exchange for
placing US naval and air bases on Spanish territory. As a consequence of that,
as we have seen earlier, the US Navy could establish a station in Rota. When in
the 1960s the NATO project for oceanographic surveys covering the Strait of
Gibraltar and the adjacent Alboran Sea developed, French and Belgian ocean-
ographers invited their Spanish colleagues to join in. Consequently the Spanish
vessel Xauen of Madrid’s Oceanographic Institute could take part in the scien-
tific exercise, while the NIO’s Discovery 11, which was meant to lead the expedi-
tions, ended up playing a more peripheral role.!

Since the British Admiralty had failed to convince the US Navy or a NATO ally
to adopt the deep-dangled sonar and Britain’s role in NATO oceanographic efforts
was being marginalized, one Royal Navy official now turned to the old Spanish
enemy looking for support. Presumably this officer believed that the US Navy
would be more sympathetic toward the British sonar system if the two European
countries controlling the strait agreed on the need for adopting it. So, in 1963 the
British commander in Gibraltar, Rear Admiral Errol Sinclair, arranged a private
meeting with the Spanish minister of marine, Pedro Nieto Anttnez, in order to
restore cordial relations, especially as these had been strained for many years.

During the meeting, the issue of securing a new surveillance system for
Gibraltar was discussed together with other pressing issues including the pres-
ence of Soviet vessels in the Gibraltar Bay area and the possibility of joint scien-
tific and naval exercises.5? The decision to hold talks with a non-NATO ally on
surveillance issues shows that the local British commander perceived coordina-
tion in the strait area as urgent. This demonstrated that in order to favor the
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adoption of the new deep-dangled sonar, Sinclair was now even prepared to talk
with representatives of a country, Spain, which had been unfriendly up until
then. He even disclosed restricted information to Antanez, eventually reporting
to his superiors that he had just presented his personal views, “coloured by his
task at Gibraltar.”®3

Sinclair and Anttnez did discuss sensitive issues, for instance, how Soviet mer-
chant vessels feigned machinery damage while secretly offering military equip-
ment to Moroccan forces in their anticolonial struggle against Spain. Sinclair
explained to Antanez that Soviet trawlers covertly gathered intelligence and sci-
entific data. And he hinted at the Anglo-American surveillance plans, hoping that
he could win the Spaniard’s support for the new British surveillance scheme.**
While analyzing Spanish plans to adopt a fixed active surveillance installation in
Ceuta (on the southern shore of the Strait), he attempted to “sell” the British
ASW Helicopter methodology, suggesting that the scheme was more in line
with the financial capabilities of Spain. Helicopters were “invaluable as weapons
carriers” t00.%® Anttnez replied that as far as he was concerned there were no
difficulties in going ahead with adopting a joint surveillance scheme. “You may
quote me on this as you wish,” he even added.’® Notwithstanding Sinclair’s
security breach, the Foreign Office’s Permanent Under-Secretary showed enthu-
siasm for his initiative, which finally seemed to cast some positive light on the
future of the deep-dangled sonar. “Apart from the defence aspect, co-operation
between the respective naval authorities may help to remove the political diffi-
culties between Britain and Spain in relation to Gibraltar,” he argued.®”

But in 1965 the Royal Navy unsuccessfully attempted to establish an Anglo-
Spanish agreement on cooperation in oceanography.®® In the same year, Spain
requested that Gibraltar be returned to the Iberian country at the UN’s Anti-
Colonisation Committee. A Red Book published by the Spanish Foreign
Ministry now openly divulged that Britain had no interest in the Gibraltarians
and planned to keep the Rock mainly because it needed a military base from
which to track Soviet rockets and submarines. The recent secret conversation
between Sinclair and Anttnez clearly proved it.>

Now the new Labour government in London shifted firmly away from coop-
erating with Franco. In 1966 Spain’s government retaliated by placing restric-
tions on British aircraft crossing Spanish airspace when flying toward Gibraltar.
These restrictions later extended to motor vehicles crossing the border by land.
The British government wished to prove the Spaniards wrong in their allegation
about keeping Gibraltar only because of its surveillance implications and called
for a referendum, to demonstrate that the Gibraltarians wished to continue being
UK citizens. The day before the referendum NATO conducted naval exercises
launched from Gibraltar, which, unsurprisingly, excluded Spanish naval forces.®°
As tensions escalated, Franco’s government chose to close the border in 1969,
and it remained closed until well after his death in 1975. By then, however, the
situation with regards to the surveillance of the Strait of Gibraltar had rapidly
evolved in favor of the US proposal. Since Britain had failed to find countries—
within and outside NATO—sympathetic to its surveillance project, this was
mothballed. Conversely by 1974 US plans for establishing a worldwide sea sur-
veillance network including a fixed installation on the Atlantic side of Gibraltar
had reached completion, highlighting that in the end the British Admiralty had



STORMY SEAS 115

to agree with the US plans for fixed installations since an alternative scheme
no longer existed.’! Even more worryingly for the Admiralty, Gibraltar was not
going to be the only case when British surveillance plans were cast aside in favor
of more ambitious and expensive US surveillance projects.

Global Seas, Global Surveillance: The GIUK Gap

Oceanographic surveys helped to address the problem of how to improve detec-
tion in the presence (or absence) of currents and other oceanic conditions in
Gibraltar. In the North-East Atlantic, the confluence of cold Arctic water and
warm Atlantic water in the Southern Norwegian Sea had been a subject of
enquiry for oceanographers from the early twentieth century and much more
needed to be understood about this convergence, especially if this strategically
vital chokepoint granting the Soviets access to the Northern Atlantic could be
efficiently monitored by Western naval forces.%? Unsurprisingly, the US-UK dis-
pute on competing surveillance schemes that typified Gibraltar continued in the
cooler Atlantic waters off the Norwegian coast. This time, however, British offi-
cers were especially worried about the somewhat forceful way in which their US
colleagues sponsored NATO oceanographic surveys in line with their ambitions
for ensuring global coverage in surveillance operations.

In 1960 the NATO Sub-Committee on Oceanographic Research planned
more surveys focusing this time on the Faroe-Shetland Channel. The commit-
tee’s chairman, the Norwegian oceanographer Hikon Mosby, took responsibil-
ity for leading the NATO expeditions in these strategically vital sea areas in
order to produce novel data on salinity, temperature, and currents.®®* The NATO
study was openly geared toward assisting in the development of the SOSUS net-
work as plans to extend it to the Northern European coastal line existed. There
was no opposition in Britain to these plans and, actually, the NIO was among
the leading oceanographic institutions in the endeavor. During the expeditions,
the NIO’s vessel Discovery I1 carried the Swallow Float, a new device developed
by oceanographer John Swallow in an effort to take current measurements at
predetermined depths.®* The study produced novel data on thermoclines and
allowed for the production of synoptic charts illustrating how water temperature
changed in the sea channel (and thus affected sonar detection).®®

By sponsoring the NATO expedition, the US Navy wished to generate
consensus on its plans for sea surveillance and address—with the assistance of
new oceanographic data—the limitations of the SOSUS technology. However
NATO’s oceanographic research actually had a very disruptive effect on other
oceanic surveys that had no surveillance ambitions, something that wor-
ried British government officials. In 1960 the International Council for the
Exploration of the Seas (ICES) executed the Overflow expedition, aiming to
chart oceanic characteristics of the Faroe—Shetland channel, the very same sea
area now chosen by NATO.%¢ ICES was primarily interested in fishery and exe-
cuted, in contrast with NATO, both physical and biological data collections
(including plankton sampling).®” Crucially the United States was not an ICES
member, while the Soviet Union was represented in the council.

The planning of the NATO survey took the collaboration between some
European oceanographers who had been part of ICES to an end—at least for the
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next 10 years—and brought them into closer collaboration with US colleagues.
Those such as the NIO’s director George Deacon and Mosby, who had mani-
fested some dissatisfaction with the ICES expedition, now took the opportunity
to promote NATO’s plans.®® After taking part in the Overflow expedition, NIO’s
Discovery 11 ceased to further participate to the ICES program. Likewise, Mosby
and the Norwegians in the Helland-Hansen (that had also taken part in Overflow)
now agreed to more surveys, which had surveillance ambitions. This was in line
with the stance of the Norwegian government that surveillance in the North
Sea needed to be improved. Other experts—involved in the ICES exercise and
interested primarily in fishery studies—did not welcome NATO’s intervention in
oceanographic affairs. The “invasion” of NATO oceanographers into a delicate
environment for fisheries research caused outrage among scientists that rumbled
on in Britain for the next five years.%® In particular, J. B. Tait of the Torry Marine
Laboratory in Aberdeen (Scotland) continued to be part of the NATO survey up
until 1962, but after that he became a staunch critic of Deacon.

That said, NIO’s contribution to the Faroe-Shetland channel also waned some-
what despite the initial enthusiasm shown by Deacon for taking it to completion.
The chiefreason for the diminished interest in carrying it forward was the criticism
put forward at UK cabinet level for the ways in which NATO work had disrupted
traditional fishery research. When the Working Group on Oceanography of the
UK Cabinet Committee on International Co-operation met on September 3,
1962, a representative of the Ministry of Agriculture and Fisheries argued that
“[...] NATO studies [ ...] were likely to give offence to the USSR and jeopardise
Russian collaboration in the field of fishery conservation.” Deacon replied at the
meeting that “he saw the NATO project as supplementing fisheries research in
the area, not as duplication.””® Although no official decision was taken at the
cabinet level to address the resentment of fishery scientists, the participation to
NATO surveys of British oceanographic groups was affected by the altercation.

Meanwhile, the Americans capitalized on the NATO studies and swiftly
moved from the stage of oceanographic research to that of setting up new sonar
installations. The Cuban missile crisis of October 1962 revealed that monitor-
ing Soviet submarines from the Eastern Atlantic seaboard was not sufficient. If
tracking was to be effective throughout the North Atlantic, then SOSUS ought
to be extended.”! The tracking of Soviet merchant vessels carrying nuclear mis-
siles and launching equipment to Cuba had revealed that another threat existed
aside from submarines. The SOSUS system deployed off the Florida coast was
effective but could not ensure coverage of other Atlantic sea areas. In particular.
the sonar array ceased to offer clear detection when climatic conditions changed
around the mid-Atlantic ridge.”? These changeable conditions, therefore, dic-
tated the maximum range of detection daily. In the months following the crisis,
it became apparent to US Navy officials that a second line of subsurface sonar
stations in the North East Atlantic (see Figure 5.1b) would have to be given
greater priority and the installation program accelerated.

When the NATO surveys ended, a wealth of new oceanographic data was
made available to Western navies’ officers. Those of the US Navy now agreed
to discuss with the British Admiralty about the possibility of improving the
efficiency of SOSUS in the Atlantic. The conversation was obviously facilitated
by the conclusion of the dispute in Gibraltar and the American officers knew
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that since the Admiralty no longer had the intention to sponsor its sonar system
in the southern European strait, it could be persuaded to adopt the American
one further north. In June 1967 a small team from the Admiralty Underwater
Weapons Establishment (AUWE) was invited to the United States.”® During the
trip, the Admiralty was invited to observe a SOSUS facility and the US Navy
officials even proposed that innocent sounding cover names could be adopted so
as to make it easier to believe that the facility’s “activities are concerned entirely
with Oceanography.””* The AUWE team now realized that the offer was being
made because the central Atlantic ridge seriously affected detection performance.
Setting up a SOSUS station in Britain could save the US Navy up to $19 million
by enabling them to relay and route the signals differently.”> Weighing the pros
and cons of UK participation, the AUWE officers reported that the scheme was
beneficial to Britain’s defense and foreign policy objectives.”®

After so much bickering with the Americans, the new project for a SOSUS
station in Britain restored a “special” relationship on sea surveillance affairs. Yet,
in casting a positive light on the collaborative deal, the Admiralty team’s report
now suggested that the British sonar scheme proposed in previous years was not
alternative to the SOSUS but actually complementary. “Collaboration in SOSUS
would be concrete evidence of sincerity in collective ASW defence,” it argued, and
“the large UK investment in ASW frigates, helicopters, submarines and aircraft
could be put to effective use.””” In fact, the Admiralty document indicated that it
was exactly because of SOSUS that the British investment in sea surveillance could
be made cost effective: “it would significantly improve the UK military control
[...] without incurring large overseas expenditure from forces abroad.””®

A major problem, however, was “the effort involved in ‘Anglicisation’ of US
equipment.””? In any case, the project was given the go ahead; even though “it
is obviously of some importance to the Anglo/US alliance that we assist each
other whenever possible but this does not presuppose UK acceptance of large
bills unless we are receiving full value for them.”8 Project Backscratch (the cover
name for the construction of a UK SOSUS Station) was meant to include a
British contribution of £5.6 million (mainly to contribute to the cost of under-
taking surveys and providing shore facilities). Arrays, cables, and hydrophones
were all provided by the US Navy.3! The Royal Navy had to be careful since it
was about to close overseas bases to fund its existing projects and the endorse-
ment of a costly Anglo-American scheme seriously impacted on the management
of ongoing programs abroad.%?

In 1970 the SOSUS project was revisited as the new Conservative prime
minister Edward Heath entered office. The original commitment of £5.6 mil-
lion had by then been significantly revised. Although there was still to be a full
intelligence-sharing agreement, the Ministry of Defence was now required to
provide the building to house the shore station to be built at the Royal Air Force
facility of Brawdy in Wales. The site was chosen because it allowed the US planes
to land and resupply the base. It also suited British ASW plans. The new minister
for defence, Peter Carrington, presented these plans in the cabinet meeting of
December 28, 1970. Britain would pay only £1.5 million, a small fraction of the
US funding of SOSUS (£80 million).%3

The facility at RAF Brawdy came into service in 1974 and remained opera-
tional until 1995, when it was decommissioned. The facility was not welcomed
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by antinuclear campaigners, who believed it hosted a nuclear missile command
center, and it was even picketed during the 1980s by the women of Greenham
Common.3* In reality, it was staffed by US Navy officials operating the SOSUS
detection equipment and had no obvious military installation. However, much
like with Gibraltar, its significance was not in fixed installations at sea monitored
from Brawdy, but rather in the integration of signals from any remote place in the
world that stations like that in Brawdy picked up and transmitted to other nodes in
the SOSUS network. Brawdy, as with many other similar bases around the world,
demonstrated that American plans for global sea surveillance had proven success-
ful and exactly in the country where they had been initially firmly opposed.

Conclusions

Speaking at the 1982 conference on the implementation of the United Nations
Convention on the Law of the Sea (UNCLOS), the then director of the
Institute of Oceanographical Studies (as the NIO had by then become), Anthony
Laughton, reflected on oceanographic research of the 1960s:

Most oceanographic research has a complex mixture of motives and funding,
sometimes related to the long-term needs of defence, sometimes to the needs of
scientific curiosity, sometimes to the assessment of potential resource exploitation,
sometimes commissioned by government or industry to achieve defined objectives
related to the utilization of the oceans.?

In separating the various motives for funding oceanographic research, Laughton
did not mention the use of oceanographic science as a means for surveillance and
intelligence-gathering, or the significant investment in technologies securing
surveillance of the sea. Military support for oceanography, which had led to the
rapid expansion of the discipline during the 1950s and in particular the 1960s,
was premised on the fear that the sea had hidden threats deriving especially from
the movement of enemy submarines. This fear continued to blur the boundaries
between military operations and oceanographic work even when the systems of
surveillance discussed in this chapter were finally operational. In 1968 the USS
Pueblo was “captured” by communist North Korea, while carrying an assort-
ment of ELINT and SIGINT equipment when the vessel was supposedly carry-
ing out oceanographic survey work.%¢ For Western navies, the rapid expansion
of a Soviet oceanographic research fleet chimed with continued fears about the
activities of Soviet trawlers operating off the coasts of Scotland and Iceland and
in the Mediterranean.?”

This chapter has explained how oceanographers and naval officers jointly
pursued sea surveillance and looked in particular at how this happened in the
context of the “special relationship” between the US and UK navies and the
NATO alliance. I have shown that very different plans existed to enforce sur-
veillance of the sea in NATO’s two leading countries. The United States saw
this problem as a global one. Its fiscal supremacy enabled costly projects to be
implemented throughout the world’s oceans. Of the three military surveillance
technologies adopted in the last century—sonar, radar, and satellite—the first
remains the most secret and hidden. The case of the United Kingdom is quite
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different. Here the development of ocean surveillance has to be seen in the light
of an increasingly restricted world presence, limited budgets, and a specific geo-
graphical location. For the Royal Navy, the threat was from Soviet submarines
launching a conventional attack against its home bases. So the Royal Navy saw
that standing alongside its American counterparts was important, but not carte
blanche to squander precious resources of its own.

I have also shown that despite the disagreement, in both countries (and NATO
more generally) naval officers in charge for surveillance programs understood
the importance that novel knowledge on the characteristics of the ocean had for
the pursuit of sea surveillance. I have therefore argued that oceanographers were
mobilized to survey those sea areas that needed routine reconnaissance as lack of
knowledge of sea transit’s physical characteristics could jeopardize these patrol-
ling operations. Throughout the period British and American oceanographers
worked jointly on these areas, both civilians and military scientists collaborated.
From 1963 the US Office of Naval Research gathered all known data existing
in Europe on the chokepoints at Gibraltar and the Faroe-Shetland channel and
making use of the data processing facilities available in the United States started
to complete the panoptical study of oceanic waters surrounding the continents
in the Northern Hemisphere. However, the offer of collaboration in oceano-
graphic enterprises came also in an attempt to dissuade the British Admiralty
from adopting its own surveillance scheme.

By looking at both the case of Gibraltar and the Greenland-Iceland-UK Gap,
I have shown how the British position changed considerably over time, also
because of lobbying from the US Navy and financial difficulties. The early pro-
posal for the active sonar system in Gibraltar found little support among NATO
allies and was quietly dropped. It was reconsidered in light of an improbable
alliance with Spain and eventually abandoned. After that, the US Navy gave the
Admiralty the opportunity to prevent criticism at home by finding a different
use for the sonar made in Britain that never materialized in Gibraltar. By propos-
ing to set up a SOSUS station in Wales as part of a major scheme to better recon-
noiter the North Sea, the US Navy effectively provided the Admiralty with an
opportunity for utilizing the otherwise unusable British surveillance gizmos.

That said, the differences that typified British and US views on what surveil-
lance meant and what one could aim to achieve with it continued. The problem
was not, of course, just about sea and its invisible threats, but more generally about
the changing role that Britain and the United States were about to play on the
geopolitical chessboard. Approaches to surveillance in Britain were consistent with
the geopolitical ambitions of a declining colonial power that had lost most of its
possessions abroad and wished therefore to exclusively monitor what threatened its
national security in selected parts of the world; incidentally those strategic bases
retained after the empire had collapsed. Conversely, the United States sought to
reaffirm its role as Cold War hegemon by investing significantly in technologies
that would ensure a global vision on existing threats (at sea and elsewhere). The
investment was consistent with a geopolitical stance that recognized that territo-
rial occupation was a far less effective means to ensuring worldwide domination
than securing the surveillance of distant places. The new American empire, in
contrast with the old British one, was managed through the placing of invisible
“electronic ears” underground, on land, at sea, and in space all around the globe.
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Chapter 6

Scientists and Sea Ice under Surveillance
in the Early Cold War

Peder Roberts

On February 24, 1958, 85 individuals from the United States, Canada, Europe,
Japan, and the Soviet Union gathered in the small town of Easton, Maryland, for
a conference on Arctic sea ice.! Over four days they discussed a range of issues
including the characteristics and physical composition of sea ice, its distribution
and drift, and issues related to navigation and ice forecasting. Organized by
the Earth Sciences Division of the United States National Academy of Sciences
(NAS), at the behest of the Office of Naval Research (ONR), the conference was
billed as an opportunity for the “productive exchange of facts and ideas.”® The
event reflected the rapid growth of interest in a scientific field with profound
implications for military strategy in North America and commerce in the Soviet
Union—and the desire for the United States to pick the brains of counterparts
from around the world in a field where others almost certainly led, especially in
terms of practical experience.

My claim in this chapter is that for the United States and its allies, sea ice
forecasting and associated research agendas can best be understood when viewed
through a dual prism of surveillance and engagement: the drive to know the
carth through observation and calculation and to know the enemy and its capa-
bilities through contact with its scientists. Military planners in the Cold War West
recognized understanding the geophysical environment as the first step toward
controlling it.? For the United States, sea ice became an issue of state significance
really only after 1945, with the need to send large naval convoys to far north-
ern locations in order to construct and supply military facilities. This need was
in turn created by the “polar strategy” of concentrating American capacity for
nuclear attacks on the Soviet Union in bases at the northern edge of the Western
Hemisphere.* By contrast, the Northern Sea Route (NSR) from the Barents
Sea to the Bering Straits had attracted significant investment from the Soviet
government in the 1930s, leading to a higher level of understanding of sea ice
and its related problems. Soviet researchers—most notably Nikolai Nikolaevich
Zubov—were translated and cited frequently by American researchers, especially
as Americans came to recognize that improved sea ice forecasting relied upon
understanding the physics of sea ice in addition to more (and better) observations
of ice conditions and associated meteorological and hydrological phenomena.®
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The Easton conference took place at a time when scientific exchange between
the United States and the Soviet Union was once again becoming possible, per-
mitting a flow of information that had been impossible prior to 1953 and placing
individual researchers in direct contact. Large-scale events such as the International
Geophysical Year (IGY, 1957-58) demonstrated that the open performance of sci-
ence, in addition to the open dissemination of its results, was a source of prestige.®
Furthermore, the exchange of scientists was becoming formalized through an
official arrangement between the NAS and the Academy of Sciences of the USSR
(AoS). There was considerable interest in illuminating the hidden world of Soviet
science (an endeavor that scientists in the West could also use to win support for
their own research). These considerations undoubtedly helped to secure official
American backing for Soviet participation at the Easton conference.”

Sea Ice and Its Forecasting to 1947

Advancing in the winter and receding in the summer, sea ice has long been an
important factor in navigation within Arctic and Antarctic waters, and within par-
ticular areas such as the Gulf of Saint Lawrence and the Baltic Sea. Anticipating
when sea ice forms and breaks up is essential to planning when shipping can
arrive at northern destinations. Until recently, sea ice made the Arctic coastlines
of Eurasia and North America sufficiently difficult to navigate that the first
complete traverses were completed comparatively recently and over periods of
several years, from 1878-80 and 1903-06, respectively.® As Figure 6.1 demon-
strates, during winter months a considerable part of the north was icebound.

Knowledge of the characteristics of sea ice and of its annual cycles has always
been important to communities living on ice-affected coasts, given its relevance
to hunting, fishing, and transportation. Navigation made sea ice an issue for
European vessels sailing in and out of what is now northeast Canada, and around
Greenland, especially connected to fur trade shipments. As exploration of the
polar regions became an end in itself during the nineteenth century, knowl-
edge of the extent of Arctic sea ice improved through studies of its composition
and behavior in addition to observations of its distribution.” From the early
twentieth century the military-strategic and commercial value of sea ice research
became more important. While trade along Russia’s Arctic coast was growing in
the late nineteenth century, state-sponsored investigation of the NSR began in
earnest after the disastrous Battle of Tsushima in 1905, in which Russian gener-
als felt they might have offered stronger resistance against the Japanese Navy had
reinforcements been able to arrive more quickly.!?

More than 60 years later, the best study of the early history of the NSR and
its investigation remains The Northern Sea Route: Soviet Exploitation of the Novth
East Passage, originally written as a doctoral dissertation by Terence Armstrong
(1920-1996). Armstrong (whose name will reappear later in this chapter as a
participant in sea ice research during the 1950s) was trained as a Russian lan-
guage expert before his skills were harnessed to monitoring Soviet Arctic activity
at the Scott Polar Research Institute (SPRI) in Cambridge from 1947, which at
the time functioned as an information center for the British state in addition
to aiding polar research and exploration.!! His ability to locate and interpret
Russian sources proved as valuable as the work he did translating the few reports
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of Arctic activity to emerge from the post-1947 Soviet Union, and provided the
foundation for his disciplinary transition to geography.!?

The NSR was important to Russian planning from the late nineteenth cen-
tury, as partial traverses to the Ob’, Yenisei, and Lena rivers connected internal
Siberian river traffic to markets in Russia and beyond. This process continued
after the 1917 revolution as Soviet planners sought to exploit all possible domes-
tic resources. Already in the late 1920s, icebreaker-led expeditions conducted
meteorological, hydrological, and sea ice observations along the NSR, with
the goal of better understanding the environmental conditions and improving
the route’s function as a shipping lane.!® In 1932 the Chief Directorate of the
Northern Sea Route (Glavsevmorput’) was formed, a scientific-economic-logis-
tical empire led by the charismatic Otto Schmidt (1891-1956) and charged with
overseeing almost all aspects of the NSR.!* Using a network of meteorological
stations and reconnaissance flights to support icebreakers, traffic passed 100
ships in 1936, but during the following season 26 ships and seven of eight ice-
breakers were forced to overwinter in the Arctic due to severe ice and insufficient
reconnaissance. For Armstrong, the events of 1937 resulted in a “new phase” in
which the sprawling “state within a state” was returned to its original function
of running a transport route.'?

What Armstrong described as “the very important science of ice forecasting”
emerged from this effort to survey Russia’s northern waters. Annual observations
of breakup and freeze-up dates from shore-based offices and existing shipboard
data collection were complemented after 1937 by drifting stations on the ice far
toward the North Pole, stations whose establishment and resupply also served as
a basis for effective propaganda concerning Soviet operational capabilities.!® The
establishment of the North Pole-1 station in 1937, the first to be located on sea
ice (although Antarctic stations had earlier been based on shelf ice), was indeed
a “powerful political act.””

Long-term forecasting began to be developed in the early 1930s, with fore-
casts initially issued four times yearly. Although they built upon similar data sets,
the individuals responsible for each forecast constructed them according to their
individual beliefs in which factor was most important (a particular current, for
instance). Short-term forecasting followed, dependent more on meteorological
and ice observations (though hydrological data mattered too), and leading to
regular ice reconnaissance flights and forecasts made from local outposts rather
than from a central bureau.!® Both types of forecasts were apparently quite useful:
Armstrong reported a 1940 claim of up to 75 percent “correctness” on long-term
forecasts and up to 85 percent “average correctness” on short-term forecasts.!”

While economic activity along the NSR slowed during World War I1, the area
remained important strategically. Armstrong argued consistently that while the
NSR was a significant drain on Soviet finances, such losses did not preclude the
possibility that Moscow envisaged it eventually becoming a paying proposition,
particularly when its strategic function was paramount.?? The German cruiser
Komet made a rapid (just over 21 days) and at the time secret west—east traverse
of the NSR in 1940 with the aid of the Soviet authorities.?! After Germany
invaded the Soviet Union on June 22, 1941, German submarines and raiders
attacked Soviet convoys, especially in the western part of the route.?? The NSR
proved largely useless for sending naval reinforcements to either extremity of the
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USSR, though at least one large cruiser sailed west to east prior to the planned
Soviet invasion of Japan.??

After 1945, the flow of information out of the Soviet Union concerning the
NSR dried up almost completely. The new enemy became ever more shadowy,
and the state of Russian knowledge only guessed at—just at the moment when
the Arctic began to attain importance to North American military planners.

Sea Ice and Security in North America

In the years following 1945, the North American Arctic became important both
to military planners, to whom it was a frontier separating the superpower enemies,
and to civilian administrators of a space where increased economic development
could be anticipated.?* The Swedish glaciologist Hans Ahlmann, who had docu-
mented a recent trend toward warmer northern climates, briefed the Pentagon in
1947 on the strategic implications of changing Arctic ice conditions—a specific
topic that would continue to attract attention among both earth scientists and
military planners even before the modern era of anthropogenic climate change.?®
Canada and the United States cooperated to form the Arctic Institute of North
America in 1945, a nongovernmental body that nevertheless was envisaged by
individuals in both states as a means to acquire knowledge useful to statecraft.
Bodies such as the United States Navy Hydrographic Office and the Canadian
government’s Geographical Branch (established 1947) soon began to work on
sea ice problems, anticipating the need for better understanding of conditions in
a space that was already attracting more activity than before the war.

The Hydrographic Office’s 1946 “ice atlas” of northern waters was not an
example of forecasting, but a fixed estimate of the probability of meeting with ice
at a given point at a given time of year,2® which in any case had already been found
“inaccurate in various areas.”?” The Geographical Branch organized a Canadian
Ice Distribution Survey from 1951 on much the same principles, viewing lack of
data as the chief issue—despite growing evidence that the Arctic was warming,
meaning that past observations could not necessarily be taken as accurate guides
to ice extent in the future (an issue that Zubov had already discussed in print).28
Ice observations, initially gleaned from libraries and archives, were entered on to
cards and used to ground research papers on the distribution of ice both within
the Canadian mainland and on its maritime periphery. The project was expanded
in 1955 to include first-hand observations from the field, with a focus on the
castern Canadian Arctic and the Gulf of Saint Lawrence.?

For the United States Navy, sea ice presented a challenge when the Arctic became
both a theater for potential conflict, and—more importantly—a transit lane for the
construction and supply of defense installations. The initial catalyst for the Navy’s
active interest was the need to construct the Thule base in northwest Greenland.*
In 1950 there was also discussion about basing bombers on fast sea ice,?! an idea
that was theoretically feasible but probably never seriously considered.?? As Nikolaj
Petersen has argued, Thule became important due to a shift in United States plan-
ning from a “perimeter” strategy in which nuclear bombers would depart from
territory nearer the Soviet Union—such as the United Kingdom or the Middle
East—to a “polar” strategy involving bases on North American soil, as the range
of the new generation of bombers increased (see Figure 6.2).3
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Given the short window for delivering supplies by sea, and the huge quantities
of material involved, knowledge of ice conditions was essential. A popular account
of Operation Bluejay, the codename for the project to construct the Thule base,
noted that when the ice broke up later than usual in summer 1951, “nearly 50
ships” were waiting to commence an operation “with all the apparatus of a war-
time landing, without the shooting.”3* A less propagandistic account from much
later recalled how lack of ice information meant the Navy “squandered weeks
of valuable time,” leading directly to increased investment in both ice observa-
tion and forecasting.?® By 1953 the Hydrographic Office was issuing short-term
forecasts that leaned upon theoretical insights from abroad (including Russia and
Austria)*® while incorporating improved observational technologies.?”

The other Canadian body dealing with sea ice was the Defence Research
Board (DRB), also formed in 1947.38 By 1949 the DRB was liaising with the
Royal Canadian Air Force to organize ice reconnaissance flights between Hudson
Bay and Baffin Bay,?’ which helped it to provide ice reports for the state’s Joint
Intelligence Bureau, “an all-source intelligence clearing-house” that reported
to the Canadian government in Ottawa.*® While part of a wider network of
British intelligence-gathering, the bureau established close ties with the Central
Intelligence Agency (CIA) before it did so with other British Dominions such as
Australia, reflecting the primary importance of the North Atlantic relationship
above Commonwealth ties.*! The bureau’s first leader, Graham Rowley, was
an Arctic expert whose focus on domestic geography rather than foreign intel-
ligence-gathering (the bureau’s central mission) doomed his tenure.*? Ice data
collected in this context was intended mostly to support aviation—including
landing on frozen waterways—but its relationship to forecasting was to aid its
development rather than refine its practice.*3

Interest in forecasting picked up within the DRB in 1952 when the United
States Weather Bureau and the United States Military Sea Transportation Service
began seeking cooperation, and when the Canadian Weather Bureau furnished
its American counterparts with measurements of sea ice thickness from far
northern coastal communities, helping to provide clues on how close the winter
ice was to melting.** An early attempt to provide short-term forecasts for ice con-
ditions of Labrador involved superimposing a weather map over an ice map and
inferring ice movement from predicted meteorological changes.*® Even then,
while Rowley, now the DRB’s Arctic expert, declared in 1953 to the United
States naval attaché in Ottawa that Canada was “very interested in ice forecast-
ing and ‘hope[d] to take a more active part in it next year,” an internal depart-
ment memorandum written by his co-worker Moira Dunbar just nine days later
admitted that “the whole question of ice forecasting is very new in Canada and
the situation somewhat confused.”*®

As in Canada, authorities in the United States relied heavily upon reconnais-
sance flights and field observations to assess ice conditions. For the most part,
ice reports taken from the air were part of a wider attempt to acquire environ-
mental knowledge, with observers concerned primarily with meteorological data
collection. Perhaps the most notable example was Operation Ptarmigan, a series
of reconnaissance flights along a triangular route with its apex at the geographic
North Pole, which included observations of sea ice in addition to their primary
mission of collecting meteorological data.*” Such activities provided the basis



132 PEDER ROBERTS

for analytic work, providing records throughout time (seasons) as well as space,
leading to theory that could underpin forecasting. In Armstrong’s judgment,
American instructions assumed “less highly trained observers” than their Soviet
counterparts, quite likely a reflection of the greater importance sea ice had his-
torically held there as a subject in its own right.*

In addition to ice atlases and probability studies, the Hydrographic Office
recognized that reconnaissance was an important component of forecasting, but
that it was also important to understand the principles behind ice movement—a
subject already dealt with at length in Soviet literature. Indeed, when the US
Navy began synoptic ice forecasting in 1952, much of the theoretical foundation
was borrowed from Soviet work.** As the veteran of American sea ice research
W. E. Weeks has noted, the United States Strategic Air Command (SAC) as well
as the North East Air Command (NEAC) had a significant interest in Arctic
ice forecasting during these years in order to determine if and when aircraft
could use sea ice as a landing strip.®° This particular requirement helped stimu-
late research on the ice physics side of sea ice studies. From 1954 the Air Force
Cambridge Research Center joined the Hydrographic Office and the Snow, Ice,
and Permafrost Research Establishment (SIPRE), a branch of the Army Corps
of Engineers, in investigating a range of questions related to sea ice.>! The result
was a growing focus on sea ice in itself, with consequences for forecasting (even if
this was not always the primary goal), sometimes drawing upon a deep set of data
from a single location to fully understand the interplay between temperature gra-
dients (above and below the ice sheet), wind gradients, and solar radiation on the
properties of the ice itself.>> While the early burst of American research enabled
improved short-range forecasting (up to several months), more complex methods
were needed to tackle larger-scale phenomena. One such was ice potential clima-
tology, the capacity for a given body of seawater to form stable ice at a specific
location, which could in turn be mapped—hence the analogy to climate maps.5?

The advance of radar installations northward—most notably to the Distant
Early Warning (DEW) Line, a series of radar outposts designed to detect incom-
ing Soviet nuclear bomber aircraft that became operational in 1957%*—only
reinforced the need for the United States to be able to operate ships effectively
in ice-infested waters and potentially land supply aircraft in the winter months
to accelerate the construction timetable (see Figure 6.2).°° During the sum-
mer of 1955, no fewer than 969 ice forecasts were delivered in connection with
DEW Line construction efforts.’® A similar imperative spurred the Air Force to
sponsor research on sea ice conditions in the Baffin Bay/Davis Strait region, a
project that would ultimately require detailed, large-scale investigation of how
sea ice was formed in addition to “long-range acrial surveys.”” When the Navy
later became interested in using submarines for resupply missions, Arctic drift-
ing stations attained some importance, though much of the data they produced
remained classified and had only limited impact in developing sea ice studies.®®

Russian workers had taken the lead in studies of Arctic sea ice forecasting dur-
ing the first decades of the twentieth century, a direct consequence of the impor-
tance the state attached to the NSR, and by 1954 North American researchers
still lagged behind in terms of both the infrastructure for collecting observations
and the capacity to convert data into forecasts.>® Terence Armstrong, trained as
a linguist rather than a natural scientist and thus well aware of the limitations
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posed by lack of specialized background, noted that in contrast to the quite
recent past, “ice physics can no longer be importantly advanced by the gifted
amateur studying the natural history of sea ice.”®® The resources that the United
States devoted to sea ice research were not at the same level as funding for other
areas of science during this period, but the increase in support was consistent
with the development of sea ice forecasting as both a research program and a
military instrument. In 1955 the Hydrographer of the Navy prefaced a report
on ice potential climatology (linking the stability and thickness of ice to envi-
ronmental conditions) by noting that in order to improve “the techniques of ice
forecasting, it has been necessary to formulate theories concerning the large-scale
movements of ice in the Arctic Basin.”®! Pursuing that task involved increasing
the level of material assistance while also mastering and developing theoretical
methods—and keeping abreast of developments behind the Iron Curtain.

Learning from Others

In the years immediately following 1945 Soviet science retreated to the “isolation-
ist nationalism” that Nikolai Krementsov argues was characteristic of the 1930s—
but in this case, even more 50.%2 This was true of almost all fields,® but particularly
of Soviet activity in the Arctic, which had earlier been such a powerful source of
national propaganda. The high visibility of Soviet work in the 1930s followed by
the lack of subsequent information fostered a sense of uneasy fear. Glimpses such
as the lavish jubilee celebrations of the Soviet Academy of Sciences in the sum-
mer of 1945, which afforded Hans Ahlmann a rare look at the impressive Arctic
Research Institute in Leningrad, prompted fear as much as admiration.%*

Terence Armstrong, who followed Soviet developments as closely as anyone
from his office in Cambridge, noted in 1952 that “virtually no information on
the working of the Northern Sea Route” had become available since 1946.%°
The situation only began to change after 1954, with Stalin’s death in 1953 fol-
lowed by the public reappearance of the Arctic ice drift stations that had been
such powerful symbols of Soviet Arctic strength during the 1930s.°¢ In the
meantime, Armstrong was reduced to joining scattered dots, such as his conclu-
sion that a number of airmen and scientists who worked together in the 1930s
had probably continued to do so during the intervening years, based on their
collective reappearance in the 1954 floating station—which in turn hinted at
considerable investment and presumably progress.®” Brian Roberts, who oversaw
the British Foreign Office’s desk for the polar regions, told his superiors in 1955
with some certainty that “the magnitude of [Soviet Arctic] operations exceeds
that of all other countries put together.”%8

From 1951 both Roberts and Armstrong worked simultaneously for the Scott
Polar Research Institute and the British government—Roberts for the Foreign
Office, Armstrong for the Admiralty. Armstrong combined surveillance of
Soviet work with an increasing personal interest in sea ice issues. These interests
came together in 1953 through a contract for his services between the DRB and
SPRI, which placed him aboard the Canadian icebreaker HMCS Labrador on its
inaugural traverse of the North-West Passage (a passage smoothed by recent US
investment in ice forecasting and reconnaissance),*” and enabled him to com-
pile ice atlases in addition to reports on the state of Soviet research.”® With
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his near-perfect command of Russian and access to Soviet publications through
SPRI, Armstrong was able to sketch an outline of the directions in work, despite
the Stalin-era cloak that covered much Soviet science.”! As Armstrong put it,
“although some of the principles are known, it is not certain which are used, nor
how and with what success they have been applied.””? He concluded in 1954
that lack of sufficient observational data had held back earlier Soviet forecasting,
a drawback he was certain had since been addressed.”?

In July 1955 SPRI organized a reciprocal exchange that saw Armstrong and
Roberts visit a number of polar-related institutions in the Soviet Union during the
summer of 1956, with a specific hope of obtaining information on sea ice fore-
casting. Their report of the visit was unclassified (though a prefatory note advised
against it being kept on open library shelves, as its comments on certain individu-
als were frank).”* Using his command of Russian and thorough knowledge of the
literature, Armstrong was able to detect when his interlocutors were lying about
the existence of certain publications—such as ice yearbooks—and gain a more
nuanced understanding of what kind of information remained classified.

While diligent charting of past records could increase their utility for probability
forecasts in the future, a “cardinal need” remained for greater knowledge of physi-
cal processes, to which the US Navy Electronics Laboratory could contribute—as
would access to Soviet literature, given that Armstrong felt American work had
reached a level in 1954 equal only to Soviet work in 1939.7° One of the DRB’s sea
ice specialists, Moira Dunbar, learned Russian for this reason.”® The few articles
by Soviet researchers that had appeared in English became important resources,
especially those such as Zubov and Arkady Georgievich Kolesnikov who used
equations to analyze ice formation and behavior.”” Zubov’s 1945 book Arctic Ice
has aptly been described as “an innovative synthesis of widely scattered work from
both the Russian and the Western literature ... . there are insights on every page.””®
This work was translated in parts into English during the 1950s and referenced
frequently in American papers, leading the US Air Force Cambridge Research
Center to eventually pay for a complete translation in 1963.7°

The most visible symbol of Soviet strength in Arctic research was their drift-
ing ice stations. Like their American counterparts, the first of which (T-3) was
established in 1952, the Soviet drift stations could be imagined as military sites
without too much difficulty, even if that function remained theoretical .8’ The
British Foreign Office suspected that knowledge gained from these stations
(especially in meteorology) would enhance the Soviets’ understanding of the stra-
tegically important Northern Sea Route while aiding aviation in high latitudes,
and perhaps helping to move the Soviet radar defence network northward®'—a
fear apparently confirmed by a former US Air Force member who participated
in reconnaissance flights from Thule in early 1959.82 US-operated stations even-
tually became sites for research in underwater acoustics (relevant for detecting
submarine-launched missile systems), as did Soviet drifting stations.3?

At the same time, the drifting stations were national symbols that bore the
values of their sponsors (and the values attributed by rivals), located within an
emerging dynamic of Cold War competition that extended from the space race
to the Olympic games. Weeks has recalled the impact a published map of Soviet
explorations from ice stations had on American bureaucrats in the early 1950s,
ultimately driving a matching response from the United States and Canada.®*
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The Soviet media eagerly linked American stations with an aggressive militariza-
tion of the Arctic, similar to their depiction of American bases in Greenland, while
characterizing the development of the Northern Sea Route as an aid to economic
development and nation-building.3®> The publicity given to Soviet ice stations by
the Soviet media, thought the British Foreign Office, might also have been part
of a broader campaign to legitimize Soviet authority over the sector it had unilat-
erally declared in 1926, even if international law suggested additional territorial
claims based on occupation of sea ice stations were unlikely to succeed.3¢

The drifting stations were only the tip of the iceberg when it came to the
world of Soviet Arctic activity, most of which remained hidden. The United
States was determined to improve its understanding of sea ice, leading to the
1958 formation of Sea Ice Central (a joint Canadian-US forecasting body using
personnel trained at the US Navy Hydrographic Office but with Canadian air-
craft and field stations), and a major facility upgrade to the Army’s Cold Regions
Research and Engineering Laboratory.?” One means of achieving this goal was
to bring leading researchers to the United States, a task to which I now turn.

The National Academy of Sciences Sea Ice Conference

In September 1956 the ONR approached the NAS’s earth sciences branch to
organize an event that would aid “in furthering studies that would lead to more
effective sea-ice forecasting . .. The Navy mission of forecasting sea-ice conditions
needs the stimulus of better basic knowledge of sea-ice formation and growth,
drift, and decay and disintegration; analytical techniques in forecasting would
also benefit from an exchange of data and views.”%¥ As the number of workers in
the field remained “rather small,” the ONR felt a single gathering would provide
an “inventory” of current work and future directions.?” Up to 12 Europeans
would be invited. Plans developed slowly through 1957, including one crucial
development: the potential participation of Soviet scientists.

The precise reason why Soviet scientists were initially excluded is unclear, but
it is highly likely their participation became conceivable thanks to contempo-
raneous events that fostered East-West scientific connections. Planning for the
sea ice conference took place at the same time as planning for the International
Geophysical Year (IGY) and—like other activities from the Antarctic to the
Mediterranean Sea and beyond—to some extent rode upon its coattails. The
IGY’s overt focus on surveillance of the earth and surveillance of scientists, most
visible in the massive Antarctic program and its formalized series of mutual
observers and inspections, was less a denationalization of science as a recogni-
tion that science could simultaneously be a source of strategically relevant data
and a vehicle for articulating foreign policy objectives.”® The infrastructure of
World Data Centers at which information was deposited for access by other states
made concrete a rhetorical devotion to international cooperation that neverthe-
less served the interests of the superpowers. It also permitted them to establish
additional stations in strategically sensitive locations that might otherwise have
attracted controversy, including on floating ice.

The sea ice conference similarly appealed for international exchange in a field
where the United States knew that its knowledge was imperfect, the confer-
ence an opportunity to become acquainted with theoretical advances in addition
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to expanding the geographic scope of data from which conclusions might be
drawn. The IGY also provided a discursive framework in which research that
had such strategic implications could be presented as value-neutral contributions
to basic science—something that accorded with prevailing Soviet rhetoric. This
relationship between basic and applied research was articulated neatly in the
three-page press release that accompanied the conference’s opening. Making no
mention of the military, this document instead stressed the economic benefits
of improved sea ice forecasting, linking hopes for significant advances to drift
stations, exchange of information with Soviet researchers, and the quest to know
the carth in terms of “mathematical formulae” linked to the IGY.”! Of course,
practical importance could mean military importance: the topics and partici-
pants were chosen in consultation with both the ONR and the US Navy, and
the planning committee included men such as Gordon G. Lill and Louis Quam
who played key roles in the geophysics—military interface.

Around this time the NAS had also initiated discussions with the Soviet AoS
on a series of formal exchanges within specific branches of science and technolo-
gy.”? The interacademy nature of the arrangement ensured a level of state con-
trol—or at least, a guarantee that activity would conform to state expectations.
Fields of interacademy exchange were negotiated, participants vetted, and the
reports submitted to the NAS on their return examined in terms of whether they
had resisted Soviet brainwashing as well as the technical information they had
gleaned. While the conference did not come under the aegis of this agreement,
NAS president Detlev Bronk and his Soviet counterpart Alexander Nikolaevich
Nesmeyanov had established a framework within which international exchange
became feasible, if by no means routine.

Bronk, a biophysicist who served as president of Johns Hopkins University
and later Rockefeller University while also presiding over the NAS, was a key fig-
ure in the postwar links between science and government in the United States.”?
This included liaising with the Operations Coordinating Board, a body estab-
lished by the Eisenhower administration in 1953 to link national security with
psychological warfare and strategy,”* which tasked Bronk with delivering reassur-
ing statements on matters from radiation to Soviet space achievements.”® Indeed,
on February 26, 1958, while the NAS sea ice conference was underway, the
OCB suggested that Bronk take a key role in executing President Eisenhower’s
publicly announced plans for “a full-scale cooperative program of science for
peace.””8 The fact that the board had been asked to implement this lofty goal is a
reminder—like many others from the era of the IGY—that international science
invariably possessed a strategic dimension.

The existing relationship between Bronk and Nesmeyanov, and the NAS’s
imprimatur on the conference, provided an opening through which invita-
tions could be sent once the US Navy had been convinced that no classified
American information would be disclosed.”” As other chapters in this volume
emphasize, the flow of information at international scientific meetings was
rarely if ever unidirectional.®® The Navy’s stance was a reminder that in addition
to the propaganda value of participating in international scientific cooperation
(which the USSR had embraced during the IGY), the Soviet scientists would
be eager to learn useful things from their US counterparts, necessitating limits
on what could be shared. Even after the NAS had invited the AoS to nominate
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participants, the fact Easton was part of the wide swathes of American territory
normally oft-limits to Soviet citizens had to be addressed, through the East-West
Contacts branch of the State Department.®® Thurston argued that Soviet pres-
ence was essential because its scientists

are believed to have special competence and experience extending over a longer span
of time than other national groups...The utilitarian objective of sea ice research
is to produce reliable forecasts of sea ice conditions for as long a range as possible.
Many organizations gather data but only three are known to venture forecasts: the
Japanese, the American-Canadian, and the Soviet groups. In this field the Soviet
organizations are thought by some well-informed specialists to have the greatest
experience and possibly to have developed advanced procedures.. . It is well worth
admitting them to the closed area of Easton, MD.1%¢

Soviet participation was only confirmed on February 5, 1958—Iess than three
weeks before the conference was scheduled to begin—and it was only then that
the four delegates were nominated. Bronk suggested a list of nine researchers
(not including Zubov, who may have been presumed to have already retired).!%!
One of those suggested (Kolesnikov) joined the delegation, along with Pavel
Afanas’evich Gordienko, a veteran of the drift stations and a practical rather than
theoretical man. Telegrams between Bronk, Nesmeyanov, and the glaciologist
Grigory Aleksandrovich Avsyuk (leader of the Soviet delegation) revealed a cha-
otic rush to obtain exit visas and finalize travel plans.

The conference proceeded smoothly and cordially under seven sections (run-
ning consecutively rather than parallel): distribution and character of sea ice;
sea ice observing and reporting techniques; physics and mechanics of sea ice; sea
ice formation, growth, and disintegration; drift and deformation of sea ice; sea
ice prediction techniques; and sea ice operations. Soviet researchers presented
in the first five of these areas, although their state clearly possessed particular
expertise in the final two (reflected in the questions directed to Gordienko in the
discussions following the session on prediction). Whether much of the informa-
tion presented had significant novelty is unclear—Soviet participants frequently
answered questions with general references to ongoing or as yet incomplete
work—Dbut the opportunity to interact with researchers whose work had only
previously been known through translated texts was valuable, an opinion con-
firmed by both the Hydrographer and the chief of the ONR.1? Approval for
Soviet participants to visit unclassified government facilities following the confer-
ence arrived just before the conference began.!%® Despite the NAS attempting to
construct a detailed program for their Soviet visitors (including visits to national
monuments in Washington DC and opportunities for shopping), the short time
frame made precise planning difficult as institutions such as SIPRE in Illinois got
wind of the Soviets’ presence and sought to invite them for a visit.!04

If the event succeeded as its hosts had hoped, how was it viewed from
the Soviet side? Archival evidence is thus far lacking, but it is possible to say
something about how the conference was used as a propaganda instrument
within the Soviet public sphere. Gordienko’s impressions of the conference
were published in the magazine Priroda [Nature] after his return, providing
an official account of how the event’s importance was mediated in the Soviet
Union.'?® Upon arrival in New York the delegation was taken to Easton—which
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Gordienko found “quaint.”’%¢ Gordienko was sure also to record that the Soviet
papers had provoked “animated discussions...because of the scope and acute-
ness of formulation of the subject matter and because of the high theoretical
level of the papers”?” (a favorable impression that was apparently not shared by
all his Western listeners).! Gordienko also noted the importance of Russian
work in observational practice and theories (especially that of Zubov) to Western
researchers, reinforcing a sense that this had been an opportunity to demonstrate
Soviet leadership.!® A similar concern for emphasizing Soviet superiority prob-
ably drove Gordienko’s claim that while he had heard some interesting and novel
papers, the United States was recognizably behind other countries “in the study
of physical properties of ice.”!'® He was more impressed by the Smithsonian
Museum of Natural History of America than by a visit to George Washington’s
childhood home of Mount Vernon, which was described in two dry and opin-
ionless sentences.!!! When Gordienko claimed that the 12-day visit had laid the
basis for “developing cultural and scientific communication” between the super-
powers, his readers could be reassured that such communication had confirmed
rather than challenged their own strength.!!?

Conclusion

Sea ice forecasting continued to be an important research field after the Easton
conference. Weeks has noted that understanding ice dynamics became impor-
tant for detecting submarines (a fact noted also noted in the USSR), especially
after it became possible to base nuclear-powered and -armed submarines under
Arctic ice, helping to shift the focus of investigations away from using sea ice
for engineering toward understanding how objects could hide (or be detected)
beneath it.!'3 Moreover, the economic and social development of Arctic North
America continued apace, and the Alaskan North Slope became particularly
important once oil was discovered in large quantities in 1968, marking a return
to relevance of sea ice in engineering terms.

The events described in this chapter demonstrate that sea ice forecasting, like
many other geophysical disciplines that attained relevance to military planners dur-
ing the early Cold War, involved its practitioners and patrons in the dual process of
knowing the enemy and knowing the earth. Observations from field stations and
reconnaissance flights were prerequisites for successful forecasting, but that enter-
prise also required theoretical competence that at least for the first postwar years,
was suspected to be more highly developed in the Soviet Union. Scientific exchange
and interaction was a means of acquiring knowledge with military-strategic value,
and even small, focused events like the Easton conference were possible only within
a larger political framework that regulated East-West contacts.

Another point might be made concerning the nature of knowledge-gathering
concerning sea ice. Building upon the work of Thomas Hughes, Kristie Macrakis
has described a “technophilia” within United States intelligence-gathering ser-
vices during the Cold War, a preference for instrumental over human espionage—
the opposite of the agent-centered approach pursued by the Eastern Bloc.!'* I
would certainly not classify events such as Armstrong’s visit to the Soviet Union
or the Easton conference as espionage, but they did obtain intelligence that pro-
vided a more detailed picture of Soviet scientific achievements. Just as Macrakis
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has pointed to the inability of satellite images provide accompanying context for
data (most notably by illuminating political intentions), knowing the location of
Soviet sea ice stations and the rough outlines of their administrative structures
could not reveal the level of technical advancement in sea ice forecasting. As the
documentation surrounding its planning make clear, the Easton conference was
more than just a venue for scientific interaction: it was a forum for assessing the
state of a strategically sensitive field of knowledge.

Sea ice research continued to be strategically important from the 1960s
onward, but—as Sebastian Grevsmiihl demonstrates later in this volume—sat-
ellite imagery emerged as the dominant source of data. The quest to place the
entire earth under surveillance produced a number of developments within the
geosciences, expected and otherwise, among them a far greater capacity to map
sea ice. Military applications such as identifying the potential surfacing spots of
submarines justified the pursuit of research that is today important not only for
the ships that navigate the Northern Sea Route in ever greater numbers, or for
the geoscientists for whom sea ice constitutes an important signal. Sea ice extent
has become an emblematic element of climate change science, its forecasting and
measurement a matter with ramifications far beyond the immediately practical.
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Surveillance Technologies



Chapter 7

Space Technology and the Rise of the
US Surveillance State

Roger D. Launius

Electronic surveillance entered the mainstream during the Cold War, espe-
cially with satellites, as technologies were pursued by all combatants to gain an
advantage in ensuring victory in this rivalry.! U.S. president Lyndon B. Johnson
did not overestimate the importance of this technology in 1967 when he said
that the United States probably spent between $35 and $40 billion on it, but
“[i]f nothing else had come of it except the knowledge we’ve gained from space
photography, it would be worth 10 times what the whole program has cost.”?

Both Cold War rivals raced to develop the satellite reconnaissance technology
that would give them the edge in understanding what the other side was doing.
The Americans launched the first generation of spy satellites in 1960, and the
Soviet Union followed a few years later. Accordingly, the CORONA and succes-
sor satellites, as well as a range of signals intelligence, early warning, ASAT, and
missile launch detection spacecraft have dominated the national security interests
since the beginning of the space age. Additionally, this development created an
experience whereby everyone in Western Civilization began to live life as a target
during the Cold War since everyone could be on the receiving end of an attack.?
As electronic spying became the norm, it has portended important ramifications
for both personal privacy and national security. The National Security Agency
(NSA) had the beginnings of this capability and developed greater capability
over time, but other intelligence organizations played key roles as well.*

But the story really begins earlier, as nation-states have pursued surveil-
lance technologies that would give them advantage on the battlefield. Balloons
were the first overhead reconnaissance vehicles to be deployed and date to the
Napoleonic wars when the French used them extensively to track troop move-
ments, both enemy and others, and to spot for artillery. Both the Union and the
Confederate armies used balloons for the same purpose in the American Civil
War of the 1860s and both the French and the German armies used them in the
Franco-Prussian War. Accordingly, overhead reconnaissance had a long history
prior to the invention of the airplane.®

Reconnaissance was certainly an early understood use of powered aircraft
immediately from the Wrights brothers’ first flight to the present. Indicative of
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this view was the comment of American army lieutenant Frederick E. Humpheries
in 1910:

From a military standpoint, the first and probably the greatest use will be found
in reconnaissance. A flyer carrying two men can rise in the air out of range of the
enemy, and passing over his head out of effective target range, can make a complete
reconnaissance and return, bringing more valuable information than could possi-
bly be secured by a reconnaissance in force. This method would endanger the lives
of two men; the other would detach several thousand men for a length of time and
endanger the lives of all.

When the war began, therefore, the air doctrine of all combatants involved using
the airplane for observation and message carrying, not really for combat.

Although used earlier in the Balkan wars of the first decade of the twentieth
century, during World War I the airplane emerged as the dominant force in pro-
viding reconnaissance for both sides. As the British Expeditionary Force (BEF)
retreated from German invaders in France in 1914, some two-dozen Royal Air
Force observation airplanes watched from above and warned of impending attack.

Most aircraft were not even armed during the first months of the war. The pilots
of the various nations, moreover, had been prewar flying enthusiasts and many
knew each other from European air meets. It was a little like “old home week” as
the opposing pilots hailed each other in the air. This did not last long, however, for
by the fall of 1914 the airplane had proven its worth as a reconnaissance vehicle.
Field commanders recognized that it was important to keep opposing observation
planes from accomplishing their missions, because of the massive ground attacks
that were sure to head for a weak sector discovered from the air. Antiaircraft fire
quickly became coordinated and deadly, but opposing pilots also began taking
weapons up with them to take occasional pot shots at enemy planes. Within a very
short period, machine guns had been mounted on aircraft, either for the observer
to fire or fixed so that the pilot could aim the plane like a weapon. The machine
gun, as had been the case on the ground, became the master of the aerial battle-
field. For the rest of the war the legendary “Knights of the Air” dueled for control
of the skies over the European battlefields, and later used to employ the aircraft as
a ground attack weapon. As both fronts settled into trench warfare, aircraft came
to define their missions even more succinctly, a significant part of which involved
observation by flying over enemy lines and bringing reports back about enemy
positions, the locations of munitions, and movements of troops and materiél.” By
the end of World War I a special niche for overhead reconnaissance had been estab-
lished and it would remain critical to military operations worldwide thereafter.

Overhead reconnaissance in World War II was a key method for obtaining
intelligence about the enemy and its activities for all sides in the war and all
theaters. Photographs provided concrete evidence on enemy locations, move-
ments, and resupply efforts. The combatants also assessed battle damage and
used such data to make decisions about new efforts. This reconnaissance played
a central role in the Allied victory, and its activities on the Axis side may well
have extended the war by enabling the enemy to fight more effectively for a lon-
ger period. The statement of General Werner Von Fritsch of the German High
Command in 1938 proved prophetic: “The military organisation with the best
aerial reconnaissance will win the next war.”®
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The Cold War era, conducted as it was not by direct combat between the
United States and the Soviet Union, raised the significance of overhead recon-
naissance even higher than in earlier eras. Keeping tabs on what the other side
was doing proved essential to each side’s strategic place in the Cold War rivalry.’
The emphasis on reconnaissance emerged from four basic forces, according to
political scientist Glenn Hastedt:

The first was the problem of strategic surprise as symbolized by Pearl Harbor.
This was the event that, in the minds of many, national security policy had to
make sure was not repeated. The second force was the solution of greater cen-
tralization and cooperation at the national level among bureaucracies involved in
foreign diplomatic, military, and economic policy. Pearl Harbor occurred in spite
of warning; intelligence was present but it was not recognized or acted upon. The
inherent validity of this solution was reinforced by the wartime experience of ad
hoc military centralization that came about out of the need to cooperate with the
British. To bring this about, the 1947 National Security Act created the Central
Intelligence Agency (CIA), the National Security Council (NSC), and unified the
military services under a Secretary of Defense in a national defense establishment
that would soon become the Department of Defense (DoD). The third force was
the de facto establishment of an intelligence community that was to work together
to prevent another Pearl Harbor. Along with the newly created CIA the other
founding members were the Bureau of Intelligence and Research (INR) at the
State Department, and U.S. Army, Navy, and Air Force intelligence. The final
force that exerted great influence on the origins of American national security pol-
icy was the advent of the Cold War. It presented the United States—and national
security policy—with a clearly identifiable enemy in the Soviet Union and then a
strategy—containment—around which policy makers could unite.!?

The quest for overhead reconnaissance proved an especially difficult problem in
international law since both the United States and the Soviet Union desired to
preserve the status quo rather than destabilize the global situation.

To pave the way for strategic reconnaissance, the Eisenhower administration
convened the top secret Technological Capabilities Panel (TCP) in March 1954
to assess Cold War prospects in meeting a threat from the Soviet Union. As dis-
cussed by national security policy analyst Peter L. Hays,

The TCP completed a secret two-volume report and briefed the National Security
Council (NSC) in February 1955. The report strongly recommended rapid devel-
opment of U.S. technical intelligence-gathering capabilities and supporting policies
for overtlight. The TCP process and report were critical drivers behind develop-
ment of America’s first high-tech intelligence collection platforms: the Lockheed
U-2 aircraft and the weapons system (WS)-117L reconnaissance satellite program
that eventually led to successful operation of the Corona system in August 1960.!!

The TCP report persuaded the Eisenhower administration to pull out all stops
in developing this reconnaissance capability. As a result, the National Security
Council issued in 1955 a secret document, NSC 5520, which emphasized devel-
opment of overhead reconnaissance capabilities.!?

Some of the methods of gathering intelligence were inelegant and somewhat
bizarre. For example, on December 27, 1955, the Eisenhower administration
approved the development of GENETRIX, a project involving balloons equipped
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with cameras capable of flying up to 90,000 feet in altitude. The cameras, devel-
oped by the Boston University Physical Research Laboratory, produced optical
reconnaissance camera systems. GENETRIX balloons, launched either from ship
or land, traveled across the area of the Soviet Union between January 22 and
February 24, 1956. Over 500 balloons were launched altogether, but only 46 were
recovered and of those only 34 brought back any usable imagery. The 13,813 usable
photos covered 1,116,449 square miles of the Soviet Union and China but because
the flight path could not be controlled much of the photography was of limited
intelligence value. The balloons also made easy targets for the Soviet air force and
very quickly the GENETRIX project became anything but secret. Protests from
the Soviets about them created international tensions not seen since the Berlin
blockade of 1948-1949, but in this case the United States was the offending nation
rather than the Soviet Union. In February 1956, the Red Army displayed for the
international press recovered GENETRIX cameras, equipment, and photographs,
in the process condemning the United States for spying on a sovereign nation. The
violation of Soviet airspace was obvious and in the face of massive world criticism
on February 6, 1956, Eisenhower terminated this particular program.!?

Oddly, this fiasco (there is really no other term for it; what did the proposers
think would happen?) did not dissuade the DoD from undertaking later balloon
flights. A second series, designated the WS-461L program, began in July 1958.
Predicated on the knowledge that during six weeks each summer there was an
east-to-west jet stream over the Soviet Union at an altitude of approximately
110,000 feet, they believed they could deploy balloons to that altitude with
effective cameras they could reconnoiter the Soviet Union. Eisenhower reluc-
tantly approved this scheme in June 1958, although he should not have done
so. The DoD deployed three balloons from the aircraft carrier U.S.S. Windham
Bay cruising in the Bering Sea, but because of poor calculations and inaccurate
knowledge of currents all three came down in Poland. This ignited a second
firestorm of controversy about overhead reconnaissance, prompting a red-faced
Eisenhower to declare an end to all balloon reconnaissance flights.*

But what about alternative clandestine endeavors to gather overhead recon-
naissance data? Surely there must be more effective means of determining the
actions of a potential enemy. As explained by historian Coy Cross,

[a]t first, conventional American aircraft, usually bombers converted for reconnais-
sance, gathered signals intelligence along the Soviet borders. Occasionally, they
would take advantage of gaps in radar coverage to overfly and photograph Soviet
cities. But the Soviets became more aggressive in defending their borders. The cost
for continuing intelligence-gathering operations against the Soviet Union with
contemporary aircraft was becoming too high.!®

Like the balloon flights, in this case Americans and Soviets violated each other’s
airspace and incited heated diplomatic exchanges. In some cases there were also
shootdowns. !¢

One example will suffice. In December 1956 Eisenhower approved a military
overflight of Vladivostok and vicinity, opposite Japan, with three high-altitude
RB-57D aircraft, converted bombers with lengthened wingspans to allow higher
altitude flights. These three aircraft entered Soviet airspace on December 11,
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1956, overflying the home base of the Soviet Pacific fleet and collecting some
useful data on its composition, anchorage, and disposition. Again, the Soviet
Union protested vehemently about this violation of its airspace. The formal
protest on December 15 confirmed that the Soviets had excellent radar track-
ing capabilities, even though it did not have as yet interceptors with the speed,
range, and altitude to engage the American reconnaissance aircraft. The Soviet
Union, however, aggressively worked on developing this capability and promised
to respond to American incursions in the future, threatening that “the United
States of America will have to bear the full responsibility for the consequences
of such violations.”” These actions took place periodically, and the Soviet shoot-
down of Korean Airlines flight 007 on September 1, 1983, a Boeing 747 with
269 passengers onboard, brought home the serious nature of these incursions.!®

Because of this, officials at the U.S. Air Force’s Air Development Command,
Richard Leghorn and John Seaberg, proposed development of a specially
designed reconnaissance plane with a powerful turbojet engine and long, high-
efficiency wings. They believed such an airplane could fly at 65,000-70,000
feet, where it could elude Soviet fighters and hopefully be impervious to attack
from the ground, at least until about 1960. As John Carter, a Lockheed strate-
gist, suggested: “In order that this special aircraft can have a reasonably long and
useful life, it is obvious that its development must be greatly accelerated beyond
that considered normal.” In July 1953 the Air Force issued solicitations for pro-
posals for building such a new high-altitude reconnaissance aircraft.'

Nonetheless, they persisted and by the mid-1950s aerial reconnaissance tech-
nology had advanced to the state that the Eisenhower administration believed that
it could see Soviet capabilities and likely military intentions more clearly than ever
before. U-2 flights over the Soviet Union, begun during the summer of 1956,
kept the U.S. government more well-informed than ever before of Russian defense
developments.?? The aircraft flew at more than 70,000 feet above the Earth’s sur-
face, prompting US intelligence officials to conclude that “the Soviets would not
be provoked into quickly developing a capability to track and shoot down objects
at that extreme altitude.” Indeed, the Soviet Union did identify U-2s immediately
upon flight in 1956, but lacked the technology to “shoot them down.” The Soviet
Union did not admit their inability, however, so as “not to admit their vulnerabil-
ity to American reconnaissance technology.”?! In the process, the CIA confirmed
that Soviet military might did not yet match American capabilities.??

The advent of the U-2 spy plane proved a boon for overhead reconnaissance.
The first flights over the Soviet Union were quickly followed by observation of
the Eastern Mediterranean, where photography of French and British warships
during the 1956 Suez Crisis proved useful in resolving the stalemate. The CIA
instigated overhead flights over Syria, Iraq, Saudi Arabia, Lebanon, and Yemen
in the latter 1950s, as well as over China—Dboth the People’s Republic of China
and Nationalist China—and other hot spots around the globe. Throughout the
latter 1950s, the U-2 proved its mettle in both the Soviet Union and beyond.??
The famous incident on May 1, 1960, when Francis Gary Powers had his U-2
shot down over the Soviet Union—and he was captured in the process—indi-
cated that even this technological marvel was not invulnerable to Soviet missile
attack. Again, US leaders—especially Eisenhower—suffered a strategic public
relations blow from this embarrassing episode. There had to be a better way.?*



152 ROGER D. LAUNIUS

Open Skies, Satellite Overflight, and
Strategic Reconnaissance

That better way, at least for the Cold War rivals, came in the form of the new
realm of space operations. The establishment of “freedom of space,” of the rights
of overflight from Earth orbit, was critical to this development. Few today appre-
ciate the desperate nature of the Cold War rivalry with the Soviet Union and
the potential for any misstep to instigate nuclear confrontation. The rivals nearly
stepped over the line during the Cuban missile crisis of 1962 and also came close
on other occasions. The national security space regime established in the 1950s
made possible a less tense set of relations than would have been the case other-
wise, because of a little greater ability to separate fact from fiction in the opposite’s
intentions, but it was certainly tense enough even with those space capabilities.
As historian R. Cargill Hall has concluded, this regime was “predicated on a
maritime analog. In maritime law, the vessels of all nations possess the right to ply
the high seas while adhering to the treaties and customs that detail the terms of
navigation and accepted rules of the road.”?* Collectively these principles offered
some of the building blocks of an effective national security strategy.

The centerpiece of this national security space strategy rested on “freedom of
space,” sometimes referred to as the “open skies” doctrine. Eisenhower sought
to establish the right of international overflight with satellites, making possible
the free use of reconnaissance spacecraft in future years. From the perspective of
the Eisenhower administration, which was committed to the development of an
orbital reconnaissance capability as a national defense initiative, an international
agreement to ban satellites from overflying national borders without the indi-
vidual nation’s permission was unacceptable.

In a critical document, “Meecting the Threat of Surprise Attack,” issued on
February 14, 1955, US defense officials raised the question of international law
governing territorial waters and airspace, in which individual nations controlled
those regions as if they were their own soil. That international custom allowed
nations to board and confiscate vessels within territorial waters near their coast-
lines and to force down aircraft flying in their territorial airspace. This has
resulted in shootdowns on occasion. But in the 1950s space as a territory had not
yet been defined and US leaders argued that it should be recognized as beyond
the normal confines of territorial limits. An opposite position, however, argued
for the extension of territorial limits into space above a nation into infinity.?°

“Freedom of space” became an extremely significant issue for those concerned
with orbiting satellites, because the imposition of territorial prerogatives outside
the atmosphere could legally restrict any nation from orbiting satellites without
the permission of nations that might be overflown. Since the United States was in
a position to capitalize on “freedom of space” it favored an open position. Many
other nations had little interest in establishing a free access policy that allowed the
United States to orbit reconnaissance satellites overhead. Eisenhower had tried to
obtain a “freedom of space” decision on July 21, 1955, when he proposed it at
a US/USSR summit in Geneva, Switzerland. Soviet premier Nikita Khrushchev
rejected the proposal, however, saying that it was an obvious American attempt
to “accumulate target information.” Eisenhower later admitted, “We knew the
Soviets wouldn’t accept it, but we took a look and thought it was a good move.”?”
The Americans thereafter worked quicetly to establish the precedent.
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Soviet Sputniks 1 and 2, launched in the fall of 1957, overflew international
boundaries without provoking a single diplomatic protest. They effectively estab-
lished this important overflight precedent. On October 8, 1957, deputy secretary
of defense Donald Quarles told the president: “the Russians have...done us a
good turn, unintentionally, in establishing the concept of freedom of interna-
tional space.”?® Eisenhower immediately grasped this as a means of pressing ahead
with the launching of a reconnaissance satellite. The precedent held for Explorer
1 and Vanguard 1, and by the end of 1958 the tenuous principle of “freedom of
space” had been established. With the Soviet Union in the lead, the nations of the
world established the US-backed precedent for free use of space.?’

While some have emphasized Eisenhower’s prescience in establishing this
precedent of “freedom of space,” it was essentially serendipity from the circum-
stances of 1957.3% It was an important serendipity, without question, and as is
so often the case in history the unintended consequences of actions turn out to
be as important as the intended ones. Indeed, political scientist Peter Hays has
concluded that American scientific satellite efforts masked the more important
objective of establishing “freedom of action in space, using the benign IGY
program as a ‘stalking horse’ to establish the precedent of space over flight and
legitimize eventual operation of military reconnaissance satellites.”3! The story
of the establishment of “freedom of space” is a critical case of an unintended
consequence of momentous importance for the rest of the Cold War.

Throughout the rest of the Eisenhower administration it reaffirmed the free-
access-to-space position already established in precedent and declared that space
would not be used for warlike purposes. At the same time that it asserted the
necessity of reconnaissance satellites and other military support activities that
could be aided by satellites, such as communications and weather, Eisenhower’s
subordinates went a step further to insist that they were actually peaceful activi-
ties that assisted in strategic deterrence and therefore averted war. This was a
critical space policy decision as it provided for open use of space and fashioned
a virtual “inspection system” to forewarn of surprise attack through the use of
reconnaissance satellites.

Indeed, an irony too great to ignore is that both of the superpowers locked
in Cold War struggle for more than a generation cooperated to ensure satellite
reconnaissance remained inviolate despite everything else that divided them.
The Kremlin, in addition to seeing the value of this technology in relation to
the United States, also found it critical in understanding what the Chinese were
doing on their long border to the southeast.?? As then-Air Force Lieutenant
Colonel Larry K. Grundhauser commented in Aerospace Power Journalin 1998,
“over time the two superpowers established a ‘practice of the parties’ as the
legal basis for legitimizing the use of satellites for reconnaissance—an unspoken
and unrecorded ‘gentleman’s agreement’ that respected the immunity of each
other’s reconnaissance satellites.”33

“Freedom of space,” established as a practical reality by Sputnik, received official
sanction through a variety of actions. For example, the United Nations General
Assembly officially recognized “freedom of space” in 1961 as a part of a joint
resolution.?* It also gained formal status in the “Treaty on Principles Governing
the Activities of States in the Exploration and Use of Outer Space” in 1967. This
treaty declared that space, “including the moon and other celestial bodies, shall



154 ROGER D. LAUNIUS

be free for exploration and use by all States without discrimination of any kind, on
a basis of equality.”® This has remained the effective law of space since that time
and no one has suggested that this right of overflight be overturned.

The Overhead Reconnaissance Harvest of CORONA

Despite the establishment of the right of over flight, the United States’s devel-
opment of a viable satellite reconnaissance program proved a major challenge.
Under development in the latter 1950s, Project CORONA was a major suc-
cessful reconnaissance satellite program of the United States. Contracted to
Lockheed, Glenn L. Martin Co., and RCA under the codename “Pied Piper”
in 1955, by July 1956 the development plan for the covert CORONA spacecraft
was approved.®® This effort featured an Atlas booster with a spacecraft stabilized
in orbit on three axes for high pointing accuracy of still cameras using film
weighing thousands of pounds. At the same time it pursued television capabili-
ties in a satellite later named Samos (see Figure 7.1).37
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In the aftermath of the Sputnik crisis of 1957-1958, the DoD raised the pri-
ority of the reconnaissance satellite program and increased funding. Reassigned
to the CIA with Richard Bissell Jr. leading the effort, the CORONA film recon-
naissance approach raced to an early deployment. An Itek camera, built for the
satellite, featured a 12-inch focal length lens in a camera mounted on a three-
axis stabilized satellite. It would take 70-degree wide photographic swaths with
a resolution of 12 meters (40 feet) from an orbit with a perigee of about 190
kilometers (120 miles). As the camera’s acetate film was exposed, it would be fed
into a return capsule at the top of the spacecraft. After a few orbits, a small solid-
propellant recovery rocket could decelerate a recovery capsule into a reentry tra-
jectory, a parachute would deploy, and the reentry vehicle would be snatched
mid-air by a C-119 recovery plane (as showed in Figure 7.2).38

CORONA progressed at a frantic pace in the later 1950s, covering its activities
with the ruse of the codename “Project Discoverer,” a test program to develop
new technologies required for the study of the space environment, including
biomedical experiments that had to be recovered from space. The reality was
that this was all about satellite reconnaissance of the Soviet Union. The first
such test of this capability came on January 21, 1959, with the attempted launch
of a Thor-Agena booster combination that failed on the launch pad. Additional
tests had their problems as well, and it was not until Discoverer 13, launched on
August 18, 1960, that the CORONA system reached its orbit and then correctly
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returned its reentry vehicle containing photographs of the ICBM base at Plesetsk
and the bomber base at Mys Schmitda in the Soviet Union. After this flight,
CORONA became an operational mission and functioned through 1973 when
it was succeeded by later generations of reconnaissance satellites.

In assessing the 13-year-long CORONA program, one can only call attention
to the treasure trove of imagery that enabled much more intelligence analysis
than ever before in the Cold War. Through six versions of progressively more
sophisticated satellites, named KH-1 through KH-4B (KH stood for “Key
Hole”), CORONA had 144 satellites launched, of which 102 returned usable
imagery. An official history of CORONA concluded:

In the context of'its operational utility, exploitation of technology, and enhancement
of the nation’s fund of intelligence information, Corona had to be rated an outstand-
ing success. Originally considered an interim system and assumed to have, at best,
three of four years of operational utility, Corona remained the sole source of over-
flight intelligence for the United States for nearly five years, and was a primary source
of basic information used to shape national defense policy for 12 years. Although
designed as a search system, at the end Corona was providing better detail and reso-
lution than several of the surveillance systems earlier touted to supplement it.3°

Throughout the 1960s the system provided critical data about Soviet military capa-
bilities, among other things confirming that there was no missile gap as alleged in
the 1960 presidential election with the United State trailing the Soviet Union in
capability, offering early intelligence on the deployment of Soviet missiles to Cuba
in 1962, and adding to understanding about the various conflicts in the Middle
East, Asia, Africa, the Sino-Soviet border, and Central Europe. An appropriate
conclusion is: “In its years of service, Corona had identified and accurately located
all operational Soviet ballistic missile sites. More need not be said.”*?

Beyond CORONA

Since the retirement of the CORONA program in 1973, the US National
Reconnaissance Office (NRO) has undertaken a succession of observation pro-
grams that continue to the present (see Figure 7.3).

These remain the most highly secret efforts of the United States and any
information in the public domain about them must be carefully weighed to
ascertain its veracity. Legitimate information, along with cover stories and what
appears for all the world to be so much nonsense, has comingled to create a
morass of beliefs about this subject. For example, disinformation about a secret
military human spaceplane has circulated throughout popular culture. It was the
subject of a story arc in the television series, The West Wing, and it has been fea-
tured in articles in respected periodicals despite it being a best a fringe belief.*!

In addition to reconnaissance satellites, by the early 1960s the US military,
with the Air Force leading the way, developed a comprehensive range of space
capabilities that would enhance the deployment of military might around the
globe. Most of the Cold War era efforts were designed to support strategic
nuclear operations, such as the infrared sensors on the Midas as well as Defense
Support Program (DSP) satellites that provided early warning of ICBM launches
(see Figure 7.4).*? This led naturally into a desire to develop early warning for
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Figure 7.4 An artist representation of an Air Force Defense Support Program satellite
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and countermeasures to deal nuclear threats, the domain of the Strategic Defense
Initiative of the 1980s and thereafter.

Of course, the right to defend against attack explicitly emerged as a preroga-
tive at the beginning of the space age. No one has seriously questioned the right
of any nation to defend itself from attack. The manner in which that may be
done, however, has been open to reinterpretation over the years. The United
States pursued ground-based antisatellites (ASAT) capabilities on two occa-
sions, during the early 1960s with a modified Nike Zeus missile that could
launch nuclear warheads to destroy satellites in a low-Earth orbit. Second, the
DoD pursued Program 437 near the same time, deploying nuclear Thor mis-
siles at Johnston Island.*3 Another possibility emerged when an F-15-launched
Miniature Homing Vehicle, tested on September 13, 1985, launched a two-stage
kinetic kill vehicle that successfully homed in using an infrared targeting system
on a target satellite and destroyed it on impact.** Even so, ASATs have not proven
effective over time. Space policy analyst Dwayne A. Day has referred to them as
“blunt arrows” in the larger arsenal of defensive space assets with a modest dem-
onstrated capability, asserting that “the United States does not need to pursue a
more active, provocative, or expensive ASAT development than what it already

Figure 7.5 A Delta II rocket lifts off from Space Launch Complex-2 at Patrick Air Force
Base, Florida, on April 28, 2006

Sonrce: US Air Force.
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has. The threat does not justify it, and rarely has.”*® Other related efforts over the
years, including missile defense initiatives that achieved both some success and
political notoriety, have drawn similar pointed criticism and stalwart defense.*¢

By the time that the Cold War came to an end in 1989, national security
space capabilities had matured significantly in their use to enhance terrestrial
war fighting. The experience of the First Gulf War in 1991 demonstrated this
in fundamental ways, but there had been earlier hints, such as the overtaxing
of communications satellites in Grenada in 1983, about American reliance on
space technology for military purposes. Retreading space capabilities designed
to support Cold War strategic and nuclear operations became a major task in
the 1990s as they now supported decidedly nonnuclear battlefield operations,
including long-range precision guided munitions tracked and controlled from
space. Couple this with the profound changes coming in the twenty-first cen-
tury with unmanned aerial vehicles (UAV) piloted via space-based communica-
tions systems from remote locations far beyond the theater of deployment, and
the nature of surveillance has profoundly changed. Both reconnaissance and
weapons platforms have been deployed increasingly and used to gather intel-
ligence and undertake strikes against potential enemies (see Figure 7.5). This
raises profound questions about the nature of these assets, the propriety of their
use, and their overall effectiveness in the quest for American (in)security.*”

Defining and Dealing with the “Watchers”

When it comes to the rise of the modern surveillance state, however, James
Bond was all so very twentieth century. Intelligence and spying is largely focused
on electronic data collection in the early twenty-first century, and the United
States for good and ill leads the world, much of its capacity being space-based.
The greatest leaps toward this capability since the first reconnaissance satellites
of the 1960s came when Admiral John Poindexter, President Ronald Reagan’s
national security advisor, expressed worry over how more effective intelligence
might have prevented the 1983 terrorist attack on the military barracks in Beirut
that led to the deaths of 241 Marines. The problem in Poindexter’s mind was
not the failure to collect information but in the inadequacy of the collation and
analysis of data in real time from diverse sources. He dedicated his efforts there-
after toward building a system, along with the technology, which could gather
and sift terabytes of data from all sources for signs of a potential enemy’s activ-
ity. He called it “Total Information Awareness,” and its success in Poindexter’s
mind ensured that traditional rights of personal privacy ensconced in law in the
United States had to be curtailed. As a matter of record, he cared not a whit
about the privacy of non-US citizens in this arena.*®

The system that Poindexter masterminded essentially played the “six degrees
of separation” game in analyzing seemingly unrelated data. This idea—if some-
one is one step away from each person they know then everyone is at most six
steps away from any other person on Earth—suggests that there may be con-
nections that may be analyzed connecting a known terrorist to others who were
unknown but were planning acts of terrorism. To make this connection required
the sweeping up of massive amounts of electronic data and then analyzing it
using sophisticated technologies. As journalist Shane Harris commented, for
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intelligence analysts “to find signals in the noise one had to collect information
from far and wide.”® The National Security Agency (NSA) had the beginnings
of this capability in the 1980s and developed greater technology over time, but
other intelligence organizations also played key roles as well.

But the Total Information Awareness program that Poindexter envisioned
tread ruthlessly over US laws in place to ensure personal privacy. Telephone calls
for Americans, for instance, are viewed as sacrosanct and may not be listened
in on legally except by explicit court order. But to find the few signals in all of
the noise the NSA demanded the overturning of this long-standing right so it
could collect this data without explicit warrants. The result was legislation by
Congress allowing warrantless wiretapping in the aftermath of the 9/11 attacks,
and a host of other actions systematically overturning civil liberties. Even when
parts of these efforts were rolled back after being exposed, some became covert
activities and continued thereafter.>

Where does this leave the United States? At some level, the technology seems
to have outstripped political thinking. The US government has demonstrated
that it can do quite a lot to collect data and engage in real-time analysis, in the
process enhancing the surveillance state beyond anyone’s expectation when the
space age began. But there is less certainty about the quality of what is found
through this process of data mining. There has been considerable disappoint-
ment, even from such individuals as Poindexter, in the risk this process subjects
personal privacy to in the modern era. In the end many have advanced this new
approach to national security. As Shane Harris commented: “John Poindexter
envisioned a world. Mike Hayden made it a reality. Mike McConnell enshrined
it in law. And Barack Obama inherited it. In broad strokes, that’s how we got
where we are now.”?!

The Question of Space Weaponization: Sanctuary,
Stars Wars, or Something Else?

This discussion leads naturally to a central policy debate relative to national
security space in the last 20 years: the weaponization of space as a means of
preserving American primacy in the arena for all manner of space-based applica-
tions. For more than 50 years, the world has engaged in activity in outer space
for military, scientific, and commercial purposes, but without placing weapons
there or engaging in serious efforts to target objects in space. Working effec-
tively during the Cold War, since then the space arena has witnessed the entry
of many more actors and a much broader array of vested interests than during
the Cold War, resulting in a variety of positions regarding future space activities.
For example, humans have been in space more or less continuously since 1961
and since November 2000 have been permanently in place on the International
Space Station, a peaceful, cooperative venture of 16 nations that represents at
more than $100 billion, the largest nonmilitary cooperative effort in world his-
tory. At the same time, almost 700 spacecraft are operating in continuous Earth
orbit, each serving a range of scientific, military, civilian, and commercial uses.
And the hegemonic status of the United States and the Soviet Union (Russia)
has been demolished in the last 20 years. Over 60 new launches take place every
year, and at least 40 nations had satellites in orbit in 2013.%2
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In this increasingly chaotic environment with so many actors, the United
States remains the dominant player and wants to ensure that it does so indefi-
nitely, hence the desire to protect space assets. As one policy analyst put it: “Given
the U.S. reliance on its space systems for national security, would the United
States (as some have argued) face a future ‘space Pearl Harbor’ if it did not first
acquire the means to protect its space systems from deliberate harm?”®3 The
answer to ensuring US hegemony in space rests in no small part with the protec-
tion of the nation’s satellites and other space-based capabilities while denying
that same capability to potential adversaries. There may be a range ways in which
that might be accomplished, but one of the most important is the placement of
systems in space to protect against attack. Depending on how one interprets
these assets, it may represent the weaponization of space, thereby overturning a
50-something-year-old decision not to do so.

Debate over this issue has been marked by two extreme positions, neither of
which are representative of the majority of those debating the subject. The first
is the “sanctuary” concept, which asserts that space “should not be used for
military purposes,” as Malcolm Mowthorp has written:

The intrinsic value space provides for national security is that satellites can be
used to examine within the boundaries of states, since there is no prohibited over
flight for satellites as there is for aircraft. This enables arms limitation treaties to
be verified by satellites in space serving as a national technical means of treaty
verification. Early warning satellites serve to strengthen strategic stability since
they provide surveillance of missile launches which increases the survivability of
retaliatory strategic forces. The sanctuary school sees the importance with which
space systems provides these functions that space must be kept free from weapons,
and antisatellite weapons must be prohibited, since they would threaten the space
systems providing these capabilities.®*

Sanctuary advocates have argued that space weaponization by the United
States would ensure an arms race in space in which all would ultimately lose.
They have opposed it on moral grounds, but more importantly because of long-
standing predispositions in favor of arms control, conflict resolution, and global
collective stability. Any move beyond limited national security operations such
as satellite reconnaissance, arms control verification, early warning, and com-
munications represents for them a “slippery slope” to an arms race in space. As
Lt. Col. Bruce M. DeBlois wrote more than a decade ago in a thoughtful essay
in Airpower Journal, “Unlike the strategy for nuclear weapons, there exists no
obvious strategy for employing space weapons that will enhance global stability.
If the precedent of evading destabilizing situations is to continue—and that is
compatible with a long history of US foreign policy—one ought to avoid space-
based weapons.”*® Noting the long-standing successful policy put into place by
Eisenhower in the 1950s, opponents of space weaponization have seen little
positive in trying to alter this national security space environment.

The most radical conception on the other side, “star wars,” is also a carica-
ture. It essentially seeks to ensure American hegemonic status in space. It is a
retreading of the “high ground” argument but one carried to its logical conclu-
sion through weaponizing space and using the region as an American “lake”
while denying others its use for military purposes. This is a position not unlike
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the long-standing policy of the United States toward the Western Hemisphere
first enunciated in the Monroe Doctrine and reaffirmed in numerous policy
statements since 1822, opposing European involvement in the region. The
Commission to Assess United States National Security Space Management and
Organization in 2001 concluded: “We know that every medium—air, land and
sea—has seen conflict. Reality indicates that space will be no different. Given
this virtual certainty, the United States must develop the means both to deter
and to defend against hostile acts in and from space.”®® Everett C. Dolman of
the Center for Advanced Airpower Studies at the USAF’s Maxwell Air Force
Base, Alabama, certainly the most eloquent advocate of the necessity of taking
proactive measures to ensure American hegemony in space, has stated:

No nation relies on space more than the United States—none is even close—and its
reliance grows daily. A widespread loss of space capabilities would prove disastrous
for American military security and civilian welfare. America’s economy would col-
lapse, bringing the rest of the world down with it. Its military would be obliged to
hunker down in a defensive crouch while it prepared to withdraw from dozens of
then-untenable foreign deployments. To prevent such disasters from occurring, the
United States military—in particular the United States Air Force—is charged with
protecting space capabilities from harm and ensuring reliable space operations for
the foreseeable future.?”

Space power theorists such as Dolman and others see no option but to place
weapons in space to ensure the survivability of American space assets in any
future conflict.

Advocates of space weaponization note that new capabilities, broader uses,
and greater efficiencies have made the US military far more dependent on space
systems than even since the 1991 Persian Gulf war, to the extent that their loss
might mean the difference between victory and defeat in a major war. US Air
Force general Lance Lord spoke for many on this side when he wrote in a 2005
article thus: “Space Superiority is the future of warfare. We cannot win a war
without controlling the high ground, and the high ground is space.” He argued
that at every turn in history an opponent always sought to prohibit the “high
ground” and such an opponent must challenge the United States in space at
some time, perhaps not far into the future.®® The recent “illumination” of an
American satellite by a Chinese system suggests that Lord may well be right and
that a major challenge may loom just around the corner.®

Recent developments suggest that the United States may seek to overturn the
common law of a ban on weapons in space. On December 13, 2001, for example,
President George W. Bush announced that the United States was withdrawing
from the 1972 Anti-Ballistic Missile (ABM) Treaty, and it officially did so in
2003. Abrogation of this treaty removed the only legal prohibition against the
United States developing a space-based ABM system. The Bush administration
also committed to deploying a missile defense system that could include a space-
based element. This was highly controversial. Even the conservative-leaning
Cato Institute analysts concluded: “The current threat to U.S. satellites does not
warrant the near-term weaponization of space.” Instead, Cato analysts recom-
mended making greater use of commercial resources and redundant or distrib-
uted systems. Commercial space should drive US space policy. It “should strive to
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foster an environment that allows commercial space activity to grow and flourish
rather than create a new area for costly military competition.”®® Also, lest any-
one conclude that this is an entirely partisan issue, since 1995 the United States
has been blocking a movement at the United Nations for an official prohibition
of weapons in space despite its widespread support in other quarters, and both
Republican and Democratic administrations have championed the cause.®!

The 2006 US space policy provided further evidence of this change in the
policy arena. It drew sharp criticism from a wide range of observers for opening
the Pandora’s box of weapons in space and the belligerence of their use against
American rivals. Bronwen Maddox, writing in the London Times on October 19,
2000, began by asserting that space was “no longer the final frontier but the
51st state of the United States. The new National Space Policy that President
Bush has signed is comically proprietary in tone about the US’s right to control
access to the rest of the solar system.” He noted that “[t]he eye-catching declara-
tion is that the US asserts the right to deny access to space to anyone ‘hostile to
US interests,” although it gives no basis for that right. It also rejects arms control
talks that would limit future US actions in space.”®® Former vice president Al
Gore even weighed in on it, declaring that this new space policy

has the potential, down the road, to create the [same] kind of fuzzy thinking and
chaos in our cfforts to exploit the space resource as the fuzzy thinking and chaos
the Iraq policy has created in Iraq. It is a very serious mistake, in my opinion. We
in the United States of America may claim that we alone can determine who goes
into space and who doesn’t, what it’s used for and what it’s not used for, and we
may claim it effectively as our own dominion to the exclusion, when we wish to
exclude others, of all others. That’s hubristic.?

Michael Krepon and Michael Katz-Hymen of the Henry L. Stimson Center
remarked of this situation: “The central dilemma of US space policy—the essen-
tial and vulnerable nature of satellites used for national and economic security—is
highlighted by recent developments. There is no exit from this dilemma. The
more we seek to protect our satellites by the use of force in space, the more vul-
nerable our satellites will become if our own practices are emulated by others.”%*
In reality, there was little new in the 2006 US space policy. As a former NASA
Jet Propulson Laboratory (JPL) project manager put it: “What is new is that
world opinion, energized by other unilateral statements and actions of this [ Bush]
Administration, sees this statement as a realization of what people in the more
belligerent parts of America’s space enterprise have wanted all along; namely an
ability to control space and deny it to others.”®® Regardless, the outcry from
around the world has been strong and sustained. Persistent space critic Robert L.
Park remarked: “The first goal of the 1996 policy was to: ‘Enhance knowledge
of the Earth, the solar system and the universe.” Now the first goal is to: ‘further
U.S. national security, homeland security, and foreign policy objectives.””®®
Despite recent developments, most of the space weaponization debate has con-
fined itself to the middle part of the policy spectrum even as it has been both
strident and sometimes uncharitable. Of course, it represents a fascinating sub-
ject for future study in the history of space policy, one that could occupy several
researchers for a considerable period just sorting out the various perspectives. The
simplistic “cither/or” discussion of popular media fails to unpack the nuances of
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the debate and tends to obscure the truly important differences. In so doing, one
must always distinguish between the militarization of space—force enhancement
through communications, navigational, early warning, intelligence, and other
types of satellites—and the deployment of weapons in space. This dichotomy tends
to polarize the discussion in ways that misdirect it from the central issue: devising
the best approach toward ensuring national and global security in space.

So what are the priorities for national security space and issues for the devel-
opment of space policy? It makes sense to recognize that the place the United
States is in the carly twenty-first century is the best place to be from the stand-
point of national security space issues and therefore a status quo for the United
States is not a bad future. The United States has pursued a three-point program
relative to space security issues, and this appears both prudent and in retrospect
quite prescient. First, the United States has ensured that peer competitors did
not step beyond the space technological capabilities that this nation possessed
through a range of hard and soft power efforts, treaties and arms control mea-
sures, and other initiatives. Second, the United States has long made clear that
it would take harsh action should a competitor alter the national security regime
in space. A long history of declaratory statements condemning actions viewed as
belligerent in space and warning of appropriate repercussions has helped to cre-
ate the current favorable situation for the United States. A continuation of those
methodologies is appropriate and completely expected by the other nations of
the globe. Third, the United States has pursued on the whole a reasonable pro-
gram of research and development (R&D) to ensure that any rival capabilities
can be destroyed if necessary. This has taken the form of ASAT and ballistic mis-
sile defense projects, directed energy weapons development, targeting of ground
infrastructure, and other objectives.

Weapons in space, therefore, might not be the only way, or even the best way,
to protect American surveillance capabilities. In the last few years, the United
States has aggressively pursued redundancy and hardening of potential space
targets. Efforts to build small, inexpensive, easily replaced space assets have also
offered an alternative. If a satellite were to be destroyed by a foe, another replace-
ment could immediately be placed in space. Ground-based ASATs, both kinetic
energy and other types, are reasonable investments in future security, despite
the technological stretch required. So are efforts to target from the ground rival
space ground stations and other support systems. At the same time, if the United
States has become overdependent on space assets for achieving its national secu-
rity objectives then perhaps the DoD should also take action to reduce that
dependence. There are a range of possibilities for delivering the force enhance-
ments possible through space-based resources. For example, some communica-
tions or other capabilities could be offered via high-altitude balloons or UAVs.
That does not resolve the vulnerabilities, but less dependence would obviate
some of the concerns present among those charged with ensuring US capability
to conduct military operations.

Conclusion

The development of the technologies necessary for understanding the unique
situation of the Cold War bipolar confrontation between the 1940s and 1980s
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created the conditions whereby Americans pursued the surveillance state. Once
established, whether needed or not in the post—Cold War era, these capabilities
have been maintained and enhanced and broadened and twisted in so many dit-
ferent directions as to make them virtually unrecognizable to those who first
fashioned the national security framework of the 1950s. It has led the national
leaders of the United States to embrace these technological fixes for dealing with
security affairs; indeed the answer to virtually any question relative to intelligence-
gathering is to compound and advance technological answers to questions. Have
we gone too far? Throughout this process whatever the United States did was
within the power of'its citizenry. The nation, no doubt, has allowed an erosion of
civil liberties in the name of greater security, a path began early on and advanced
over the last half of the twentieth century. Perhaps Dwight D. Eisenhower said
it best in his “Farewell Address” of January 17, 1961, presented just as the 34th
president departed the White House. It is remembered today chiefly for his
warning about the potency of the military-industrial complex, which he said had
the “potential for the disastrous rise of misplaced power.” What has been mostly
forgotten is Eisenhower’s equally strong warning about the “danger that public
policy could itself become the captive of a scientific-technological elite.” He
cautioned that this scientific-technological elite was closely tied to the power of
the military-industrial complex, indeed the technological revolution made pos-
sible by this elite largely fueled the sweeping changes in the industrial /military
posture during and after World War I1.%7 It was this scientific-technological elite
that created the surveillance state now present in America. We find it necessary
at present, with the erosion of civil liberties and personal privacy, to ask “who’s
watching the watchers?” The answer to that question may well shape fundamen-
tally the trajectory of the surveillance state in the future.
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Chapter 8

Serendipitous Outcomes in Space
History: From Space Photography to
Environmental Surveillance

Sebastian Vincent Grevsmiibl

On February 8, 1962, the US Navy, in collaboration with the US Weather
Bureau and the Canadian government, launched a major observation effort “to
correlate observations of the ice conditions in the Gulf of St. Lawrence made
from surface ships and aircraft with those made from the TIROS [Television
Infrared Observation] satellite.”! Observation correlation in the context of satel-
lite remote sensing meant two things. First of all, it implied learning how to look
at the images provided by the first meteorological satellite program in order to
use them in scientific studies. In order to make sense of the pictorial evidence,
these images had to be correlated with other, better know “topographies of
knowledge,”? such as aerial photography, which had already become fully opera-
tional during World War I. Secondly, observation correlation required coopera-
tion between major Cold War military and civilian organizations, such as the
US Navy and the US Weather Bureau. Their participation thus reveals that these
correlation studies had hidden surveillance ambitions and were sponsored not
just in light of benefits to scientific knowledge but also because of a national
security imperative.

Historians of twentieth-century science and technology have yet to fully
explore the history of National Aeronautical and Space Administration’s (NASA)
satellite programs for environmental surveillance. Pamela Mack’s pioneering
study of the Landsat satellite project of the late 1960s and 1970s has shown that
during the Cold War satellites enabled to gain an increasingly global picture
of environmental conditions. Unfortunately, her research was not followed by
many comparable in-depth studies. Probably one of the most notable exceptions
is Erik Conway’s Atmospheric Science at NASA and, to a lesser degree, Henry
Lambright’s NASA and the Environment: The Case of Ozone Depletion.? By con-
trast, following Ron Doel’s pioneering work, historians have covered the subject
of military patronage of Cold War environmental sciences quite extensively.*
Some scholars have examined the surveillance implications of early space photog-
raphy and satellite imagery.® National Reconnaissance Office (NRO) historian
Cargill Hall contributed particularly strongly to our current understanding of
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the close cooperation, yet also the severe tensions that existed between the NRO
and the American space agency all along the Cold War period.® Clandestine
technology transfer from military to nominally civilian institutions was common
practice in the United States during the Cold War, as John Cloud and Dwayne
Day have shown.”

In this chapter I pay closer attention to the actual mediation processes involved
in producing novel environmental knowledge. I examine how information was
gathered and interpreted and how the conclusions were drawn. One lesson to be
taken from the following reflections on early missile and satellite technologies is
that from the very beginning NASA managed to attract the attention of very dif-
ferent communities to the usefulness of remote environmental observations. We
also learn that remote sensing imaging proved to be a technology with a far wider
range of applications than those their inventors had in mind. For instance, V-2
photographs were conceived to understand the motion of rockets along their tra-
jectory, but they also quickly attracted the interest of geographers and especially
meteorologists who began to use the images to gain a better understanding of
environmental phenomena. In a quite similar way, images obtained with the first
US meteorological satellite TIROS served civilian as well as military goals. They
helped convey new information on cloud coverage and atmospheric systems that
was of interest not only to meteorologists but also to military planners, allowing
for better scheduling of photographic reconnaissance sorties. Moreover, in the
absence of clouds, the satellite images themselves could potentially reveal sensi-
tive terrain information such as snow and ice cover.

This chapter argues that the discovery that these images could be used differ-
ently from what they had been originally designed for was often “serendipitous.”®
I also show that these novel applications of remote sensing imagery marked an
important transition from their use in military research programs, devoted to
improving weapons and surveillance of enemy forces, to their utility in “environ-
mental surveillance” studies.

Early Space Photography and Serendipity

One of the most striking elements in early history of space photography is that
at the outset its utility was somewhat narrowly defined and, eventually, its users
gained new insights on its potential for the advancement of environmental analy-
sis. At the time of the early postwar rocket flights, leading scientists from both
sides of the Iron Curtain claimed that observation technologies were narrowly
conceived for operational use and “photography was rarely the main purpose of
a flight.”!? For example, carly photographs obtained on V-2 flights during the
late 1940s and early 1950s at the US Army Ordnance’s White Sands Proving
Ground in New Mexico were taken in order “to acquire a better knowledge
of various motions executed by the missile in going through the upper atmo-
sphere.”!! The realization was in other words the result of serendipity, as the
rocket camera was not deliberately directed toward the Earth or its features so
as to image them, but rather toward the rocket’s trajectory in order to reveal its
path during the flight.

Various other types of instruments and detectors were also flown to analyze
other characteristics of the missile system and its interaction with the medium
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through which it travelled. These included devices to monitor the influence of
cosmic rays, disruption to telecommunications due to rocket exhaust, and other
effects due to the missile’s discharge.!? As veritable flying laboratories, V-2 rock-
ets and especially the so-called Aerobees (the first large vector for atmospheric
research in the United States) were also fitted with detection devices and auto-
matic recorders. Photographic equipment was in other words only one of many
onboard sensors used to gather valuable data on the flight. However, when the
routine rocket recording operations returned a wealth of numeric data and other
material artifacts (including photographs), those scientists who had access to
them realized that these could find application in other research fields. Rocket
photographs showed important features of the Earth (including its curvature
and jet streams) and could thus be reutilized in the context of meteorological
research or in studies focusing on the whole Earth.

The success of V-2, Aerobee, and Viking photography is even more remarkable
considering that most of those spectacular images were not only unexpected, but
that missile experts attempted to fire the rockets during clear weather conditions,
in order to prevent problems during the launch and ensure the safe reception
of valuable information on the missiles’ trajectory upon the vehicle’s reentry.'?
What the specialists working at White Sands initially considered a nuisance, that
is, the presence of meteorological systems in proximity of the launching site,
eventually enabled “the most spectacular use of photography in connection with
rocket research.”'* Analysts of the RAND Corporation (the think tank with
close ties to the US Air Force) were also well aware of the accidental nature of
rocket photographs, and RAND?s first feasibility study on meteorological satel-
lites openly acknowledged that the new information on cloud formations were
gained “from data which were not originally gathered for this purpose.”'®

Photographs were not the only outcome of an operational use that eventually
found different applications. Spectrographs flown aboard V-2s in the context of
Army Ordnance’s 1946 rocket program are another good example. They excited
not only astronomers interested in solar spectra but also meteorologists and geo-
physicists studying absorption processes in the upper atmosphere. Moreover,
the first solar spectrogram captured above the ozone layer provoked even broad
acclaim not only among specialists but also in the national and international
press.!® Yet, as David DeVorkin has shown, it is important to mention that this
considerable success did not rely at the time on the expertise of solar physicists
or any of the leading researchers in atmospheric physics. It was Richard Tousey, a
National Research Laboratory (NRL) specialist in laboratory optical techniques
and the limits of vision, who designed the V-2 spectrograph. In fact, the vast
majority of US researchers engaged in upper atmosphere research were not part
of “traditional” academic communities. Trained in military laboratories during
World War 11, these radio and radar engineers, technicians, and optics special-
ists aligned scientific research to a national security agenda by promoting novel
research with the aim of improving defense systems.!”

Tousey’s instrument was in other words a component of science experiments
that, while nominally civilian, were tightly aligned to the interests of the US
armed forces in preparing for a nuclear conflict. Improving ballistic missile tra-
jectories was an imperative in building up reliable missile systems, which was
the ultimate guiding objective of all the V-2 science experiments of the early
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Cold War.!® One major “side effect” was the considerable gain in environmental
knowledge. Indeed, as Ron Doel has argued, it is certainly not an exaggeration
to state that the guided missile helped tremendously to “constitute the physical
environmental sciences in the US after 1945.7%

The Mobilization of the First Space Photographs in
the Context of Meteorological Research

Rocket photography had a significant impact in the advancement of meteorol-
ogy in the United States and helped its most prominent experts to experiment
with photographic materials blending together a variety of different techniques.
It also made them eager to promote new satellite programs for weather recon-
naissance. Already by the end of the 1940s, the White Sands rocket program
had produced spectacular photographs, including some showing the Earth’s
curvature and a variety of meteorological systems above our planet. Those pic-
tures (disseminated also via the popular press, such as in National Geographic??)
helped to promote rocket imagery well beyond military departments and to
ensure space photography became adopted in the running of other scientific
endeavors.?!

The photographs seemed to have promise especially for meteorological
resecarch and stimulated plans to launch a satellite mainly devoted to taking
images from space to know more about jet streams and other large-scale atmo-
spheric phenomena and processes.?? Some NASA experts were wary of this solu-
tion due to the enormous complexity of the task ahead.?® But others, such as the
meteorologist Harry Wexler (the US Weather Bureau’s observer on the panel
overseeing the V-2 program at White Sands Proving Ground), were determined
to push the scientific exploits to be derived from rocket experiments. Wexler was
one of several US science administrators (also including Joseph Kaplan, Lloyd
Berkner, James Van Allen, Homer Newell, and Fred Singer) who saw the devel-
opment of a satellite as critical to the advancement of meteorology in the United
States.* Yet they succeeded only when US military agencies offered funding for
the endeavor. This was mainly because of their interest in technologies that dras-
tically improved surveillance and the planning of military operations by provid-
ing up-to-date meteorological information. Already a 1946 report by the RAND
Corporation argued for the feasibility of satellites and noted unambiguously that
“perhaps the two most important classes of observation which can be made from
such a satellite are the spotting of the points of impacts of bombs launched by us,
and the observation of weather conditions over enemy territory.”?®

Aware that support existed for his plans, Wexler vigorously campaigned for
a US weather satellite. In May 1954, he presented his views to a large audience
gathered on occasion of the Third Symposium on Space Travel held at Hayden
Planetarium (New York). For the first time Wexler’s vision of a satellite Earth
observation program emerged and he used numerous slides of photographs “acci-
dentally” showing meteorological systems obtained with the cameras installed
on the V-2. Two years later, he presented his ideas again at the Third Annual
Conference of the American Astronautical Society. Besides a rather rudimen-
tary photographic mosaic already used during his previous speech, Wexler now
showed a remarkably sophisticated composite image, which Otto E. Berg of
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the Naval Research Laboratory (NRL) had pieced together with the help of
16-mm photographs obtained in October 1954 on one of the Aerobee-Hi rocket
flights (Figure 8.1). Made out of more than 100 color photographs, enlarged
and mounted on a sphere, Berg’s composite picture was indeed an impressive
visual argument for the need of satellite-based synoptic weather observations.2

Yet the mosaic was a serendipitous outcome of NRL’s missile program and
nobody could anticipate that rocket photographs would be used for this pur-
pose. Few also believed it possible to visualize for instance a tropical storm that,
in fact, was now visible near the Gulf of Mexico in the upper left of the mosaic.
Berg’s photomontage clearly exemplified the enormous potential of satellite
photography for meteorological analysis. This is also the reason why the article
that Berg published together with Lester Hubert (US Weather Bureau) on the
mosaic concluded that “[t]he possibilities suggested by this accidental rocket
reconnaissance of a tropical storm are tremendous.”?” In September 1955 the
popular press celebrated Berg’s “portrait of the Earth” and a double color page
was published in the magazine Life.® The mosaic thus generated interests in
satellite photography well beyond military circles. The serendipitous finding that
clouds could be continuously photographed from space made Wexler even more
enthusiastic. Presumably drawing on the parlance of military personnel recon-
noitering Soviet forces, he now envisaged that a weather satellite could function
as a “storm patrol.”?’

The photographic mosaic, however, also demonstrated the advantages of com-
bining different techniques of analysis of pictorial evidence consisting of com-
posing images and then treating them with a variety of meteorological methods.

Figure 8.1 Black-and-white photomontage of more than 100 individual photographs
obtained during a US Navy Aerobee flight in 1954 and mounted on a sphere by NRL scien-
tist Otto Berg. A large whirlpool of cloud left over from a tropical cyclone above the Gulf of
Mexico, discovered by chance, is visible in the upper left of the image

Source: NOAA image library.
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The whole complexity of the synoptic weather situation, especially, as in the
case of Berg’s mosaic, due to the presence of several small vortices, proved to be
undetectable when relying solely on the standard contour analysis traditionally
employed in meteorology. Indeed, as Berg and Hubert point out in their article,
three vortices were “sufficiently small to be overlooked in the routine contour
analysis” as they were below “the detection threshold of [the] data network.”3°
The data points that the meteorologists had at their disposal were in other words
still too sparse in order to be able to draw contour lines allowing to reveal the
three circular structures that were however clearly visible in Berg’s mosaic.3!

Rocket photographs revealed, in other words, a whole new complexity in the
state of the atmosphere. They also helped visualize new weather systems and
patterns such as for example cyclone structures that explained in Berg’s case the
actual cause of a local high-precipitation phenomenon, as normally known from
the tropical regions, by simply visualizing their presence.?? Yet the photographs
could not represent a goal in their own right. Many elements of the photo-
graphic mosaic could only be of utility if analyzed with traditional meteorologi-
cal methods. Therefore, Berg’s recent mosaic represented a good opportunity to
correlate novel pictorial data with more traditional methods of meteorological
analysis. The example clearly shows that each visualization medium possesses its
own “epistemic limits” according to what I have called elsewhere an “epistemic
topography.”3? Rocket and satellite photographs were breaking new ground in
meteorological work mainly because they enabled the observation of large-scale
meteorological systems from above rather than below, allowing therefore a com-
plete rethinking of the global atmospheric system.

The new epistemic topography called for a new visual language.?* In 1951,
two RAND analysts, Stanley M. Greenfield and William W. Kellogg, argued in
a report for introducing a whole new method of cloud classification based on the
visual appearance of clouds in pictorial evidence from rockets. They also stated
that the new visual language ought to replace existing classification criteria,
since observing clouds from above dramatically changes shapes and patterns and
they often do not coincide with the traditional view from the ground. In other
words, the inversion of perspective and the broader, synoptic viewpoint created
fundamentally new knowledge that traditional classification schemes could not
produce.®® Unsurprisingly, the most experienced scientists involved in V-2 pho-
tographic analysis concluded at the time that “[t]he manner in which clouds or a
cloud formation seen from above and from below coincide is still far from being
definitely known.”3¢

However, by combining different types of knowledge, by (often literally)
superimposing traditional meteorological analysis and visualization of cloud
cover, it slowly became possible to identify new large-scale phenomena and to
correlate them with better-established local knowledge.?” Indeed, the example
of cloud photography shows very well the necessity of integrating different kinds
of epistemic topographies, which assisted in the development of meteorology all
through the Cold War.38

By experimenting with rocket photographs and correlating visual data with
other techniques Wexler, Berg, and other prominent US meteorologists could
set a new agenda in meteorological studies in the United States, a rationale based
on environmental surveillance. This was an agenda that, quite evidently, drew
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on existing Cold War challenges in terms of both method and instruments.
Methodologically, it promoted reconnaissance as a useful way to attack weather
analysis and in terms of instrumentation it advocated reusing equipment origi-
nally developed for military research purposes. Yet Wexler even envisioned the
advantages to be derived from a satellite devoted to meteorology thanks to the
assistance of a professional painter, as we shall now see.

Harry Wexler and the Invention of a First Satellite Icon

The integration of different topographies of knowledge in the field of meteorol-
ogy was one of Harry Wexler’s main objectives. Although enthusiastic about
Berg’s photographic mosaic, he was aware that rocket photography was far less
effective than satellite photography. In the long run, only satellite observations
of the atmosphere would allow a synoptic and continuous production of weather
data. Wexler was also aware of the great power pictures could bear on funding
institutions and decision makers. Indeed, as David DeVorkin noted, the offices
of Wexler superior’s were always “well adorned with photographs of storms and
cloud systems taken from space.”® In 1954 he thus sought to commission a
painting from an unknown artist who was “stimulated by such chance photos
from research rockets.”? Also, Wexler was well placed to judge how impressive
the natural power of meteorological phenomena could be. As a former member
of the Meteorology Division in the Army Air Forces, in 1944 he actually flew
across a hurricane that would later be famously called for its extreme violence the
“Great Atlantic Hurricane.”!

The painting ordered by Wexler shows a hypothetical view of parts of the
Earth and its atmosphere at an altitude of about 6,400 kilometers above Amarillo,
Texas. Due to its circular framing, some cultural historians have referred to the
painting as a precursor of the famous blue marble.*? Yet an observer would have
to travel at least double the distance Wexler had chosen for this hypothetical
view of the Earth’s atmosphere in order to see the curvature of planet Earth
appear in the way that it was portrayed by the Apollo astronauts.*3

The painting was realized with the support of numerous new scientific insights,
as Wexler explained during his talk at the Third Symposium on Space Travel. On
that occasion the painting acquired a new status as a “truly scientific image,”
even if its evident “constructed” character strikes the contemporary observer.**
Most of the depicted weather systems were quite “realistically” anticipated and
showed a truly remarkable correspondence to high-altitude cloud photographs
as data from TIROS and other programs would reveal a few years later.*®

All the elements depicted were carefully elaborated on the canvas. For exam-
ple, the continental parts of the painting are represented taking into account
“reflectivity of sunlight” and the “scattering and depleting effects on the pas-
sage of light through the Earth’s atmosphere.”*® Furthermore, the image is
dominated by very different kinds of clouds, ranging from “a cyclone family of
three storms” to “a hurricane” and cloud streets, to which “albedo values were
assigned [ ...] and their brightnesses [sic] computed.™” Yet the probability for
cach of these different cloud types to appear simultaneously was low: “the trade
cumuli could undoubtedly be observed on almost any day and others, such as
the hurricane, seen only rarely.™*8
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The unknown artist, thanks to Wexler’s guidance, was thus able to unite
in one single picture the greatest possible number of different cloud types and
produce a sort of condensed cloud “atlas.” This explains Wexler’s interest in this
painting as it enabled to establish a veritable visual typology of Earth’s “atmo-
spheric systems” seen from space. Photographic naturalism, even if it had been
at Wexler’s disposition, would never have sufficed to reveal what Wexler wanted
to show to his public.*” Moreover, the choice of a perpendicular perspective—
introducing the theme of the planisphere®*—seems indispensable in underlining
Wexler’s intention to transform the sky illustrations into quantifiable and clearly
identifiable scientific objects, reinforcing his message that these instruments
ought soon to be built.

Throughout the 1950s and 1960s, scientists in the United States, but also
the broad public, hoped that these new technologies would one day even allow
efficient “weather control.”® It comes therefore as no surprise that Wexler’s
innovative understanding of weather analysis and observation also relied on the
support of military organizations to become reality. If NASA’s TIROS program
was conceived as a “storm patrol,”? then it was also a means to a Cold War sur-
veillance end, as we shall now see.

Towards an Integration of Data: TIROS, the First
Meteorological Satellite Program

The earliest RAND report on meteorological satellite surveillance unambigu-
ously stated that “in the event of armed conflict there will be large regions of the
world from which it will be impossible to obtain weather information by normal
means. Owing to the fact that the success of any aerial reconnaissance depends,
to a large extent, on [...] knowledge of the weather conditions over the tar-
get, the lack of this information will be felt more and more as any planned air
offensive progresses. Systematic weather reconnaissance by some unconventional
means must therefore be undertaken.”®® When Wexler’s plans were examined by
prominent military agencies in the United States, what caught their attention
was not the potential of space photography for meteorological research alone,
but also for surveillance operations.

The integration of surveillance technologies, such as photographic and tele-
vision cameras, into the satellite payload seemed to have promise in terms of
boosting the capacity to reconnoiter enemy territories, and was therefore worth
significant investments. As a consequence, the US Air Force and the US Army
financed research on different satellite observation technologies.’* If military
objectives, such as improving the performance of rockets, gave leeway to devel-
oping important areas of civilian research, including the application of televi-
sion and photography to meteorological programs, then these programs offered
cover for furthering other military projects, including surveillance satellites.
Even knowledge of cloud coverage in itself provided highly relevant intelligence
information. It allowed for better coordination of traditional photographic
reconnaissance flights, especially since cloud coverage posed a major threat to
their successful accomplishment.

It therefore made sense, at least from the US perspective, to vigorously pro-
mote free access to space to improve the ability to reconnoiter enemy territories.
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The International Geophysical Year scientific satellite program provided there-
fore the historical and legal basis for what Cargill Hall rightly identified as “a
stalking horse to establish the precedent of overflight in space for the eventual
operation of military reconnaissance satellites.”®® Indeed, as Walter McDougall
has shown and as Roger Launius argues in his contribution to this book, US
presidents Dwight D. Eisenhower and John F. Kennedy clearly understood
the multiple benefits to be derived from granting free access to outer space.
Eisenhower’s controversial “Open Skies” proposal and Kennedy’s plea for
“peaceful uses of outer space” both aimed to defuse any possible objections
against satellite reconnaissance.>®

In the field of meteorology, the official and well-known outcome of this strat-
egy was the initiation under the Kennedy administration of discussions with the
Soviet Union on a joint meteorological satellite program, united under the aegis of
the World Meteorological Organization. Approved in 1963 as the World Weather
Watch and still in operation today, the program, with its subsystems, coordinates
meteorological observation efforts to provide weather services in all countries.®”

However, the free access to space policy also served military reconnaissance
and surveillance interests. Many scientific satellite programs, some similar to
TIROS, offered cover for spy missions. For example, NASA’s Discoverer pro-
gram—officially announced to the public as a research program dedicated to
examining and reporting on the space environment, including most notably bio-
medical experiments with mice and monkeys—carried as its main payload the
first US photoreconnaissance satellite camera system used as part of the highly
classified CORONA program.®® Also, in the 1960s meteorological research satel-
lites were routinely used as cover for military surveillance. For instance, between
1962 and 1994 the US Air Force Defense Meteorological Satellite Program
(DMSP) deployed a whole set of meteorological satellites, largely identical to
their civil counterparts of the TIROS program.®’

The TIROS meteorological satellites were themselves born out of a surveil-
lance satellite program. TIROS had an immediate military precursor known as
US Army project Janus that was initially conceived as a reconnaissance project
developed for spying on Soviet territory.® The imaging technology was based
on a study from the Radio Corporation of America (RCA), a proposal initially
presented to the US Air Force for their secret reconnaissance program known as
WS-117L. After the bid was lost to Lockheed, RCA sold the idea to the Army
where the work was developed further. Shortly after the NASA was created, the
program (then known as Janus 2) was transferred in April 1959 to the Space
Agency and renamed TIROS. Within the TTROS program, NASA obtained the
overall responsibility for engineering and launch and the US Weather Bureau
had to oversee operation and data interpretation.®!

This transfer to nominally civilian institutions is generally considered the
beginning of a clear separation of military and civilian programs. Yet the TIROS
program shows that throughout the Cold War, this distinction is highly ambig-
uous, if not to say artificial. Indeed, a closer look at Cold War meteorology
efforts erodes our confidence in the distinction between nominally military and
nominally civilian uses. Despite important achievements of the DMSP, for exam-
ple during the Cuban missile crisis in 1962, the Department of Defense also
continued to make use of TTROS imagery. In fact, in order to fully assure DoD’s
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need for an operational weather satellite, TIROS’s two read-out sites at Fort
Monmouth and on Hawaii were permanently staffed with “teams composed of
meteorologists from the Weather Bureau and Department of Defense agencies”
and a “Navy meteorologist was stationed at Ft. Monmouth during the entire
operational period of TIROS 1.7%? For the same purpose, as documented by the
agreement that officially transferred the program to NASA, a joint DoD-NASA
advisory group was put in place and substantial DoD funding allocated to the
program in order to assure full cooperation.®?

In terms of technology, it is true that the TIROS meteorological satellites
had relatively low-resolution central reconnaissance components because of the
civilian use NASA was supposed to make of them.%* But TIROS’s reduced res-
olution enabled more information to be gained than expected. Both satellite
cameras produced black-and-white images composed of distinct lines, making
the contrast of the vidicon images one of their most important criteria.®® The
imaging technology was designed to better identify and visualize meteorologi-
cal systems, but once the first satellite was operational other Earth features also
became discernable.

This is a recurrent theme in the history of remote sensing: observation tech-
nologies produce a “surplus” of information, something not anticipated when
they were designed. Following the reception of the first TIROS images, sci-
entists started to become interested in phenomena that had little to do with
meteorology. Some photographic mosaics portraying regions surrounding the
Gulf of Saint Lawrence (Canada) showed numerous white spots on black back-
ground (Figure 8.2). More serendipitous discoveries were about to happen and

Figure 8.2 Composite image of oblique views taken from TIROS-I above the Gulf of
Saint Lawrence on April 1, 1960. The image has enough contrast to allow distinguishing
water, clouds and sea ice

Source: NOAA image library.



SERENDIPITOUS OUTCOMES IN SPACE HISTORY 181

Harry Wexler eventually concluded that those white spots could be sea ice.®® So
in the 1960s, Wexler supervised a group of scientists at the US Weather Bureau
that investigated in greater depth ice surveillance techniques—an application
that touched upon, as I will show now, military, scientific, political, as well as
economic questions.®”

TIREC: Environmental Satellite Surveillance
during the Cold War

The accidental reconnaissance of sea ice through a satellite designed to produce
pictures of clouds eventually led to project TIREC. Launched in 1962 project
TIREC aimed “to correlate observations of the ice conditions in the Gulf of
Saint Lawrence made from surface ships and aircraft with those made from the
TIROS satellite.”®® TIREC, an acronym for TIROS Ice Reconnaissance, had as
main objective the development of “procedures and techniques for interpreting
satellite readouts of ice formation.”®® It was in many ways an unforeseen by-
product of the first American weather satellite program, a serendipitous appli-
cation of remote cloud observation, initially not included in the list of possible
weather satellite uses.

At the end of the first two experimental phases, TIREC confirmed, even
without a refined resolution, what Wexler had foreseen. It proved indeed pos-
sible to distinguish clouds from ice and to produce maps of sea ice. The com-
parison of images taken at different times as well as their geometric correction
(for example, image distortion resulting from the lens of the camera had to be
corrected) helped in achieving this task.

“Measurement of ice and snow cover,” as a report to the US Congress in
1962 deliberately vaguely put it, had indeed “also [ ... ] a military application.””?
Lavishly endowed with military funding, TIREC eventually helped to more
firmly establish environmental surveillance as a way to establish control over
polar regions. Sea ice maps obtained through correlation of satellite data allowed
for improved coordination of military and scientific logistics in the cold regions.
They also granted otherwise unavailable information on access to strategic sites
via polar transit areas. As one representative of the Canadian Defense Board
noted, sea ice observations were especially important to identify places where
submarines may emerge.”!

Ice observations were also of “direct economic interest,” a major motiva-
tion for putting TIREC in place.”? In a study on the nonmeteorological uses
of TIROS and the Nimbus satellite programs, Fred Singer (better known today
for his global warming skeptic declarations”?) argued that meteorological sat-
ellites could have saved Canadian and US administrations, for the year 1961
alone, no less than $1.7 million traditionally put aside for logistical operations
and the planning of navigable waterways, a figure geologist and geophysicist
Paul Lowman of Goddard Space Flight Center rightly considered “mislead-
ingly conservative” as further savings could be derived from using the same
system in Western Europe, Russia, and especially Antarctica.”* TIROS data also
offered invaluable support to the US Navy in Antarctic exploration and helped
to strengthen its role as principal logistics operator at the South Pole.”®
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Climate scientists benefitted from satellite-based ice observations and correla-
tion studies too. These proved decisive in establishing local temperature trends
(most notably warming trends), as well as water circulation estimates, all factors
that became important elements of modern climate change interpretations and
predictions.”® For example, synoptic ice observations allowed revealing that the
Antarctic continent doubles its size each winter, growing well beyond Europe’s
surface area by attaining about 34 million square kilometers thanks to the accumu-
lation of sea ice. Indeed, from the 1960s onward, sea ice accumulation as inferred
from satellite images has been routinely used to assess global climatic changes.””

Thus Project TIREC pioneered Cold War environmental surveillance.
The reasons behind its development were not just scientific. Economic, logis-
tic, strategic, and geopolitical ambitions were equally relevant.”® Soon after
Project TIREC was established, a conference on satellite ice studies was held
in Washington, DC. By looking at the agencies and institutions represented,
one understands how important these studies had now become to civilian and
military organizations alike. Representatives of Canada’s Defence Research
Board and its Joint Photographic Intelligence Center, together with the Royal
Canadian Air Force were present. Among participants from the United States,
the Weather Bureau, NASA, the Department of Transport, and the National
Science Foundation (US Antarctic Program) had all sent delegates. Among the
51 participants, only four can be identified as coming from universities and not
holding any official military accreditation.”” These numbers show very well that
at the very beginning of satellite ice observations—they coincide practically with
the very birth of the first meteorological satellite program—military concerns
clearly went hand in hand with scientific and economic interests.

Conclusion

We should think of the example of space photography as shedding new light on
how military patronage made it possible to realize the inner surveillance poten-
tial of a range of imaging technologies—a potential that was not foreseen when
photographic cameras were first installed on rockets.

In order to understand the history of satellite imagery we need to recon-
sider the importance that accidental discoveries played in key moments of its
unfolding. The use of satellite photography for meteorological purposes was
the unintended outcome of attempts to monitor the path of ballistic missiles
during their flight. The application of satellite cameras to monitor sea ice was
also unforeseen, as photographs produced to “patrol” storms eventually cap-
tured more details than expected; including sea ice formations. Thus serendipity
proved to be a crucial heuristic element in the contemporary analysis of earth
features such as clouds and polar ice caps. Numerous case studies in history of
science have shown the diverse ways in which instruments and technologies may
find new uses, most notably through the exploitation, by chance, of some of
their “hidden” characteristics and properties. Turchetti et al. went a step further
and showed in their case study on radio echo-sounding in Antarctica that “when
accidents and errors become the subject of scientific enquiry, they can instigate
a broader analysis of the range of applications associated with the experimental
apparatus in use and in turn favor its adoption more remotely from its cur-



SERENDIPITOUS OUTCOMES IN SPACE HISTORY 183

rent domain.”®® Project TIREC similarly shows that beyond simple exploitation
of hidden properties, systematic analysis of environmental surveillance imagery
favored its adoption in other scientific domains.

Closely linked to this accidental discovery is the importance of material cul-
ture linked to the first meteorological satellite program at the beginning of the
1960s. The particularities of the visualization technology, most notably the poor
resolution depending directly on the visual contrast, largely guided the use of
satellite images. Within the context of the Cold War, this meant that a “civilian”
observation technology, as soon as it aroused interest from the military, could
more easily attract important funding, favoring the production of environmental
knowledge with immediate utility for national security.

However, the adoption of the new remote sensing techniques that accidental
findings enabled required much more than just serendipity. The military spon-
sorship of new projects such as TTROS and TIREC made it possible to realize
what accidents had proven just as a possibility but needed substantial funding to
show its real potential. This chapter has shown that support was given in light
of the benefits to surveillance and military operations to be derived from satel-
lite imagery. The synoptic view of the satellite could easily help decide whether
aerial reconnaissance sorties over enemy territory would be efficient or not. Yet
there was also a more generally added value of satellite photography in allowing
assessments to be made about accessibility to sea ice covered areas, controlling
navigable waterways and identifying regions which could be potentially used as
hideout for enemy submersibles. So while the opportunity existed to explore
what was serendipitously found through space photography, it was the Cold War
urgency of improved surveillance that enabled to further explore the potential of
these accidental discoveries. New knowledge of key earth features thus emerged
in the search of more sophisticated methods to know about enemy forces.

Moreover the TIREC project shows that NASA was also actively engaged
in environmental surveillance and continued to pursue it for several years after
TIREC reached completion. For instance, photographs from the Mercury and
Gemini space missions attracted great interest from a number of experts working
on a number of different scientific disciplines. In particular, during the 1960s,
geographers, geologists, and hydrologists took advantage of the new possibilities
that remote sensing offered them and used space photography in a variety of proj-
ects favoring, for instance, a more systematic monitoring of natural resources.
Oceanographers also profited from imagery produced during space programs, as
in the case of TIROS, profiting from the growing spectrum of new technologies
for environmental exploration and surveillance.?! Indeed, it is not an exaggera-
tion to suggest that the interest that space photography generated was a decisive
factor in the adoption of satellite-based environmental remote sensing techniques
in the 1970s, including those aimed to more accurately ascertain the availability
of natural resources and vital aspects of global environmental change.®?
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Chapter 9

Observing the Environmental Turn
through the Global Environment
Monitoring System

Soraya Boudin

The Global Environment Monitoring System (GEMS), currently involving the
collaboration of 140 countries across the world, was conceived during the late
1960s within the wider context of growing environmental consciousness—and
the availability of instruments and programs that could provide a truly global
data set. Under the aegis of the United Nations Environment Programme
(UNEDP), its mission is to collect and process data from transnational monitor-
ing systems observing the effects of human activities on the environment and
health. GEMS is based on the expertise and infrastructure of specialized United
Nations (UN) agencies, and encompasses a number of scientific and professional
communities.

By exploring the origins of GEMS; this chapter sheds light on three overlap-
ping issues concerning the expansion of geoscientific research during the Cold
War. The first is the establishment of what Geoftrey Bowker, Susan Leigh Star,
and others have described as “global infrastructures,”! that is, transnational tech-
nical infrastructures such as telecommunication or transport networks? that have
facilitated globalization.? GEMS is itself one such infrastructure, while also being
a product of a set of existing structures for surveillance and monitoring that
grew tremendously during and after World War II. New technologies for remote
sensing (including for instance sonar and radar) extended the capabilities and
the scope of networks monitoring the environment that dated back to the early
twentieth century. The birth of new technologies, from computers to satellites,
allowed the collection and processing of data on an unprecedented scale. The
Cold War stimulated the development of novel technological systems, while also
providing geoscientists with powerful new data sets and research possibilities.*

The global nature of these technologies and networks relates both to the
scope of their implementation, on a scale previously unprecedented, and to the
type of information and images they produced of the earth. This is what Paul
Edwards has labeled “infrastructural globalism.”® Studies of these global infra-
structures have highlighted the role of scientific techniques in the definition of
the earth as a single entity, a globe that can be investigated, measured and visually
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represented as a whole.® In these different technical and scientific operations, a
global perspective became increasingly common, particularly when events such
as the International Geophysical Year (IGY, 1957-58) showed the potential for
worldwide data collection. The convergence of these operations and policies, as
much as developments in any specific scientific discipline, contributed to form-
ing the idea of the earth as a global environment consisting of interdependent
ecosystems.

Secondly, GEMS both reflected and contributed to the “environmental
turn” in politics and society from the late 1960s. The publication of Rachel
Carson’s book Silent Spring in 1962 is widely credited with sparking interest in
the destructive effect of pesticides and other industrial toxins upon the natural
environment. As the decade progressed, consciousness of the impact of humans
upon the earth increased. Frequently this was allied to progressive political and
cultural movements, and to an expression of the politically divided planet as a
potentially unified entity. But the environmental turn also had a harder edge.
The Committee on the Challenges of Modern Society (CCMS), established by
the North Atlantic Treaty Organization (NATO) in 1969, was in large part an
acknowledgment that the legitimacy of the Cold War West would be under-
mined if it ignored the increasingly important issue of environmental responsi-
bility.” The Club of Rome’s 1972 report The Limits to Growth further established
the environment as politically relevant. GEMS and its predecessors connected
existing Cold War surveillance networks to the new environmental challenges,
within an organizational mandate that stressed global human development.
As the environment became a matter of mainstream political concern and the
effects of humans upon it a potential threat to social stability, monitoring threats
became a politically important matter.

Finally, this chapter follows Edwards in paying particular attention to what
Martin Hewson has described as the final stage of “informational globalism,”
the conceptualization of monitoring infrastructures to know the global environ-
ment.® The term “globalization” is today both ubiquitous and regarded as an
economic and political project rather than a neutral statement of fact. Yet it was
in the 1970s, in the wake of decolonization and during an economic crisis due
largely to rising oil prices, that globalization was first used to describe a world
characterized by strong interdependencies.” A global perspective on the environ-
ment did not dictate either ignorance or transcendence of political divisions, but
particularly when expressed through the medium of a global organization—the
United Nations—the synergy between global environmental monitoring and
global social and economic development was clear. The concept of globaliza-
tion, concerning both markets and the environment, contributed to spread new
ways of interpreting the changing world and political action at a global scale.
Globalization in general, just like GEMS in particular, was a construction rather
than an inevitable and natural development, created by actors with specific
objectives.1?

The Genesis of Global Environmental Monitoring

After World War II, a range of international organizations emerged with man-
dates covering diverse aspects of political, economic, cultural, and scientific
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activity around the world. These organizations invariably reflected contem-
porary power relations in addition to ideals of global collaboration. The UN,
founded in San Francisco in 1945, was open to all sovereign states, but its mem-
bership was at first hardly universal—and the privileged status of five victorious
wartime powers was recognized through a permanent veto in the organiza-
tion’s Security Council.'! The UN soon included a raft of agencies such as the
United Nations Educational, Scientific and Cultural Organization (UNESCO),
the Food and Agriculture Organization of the United Nations (FAO), and the
former International Meteorological Organization, reestablished as the World
Meteorological Organization (WMO) in 1951 under UN auspices. Each of
these bodies could not fully transcend the ideological divide of the early Cold
War, especially as science in the Soviet Union remained almost entirely isolated
from 1945 until after the death of Stalin in 1953.!2 International organizations
did not produce global actions.

One of the first examples of truly global scientific action came with the
International Geophysical Year (IGY) in 1957-58. British geophysicist Sydney
Chapman and his US colleague Lloyd Berkner famously conceived this event at
a gathering at the home of the American physicist James van Allen in 1950.!3
During the following seven years, Berkner worked tirelessly to bring about a
major scientific event that also possessed significant value for US foreign pol-
icy." The IGY’s development into a truly global program of observation, moni-
toring, and exploration required considerable political energy under the aegis
of the only recognized nongovernmental organization uniting scientists across
the globe, the International Council of Scientific Unions (ICSU), and the
WMO." In the years after the IGY other major international scientific events
took place, including the International Indian Ocean Expeditions (1960-65),
the International Year of the Quiet Sun (1964-1965), and the International
Biological Program (IBP, 1964-74). The WMO and ICSU jointly sponsored
the Global Atmospheric Research Program (GARP, 1967-1982), which coordi-
nated a series of large-scale experiments around the world to provide a stronger
understanding of global atmospheric processes. Both scientist- and government-
led international initiatives produced infrastructures at both the technological
level—instruments and techniques for measuring environmental phenomena—
and at the institutional level, through new networks between researchers and
their patrons. Often they relied heavily on military funding. As Ron Doel has
famously argued in the case of the United States, the potential to know and con-
trol the geophysical environment made it an attractive field to military patrons.'¢
Nowhere was this clearer than in the studies of the effects of nuclear weapons
(geophysical as well as biological), in which vast destructive power was accompa-
nied by a study of its effects across huge geographic areas.!”

Projects to investigate and monitor the earth’s environment became more
politically relevant with the rise of a “green” consciousness. Fears about the effects
of radiation emerged as a powerful force during the 1950s.1% Jacob Hamblin
has documented the lack of widespread concern over dumping radioactive waste
in the oceans during the 1950s,* but already in 1960 public fears in France—
informed by oceanographers and the famous explorer Jacques Cousteau—helped
prevent such a discharge from taking place in the Mediterranean. The 1962 best-
seller Silent Spring focused public attention on the potential for chemicals such as
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dichlorodiphenyltrichloroethane (DDT) to impact on the environment, particu-
larly birdlife.2’ The World Wildlife Fund was established in 1961 not to identify
environmental dangers—which its founders felt were already clear—but rather
to obtain funding to tackle them.?! By 1969 public awareness of environmental
protection as a political issue had grown to the point where NATO founded
the CCMS, in which environmental issues were directly linked to the stability
and progress of Western societies.?? The establishment of the Environmental
Protection Agency (EPA) in the United States followed shortly, while the
European Economic Community began to develop a framework for environmen-
tal regulation too.?® These initiatives also compelled organizations that, from
the IGY onward, had pioneered international scientific collaboration to redefine
their programs. For instance, the ICSU now appointed a Scientific Committee
on Problems in the Environment (SCOPE) to put one of the IBP’s key objectives,
namely the study of human influence on the environment, “on its own perma-
nent footing.”%*

Growing appreciation of the global nature of earth systems led to a match-
ing appreciation for pollution and environmental contamination as global
issues.?® Pollution was no longer local but could now be understood as affect-
ing the entire planet. The consequences were not only immediate; they could
be felt decades after exposure or contamination, and over several generations.
Transnational approaches to environmental issues were increasingly discussed,
including reflections on how the combined scientific, political, and adminis-
trative character of the challenges required regulatory and institutional recon-
figurations.?® Nor was awareness of environmental threats always matched by
practical knowledge of how to address them. Famously in March 1967 the SS
Torrey Canyon sank near the British coast, releasing more than 90,000 tons of
crude oil into Atlantic waters, which spread across an area 35 miles long and 20
miles wide. Lack of knowledge about how to respond to such an environmental
crisis led the Royal Air Force and the Royal Navy to resort to burning off the
fuel by setting it ablaze with rockets.?” And it was only in 1968 that the Japanese
government officially recognized the deleterious health effects of consuming
fish contaminated by mercury released from chemical plants, even though the
first symptoms of mercury poisoning among the population in the harbor city
of Minamata had been recorded 20 years earlier.8

Realizing that environmental threats were becoming an important social,
economic, and political issue, on December 3, 1968, the UN General Assembly
voted unanimously to convene a Conference on the Human Environment. This
marked a formal recognition that the peak global organization ought to play
a role in addressing what was by now perceived as a global matter. The formal
resolution described the environmental threats of the present as risks to “dig-
nity” and “basic human rights” and linking the health of the environment to
“sound economic and social development.”? The dedicated “Conference on
the Human Environment” would be convened in 1972, with the goal—as its
name suggested—of examining the impact of environmental issues upon social
and economic development. The international scientific and technical organi-
zations beneath the UN umbrella were recognized as sources of advice while
making clear that a wide variety of other agencies could contribute. Once it had
been approved, the conference quickly formed a frame for other UN activities
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with relevance to the environment, such as its ongoing attempts to review issues
related to marine pollution.3°

The Conference on the Human Environment, which also became known as
the “First Earth Summit,” took place in Stockholm from June 5-16, 1972. Its
organization was led by the Canadian entreprencur Maurice Strong, who had
long been an advocate of the UN and its operations. Part of the preparation for
the conference involved Strong commissioning a report by the French-American
biologist Rene Dubos and the British economist Barbara Ward and published
in 1971, titled Only One Earth.3' Like The Limits to Growth, published the fol-
lowing year, Only One Earth popularized ideas of environmental limits with
consequences for human civilization in a manner that addressed a public beyond
august experts. It drew extensively on the image of “Spaceship Earth,” which
Ward had done much to popularize in the late 1960s, emphasizing the fragile
and limited nature of humanity’s habitat.3?

If Ward and Dubos helped provide the Stockholm Conference with a guid-
ing vision of the human environment, the conception of a mechanism to moni-
tor and assess the environment globally was yet to develop. This arose from
a coming together of “green” environmental sentiments and more traditional
management procedures in the organization of international scientific projects,
with links of varying strength to the array of existing international scientific
organizations. Carroll Wilson, professor of management at the Sloan School
within the Massachusetts Institute of Technology (MIT), was a key figure in
this effort. Wilson had served as the first general manager of the United States
Atomic Energy Commission (AEC) and president of the Climax Uranium
Company but like Strong, he had a long-standing interest in broader politi-
cal issues. This led him to the Club of Rome, along with around 70 scientists,
educators, economists, and industrialists from different countries,?® and then
to assemble a group of experts at MIT with backgrounds from the natural and
social sciences in order to tackle environmental challenges. These experts spent
July 1970 discussing a variety of problems from pollution to the finite nature of
natural resources, and how those problems might be addressed. Funding came
from US government agencies that had been sponsoring science throughout the
Cold War both nationally and internationally, including the Ford Foundation,
the Rockefeller Foundation, and the Sloan Foundation. Wilson subsequently
published the results in a landmark report, the Study of Critical Environmental
Problems (SCEP).3* This document highlighted that an effective response to
environmental threats was premised upon the edification of a global infrastruc-
ture for collecting environmental data. The report also called for a harmoni-
zation and standardization of existing structures and methods. Perhaps most
importantly, its contributors stressed that “the global” was not only the geo-
physical scale at which information ought to be gathered, but also the political
scale at which solutions should be conceived and adopted.

Even so, the SCEP report effectively called for a mobilization of those scien-
tists and organizations that were already active in the field of global data col-
lection because they had pioneered it since the IGY. In December 1970, Strong
sought to implement the SCEP recommendations by commissioning the ICSU-
sponsored SCOPE to draw up a report and recommend the design, param-
eters, and technical organization needed for a coherent global environmental
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monitoring system.®® This implementation made visible the important connec-
tion between the new environmental monitoring plans and the Cold War sur-
veillance. So did the involvement of prominent scientists such as Roger Revelle
and Thomas Malone, each of whom played key roles in both SCOPE and the
wider framework of Cold War geoscience. Revelle had served as director of
Scripps Institution of Oceanography in La Jolla, California, from 1950 to 1964,
overseeing the Institution’s continued rise to one of the most important cen-
ters for marine research in the world (thanks in large part to military fund-
ing).3¢ Revelle was personally involved with ocean and atmospheric monitoring
research, including tracking fallout from the Bikini Atoll atomic tests, and a fix-
ture on international oceanographic organizations before founding the Harvard
University Center for Population Studies. The meteorologist Thomas Malone
was a former chairman of the American Meteorological Society (1960-1961)
and of the American Geophysical Union (1962-1964) in addition to being the
ICSU vice-chairman.

Revelle and Malone both wanted SCOPE to stimulate large international col-
laborative projects, in line with the IGY tradition and the raft of organizations,
including the Scientific Committee on Antarctic and Ocean Research (SCAR
and SCOR), that they had contributed to establish. They convinced the Ford
Foundation to fund an assessment of international studies and monitoring of the
environment by gathering and analyzing available data on global and regional
effects. At its first meeting in Madrid, in September 1970, SCOPE set up a com-
mission to investigate the methodology of monitoring, including the selection
of suitable parameters, to ensure comparability of methods and coordination of
systems. In particular, the commission aimed to design an integrated monitor-
ing system for air, water, soils, and humans, taking into consideration already
existing activities. Another goal was to design a network of background stations
far from population centers, while also considering the development of other
methods for monitoring areas of high human impact.?”

The 1971 SCOPE report on the planned global monitoring system formed
the basis for discussion at the Stockholm conference of the following year. The
report outlined the state of the art on environmental monitoring and assessment
along with 18 recommendations. These included how to organize the overall
monitoring system, including an analysis of how many and what type of obser-
vation stations would be needed and where they ought to be placed, plus what
type of data ought to be collected in the first instance—prioritizing the study
of pollutants such as carbon dioxide, lead, mercury and cadmium.3® Finally, the
report stressed the importance of promoting research and pilot studies for the
development of new and more efficient monitoring systems. The SCOPE experts
called for the integration of these data into a global system and proposed the
creation of a new infrastructure for global environmental data collection, under
the aegis of the UN.%

The Stockholm conference ratified the SCOPE recommendations effectively
setting the goals of what would become GEMS, while also laying the ground-
work for what would become the UN Environment Programme (UNEP).4
Charged specifically with considering global environmental issues—and initially
led by Maurice Strong—this body was headquartered in Nairobi. The choice of
location reflected a growing sense that the environmental issues were important
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for the developing as well as the developed world, a sentiment that pervaded the
Stockholm Conference as well as appearing in official UN documentation.

At the same time, UNEP—Iike SCOPE, and GEMS—was a product of the
Cold War surveillance imperative in terms of both material and human infra-
structures. The career path of Robert A. Frosch, who became assistant direc-
tor of UNEP’s scientific and technical projects via a stint as assistant secretary
of the Navy for Research and Development, is indicative of this legacy. The
American physicist’s previous scientific endeavors placed him firmly among the
Cold Warriors. Privy to secret US Navy research projects, including the global
undersea surveillance network ARTEMIS, he also served as director of Nuclear
Test Detection in the US project Vela Uniform.

The overarching project within which GEMS was located—Earthwatch—
was outlined in 1972 and established at the first extraordinary meeting of the
UNEP held in Geneva on June 12-22, 1973.#! Drawing upon the SCOPE study,
Earthwatch aimed to provide an efficient environmental assessment mechanism
through monitoring, research, evaluation, and information exchange.*? Financial
resources for the program came from UNEDP’s initial endowment of $100 mil-
lion over five years. The specific idea for GEMS emerged during an intergovern-
mental meeting on monitoring that took in Nairobi in 1974 as the monitoring
component in the Earthwatch program.** GEMS would this aim to make assess-
ments on a variety of environmental issues including atmospheric pollution and
its impact on climate, contaminants in the food chain and agriculture, ocean
pollution, and forecasting disasters such as earthquakes. Consistent with the
SCOPE’s recommendations, GEMS was not intended to collect and store data
from scratch, but rather to work with existing data collection platforms through
the so-called Information Referral System, a UNEP device to “encourage
worldwide interchange of environmental information through the design, coor-
dination, and operation of a system of referral to sources of environmental infor-
mation and data.”** In particular, it was expected that during its development
both Earthwatch and its monitoring mechanism, GEMS, would draw extensively
on the environmental programs of UN organizations, partly to avoid duplicating
research and also to coordinate the ongoing exercises more effectively.

As the SCOPE report had suggested, integration as much as initiation was
the key to constructing an effective global monitoring system. Earthwatch thus
brought together work hitherto performed by over 30 governmental and non-
governmental organizations, including UN and ICSU agencies and commit-
tees.*> But Joshua Howe has argued that Earthwatch was originally intended
to have two complementary objectives: to coordinate, expand, and reorganize
existing research and data collection; and to identify problems and issues requir-
ing action on a global scale, thus defining guidelines for the development of new
collaborative research.*® The US delegates, inspired by the model of scientific
cooperation based on the IGY experience as well as the collaborative, intergov-
ernmental model of governance imposed in Antarctica from 1961, proposed
the creation of a comprehensive international framework for the evaluation of
environmental problems on a global scale.*” Howe notes that American scien-
tists soon came to view Earthwatch as a “clearinghouse” for existing initiatives,
however, rather than a vehicle for more imaginative research. The first of its
objectives—coordination—clearly trumped the second.*®
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Surveillance of the Environment and
Environmental Diplomacy

The most visible actors in the genesis of the GEMS were scientists. Revelle and
Malone played an active role in promoting a global monitoring system. At the
same time, their contribution reflected the political importance that the earth
and atmospheric sciences had already acquired in the United States,*” in addition
to the growth of the ecosystem concept in academic ecology (and appreciation
for the role both earth and life sciences could play in evaluating human effects).>°
Most importantly for the purpose of this chapter, American involvement in
GEMS reflected the intense mobilization of the US scientific community in
environmental policymaking at an international level.?! Their involvement was
encouraged by the US State Department in line with the Nixon administration’s
new “environmental diplomacy.”??

The Vietnam conflict catalyzed anger against the United States’s foreign
policies both at home and abroad, undermining American capacity to effectively
project ideological leadership.®® On the domestic front, the Nixon administra-
tion saw environmental concern as a pragmatic political strategy for appeal-
ing to conservative, middle-class voters rather than student protesters: being
green was not the sole province of the antiwar left.** On the international
front, such concerns were a means of softening the association between science,
warfare, capitalism, and environmental damage—particularly when the use of
defoliants in Vietnam had led Swedish Prime Minister Olof Palme to speak of
“ecocide” in South-East Asia.’® The decidedly nongreen philosophy of mutu-
ally assured destruction allied science and technology to the means of global
destruction (although surveillance systems could also provide mutual surveil-
lance that potentially prevented strategic miscalculations). On the other hand,
like the IGY over a decade earlier, protection of the environment through global
monitoring could be pitched as an example of cooperation that bucked rather
than exemplified military tensions. Nixon doubtless also recognized that if such
a proposal came from the Western bloc, it had the power to strengthen the
alliance while weakening ties in the Soviet alliance.®® The environment thus
became a vehicle for diplomacy in which scientists were essential actors, guaran-
tors that global environmental monitoring was a serious and legitimate project
in a symbolic sense in addition to obtaining knowledge with practical value for
policymaking.

The Nixon administration’s environmental diplomacy took several forms.
In January 1970, Secretary of State William Rogers created a new Office of
Environmental Affairs, and asked all US ambassadors to promote environ-
mental policies in the countries in which they were posted, and to inform the
Department of State of all the initiatives and policies developed by foreign gov-
ernments.®® The administration ensured that environmental issues became a
concern for North Atlantic Treaty Organization (NATO), which had already
sponsored scientific research (particularly in oceanography) for military-strate-
gic purposes, through a new Committee on the Challenges of Modern Society
(CCMS).>® The US government also fostered bilateral collaboration agreements
with several countries, including Canada and even the Soviet Union and played
a leading role in the Stockholm conference.%®

57
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Nevertheless, the broader dynamics of Cold War conflict pervaded the
Stockholm Conference, as they did practically every formal international forum.
Since the German Democratic Republic did not have a seat at the UN, it was not
invited, prompting the Soviet Union and most Eastern Bloc states to boycott
the conference.%! And although developing countries were invited to contribute,
echoing the concern for global economic development that featured in the origi-
nal UN resolution, the floor of the Stockholm Conference remained a forum
under the control of the First World. An amendment denouncing environmental
degradation associated with expansionism, apartheid, colonialism, and racism,
tabled by a representative of the United Republic of Tanzania and supported by
a further 12 African states, was declared an “extraneous matter.”®> When the
request to condemn the use of “chemical and biological agents in wars of aggres-
sion which degrade man and his environment” was put forward, the Vietnam-
sore US delegation proposed to put it “in a wider framework,” thus leading to
the bland statement that “states must intensify efforts to maintain international
peace” in the final resolution.%?

Unsurprisingly, when discussions began in 1972 about the establishment of
an integrated monitoring work of Earthwatch—GEMS—the negotiations were
often fraught. Criticism soon surfaced within and from outside since the surveil-
lance of environment, like environmental diplomacy, appeared more like a device
in the hands of a few US and UN actors rather than a truly global mechanisms of
assessment, management, and decision making. Representatives of the special-
ized UN organizations such as the WMO expressed reluctance to cede authority
to an embryonic agency, especially when existing monitoring projects (such as
the WMO’s GARP program and the WMO Integrated Global Ocean Station
System [IGOSS]) had been running satisfactorily for several years and would
continue to do so irrespective of GEMS.®* Ambition-driven rivalries are not
uncommon in the world of international agencies, but in this case conflicts were
exacerbated by the fact that despite its headquarters being in Nairobi and its mis-
sion embracing the developing world, sponsorship of the UNEP program came
almost entirely from the US administration and the governments of another few
developed countries.®® It was thus difficult to envision GEMS as a sufficiently
autonomous institution to warrant an overarching role within the existing insti-
tutional landscape.

GEMS was approved in 1972 and monitoring operations begun in 1976,
after substantial planning discussions. Drawing on the SCOPE report, UNEP
established five monitoring programs: on climate, long-range transport of pol-
lutants, health-related, ocean-related, and on terrestrial resources.®® The UNEP
Intergovernmental Meeting on Monitoring that took place in Nairobi in 1974
further refined these goals, also listing the pollutants to be monitored in a spe-
cific “order of priority.”®” But this was an order of priority that did not align
with the SCOPE study in prioritizing, for instance, the monitoring of rapidly
rising carbon dioxide levels and their effect on climate, doubtless recognizing
the consequences of any action to reduce its levels globally for industrialized
nations.®® From 1976, more specific programs were set up concerning the collec-
tion of data on the air (GEMS/Air), water (GEMS/Water), and the food chain
(GEMS/Food). The data collected were processed under the responsibility of
one or several organizations, depending on the program concerned.’
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In 1975 UNEP made available to the GEMS a Programme Activity Centre
(PAC) in Nairobi and appointed the former secretary of UNSCEAR, the Italian
geneticist and epidemiologist Francesco Sella, as GEMS director.”® The PAC,
however, was woefully understaffed—a decision that necessarily limited GEMS’s
potential ambitions, to the relief of other UN agencies. GEMS would primarily
be collecting information from existing UN and non-UN monitoring agencies
rather than creating new ones. In particular, GEMS would routinely interact and
exchange information and data with the International Atomic Energy Agency,
World Health Organization (WHO), WMO, UNESCO, and FAO.”! Through
the Information Referral System, GEMS could also examine data available to
ICSU’s World Data centers.”?

Existing US monitoring and science-policy organizations thus played promi-
nent roles in the GEMS activities. For instance, the chief source of data on
pollution in the GEMS climate-related monitoring program was the WMO
Background Air Pollution Monitoring Network (BAPMoN) housed in the US
EPA. This brought the US National Oceanic and Atmospheric Organization
(NOAA) into the project, aside from UNEP.”? While NOAA would contrib-
ute substantially to GEMS’s monitoring program, other US agencies would
took responsibility for reviewing it. For instance at the request of the US State
Department, the International Environmental Programs Committee of the US
National Academy of Sciences organized a conference on October 9-11, 1975,
to assess the GEMS project.”* The proceedings, financed by the Rockefeller
Foundation, were published in the report Design Philosophy for GEMS.”> The
following year SCOPE published a second report on GEMS.”¢

By then however, criticism was about to surface on GEMS activities because
of this overreliance on UN and US organizations that effectively reduced the
space for contributions from other countries. Although the GEMS projects did
not face lack of funding as such, by the end of the 1970s there were clear con-
cerns that global economic problems would pose the biggest risk to monitoring
of global environmental problems—even if the ostensible rationale was to aid
human development. The surge in oil prices that followed the 1973 Arab-Isracli
War catalyzed an economic crisis in the West that in turn made spending on
environmental diplomacy and monitoring less politically appealing. By the end
of the 1970s the United States had pushed for a reduction in direct contribu-
tions to international organizations and the targeting of specific, carefully nego-
tiated, programs. US scientists involved in the GEMS now urged those nations
sponsoring UNEP to make sure that “it maintains a catalytic capability by not
exhausting available funds to support programs.”””

The threat of further funding cuts, in addition to the existing squeeze on
resources and pressure to focus on existing systems, reinforced the need for
GEMS administrators to make use of existing surveillance networks that had
been established during the Cold War. Monitoring of atmospheric pollution
was carried out through the WMO’s World Weather Watch (WWW) service.
Dating back to 1963, the WWW had envisioned the concept of a global weather
monitoring system comprising stations across the globe and satellites. As Clark
A. Miller has argued, WWW was both a means of knowing the earth and a
means of keeping up to date with the enemy by enabling meteorologists from
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the superpowers to meet and gauge of their respective capacities.”® Likewise, a
planned GEMS assessment of natural disasters (earthquakes and tsunami) aimed
to make available risk maps for national and local authorities dealing with these
disasters, but used a typical Cold War monitoring device for this purpose. The
project entailed collecting information from the Worldwide Standardized Seismic
Network (WWSSN), the global system of seismic stations that was conceived to
monitor Soviet nuclear tests (and secretly sponsored by the Vela Uniform project
that Frosch directed).”’

When GEMS did not turn to traditional Cold War monitoring systems, its
data collection strategy showed some naiveté, and from the late 1970s it came
under closer scrutiny. By 1977 70 governments has registered to the IRS, thus
gaining access to data and agreeing to supply information to partners. Training
workshops had also taken place in 154 countries.? The proponents of the
monitoring program hoped to achieve a global reach, but openly stated that
“monitoring implies participation of many nations without regard to their stage
of economic development [emphasis mine],” believing it possible for countries that
were fragile economically and scientifically to take part. They also hoped to
access local data regardless of the existence of competing local, national, or even
international programs.3! This approach was soon revealed to have critical limi-
tations. For instance the section of the program GEMS/Air devoted to monitor-
ing industrial pollution, which was also housed at the EPA, failed to take oft due
to the lack of data on the industrial sites selected. The EPA ended up using other
data put together at the WHO office in Geneva instead, but, as one UNEP criti-
cal review later pointed out, the sites often bore “no relation to environmental
monitoring networks within a country.”®? In 1977, law expert John W. Head
thus emphasized that the GEMS’s assessment function consisted of “a categori-
zation of its responsibilities and the completion of a few specialized studies” and
concluded that GEMS “apparently achieved very few of its stated goals.”83

This criticism was responsible for the significant redefinition of GEMS’s
activities that began in the 1980s. In 1978 Michael D. Gwynne was appointed
in the PAC and he would rise from the ranks to soon become deputy director
and then, from 1989, GEMS director. Less familiar than Sella with the UN
bureaucracy (he had worked for FAO from 1973) and much closer to the affairs
of African countries, Gwynne helped GEMS to focus much more on ecological
matters. Gwynne, a British graduate of Oxford University, had worked in Kenya
from 1959 and conducted extensive research into crop production and land uti-
lization.?* Almost from the start Gwynne’s task was to manage GEMS through
a time of potential crisis, since widespread criticism of the GEMS activities even-
tually urged its backers to think about its future. At its seventh session, the
UNEP governing council requested that Sella convene a group of government-
designated experts to consult on the GEMS “mechanisms and procedures for
conducting environmental assessments.”8® At a meeting in Geneva in November
1979 this group drew up a detailed plan of actions that effectively led to a new
phase in the history of global environmental monitoring—one conditioned not
only by the emergence of ecological science and environmental consciousness,
but by the politics of international organizations and the powerful legacy of
Cold War geophysical surveillance mechanisms.
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Conclusions

Once the GEMS was made operational, it exemplified a science-based approach
to environmental problems that drew heavily on preexisting monitoring systems
laid out during the early Cold War years. The implementation of GEMS was
a further step in the development of the technical systems for environmental
monitoring that constructed the entire earth as a subject of research and inves-
tigation. In over 30 years of functioning, the system has collected an impressive
volume of data on the state of the earth’s atmosphere, water, air, and forests.
It has been mobilized under five large programs corresponding to types of
pollution or themes, whose importance is recognized by the United Nations
Environment Programme.

GEMS is thus a constituent part of the global environmental regime that was
set up from the late 1960s. By examining it we see that globalization, based partly
on this regime, is at once scientific, institutional, and political. It has been marked
and shaped, in the GEMS case in particular, by technology and geopolitics, which
continue to determine all environmental activities at international level. The case
of GEMS shows that, even after the end of the Cold War, the observation of envi-
ronmental pollution and the definition of environmental policy are still shaped
not only by observation techniques and techniques for collecting and processing
data, but also by the geopolitical stakes involved in monitoring and controlling
territories, and in the construction of political hegemony.

While the principle of GEMS was laudable, the manner in was initially exe-
cuted was problematic. Its origins lay in the environmental concerns within the
rich world—middle-class American readers of Silent Spring rather than impover-
ished residents of the developing world. The asymmetries in power between the
rich world and the rest were inescapably inscribed upon GEMS. Such a link was
particularly clear given the association between national wealth and ideological
authority, especially in Western capitalism but also the industrialization-wor-
shipping Soviet Bloc. Given that so much Cold War monitoring had its origins
in the race to secure an advantage over enemy states, who could blame represen-
tatives of the states on the receiving end of surveillance conducted by others for
being skeptical?

This chapter has shown how critics of GEMS emphasized its limitations and
at times commented harshly on its shortcomings. But at the core of the problems
lay the inequality of scientific and financial means between the world’s states,
which prevented GEMS from truly serving the global population it was intended
to aid. This disparity was a legacy of events such as the IGY, which established
international collaboration in the geosciences as global in terms of the spaces
placed under surveillance, but less so in terms of the individuals and institutions
that conducted the research. Specialized communities, technical networks, and
data processing capabilities where concentrated within a small number of states,
almost all outside the Non-Aligned world. Even the collection of data within
their own territories was beyond the means of many states.

This inequality was difficult to reconcile with the stated aims of UNED and the
promoters of GEMS, who wanted to obtain the participation of as many partici-
pants as possible in environmental monitoring activities. Ownership of the means
of surveillance would open the door to the conflict of interest problems mentioned
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above, but also to a potential strengthening of the grip developed nations held on
the developing world by using their lack of scientific and technical capacity as a
reason to entrench a postcolonial authority over those states could develop.

One might ask whether the initial curse of GEMS, its inability to do much
more than simply bring together projects that already existed, turned into a
blessing when the independence of those projects ensured that a decline in fund-
ing for GEMS specifically did not kill the network of monitoring projects already
underway, from the atmosphere to the oceans and the food cycle. And yet this
chapter shows that the solution was hodgepodge: reliant upon existing monitor-
ing programs from the Cold War and insufficiently resourced to pursue new and
ambitious research with a distinctive environmental sentiment.

GEMS is reliant upon observation and monitoring techniques, as well as
the availability of a volume of data unprecedented in history, that would not
be possible without the significant investments of states engaged in strategic
surveillance during the Cold War. The sense of environmental consciousness
that produced the Stockholm Conference, UNEP, Earthwatch, and eventually
GEMS was a necessary but not a sufficient condition for the development of
modern global environmental monitoring, which ought to be considered as a
political in addition to a technical infrastructural phenomenon. GEMS contin-
ues to thrive and the organizations that have been pivotal to its establishment
and development—the WMO, the UNEP, the ICSU, and the SCOPE—have
more recently embarked on the far more ambitious project of tackling climate
change, also establishing a monitoring and assessment mechanism to provide
recommendations to policymakers: the Intergovernmental Panel on Climate
Change. The fortunes and perils of global environmental technocracy and man-
agement have not been consigned to history, but are due to stay with us for the
foreseeable future. The infrastructure persists.
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Chapter 10

What Was Whole about the Whole Earth?
Cold War and Scientific Revolution

Robert Poole

In 1948 the astronomer Fred Hoyle speculated what the Earth would look
like from space, and predicted: “once a photograph of the Earth, taken from
outside, is available, we shall, in an emotional sense, acquire an additional dimen-
sion...once let the sheer isolation of the Earth become plain to every man what-
ever his nationality or creed, and a new idea as powerful as any in history will be
let loose.” In 1970 he found himselfin a position to reflect upon his prophecy.

Well, now we have such a photograph, and I’ve been wondering how this old predic-
tion stands up. Has any new idea in fact been let loose? It certainly has. You will have
noticed how quite suddenly everybody has become seriously concerned to protect the
natural environment. Where has this idea come from? You could say from biologists,
conservationists and ecologists. But they have been saying the same things now as
they have been saying for many years. Previously they never got on base. Something
new has happened to create a world-wide awareness of our planet as a unique and
precious place. It seems to me more than a coincidence that this awareness should
have happened at exactly the moment man took his first step into space.?

Hoyle placed first the whole Earth photographs firmly in a technological rather
than an environmental context. The space program, despite its orientation
defined by the surveillance imperative, allowed ordinary citizens to share an
objective view of the Earth as an object in the solar system previously attained
only by scientific thinkers: the revolution was technological, not ecological. The
Apollo Earth photographs have often been seen as a technological windfall for
an environmental movement that was unprepared for it but rapidly recognized
its significance.? In Thomas Kuhn’s model, a scientific revolution is a “change
of world view,” which follows a period of intellectual struggle within an existing
model that no longer fits the observations. Here, it seems, the new world view
arrived first and the rethink followed.*

Hoyle’s judgment that the whole Earth pictures had a powerful impact has
been widely shared. The Apollo “Blue Marble” Earth has been called both “the
most influential scientific photograph ever taken” and “the most influential envi-
ronmental photograph ever taken” (see Figure 10.1).> Donald Worster writes that
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Figure 10.1 The famous “Blue Marble” picture taken from the crew of Apollo 17 on 7
December 1972

Source: visibleearth.nasa.gov.

the image of Earth from space came as “a stunning revelation” that nourished
the young discipline of ecology.® Betty Jean Craige, biographer of the ecologist
Eugene Odum, finds that the surge of interest in ecology at the end of the 1960s
was stimulated by the first distant views of the Earth from space: “From the
perspective of the Moon, human beings were indistinguishable components of
the indivisible biosphere. The sight of the blue planet spinning in space alerted
its inhabitants to its vulnerability and reminded us of our dependence on its sta-
bility...Americans turned to ecology.” J. R. McNeill and Corinna Unger have
argued that satellite photography of the Earth “fostered a rediscovery of organic
thinking and the emergence of deep ecology,”” and Erik Conway states that the
Apollo Earth photos “became the root of a global environmental consciousness.”®
Several articles and even whole books have been written attempting to analyze
and explain this phenomenon.” The Apollo years of 196872 coincided with
rise of the modern environmental movement and also with the run-up to the
UN Conference on the Human Environment in Stockholm, the first “Earth
Summit,” providing a context in which the two were likely to be linked.

At the same time it has to be recognized that the first whole Earth photo-
graphs did not, as it were, drop out of a clear blue sky. There had been a period
when number of thinkers had been dissatisfied with the divided understanding
of the Earth’s dynamic processes produced by the separate scientific disciplines.
As Worster writes:

The view of the Earth as organism was an old one, going back into prehistoric cul-
tures, but it was reborn in the modern age, and ironically the image of an ailing but
ancient organic planet came from the highly polished lens of a mechanical camera
carried aloft in a mechanical spaceship.!?
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In the nineteenth and twentieth centuries, individual investigators with
unusual powers of vision had conceptualized the Earth as an integrated whole.
“The field of the Geologist’s inquiry is the Globe itself,” declared the British
geologist William Buckland (1784-1856).!! Reading Alexander von Humboldt’s
encyclopedic work of natural history Cosmos (1845-58), Laura Dassow Wild
comments: “In mind’s eye, Humboldt saw Earth as Sagan’s generation learned
to see it: a blue globe above, alone, an astonishment in the black abyss of space.”
Humboldt’s original title had been Gaia.!? In the late nineteenth century the
Swiss biologist Eduard Suess, in coining the term “biosphere,” imagined gazing
from space at “the face of the Earth.” Alexander Vernadsky, popularizing the
term in the 1920s, also imagined studying the Earth from space as “a harmoni-
ous integration of parts that must be studied as an indivisible mechanism.”!3
The work of Suess and Vernadsky helped bring into being a compound field of
science known for a time as “biogeochemistry,” which resurfaced in the work of
James Lovelock in the 1960s and 1970s. Lovelock formulated the Gaia hypoth-
esis, that the Earth as a whole behaved as a self-regulating entity, after concep-
tualizing the Earth from the outside, and felt that the Apollo pictures when they
arrived confirmed and deepened his view.'* While they might rhetorically have
resembled long-standing organic philosophies, all of these interpretations of the
dynamic workings of the planet were based on interdisciplinary investigations
that challenged the distinction between the life and the non-life sciences.

In the postwar decades, there appeared for the first time planetary-scale
research to match these planetary-scale hypotheses, thanks to the military
research programs of the Cold War. The Pentagon had declared in 1961: “[the]
environment in which the Army, Navy, Air Force, and Marine Corps will oper-
ate covers the entire globe and extends from the depths of the ocean to the far
reaches of interplanetary space.”® These programs supported not only surveil-
lance-driven space exploration programs but also a huge growth in what have
since become known as the Earth sciences. The environmental sciences and
even environmentalism were the beneficiaries of these programs long before the
apparent windfall of the whole Earth photographs, which were the product of
the Cold War space race. As Michael Aaron Dennis puts it: “going about the
task of understanding how to destroy the enemy, the Earth sciences produced a
new picture of the Earth and its complexities.”® Joseph Masco, enlarging on the
work of Paul Edwards, writes that: “the Cold War nuclear project enabled a new
vision of the planet as an integrated biosphere [ ... ] a new vision of the globe as
an integrated political, technological and environmental space.”!” This begins
to sound like a change of world view, which anticipated the images of the Earth
from space. So, were the first whole Earth images just incidental pictures, after-
ward conscripted into the service of various versions of globalism and environ-
mentalism? Or were they themselves products of scientific globalism, historically
connected with the themes and discoveries that they were held to represent? Was
there anything in the Cold War Earth sciences that corresponded to the holistic
claims made about the Earth in the aftermath of those first photographs from
space? In short, we have to ask: What was whole about the whole Earth?

This chapter attempts a kind of high-altitude survey of planetary concepts
and models in the Cold War Earth sciences, broadly defined, in four sections.
Any account of the global Earth sciences has to begin with the International
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Geophysical Year (IGY) of 1957-8. This is followed by an overview of what
seems (at least to this nonspecialist) to amount to an Earth sciences revolu-
tion, singling out geodesy, plate tectonics, and atmospheric science. Thirdly,
attention shifts to the related fields of cybernetics, systems theory, and ecology.
Here, it is argued, there occurred the key development in scientific whole Earth
thinking: the convergence of biological and nonbiological models. This leads
into a fourth section on James Lovelock’s Gaia hypothesis, which related to and
anticipated both orthodox planetary science and the first pictures of the Earth
from space. Like a space-age version of Newton’s windfall apple, the image of
the whole Earth fell ripe from orbit in full view of a scientific public ready to
receive it.

The International Geophysical Year

Geophysics has been described as “the area of science in which the whole Earth
is the laboratory and nature conducts the experiments,” and the IGY was pre-
sented as “the world studying itself.”!® Experiments were conducted on a global
scale to explore the electromagnetic radiation in the atmosphere, the solar storms
through which the planet occasionally passed, the cosmic rays reaching the sur-
face, the temperature, pressure, and chemical composition of the atmosphere,
the global circulation of both atmospheric and ocean currents, the dynamics of
the “energy balance” as the Earth simultaneously absorbed and radiated solar
heat, the topography and seismology of the sea bed, and the extent and nature
of the polar ice caps. The now-global phenomenon of nuclear fallout was studied
from a planet-wide network of monitoring stations. Through its sheer scale, the
IGY fostered an understanding of the Earth as a set of integrated systems.!? As
yet there was no camera stationed beyond the atmosphere but several “world
days” of simultaneous observation offered what amounted to “a snapshot of the
Earth.”?0

It would be a mistake to project back onto the IGY a whole Earth concept
which was developed later. It took place at a period when understanding of the
Earth was most commonly associated with surveillance, exploitation, and con-
trol, and when the despoliation of the global environment was decisively acceler-
ating, a phenomenon that has been diagnosed as “1950s syndrome.” There were
proposals to use atomic explosions to dig a new Panama Canal, melt the arctic
icecap, and destroy the newly discovered van Allen belts.?! When a stratospheric
nuclear test did seriously disrupt the Earth’s electromagnetic field, the New
York Times science correspondent welcomed it as “an intellectual triumph...an
experiment that enveloped almost the entire planet.”?? The IGY project had a
contentious Cold War history, which belied its idealistic aspirations. Even its
global icon, which incorporated zones of both day and night, seemed to mirror
the divided world in which it took place.??

Yet, as so often during the Cold War, divisive forces generated unifying
visions which acquired a life of their own. President Eisenhower’s promotion of
the IGY as “a striking example of the opportunities which exist for cooperative
action among the peoples of the world” may have been a maneuver in the Cold
War but it drew upon a widespread ideal that science could provide “the com-
mon language of mankind.” One of the IGY’s most important consequences
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was the 1961 Antarctic Treaty, which (albeit for geopolitical reasons) suspended
national claims to sovereignty and declared the continent an international res-
ervation for science.?* The Antarctic Treaty in its turn became a model for the
1963 nuclear test ban treaty, which has been described as “the first global envi-
ronmental treaty,” and for the 1967 Outer Space Treaty, which declared outer
space to be “the province of all mankind.”?® Although clandestine Cold War
ambitions often lay behind such treaties, their adoption of legislation extending
to the whole Earth entailed an enhanced understanding of human stewardship
of the natural world. The systems for global scientific monitoring which were
established were of great long-term significance. The CO, measuring station in
Hawaii and the polar research bases set up during the IGY were eventually to
provide conclusive evidence for climate change on a planetary scale. The IGY
gave a decisive push to the convergence of the Earth sciences, which yielded
important insights into the interdependence of the Earth’s natural systems.

One thing that the IGY lacked was an actual image of the Earth. The US
National Academy of Sciences issued a lavishly produced booklet entitled Planet
Earth: the Mystery with 10,000 Questions complete with six specially commis-
sioned color posters representing the different scientific fields, each incorporat-
ing an image of the Earth. Before the space age, however, all of these images
were necessarily schematic.?® The most naturalistic of the posters incorporated a
painting of what appeared to be the whole Earth commissioned by the chief US
meteorologist Harry Wexler. On closer inspection, it showed weather systems
over North America converted into a globe through a fish eye lens effect, but its
depiction of land, water, and clouds, without any of the traditional geographical
grids and boundaries, was innovative. Wexler had been inspired by the earlier
V-2 pictures of the curving planet, and perhaps too by the experimental color
photographs of North America taken in 1954 by the Aerobee sounding rocket.
His own concern was with the details rather than the whole: “by a bird’s-eye
view of a good portion of the Earth’s surface and the cloud structure,” he wrote,
“it should be possible by inference to identity, locate, and track storm areas
and other meteorological features.”?” When Life magazine published an issue
titled “A New Portrait of our Planet,” on the IGY’s findings, its cover featured
an image of a cloudless geographic globe.?® It is an interesting counterfactual
exercise to consider what the impact of the IGY’s survey of the Earth would have
been had the Apollo whole Earth pictures been available a decade earlier.

The coming of the space age provided the technology to continue the IGY’s
program Earth sciences at a new level, but at the same time it shifted attention
from the exploration of the Earth to the exploration of space. The launch of
Sputnik in October 1957, although presented as part of the Soviet IGY effort,
created an association between space and national security that dominated the
15 years of the first space age (1957-72) and hampered the kind of coopera-
tion upon which the IGY had been built. Cold War priorities affected not only
space technology but less obviously contentious areas such as oceanography,
where genuinely international activity was replaced by (at best) intergovernmen-
tal cooperation with a secondary brief of “casing tensions.”?® NASA itself had
been founded during the IGY as a civilian agency (albeit one sustained by exten-
sive “black” programs funded by the Department of Defense), with a brief that
included study of the Earth, but the order in 1961 to race the Soviet Union to
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the Moon ensured that the US space program faced away from the Earth for
most of the 1960s and 1970s.

The IGY model of a synoptic project to study the Earth was taken up by
biologists and ecologists in the International Biological Program (1964-74).
The diversity of the biological sciences however made a single focus impossi-
ble to achieve, and when a theme was settled upon — ‘the biological basis of
human productivity and welfare’ — it provided a focus only for disagreement.
Oceanography and the emerging field of ecosystems ecology had unifying ambi-
tions but these foundered on resistance from more traditional biologists who
regarded big science as a ‘contagion’ and a ‘disease.” Half-way through the pro-
gram, however, a group of ecologists set up a Global Network of Environmental
Monitoring, which was adopted by the International Council of Scientific
Unions SCOPE Commission, and thence by the 1972 UN Conference on the
Human Environment—the first Earth summit.3° Notwithstanding the reserva-
tions of many biologists, it was to be the coming together of the physical and
natural sciences that would generate a new understanding of the Earth as whole
as the climactic years of the space age coincided with the environmental renais-
sance of the late 1960s and early 1970s.

Thus it was that during a formative period for the Earth sciences NASA suf-
fered from institutional Earth blindness, only occasionally disturbed by second
thoughts. This helps to account for the space agency’s notable lack of prepara-
tion for the first views of Earth from space, and the sense of incongruity and
surprise that accompanied their arrival. But while NASA turned its corporate
back on the Earth, advances in the Earth sciences in several fields were con-
structing models of the planet which meant that, ironically, other parts of the
scientific community were better prepared than the space agency for the sight
of the whole Earth.

The Earth Sciences Revolution

During the 1950s and 1960s the physical Earth sciences were expanding their
observations and models to a global scale, putting together large-scale observa-
tions and measurements to develop an understanding of the Earth’s systems on
a planetary level on the back of military programs. This section will survey three
such fields: geodesy, plate tectonics, and meteorology and climate.

In the 1960s one lesser-known discipline provided an unseen image of the
Earth: geodesy, the exact measurement of the shape of the planet, or geoid. This
was, according to its historian John Cloud, a planetary enterprise that provided
“one of the most important intellectual achievements of the Cold War.”3!

Geodesy had become a pressing practical problem with the advent of long-
range ballistic missile. The hoard of maps scized from Germany at then end of
the war had revealed discrepancies of hundreds of meters between national maps
prepared from different reference points—enough to make a decisive difference
in the targeting of long-range missiles, as the V-2 program had discovered to
its cost. The problem was that the Earth’s shape was neither a globe nor even
regular, as assumed by cartographers, owing to the combination of the flat-
tened shape caused by the planet’s rotation and the irregular distribution of land
masses. The exact shape was difficult to measure since conventional methods
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relied upon gravity, whose force varied with the radius of the Earth. The rela-
tionship between gravity and radius, however, was not constant, varying in its
turn according to the mass and density of the Earth at the point of measure-
ment. Ingenious attempts to measure the shape of the Earth independently of
gravity by taking highly accurate photographs of the stars in relation to the
Moon and the Earth had not quite come off.3? The coming of the satellite made
it possible to measure the geoid independently of gravity.

The image of the geoid remained invisible partly because it was constructed
from a variety of nonvisual data and partly because it was obtained through the
US Department of Defense’s satellite surveillance programs, which remained
a military secret until after the end of the Cold War. Between 1960 and 1972
the CORONA satellite network took high-altitude photographs of the Earth,
parachuting the cameras back to Earth in reentry capsules which were caught
in mid-air by cargo planes equipped with nets. The pictures were reconciled
with German and Soviet geodetic charts and correlated against other satellite
observations from the Department of Defense’s World Geodetic System. One
Department of Defense satellite, named DODGE, produced the first color pic-
ture of the whole Earth as early as August 1967, a low-resolution television image
taken through colored glass filters. Although it prompted one of the first ever
color printings of a major newspaper and made its way into National Geographic,
the DODGE Earth photo made little impact compared with the more natural-
istic Earth images that were soon to follow.3® The accurate reconstruction of
the geoid was significant for the whole Earth in another way for, writes Cloud,
it involved “a great re-convergence of the now disparate disciplines of astron-
omy, geodesy, geography, geology, cartography, photogrammetry, and geophys-
ics.” The processes behind this clandestine development of an invisible image
of the Earth thus paralleled the convergence of the Earth sciences happening
elsewhere.?* Geodetic measurements were also important for the manned space
program. As Cloud puts it, nicely reversing the more familiar Earthrise story,
“reaching the Moon required first discerning the Earth.”%

For geologists the Earth came to life in the 1960s as a synthesis of work
in geology, seismology, oceanography, vulcanology, and studies of the Earth’s
magnetic field came together in the discipline of plate tectonics. Ever since Lyell,
the orthodoxy had been that geological processes were extremely gradual. The
continents were essentially static, modified incrementally over eons by slow pro-
cesses such as upheaval, sedimentation, and erosion, with limited local assistance
from earthquakes and volcanoes. Lyell’s views in turn conditioned Darwin’s
model of evolution as a steady accumulation of small variations, although it
is worth noting that Darwin, having experienced earthquakes, found himself
“impressed with the never-ceasing mutability of the crust of this our world.”3¢
In the late nineteenth century the Swiss geologist Eduard Suess, impressed by
the evidence for rapid geological upheavals, had challenged but not dented the
static Earth orthodoxy. The early twentieth-century German meteorologist
Alfred Wegener had put forward a theory of continental drift, but in the absence
of a plausible mechanism or even a coherent set of measurements his ideas were
widely rejected.?”

After World War II the US Navy became the major patron of oceanography,
transporting scientists around the world’s oceans to develop new technologies



220 ROBERT POOLE

of measurement. Deep-sea topography mapped the boundaries of the conti-
nental shelves, which revealed a much better fit between continents than the
visible coastlines. Investigations of the ocean floor revealed a “world-girdling”
system of ocean ridges and rifts ripe for further exploration during the IGY.?8
Surveys of thermoclines, prompted by the need to understand how they altered
sonar signals, yielded evidence of high heat flow in geologically significant pat-
terns: at the mid-ocean ridges new rock was emerging as magma.?® Meanwhile
the World-Wide Seismography project, designed to detect underground nuclear
tests and to distinguish them from earthquakes, provided a kind of x-ray of the
Earth. It revealed that earthquakes were clustered along the boundaries where
continental plates slowly moved under or past each other.*® The final piece in the
jigsaw was provided by studies of the magnetism of the ocean floor, arising from
the military need for accurate magnetic navigation. This revealed barcode-style
patterns of magnetic stripes imprinted on the emerging magma as it solidified,
evidence of successive reversals of the Earth’s magnetic poles. This calibrated
the spreading sea floor over time and enabled mobile plate boundaries to be
matched and mapped. Through a series of international conferences and high-
profile discoveries in the years 1962—-66 there emerged a unified account of plate
tectonics, amounting, in the words of one participant, to a “revolution in Earth
science.”! In a related development, the US Navy’s investigations into deep-sca
listening posts led to the discovery of deep ocean vents and of new forms of life
based on chemosynthesis rather than photosynthesis; undersea geology was con-
necting with the life sciences.*?

The dynamic view of the Earth’s geology was associated with visual thinking.
Eduard Suess in his 1885 book The Face of the Earth had imagined the Earth as
it appeared to a visitor from space, “pushing aside the belts of red-brown clouds
which obscure our atmosphere, to gaze for a whole day on the surface of the
Earth as it rotates beneath him”.#? Richard Fortey comments that with seismic
mapping of the ocean floor “it was possible to look at the whole Earth for the
first time”. In October 1967, just as the first color satellite photographs of the
whole Earth were appearing, National Geographic began publishing a series of
color maps of the ocean floors, crafted to show rifts and mountain ranges, con-
tinental shelves, and mid-ocean ridges. Widely used in schools and colleges, such
maps conveyed a sense of the planet as a single geological entity.** When in the
carly 1970s the cell biologist Lewis Thomas put into words his response to the
first whole Earth photos, he had plate tectonics very much in mind: “If you had
been looking for a very long, geologic time, you could have seen the continents
themselves in motion, drifting apart on their crustal plates, held aloft by the
fire beneath. It has the organized, self-contained look of a live creature, full of
information, marvelously skilled in handling the sun”.*®

Even more than studies of continental plates and oceans, study of the atmo-
sphere involved global model-building. In the late 1940s the head of the US
Weather Bureau Harry Wexler had given a contract to the Lowell Observatory
to try and understand the general circulation of the atmospheres of Mars and
Venus, but astronomers were not able to see well enough.*® The IGY of 1957-8,
wrote Walter Sullivan, had brought an awareness that the planet was surrounded
by a single “ocean of air...one great, mobile reservoir covering two-thirds of
the globe and carrying, within its deep, slow currents, the seeds of latent climate
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change that might destroy existing civilizations and make possible new ones.”
The comment now appears prophetic, but at the time studies of the atmosphere
were driven primarily by meteorology and the desire for better weather forecast-
ing. As Sebastian Grevsmiihl shows in this volume (chapter 8), it took some time
for meteorologists—even the globally minded Harry Wexler—to see satellites as
more than just a better method of observing existing weather systems, although
the satellite perspective of the Earth’s atmosphere from the outside did lead to
new classifications and insights. Big-picture thinking about the dynamics of the
planetary climate as a whole, over time scales much longer than those of ordi-
nary weather forecasting, emerged more gradually.

From the beginning, the World Meteorological Organization, conceived by
the UN in 1947 and founded in 1951, aimed to study the Earth as a single
physical system.*” Advances in computing led to the first general circulation
models of the atmosphere in the mid-1950s, supplemented by visual monitor-
ing from the TIROS satellite series from 1960 onward and the first satellite TV
weather pictures from NIMBUS in 1964. At first it was hoped that the sight
of weather systems from orbit would lead to much longer-range forecasts, but
the see-and-predict model produced disappointing results. Television pictures
proved intractable and were soon abandoned, and even when a global network of
seven satellites was set up in the 1970s they could not improve upon the existing
five-day forecast horizon. This in turn prompted the development of the math-
ematics of complex systems, which gave rise to chaos theory. The key insight
here was that while small changes in one part of the atmosphere could give rise
to large changes in another part, this did not happen in any consistent way: what
could be modeled in principle could not be predicted in practice. As Edwards
explains: “conceiving weather and climate as global phenomena helped promote
an understanding of the world as a single physical system.” This, however, was a
complex process mediated by layer upon layer of data processing and modeling
procedures; there was no sudden rise in awareness.*® While the work of meteo-
rologists involved some of the first truly global datasets, they were using global
tools for local purposes; even when instrumental in securing photographs of the
whole Earth from space they were unable to see the Earth for the clouds.*’

For all the impulse that meteorology gave to global atmospheric modeling,
fully integrated study of the global atmosphere was stimulated by environmental
concerns. An early instance of this was provided by the international network of
monitoring stations to measure the levels of radioactive carbon in the atmosphere
from nuclear bomb tests. This made possible the 1963 Partial Test Ban Treaty,
which Edwards describes as “not only [ ... ] the first global environmental treaty,
but also [ ... ] the first to recognize atmosphere as a circulating global commons
that could be directly affected on the planetary scale by human activities.”*® The
next major push came with the four-year program of preparations for the 1972
United Nations Conference on the Human Environment in Stockholm: the first
Earth summit. While the Apollo photographs of 1968-72 are the most famous,
distant images of the whole Earth began to appear in the late summer of 1966
while stunning orbital photographs taken from outside the capsule by spacewalk-
ing Gemini astronauts had begun to appear in mid-1965. These helped build pub-
lic support for the creation in 1966 of the Earth Resources Observation Satellite
program (EROS), which eventually developed into the Landsat program.®!
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Concerns raised in both the UN and the WMO about the effect of CO,
and chlorofluourocarbon (CFC) emissions on the climate created a need for
global data sets in order to filter out long-term “signals” of climate change
from short-term “noise” of natural variation. In 1970, at the instigation of
the UN, Massachusetts Institute of Technology (MIT) produced its Study of
Critical Environmental Problems, with follow-up reports in 1971 and 1972. The
long-delayed Global Atmospheric Research Program was developed during the
1970s, with NASA at last adopting the program; the last Nimbus weather satel-
lite (1978-84) was modified to detect atmospheric pollution, yielding data for
the first maps of the global biosphere. In 1980 NASA put together 20 months of
data on the distribution of marine phytoplankton in the oceans collected by the
Nimbus-7 satellite’s Coastal Zone Color Scanner with three years of observations
of land surface vegetation from the National Oceanographic and Atmospheric
Agency (NOAA-7) satellite to produce what it called “the first composite image
of the global biosphere.”

These programs culminated in 1979 with a massive global atmospheric
observation project reminiscent of the IGY. The WMO held its first global cli-
mate conference in the same year, launching the World Climate Program of the
1980s, which in turn led to the establishment in 1988 of the Intergovernmental
Panel on Climate Change and the vast programs of scientific and political activ-
ity which followed.>? In the end, as Edwards puts it: “meteorology was only one
part of a larger project in constructing a global panopticon.”®® Thus, idealized
models of the Earth first developed for meteorology soon became bound up
with the emergence of concerns about the planetary environment as a whole.
These concerns were inspired in part by the first views of the Earth from space,
and they fostered an interdisciplinary understanding of the planetary climate.

Ecology and Ecosystems

An image of Earthrise from the Moon formed the frontispiece the 1971 edi-
tion of Eugene P. Odum’s foundational textbook Fundamentals of Ecology. It
was described in the caption as a photograph of Earth at “the biosphere level.”
Odum, described by Joel Hagen as “the philosophical leader of modern ecosys-
tem ecology,” liked to compare the Earth to a space capsule, in that the inhab-
itants of both were part of a closed ecosystem, mutually dependent upon each
other and upon their environment in order to survive. The parallel had occurred
to him when the Apollo 13 accident, which left three astronauts struggling for
survival as they gazed down upon their own receding planet, occurred around
the time of the first Earth Day in 1970. As the astronauts urgently tried to
understand what had gone wrong with the space capsule in order to save it,
Odum mused that the situation was not so different on Spaceship Earth: “Our
global life-support system that provides air, water, food and power is being
stressed by pollution, poor management, and population pressure.” He kept a
poster of the Apollo 8 Earthrise on his study wall.>* For Odum in 1971 ecology
entailed both the study of the interacting forces at work within and between spe-
cies in nature and a philosophical commitment to the principles of group selec-
tion and “coevolution” (or “reciprocal selection”). As Odum emphasized in his
preface, “the holistic approach and ecosystems theory [ ... ] are now matters of
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world-wide concern,” applicable to human survival and environmental stability
as well as to understanding of the natural world.%®

There are so many overlapping ideas here, jostling for position around the
still-fresh image of the whole Earth, that it is difficult to know where to begin
unraveling them. They are perhaps most familiar from ecological and counter-
cultural activism but for that reason the links with science are perhaps less clearly
appreciated, at least outside the specialist literature. This section will look at two
areas where interaction between living and nonliving systems formed part of
orthodox science from the 1940s: systems theory and ecology. When pictures of
the Earth from space arrived in the late 1960s much of the talk was about the
Earth as a set of systems, of which humankind was (visibly) a part. The picture
was novel but the mode of thinking was well-established in two related fields
that had both been established in the mid-1940s: cybernetics (or systems theory)
and ecosystems ecology. Both, in different ways, arose out of military problems
in the war and early Cold War.

The founding text of systems theory was Norbert Wiener’s Cybernetics, or
Control and Communication in the Animal and the Machine (1948). As its title
suggests, Wiener ranged across the disciplines, developing his principles through
work on problems as apparently diverse as antiaircraft fire, the physiology of the
heart, and computing, to arrive at a general science of control. Wiener’s key con-
cept was “feedback,” the means by which a movement in one variable triggers
compensating movements in other variables and even in other linked systems.
Applicable to systems of any kind, mechanical, biological, or social, Wiener’s
work generated insights in just about every area of scientific and intellectual
endeavor. The dust jacket advertised the book as “a study of vital importance to
psychologists, physiologists, electrical engineers, radio engineers, sociologists,
philosophers, mathematicians, anthropologists, psychiatrists and physicists,”
and so it proved to be.>® Cybernetics was the most prominent product of a series
of 10 conferences on the subject held in New York between 1946 and 1951,
which attracted many leading thinkers in the natural and social sciences, eager
to be involved with what was proclaimed as “one of the major transitions or
upheavals in the history of ideas.” They ranged from associates of the RAND
Corporation seeking in systems theory a “complete science of warfare,” such as
John von Neumann, who was in the process of developing game theory into the
mathematics of Armageddon, to the anthropologist Gregory Bateson who was
seeking to put together a social science equivalent of the Manhattan project in
order to discern the deeper causes of conflict and so avert atomic warfare.’” The
processing and transmission of signals, which was the concern of cybernetics,
was also fundamental in the development of Cold War surveillance networks.

The science of systems was first scaled up to global level through the develop-
ment of world modeling (or world dynamics) in the late 1960s and early 1970s.
Buckminster Fuller’s “World Game,” originally proposed as an exhibit for Expo *67,
was played across university campuses in the United States, Canada, and Britain in the
summer of 1969 and was the subject of a supplement to the Whole Earth Catalog
in 1970. Fuller, originator of the term “spaceship Earth” and author of Operating
Manual for Spaceship Earth, envisaged that “The young may take over and oper-
ate ‘Spaceship Earth.””®® The 1972 Club of Rome report Limits to Growth—
conceived and researched during the Apollo years of 1968-72—brought world
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modeling to a mass audience, its central argument being that economic growth
was already coming up against environmental limits. Jay Forrester of MIT, the
founder of system dynamics, later recalled a conversation on a plane returning
from an international economic conference in Switzerland conference. “We
haven’t tackled the rally hard problem,” he said to a colleague. “What’s that?”
“The world.” Forrester sketched a flow diagram of the forces operating in the
planet with feedback loops, which gave the same results every time: excessive pop-
ulation growth, collapse of population and living standards, and slow recovery.>
By later standards the techniques now appear crude and simplistic, modeling
human activity with the environment appearing simply as a resource constraint.
The significance of these exercises in world modeling was that they sought to
demonstrate the interaction of science and technology with politics, society,
economy, and the environment, and that they popularized an integrated mode
of thinking about global developments. They were developed and publicized in
parallel with the development of similar modes of thinking in the Earth sciences,
and with the appearance of images of the Earth from space which showed, as no
model could, that the Earth was indeed both whole and limited.

Systems theory was also a resource for ecologists, whose discipline had run
into trouble. Ecology had grown up in the 1920s, 1930s, and 1940s, led by
the Chicago school of animal ecology, which argued for the role of coexistence
and cooperation in evolution. For ecologists, the natural world was only fully
intelligible at the level of the group or (to use a term coined in 1935) the eco-
system. This vision of harmony in nature had a powerful appeal and an affinity
with organic models of human society. Such “organicist” thinking, however, had
become tainted by its ideological associations with Nazism and by its scientific
associations with vitalism, the idea that natural processes were driven by intangi-
ble inner forces. Systems theory promised a new integral approach to understand-
ing the world, based not on intangible forces but on the measurable interactions
of a myriad individuals. It indicated a way forward for ecology that was compat-
ible with the evolutionary “modern synthesis” established in the 1940s.%°

Among the early enthusiasts for cybernetics was the ecologist G. Evelyn
Hutchinson, whose 1946 paper “Circular Causal Systems in Ecology” argued
that groups of organisms used feedback loops to maintain their state (for exam-
ple in the way that populations tend over time to maintain a viable balance
within their environments) and could be considered as self-regulating systems.
He was an early practitioner of the integrated discipline of biogeochemistry and
the champion in the west of the work of the Russian Vladimir Vernadsky and
his 1926 book The Biosphere. Hutchinson was one of the first to suggest that the
carbon balance in the atmosphere might be regulated biologically—a sugges-
tion that would later find full expression in James Lovelock’s Gaia hypothesis.®!
Among Hutchinson’s pupils was Howard T. Odum, younger brother of Eugene,
who made early use of cybernetics in a 1950 PhD which argued that ‘energy
flows’ had kept the chemical balance of the oceans constant for over millions of
years.®? Howard Odum developed a distinctively technocratic approach to ecol-
ogy—he would later write of “ecological engineering”—which appealed beyond
environmentalists to policy analysts and, in time, even economists. 3

In the 1950s Eugene and Howard Odum established systems ecology as a dis-
tinct subdiscipline. Like its cousins in the postwar Earth sciences, systems ecology
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(initially known as “radiation ecology”) piggybacked on military and atomic pro-
grams to generate insights at a global level. Eugene Odum gained grants from the
Atomic Energy Commission to do ecological research at nuclear sites, first at the
Savannah River atomic plant in Georgia and subsequently at the hydrogen bomb
test site of Eniwetok atoll in the Pacific Ocean and at nuclear test sites in Nevada.
With Howard Odum he traced concentrations of radiation through the food chain
and the environment, founding an Institute of Radiation Ecology. At Eniwetok they
were able to show that the coral reefs were stable because of the mutual relationship
of coral and algae. At the 1955 Atoms for Peace conference Odum urged that atomic
programs of all kinds should proceed cautiously until the total effects of radiation
on ecosystems were known. The Odums also pioneered the study of energy flow in
ecosystems, demonstrating that the ecosystem of the coral at Eniwetok was not only
self-sustaining but actually generated energy.®*

When the “year of ecology” was proclaimed by Time on August 15, 1969,
and the “age of ecology” by Newsweek on January 26, 1970, Eugene Odum was
featured on the covers of both along with his dictum that “all nature is intercon-
nected.” His 1953 textbook Fundamentals of Ecology, with its second edition in
1959 and its third on the way in 1971 (complete with Earthrise frontispiece), had
taught generations of ecologists and environmentalists to see the natural world
as an interconnected web of systems and prepared them to interpret the visual
revelation of the whole Earth in similar terms.®® The fundamental compatibility
of cybernetics and systems on the one hand and ecology and ecosystems on the
other lay in the way that they treated living and nonliving phenomena in similar
terms, fostering study of the links between them. Cybernetic concepts scaled
up casily to planetary level, ready to inform scientific as well as public responses
to the Apollo pictures. In the 1960s some philosophers of biology, inspired by
Gregory Bateson, proposed that living organisms could be understood not as
physical entities but as systems, whose enduring core feature was self-organiza-
tion and which in turn acted as elements of higher order ecosystems.%® Thus for
the biologist and philosopher Rene Dubos, who in 1969 was among the first
publicly to compare the Earth as seen from space to a living organism, “Earth
and man are thus two complementary components of a system, which might be
called cybernetic, since each shapes the other in a continuous act of creation.”®”
Successive editions of the Whole Earth Catalog, published from 1968 to 1972,
printed the Apollo 8 Earthrise picture, the last of them with a quotation which
reflected its editor, Stuart Brand’s, interest in cybernetics: “The flow of energy
through a system acts to organize that system.”®® When Lewis Thomas reflected
upon the image of the Earth from space, he too used the language of systems:

The most beautiful object I have ever seen in a photograph, in all my life, is the
planet Earth seen from the distance of the moon, hanging there in space, obviously
alive. Although it seems at first glance to be made up of innumerable separate spe-
cies of living things, on closer examination every one of its working parts, includ-
ing us, is interdependently connected to all the other working parts. It is, to put it
one way, the only truly closed ecosystem any of us know about. To put it another
way, it is an organism.%’

All these observations came from biologists. The suggestion that the Earth’s
complex systems were analogous to a living thing was, however, most fully set
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out by James Lovelock, an engineer and physical scientist, and it is to this larger
vision that we now turn.

The Gaia Hypothesis

“Can there have been any more inspiring vision this century than that of the Earth
from space?” exclaimed James Lovelock in his autobiography Homage to Gain.
Yet while the Apollo Earth images seemed to embody Lovelock’s understanding
of the Earth, he made clear that his own revelation of Earth as a living planet
had already been formed through orthodox scientific endeavor. “Moments of
intuition do not come from an empty mind; they require the gathering together
of many apparently unconnected facts. The intuition that the Earth controls its
surface and atmosphere to keep the environment always benign for life came to
me one afternoon in September 1965 at the Jet Propulsion Laboratory (JPL) in
California and it was here that most of the facts were gathered.””® Lovelock’s
Gaia hypothesis, of an Earth where living and nonliving systems interact to
regulate the global environment, offers an apt case study for Kuhn’s model of
scientific revolution as a change of world view.

Before Lovelock was given the term “Gaia” in 1970 by his friend and neigh-
bor the novelist William Golding his working description of the Earth was “a
cybernetic system with homeostatic tendencies.” The whole Earth rhetoric in
which the Gaia hypothesis was packaged for a wider public came later.”! In late
1964 or early 1965, while working for NASA, Lovelock was asked to advise a
team at JPL working on life detection experiments intended for a Mars land-
er.”? After listening for hours to a gathering of biologists discussing ways to
directly detect Earth-like life-forms in the Martian soil, Lovelock turned the
problem round. Instead of looking for specific types of life, NASA should look
for the generic signature effects of life in the Martian atmosphere through “a
general experiment. .. that looked for entropy reduction.” His remarks “seemed
to annoy many of those present,” who complained to management. Challenged
to come up with an experiment in a matter of days to test his ideas he turned to
Erwin Schroedinger’s 1944 book What is Life? which discussed the subject from
the point of view of a physical scientist, making use of the concept of entropy
reduction. Lovelock reasoned that the atmosphere of a planet that harbored life
would exhibit “effects which cannot be accounted for by abiological processes,”
such as a strong presence of oxygen or other combustible gases, a complex struc-
ture in a state of disequilibrium, or other anomalously orderly features — perhaps
even regular sounds. In short, “knowledge of the composition of the Martian
atmosphere may...reveal the presence of life.””® NASA was impressed enough
to make him acting chief scientist for the life detection program in March 1965,
but within six months, thanks in part to lobbying from indignant biologists, the
Voyager Mars lander program was cancelled.

Lovelock developed his ideas further in another visit to JPL in September
1965. In the meantime, images from the Mariner spacecraft had shown that
Mars was “all rock or desert.” This time he was present when results of an infra-
red spectrographic analyses of the Martian and Venusian atmospheres from
ground-based radio telescope came through, showing that both were over-
whelmingly dominated by carbon dioxide (see Figure 10.2).
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Figure 10.2 DPicture of Venus and its atmosphere from the Mariner 10 spacecraft taken on
February 5, 1974

Source: //solarsystem.nasa.gov.

“I knew instantly that Mars was lifeless,” recalled Lovelock. “It was an equi-
librium atmosphere.” He immediately switched viewpoints to ask himself how
Earth’s complex atmosphere could also remain stable.

It came to me suddenly, just like a flash of enlightenment, that to persist and
keep stable, something must be regulating the atmosphere and so keeping it at its
constant composition. Moreover, if most of the gases came from living organisms,
then life at the surface must be doing the regulation.

Afterwards Carl Sagan told him that the Sun was thought to have been some
30 percent less luminous early in the life of the Earth than it was now, yet
Lovelock also knew that there had been no corresponding long-term rise in the
temperature of the Earth.

Suddenly the image of the Earth as a living organism able to regulate its tempera-
ture and chemistry at a comfortable steady state emerged in my mind.”

Around the same time, Sagan was working on an American edition of a 1962
book called Universe, Life, Mind by the Soviet astrophysicist Iosif S. Shklovskii.
It came out in 1966 as Intelligent Life in the Universe by Sagan and Shklovskii
and sold very well. Shklovskii, doubtless aware of Vernadsky’s earlier work on the
biosphere, had written: “Such a vast amount of oxygen as is present in the Earth’s
atmosphere can be explained only in terms of extensive biological activity.” Sagan
was doubtful, but his contribution on this point seems to bear the influence of his
conversations with Lovelock: “I wonder whether an intelligent anaerobic organ-
ism, who finds oxygen a poison gas, would conclude very readily that an extensive
oxygen atmosphere can only be the product of biological activity.””®
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Lovelock went on to attend the second “Origins of Life” conference at
Princeton in May 1968, where the reception he received showed how far from
the mainstream his ideas were at that stage. His attempts to suggest that the
Earth’s atmosphere had a partly biological origin met with blank incomprehen-
sion; natural scientists rejected him as a physicist, while physical scientists marked
him down as a biologist.”® Lyn Margulis, editor of the conference proceedings
and his future coauthor, was also present and later wondered aloud to Lovelock
why they had not met. “He said, because the first time I opened my mouth,
Preston Cloud yelled at me and was so intimidating and rude that I didn’t speak
for the rest of the conference.” Margulis’s innovative work on cell biology pro-
vided Lovelock with the missing link, a biological mecahnism to account for the
presence of methane in the Earth’s atmosphere. Another space scientist inter-
ested in extraterrestrial life proved receptive: this time it was Alistair Cameron,
editor of an early volume of essays on the subject and now chairman of the
National Academy of Sciences Space Science Board. “He saw a couple of para-
graphs that Lovelock and I had written about the effect of life as a planetary
phenomenon,” recalled Margulis. “He totally and immediately understood. He
told me he never understood anything biologists talked about at all. It doesn’t
make any sense to me at all; this is the first time I’ve seen sense.”””

By 1972 US and Soviet probes had established that both Mars and Venus had
simply structured atmospheres hostile to life, Mars at extremely low temperatures
and pressures and Venus at extremely high ones. This highlighted the question
of how Earth alone had remained hospitable to life over billions of years.”® In
a series of articles in 1972-4 Lovelock and Margulis discussed the explanation
for the “anomalous nature” of the Earth’s atmosphere and presented the Gaia
hypothesis, “the concept that the Earth’s atmosphere is actively maintained and
regulated by life on the surface, that is by the biosphere.” They explained: “We
have written the paper to be comprehensible to a wide scientific audience, rec-
ognizing that an understanding of the Earth’s atmosphere will come only from
the cooperation of many scientists: planetary astronomers, geologists, meteo-
rologists, chemists, physicists, and biologists.”” The wider philosophical claims
of the Gaia hypothesis proved controversial but, as Conway points out, it pro-
vided “a view of Earth that could be grasped by systems engineers.”% Indeed,
Margulis and Lovelock presented a speculative graph of oscillations of planetary
temperature over the past 100,000 years and suggested that a “hypothetical
planetary engineer would probably recognize this as a chart of the behavior of an
unstable control system in which instability had developed leading to oscillation
yet control had not failed altogether.”®!

The Gaia hypothesis broke scientific ground in several ways. First, it fostered
a convergence of the physical and biological sciences. Second, the Gaia hypoth-
esis represented the ultimate application of system theory and cybernetics. Gaia
was not at first the living planet but the homeostatic planet. At the formative
period Lovelock was not aware of Vladimir Vernadsky’s 1926 organicist work
The Biosphere, with its claim that “life is a geological force.” The Russian practice
of integrating the study of geology, chemistry and biology — ‘biogeochemistry” —
was rooted in the study of particular environments and lacked the capacity to
travel which the language of systems would have allowed it. When Lovelock was
eventually introduced to this work he commented that Vernadsky “did not seem
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to have a feeling for system science.”8? Gaia was particularly strongly attacked
by evolutionists, led by Richard Dawkins, for the concept of a single collective
organism managing its own evolution appeared to violate the basic principles
of natural selection.®® Among life scientists, felt Lovelock, only Eugene Odum
“understood that an ecosystem is a deterministic feedback system,” reflecting
Lovelock’s understanding that “Gaia is the ecosystem of the Earth.” Thirdly,
Lovelock’s work married the perspectives of ecology with those of planetary sci-
ence, allied to a shift of time scale from the historical to the astronomical. Gaia,
in the words of Donald Worster, was “how things look to the cosmic eyeball”—
that is, in time as well as space.3* The serendipitous appearance of the first pho-
tographs of the Earth from space helped to propagate this mode of whole Earth
thinking to a global public just as the environmentalist renaissance took off. But
Lovelock (a visual thinker affected by dyslexia) had already achieved his insights
imaginatively, without the aid of pictures from space.

By the 1980s, notwithstanding considerable scientific hostility to the full-
blown Gaia hypothesis, the view that life played a role in forming the physical
Earth had become orthodox.®® As Erik Conway has shown, the scientists who
worked with the planetary probes of the 1960s and 1970s—Mariner, Viking,
Pioneer, and Voyager—which searched for evidence of dynamic change and life
clsewhere in the solar system, became used to combining physical, chemical,
geological, atmospheric, and biological investigations in pursuit of planctary
questions, much as the freelance Lovelock had sought to do for the Earth. The
budgetary crisis that afflicted planetary science in the late 1970s and early 1980s
brought many of these NASA planetary scientists to the study of the Earth, at a
time when the Earth sciences were acquiring global data sets as a consequence
of their Cold War expansion. This in turn generated a wave of research and
observation of the planetary dynamics of the Earth, and a swell of concern over
environmental issues such as ozone depletion and climate change. Acceptance of
a world view that integrated life and non-life sciences was fostered by the name
chosen for the new field in 1986: distancing itself from organicist views (such as
Vernadsky’s “biogeochemistry”) NASA opted for “Earth systems science.”8¢

Conclusion

In September 1970 Scientific American produced a special issue on “The
Biosphere,” later published as a book (see Figure 10.3). It opened with the obser-
vation that “photographs of the Earth show it has a blue-green color” and con-
tinued with an introductory essay by G. Evelyn Hutchinson, invoking Vernadsky
as the father of the concept of the biosphere and rewriting the entire history of
life on Earth in its light. Successive essays explained the various cycles operating
at global level: the energy cycles of both planet and biosphere; the water, carbon,
oxygen, nitrogen, and mineral cycles; and the human cycles of food, energy,
and metal production, each identified as “a cycle in the biosphere.” Similar flow
diagrams in each chapter signified that all these cycles could be understood in
systems terms. Hutchinson’s essay featured the master diagram of the biosphere,
showing physical, biological, and human cycles interacting. It demonstrated how
far holistic thinking about the Earth had come in the year of the first Earth Day,
even before the Apollo 17 Blue Marble appeared.?”
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Ideas of the whole Earth preceded the pictures, but the pictures had a power-
ful impact because there already existed ideas and models of planetary processes
which had been developed in several different fields, conceptualized through
dynamic models of the Earth as seen from the outside. The early images of the
home planet in turn accelerated and propagated a whole Earth style of thinking
whose defining mark was the understanding of biological and physical mecha-
nisms as interdependent. The Cold War expansion of the Earth sciences in asso-
ciation with the space program generated both the research data and the Earth
images upon which the new understanding was founded. The combined insights
of a dozen separate disciplines had shown that the Earth was whole after all.
Both literally and metaphorically, it was a change of world view. Arguably, it was
a scientific revolution.
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