
  MIT Press is collaborating with JSTOR to digitize, preserve and extend access to The Environmental Politics of Sacrifice.

http://www.jstor.org

MIT Press

Chapter Title: Intelligent Design?: Unpacking Geoengineering’s Hidden Sacrifices 
Chapter Author(s): Simon Nicholson 

Book Title: The Environmental Politics of Sacrifice 
Book Editor(s): Michael Maniates, John M. Meyer 
Published by:  . (2010) MIT Press
Stable URL:  http://www.jstor.org/stable/j.ctt5hhfg4.18

Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at http://www.jstor.org/page/
 info/about/policies/terms.jsp

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content 
in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. 
For more information about JSTOR, please contact support@jstor.org.

This content downloaded from 147.9.95.132 on Wed, 25 Nov 2015 20:20:08 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org
http://www.jstor.org/action/showPublisher?publisherCode=mitpress
http://www.jstor.org/action/showPublisher?publisherCode=mitpress
http://www.jstor.org/stable/j.ctt5hhfg4.18
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/page/info/about/policies/terms.jsp


 12 
 Intelligent Design? :  Unpacking 

Geoengineering ’ s Hidden Sacrifi ces 

 Simon Nicholson 

 I have been reading predictions of the future by those who believe they can 
predict what the world of tomorrow is going to be like. In all cases, the future 
of which they speak is merely a grotesque extension of the present — simply more 
and more loading of our environment with the waste production of an industrial 
civilization. In my opinion, there is no chance of solving the problem of pollu-
tion — or the other threats to human life — if we accept the idea that technology 
is to rule our future. 

  — Ren é  Dubos  1   

 In early 2006, Paul Crutzen, a Nobel Prize winner for his work on the 

chemistry of stratospheric ozone depletion, made a provocative foray 

into another arena of atmospheric science with a widely read lead article 

in the journal  Climatic Change .  2   Crutzen began his article not in the 

detached voice one might expect of a venerated scientist; rather, he 

opened with a strong, impassioned dig at mainstream environmental 

action. The political processes and calls for social change that are at 

the heart of the global response to climate change have, he suggested, 

been  “ grossly unsuccessful. ”   3   While policy makers and the public dither, 

continuing to place hope in protracted international negotiations or the 

 “ pious wish ”   4   that individuals will voluntarily reduce greenhouse gas 

production, the climatic condition is rapidly worsening such that the 

need for large-scale action grows more pressing with each passing day. 

For these reasons, Crutzen argued that slow-moving political options 

may soon have to give way to fast-acting technological ones, beginning 

with the development and deployment of some dramatic, technology-

based climate stabilization measures. 

 Such contentions from such a well-regarded source have given a 

great boost to proponents of climate geoengineering. As a fi eld of study, 
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272  Simon Nicholson

climate geoengineering is concerned with the development of far-reach-

ing technology-based means to alter and control aspects of the climate 

system.  5   Dreams of climate control have long been with us. Climate 

geoengineering has, however, been largely seen as hubristic, expen-

sive, and shortsighted and has been confi ned to the fringes of climate 

change discussions. Things, though, have changed since Crutzen ’ s article. 

Geoengineering proposals are now showing up on the pages of the 

world ’ s best science journals;  6   are providing the basis for important 

conferences;  7   and are receiving consideration by serious media outlets, 

commentators, and policy makers.  8   

 Some of the high-tech options that have been receiving recent atten-

tion include the following: 

  •    Sulfate aerosols introduced into the stratosphere via ballistics or giant 

hoses, to refl ect solar radiation; 

  •    Construction of giant mirrors or refl ective sunshades that could be 

launched into planetary orbit; 

  •    Seeding the oceans with iron to encourage an explosion of carbon 

dioxide-hungry plankton; 

  •    Chemically altering the composition of the cloud layer to boost its 

refl ectivity; 

  •    Genetically engineering shinier, more refl ective crops; 

  •    Large-scale carbon capture and storage programs that aim to stow 

carbon indefi nitely under the earth ’ s surface; 

  •    Filling unused reservoirs and crater lakes with genetically engineered, 

greenhouse gas – absorbing algae. 

 There is no serious question now that human-induced climatic change 

demands action. Do the types of proposals set out in the preceding list 

represent the way forward? They are certainly garnering a passionate set 

of backers. One of the reasons that geoengineering seems, to many, so 

tantalizing a prospect is because it appears to be a  sacrifi ce-free  form of 

action. The thinking goes that if the development of new technologies can 

allow the earth ’ s living and life-supporting systems to be manipulated at 

will, then climate change, along with all other environmental concerns, 

can be readily managed as discrete, solely technical problems. The effects 

of greenhouse gas emissions, for instance, are nothing to worry about if 
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the planetary thermostat can be controlled via sulfur, satellites, or sun-

shades. In such a world, there is no need for political or social reform. 

 Geoengineering, in fact, appears to offer a way around the messy 

realm of politics for the sanitized world of technocracy, in which a 

ready prescription for action awaits: (1) identify a problem, (2) deploy a 

technofi x, (3) avert the crisis, (4) repeat as needed. Even better, effective 

geoengineering would mean that no individual needs to give anything 

up in the service of environmental well-being. Industrial life can carry 

on along its present path, with all of its harmful side effects scrubbed 

away. 

 There are good reasons, though, to be cautious about rushing to 

embrace a geoengineered future. Here, the lens of sacrifi ce is used to 

interrogate the climate geoengineering project. This chapter shows that 

far from being sacrifi ce-free, geoengineering, and by extension, other 

technological approaches to environmental problem solving, actually 

produce signifi cant costs and hardships. These  “ technological sacri-

fi ces ”  are part and parcel of any large-scale technological development. 

However, they are largely hidden from view by the functioning of con-

temporary technopolitics, falling principally on those who are most fully 

excluded from the processes of technological decision making. Another 

way to say this is that technological development is political to its core. 

Some would win and some would lose in a geoengineered world. The 

winners claim that geoengineering is sacrifi ce-free. For the losers, by con-

trast, the sacrifi ces demanded of such large-scale technological projects 

would be real, if neatly ignored by those with most to gain. 

 The perspective afforded by a focus on sacrifi ce illuminates the down-

sides of geoengineering. The key message here is that technological 

sacrifi ces are too often glossed over in the heady rush toward techno-

logical deployment. They are present, though, and must be revealed and 

shouldered if technologies are to be advanced in ways that are demo-

cratically and ecologically sustainable. By looking at the current calls for 

geoengineering in the light of other, older efforts to control the weather, 

these hidden sacrifi ces are unpacked here, and their major implications 

are explored. 

 All of that said, although this is a critical piece, it should not be read 

as an argument against all the options that geoengineers are considering, 

much less against all technology. It is meant, instead, to suggest that 
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often neglected costs and risks must be given adequate attention in any 

discussion about technological deployment. If there is one thing that the 

long history of technology teaches, it is that sacrifi ces readily ignored in 

the short-term rush for easy solutions often rebound to the long-term 

detriment of our species and the planet. Ultimately, what appear to 

be cost-free technological solutions to environmental problems do, in 

fact, demand signifi cant sacrifi ces. Though these sacrifi ces are hidden, 

they are present and demand our close scrutiny, lest particular tech-

nological developments be allowed to draw us in unexpected, gnarly 

directions. 

 Sacrifi ce and the Politics of Technology 

 Geoengineering, with its sacrifi ce-free veneer, feeds into a widespread, 

depoliticized understanding of technological life. However, this is a spe-

cious view. Far from being apolitical, technological artifacts and systems 

are, in fact, political through and through. A staple insight from recent 

work on the history and sociology of science and technology is that 

technological artifacts and systems do not just emerge from the ether or 

fully formed from the minds of individual inventors. Nor is any given 

technology solely the product of technical decisions; rather, the tech-

niques and technologies of geoengineering, in common with all technolo-

gies, are produced as much by social as by scientifi c forces. Pushing this 

further, the social world and technologies can be considered mutually 

constitutive, in the sense that through their interaction, technologies and 

societies shape and give rise to one another. Technologies are part of 

the basic fabric of social life.  “ We live our lives, ”  as Donald MacKenzie 

and Judy Wajcman have put it,  “ in a world of things that people have 

made. ”   9   Particular technologies, in turn, are ultimately products not 

of apolitical and asocial  “ technological breakthroughs, ”  but of deeply 

political contestation.  10   

 Technology, then, beats at the heart of the modern industrial world, 

giving it form and life, structure and character. All the while, technolo-

gies operate to produce some of the present age ’ s most thorny contra-

dictions. The world ’ s present, unprecedented levels of material affl uence 

fl ow directly from technological development such that many in the rich 

world have now escaped  “ the callous brutality, the unbelievable pain, 
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the ever present threat of untimely death for oneself (and worse one ’ s 

children) which were the  ‘ natural ’  realities with which our ancestors 

lived. ”   11   At the same time, though, technologies are implicated deeply 

in the age ’ s most pressing problems, from the production of widespread 

social inequality to ecological distress on a global scale. In this sense, it is 

a characteristic of industrial-age technological systems that they are both 

purveyors of extraordinary gifts and creators of dreadful harms. 

 Yet, for all this, technology ’ s effects and the prevailing direction of its 

advance tend to go largely unquestioned. Most of us are guilty of what 

Langdon Winner once termed  “ technological somnambulism. ”   12   We are 

content, that is, to sleepwalk our way through technological life. By 

this, Winner is pointing out that while we often pay close attention to 

the operations of particular devices, forging intense relationships with 

our vehicles or our iPods, for instance, we too often treat the overall 

direction of technological development as autonomous, as something 

entirely beyond human control. Autonomous technology drives social 

development, rather than the other way around. This is the view of 

technology captured by Ralph Waldo Emerson in his  Ode Inscribed 

to W. H. Channing :  “ Things are in the saddle, / and ride mankind. ”   13   

The same sentiment was expressed in an even more memorable fashion 

by Marshall McLuhan. We have become, he suggested in 1964,  “ the 

sex organs of the machine world. ”   14   Yet such a view of technology is 

inherently fatalistic. This somnambulistic orientation leads to a blanket 

acceptance of the political and other impacts of technological develop-

ments. It is to see the sacrifi ces that technological developments demand 

as the inevitable consequences of  “ objective ”  technologies that cannot 

be opposed or refashioned. 

 The hold of technological somnambulism is deeply rooted. It has 

emerged in part because technology is so ubiquitous, and we are by 

now so used to even sweeping technological change and upheaval that 

only rarely are technologies able to hold our collective attention for 

any length of time. More often, though, and more important for the 

purposes of this volume, this lack of critical engagement refl ects the 

immense hold of the idea of progress on contemporary social thought. 

Technology is at the forefront of the modernist enterprise and its quest 

for steady improvement of the human condition. As such, it is largely 

taken on faith that technology has a positive or, at the very least, a benign 
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infl uence (often despite mounting environmental and other evidence to 

the contrary). 

 Yet Winner ’ s work and the contributions of many other scholars from 

the fi eld of science and technology studies suggest that far from being 

invariably positive, technological development always demands sacrifi ces 

of one sort or another. These technological sacrifi ces come in three main 

forms. First, complex technological systems inevitably require  material 

sacrifi ces . There are always costs and risks associated with complex 

technologies, and these costs and risks are seldom borne equitably. As 

a result, benefi ts to some are often offset or overwhelmed by costs to 

others. At the same time, complex technological systems tend to  “ bite 

back, ”  as Edward Tenner has put it, in unexpected ways so that their 

deployment in the service of some particular end often results in new, 

more troubling problems.  15   

 Second, technologies produce  political sacrifi ces . Investing faith in 

complex technical systems ultimately means vesting signifi cant power in 

those who develop and maintain those systems, threatening democratic 

governance by giving more and more control to technological elites. 

Technofi xes also have a habit of papering over the complex social and 

political drivers of environmental harm and social injustice, with the 

result that they can serve to entrench and re-create situations of gross 

economic and political disparity. Third, and fi nally, complex technolo-

gies can induce  existential sacrifi ces , particularly when those technologies 

are concerned with control of some aspect of the nonhuman world. This 

is to say that there are spiritual, psychological, and aesthetic costs to a 

technology-induced decoupling from nature that are often diffi cult to 

quantify but that embody real sacrifi ces nonetheless. 

 These sacrifi ces tend to be obscured by the very processes that produce 

technological somnambulism and downplayed by proponents and those 

who are liable to gain directly from particular technological develop-

ments. For these reasons, it is only with moments of heightened and 

overt political drama that the curtain is pulled back on technology ’ s 

political constitution and the hidden sacrifi ces at the machine ’ s heart 

are exposed.  16   

 While geoengineering currently rides atop a heady wave of inter-

est, such moments of political drama have occurred previously in the 

history of weather control efforts. For much of the twentieth century, 
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attempts to control the planet ’ s atmospheric system were viewed as a 

rational and reasonable extension of other forms of human intervention 

in nature. In the last few decades of the century, however, grand weather 

control schemes largely fell out of favor. From a boon for humankind, 

intentional atmospheric modifi cation came to be seen as dangerous and 

politically suspect. This rise to favor and subsequent fall from grace of 

weather control programs in the last century has much to teach us about 

the sacrifi ces that geoengineering implicitly demands, as set out in the 

remainder of this chapter. 

 Unpacking Three Forms of Technological Sacrifi ce 

 The current spate of interest in geoengineering is hardly, then, the fi rst 

time that attention has been turned to control of the earth ’ s climate. 

Geoengineering can be thought of, in fact, as the third wave of science-

age attempts at climate engineering.  17   A fi rst wave of science-age 

attempts to control the weather was evident in the United States as far 

back as the early 1800s. These early rain-making afi cionados, or  “ plu-

viculturalists, ”  as they were known, theorized and tried to prove that 

rain could be induced via convective updrafts from the lighting of vast 

forest fi res or from battlefi eld explosions designed to unsettle weather 

systems.  18   Such efforts at weather control ultimately proved fruitless, as 

might be expected, though not for want of effort. At various times, this 

fi rst wave of would-be climate engineers attracted serious minds and 

signifi cant government funding. Perhaps more important, these early 

experiments paved the way for more systematic weather modifi cation 

experiments, which began in the years immediately following World 

War II. 

 The early base for the second and marginally more successful wave of 

weather modifi cation experiments in the United States was the General 

Electric (GE) Research Laboratory in Schenectady, New York. There, 

beginning in 1946, attempts at  “ cloud seeding ”  — the introduction of 

chemicals into cloud cover to promote rainfall — convinced researchers 

that large-scale weather control was not just possible, but almost within 

their grasp.  19   That year, Vincent Schaefer, a research chemist for GE, 

overfl ew Mount Greylock in Massachusetts and tossed a few handfuls of 

crushed dry ice out of his plane. This action is attributed with setting off 
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a small snow fl urry and is widely considered the world ’ s fi rst successful 

cloud-seeding experiment. Later in 1946, Bernard Vonnegut (brother of 

the famed novelist) achieved a similar result with silver iodide smoke. 

The age of science-age weather modifi cation had truly begun.  20   

 Following these experiments, interest in the possibility of weather 

control was high, and the promises made by proponents were even 

higher. Reports from GE researchers around that time forecast  “  ines-

timable  benefi ts for mankind. ”   21   Nobel Prize winner Irving Langmuir, 

then working with GE, was a particularly fervent advocate. Extrapolating 

from laboratory experiments and the early outdoor tests, Langmuir 

anticipated a near-future day when the arid regions of the American 

Southwest would be induced to bloom and when cloud-seeding tech-

niques could be used to prevent  “ all ice storms, all storms of freezing 

rain, and icing conditions in clouds. ”   22   GE seized on this early promise, 

devoting extensive resources to the atmospheric modifi cation cause. The 

hope, of course, was that the company could make a handsome profi t 

from the development of weather control technologies. And in fact, it 

wasn ’ t long before a commercial payback from GE ’ s efforts was appar-

ent. By 1951, for-profi t cloud-seeding operations were working across 

as much as 10 percent of the United States.  23   The activities were widely 

seen as benefi cial, even though evidence of increased rainfall from the 

seeding activities was patchy at best. Yet for most of the nineteenth and 

twentieth centuries, these failures were cast in a positive light. The results 

were time and again seen as  “ inconclusive but promising, ”   24   justifying 

further, more far-reaching efforts. 

 Material Sacrifi ces 

 Still, despite all the hype and promise, all was not entirely sunny in the 

world of weather modifi cation. By the 1970s, critics of cloud seeding 

were beginning to point out two things. First, and most obviously, there 

was very little evidence that all the money and effort being devoted to 

rainmaking was actually having any effect. And second, critics were 

noting that even should cloud-seeding techniques work as promised, 

benefi ts to some would almost certainly be offset by costs to others. This 

is because a working cloud-seeding operation is only likely to change the 

location, not the amount, of overall rainfall. The implication was that 

to use this technique to cause rain to fall on one patch of farmland, for 
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instance, would in turn prevent it from falling on another patch that lay 

downwind. 

 There were also growing concerns that if weather control technologies 

could actually be made to work, accidents could occur, with the result 

that the very people who were supposed to benefi t from the weather 

control system could be harmed by it. This was a concern that came to a 

head in 1972. That year, a U.S. government – sponsored rainmaking effort 

in South Dakota was followed almost immediately by a swift deluge of 

twelve to fourteen inches of rain. The result was a massive, devastating 

fl ood. Two hundred and thirty-fi ve lives were lost, and property damage 

was estimated at 155 million dollars. The whole government-sponsored 

rainmaking enterprise then became the focus of a class-action lawsuit — a 

lawsuit that ultimately failed because it could never be proved to the 

satisfaction of the courts that cloud-seeding efforts ever produced any 

signifi cant rainfall, let alone that they could have been responsible for 

the dramatic fl ooding witnessed in South Dakota.  25   

 The creation of winners and losers, along with the potential for 

accidents that accompany most geoengineering options, would be an 

order of magnitude greater than those experienced with earlier weather 

modifi cation efforts. Crutzen ’ s geoengineering article, for instance, went 

on to look at the possibility of harnessing the cooling power of sulfate 

aerosols. It has long been known that heightened concentrations of sul-

fates in the upper atmosphere have a cooling effect. This effect occurs 

naturally for a short time following a volcanic eruption, for instance, or 

can be brought on by human actions with the burning of sulfur-rich fuels. 

Crutzen considered whether this cooling effect might be replicated in a 

purposeful way, using giant hoses to deliver sulfate aerosols directly into 

the stratosphere. He concluded that not only could this method almost 

certainly be used to effectively tweak the earth ’ s climatic condition, but 

that its implementation could likely counter the effects of anthropogenic 

heating at the bargain price (when compared to the expected global costs 

associated with climate change) of around twenty-fi ve to fi fty billion 

dollars each year.  26   

 However, while the sulfate aerosol option may indeed reduce average 

global temperatures, a likely side effect is increased levels of acid rain and 

further acidifi cation of the oceans. These problems would then require 

their own technical responses.  27   The aerosol option is also what Langdon 
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Winner would call an  “ inherently political ”  technology.  28   Building on 

his notion of technological somnambulism, Winner has noted that some 

technologies require and produce particular forms of social organization. 

Nuclear power stations, for instance, demand a vast centralized indus-

trial complex for their development and operation. An energy system 

based on solar collection is, by contrast, intrinsically less centralized and 

more egalitarian. In this sense, the spraying of sulfate aerosols is more 

like nuclear energy, given that the aerosols would have to be sprayed into 

the stratosphere indefi nitely, necessitating strong institutional control to 

ensure proper operation. In this way, technological solutions come to 

be layered atop one another, like sandbags arranged to hold back an 

encroaching tide. This layering is itself premised on the belief that the 

effects of geoengineering are known and predictable.  29   A sixty-plus year 

history of failed scientifi c-age weather modifi cation efforts, though, gives 

lie to this notion. 

 Yet this does not stop hype and hope from routinely overwhelming 

good sense. James R. Fleming, a professor of science, technology, and 

society at Colby College, has written of a particularly revealing exchange 

at a geoengineering conference organized in 2007 by NASA.  “ Even as 

[participants at the conference] joked about a NASA staffer ’ s apology for 

her inability to control the temperature in the meeting room, ”  he reports, 

in deadpan prose,  “ others detailed their own schemes for manipulating 

the earth ’ s climate. ”   30   The irony is obvious. Anyone who has struggled 

with a broken thermostat in his or her home or offi ce must question the 

wisdom of trying to affi x the equivalent of a gigantic thermostat to the 

planet ’ s climatic system. More to the point, there is no guarantee that 

human understanding of the earth ’ s complex systemic interactions will 

ever reach a level to allow for radical geoengineering. Interfering with the 

earth ’ s living systems to such an extraordinary extent must be considered 

a drastic, last-resort undertaking, particularly given that indiscriminate 

alteration of the earth ’ s natural systems is precisely what gave rise to our 

present environmental predicament. 

 A fi nal material sacrifi ce concerns the basic question of who will pay 

for geoengineering. All technological systems have costs and benefi ts 

that must be shared. The U.S. federally funded weather experiments 

were conducted largely with taxpayer money, often with great secrecy 

and limited oversight, and with ultimately little tangible benefi t. Private 
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companies in pursuit of profi t covered the rest. Considering Crutzen ’ s 

sulfate option again, a price tag of twenty-fi ve to fi fty billion U.S. dollars 

is hardly a negligible fi gure. To launch such an effort on a global 

scale would still require overcoming the usual set of political coordi-

nation problems. It is hard to believe that in such a world, the results 

would benefi t all equally. British climate expert Hubert Lamb once sug-

gested that before taking any geoengineering action, it seemed like  “ an 

essential precaution to wait until a scientifi c system for forecasting 

the behavior of the natural climate . . . has been devised and oper-

ated successfully for, perhaps, a hundred years. ”   31   This seems, given 

all of the material sacrifi ces that such an enterprise embodies, a sound 

recommendation. 

 Political Sacrifi ces 

 Sacrifi ces are not just present when things go wrong with new technolo-

gies. There are also sacrifi ces associated with everything going  right.  One 

of these  “ positive ”  sacrifi ces concerns control — who has it and how it is 

used. Powerful technologies always invite competition for control. Even 

in the early days of the second wave of climate engineering research, 

the corporate sector was not able to hold its monopoly on research into 

atmospheric manipulation for long. The possibilities offered by harness-

ing the power of the weather also quickly caught the attention of the 

U.S. military. Indeed, by the late 1940s, the U.S. government and GE had 

joined forces to work on a classifi ed project, Project Cirrus, concerned 

with possible military applications of climate modifi cation. A  Harvard 

Law School Record  article on the project put the justifi cation for the 

project in even plainer language:  “ [Weather modifi cation has attracted] 

military and naval funds because of its war implications — bogging down 

enemy troops in snow and rain, clearing airfi elds of fog at lowest cost, 

and infecting induced storms with bacteriological and radiological mate-

rials. The Battle of the Bulge, in which the Nazis mobilized and attacked 

under supercooled fog, could have been much altered by a few pounds of 

dry ice. ”   32   Project Cirrus produced a paucity of results from these efforts, 

and government funding for the work was pulled around 1954.  33   Yet 

still, dreams of weather control never really faded. In fact, the promise 

that weather control seemed to hold for military and commercial appli-

cations drove the U.S. government to even higher levels of investment. 
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A government Advisory Committee on Weather Control, established as 

Project Cirrus came to an end, maintained a characteristically upbeat 

attitude. During preparation of the committee ’ s fi nal report in 1955, 

famed economist and computer pioneer John von Neumann spoke on 

a panel devoted to the  “ possible effects of atomic and thermonuclear 

explosions in modifying weather. ”  Taking the fl oor during a discussion 

period, von Neumann foreshadowed the current conversation about 

climate geoengineering by raising the possibility of changing the albedo 

of the earth via the deployment of strategically positioned refl ective 

materials. He went on to say,  “ Our knowledge of the dynamics in the 

atmosphere is rapidly approaching a level that will make possible, in 

a few decades, intervention in atmospheric and climatic matters . . . . 

There is little doubt that one could intervene on any desired scale, and 

ultimately achieve rather fantastic results. ”   34   

 Weather modifi cation efforts reached new efforts during the Vietnam 

War. Between 1967 and 1972, the U.S. Department of Defense ordered 

signifi cant cloud-seeding operations in Vietnam, Laos, and Cambodia, 

with the aim of inducing rainfall to interrupt the supply line of the North 

Vietnamese Army along the Ho Chi Minh Trail.  “ Operation POPEYE, ”  as 

it was known, resulted in the fl ying of twenty-six hundred cloud-seeding 

sorties by U.S. pilots and the deployment of an estimated forty-seven 

thousand silver iodide fl ares. The program required an annual budget 

of 3.6 million dollars yet was conducted almost entirely in secret. Hopes 

were clearly high in the Johnson and subsequent Nixon administration 

that weather modifi cation would turn the tide of the war. Ultimately, 

though, cloud seeding appears to have had a negligible impact at best 

on rainfall patterns or the war effort.  35   

 The secret operations in Vietnam did, though, ultimately have a 

signifi cant impact on general opinion about weather modifi cation 

attempts. The story of Operation POPEYE was originally broken in 

 The Washington Post  in 1971 and was picked up by Seymour Hersh of 

 The New York Times  in 1972, following the leaking of the Pentagon 

Papers. The Nixon administration, though, adopted a fi rm stance of 

denial in the face of these expos é s, pushing aside any efforts to discover 

the full extent of the U.S. weather modifi cation program. It took another 

two years for details of the failed cloud-seeding operations in Vietnam 

to become public, with the release, by Senator Claiborne Pell of Rhode 
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Island, of a one-time classifi ed briefi ng on weather warfare that had been 

given at the Department of Defense. With publication of this document, 

it emerged that the Central Intelligence Agency had been trying to alter 

rainfall in South Vietnam as early as 1963, in an effort to break up 

protests by Buddhist monks. Furthermore, it was reported that cloud 

seeding had probably been attempted to disrupt sugarcane production in 

Cuba and that the technique had been used for some time, ineffectively, 

in U.S. drought relief efforts in a range of countries. All these programs 

were linked to the U.S. military and were undertaken with the blessing 

of the White House.  36   

 This news created a domestic and international outcry. Already, by 

1973, the U.S. Senate had reacted to early news of Operation POPEYE 

by adopting a resolution that called for an international treaty prohibit-

ing the use of  “ environmental or geophysical modifi cation ”  for military 

purposes. The Soviet Union used international concern about seemingly 

nefarious U.S. actions to push a similar proposal at the United Nations. 

This political maneuver, coupled with rising global public concern about 

the vast potential consequences of the unchecked use of atmospheric 

manipulation, led, ultimately, to a 1976 international convention, the 

United Nations Convention on the Prohibition of Military or Any Other 

Hostile Use of Environmental Modifi cation Techniques, which prohibits 

the use in wartime of any and all  “ environmental modifi cation tech-

niques. ”  With these actions, the curtains came crashing down on the 

second wave of climate modifi cation research. 

 Following the fallout from Operation POPEYE, federal funding in 

the United States for weather modifi cation research largely dried up. 

There are still some state and local funds that support cloud-seeding 

operations in the American West, though these outfi ts now operate on 

a much reduced scale, as what was once seen as an entirely benefi cial 

scientifi c enterprise came to be seen as something on which to place 

dramatic limits. Yet if all the technical challenges associated with geo-

engineering could be ironed out, and if such options could be deployed 

with no unforeseen accidents, then the bulk of the material sacrifi ces 

discussed previously, bar the astronomically high costs of development 

and upkeep, could be avoided. There must be reasons other than recog-

nition of material sacrifi ces that explain the sudden change in thinking 

about weather modifi cation. 
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 Ultimately, the strongest critics of Project POPEYE were from within 

the antiwar movement. Many of these protestors were not concerned 

by the actual or potential environmental or humanitarian implications 

of weather control activities so much as they were concerned that this 

new technology had been deployed without the knowledge of most of 

the people on whose behalf the government was supposed to be acting. 

Now, again, calls for geoengineering are forcing us to confront the urge 

for control that such far-reaching technologies entail. The U.S. Air Force 

has recently claimed that  “ in 2025, U.S. aerospace forces can  ‘ own the 

weather ’  by capitalizing on emerging technologies and focusing develop-

ment of those technologies to war-fi ghting applications. ”   37   This above 

all else should give pause. The geoengineering strategies that are being 

proposed by Crutzen and others represent an extraordinary consolida-

tion of power — power that promises ultimately to be vested in the mili-

tary arms of the world ’ s richest governments or in largely unregulated 

transnational corporations. 

 Tasking the world ’ s militaries or its most powerful corporations with 

controlling the climate system sounds like a very risky proposition indeed, 

especially when we consider that some of the choices that would present 

themselves in a geoengineered world verge, in the words of a reporter for 

 The Boston Globe ,  “ on the Solomonic. ”   38   Daniel Schrag, of Harvard ’ s 

Laboratory for Geochemical Oceanography, suggests a thought experi-

ment: imagine that the U.S. government possesses the ability to control 

hurricanes but that preventing a particular storm would result in scorch-

ing temperatures in Africa, destroying the continent ’ s crops. How would 

this decision be made? Or imagine a mirror in space that could be used 

to redirect a small percentage of solar radiation. If, in a given year, the 

United States is having a cold, miserable summer and Europe is in the 

midst of a dramatic heat wave, then  “ who, ”  asks Schrag,  “ gets to adjust 

the mirror? ”   39   

 Ultimately, the appropriate questions are, who decides? Who benefi ts? 

And who, given any deployment of geoengineering technologies, is being 

asked to sacrifi ce? These are clearly normative concerns. There is no 

guarantee that a technological elite is best situated or best equipped to 

provide the answers. There is also no guarantee that the rich benefi ciaries 

of these technological solutions would act in the interests of the poor, 

who would likely suffer the bulk of the costs of their use. This is part 
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of the equity question that is built into discussions of climate change 

and all other environmental  “ problems. ”  Says J. T. Kiel,  “ On the issue 

of ethics, I feel we would be taking on the ultimate state of hubris to 

believe we can control Earth. We (the industrially developed world) 

would essentially be telling the (rest of the) world not to worry about 

our insatiable use of energy. In essence we are treating the symptom, 

not the cause. ”   40   This introduces a further sense in which geoengineering 

demands political sacrifi ces. Treating the symptoms of climate change via 

implementation of adaptive strategies has always been a more appeal-

ing choice to rich nations than activities aimed at mitigation. Instead of 

mustering the political resources required to generate large-scale proac-

tive social change, rich countries are, for the most part, happy to try 

to respond to climate change in an ad hoc, after-the-fact fashion. This 

luxury comes with economic wealth and power. But in the meantime, 

the poorest among us are forced to suffer the consequences of a failure 

to tackle climate change head-on. Said differently, climate change already 

sacrifi ces people, livelihoods, and landscapes daily. For the most part, 

though, these sacrifi ces are not recognized for what they are: the entirely 

foreseeable products of an industrial civilization that neglects many 

people and despoils much of the nonhuman world. 

 Peter Dauvergne has made a similar point about the people killed each 

year in car wrecks:  “ There is . . . a reason, ”  Dauvergne writes,  “ that we 

call these consequences  ‘ accidents ’  rather than  ‘ sacrifi ces, ’  as such soft 

language helps avoid taking a hard look at the guts of global morality in 

an era of consumptive prosperity. ”   41   But climate change, like deaths on 

the road, is a deeply political, as opposed to a solely technical, problem. 

Seeing climate change as a technical problem is to see geoengineering 

as perhaps the only logical way forward. And yet via geoengineering 

proposals, responsibility is neatly avoided by those who have the most 

power to take other forms of constructive action. 

 Literary critics use a phrase borrowed from the ancient Greeks,  deus 

ex machina , to refer to a plotline that introduces an improbable device 

to resolve an apparently irresolvable problem. In ancient Greek dramas, 

a particularly tangled plot element was sometimes resolved by divine 

intervention. The physical representation of a meddling god was intro-

duced to the stage by a complicated piece of equipment — hence  deus 

ex machina , literally,  “ god from the machine. ”   Technological fi x  must 
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be assigned the same sense in the political realm. To focus on one-shot 

technological solutions is ultimately a sign of political evasion, rather 

than a real account of the roots of the climate crisis. 

 Existential Sacrifi ces 

 Chunglin Kwa, a researcher in science and technology studies, has sug-

gested that one of the main reasons Operation POPEYE caused a public 

backlash was not because it revealed a mismatch between promise and 

results, or even because of concerns about military control, but because 

the news was able to be meaningfully deployed by the burgeoning 

environmental movement.  42   By the early 1970s, an understanding that 

human actions can upset planetary systems was beginning to take hold. 

This was a decade after Rachel Carson ’ s  Silent Spring  and coincided in 

the United States with the fi rst Earth Day, passage of the Clean Air Act, 

and establishment by the Nixon administration of an increasingly strong 

federal environmental apparatus. At the same time, concern was rising 

elsewhere around the world about the dangers of human interventions 

in natural processes. 

 Kwa argues that until the 1970s, the evaluation of weather modifi -

cation schemes was heavily weighted toward their potential economic, 

political, and military benefi ts. However, the growing power of the envi-

ronmental movement meant that the indeterminacy of climatic processes 

was more widely appreciated. This made it clear that not only could 

the long-term effects of weather modifi cation schemes never be accu-

rately predicted, but the potential for catastrophic effects could never be 

adequately dismissed. What was once seen as positive or benign human 

involvement was now framed as dangerous meddling. This points to the 

importance of a third, less tangible variety of technological sacrifi ce. It 

has to do with the losses that can be experienced when humanity gives 

up its role as a full member of the biotic community and assumes a posi-

tion of uncritical control over it. 

 Along with all his other contributions, Paul Crutzen is also attributed 

with coining the term  anthropocene  to describe the current epoch.  43   

The implication of this term is that humanity ’ s technological prowess 

has allowed our species to rise to a position of dominance on the 

planet, casting humanity in the role of a geological force, indelibly 

shaping all aspects of the living and nonliving planet by our considered 
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and accidental actions. For some, living in the anthropocene entails 

that humanity should strive to perfect the management of the earth. 

And so, by this view, the proper goal of technological development, 

made imperative by the deteriorating state of the planet, should be ever 

more far-reaching intervention in natural processes — earthwide biosys-

temic control as a natural extension of the present technological path. 

Geoengineering fi ts neatly with this view. On this basis, environmental 

challenges are coming to be defi ned increasingly in technical terms, as 

problems to be resolved by the application of technological fi xes. As 

a result, the dominant vision in the search for a sustainable world has 

become a sort of global biospheric management. The vision is one in 

which the unintended environmental consequences of technical actions 

are met with ever more sophisticated technological solutions and, ulti-

mately, in which the whole of nature is to be brought under a human 

yoke.  44   

 For others, though, the emergence of the anthropocene demands some-

thing else: a sense of what Thomas Princen has called  “ suffi ciency ”  as a 

way to temper the urge to control, and a striving for connections with 

the nonhuman world that overcome the layers interposed by increasingly 

complex technological systems.  45   Technological development, say these 

critics, is too often seen as an end in itself or is utilized strictly in the 

service of more complete capital accumulation. In this way, technology 

acts as a driver of environmental harm, and the resultant environmental 

harm is then itself used to justify even greater levels of technological 

intervention in nature. This interplay of environmental harm and the 

increasing alienation from all things beyond the technological are mutu-

ally reinforcing factors. Together, they result in more and more complete 

domination by the human over the natural world and an entrenchment 

of the structures of power that thrive via that domination. 

 Perhaps the technophilic vision of a heavily managed, biospheric 

nature ruled by the dictates of technology is to be the planet ’ s fate. It cer-

tainly seems a fair assessment of the present technological trajectory. Yet 

something would be lost in such a world — a set of sacrifi ces that would 

affect us all. In Peter Huber ’ s conservative manifesto  Hard Green , he 

compares the  “ Malthusian hell ”  forecast by neo-Malthusians with what 

he calls a  “ Faustian hell ”  — a vision of what the world may look like if 

the dream of planetary-spanning technological control is made real: 
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 The new ecological hell now in sight is very different from the old. The Malthusian 
hell is as black as the waters before God ’ s creation; the Faustian hell is merely 
beige, the color of man ’ s concrete and computers. In the Malthusian hell, the 
ascent of man causes the collapse of everything else and that, in turn, destroys 
man, too. The whales and the ocean drown fi rst, followed almost immediately by 
all the human occupants of the lifeboat. In the Faustian hell, the ascent of man 
causes the collapse of everything except man. Everything sinks but humanity.  46   

 Humanity could, all material sacrifi ces and accidents aside, survive in 

such a world. Yet human life would, in some basic ways, be stripped 

of meaning, color, and worth. This is an observation that was famously 

foreshadowed by Bill McKibben in declaring the  “ end of nature ”  and 

has long been of interest to environmental philosophers and historians.  47   

It is a sacrifi ce that technologists often ignore, but one that the environ-

mental movement was able to identify and tap into to effectively oppose 

Operation POPEYE and has been able to bring to bear in opposition to 

other entirely instrumental technological developments. 

 An alternative future would not be antitechnological by any means, 

but would instead be much more refl exive and open about the ends to 

which technologies are put, and to which they lead. Far from inviting 

further pursuit of earth-spanning technological dominance, the anthro-

pocene demands, as Simon Dalby has made clear, a shift in focus for 

regulators and designers alike, from after-the-fact interventions to sys-

tematic choices that  “ minimize ecological throughput. ”   48   A deteriorating 

ecological condition demands a radically new technological ethic, one 

that holds a recognition of the real sacrifi ces produced by technological 

life at its core. 

 Conclusion 

 Whatever awaits, given that there is substantial risk and potential for sur-

prising outcomes associated with any use of technology, and given that 

many would mourn the loss of a natural world apart from human will, 

it seems vital that options apart from the present technological trajectory 

be explored. There are foreseeable technological futures, for example, 

in which the needs of all people can be comfortably met, and in which 

the needs of a self-willed, self-directed natural world are also respected. 

All complex technological systems demand sacrifi ces. Some, though, are 

less costly in material, political, and existential terms than others. These 
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categories of technological sacrifi ce can help in the important delibera-

tions ahead about what kinds of technological options to pursue and, 

by extension, what kind of world is being created. 

 Some technological systems demand great material sacrifi ces, while 

ceding control to powerful actors. Stratospheric sulfur schemes, the 

genetic modifi cation of organisms, and large-scale nuclear power gen-

eration fall into this category. Other technological options, by contrast, 

disperse control widely, foster connection between the human and non-

human worlds, and afford much more limited material costs and risks. 

In this category are technologies like installing white roofs on built 

structures, the development of dispersed and low-input systems for food 

provisioning, and distributed solar and wind-based energy systems. Only 

by paying attention to the implicit sacrifi ces demanded by technological 

development can these choices be effectively weighed and compared and 

truly democratic decisions be made about which to pursue. 

 Too often, technophiles make it sound as though there are just two 

options open to us: either we embrace the present technological direction 

and treat every new innovation as the advance of humankind, or we, as 

Thomas Princen has put it in chapter 7,  “ turn off the lights, crawl into 

the cave, and shiver in the dark. ”   49   These, though, are not our options 

at all. A host of technological futures are open, to be brought into being 

through choices taken today. This means, ultimately, recognizing that 

technological choices turn on politics, not just technical capacity. In the 

preface to his recent book  The Bridge at the End of the World , James 

Gustave Speth makes the point that it won ’ t take anything dramatic to 

bring about environmental ruin.  50   All we need do is continue on our 

present path. Humanity is already pushing some of the planet ’ s key life-

supporting functions to their limits. Growing populations and expanding 

appetites, working in tandem with the technophilic notion of a limitless 

planet, will be enough to completely overwhelm earth ’ s ability to support 

large-scale human civilizations. This doomsday scenario is by no means 

certain. The scientists may be dead wrong, after all, about the abilities 

of the planet to absorb our abuse. Or perhaps some radical technologi-

cal solution really does wait just over the horizon. Yet what if the worst 

were to happen? Pockets of human life could well survive environmental 

collapse, but humanity — that accumulation of history and social life that 

sits atop our animal inheritance — is liable to be lost. In that case, our 
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species will have made the ultimate sacrifi ce — the sacrifi ce of the long-

term thriving of humankind in return for a short-term orgy of material 

excess. Geoengineering does nothing, unfortunately, to address this most 

basic of our problems. 
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