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Increasing concern 

about global cli-

mate change, com-

bined with the evi-

dent failures of the 

Kyoto Protocol and 

the ongoing climate 

change negotiating 

process, have led 

some to urge devel-

opment and deploy-

ment of “geoengineering” technologies. 

Others strongly oppose geoengineering, on two 

general grounds. One is that the effects of deploy-

ing such technologies are uncertain, and could be 

very costly. Another is the “moral hazard” argu-

ment: Deploying geoengineering technologies that 

reduce anthropogenic global climate change forc-

ing will reduce pressure on individuals to generate 

lower greenhouse gas emissions through modifying 

their consumption—a step seen as environmentally 

and morally necessary by many in the environmen-

tal and climate science community. 

With the release of the “climategate” e-mails 

earlier this year (and the bitter language from all 

involved, including the scientists)—not to mention 

increasing criticism 

of how the Inter-

governmental Panel 

on Climate Change 

(IPCC) does its 

work—this is possi-

bly the most chaotic 

science policy arena 

today. 

Nonetheless, it 

is possible to make 

some general observations regarding this conten-

tious discourse—the most important of which is 

that both the climate change dialogue and the 

geoengineering response are naïve and superficial 

in their understanding of technology. 

Geoengineering: The Current Definition
Initially, it is important to understand what is 

generally meant by the term “geoengineering.” It 

is similar to a confusing number of other phrases: 

“planetary engineering,” “climate engineering,” 

“gardening the Earth,” “terraforming,” and “earth 

systems engineering and management.”1
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Solar Radiation Management Techniques
There are many possible types of SRM tech-

nologies, including space-based reflectors between 

the Earth and the sun; aluminum balloons in the 

stratosphere that could reflect incoming radiation 

back into space; emission of sulfate particles into 

the upper atmosphere, where they would help 

clouds form, which in turn would reflect incom-

ing energy back out of the atmosphere; and ships 

that could spray ocean water into the atmosphere, 

creating salt particles that nucleate clouds. 

Differences Between CDR and SRM
The SRM approach relies on reducing incom-

ing solar energy. It thus is fundamentally differ-

ent from CDR and addresses different aspects of 

the global climate change phenomenon. Most 

notably, SRM technologies do not address any 

issues arising from anthropogenic atmospheric 

chemical change. 

By contrast, CDR (if successfully imple-

mented) would reduce atmospheric CO2 con-

centrations. It thus could reduce effects such as 

ocean acidification. (As the ocean absorbs CO2, it 

turns into carbonic acid, which makes the ocean 

more acid and potentially affects oceanic organ-

isms, especially those dependent on carbonates 

for shells and support structures). Because SRM 

does not reduce atmospheric concentrations of 

CO2, it would not mitigate such effects.

Mapping the Issues: Greenhouses, Climate 
Change, and Hard Politics

Any serious discussion involving climate 

change and geoengineering is difficult because 

the intellectual terrain has become so tortured 

and poorly defined. Let us therefore make a few 

schematic distinctions and observations.

The Greenhouse Effect: Stating the Obvious
To begin with, no reputable scientist disputes 

the planetary greenhouse effect. This effect sim-

In contrast to most of these other terms, 

“geoengineering” has been assigned a very ex-

plicit and bounded meaning. As stated by the 

Royal Society in its authoritative 2009 report, 

Geoengineering the Climate: Science, Governance, 

and Uncertainty, it includes those technologies 

that enable “deliberate large-scale intervention in 

the Earth’s climate system, in order to moderate 

global warming.”2

According to this definition, geoengineering 

techniques can be further broken down into two 

general categories: (1) those that remove car-

bon dioxide (CO2) from the atmosphere (called 

CDR for “carbon di-

oxide removal” tech-

niques) and (2) those 

that reflect some of 

the incoming energy 

from the sun back into 

space, thereby reduc-

ing the input of energy 

to the Earth system 

and to the atmosphere 

(called SRM, or “solar radiation management,” 

techniques).3

Carbon Dioxide Removal Techniques
There are two primary types of CDR tech-

nologies. The first is biological, including such 

technologies as forest plantations, algae carbon 

capture/fuel production systems, and ocean fertil-

ization schemes (where iron, a limiting resource, 

is introduced into oceanic systems, thus encour-

aging blooms of plankton that capture CO2, 

which eventually sinks into the deep ocean when 

the plankton die—at least, that’s the idea). 

The second category, logically, is nonbio-

logical. It includes such technologies as sodium 

hydroxide–based ambient-atmosphere carbon di-

oxide capture systems, with the captured carbon 

dioxide being liquefied and injected into under-

ground geologic storage areas. 
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The Dialogue: Extreme Fighting
But even a casual observer will note that this 

is not the way the dialogue is phrased. Instead, 

the discourse seems to be dominated by the ex-

tremes: carbon “fundamentalism” on one hand 

and climate change “denial” on the other.

Carbon “Fundamentalists”
“Carbon fundamentalism”4 takes many shapes. 

It includes the current fad for creating “carbon 

footprints” for everything, despite the almost 

total lack of method-

ological consistency 

and the paucity of 

underlying science. 

(One major problem 

involves the usual 

life-cycle assessment 

issue of where to draw 

boundaries for pur-

poses of the analysis). 

Other examples are more idiosyncratic, as in 

the case of the professor writing in the Medical 

Journal of Australia who has called for a carbon 

charge of $5,000 on every birth, annual carbon 

fees of $800 per child, and provision of a carbon 

credit for sterilization. 

Articles in respected journals have even sug-

gested that the real problem with obesity is the 

additional carbon load it imposes on the environ-

ment, and that the major social cost of divorce is 

the additional carbon burden it creates. 

A recent study from the Swedish Ministry 

of Sustainable Development argues that males 

have a disproportionately larger impact on global 

warming (“women cause considerably fewer car-

bon dioxide emissions than men, and thus con-

siderably less climate change”).5

An editorial in the New Scientist argues that 

because pets have a large carbon footprint, 

“Man’s best friend, it turns out, is the planet’s 

enemy.”6 The article goes on to suggest, “[i]f you 

ply arises from everyday physics. Atmospheres 

containing compounds that absorb radiation in 

the frequencies given off by the planetary body 

become warmer as a total system. Mars has little 

atmosphere and little radiation absorption; it 

is therefore cold. By contrast, Venus has an at-

mosphere, and it is composed mainly of carbon 

dioxide; the temperature on the surface of Venus 

is about 870ºF. 

The real controversy over climate change, there-

fore, is not whether the greenhouse effect is scien-

tifically valid, or whether the Earth is subject to 

such an effect; it clearly is. Nor is it whether adding 

additional gases that absorb energy at the right fre-

quencies (primarily carbon dioxide and methane) 

will enhance the greenhouse effect. It clearly will. 

The Real Areas of Disagreement
The main disagreements related to climate 

change arise over two subsequent questions:

• First, are the added human influences large 

or small compared to other dynamics (e.g., 

changes in the energy flux from the sun, 

changes in planetary position vis à vis the 

sun, biological adaptations to increasing CO2 

concentrations)? And how significant are the 

changes in global temperature in any event? 

• Second, even if the atmosphere as a whole 

is getting warmer, what are the implications 

for subsystems of the atmosphere? And what 

about other systems, such as ocean circula-

tion, that are coupled to the atmosphere? 

Answers to these subsequent questions deter-

mine how urgently policymakers should be react-

ing, and what sorts of policies should be adopted. 

But these questions involve very complex systems 

that are not entirely understood, especially at finer 

temporal and spatial granularities. So it is not sur-

prising that these questions are the ones that give 

rise to most of the uncertainties and debate. 
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■■ Using Science for Social Engineering?
This has led some to argue that the author-

ity of science is being relied on not for resolu-

tion of factual questions, but for social engi-

neering. That is, scientific authority arguably 

is being used to force society to adopt policies 

that many people in the climate change com-

munity want, but which (if given a choice) soci-

ety might not adopt on its own. This trend can 

be seen in the way an increasing range of social 

and cultural phenomena (and their related 

technology choices) is being framed in terms of 

climate change. 

Given how important energy is in today’s 

global economy and society, it is not that these 

assertions are wrong. Clearly, it is possible to 

frame any number of issues in terms of their 

impact on energy and emissions. Similarly, of 

course, one could frame many phenomena in 

terms of their impact on water. Why, for in-

stance, are you allowing your pet to drink water 

when it is such a scarce resource?

■■ Sunlight in the Garden of Good and Evil
The problem is that climate change has be-

come a way of defining a new structure of good 

and evil that can then be imposed on society, 

resulting in pressure to recreate society in ways 

viewed as more desirable. 

Thus, obesity can now be seen as “evil” 

not for health reasons or because of theologi-

cal admonitions against gluttony but because it 

contributes to climate change. A complex public 

health problem is nicely converted into a simple 

moral mapping. 

Climate change science and policy thus be-

come carbon fundamentalism: an oversimplistic 

but comprehensive structure of moral valuation 

that can be applied to virtually any individual or 

institution in order to socially engineer them to 

conform to what is desired by those controlling 

the discourse.

really want to make a sacrifice to sustainability, 

consider ditching your pet.” (But of course that 

doesn’t really solve the carbon footprint prob-

lem. An actual “solution” would require killing 

the pet.) 

According to a statement by the chairman 

of the IPCC, those who suggest that climate 

change is not a catastrophic challenge are no dif-

ferent from Hitler. (The chairman later claimed 

that his words were taken out of context, but 

the reporter who conducted the interview, Lars 

From, stands by the 

quote.) Biologist E. 

O. Wilson calls such 

people parasites. Bos-

ton Globe columnist 

Ellen Goodman writes 

that “global warming 

deniers are now on 

a par with Holocaust 

deniers.”7

Clearly this is an active area of public 

debate. But the extreme language is notable, 

especially coming from the scientific com-

munity. Comparing academics who disagree 

about interpretation of data to Hitler is not the 

usual standard of discussion about scientific 

phenomena. 

■■ Demonizing Disagreement 
To a large extent, climate change science has 

shifted from trying to help the public and poli-

cymakers understand a complex issue to demon-

izing disagreement, especially regarding policies 

favored by the scientific community. 

Moreover, the language is not so much di-

rected against those who disagree with the un-

derlying science (since, as noted earlier, the basic 

physics are pretty standard stuff) but against 

those who, while accepting the existence of the 

phenomenon, do not believe climate change is 

an existential and immediate crisis. 
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Climate Change Deniers
And what of the so-called climate change de-

niers? Here it is useful to make some distinctions. 

First, those who reject the basic science of the 

greenhouse effect can be disregarded. The science 

in this area is well established. 

A second (far larger) community of “deniers” 

regard climate change as a purely political or 

cultural phenomenon. They consider it a game 

(one that the climate-science community often 

appears all too glad to play), which means that 

they regard climate change as being only as real 

as the political strength of its advocates. 

This position also cannot be defended. En-

vironmental perturba-

tions do not care what 

anyone may believe 

about them. Not all 

phenomena are post-

modern constructs; 

some are actually real. 

Whether one happens 

to regard global warm-

ing as a liberal plot 

says nothing about the 

ongoing anthropogenic changes to the climate 

and associated systems (though it may well color 

individual and social actions in response). 

Although this form of climate skepticism can-

not be defended, it creates a dangerous dynamic. 

People in this camp seize on the inevitable gaps 

and anomalies in climate research, using them 

to undermine confidence in the entire climate-

science enterprise. 

In reality, the ambiguities surrounding climate 

research are probably no greater than those ac-

companying scientific research on any highly 

complex topic. In the case of climate science, how-

ever, uncertainty can be rendered highly toxic, be-

cause the issue of what exactly is real and what is 

constructed by scientists becomes part of skeptics’ 

radical critique of the climate change community.

■■ Politicization and Social Priorities
The politicization of climate change is, per-

haps ironically, illustrated by the much-hailed 

award of the 2007 Nobel Peace Prize to the Inter-

governmental Panel on Climate Change, the sci-

entific institution created to evaluate and report 

on climate change science. On the one hand, 

the award clearly highlighted the importance of 

climate change issues. On the other hand, the 

Peace Prize is not awarded for scientific excel-

lence but for political performance. Awarding 

it to the core of the climate change community 

should have raised some red flags for the scien-

tific enterprise. 

This award serves as both testimony to and as 

part of the conversion of climate change science 

to a social engineering project. Science becomes 

less about providing information and more about 

validating and helping to impose a particular set 

of values.

A key element of this process is the assump-

tion that climate change is the most important 

issue facing humanity. From this viewpoint, all 

other issues (employment, economic growth, 

quality of life, diet, social norms such as divorce, 

even the owning of pets, apparently) are second-

ary. This approach seeks to impose a single hier-

archy of importance on a very complex global 

society in which societies and individuals have 

many, many different prioritizations of values. 

This is a dangerous path. Because science 

is for many people an important source of in-

formation and guidance, and is still generally 

respected in Western societies, it can indeed 

provide substantial authority for carbon funda-

mentalism, at least in the short run. But in the 

long run, converting science into an authoritar-

ian mechanism endangers not just the health of 

the scientific institution itself, but also society’s 

ability to achieve rational responses to increas-

ingly complex issues—of which climate change 

is only one. 
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easier if climate change can be presented as both 

catastrophic and avoidable only with significant 

changes in current social and cultural patterns 

and values. 

Steering the Research?
But the moral hazard argument hides some 

deeper, and perhaps more troubling, questions: Is 

the climate change engineering and science com-

munity steering society toward particular values 

and policy initiatives by managing the kinds of 

research being supported and published and the 

data being presented to policymakers? If so, how 

appropriate and ethical is this behavior? 

Note that this critique does not necessarily 

imply either direct data manipulation or fraud. 

Nor does it mean that the data currently avail-

able are false. Instead, the suggestion is that an 

unintentional focus on developing only certain 

theories and looking for data that fit with certain 

worldviews, combined with a peer review process 

subject to groupthink, over time can result in a 

strong bias in the available data without either 

fraud or falsification.

Indeed, a recent assessment by the Dutch 

environmental agency did find a “negative bias” 

in IPCC reports. Although the science presented 

was sound, the agency noted that the IPCC tends 

to concentrate on the worst-case possibilities and 

potential costs of climate change.8

A pervasive negative bias may be defensible 

where a particular report is only one part of a 

broader set of studies. When it is essentially the 

only study that policymakers rely on, however, 

such bias can be problematic because it may be 

translated into policy without adequate transpar-

ency or balance.

Backlash Against Climate Science
This sort of dynamic can be especially prob-

lematic in a highly controversial area like climate 

change, where many existing policies, technolo-

Middle Ground: Climate Centrists
A third community (all too often equated with 

climate change deniers) consists of those who ap-

preciate that anthropogenic climate change is 

occurring and recognize it as a serious issue that 

should be addressed but who are not convinced 

that it is the only, or even perhaps the largest, 

existential threat facing humanity today. 

This middle ground remains but it has been 

under attack from both sides. Voices from the 

center have been effectively drowned out by the 

fire and lightning coming from the two extremes. 

As a result, the climate-policy dialogue is missing 

the depth and complexity that centrists might 

interject. 

In short, over the 

past decade the ten-

dency in the climate 

change dialogue has 

been toward increas-

ing domination by 

both extremes at the 

expense of the center. 

It is this dynamic that 

explains much about the development of the 

concept of geoengineering as currently defined. 

Geoengineering and Moral Hazard 
In particular, one must engage with the con-

cept known as “moral hazard,” which holds that 

any consideration of alternatives other than im-

mediate deep cuts in greenhouse gas emissions 

will reduce political and popular pressure on con-

sumers in developed countries (especially Amer-

ica) to reduce emissions and change behavior. 

Thus, geoengineering is disfavored because, 

by offering possible options for technological 

control of global warming, it entails the “moral 

hazard” of insufficient change in public behav-

ior. This is not, of course, an idle concern, as 

it is indeed likely that changing consumption 

patterns (particularly in America) would be far 
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on geoengineering technology. This has not 

prevented geoengineering from developing, of 

course. But some argue that it has held back the 

field, both in research and in policy terms. 

Shifting Priorities
Again, this need not be seen as nefarious or a 

“conspiracy.” It can simply reflect the dynamics 

of peer review and incrementalism that character-

ize most major research and funding programs. 

If a community is committed to a particular 

policy initiative, such as cutting greenhouse gas 

emissions via the Kyoto Protocol, anything that 

suggests alternatives will not be regarded as a 

priority. 

Conversely, when 

the international ne-

gotiation process is 

seen (at least by some) 

to be faltering, it be-

comes a higher prior-

ity to explore potential 

alternatives—which 

may explain the cur-

rent burst of interest in geoengineering. 

Worries About Risk and Uncertainty
Other concerns arise from the uncertain (but 

unquestionable) risks posed by geoengineering 

technologies, which are predicated on direct—

and hardly subtle—intervention in foundational 

planetary systems. Indeed, proponents of geoen-

gineering readily admit this point. Some of them 

note, however, that concern about geoengineer-

ing risks is somewhat hypocritical since research 

that might help resolve the risk issues has often 

been successfully limited by the same community 

that is now leveling the criticism. 

Regardless of past disagreements, it is cer-

tainly clear that if we were ever in a position 

where we had to deploy geoengineering tech-

nologies at a large scale, we would want a lot 

gies, and social and cultural patterns are being 

challenged. If stakeholders who are being socially 

engineered without being informed of it find out, 

it is liable to lead to a strong backlash against not 

just the particular report, but also the relevant 

science and engineering generally—thus under-

mining their credibility just when it would be 

most valuable. 

Indeed, backlash against climate science is 

apparent today. It can be seen with respect to 

specific cases of assumed manipulation (for ex-

ample, in a Daily Mail article claiming that false 

information on melting glaciers was deliberately 

inserted into an IPCC report “purely to put po-

litical pressure on world leaders.”)9 It can also be 

seen more generally in the significant drop in the 

number of people who believe global warming is 

actually occurring, as measured in recent polls.10

Time to Change Course?
In the climate change community, the usual 

response to such trends is to take the poll data 

as an indication that the public needs more in-

formation and more pressure—so that they will 

understand and accept the truth as seen by the 

climate change community. However, the real 

problem may not be an ignorant public, but 

rather an underlying process that, if not reversed, 

will only continue to reduce the credibility of 

climate change science and policy.

A different approach—emphasizing, say, pub-

lic airing of uncertainty and development of a 

portfolio of options, as well as a more sophis-

ticated approach to technological evolution—

might over time result in more effective action.11

Geoengineering Research (Or Not)
One effect of the deep concern about moral 

hazard has been strong and (at least until re-

cently) reasonably effective opposition by the 

climate change community and activists to fund-

ing, researching, or publishing significant work 
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little or no risk to humans, human-built environ-

ments, biodiversity, ecosystems, or any other sys-

tem. This is simply wrong. If climate change were 

that separable, we would have solved it by now. 

What if, instead, climate change is simply one 

of many complex, emergent behaviors being gen-

erated by the seven billion people who inhabit 

this planet? After all, climate isn’t the only thing 

humans are changing in fundamental ways. 

We are also causing perturbations to the 

nitrogen, sulfur, and hydrologic cycles; dramati-

cally increasing mobilization of materials for our 

own use; reducing global poverty and, hence, 

greatly increasing material consumption; and 

dramatically accelerating technological evolu-

tion with the “Five Horsemen” (nanotechnology, 

biotechnology, robotics, information and com-

munication technology, and applied cognitive 

science). Climate change—like all these other 

rapidly accelerating changes—cannot simply be 

“solved.”12

And it cannot be separated from all those 

other systems. Where policy has tried to do so 

(such as with corn-based ethanol), the result has 

been substantial unanticipated effects in very dif-

ferent domains—from increased hunger among 

the poor globally to significant shifts in agricul-

tural land use to food riots. 

It’s All About Climate!
Analogously, both the Kyoto Protocol nego-

tiations and the geoengineering discourse assume 

that climate change is the most important exis-

tential challenge facing humanity and that, as a 

corollary, all other values are secondary, at least 

to the extent that they conflict with the goal of 

“solving” climate change. Thus, environmental 

considerations are treated as self-evidently more 

important than social and cultural stability, jobs, 

national security, and the like. A more subtle ver-

sion of this position involves arguing that all other 

interests depend on “solving” climate change. 

more information about things like costs, risks, 

benefits, effectiveness, and design considerations 

and constraints.

Geoengineering Proponents and the Climate 
Change Community: Different Worldviews, 
Same Weaknesses

The irony is that both the current climate ne-

gotiating strategy and geoengineering are flawed 

in similar and fundamental ways. To some extent, 

this is understandable, 

because they both rep-

resent initial efforts to 

deal with a very com-

plicated problem. But 

neither approach is ad-

equate.

There are a few 

fundamental assump-

tions that underlie, and increasingly undermine, 

both the climate change community’s and the 

geoengineering approaches to earth systems:

• an assumption that the systems dynamics 

involved are simple, when in fact they are 

complex adaptive systems;

• application of reductionist paradigms far be-

yond the boundaries within which they are 

effective;

• an assumption that climate change is a “prob-

lem” to be “fixed” rather than a condition to 

be managed; and

• a failure to appreciate the dynamics and char-

acteristics of technological evolution.

Humans and Planet: One World, Indivisible 
The first three points all stem from a funda-

mental mischaracterization of climate change. 

Both the Kyoto Protocol negotiations and geo-

engineering take it for granted that climate 

change can be separated from other systems and 

“solved”—put back into a state where it poses 
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bedeviled the climate change negotiations—will 

be fatal to geoengineering hopes if it continues.

Technology Changes Everything
Any reasonably powerful technology system 

co-evolves with other technology systems, with 

environmental systems, with individual psychol-

ogy, with institutions, and with societies. Perhaps 

a brief review of a familiar one will help illustrate 

this dynamic—and show why a far more so-

phisticated, inclusive dialogue about technology 

should be part of any geoengineering discussion. 

The railroad, a familiar technology to most 

people, is a good way to illustrate how much 

of the complexity of 

any powerful tech-

nology system arises 

not from the artifacts 

themselves (even if 

they are very compli-

cated) but from the 

ways in which they are 

coupled to human and 

social systems, which 

add additional dimensions of complexity.14

Complexity and Reflexivity
Physical artifacts tend to display both static 

complexity (for example, having many pieces 

with many connections among them) and dy-

namic complexity (exhibiting complex behaviors 

as the artifact functions through time, such as a 

jet airplane in flight). Scientists and engineers are 

used to that sort of complexity. 

But what really makes technology systems 

complex is the reflexivity and “wicked” com-

plexity of the social and cultural systems they 

co-evolve with. Reflexivity occurs because in 

a human society, anything a technology does 

(and any learning it creates) is absorbed by the 

culture, which then starts to treat the technol-

ogy differently. 

This posture can create strong opposition 

from people who may hold conflicting values 

(e.g., those who oppose invasive international 

agreements because of infringements on libertar-

ian views of individual autonomy). In fact, such 

opposition is a predictable response given the un-

helpfully simplistic way in which climate change 

negotiations have been framed and conducted.13

Hey, Let’s Geoengineer! What Could Possibly 
Go Wrong?

In this light, geoengineering can be under-

stood as the technological equivalent of the 

Kyoto Protocol process. It is highly simplistic—in 

fact, almost touchingly naïve—to suggest the de-

ployment of technologies that have the power to 

change fundamental systems such as energy flow 

to the Earth’s surface, or meaningfully increase 

anthropocentric management of the biosphere, 

based only on their implications for climate 

change (even assuming they work as predicted). 

To believe that any such potent technology 

could be introduced without unpredictable (but 

equally foundational) adjustments in economic, 

environmental (both natural and built), cultural, 

social, and political systems simply blinks reality.

To take just one obvious example, the ability 

to manipulate climate predictably would be an 

extraordinary weapon. One would have to ignore 

most of the past centuries of history to believe 

that this isn’t apparent to the larger nation-states 

involved in the climate change and geoengineer-

ing debates. 

Any geoengineering adjustment to the cli-

mate will almost necessarily have substantial dis-

tributive effects over time. Shifts in weather will 

alter agricultural patterns, perhaps over regional 

scales; affect energy use; impact urbanization 

patterns; and affect comparative national power.

Geoengineering is not a technical issue. This 

fundamental misperception—which arises from 

the same roots as the misperceptions that have 
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tion using an informal capital accumulation 

system based on personal networks. Railroads 

required massive amounts of capital, and new 

financial instruments capable of creating, admin-

istering, and stabilizing such markets. 

Moreover, while division of labor among 

blue-collar workers dated back at least to the 

days of Adam Smith (as recorded in his famous 

example of the pin factory), early capitalism 

didn’t require a lot of division of labor among 

white-collar workers. In general, you simply 

found a good worker. Later, you promoted him 

to supervisor. Eventually he helped you run your 

factory. With railroads, however, a division of 

labor among workers at the management level 

arose. Employees became experts in accounting, 

planning, human resources, line operations, law, 

and other white-collar specialties.16

And, of course, by creating a national market 

with dramatically quicker and cheaper transpor-

tation availability, the railroad was an important 

enabler of the shift from the local to national eco-

nomic scale, with the ensuing rise of monopolies 

and trusts such as Big Sugar, Big Tobacco, and 

Big Oil.

The environmental implications of the tech-

nology were also profound. The availability of rail 

transport opened up the interior of continents to 

industrial agriculture. In the United States, for 

example, railroads transformed the Midwest and 

built Chicago.17 Railroad networks stretched out 

from Chicago through the prairies of neighboring 

states, with busy freight lines to New York City, 

where steamers were loaded with grain for the 

European markets. This was a flow of commerce 

that earlier transportation networks could never 

have supported.

Even at a personal level, railroads had their 

effects. Many early riders became hysterical when 

the unimaginable speed of 20 miles an hour was 

reached, and some doubted that people were in-

tended to travel that fast (or could do so safely). 

For example, a climate change model doesn’t 

change if it is used. But when the results of 

the model run are published and presented to 

policymakers, who then change their policies 

in response, the assumptions of the model may 

become dated, or even at some point dysfunc-

tional. The model has been undone not by any 

internal failings, but by the reflexivity of social 

and cultural systems. (This doesn’t mean that one 

shouldn’t use models—only that one should un-

derstand their output as sophisticated scenarios, 

rather than as “truth.”)

The Route of the Railroad
Consider, then, the railroad.15 They may be 

old hat now, but when they began their rapid ex-

pansion phase in the 1840s and 1850s in Europe 

and the United States, 

railroads were extraor-

dinary harbingers of 

change.

For example, be-

cause railroads were 

a regional-scale inte-

grated technology net-

work, they required 

additional technology systems to operate. They 

needed a way of systemizing time, and a way to 

communicate in real time, across their network. 

Thus, railroad systems played an important part 

in the evolution of the uniform, precise “indus-

trial” systems of time we now take for granted. 

Similarly, railroads and telegraph systems co-

evolved, at times even using the same rights of 

way, so that communication was coextensive in 

time and space with the operations of the railroad 

network. 

But railroads didn’t just affect other technolo-

gies. Because of their unprecedented scale, com-

plexity, and capital requirements, they helped 

shape modern managerial capitalism. The earlier 

factory capitalism model had been able to func-
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nology, for example, didn’t become truly mass 

consumption until a number of social and eco-

nomic innovations enabled it—in particular, the 

development of labor systems that gave work-

ers enough money to buy cars and mass credit 

systems that enabled them to buy products on 

credit, rather than having to pay cash up front 

(mass retailers such as Sears similarly created 

“layaway” plans). 

Train Wreck: Getting the Geoengineering 
Discussion Back on the Rails

Brief as it is, the railroad example suggests 

that the geoengineering dialogue desperately re-

quires reframing. The 

paragraphs that follow 

outline some of the is-

sues we must acknowl-

edge and confront if 

we expect to have a 

sensible conversation 

about geoengineering.

Redesigning Earth Systems: Recognizing the 
Impacts of Geoengineering

First, it is untenable to deploy technolo-

gies of such power in order to “solve” one par-

ticular “problem,” regardless of how important 

one regards that problem. The constellation of 

changes in coupled systems (from agricultural 

to economic to social to security), while unpre-

dictable in detail, will clearly be substantial and 

significant. 

Moreover, because geoengineering technolo-

gies are highly susceptible to “lock-in,” any 

changes that occur will be very difficult to re-

verse. Once we begin using a geoengineering 

technology to reduce climate change forcing, for 

example, we will have built very, very high costs 

into any decision to pull that technology back. 

As a corollary, simple caution urges that 

we need to have a sophisticated understanding 

The existing psychological sense of time and 

space, conditioned by horse, carriage, and canal 

travel, was overthrown. Previously inaccessible 

spaces became part of one’s potential local land-

scape. 

At a cultural level, especially in America, 

railroad technology played an important part 

in shifting the dominant worldview away from 

Jeffersonian agrarianism. The United States was 

becoming a high-technology, industrial power 

(a shift that to some degree coincided with, and 

co-evolved with, the movement of developed 

economies toward urbanization).

Waves of Change
Railroad technology is not unique in coupling 

to a constellation of social, technological, eco-

nomic, cultural, values, theological, institutional, 

and policy patterns. Economists have identified a 

series of “long waves” of innovation and cultural 

change that develop around core fundamental 

technologies. 

Although there is of course a certain degree 

of arbitrariness in the way these “technology 

clusters” are defined, among the most commonly 

identified are:

• railroads and steam technology (from about 

the 1840s to the 1890s); 

• steel, heavy engineering, and electricity (from 

about the 1890s to the 1920s); 

• mass consumption technologies (centering 

around the automobile, petroleum, and avia-

tion, from about the 1920s to the 1990s); and 

• the information and communication tech-

nology cluster, sometimes now called the 

“emerging technology cluster” (from the 

1990s to the present). 

Each of these clusters introduced new and 

complex patterns that were inherently unpre-

dictable until they happened. Automotive tech-
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ture, such as the smart grid, will be redesigned in 

time as well); lighting and building HVAC (heat-

ing, ventilating, and air conditioning) systems 

are becoming increasingly efficient, both because 

of incremental improvements (e.g., sensors that 

turn lights off when no movement occurs in a 

room) and new innovations (e.g., LED lighting); 

green energy research and development is a hot 

new investment area; and personal habits are 

changing around the globe. 

It is, of course, not appropriate to simply 

assume that all’s well because technology will 

adapt. But it is equally inappropriate to pretend 

that there’s no adaptation. 

Geoengineering Now
What these adaptive changes tell us is that 

real geoengineering is going on today. We simply 

do not perceive it because it’s not the “magic bul-

let” kind of technology we think we need.

Changes in the Agricultural Sector 
For example, consider the agricultural sector. 

There is already evidence that innovations in 

agriculture, including the intensive agricultural 

technologies disliked by many environmental-

ists, have significantly reduced climate change 

forcing. A recent article found that such innova-

tion between 1961 and 2005 saved a land area 

larger than Russia from development, while re-

ducing greenhouse gas emissions by an amount 

equal to 590 gigatons of carbon dioxide—which 

is about a third of the total emitted since the In-

dustrial Revolution began.18

Now that’s a serious geoengineering technol-

ogy suite—especially since it’s estimated that the 

cost of those carbon reductions was about $4.00 

per ton of carbon dioxide equivalent, way more 

efficient than anything else we’ve come up with 

so far. And, importantly, the climate change im-

pacts are only one part of that technology shift, 

which is positive in other ways as well (for exam-

of what the technology might do beforehand. 

Bluntly, a geoengineering technology will not 

“solve” climate change. It will redesign major 

Earth systems.

Do You Believe in Magic—Or Just 
Geoengineering?

Second, because geoengineering has been 

mischaracterized from the beginning as an effort 

to find a “solution” to a “problem,” it has led us 

into an extraordinarily limited (one might almost 

say “magical”) view of what technologies do. 

To buy the current definition, we must pre-

tend that geoengineering technologies do not 

have unacceptable ef-

fects on coupled sys-

tems. We must also 

imagine that all other 

technologies (“non-

geoengineering tech-

nologies”) do not 

themselves have major 

effects on climate sys-

tems. 

In other words, the current view assumes that 

there is something uniquely effective about the 

way “geoengineering” technologies (as currently 

defined) impact climate change, and that other 

technology systems somehow lack these unique 

effects. The first assumption is clearly wrong; the 

second is as well. 

Understanding How Complex Systems Adapt 
To begin with, these assumptions completely 

ignore the fact that complex systems adapt. The 

social, cultural, economic, and technological sys-

tems within which humans function are, in fact, 

adapting remarkably quickly to shifts in the rela-

tive prioritization of climate change.

Automobiles are being redesigned, with more 

hybrids becoming available and plug-in vehicles 

near market (although one hopes that infrastruc-

Brad Allenby12  /  Winter 2010  /  Environmental Quality Management  /  DOI 10.1002/tqem

The social, cultural, economic, 
and technological systems within 
which humans function are, in fact, 
adapting remarkably quickly to 
shifts in the relative prioritization 
of climate change.



change. Consider information and communica-

tion technology (ICT), for example, which creates 

the potential for large-scale substitution of infor-

mation transmission for unnecessary transport. 

How much could virtual reality conferences 

and meetings save? And does the social cost we 

might associate with current technologies dimin-

ish as the difference between “virtual” and “real” 

realities shrinks? 

Extending Life Expectancy
Almost completely unremarked upon in the 

climate debates are other emerging technologies 

that could have far-reaching impacts. For exam-

ple, it seems increas-

ingly possible that a 

technology suite could 

support radical life ex-

tension. Some consider 

a life expectancy of 

150 years (with consis-

tently good quality of 

life) to be achievable in 

the relatively near fu-

ture, at least among the elite. The implications of 

such a development would be profound, perhaps 

amounting to a sort of “antigeoengineering.”

Constrained by Current Mind-Sets
In sum, we are already in the midst of geoen-

gineering. It is only our lack of imagination and 

widespread ignorance regarding technology sys-

tems that prevent us from recognizing it. Given the 

complexity and power of technology systems, the 

inadequacy of our current mind-set is staggering. 

Our current definition of geoengineering and the 

limited dialogue around it severely constrain our 

understanding and our ability to move forward.

So What Is to Be Done?
Given the above discussion, one might be 

inclined to suggest starting over with a more 

ple, feeding people who would otherwise starve 

and reducing demand for land for agriculture). 

Now consider a technology approaching com-

mercialization: growing meat from stem cells in 

factories.19 Cows and pigs are an extraordinarily 

inefficient way to produce steak and pork pies. 

Cows, for example, emit some 50 kilograms of 

methane a year, and livestock currently con-

sumes about one-third of the global grain crop. 

Some estimates (which should be viewed as 

ballpark given the uncertainties involved) suggest 

that a shift away from livestock agriculture might 

reduce greenhouse gas emissions by around 18 

percent. It could also reduce nitrogen loading on 

sensitive ecosystems, avoid substantial soil ero-

sion (according to one US estimate, over half of 

all soil erosion is due to livestock-related activity), 

reduce land use (potentially freeing up an area of 

over 3 million square kilometers, about the size of 

India), and provide other benefits.20

Of course, there are substantial costs associ-

ated with this path. An entire sector would go 

bankrupt (livestock farmers), and countries and 

localities where the landscape is defined by pas-

toral archetypes would be adversely affected (e.g., 

the Swiss tourist industry). 

This again makes clear the systemic implica-

tions of powerful technology systems. The po-

tential effects on existing agricultural economies, 

supply chains, land and water use patterns, employ-

ment, national cultures, and animal populations 

are apparent. Somewhat less obvious, but no less 

real, are the psychological implications of changing 

food from a farm-grown to a factory-made product. 

This is serious geoengineering, embracing not 

just the technology, but also recognizing, and 

engaging with, all the other systems to which it 

is coupled. 

Advances in ICT 
One could look to other sectors and come up 

with similar examples of wide-ranging technology 
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one should use it to as good advantage as pos-

sible. 

Geoengineering Research
It is a similar situation with geoengineering. 

Geoengineering technologies are high risk, and 

implementing them at anything other than pilot 

scale without serious further research and atten-

tion runs the high probability of it simply becom-

ing “techno-infatuation with tears.” One cannot 

simply change fundamental systems with clumsy 

technologies and hope to get away with it. 

■■ Buying Insurance in an Unpredictable 
World 
That said, it is also the case that these tech-

nologies represent an important possible source 

of insurance for a future that is highly unpredict-

able and in which major systems (climate, ocean 

circulation patterns, and the like) are contingent 

in ways we don’t really understand. 

Accordingly, research on geoengineering 

should certainly be continued, and indeed ex-

panded significantly, if for no other reason than 

to increase the options available as humans con-

tinue to develop a future that is unpredictable 

but that may involve serious dislocations in fun-

damental systems. The incremental benefits from 

the billions poured into climate science pale next 

to the importance of developing a sophisticated 

set of options from which we can choose. 

None of the technologies currently included in 

the geoengineering category is necessarily “bad.” 

But they all are highly risky, especially if deployed 

at the planetary scale. A few reflective balloons in 

the stratosphere would be a good pilot project. A 

few ships spraying sea water into the atmosphere 

in an attempt to create cloud cover might provide 

interesting data on effectiveness and how place-

ment of clouds in different locations changes 

atmospheric dynamics. A little iron fertilization of 

the ocean might be worthwhile. 

sophisticated, less exclusively environmentally 

driven perspective. But this is infeasible, both 

for climate change negotiations and for geoen-

gineering.

Climate Change Negotiations
As far as the negotiating process goes, when 

so many people and institutions have given 

years of their lives (and committed their brands 

and reputations) to a particular process, it sim-

ply isn’t going to stop. It seems clear at this 

point that the process will not succeed. But it ex-

hibits the social equivalent of technology “lock-

in”—it is coupled to so many policies, inter-

national agreements, 

conference and meet-

ing schedules, and in-

dividual reputations 

(not to mention being 

a major focus of U.N. 

activities) that it is 

simply unrealistic to 

assume the process 

will either go away or 

change into something more effective. So the 

climate change negotiating process will con-

tinue to consume much energy (and generate 

much unnecessary opposition) because it has 

substantial internal inertia.

That said, even if the process does not succeed 

in any of its stated goals, climate change negotia-

tions are still valuable for the pressure they put 

on the underlying complex adaptive systems: 

the global economy, multinationals and research 

organizations, and technological and social in-

novation systems. 

Climate change negotiations are, of course, 

an extraordinarily inefficient way to apply this 

pressure, especially when the process generates 

so much distrust of science and environmental-

ism. But since any serious modification to the 

climate change negotiation process is unlikely, 

Brad Allenby14  /  Winter 2010  /  Environmental Quality Management  /  DOI 10.1002/tqem

The climate change negotiating 
process will continue to consume 
much energy (and generate much 
unnecessary opposition) because it 
has substantial internal inertia.



to be important mitigation options, depending 

on scale, but far more work needs to be done to 

evaluate them. More importantly, thinking of 

such potent technologies primarily in terms of 

climate change fundamentally misunderstands 

the nature of technology. A more sophisticated 

understanding of technology systems desperately 

needs to become part of the geoengineering dis-

cussion, and soon. 

Moreover, the definition of geoengineering 

we use today is far too constricted and naïve. 

Because it feeds so directly into policy dialogues 

(and research funding programs), a broader, 

deeper, and more effective idea of what con-

stitutes geoengineering needs to be developed 

rapidly. 

A good start might be to divert a small part 

of the funding currently going to climate change 

science into studies of how cutting-edge develop-

ments in agriculture and ICT (and other sectors as 

well) can be reframed as powerful elements of a 

portfolio of geoengineering technologies.

Expanding our thinking won’t “solve” global 

warming. But perhaps it can enable more ratio-

nal, more ethical, and more responsible answers 

to the challenges posed by climate change and, 

more broadly, by an increasingly human world. 
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