Chapter 49

Engineering the Planet

Davip W. KEITH

While the scope of human environmental
impact is now global, we have yet to make a
deliberate attempt to transform nature on a
planetary scale. 1 call such transformation
geoengineering.! More precisely, I define
geoengineering as intentional, large-scale ma-
nipulation of the environment. Both scale and
intent are important. For an action to be geo-
engineering, environmental c]‘lange must be
the goal rather than a side effect, and the in-
tent and effect of the manipulation must be
large in scale. Two examples demonstrate the
roles of scale and intent. First, intent without
scale: Omamental gardening is the inten-
tional manipulation of the environment to
suit human desires, vet it is not geoengineer-
ing because neither the intended nor realized
effect is large-scale. Second, scale without in-
tent: Climate change due to increasing car-
bon dioxide (CO3) has a global effect, yet it is
not geoengineering because it is a side effect
of the combustion of fossil fuels to provide en-
ergy. Pollution, even pollution that alters the
planet, is not engineering. It's just making a
mess.’

Manipulations need not be aimed at
changing the environment, but rather may
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aim to maintain a desired environment
against perturbations—either natural or an-
thropogenic. In the context of climate
change, geoengineering entails the applica-
tion of countervailing measure, one that uses
additional technology to counteract un-
wanted side effects without eliminating their
root cause, a “technical fix.”

Sun Shades

If we decreased the amount of sunlight ab-
sorbed by the Earth we might engineer a cool-
ing effect sufficient to counterbalance the
warming caused by CO;. Cooling might be
achieved by adding aerosols, fine particles sus-
pended in air, to the atmosphere, where they
would scatter sunlight back into space and
might also increase the lifetime and reflectiv-
ity of clouds.? Alternatively, it might be possi-
ble to engineer giant shields in space to scatter
sunlight away from the planet.* These are the
oldest and best-known geoengineering pro-
posals so I will discuss them in some detail.
Like many other tools for geoengineering,
the use of aerosols imitates nature. Sulfate



aerosols injected into the stratosphere by large
volcanoes can cause rapid global cooling. The
eruption of Mount Tambora in present-day
Indonesia, for example, was thought to have
produced the “year without a summer” in
1816. Likewise, the 1991 eruption of Mount
Pinatubo in the Philippines caused a rapid de-
cline in global temperatures that persisted
over several years. In fact, “artificial volca-
noes” have been proposed to deliberately in-
ject sulfate aerosols into the stratosphere.’

As well as imitating natural processes, pro-
posals for geoengineering often mimic exist-
ing human impacts: combustion of coal al-
ready creates great quantities of aerosols that
offset part of the warming caused by COs.
Geoengineering might therefore be seen as
adding one pollutant—aerosols—to counter-
act the effect of another—CO;. Like any tech-
nology, geoengineering entails risks and side
effects. Sulfate aerosols injected into the strat-
osphere will, for example, generate impacts
such as ozone loss, But, geoengineering is not
pollution. Intent matters. The political impli-
cations of geoengineering, the institutional
coordination required to implement it, and
the moral implications of so doing all differ
radically from the aerosol pollution that arises
as a by-product of fuel combustion. Geoengi-
neering may generate pollution as a side ef-
fect, but it is not simply a continuation of our
long history of polluting the planet. Deliber-
ate planetary engineering would open a new
chapter in humanity’s relationship with the
Farth.

There is a surprisingly rich history of pro-
posals to engineer the climate. As early as the
1960s, when modern knowledge of the CO»-
climate problem was in its infancy, there were
suggestions that climate control using aerosols
be used to offset the effects of rising CO; con-
centrations. Consider, for example, “Restor-
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ing the Quality of Our Environment,” a report
delivered to U.S. president Lyndon Johnson in
1965 by the Presidential Science Advisory
Committee, which was the first high-level gov-
ernment policy document to draw attention to
the threat of COy-driven climate change.
While the report’s discussion of climate sci-
ence is consistent with that found in similar re-
ports today, the sole suggested response to
the CO;-climate problem is geoengineering,
which reflects extreme confidence in human
technological prowess: “The possibilities of
deliberately bringing about countervailing cli-
matic changes therefore need to be thor-
oughly explored.” The report suggests dispers-
ing of buoyant, reflective particles on the sea
surface, concluding that “a 1 percent change
in reflectivity might be brought about for
about $500 million a year. ... Considering
the extraordinary economic and human im-
portance of climate, costs of this magnitude do
not seem excessive.”® The report does not
mention the possibility of reducing fossil fuel
use; this surprising fact illustrates that our
thinking about the appropriate tools for man-
aging the climate is far less stable than is our
understanding of the underlying science.

The cost of injecting aerosols into the strat-
osphere was analyzed by the U.S. National
Academy of Sciences in 1992; it examined
several delivery methods including high-
altitude aircraft and naval guns, and found
that annual costs of greater than $100 billion
would be sufficient to produce a 1 percent re-
duction in effective insolation (average solar
radiation) reaching the lower atmosphere.”
While this cost may sound high, it is roughly a
factor of ten lower than the cost to achieve an
equivalent reduction in climate change
through reductions in CO; emissions.® The
amount of sulfate that would need to be in-
jected would be about twenty to fifty times
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smaller than the amount of sulfur now added
to the lower atmosphere by fossil fuel combus-
tion, so the contribution to acid rain might be
negligible. Moreover, later analysis has shown
that it is technically possible to design aerosols
that are far more effective per unit mass at
scattering light, which could reduce costs by
more than a factor of ten.”

Costs are unlikely to be a deciding fac-
tor in the implementation of geoengineering,
Using engineered high-scattering-efficiency
aerosols, it is conceivable that the cost of cli-
mate engineering could be within reach of
the world’s richest individuals or private foun-
dations. Decisions about implementation
should balance the reduction in climate risk
against the direct risks of geoengineering; cost
would be a minor factor in this risk-risk
decision.

The use of sulfate aerosols poses serious
risks, including the alteration of atmospheric
chemistry that might further deplete strato-
spheric ozone. The role of natural aerosols
in forming the Antarctic ozone hole serves
as a warning about the sensitivity of ozone
concentrations to aerosols. However, Paul
Crutzen (who received a Nobel Prize for work
on stratospheric ozone) has argued that ozone
depletion due to aerosol geoengineering
might be acceptably small and could be made
smaller still. While increasing CO; warms the
lower atmosphere, it paradoxically cools the
stratosphere, which can lead to increased
ozone depletion.!” Crutzen points out that if
absorbing aerosols were used (black carbon in
addition to sulfate), it would be possible to in-
crease stratospheric temperatures, offsetting
the current stratospheric cooling and partially
or entirely offsetting the ozone depletion due
to aerosol geoengineering."!

While expensive, space-based sunshields
have side effects that would be both less signif-

icant and more predictable than would be the
case with aerosols. Assuming that the shields
were steerable, their effect could be elimi-
nated at will. Additionally, steerable shields
might be used to direct radiation at specific
areas, offering the possibility of weather con-
trol. In recent decades, proposals have focused
on space-based systems that would be located
in stable orbits on a line between the Earth
and the sun, well beyvond the moon’s orbit. Fd-
ward Teller and collaborators have found that
such a shield could be made with much lower
mass than was previously thought, implying
that costs might be dramatically reduced.!?
While little technical analysis has been done,
it seems certain that the cost and technical
challenges of creating space-based sunshields
are far larger than the costs in injecting aero-
sols into the stratosphere.

Regardless of how it is achieved, a reduc-
tion of solar input cannot perfectly compen-
sate for COz-induced warming. While insola-
tion could presumably be adjusted so that
a geoengineered climate matched the pre-
industrial mean surface temperature, the re-
sult would still be significantly different than
from the preindustrial climate. Several cli-
mate model experiments have shown that
albedo geoengineering may nevertheless re-
produce preindustrial climate with reason-
able fidelity.®

Controlling the Weather

Just as growing knowledge of the role of
aerosols in the atmosphere might enable
more efficient and precise geoengineering,
advances in the science of weather prediction
are inadvertently producing tools that enable
more effective weather control. The key tool
is the development of specialized numerical



models that are able to efficiently predict the
impacts of small changes in the atmospheric
state (temperatures, winds, and so forth) on
the evolution of weather systems.!* These
tools are used in advanced weather-prediction
systems to estimate the effect of errors in cur-
rent observations of atmospheric conditions
on the accuracy of weather forecasts a few
days later.

This ability might be used to build a system
for weather control by exploiting a paradoxical
feature of chaotic systems. We often assume
that chaos makes systems hard to control. The
hallmark of chaotic systems is their extreme
sensitivity to initial conditions, the proverbial
flapping of a butterfly’s wings that alters the
global weather. It is this sensitivity that makes
it hard to predict the future state of a chaotic
system, because errors in one’s knowledge of
the system’s initial state are rapidly amplified.
Sensitivity to initial conditions can, however,
facilitate dynamie control or guidance of the
system’s evolution because small control in-
puts are subject to the same amplification.
Given sufficiently accurate models and obser-
vations, it is possible to steer the time evolution
of chaotic systems with surprisingly small con-
trol inputs. Ross Hoffman and collaborators
have shown, for example, that this strategy
might be used to steer hurricanes."

If atmospheric models and measurements
are the software of weather control, the hard-
ware is the tools used to manipulate atmo-
spheric conditions. At the simplest, manipu-
lation of atmospheric conditions might be
accomplished by perturbing the altitude or
course of commercial aircraft, which already
effect atmospheric heating by generating cir-
rus clouds. Alternatively, manipulation might
be accomplished by cloud seeding or, most
extravagantly, by the use of space-based sys-
tems that could direct solar infrared radiation
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to selectively heat the atmosphere or the sur-
face. Better measurement of atmospheric
conditions and better models of the global at-
mosphere together allow the use of smaller
levers to achieve a given degree of weather
control. Better software allows use of less
hardware.

The most obvious utility of weather con-
trol is the ability to minimize the impact of se-
vere storms on human welfare; sustained and
large-scale use of weather control is, however,
a form of climate control. Like other means of
geoengineering, such power might be used to
alter the climate to suit human desires or
counteract climatic changes arising from
other causes.

Should We Engineer the Planet?

The postwar growth of the Earth sciences has
been fueled, in part, by a drive to quantify en-
vironmental insults in order to support argu-
ments for their reduction. Paradoxically, our
growing understanding of the dynamics of the
Farth system increasingly grants us leverage
that may be used to manipulate the Earth sys-
tem and deliberately engineer environmental
processes on a planetary scale. The manipula-
tion of solar flux using stratospheric scatterers
is the best example of leverage: we could re-
duce solar input sufficiently to initiate an ice
age at an annual cost of less than 1 percent of
global economic output.

How should we use our growing ability to
engineer the planet? There is no immediate
prospect that geoengineering will be em-
ployed as a tool for managing the CO:-
climate problem, but looking further ahead
the question is far less easily answered. Should
geoengineering substitute, even partially, for
mitigation? In my view, a crucial part of the
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answer turns on the ultimate objectives of
climate policy. Why should we spend money
to reduce climate change? What conse-
quences concern us most? Is human welfare
the sole consideration, or do we have a duty to
protect natural systems independent of their
utility to us?

Just as safer cars may encourage more ag-
gressive driving, the mere knowledge that
geoengineering is possible may reduce the in-
centive to cut emissions by reducing (or
appearing to reduce) the worst-case conse-
quences of climate change.

Geoengineering may nevertheless be
needed even if we pursue an aggressive miti-
gation strategy: suppose that several decades
hence real collective action is underway to re-
duce CO; emissions under a robust interna-
tional agreement. Suppose further that the cli-
mate’s sensitivity to CO», or the sensitivity of
natural systems to changed climate and in-
creased CO», turn out to be higher than we
now anticipate. Finally, suppose that because
of the long lifetime of CO; in the atmosphere,
even strong action to abate emissions is insuf-

Geoengineering as a
substitute for mitigation

Co, Concentration

Albedo modification . -

_

Radiative Forcing

Time

ficient to prevent rapid deglaciation and con-
sequent sea-level rise. Under such conditions,
temporary albedo modification to limit cli-
mate impacts during the period of peak CO>
concentrations might be warranted to control
climate risk, not to substitute for mitigation.

Figure 49.1 illustrates the distinction be-
tween geoengineering as a substitute for miti-
gation and geoengineering as a means to
reduce the risks of climate change while miti-
gation is ongoing. If geoengineering were
used as a substitute, as in the left panel of the
figure, the scale of the engineered compensa-
tion for CO;-driven warming would have to
grow to offset growing CO; concentrations.
The risks of unanticipated side effects would
therefore grow without bound. In this case,
one might view mitigation as a strategy to min-
imize the risks of the side effects of geoengi-
neering. On the other hand, geoengineering
might be used in conjunction with mitigation
to reduce the risks of climate change during
the period of peak CO; concentrations.

It is tempting to discount geoengineering
because of the risk of unintended conse-

Geoengineering as risk
minimization

Radiative Forcing

Time

FIGURE 49.1. Schematic illustration of the distinction between geoengineering as a substitute for
mitigation (left panel) and geoengineering as a supplement to mitigation used as a means to reduce
the risks of climate change during the period of the peak radiative forcing (right panel).



quences. For example, Jeff Kiehl asserts that
“a basic assumption to this approach [geo-
engineering] is that we, humans, understand
the Earth system sufficiently to modify it and
‘know’ how the system will respond.”1° If geo-
engineering is used temporarily to reduce im-
pacts of peak CO; concentrations, however,
then it is misleading to argue against it solely
because of the impossibility of predicting the
system’s response. Consider the choice be-
tween enduring a period in which CO; con-
centrations exceed 600 parts per million
(ppm) and living with the same CO; concen-
tration in conjunction with geoengineering
that reduces insolation by 1 percent, as illus-
trated schematically in the right panel of fig-
ure 49.1. It is impossible to predict exactly
how the planet will respond to either case, yet
it is hard to argue that the risks of 600 ppm
alone would be larger than the risks of 600
ppm with a little geoengineering to reduce
peak temperatures.

Climate policy is often framed as a choice
among various energy technologies and pol-
icy instruments. Beyond this choice of tools,
however, lie hard choices about the objec-
tives of planetary management. Should the
planet be managed using all available tools so
as to maximize human benefit, or should we
seek to minimize human interference with
nature? Advocates of active management ar-
gue that simple minimization of impacts is
naive because the Earth is already so trans-
formed by human actions that it is, in effect, a
human artifact. According to this view, the
proper goal of planetary management is the
maximization of the planet’s functionality to
humans.!” A strategy of active management
might freely employ a mixture of responses,
including the reduction of CO; emissions,
geoengineering, and strategic adaptation to
changing climate.'™ In this view, it makes lit-
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tle sense to minimize impacts in order to let
nature run free if there is no free nature left to
protect.

If human utility is our sole concern, then
active management seems an appropriate
strategy. We may sensibly argue against geo-
engineering because it is too risky, too ex-
pensive, or too uncertain; but if methods
of planetary engineering are proposed that
are demonstrably less risky and more cost-
effective than alternative measures, then, un-
der this interpretation, we should use them.

An alternative view demands that we at-
tribute intrinsic value to natural systems inde-
pendent of their utility. According to this view,
we should minimize our impact on the natu-
ral world—for its own sake —not solely to re-
duce the risk that manipulation of natural sys-
tems poses for humanity. Accepting such
rights does not require that they trump all oth-
ers—humans have rights, too—but attribut-
ing rights to nature does provide a basis for ar-
guing that concerns other than pure human
utility ought to enter into climate politics, and
therefore that minimizing our impact on nat-
ural systems is a legitimate goal of climate
policy.

Accepting minimization as a goal does not
rule out geoengineering. What it does rule
out is the use of geoengineering simply be-
cause it provides an expedient way of advanc-
ing human interests. Minimization (arguably)
allows the use of geoengineering as a tempo-
rary measure if it provides an efficient method
of minimizing impacts on the natural world.

As a thought experiment, imagine that
alien visitors arrive and give us technology for
climate and weather control. For illustration,
imagine a box with knobs that allow indepen-
dent control of global temperature and CO;
concentration. Any adjustment of the knobs
would inevitably benefit some and harm
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others. We do not vet possess a system of
global governance that would allow a robust,
let alone democratic, decision about how to
set the knobs. One might readily imagine con-
flict arising from disputes about how the
knobs should be set. Absent a credible system
of global governance, perhaps the only robust
decision would be to return the knobs to their
preindustrial settings, that is, to minimize hu-
man influence rather than actively manipu-
lating the planetary environment.

While a climate-control box is fiction, the
ability to control nature on a planetary scale is
not. Such powers are being gradually accu-
mulated by the evolution of scientific knowl-
edge and technologic ability. Unless a global
war or other catastrophe should dramatically
arrest or reverse technological progress, it
seems inevitable that we will soon have such
abilities.

Debate about deliberate modification of
the global climate dates back at least a cen-
tury. In 1908, Arrhenius, who was the first to
analyze the role of CO; in regulating climate,
suggested that warming resulting from fossil
fuel combustion could increase food supply
by allowing agriculture to extend northward.
His contemporary, Eckhom, went further by
suggesting that extra CO; could be injected
into the atmosphere (by setting fire to shallow
coal beds) to prevent the onset of ice ages and
to enhance agricultural productivity through
the fertilizing effect of COs. In the century
since Arrhenius and Eckhom first considered
these questions, our ability to manipulate the
planet has grown in concert with knowledge
of the global impacts of human activities. As
remedies for the COz-climate problem, all
proposed geoengineering schemes have seri-
ous flaws. Nevertheless, I judge it likely that
this century will see serious debate about—
and perhaps implementation of—deliberate

planetary-scale engineering. The continued
acceleration of anthropogenic emissions cou-
pled with growing concern about the possi-
bility of dangerous nonlinear responses to
climate forcing argue for more systemic explo-
ration of the feasibility and risks of geoengi-
neering. Active planetary management may
be an inevitable step in the evolution of a
technological society, but | urge caution. We
would be wise to practice walking before we
try to run, to learn to minimize impacts before
we try our hand at planetary engineering.
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