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Adjusting Earth's thermostat, with caution

November 17 2014

A composite image of the Western hemisphere of the Earth. Credit: NASA

A vast majority of scientists believe that the Earth is warming at an
unprecedented rate and that human activity is almost certainly the
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dominant cause. But on the topics of response and mitigation, there is far
less consensus.

One of the most controversial propositions for slowing the increase in
temperatures here on Earth is to manipulate the atmosphere above.
Specifically, some scientists believe it should be possible to offset the
warming effect of greenhouses gases by reflecting more of the sun's
energy back into space.

The potential risks—and benefits—of solar radiation management
(SRM) are substantial. So far, however, all of the serious testing has
been confined to laboratory chambers and theoretical models. While
those approaches are valuable, they do not capture the full range of
interactions among chemicals, the impact of sunlight on these reactions,
or multiscale variations in the atmosphere.

Now, a team of researchers from the Harvard School of Engineering and
Applied Sciences (SEAS) has outlined how a small-scale "stratospheric
perturbation experiment" could work. By proposing, in detail, a way to
take the science of geoengineering to the skies, they hope to stimulate
serious discussion of the practice by policymakers and scientists.

Ultimately, they say, informed decisions on climate policy will need to
rely on the best information available from controlled and cautious field
experiments.

The paper is among several published today in a special issue of the
Philosophical Transactions of the Royal Society A that examine the
nuances, the possible consequences, and the current state of scientific
understanding of climate engineering. David Keith, whose work features
prominently in the issue, is Gordon McKay Professor of Applied Physics
at Harvard SEAS and a professor of public policy at Harvard Kennedy
School. His coauthors on the topic of field experiments include James
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Anderson, Philip S. Weld Professor of Applied Chemistry at Harvard
SEAS and in Harvard's Department of Chemistry and Chemical Biology;
and other colleagues at Harvard SEAS.

"The idea of conducting experiments to alter atmospheric processes is
justifiably controversial, and our experiment, SCoPEX, is just a
proposal,” Keith emphasizes. "It will continue to evolve until it is
funded, and we will only move ahead if the funding is substantially
public, with a formal approval process and independent risk assessment."
With so much at stake, Keith believes transparency is essential. But the
science of climate engineering is also widely misunderstood.

"People often claim that you cannot test geoengineering except by doing
it at full scale," says Keith. "This is nonsense. It is possible to do a small-
scale test, with quite low risks, that measures key aspects of the risk of
geoengineering—in this case the risk of ozone loss."

Such controlled experiments, targeting key questions in atmospheric
chemistry, Keith says, would reduce the number of "unknown
unknowns" and help to inform science-based policy.

The experiment Keith and Anderson's team is proposing would involve
only a tiny amount of material—a few hundred grams of sulfuric acid,
an amount Keith says is roughly equivalent to what a typical commercial
aircraft releases in a few minutes while flying in the stratosphere. It
would provide important insight into how much SRM would reduce
radiative heating, the concentration of water vapor in the stratosphere,
and the processes that determine water vapor transport—which affects
the concentration of ozone.

In addition to the experiment proposed in that publication, another paper
coauthored by Keith and collaborators at the California Institute of
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Technology (CalTech) collects and reviews a number of other
experimental methods, to demonstrate the diversity of possible
approaches.

"There is a wide range of experiments that could be done that would
significantly reduce our uncertainty about the risks and effectiveness of
solar geoengineering,”" Keith says. "Many could be done with very small
local risks."

A third paper explores how solar geoengineering might actually be
implemented, if an international consensus were reached, and suggests
that a gradual implementation that aims to limit the rate of climate
change would be a plausible strategy.

"Many people assume that solar geoengineering would be used to
suddenly restore the Earth's climate to preindustrial temperatures," says
Keith, "but it's very unlikely that it would make any policy sense to try to
do so."

Keith also points to another paper in the Royal Society's special
issue—one by Andy Parker at the Belfer Center for Science and
International Affairs at Harvard Kennedy School. Parker's paper furthers
the discussion of governance and good practices in geoengineering
research in the absence of both national legislation and international
agreement, a topic raised last year in Science by Keith and Edward
Parson of UCLA.

"The scientific aspects of geoengineering research must, by necessity,
advance in tandem with a thorough discussion of the social science and
policy," Keith warns. "Of course, these risks must also be weighed
against the risk of doing nothing."

More information: "Stratospheric controlled perturbation experiment
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(SCoPEXx): A small-scale experiment to improve understanding of the

risks of solar geoengineering" rsta.royalsocietypublishing.or ...
.1098/rsta.2014.0059
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