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A generation ago, the idea of 
engineering the climate to 
counteract global warm-
ing was almost universally 

dismissed as misguided. Climate sci-
entist David Keith recalls that when 
he became interested in climate geo-
engineering as a graduate student, the 
topic could hardly be discussed in polite 

scientific company and was verboten in 
environmental circles.1 

In the past few years, however, sev-
eral leading members of the scientific 
community have changed their minds 
and decided that climate geoengineer-
ing deserves a second look. Concerned 
that global warming could reach a tip-
ping point of runaway change and dis-

mayed by government inaction, they 
have concluded that geoengineering 
needs to be studied as a possible “in-
surance policy” or “Plan B” in case we 
fail to reduce greenhouse gas emissions 
fast enough to prevent dangerous cli-
mate change.2 In just the past year, four 
organizations—the Royal Society in 
the United Kingdom, the U.S. Govern-
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ment Accountability Office (GAO), the 
Woodrow Wilson International Center 
for Scholars, and the Bipartisan Policy 
Center—have released reports calling 
for research on geoengineering.3

This growing willingness to con-
sider the use of climate geoengineer-
ing is provoking a strong counterre-
action from some environmentalists. 
Friends of the Earth has dismissed the 
most widely discussed idea—injecting 
sulfate aerosol particles into the strato-
sphere to reflect away some of the sun’s 
radiation—as “mad, bad, and danger-
ous.”4 The Canadian environmental 
group ETC Group successfully lobbied 
for a resolution by the UN Framework 
Convention on Biological Diversity 
calling for a moratorium on most geo-
engineering field experiments.5

There are good reasons for cau-
tion. The use of stratospheric aerosols, 
for example, could have substantial 
impacts on regional precipitation and 
river flows, including reductions in 
some areas rivaling those of past major 
droughts.6 Another key concern is that 
if politicians come to believe that geo-
engineering provides a low-cost “tech 
fix” for climate change, it could give 
them a perfect excuse to back off from 
efforts to cut emissions from burning 
fossil fuels.7 

Despite these and many other rea-
sons for caution, a sweeping rejection of 
climate geoengineering may be unwise. 
There are many different kinds of geo-
engineering technologies with very dif-
ferent levels of risk, and some of them 
appear to have low or no significant 
negative impacts. 

Soft Geoengineering

The following is a set of criteria for 
what might be called “soft geoengineer-
ing” using technologies that touch gen-
tly on biological and social systems.

1. Can be applied locally
2. Scalable to larger areas
3. Low or no anticipated nega-

tive impacts on ecosystems or 
society

4. Rapid reversibility if problems 
do arise

5. Has multiple benefits, beyond 
impacts on climate

6. Analogous to natural processes
7. Effects are large enough soon 

enough to be worthwhile
8. Cost-effective with mature tech-

nologies deployed at moderate 
scale

Most geoengineering technologies 
fair badly when judged by these crite-
ria, especially the more powerful “solar 
radiation management” (SRM) methods 
that cool the global climate by reflecting 
solar radiation back into space. Most of 
today’s controversy and criticism deals 
with potential impacts on ecosystems 
and society of SRM approaches, such as 
injecting aerosols into the stratosphere 
or brightening clouds over the ocean by 
lofting fine particles of salt in seawater. 

There are a handful of approaches, 
however, that may meet all or most of 
the “soft geoengineering” criteria. None 
of the technologies described next are 
presented as ready for widespread use, 
but rather as deserving greater attention 
and serious consideration. 

Bright Water

The “deep blue sea” that covers 
three-fourths of the earth’s surface 
absorbs solar heat like black asphalt. 
Though water is normally dark, adding 
a tiny fraction of air can create a hydro-
sol—a suspension of air bubbles—that 
makes water brighter. Hydrosols are, in 
a sense, clouds turned inside out: Clouds 
are aerosols of water drops too small to 
fall through the air, while hydrosols are 
clouds of air bubbles too small to rise 
rapidly through water. They are almost 
optically identical. Both reflect solar 
energy by light scattering. 

Russell Seitz, a Fellow of the Depart-
ment of Physics at Harvard University, 
has proposed using “microbubbles” as 
an SRM geoengineering method.10 Very 
small (micrometer-sized) bubbles are 
extremely reflective and slow to dissi-
pate. He calculates that one part per mil-
lion by volume of air in the form of mi-
crobubbles can double the reflectivity 
of water, and one kilogram (2.2 pounds) 
of air can brighten a square kilometer of 
water. Seitz envisions compressed air 
lines running like submarine cables out 
to offshore dispersion arrays and ships 
earning carbon credits by laying hydro-
sol wakes, which are dispersed for free 
by currents. He says simply brighten-
ing a large pond can have an equivalent 
effect to putting white roofs on 10,000 
buildings—for little more than the cost 
of one roof.11

Unlike stratospheric aerosols, which 
spread on a global scale, hydrosols can 
be used locally. Seitz imagines water 
bodies like Galveston Bay or Chesa-
peake Bay staying 5 degrees K cooler, 
providing “outdoor air conditioning” 
for Houston, Texas, and Baltimore, 
Maryland, and sharply reducing elec-
tric power demand; or protecting coral 
reefs from the stress caused by rising 

The economics 
of hydrosol water 

brightening depends 
on the cost of 

compressed air needed 
to generate and replace 

microbubbles. 

Another SRM approach, putting 
“sun shields” in near-Earth orbit or at 
a more distant point where the gravita-
tional pull of the earth and sun are equal, 
fails on every criterion. Increasing the 
reflectivity of large desert areas could 
have moderately strong cooling effects, 
but would have massive environmental 
impacts on the covered areas.8 

A very different geoengineering 
method, “carbon dioxide removal” 
(CDR), cools the climate by removing 
carbon dioxide from the atmosphere. 
Most CDR methods pose comparatively 
low risks and have attracted compara-
tively little criticism, with the excep-
tion of an approach called ocean fer-
tilization, which risks disrupting ocean 
ecosystems. But most CDR approaches 
have a fatal flaw: Their effects are not 
large enough soon enough. To make a 
significant difference they would have 
to be used over several centuries—time 
we do not have.9
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ocean temperatures; or focusing large-
scale bright water production on the 
Arctic Ocean in summer to minimize 
ice melting. 

Brightening water is also a novel 
way to reduce evaporation. Solar 
evaporation is already a significant is-
sue and global warming will make it 
even bigger. California loses more than 
10% of its irrigation supply to evapora-
tion, Australia loses roughly 40%, and 
countries in the Middle East lose more 
than 50%. Evaporating water also con-
centrates pollutants and reduces hy-
dropower production. Seitz argues that 
micro-financed devices like a small 
wind turbine or solar-cell array can 
run vortex microbubble generators to 
reduce evaporation from village ponds 
in developing nations. The same thing 
can be done with larger scale technol-
ogy in reservoirs and lakes, extending 

the water supply during the dry season 
and increasing river flow.12 

The economics of hydrosol water 
brightening depends on the cost of com-
pressed air needed to generate and re-
place microbubbles. That will depend in 
many locations on the cost of electricity, 
but in virtually all hydropower reser-
voirs and the rivers that feed them com-
pressed air can be generated at almost 
no cost by using inexpensive trompes 
and ram pumps that operate without 
electric motors using very low head 
hydropower. These water- powered de-
vices are extremely simple - some have 
no moving parts at all – and they have 
been used over many decades for other 
purposes. One such, the Ragged Chutes 
trompe in Cobalt, Ontario, has been 
continuously providing compressed air 
for mine ventilation for over 100 years. 
A trompe on the scale of Ragged Chutes 

could continuously brighten a 100 km 
stretch of river without any external en-
ergy input.13

Many questions remain about the 
practicality and cost of this approach, 
but a first look suggests that “bright 
water” does meet the criteria for be-
ing a promising soft geoengineering 
technology. 

Ice911

High Northern Hemisphere latitudes 
are undergoing rapid and significant 
change associated with climate warm-
ing.14 This is most evident in the ac-
celerating melting of Arctic sea ice. 
Light-colored ice and snow reflect 
sunlight back into space, while darker 
water absorbs more solar radiation, 
heats, and emits long-wave radiation 

Dr. Leslie Field setting up tests of instrumentation and Ice911 materials on a lake in the Sierra Nevada Mountains.
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Figure 1: Topographic map of Greenland bedrock, in effect 
showing the topography without the extant ice sheet. 

that is trapped by greenhouse gases and 
increases the earth’s temperature. As 
melting Arctic ice shrinks the size of the 
polar ice cap, it exposes darker ocean 
surface, which absorbs more heat, melts 
more ice, and exposes more dark wa-
ter in a self-amplifying process. Rapid 
change is also visible in the retreat of 
numerous glaciers around the world and 
the accelerating melting of Greenland’s 
ice sheets.

Warming of the earth’s icy regions 
is arguably one of the most dangerous 
climate trends because of melting per-
mafrost. Thawing permafrost releases 
methane, a greenhouse gas over 20 
times more potent than carbon dioxide, 
which acts to further warm the climate 
and melt more permafrost. Vast quanti-
ties of methane are trapped within icy 
lattices of hydrogen bonds, known as 
hydrates or clathrates, which lie within 
the pores of sediments under the sea 
floor. 

The East Siberian Arctic continental 
shelf is the largest continental shelf on 
the planet, covering 2.1 million square 
kilometers, and the sea above it is just 
50 meters deep on average. The seabed 
is covered by methane-rich permafrost 
that has remained frozen for thousands 
of years. If the protective cap of sea 
ice over the shallow water melts, the 
permafrost will warm and release the 
trapped methane.15 The Siberian Shelf 
is estimated to contain 1,400 billion 
tons of methane in gas hydrates, which 
is equivalent to nearly twice as much 
carbon as is contained in all the trees, 
grasses, and flowers currently growing 
on the earth. If just a small percentage 
of this methane escapes into the atmo-
sphere over a few decades, it could trig-
ger abrupt and possibly irreversible cli-
mate change.16

It is worrisome, therefore, that in 
2011 a Russian research team survey-
ing the shallow seabed of the East Si-
berian Arctic Shelf found more than 
a hundred “fountains”, or plumes, of 
methane bubbles, some of them a ki-
lometer wide, rising to the sea surface 
within a relatively small area near the 
coast. The normal background level of 
methane activity in this area is not well 

established, but no releases on this scale 
have been reported before.17

Because Arctic warming is such 
a critical issue, geoengineering ap-
proaches able to target polar regions, 
permafrost, and glaciers could be es-
pecially important. Leslie Field, who 
founded and runs two technical con-
sulting companies and is a Consulting 
Professor of Electrical Engineering at 
Stanford University, is developing one 
such approach called Ice911. Her con-
cept involves placing a light-colored 
(high albedo) covering material on open 

water or areas in danger of melting. 
Ongoing experiments are evaluating 
different materials with different opti-
cal characteristics deployed in different 
sizes and shapes. The goal is to create 
lightweight materials that are relatively 
easy to deploy, effective at protecting 
ice and possibly nucleating new ice, 
and engineered to be floatable, wind 
resistant, and easily removable and/or 
biodegradable.18 

While the specific material and con-
figuration are still being developed and 
tested, the concept could include tens of 
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Figure 2: Top: Global average methane mixing ratios from 
the GMD cooperative air sampling network. 
Bottom: Global average growth rate for methane.

thousands of high-albedo disks roughly 
the diameter of a hula hoop being rap-
idly deployed by a fleet of helicopters 
as needed at key locations. They could 
be used to slow the release of methane 
on the Siberian Shelf, prevent rapid 
spring melting in mountain glaciers to 
ensure more predictable availability of 
drinking water, or act as floating, artifi-
cial icecaps to reduce melting of Arctic 
sea ice or possibly aid in the formation 
of new ice. While uncertainty remains 
about the effectiveness of this approach, 
field tests over four seasons have gone 
a long way toward demonstrating its 
feasibility.19 

    Hashem Akbari and his colleagues 
at Concordia University in Canada re-
cently used a global climate model to 
estimate how much cooling could be 
achieved over the long term by mak-
ing roofs and pavements in urban areas 
more reflective. Using data on the size 
of urban areas from the Global Rural 
and Urban Mapping Project and es-
timating that white roofs and brighter 
pavements could increase the albedo 
of urban areas by about 0.1, the sci-
entists estimated that over a hundred 
years these efforts could lower global 
temperatures by up to 0.07 degrees C, 
equivalent to carbon dioxide emissions 
of 150 billion tons.20

Given that global temperatures could 
increase by several degrees Celsius over 
the next hundred years, this is not an 
impressive cooling effect. And it would 
require a substantial cost to achieve 
this relatively low impact. Looked at 
in another way, however, this approach 
could make economic sense. Akbari and 
his team estimate that an urban albedo 
increase of 0.1 would lead to air condi-
tioning savings of about 20%, produc-
ing a saving of over $50 billion per year 
at current energy prices. The small cool-
ing of the global climate could therefore 
be viewed as an added bonus to a strat-
egy whose primary effect is to produce 
large savings in energy costs over the 
next century and beyond.21 Making ur-
ban areas more reflective would also 
make outdoor environments more com-
fortable in many locations by reducing 
the “urban heat island” effect.

N
O

A
A

A sheet of reflective granular material for small-scale testing in the Ice911 project.
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This approach has been recom-
mended by several scientists, including 
Secretary of Energy Steven Chu, and a 
Global Cool Cities Alliance launched 
in 2010 with five founding city mem-
bers (Athens, Chicago, New York City, 
Singapore, and Taipei) is dedicated to 
drawing 100 major world cities into ef-
forts to increase the reflectance of their 
buildings and surfaces.22 

However, other scientists have raised 
questions about the effectiveness of this 
approach. To what extent are the sav-
ings in air conditioning costs offset by 
a need for more heating in the winter? 
Could cooling cities reduce the amount 
of moisture and energy traveling up-
ward to form clouds—which, in turn, 
could increase the amount of solar ra-
diation reaching the ground and actually 
make the climate warmer?23 Cool Cities 
could qualify as a weak but worthwhile 
soft geoengineering method if further 
research on these questions demon-
strates its effectiveness.

Direct Air Capture and Use  
of CO2 

While carbon dioxide (CO2) is a 
climate-threatening pollutant, it is also 
a valuable commodity with important 
industrial uses. If we could extract CO2 
from ambient air and use it for industrial 
purposes, removing the gas from the 

atmosphere might become a big busi-
ness. Of all the different approaches to 
carbon dioxide removal, air capture by 
mechanical systems could theoretically 
be the fastest acting. A review of geo-
engineering technologies by the Royal 
Society concluded that there is no “ob-
vious limit” to the amount of CO2 that 
could be taken out of the atmosphere by 
this method.24

There is no doubt that it is possible 
to extract carbon dioxide from the at-
mosphere by mechanical and chemical 
means. Technology to remove carbon 
dioxide is used right now to keep the 
air breathable in submarines, on orbit-
ing spacecraft, and in the International 
Space Station. Prototypes of direct air 
capture machines have already been 
successfully demonstrated. But most 
people who have looked at air cap-
ture doubt that it can be done cheaply 
enough to be practical on a large scale. 
The main difficulty is the low concen-

tration of carbon dioxide in ambient 
air—lower than 400 parts per million—
which makes direct air capture far more 
challenging than capturing CO2 from 
a flue stack where the concentration is 
approximately 120,000 parts per mil-
lion. Using existing technologies, the 
total energy required to capture a unit 
of CO2 from air is such that if coal is 
used as the energy source, more CO2 
would be released to the environment 
than removed.25

Recently, however, a growing num-
ber of entrepreneurs and investors have 
started betting that the conventional 
wisdom is wrong, launching startup 
companies focused on direct air cap-
ture. Kilimanjaro Energy, a company 
founded by Columbia University physi-
cist Klaus Lackner with initial funding 
by Gary Comer, the founder of Lands’ 
End, was the first to take on this chal-
lenge.26 More recently, climate scientist 
David Keith, with joint appointments at 

Figure 3: The Arctic as observed by the Advanced 
Microwave Scanning Radiometer for EOS (AMSR-E) 
aboard NASA’s Aqua satellite on September 16, 2007. 
The image shows a record sea ice minimum in the Arctic.
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Santorini, Greece illustrates the “Cool 
Cities” concept, with light colored surfaces 
to keep temperatures cooler.
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Harvard’s Kennedy School and the Uni-
versity of Calgary, started Carbon En-
gineering with financial backing from 
Bill Gates and other well-to-do inves-
tors.27 Peter Eisenberger, former head of 
research for Exxon and founder of Co-
lumbia University’s Earth Institute, has 
joined with others in creating another 
startup, Global Thermostat.28 

If startups like these can develop 
technology that captures carbon dioxide 
at a cost of around $200 per ton, they 
would have an initial market from oil 
companies that need CO2 for a process 
called enhanced oil recovery (EOR).29 
Conventional oil production actually 
leaves a lot of oil in the ground. Inject-
ing liquefied CO2 into oil reservoirs can 
force out much of this “stranded oil.” 
The main impediment right now to ex-
panding production from EOR is the 
lack of affordable CO2 in large volumes. 

Making more oil available for use is ob-
viously not the most climate-friendly 
business strategy, but by some estimates 
oil produced this way would have a sig-
nificantly smaller carbon footprint than 
conventionally produced oil.

If selling to the oil industry makes it 
possible to reduce costs as production 
scales up, more sustainable market op-
portunities could emerge. Companies 
making so-called “third-generation” 
algae-based biofuels will need large 
quantities of CO2 to feed the algae. 
Combining air capture with algal bio-
fuels would make possible a carbon-
neutral fuel system in which the CO2 
released when the fuel is burned is re-
captured to make more biofuel. If solar-
based systems for “splitting” water into 
hydrogen and oxygen become cheap 
enough, hydrogen and CO2 could be 
combined to make various kinds of fu-

els and petrochemicals. Then any loca-
tion with access to water, sunlight, and 
air could become, in effect, a renewable 
carbon-neutral oil well.30

Air capture and the subsequent in-
dustrial use of CO2 appear to meet most 
criteria for being a promising soft geo-
engineering technology. Cost is the big 
question mark.

Soil Building

A few years ago the physicist Free-
man Dyson made the argument that 
dealing with climate change is primarily 
a matter of land management to build 
soil. He argued that while the amount 
of carbon that can be stored in living 
plants and trees is limited, there is no 
limit to the quantity that can be stored 
in topsoil. 

Figure 4: Images of Salt Lake City, Utah, show positive correlation between white 
reflective roofs and cooler temperatures. Image A depicts an aerial view of Salt Lake City, 
Utah, site of a 865,000-square-foot (80,400 m2) white reflective roof. Image B is a thermal 
infrared image of same area, showing hot (red and yellow) and cool (green and blue) 
spots. The reflective vinyl roof, not absorbing solar radiation, is shown in blue surrounded 
by other hot spots.

N
A

S
A

A B

SEptEmBEr/octoBEr 2012 www.EnvironmEntmagazinE.org EnvironmEnt     35

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
E

di
nb

ur
gh

] 
at

 0
9:

03
 1

3 
Se

pt
em

be
r 

20
12

 



Dyson did calculations of the rate 
of exchange between carbon in the at-
mosphere and carbon in the soil and 
estimated that we could stop the carbon 
in the atmosphere from increasing by 
increasing the biomass in the soil by 
about a hundredth of an inch per year 
averaged over the half of the earth’s 
land area that has soil. He argued that 
a widespread shift to no-till farming 
would cause soil biomass to grow at 
least this fast because reduced plow-
ing means more of the biomass goes 
into plant roots, which then stay in the 
soil, building biomass. Breeding plants 
to have larger root systems could pro-
duce even faster topsoil growth.31 The 
use of cover crops or “green manures” 
also increases soil organic matter while 
improving soil fertility and water re-
tention and reducing weeds, pests, and 
diseases.32 Dyson’s calculation is some-
what out of date because annual CO2 
emissions have been growing, but his 
basic argument is worth considering.

Another soil building technique is to 
use biochar as a soil amendment. Bio-
char is a fancy name for charcoal, which 
is produced by heating organic material 
in the absence of oxygen. Biochar con-
tains the carbon originally present in 
the organic material, but the carbon is 
in a stable, solid form that can endure 

in soil for extended periods. Putting 
biochar into soils sequesters the carbon 
and, at the same time, increases soil fer-
tility and raises agricultural productiv-
ity.33 Biochar’s potential contribution to 
carbon sequestration is comparatively 
small, and questions remain about how 
long the captured CO2 in biochar will 
remain sequestered, but over the cen-
tury ahead its use as a supplement to 
other forms of soil building appears to 
be economically feasible and good for 
both the climate and the soil.

Geoengineering Governance

Geoengineering policy is beginning 
to emerge as an important—and contro-
versial—topic. During the past year the 
highest profile SRM field experiment 
yet proposed was halted by public pro-
test and controversy. The experiment 
was part of a program in the United 
Kingdom called Stratospheric Particle 
Injection for Climate Geoengineering 
(SPICE), which is financed mainly by 
Britain’s Engineering and Physical Sci-
ence Research Council (EPSRC), but 
also involves two other research coun-
cils, four universities, and several gov-
ernment departments. Much of SPICE 
deals with laboratory work and com-

puter simulations, but one component 
was an actual field experiment that in-
volved spraying water into the air from 
a kilometer-long hose reaching from the 
ground to a large balloon. The experi-
ment was environmentally harmless in 
itself, but critics dismissed it as a “Tro-
jan Hose” designed to test a technology 
for injecting not-so-harmless aerosol 
particles into the stratosphere.

The Canadian environmental group 
ETC took the lead in organizing con-
cerned groups from around the world 
to call on people to sign an open letter 
asking the U.K. government and re-
search councils to scrap the field test. In 
September 2011, a “stakeholder com-
mittee” appointed by the EPSRC told 
the scientists working on SPICE that 
they needed to give more consideration 
to how the experiment should be ex-
plained and justified to the public. The 
field test was postponed as a result.34 A 
further complication was a conflict of 
interest situation over a patent appli-
cation for technology similar to what 
would be used in the field test. In light 
of the patent controversy as well as the 
wider issues raised by the stakeholder 
committee, Matt Watson, the director of 
the SPICE program, canceled the bal-
loon experiment in May 2012.

The SPICE experience suggests that 
“geoengineering governance” is going 
to become an important area of envi-
ronmental concern. It also demonstrates 
that critics of geoengineering can exert 
considerable influence. It is possible 
that determined opposition can impose 
a de facto moratorium on geoengineer-
ing field tests, at least in some parts of 
the world, similar to the way several na-
tions have rejected genetically modified 
crops. 

Critics of the use of geoengineering 
technologies make a wide variety of 
arguments. They warn that, given our 
limited understanding of complex geo-
physical and biological systems, there 
is a high likelihood that geoengineer-
ing efforts will have unintended nega-
tive consequences and could make an 
already bad situation even worse. They 
argue that the development of com-
paratively inexpensive geoengineering 

A rendering of the full scale air capture machine being developed by Carbon Engineering. 
The prototypes developed so far are small sections of this larger unit.  
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technologies could undermine emis-
sions-mitigation efforts, and worry that 
the drive for shareholder profits could 
override the public interest by influ-
encing governments to allow privately 
developed geoengineering technologies 
to qualify for carbon credits or to count 
in meeting emissions-reduction targets. 
They highlight the serious equity issues 
that could emerge when geoengineering 
produces differential effects in different 
parts of the world, perhaps improving 
conditions in some areas but producing 
droughts and famines in others. They 
also worry that research on geoengi-
neering could give militaries around the 
world new tools for weather control, 
such as the ability to induce droughts 
in enemy nations or to enhance storms 
to disrupt enemy operations. They fur-
ther point out that SRM methods that 
block sunlight from reaching the earth’s 
surface will reduce the efficiency and 
cost-effectiveness of solar energy sys-
tems. But above all, they worry that if 
geoengineering were used extensively 
as a substitute for emissions reduction, 
allowing high concentrations of CO2 
to build up in the atmosphere, it would 

of the technologies reviewed here are 
likely to tempt politicians to back off 
from efforts to control emissions, be 
used for military purposes, or pose other 
major dangers. But if all geoengineer-
ing technologies are lumped together 
and critics of geoengineering succeed in 
their efforts, then localized soft geoen-
gineering development will be blocked 
along with the development of large-
scale global-impacts geoengineering. 

Geoengineering governance is also 
becoming an area of concern in the 
mainstream science and engineering 
communities, as indicated by the four 
studies mentioned earlier published in 
the past year alone, studies that all deal 
with governance issues: the Bipartisan 
Policy Center’s Task Force on Climate 
Remediation Research, the Government 
Accountability Office (GAO) report 
Climate Engineering: Technical Sta-
tus, Future Directions, and Potential 
Responses, the report Geoengineering 
for Decision Makers published by the 
Woodrow Wilson International Center 
for Scholars, and Solar Radiation Man-
agement: The Governance of Research 
by the Royal Society in partnership with 
the Environmental Defense Fund and 

TWAS, the academy of sciences for the 
developing world. 

There are important areas of agree-
ment between these studies that are 
relevant to policymaking related to 
all climate geoengineering research, 
including work on the technologies 
described here. All the studies are in 
agreement that reducing greenhouse 
gas emissions is, by far, the most im-
portant strategy for responding to cli-
mate change and that geoengineering 
should never be treated as a substitute 
for reducing emissions. They all con-
clude that research on geoengineering 
is justified, and that better governance 
arrangements need to be developed to 
manage potential risks of that research. 
They agree that SRM technologies with 
global impacts pose more critical gov-
ernance issues than most CDR tech-
nologies. They share the view that we 
are not ready yet for field experiments 
on any significant scale and that before 
such tests are done greater agreement 
needs to be reached on the kinds of tests 
that are needed, how they should be ap-
proved, and how to define the differ-
ence between acceptable experiments 
and experiments requiring a thorough 

Removing trees from snowy landscapes would reflect more sunlight into space but also 
release more carbon dioxide into the atmosphere.
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They also worry 
that research on 

geoengineering could 
give militaries around 
the world new tools for 

weather control.

create a situation where if the geoengi-
neering enterprise ever faltered for any 
reason, a catastrophic warming would 
occur too quickly for human society 
and vast numbers of plant and animal 
species to adapt. These are not frivolous 
concerns. Every one of them deserves 
serious consideration.35 

These concerns apply with particu-
lar force to powerful SRM technologies 
like stratospheric aerosols that are capa-
ble of rapidly affecting the entire global 
climate. They have very little relevance 
to soft geoengineering technologies that 
are inherently local in character. None 
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review and approval process. They all 
stress the importance of transparency 
and public understanding.

One of these studies, Geoengineer-
ing for Decision Makers, directly ad-
dresses the kind of policy issue raised 
by the SPICE patent controversy, argu-
ing that patents should not be allowed in 
the area of solar radiation management.

Patents may be acceptable in 
most areas of CDR technology, 
but there are compelling reasons 
why all SRM research should be 
in the public domain. The inher-
ently higher risks in the testing 
and deployment of SRM com-
pared with CDR methods … justi-
fies a more open-source approach 
to [research and development 
(R&D)] on SRM technologies. 
An open-source approach … can 
speed progress, prevent private 
companies with proprietary tech-
nologies from gaining too much 
influence over R&D and mini-
mize the risk that the drive for 

profits could lead to inappropriate 
testing and deployment.36

This statement was clearly written 
with global-impact SRM technologies 
like stratospheric aerosol injection or 
cloud brightening in mind. None of the 
four recent studies, or any other major 
studies, have even considered local-
scale SRM technologies, like Bright 
Water or Ice911. These technologies 
have been “below the radar” of nearly 
everyone working on geoengineering. 

Should a ban on SRM patents apply 
to approaches like Bright Water, Ice911, 
and different ways to make roofs and 
pavements more reflective, or are these 
technologies sufficiently benign that the 
reasons for banning patents do not re-
ally apply to them? This example high-
lights a larger issue: Making localized, 
soft geoengineering technologies sub-
ject to the same degree of regulation and 
assessment as much more powerful and 
potentially dangerous global-impact 
SRM technologies could severely limit 
their development.

Table 1:

Bright 
Water

Ice911 Cool Cities
Air Capture and 

Use of CO2

Soil Building 

Can be applied locally Yes Yes Yes Yes Yes

Scalable Yes Yes Yes Yes Yes

Low/no negative impacts Yes Maybe2 Yes Yes Yes5

Rapid reversibility if 
problems arise

Yes Yes No3 Yes  Do not Know6

Multiple benefits beyond 
climate impact

Yes Yes Yes Yes Yes

Analogous to natural 
processes

Yes Yes Yes Yes Yes

Worthwhile time/effect 
scale

Yes Yes No4 Yes Yes

Cost-effective Maybe1 Maybe Yes Do not Know Yes 

1. Microbubble production energy cost is very low, but engineering development and intelligent distribution are needed to fully realize 
economies of scale.

2. But it will be important to monitor for unanticipated events.
3. Problems are highly unlikely.
4. Not enough cooling effect to be worthwhile for climate change alone.
5. If biochar is not overused.
6. Plowing could quickly resume; it would be difficult to remove biochar from soil.

It is important, therefore, to recog-
nize soft geoengineering technologies 
as a distinct category so that critics 
see them as different from the global-
scale technologies that are their focus 
of concern. Interventions that are local, 
are scalable, are reversible, pose few 
environmental risks, and have multiple 
benefits are likely to encounter less po-
litical opposition than geoengineering 
methods that are inherently nonlocal. 
Unlike geoengineering methods whose 
use can only be justified, if at all, by a 
climate emergency, the approaches re-
viewed here could be used in the near 
term alongside efforts to reduce carbon 
emissions. Recognizing soft geoengi-
neering as a distinct category can also 
prevent it from being unnecessarily con-
strained by regulation appropriate for 
more powerful global-impacts technol-
ogies. Framing a new category of soft 
geoengineering can help us think more 
dispassionately about all the things we 
can do to meet the climate challenge.
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