In a nondescript section of Bellevue, Washington, a suburb of Seattle, lies a particularly nondescript series
of buildings. There’s a heating-and-air-conditioning company, a boat maker, a shop that fabricates marble
tiles, and another building that used to be a Harley-Davidson repair shop. This last one is a windowless,
charmless structure of about twenty thousand square feet whose occupant is identified only by a sheet of
paper taped to the glass door. It reads “Intellectual Ventures.”

Inside is one of the most unusual laboratories in the world. There are lathes and mold makers and 3D
printers and many powerful computers, of course, but there is also an insectary where mosquitoes are bred
so they can be placed in an empty fish tank and, from more than a hundred feet away, assassinated by a
laser. This experiment is designed to thwart malaria. The disease is spread only by certain species of female
mosquito, so the laser’s tracking system identifies the females by wing-beat frequency—they flap more
slowly than males because they are heavier—and zaps them.

Intellectual Ventures is an invention company. The lab, in addition to all the gear, is stocked with an elite
assemblage of brainpower, scientists and puzzle-solvers of every variety. They dream up processes and
products and then file patent applications, more than five hundred a year. The company also acquires
patents from outside inventors, ranging from Fortune 500 companies to solo geniuses toiling in basements.
IV operates much like a private-equity firm, raising investment capital and paying returns when its patents
are licensed. The company currently controls more than twenty thousand patents, more than all but a few
dozen companies in the world. This has led to some grumbling that IV is a “patent troll,” accumulating
patents so it can extort money from other companies, via lawsuit if necessary. But there is little hard
evidence for such claims. A more realistic assessment is that IV has created the first mass market for
intellectual property.

Its ringleader is a gregarious man named Nathan, the same Nathan we met earlier, the one who hopes to
enfeeble hurricanes by seeding the ocean with skirted truck tires. Yes, that apparatus is an IV invention.
Internally it is known as the Salter Sink because it sinks warm surface water and was originally developed by
Stephen Salter, a renowned British engineer who has been working for decades to harness the power of
ocean waves.

By now it should be apparent that Nathan isn’t just some weekend inventor. He is Nathan Myhrvold, the
former chief technology officer at Microsoft. He co-founded IV in 2000 with Edward Jung, a biophysicist
who was Microsoft’s chief software architect. Myhrvold played a variety of roles at Microsoft: futurist,
strategist, founder of its research lab, and whisperer-in-chief to Bill Gates. “I don’t know anyone | would say
is smarter than Nathan,” Gates once observed.

Myhrvold, who is fifty years old, has been smart for a long time. Growing up in Seattle, he graduated from
high school at fourteen and by the time he was twenty-three had earned, primarily at UCLA and Princeton,
a bachelor's degree (mathematics), two master’s degrees (geophysics/space physics and mathematical
economics), and a Ph.D. (mathematical physics). He then went to Cambridge University to do quantum
cosmology research with Stephen Hawking.

Myhrvold recalls watching the British science-fiction TV show Dr. Who when he was young: “The Doctor

introduces himself to someone, who says, ‘Doctor? Are you some kind of scientist?” And he says, ‘Sir, | am
every kind of scientist.” And | was, like, Yes! Yes! That is what | want to be: every kind of scientist!”
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He is so polymathic as to make an everyday polymath tremble with shame. In addition to his scientific
interests, he is an accomplished nature photographer, chef, mountain climber, and a collector of rare
books, rocket engines, antique scientific instruments, and, especially, dinosaur bones: he is co-leader of a
project that has dug up more T. rex skeletons than anyone else in the world. He is also—and this is hardly
unrelated to his hobbies—very wealthy. In 1999, when he left Microsoft, he appeared on the Forbes list of
the four hundred richest Americans.

At the same time—and this is how Myhrvold has managed to stay wealthy—he is famously cheap. As he
walks through the IV lab pointing out his favorite tools and gadgets, his greatest pride is reserved for the
items he bought on eBay or at bankruptcy sales. Though Myhrvold understands complexity as well as
anyone, he is a firm believer that solutions should be cheap and simple whenever possible.

He and his compatriots are currently working on, among other projects: a better internal combustion
engine; a way to reduce an airplane’s “skin drag” and thus increase its fuel efficiency; and a new kind of
nuclear power plant that would radically improve the future of worldwide electricity production. Although
many of their ideas are just that—ideas—some have already started saving lives. The company has invented
a process whereby a neurosurgeon who is attempting to repair an aneurysm can send IV the patient’s brain-
scan data, which are fed into a 3D printer that produces a life-size plastic model of the aneurysm. The
model is shipped overnight to the surgeon, who can make a detailed plan to attack the aneurysm before
cutting through the patient’s skull.

It takes a healthy dose of collective arrogance for a small group of scientists and engineers to think they
could simultaneously tackle many of the world’s toughest problems. Fortunately, these folks have the
requisite amount. They have already sent satellites to the moon, helped defend the United States against
missile attack and, via computing advances, changed the way the world works. (Bill Gates is not only an
investor in IV but an occasional inventor as well. The mosquito-zapping laser was a response to his
philanthropic quest to eradicate malaria.) They have also conducted definitive scientific research in many
fields, including climate science.

So it was only a matter of time before they began thinking about global warming. On the day we visited 1V,
Myhrvold convened roughly a dozen of his colleagues to talk about the problem and possible solutions.
They sat around a long oval conference table, Myhrvold near one end.

They are a roomful of wizards, and yet without doubt Myhrvold is their Harry Potter. For the next ten or so
hours, fueled by an astonishing amount of diet soda, he prodded and amplified, interjected and challenged.

Everyone in the room agrees that the earth has been getting warmer and they generally suspect that
human activity has something to do with it. But they also agree that the standard global-warming rhetoric in
the media and political circles is oversimplified and exaggerated. Too many accounts, Myhrvold says, suffer
from “people who get on their high horse and say that that our species will be exterminated.”

Does he believe this?
“Probably not.”

When An Inconvenient Truth is mentioned, the table erupts in a sea of groans. The film’s purpose, Myhrvold
believes, was “to scare the crap out of people.” Although Al Gore “isn’t technically lying,” he says, some of
the nightmare scenarios Gore describes—the state of Florida disappearing under rising seas, for instance—
“don’t have any basis in physical reality in any reasonable time frame. No climate model shows them
happening.”

But the scientific community is also at fault. The current generation of climate-prediction models are, as

Lowell Wood puts it, “enormously crude.” Wood is a heavyset and spectacularly talkative astrophysicist in
his sixties who calls to mind a sane Ignatius P. Reilly. Long ago, Wood was Myhrvold’s academic mentor.
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(Wood himself was a protégé of the physicist Edward Teller.) Myhrvold thinks Wood is one the smartest
men in the universe. Off the top of his head, Wood seems to know quite a bit about practically anything: the
melt rate of the Greenland ice core (80 cubic kilometers per year); the percentage of unsanctioned Chinese
power plants that went online in the previous year (about 20 percent); the number of times that metastatic
cancer cells travel through the bloodstream before they land (“as many as a million”).

Wood has achieved a great deal in science, on behalf of universities, private firms, and the U.S. government.
It was Wood who dreamed up IV’s mosquito laser assassination system—which, if it seems vaguely familiar,
is because Wood also worked on the “Star Wars” missile-defense system at the Lawrence Livermore
National Laboratory, from which he recently retired. (From fighting Soviet nukes to malarial mosquitoes:
talk about a peace dividend!)

Today, at the IV think session, Wood is wearing a rainbow tie-dyed short-sleeve dress shirt with a matching
necktie.

“The climate models are crude in space and they’re crude in time,” he continues. “So there’s an enormous
amount of natural phenomena they can’t model. They can’t do even giant storms like hurricanes.”

There are several reasons for this, Myhrvold explains. Today’s models use a grid of cells to map the earth,
and those grids are too large to allow for the modeling of actual weather. Smaller and more accurate grids
would require better modeling software, which would require more computing power. “We’re trying to
predict climate change twenty to thirty years from now,” he says, “but it will take us almost the same
amount of time for the computer industry to give us fast enough computers to do the job.”

That said, most current climate models tend to produce similar predictions. This might lead one to
reasonably conclude that climate scientists have a pretty good handle on the future.

Not so, says Wood.

“Everybody turns their knobs”—that is, adjusts the control parameters and coefficients of their models—
“so they aren’t the outlier, because the outlying model is going to have difficulty getting funded.” In other
words, the economic reality of research funding, rather than a disinterested and uncoordinated scientific
consensus, leads the models to approximately match one another. It isn’t that current climate models
should be ignored, Wood says—but, when considering the fate of the planet, one should properly
appreciate their limited nature.

As Wood, Myhrvold, and the other scientists discuss the various conventional wisdoms surrounding global
warming, few, if any, survive unscathed.

The emphasis on carbon dioxide? “Misplaced,” says Wood.
Why?

“Because carbon dioxide is not the major greenhouse gas. The major greenhouse gas is water vapor.” But
current climate models “do not know how to handle water vapor and various types of clouds. That is the
elephant in the corner of this room. | hope we’ll have good numbers on water vapor by 2020 or
thereabouts.”

Myhrvold cites a recent paper asserting that carbon dioxide may have had little to do with recent warming.
Instead, all the heavy-particulate pollution we generated in earlier decades seems to have cooled the
atmosphere by dimming the sun. That was the global cooling that caught scientists’ attention in the 1970s.
The trend began to reverse when we started cleaning up our air.
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“So most of the warming seen over the past few decades,” Myhrvold says, “might actually be due to good
environmental stewardship!”

Not so many years ago, schoolchildren were taught that carbon dioxide is the naturally occurring lifeblood
of plants, just as oxygen is ours. Today, children are more likely to think of carbon dioxide as a poison.
That’s because the amount of carbon dioxide in the atmosphere has increased substantially over the past
one hundred years, from about 280 parts per million to 380.

But what people don’t know, the IV scientists say, is that the carbon dioxide level some 80 million years
ago—back when our mammalian ancestors were evolving—was at least 1,000 parts per million. In fact, that
is the concentration of carbon dioxide you regularly breathe if you work in a new energy-efficient office
building, for that is the level established by the engineering group that sets standards for heating and
ventilation systems.

So not only is carbon dioxide plainly not poisonous, but changes in carbon-dioxide levels don’t necessarily
mirror human activity. Nor does atmospheric carbon dioxide necessarily warm the earth: ice-cap evidence
shows that over the past several hundred thousand years, carbon dioxide levels have risen after a rise in
temperature, not the other way around.

Beside Myhrvold sits Ken Caldeira, a soft-spoken man with a boyish face and a halo of curly hair. He runs an
ecology lab at Stanford for the Carnegie Institution. Caldeira is among the most respected climate scientists
in the world, his research cited approvingly by the most fervent environmentalists. He and a co-author
coined the phrase “ocean acidification,” the process by which the seas absorb so much carbon dioxide that
corals and other shallow-water organisms are threatened. He also contributes research to the
Intergovernmental Panel on Climate Change, which shared the 2007 Nobel Peace Prize with Al Gore for
sounding the alarm on global warming. (Yes, Caldeira got a Nobel certificate.)

If you met Caldeira at a party, you would likely place him in the fervent-environmentalist camp himself. He
was a philosophy major in college, for goodness’ sake, and his very name—a variant of caldera, the
craterlike rim of a volcano—aligns him with the natural world. In his youth (he is fifty-three now), he was a
hard-charging environmental activist and all-around peacenik.

Caldeira is thoroughly convinced that human activity is responsible for some global warming and is more
pessimistic than Myhrvold about how future climate will affect humankind. He believes “we are being
incredibly foolish emitting carbon dioxide” as we currently do.

Yet his research tells him that carbon dioxide is not the right villain in this fight. For starters, as greenhouse
gases go, it’s not particularly efficient. “A doubling of carbon dioxide traps less than 2 percent of the
outgoing radiation emitted by the earth,” he says. Furthermore, atmospheric carbon dioxide is governed by
the law of diminishing returns: each gigaton added to the air has less radiative impact than the previous
one.

Caldeira mentions a study he undertook that considered the impact of higher carbon-dioxide levels on plant
life. While plants get their water from the soil, they get their food—carbon dioxide, that is—from the air.

“Plants pay exceedingly dearly for carbon dioxide,” Lowell Wood jumps in. “A plant has to raise about a
hundred times as much water from the soil as it gets carbon dioxide from the air, on a molecule-lost-per-
molecule-gained basis. Most plants, especially during the active part of the growing season, are water-
stressed. They bleed very seriously to get their food.”

So an increase in carbon dioxide means that plants require less water to grow. And what happens to
productivity?
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Caldeira’s study showed that doubling the amount of carbon dioxide while holding steady all other inputs—
water, nutrients, and so forth—yields a 70 percent increase in plant growth, an obvious boon to agricultural
productivity.

“That’s why most commercial hydroponic greenhouses have supplemental carbon dioxide,” Myhrvold says.
“And they typically run at 1,400 parts per million.”

“Twenty thousand years ago,” Caldeira says, “carbon-dioxide levels were lower, sea level was lower—and
trees were in a near state of asphyxiation for lack of carbon dioxide. There’s nothing special about today’s
carbon-dioxide level, or today’s sea level, or today’s temperature. What damages us are rapid rates of
change. Overall, more carbon dioxide is probably a good thing for the biosphere—it’s just that it’s increasing
too fast.”

The gentlemen of IV abound with further examples of global warming memes that are all wrong.

Rising sea levels, for instance, “aren’t being driven primarily by glaciers melting,” Wood says, no matter how
useful that image may be for environmental activists. The truth is far less sexy. “It is driven mostly by water-
warming—literally, the thermal expansion of ocean water as it warms up.”

Sea levels are rising, Wood says—and have been for roughly twelve thousand years, since the end of the
last ice age. The oceans are about 425 feet higher today, but the bulk of that rise occurred in the first
thousand years. In the past century, the seas have risen less than eight inches.

As to the future: rather than the catastrophic thirty-foot rise some people have predicted over the next
century—good-bye, Floridal—Wood notes that the most authoritative literature on the subject suggests a
rise of about one and a half feet by 2100. That’s much less than the twice-daily tidal variation in most
coastal locations. “So it’s a little bit difficult,” he says, “to understand what the purported crisis is about.”

Caldeira, with something of a pained look on his face, mentions a most surprising environmental scourge:
trees. Yes, trees. As much as Caldeira personally lives the green life—his Stanford office is cooled by a
misting water chamber rather than air-conditioning—his research has found that planting trees in certain
locations actually exacerbates warming because comparatively dark leaves absorb more incoming sunlight
than, say, grassy plains, sandy deserts, or snow-covered expanses.

Then there’s this little-discussed fact about global warming: while the drumbeat of doom has grown louder
over the past several years, the average global temperature during that time has in fact decreased.

In the darkened conference room, Myhrvold cues up an overhead slide that summarizes IV’s views of the
current slate of proposed global-warming solutions. The slide says:

* Too little
* Too late
* Too optimistic

Too little means that typical conservation efforts simply won’t make much of a difference. “If you believe
there’s a problem worth solving,” Myhrvold says, “then these solutions won’t be enough to solve it. Wind
power and most other alternative energy things are cute, but they don’t scale to a sufficient degree. At this
point, wind farms are a government subsidy scheme, fundamentally.” What about the beloved Prius and
other low-emission vehicles? “They’re great,” he says, “except that transportation is just not that big of a
sector.”
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Also, coal is so cheap that trying to generate electricity without it would be economic suicide, especially for
developing countries. Myhrvold argues that cap-and-trade agreements, whereby coal emissions are limited
by quota and cost, can’t help much, in part because it is already...

Too late. The half-life of atmospheric carbon dioxide is roughly one hundred years, and some of it remains
in the atmosphere for thousands of years. So even if humankind immediately stopped burning all fossil fuel,
the existing carbon dioxide would remain in the atmosphere for several generations. Pretend the United
States (and perhaps Europe) miraculously converted overnight and became zero-carbon societies. Then
pretend they persuaded China (and perhaps India) to demolish every coal-burning power plant and diesel
truck. As far as atmospheric carbon dioxide is concerned, it might not matter all that much. And by the way,
that zero-carbon society you were dreamily thinking about is way...

Too optimistic. “A lot of the things that people say would be a good thing probably aren’t,” Myhrvold says.
As an example he points to solar power. “The problem with solar cells is that they’re black, because they are
designed to absorb light from the sun. But only about 12 percent gets turned into electricity, and the rest is
reradiated as heat—which contributes to global warming.”

Although a widespread conversion to solar power might seem appealing, the reality is tricky. The energy
consumed by building the thousands of new solar plants necessary to replace coal-burning and other power
plants would create a huge long-term “warming debt,” as Myhrvold calls it. “Eventually, we’d have a great
carbon-free energy infrastructure but only after making emissions and global warming worse every year
until we’re done building out the solar plants, which could take thirty to fifty years.”

This hardly means the energy problem should be dismissed. That’s why IV—along with inventors all over the
world—are working toward the holy grail: cheaper and cleaner forms of energy.

But from an atmospheric perspective, energy represents what might be called the input dilemma. How
about the output dilemma? What if the greenhouse gases we’ve already emitted do produce an ecological
disaster?

Myhrvold is not blind to the possibility. He has probably thought about such scenarios in greater scientific
detail than any climate doomsayer: a collapse of massive ice sheets in Greenland or Antarctica; a release of
huge amounts of methane caused by the melting of arctic permafrost; and, as he describes it, “a breakdown
of the thermohaline circulation system in the North Atlantic, which would put an end to the Gulf Stream.”

So what happens if the doomsayers turn out to be right? What if the earth is becoming dangerously
warmer, whether because of our fossil-fuel profligacy or some natural climate cycle? We don’t really want
to sit back and stew in our own juices, do we?

In 1980, when Myhrvold was a grad student at Princeton, Mount St. Helens erupted back home in
Washington State. Even though he was nearly three thousand miles away, Myhrvold saw a thin layer of ash
accumulating on his windowsill. “It’s hard not to think about volcanic dust when it’s raining down on your
dorm room,” he says, “although to be honest, my room was messy in many other ways.”

Even as a kid, Myhrvold was fascinated by geophysical phenomena—volcanoes, sunspots, and the like—and
their history of affecting the climate. The Little Ice Age intrigued him so much that he forced his family to
visit the northern tip of Newfoundland, where Leif Eriksson and his Vikings reputedly made camp a
thousand years earlier.

The connection between volcanoes and climate is hardly a new idea. Another polymath, Benjamin Franklin,

wrote what seems to be the first scientific paper on the topic. In “Meteorological Imaginations and
Conjectures,” published in 1784, Franklin posited that recent volcanic eruptions in Iceland had caused a
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particularly harsh winter and a cool summer with “constant fog over all Europe, and [a] great part of North
America.” In 1815, the gargantuan eruption of Mount Tambora in Indonesia produced “The Year Without a
Summer,” a worldwide disaster that killed crops, prompted widespread starvation and food riots, and
brought snow to New England as late as June.

As Myhrvold puts it: “All really big-ass volcanoes have some climate effects.”

Volcanoes erupt all the time, all over the world, but truly “big-ass” ones are rare. If they weren’t—well, we
probably wouldn’t be around to worry about global warming. The anthropologist Stanley Ambrose has
argued that a supervolcanic explosion at Lake Toba on Sumatra, roughly seventy thousand years ago,
blocked the sun so badly that it triggered an ice age that nearly wiped out Homo sapiens.

What distinguishes a big-ass volcano isn’t just how much stuff it ejaculates, but where the ejaculate goes.
The typical volcano sends sulfur dioxide into the troposphere, the atmospheric layer closest to the earth’s
surface. This is similar to what a coal-burning power plant does with its sulfur emissions. In both cases, the
gas stays in the sky only a week or so before falling back to the ground as acid rain, generally within a few
hundred miles of its origin.

But a big volcano shoots sulfur dioxide far higher, into the stratosphere. That’s the layer that begins at
about seven miles above the earth’s surface, or six miles at the poles. Above that threshold altitude, there is
a drastic change in a variety of atmospheric phenomena. The sulfur dioxide, rather than quickly returning to
the earth’s surface, absorbs stratospheric water vapor and forms an aerosol cloud that circulates rapidly,
blanketing most of the globe. In the stratosphere, sulfur dioxide can linger for a year or more, and will
thereby affect the global climate.

That’s what happened in 1991 when Mount Pinatubo erupted in the Philippines. Pinatubo made Mount St.
Helens look like a hiccup; it put more sulfur dioxide into the stratosphere than any volcano since Krakatoa,
more than a century earlier. In the period between those two eruptions, the state of science had
progressed considerably. A worldwide cadre of scientists was on watch at Pinatubo, equipped with modern
technology to capture every measurable piece of data. The atmospheric aftereffects of Pinatubo were
undeniable: a decrease in ozone, more diffuse sunlight, and, yes, a sustained drop in global temperature.

Nathan Myhrvold was working at Microsoft then, but he still followed the scientific literature on
geophysical phenomena. He took note of the Pinatubo climate effects and, one year later, a 900-page
report from the National Academy of Sciences called Policy Implications of Greenhouse Warming. It
included a chapter on geoengineering, which the NAS defined as “large-scale engineering of our
environment in order to combat or counteract the effects of changes in atmospheric chemistry.”

In other words: if human activity is warming up the planet, could human ingenuity cool it down?

People have been trying to manipulate the weather forever. Just about every religion ever invented has a
rain-making prayer. But secularists have stepped it up in recent decades. In the late 1940s, three General
Electric scientists in Schenectady, New York, successfully seeded clouds with silver iodide. The trio included
a chemist named Bernard Vonnegut; the project’s public-relations man was his younger brother Kurt, who
went on to become a world-class novelist—and in his writing, he used a good bit of the far-out science he
picked up in Schenectady.

The 1992 NAS report gave a credibility boost to geoengineering, which until then had largely been seen as
the province of crackpots and rogue governments. Still, some of the NAS proposals would have seemed
outlandish even in a Vonnegut novel. A “multiple balloon screen,” for instance, was meant to deflect
sunlight by launching billions of aluminized balloons into the sky. A “space mirror” scheme called for fifty-
five thousand reflective sails to orbit high above the earth.
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The NAS report also raised the possibility of intentionally spreading sulfur dioxide in the stratosphere. The
idea was attributed to a Belarusian climate scientist named Mikhail Budyko. After Pinatubo, there was no
doubt that stratospheric sulfur dioxide cooled the earth. But wouldn’t it be nice to not have to rely on
volcanoes to do the job?

Unfortunately, the proposals for getting sulfur dioxide into the stratosphere were complex, costly, and
impractical. Loading up artillery shells, for instance, and firing them into the sky. Or launching a fleet of
fighter jets with high-sulfur fuel and letting their exhaust paint the stratosphere. “It was more science
fiction than science,” says Myhrvold. “None of the plans made any economic or practical sense.”

The other problem was that many scientists, particularly nature-friendly ones like Ken Caldeira, found the
very idea abhorrent. Dump chemicals in the atmosphere to reverse the damage caused by...dumping
chemicals in the atmosphere? It was a crazy, hair-of-the-dog scheme that seemed to violate every tenet of
environmentalism. Those who saw global warming as a religious issue could hardly imagine a more grievous
sacrilege.

But the best reason to reject the idea, Caldeira thought, was that it simply wouldn’t work.

That was his conclusion after hearing Lowell Wood give a lecture on stratospheric sulfur dioxide at a 1998
climate conference in Aspen. But being a scientist who prefers data to dogma—even if the environmental
dogma in this case lay close to his heart—Caldeira ran a climate model to test Wood’s claims. “The intent,”
he says, “was to put an end to all the geoengineering talk.”

He failed. As much as Caldeira disliked the concept, his model backed up Wood’s claims that geoengineering
could stabilize the climate even in the face of a large spike in atmospheric carbon dioxide, and he wrote a
paper saying so. Caldeira, the most reluctant geoengineer imaginable, became a convert—willing, at least,
to explore the idea.

Which is how it comes to pass that, more than ten years later, Caldeira, Wood, and Myhrvold—the onetime
peacenik, the onetime weapons architect, and the onetime Viking fanboy—are huddled together in a
former Harley-Davidson repair shop showing off their scheme to stop global warming.

It wasn’t just the cooling potential of stratospheric sulfur dioxide that surprised Caldeira. It was how little
was needed to do the job: about thirty-four gallons per minute, not much more than the amount of water
that comes out of a heavy-duty garden hose.

Warming is largely a polar phenomenon, which means that high-latitude areas are four times more sensitive
to climate change than the equator. By IV’s estimations, 100,000 tons of sulfur dioxide per year would
effectively reverse warming in the high Arctic and reduce it in much of the Northern Hemisphere.

That may sound like a lot but, relatively speaking, it is a smidge. At least 200 million tons of sulfur dioxide
already go into the atmosphere each year, roughly 25 percent from volcanoes, 25 percent from human
sources like motor vehicles and coal-fired power plants, and the rest from other natural sources like sea

spray.

So all that would be needed to produce a globe-changing effect is one-twentieth of 1 percent of current
sulfur emissions, simply relocated to a higher point in the sky. How can this be? Myhrvold’s answer:
“Leverage!”

Leverage is the secret ingredient that distinguishes physics from, say, chemistry. Think back to the Salter

Sink, IV’s device for preventing hurricanes. Hurricanes are destructive because they gather up the thermal
energy in the ocean’s surface and convert it into physical force, a primordial act of leverage creation. The
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Salter Sink ruptures that process by using wave power to continually sink the warm water all through
hurricane season.

“A kilogram of sulfur dioxide, emitted by a truck or a bus or a power plant into the troposphere, does much
less good for you than in the stratosphere,” Myhrvold says. “So you get a huge leverage, and that’s a pretty
cool thing. That’s why Archimedes said, ‘If you give me a fulcrum, | can move the world.””*

So once you eliminate the moralism and the angst, the task of reversing global warming boils down to a
straightforward engineering problem: how to get thirty-four gallons per minute of sulfur dioxide into the
stratosphere?

The answer: a very long hose.

That’s what IV calls this project—a “garden hose to the sky.” Or, when they’re feeling slightly more
technical, a “stratospheric shield for climate stabilization.” Considering its scientific forebear and the way it
wraps the planet in a protective layer, perhaps it should be called Budyko’s Blanket.

For anyone who loves cheap and simple solutions, things don’t get much better. Here’s how it works. At a
base station, sulfur would be burned into sulfur dioxide and then liquefied. “The technology for doing this is
well known,” says Wood, “because early in the twentieth century, sulfur dioxide was the major refrigerant

”

gas.

The hose, stretching from the base station into the stratosphere, would be about eighteen miles long but
extremely light. “The diameter is just a couple inches, not some giant-ass pipe,” says Myhrvold. “It’s literally
a specialized fire hose.”

The hose would be suspended from a series of high-strength, helium-filled balloons fastened to the hose at
100-to 300-yard intervals (a “string of pearls,” IV calls it), ranging in diameter from 25 feet near the ground
to 100 feet near the top.

The liquefied sulfur dioxide would be sent skyward by a series of pumps, affixed to the hose at every 100
yards. These too would be relatively light, about forty-five pounds each—“smaller than the pumps in my
swimming pool,” Myhrvold says. There are several advantages to using many small pumps rather than one
monster pump at the base station: a big ground pump would create more pressure, which, in turn, would
require a far heavier hose; even if a few of the small pumps failed, the mission itself wouldn’t; and using
small, standardized units would keep costs down.

At the end of the hose, a cluster of nozzles would spritz the stratosphere with a fine mist of colorless liquid
sulfur dioxide.

Thanks to stratospheric winds that typically reach one hundred miles per hour, the spritz would wrap
around the earth in roughly ten days’ time. That's how long it would take to create Budyko’s Blanket.
Because stratospheric air naturally spirals toward the poles, and because the arctic regions are more
vulnerable to global warming, it makes sense to spray the sulfur aerosol at high latitude—with perhaps one
hose in the Southern Hemisphere and another in the Northern.

Myhrvold, in his recent travels, happened upon one potentially perfect site. Along with Bill Gates and
Warren Buffett, he was taking a whirlwind educational tour of various energy producers—a nuclear plant, a
wind farm, and so on. One of their destinations was the Athabasca Oil Sands in northern Alberta, Canada.

Billions of barrels of petroleum can be found there, but it is heavy, mucky crude. Rather than lying in a liquid
pool beneath the earth’s crust, it is mixed in, like molasses, with the surface dirt. In Athabasca you don’t
drill for oil; you mine it, scooping up gigantic shovels of earth and then separating the oil from its waste
components.
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One of the most plentiful waste components is sulfur, which commands such a low price that oil companies
simply stockpile it. “There were big yellow mountains of it, like a hundred meters high by a thousand meters
wide!” says Myhrvold. “And they stair-step them, like a Mexican pyramid. So you could put one little
pumping facility up there, and with one corner of one of those sulfur mountains, you could solve the whole
global warming problem for the Northern Hemisphere.”

It is interesting to think what might have happened if Myhrvold was around one hundred years ago, when
New York and other cities were choking on horse manure. One wonders if, while everyone else looked at
the mountains of dung and saw calamity, he might have seen opportunity.

On balance, Budyko’s Blanket is a fiendishly simple plan. Considering the complexity of climate in general
and how much we don’t know, it probably makes sense to start small. With the fire-hose approach, you
could begin with a trickle of sulfur and monitor the results. The amount could be easily dialed up or down—
or, if need be, turned off. There is nothing permanent or irreversible about the process.

And it would be startlingly cheap. IV estimates the “Save the Arctic” plan could be set up in just two years at
a cost of roughly $20 million, with an annual operating cost of about $10 million. If cooling the poles alone
proved insufficient, IV has drawn up a “Save the Planet” version, with five worldwide base stations instead
of two, and three hoses at each site. This would put about three to five times the amount of sulfur dioxide
into the stratosphere. Even so, that would still represent less than 1 percent of current worldwide sulfur
emissions. IV estimates this plan could be up and running in about three years, with a startup cost of $150
million and annual operating costs of $100 million.

So Budyko’s Blanket could effectively reverse global warming at a total cost of $250 million. Compared with
the $1.2 trillion that Nicholas Stern proposes spending each year to attack the problem, IV’s idea is, well,
practically free. It would cost $50 million less to stop global warming than what Al Gore’s foundation is
paying just to increase public awareness about global warming.

And there lies the key to the question we asked at the beginning of this chapter: What do Al Gore and
Mount Pinatubo have in common? The answer is that Gore and Pinatubo both suggest a way to cool the
planet, albeit with methods whose cost-effectiveness are a universe apart.

This is not to dismiss the potential objections to Budyko’s Blanket, which are legion. First of all, would it
work?

The scientific evidence says yes. It is basically a controlled mimicry of Mount Pinatubo’s eruption, whose
cooling effects were exhaustively studied and remain unchallenged.

Perhaps the stoutest scientific argument in favor of the plan came from Paul Crutzen, a Dutch atmospheric
scientist whose environmentalist bona fides run even deeper than Caldeira’s. Crutzen won a Nobel Prize in
1995 for his research on atmospheric ozone depletion. And yet in 2006, he wrote an essay in the journal
Climatic Change lamenting the “grossly unsuccessful” efforts to emit fewer greenhouse gases and
acknowledging that an injection of sulfur in the stratosphere “is the only option available to rapidly reduce
temperature rises and counteract other climatic effects.”

Crutzen’s embrace of geoengineering was considered such a heresy within the climate-science community
that some peers tried to stop publication of his essay. How could the man reverently known as “Dr. Ozone”

possibly endorse such a scheme? Wouldn’t the environmental damage outweigh the benefits?

Actually, no. Crutzen concluded that damage to the ozone would be minimal. The sulfur dioxide would
eventually settle out in the polar regions but in such relatively small amounts that there, too, significant
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harm was unlikely. If a problem did arise, Crutzen wrote, the sulfur injection “could be stopped on short
notice...which would allow the atmosphere to return to its prior state within a few years.”

Another fundamental objection to geoengineering is that it intentionally alters the earth’s natural state. To
that, Myhrvold has a simple answer: “We’ve already geoengineered the earth.”

In just a few centuries, we will have burned up most of the fossil fuel that took 300 million years of
biological accumulation to make. Compared with that, injecting a bit of sulfur into the sky seems pretty
mild. As Lowell Wood points out, sulfur isn’t even the optimal chemical for a stratospheric shield. Other,
less noxious-sounding materials—aluminized plastic micro beads, for instance—could make an even more
efficient sunscreen. But sulfur is the most palatable choice “simply because we’ve got the volcano proof of
feasibility,” Wood says, “and along with that, a proof of harmlessness.”

Wood and Myhrvold do worry that Budyko’s Blanket might create an “excuse to pollute.” That is, rather
than buying time for us to create new energy solutions, it would lure people into complacency. But blaming
geoengineering for this, Myhrvold says, is like blaming a heart surgeon for saving the life of someone who
fails to exercise and eats too many french fries.

Perhaps the single best objection to the garden hose idea is that it is too simple and too cheap. As of this
writing, there is no regulatory framework to prohibit anyone—a government, a private institution, even an
individual—from putting sulfur dioxide in the atmosphere. (If there were, many of the world’s nearly eight
thousand coal-burning electricity units would be in a lot of trouble.) Still, Myhrvold admits that “it would
freak people out” if someone unilaterally built the thing. But of course this depends on the individual. If it
were Al Gore, he might snag a second Nobel Peace Prize. If it were Hugo Chavez, he’d probably get a
prompt visit from some U.S. fighter jets.

One can also imagine the wars that might break out over who controls the dials on Budyko’s Blanket. A
government that depends on high oil prices might like to crank up the sulfur to keep things extra cool;
others, meanwhile, might be happier with longer growing seasons.

Lowell Wood recounts a lecture he once gave, during which he mentioned that a stratospheric shield could
also filter out damaging ultraviolet rays. An audience member suggested that fewer ultraviolet rays would
lead to more people getting rickets.

“My response,” Wood says, “was that your pharmacist can take care of that with vitamin D, and it’ll be
better for your overall health as well.”

All the rocket scientists, climate scientists, physicists, and engineers around the IV conference table chuckle
at Wood'’s riposte. Then someone asks if IV, with Budyko’s Blanket up its sleeve, should be working toward
a rickets-prevention patent. Now they laugh louder.

But it’s not entirely a joke. Unlike most of the patents IV owns, Budyko’s Blanket has no clear route to
profits. “If you were an investor of mine,” Myhrvold says, “you might ask: ‘Remind me again why you're
working on this?’” Indeed, many of IV’'s most time-consuming projects, including a variety of AIDS and
malaria solutions, are substantially pro bono work.

“This is the world’s greatest philanthropist sitting on the other side of the table,” Wood says with a chuckle
and a nod toward Myhrvold. “Involuntarily so, but there he is.”

As dismissive as Myhrvold can be toward the prevailing sentiments on global warming, he is quick to deny
that he dismisses global warming itself. (If that were the case, he’d hardly spend so much of his company’s
resources working on solutions.) Nor is he arguing for an immediate deployment of Budyko’s Blanket—but,
rather, that technologies like it be researched and tested so they are ready to use if the worst climate
predictions were to come true.
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“It’s a bit like having fire sprinklers in a building,” he says. “On the one hand, you should make every effort
not to have a fire. But you also need something to fall back on in case the fire occurs anyway.” Just as
important, he says, “it gives you breathing room to move to carbon-free energy sources.”

He is also eager to get geoengineering moving forward because of what he sees as “a real head of steam”
that global-warming activists have gathered in recent years.

“They are seriously proposing doing a set of things that could have enormous impact—and we think
probably negative impact—on human life,” he says. “They want to divert a huge amount of economic value
toward immediate and precipitous anti-carbon initiatives, without thinking things through. This will have a
huge drag on the world economy. There are billions of poor people who will be greatly delayed, if not
entirely precluded, from attaining a First World standard of living. In this country, we can pretty much
afford the luxury of doing whatever we want on the energy-and-environment front, but other parts of the
world would seriously suffer.”

Certain new ideas, no matter how useful, are invariably seen as repugnant. As we mentioned earlier, a
market for human organs—even though it might save tens of thousands of lives each year—is one such
example.

Over time, some ideas do cross the repugnance barrier to become reality. Charging interest on loans. Selling
human sperm and eggs. Profiting from a loved one’s premature death. This last example of course describes
how life insurance works. Today it is standard practice to wager on your own death in order to provide for
your family. Until the mid-nineteenth century, life insurance was considered “a profanation,” as the
sociologist Viviana Zelizer writes, “which transformed the sacred event of death into a vulgar commodity.”

Budyko’s Blanket may simply be too repugnant a scheme to ever be given a chance. Intentional pollution?
Futzing with the stratosphere? Putting the planet’s weather in the hands of a few arrogant souls from
Seattle? It is one thing for climate heavyweights like Paul Crutzen and Ken Caldeira to endorse such a
solution. But they are mere scientists. The real heavyweights in this fight are people like Al Gore.

And what does he think of geoengineering?
“In a word,” Gore says, “I think it’s nuts.”

If the garden-hose-to-the-sky idea doesn’t fly, IV has another proposal that relies on the same science but is
perhaps slightly less repugnant. As it turns out, the amount of stratospheric sulfur necessary to cool the
planet is equal to the amount that just a handful of coal-burning power plants already belch out. This
second plan calls for simply extending the smokestacks at a few strategically located plants. So instead of
spewing their sulfur-laden smoke several hundred feet into the air, these smokestacks would release it
some eighteen miles high, into the stratosphere, where it would have the same net cooling effect as the
garden-hose scheme.

This plan is appealing because it simply repurposes existing pollution without adding any more. Although an
eighteen-mile-high smokestack might sound like a hard thing to build, IV has figured out how—essentially
by attaching a long, skinny hot-air balloon to an existing power-plant smokestack, creating a channel that
lets the hot sulfur gases rise by their own buoyancy into the stratosphere. This project is dubbed, naturally,
“chimney to the sky.”

And if even that plan is too repugnant, IV has something entirely different, a plan that is practically
heavenly: a sky full of puffy white clouds.
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This is the brainchild of John Latham, a British climate scientist who recently joined the IV stable of
inventors. Latham is a gentle, soft-spoken man in his late sixties who is also a rather serious poet. So it
caught his ear when, long ago, he stood on a mountaintop in North Wales with his eight-year-old son Mike,
gazing down at a sunset, and the boy, pointing out how shiny the clouds were, called them “soggy mirrors.”

Precisely!

“On balance, the role of clouds is to produce a cooling,” says Latham. “If clouds didn’t exist in the
atmosphere, the earth would be a lot hotter than it is now.”

Even man-made clouds—the contrails from a jet plane, for instance—have a cooling effect. After the
September 11 terrorist attacks, all commercial flights in the United States were grounded for three days.
Using data from more than four thousand weather stations across the country, scientists found that the
sudden absence of contrails accounted for a subsequent rise in ground temperature of nearly 2 degrees
Fahrenheit, or 1.1 degrees Celsius.

There are at least three essential ingredients for the formation of clouds: ascending air, water vapor, and
solid particles known as cloud condensation nuclei. When planes fly, particles in the exhaust plume serve as
the nuclei. Over landmasses, dust particles do the job. But there are far fewer cloud-friendly nuclei over the
world’s oceans, Latham explains, so the clouds contain fewer droplets and are therefore less reflective. As a
result, more sunlight reaches the earth’s surface. The ocean, because it is dark, is particularly good at
absorbing the sun’s heat.

By Latham’s calculations, an increase of just 10 or 12 percent of the reflectivity of oceanic clouds would cool
the earth enough to counteract even a doubling of current greenhouse gas levels. His solution: use the
ocean itself to make more clouds.

As it happens, the salt-rich spray from seawater creates excellent nuclei for cloud formation. All you have to
do is get the spray into the air several yards above the ocean’s surface. From there, it naturally lofts upward
to the altitude where clouds form.

IV has considered a variety of ways to make this happen. At the moment, the favorite idea is a fleet of wind-
powered fiberglass boats, designed by Stephen Salter, with underwater turbines that produce enough
thrust to kick up a steady stream of spray. Because there is no engine, there is no pollution. The only
ingredients—seawater and air—are of course free. The volume of spray (and, therefore, of cloud
reflectivity) would be easily adjustable. Nor would the clouds reach land, where sunshine is so important to
agriculture. The estimated price tag: less than $50 million for the first prototypes and then a few billion
dollars for a fleet of vessels large enough to offset projected warming at least until 2050. In the annals of
cheap and simple solutions to vexing problems, it is hard to think of a more elegant example than John
Latham’s soggy mirrors—geoengineering that the greenest green could love.

That said, Myhrvold fears that even IV's gentlest proposals will find little favor within certain
environmentalist circles. To him, this doesn’t compute.

“If you believe that the scary stories could be true, or even possible, then you should also admit that relying
only on reducing carbon-dioxide emissions is not a very good answer,” he says. In other words: it’s illogical
to believe in a carbon-induced warming apocalypse and believe that such an apocalypse can be averted
simply by curtailing new carbon emissions. “The scary scenarios could occur even if we make herculean
efforts to reduce our emissions, in which case the only real answer is geoengineering.”

Al Gore, meanwhile, counters with his own logic. “If we don’t know enough to stop putting 70 million tons

of global-warming pollution into the atmosphere every day,” he says, “how in God’s name can we know
enough to precisely counteract that?”
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