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s devastating as it was, the eruption provided climate scientists with 

a unique opportunity. This was the second-largest eruption of the 

20th century, and the first to occur when scientists had satellites in place 

to measure the results. The sulfur dioxide that spewed from the mouth 

of the volcano created a haze far up in the stratosphere, the upper limits 

of our atmosphere. The haze reflected sunJight away from Earth, cooling 

the planet by almost one degree Fahrenheit (half a degree Celsius) over 

the two years that followed. 

Scientists saw this as a ready-made scientific experiment: what 
:c'" .... 
c:: happens when we pump sulfur dioxide into the upper atmosphere?
>­

U Could this provide clues to dealing with a climate overheated by global >­
..Cl 

o warming? If Earth gets toO warm, can we-and should we-mimic the 
o 
N volcano to cool the planet down? 
@ 
.... 
X This idea is part of a field of research known as geoengineering. 
~ 
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The sun's rays penetrate our atmosphere to 

warm up Earth's surface. A naturally occurr ing 

combination of gases traps some of that heat , 

insulating the planet just enough to support life. 

But the gases that we've been releasing since the 

Industrial Revolurion in the 1700s, when we 

began using machinery on a massive scale, are 

contributing to a [bicker blanket, or stronger 

insulation , and an increas ingly hot planet. 

Scientists agree that Earth is heating up 

and that humans are causing the bulk of the 

warming. We're already seeing repercussions , as 

glaciers shrink in the Himalayas and ice melts 

in the Arctic. The results could be dramatic and, 

in some regions of the world , catastrophic: rising 

ocea n levels , increasi ng droughts, and intensify­

ing tropical storms. 

Nobody can project exacdy when any of 

this could take place, exactly how much the 

tempera ture may rise over the coming decades, 

or exactly what cha nges will occur. But nearly 

all scient ists who study the climate are worried , 

and they agree that we need to make drastic 

reductions in our use of fossil fuel s, such as coal, 

gasoline, and natural gas, which release carbon 

dioxide (CO) when burned. As sunlight heats 

Earth, the planet sends some of that heat back 

A LOT OF HOT AIR 


toward space as infrared radiation. CO~ is ca lled 

a greenhouse gas because it traps this infrared 

radiation, warming the planet. 

As climate change grows more dire, 

researchers are becoming more interested in 

geoengineering-possible technological solu­

tions to fight Earth's warming and its effects, 

whether by cooling the planet down Or by suck­

ing greenhouse gases out of the atmosphere. 

Another reaso n for the increas ing popular­

ity of geoengineering research is that carbon 

dioxide has this annoying habit of sticking 

around. Each year, we release more than 36 

billion metric tons of CO1 (a metric ron is 1,000 

kilograms, or about 2,200 pounds) through 

activities as varied as fueling ca rs with g3soline, 

burning coal for power plants, even cutting and 

burning forests for agriculture. That c3rbon 

dioxide will persist in the atmosphere for 50 (() 

200 years. Some could even stick around for 

thousands. So, even if we were to suddenly cut 

all CO emissions to zero-something most
2 

people agree is nearly impossible-some of the 

carbon diox ide we've already released could 

remain in the atmosphere for a long time. Plus, 

3round the world, the amount of greenhouse g3S 

we're releasing continues to rise. 

Humans release more than 36 billion metric tons of carbon dioxide every year. Since it's hard to imagine how 

much that really is, here's a handy conversion table. 

Unit Number needed to weigh 36 billion metric tons 
Beluga whale 15.6 billion 

Flat-screen TV 3.2 trillion 

Rhesus macaque 5.3 trillion 

Cell phone 330 trillion 

American cockroach 60 quadr"illion 
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The eruption of Mr. Pinatubo gave scienrists a 

useful conrrolled experimenr. They knew exacrly 

how much sulfur dioxide (SO) the explosion 

added ro the atmosphere, and they were able ro 

\\'atch it spread and moniror the changes it caused 

in the climate over two years. (Unlike CO , which
2 

traps heat, S02 forms panicles in the atmosphere 

that reflect sunlight, preveming some of it from 

reaching Earrh's surface.) 

Scienrists then plugged all that information 

inro computer models to learn how those changes 

in the atmosphere affected rhe climate. From 

volcanoes, some scientists got the idea that we 

could cool the planet by pumping S02 up inro the 

strarosphere. 

Ken Caldeira, at the Carnegie Institution for 

Science, says that at hrst he thought this was a 

crazy notion. Caldeira is a climate change modeler, 

which means he insens variables such as CO2 and 

SC\ levels inro computer programs ro test how 

changes in those variables affect the climate. "Ir's 

son of like playing a video game," he explains. 

After hearing about a scheme ro inject sulfur diox­

ide inro the atmosphere, he set about nl.odeling 

what might happen. He thought it wouldn't work 

because sunlight warms different pans of the world 

unequaliy, depending on latitude, elevation, and a 

region's weather. To his surprise, the results of his 

calculations show that this plan could, in fact, cool 

the planet. 

"Basically, any type of dust vvould work," 

says Caldeira. "But the panicles must be very fine. 

Sulfur has the benefit that it can be put up as a 

effects of Mr. Pinatubo lasted only two years, and 

sciemists say if we undenook a solution such as 

this, we would have to keep it going for genera­

tions-unless we removed carbon dioxide from 

the atmosphere at the same time. They're also not 

sure that it would work: maybe the panicles would 

clump together, maybe they wouldn't reflect as well 

as we expect, maybe they'd just fall back down 

ro Earrh. Some researchers say that other types of 

panicles might be better at reflecting sunlight and 

less likely ro clump rogether. 

To better predict the success of this approach, 

researchers must create more detailed models of 

what ro do and what the effects might be. Then 

they have to test the process in the sky. 

David Keith, a climate researcher at Canada's 

University of Calgary, proposes using special high­

flying planes that can soar 75,000 feet (22,860 

meters) up imo the stratosphere. These planes 

would release plumes of gas- such as the proposed 

sulfur dioxide-and then fly back and fonh 

gas." When it reacts with water and through the plumes. Researchers could 
Tlf.-IY PARTle!..!;$ OF 

oxygen in the stratosphere, it turns $U!..FUROU$ AWl THAT evaluate \~rhether the released gas forms 
MlbHT FA!..!.. WITHinro tiny particles that reflect sunlight. the desired panicles, and at what size,

TH!; RAlf.-I, THAT I$! 
'This isn't, however, a simple and whether they effectively reflect 

undenaking. First, how would we get sunlight back into space. 

the gas up inro the stratosphere? And Even if demonstrated ro work, 

it couldn't be a one-time event. The this plan involves plenty of potential 
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hazards. Alan Robock, a professor of environmen­

tal science at Rutgers University, has heen carefully 

srudying the Mr. Pinatubo eruption. He says that 

instead of inspiring us to mimic a volcano, Mr. 

Pinatuho should serve as a warning. After the volcano 

erupted, the haze affected evaporation and rainfall. 

'n1at year produced some of the least rainfall in histo­

ry, causing extensive droughts. Decreased sunlight 

caused by 502haze could have a significant impact 

on weather all over the world. 

Plus, if fewer of the sun's rays reach Earth, bow 

would that aftect the growth of plants and food 

crops? And there are also political implications: for 

instance, who decides when it 's time to try some­

thing as drastic as spreading a haze above the planet? 

What happens if a rich country tries trus out, but a 

poor country suffers worse droughts or storms? Alan 

Robock worries this could lead to war, as does David 

Keith. 

But maybe this scheme could be used in a 

limited area. Michael MacCracken at the Climate 

Institute proposes one such approach. Scientists are 

particularly worried abom the North and Somh 

Poles, which are showing the effects of global warm­

ing before most of the rest of the world. If the ice on 

Greenland and Antarctica continues to melt, it could 

contribute to the rise of sea levels. The melting of 

Arctic sea ice could disrupt food chains in the ocean. 

Also, that huge swath of ""hite ice reRects sunlight. If 

it disappears, the planet could get even hotter. 

MacCracken suggests imitating the effects of 

the S02 that comes out of coal-fired power plants, 

which creates a white haze and tends to cool the 

lower atmosphere. Testing the scheme over the 

Arctic could reduce the rate of warming there 

and help the area keep its ice cover. 

Decades ago, John Latham was strolling in 

the mountains of Wales (near England) with 

his son, Mike, who was then eight years old. 

1ne sening sun lit up the clouds with a bril­

liant glow. Mike turned to his dad and asked, 

"Why are the clouds so bright and 5h in),?" 

Latham explained that the clouds are bright 

because they're made up of Little water droplets 

that re8ect and bounce sunlight around. Mike 

laughed and said, "Soggy mirrors!" 

That idea struck him years later, says 

Latham. "I was thinking about whether I 

could apply what I know about clouds to 

climate change, and Mike's phrase came to 

mind." Latham is an expert in cloud physics 

and global warming. He thought about the 

enormous cover of low-lying clouds that hovers 

over about one-third of the world's oceans. 

Those clouds don't move much. Could we 

make that cloud cover even brighter to refleer 

more sunlight away from the atn:osphere? 

The ocean clouds already bounce back 

about 50 percent of the sunlight that strikes 

them. Latham thinks we could increase that 

reRectivity to 60 percent, which could signifi­

cantly cool off (he planet. 

It works like this: each water drop in 

a cloud reRects a certain amount of light. 

Smashing those water droplets into smaller 

drops would create more surface area to reRect 
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even more sunlight. Instead of smashing drops, 

though, Latham wants to make more drops by 

sending up particles that will attract water. Salt, 

for instance, could form the core of cloud drop­

lets. If we can seed the clouds with tiny particles 

of salt, then drops will grow on them. So the 

number of drops in the clouds will increase, and 

the clouds will bounce more sunlight back up 

into space. 

How would this be accomplished? Latham 

envisions boats out in the ocea n pum ping sea­

water through billions of small holes. This would 

break the seawater into tiny droplets and salt 

particles that are then sprayed up through spin­

ning cylinders, like upside-down watering cans, 

into the clouds. More salt will make more drop­

lets, and brighter clouds. 

Latham and his collaborators are currently 

developing a test boat. 

With this scheme as well, much more 

research is needed. How much cooling is enough? 

What would it mean to the surface of the ocean 

if less sunlight reached it? Could that interfere 

with marine tood chains? Surface water tempera­

tures affect wind and weather around the world, 

so how might this change weather patterns? 

Could it lead to less evaporation and less rain­

fall? These questions must all 

be answered. 

SPAC E MIRRORS AND COPE POD BUFFETS 

W hen it comes to climate-cooling schemes, science often sounds like science 

fiction. Imitatin a volcano and making the clouds brighter are two of the most 

popular geoengineering ideas, but they're far from the only ones. 

This computer artwork shows one of the more far-fetched proposals: a giant 

mirror that would orbit Earth and bounce sunlight away from the planet. A simi­

lar idea calls for a fleet of tiny, orbiting mirrors-thousands, or even millions. One 

astronomer described a plan to launch into orbit, instead of millions of mirrors, 

trillions of fi'agile lenses that would bend light away from our planet. These ideas are 

probably too costly and difficult to be realistic. 

Some schemes involve sunlight reflectors that wouldn't need to be all the way in outer space. Shiny, hydrogen­

filled balloons, for example, could be launched into the atmosphere billions at a time, where they would float above 

airplane traffic and block the sun. (The amount of trash these balloons would create when they eventually fell to earth 

is a little daunting.) O r refledJve materials could be spread across deserts, or floated on top of the ocean (never mind 

how til is might affect desert or ocean ecosystems). 

In 200 , a t eam of German and Indian scientists were able to actually test another geoengineering idea: fertilizing 

the ocean with iron. The scientists dumped 13,000 pounds (6,000 kilograms) of iron into the southern Atlantic Ocean, 

hoping the fettilizer would cause a huge amount of algae to grow on the ocean's surface. This algal bloom would suck 

carbon dioxide out of the air. just as trees do. When the algae died and sank to the bottom of the ocean, they would 

take all that cal'bon with t hem, hiding it far away from the atmosphere. 

The experiment worked at first: the iron caused lots of algae to grow. But that algae patch w as just one big lunch 

buffl t for tiny o'ustaceans called copepods, which gobbled it all up. This showed researchers that dumping iron in the 

ocean will probably not help take carbon out of the atmosphere-and that real life doesn't always work like a computel' 

model. 

- E. P 
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Even if these plans work, they won't solve all 

the problems global warming causes. First of 

all, unless we rid the atmosphere of existing 

greenhouse gases, we'd theoretically have to 

continue the cooling schemes for decades, if nor 

centuries. As soon as we stop, the climate might 

heat right back up again. Plus, carbon dioxide 

threatens more than Earth 's temperature. As 

the oceans absorb it, they become increasingly 

acidic, which is already starting to bleach and 

kill coral reefs and eat away at the shells of sea 

creatures. So scientists are also discussing ways 

to suck carbon dioxide out of the atmosphere. 

'TIle most obvious and least controversial 

approach is as simple as planting more trees, 

which naturally absorb and trap CO
2 

, \X'hile 

this is probably parr of the answer, it might not 

work fast enough, or take enough carbon diox­

ide out of circulation. So researchers are coming 

up with geoengineering solutions. 

David Keith has a plan, and he starred 

a company to make it a reality. He and his 

colleagues are developing a giant sucking 

machine that pulls air in at one end and brings 

it into contact with a liquid that captures the 

carbon dioxide. lllen the cleaned-up air is 

exhaled out the other end of the machine. 'The 

captured carbon dioxide can be collected and 

stored. 

Instead of a liquid, Klaus Lackner at 

Columbia University has devised_a solid mated~1 

composed of a substance that carbon dioxide 
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gloms onto-a sort of artificial tree. When the material is heated up, it releases the 

gas, which can then be easily captured. Another team at Columbia is studying rocks 

that naturally react with carbon dioxide to form different minerals. lhese 

could remove the gas from the atmosphere and bind it in rock form. MAYS!; I 

'These ideas are aJi still in the testing phase. To work, they must 

produce less carbon dioxide than they pull from the air. And they need 

to operate at a coSt that isn't outrageously expensive. 

II 
Until recently, most scientists have been reluctant 

to discuss geoengineering publicly. They worried -:;oI~~~~::::;;."L.~<--~~~~~~~~!9!o.-.J,~.......­

tbat people would latch onto these technological fixes and think that if we can 

manage climate change with technology, we don't need to worry about global 

warming or reduce our green bouse gas emissions. But now, scientists say, the prob­

lem isn't going away, so it might be time for drastic measures. 

How can we learn more about which geoengineering approaches might work 

and what the results might be? The answer is simple: research. Even though more 

people are discussing potential plans, very few scientists-only a few dozen in the 

entire world-are devoting significant time and research to studying how geoen­

gineering plans could be carried out, whether the schemes would work, and what 

their intended and unintended consequences might be. 

Parr of the appeal of geoengineering is that it seems to be relatively cheap-at 

least, it seems cheaper than finding alternatives to coal and gasoline. Plus, some of 

the approaches would be fast acting. It might take a long time to switch the way 

we generate electricity from fossil fuels to solar power, but potentially, with geo­

engineering, cooling could begin almost immediately. 

But geoengineering is far from perfect. Scientists agree that many of these 

technologtcal fixes could cause any number of side effects, such as droughts or 

storms, or they could affect how crops grow. But, in case of emergency-in case 

we can't reduce emissions quickly enough, and global warming affects the planet 

in ways that are so harmful as to be unacceptable-scientists say that we need to 

do the research so we're ready with geoengineering solutions. ~ 
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