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the “earth” part of the title of this special issue from  
Scientific American is no doubt self-explanatory, but why “3.0”?  
Because this planet is no longer simply the home of our species: it is 
also our creation. And as with any product, sometimes it is prudent to 
upgrade its quality.

If you will indulge the analogy further, Earth 1.0 was the world that 
persisted and evolved for billions of years, up until very recently. The 
environment was dominated by closed ecological loops and a few geo-
logical and astronomical processes, such as the movements of conti-
nents and the brightness of the sun. As such, life was highly sustain-
able. Even after we humans developed agriculture, which considerably 
enlarged our footprint on the environment, our overall influence was 
fairly small and localized.

That changed two centuries ago with the arrival of Earth 2.0, when 
the industrial revolution gave the human race the leverage to achieve 
unprecedented health and prosperity but at the price of wanton con-
sumption of natural resources. Today we have unwittingly become the 
major drivers of potentially disastrous climate change. We have extin-
guished species at a rate not seen since the end of the dinosaurs. We 
have depleted ocean fisheries so severely they could collapse by midcen-
tury. And yet much of the human population still suffers awful poverty 
and lack of opportunity. 

Earth 3.0 is thus the new way forward that we need to establish, one 
with all the prosperity of 2.0 but also the sustainability of 1.0. And it is in 
that spirit that we present this issue, which explores and celebrates oppor-
tunities for both economic and environmental progress.

Building a better future for ourselves and the rest of the planet is pos-
sible, but it will involve action—sometimes drastic action—at every level 
of society, from elected officials and CEOs to individual consumers. De-
cisions will need to be informed by knowledge of the relevant underly-
ing science and the available technologies. The right solutions will ad-
dress both environmental problems and concerns about economic devel-
opment rather than sacrificing one for the sake of the other. 

We are proud to offer Scientific American Earth3.0 as a tool for 
promo ting the awareness and discussions that can encourage progress.

John Rennie
Editor in Chief

editors@SciAmEarth3.com
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the world record for the deepest untethered, solo ocean dive. To Dr. Earle, it was just one more 

thing in the endless pursuit of science.
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Dark Horse: Oil from Algae

The future of biofuel may lie in one word: algae. The tiny primitive plants can produce 
a lot of oil in a little space. Solix Biofuels has a pilot plant in the New Belgium Brewing 
Company in Fort Collins, Colo., that uses the excess carbon dioxide from beer making 
to feed algae growing in indoor tanks. Global Green Solutions has a test facility in  
El Paso, Tex., that grows algae in tall, thin, sunlit bioreactors.

One company prefers to stay in the dark, however. Solazyme in South San Francisco 
leases the vast fermentors used in industrial processes to grow specially tailored 
strains of algae in the dark. The algae swim in a bath of sugar water that delivers the 
sustenance they need to produce copious quantities of oil. The company can select dif-
ferent types of algae and alter the conditions they grow in to produce various oils that 
can be turned into diesel fuel, plastics or other products. “Some strains come from a 
swamp in Africa; some strains come from a high-altitude snowfield in South America,” 
says Harrison Dillon, a microbiologist and co-founder.

The firm has already produced thousands of gallons of oil, though not at “commer-
cial economics,” as Dillon puts it. Notably, the company car, a diesel Jeep, runs on the 
stuff. And the U.S. military and the American Society for Testing and Materials have 
certified the diesel for a broad range of vehicles; the company plans to open its first 
dedicated production facility later this year. Dillon says refining production and scaling 
up processes will allow Solazyme to make algal oil a feedstock for diesel fuel that will 
cost only $2 per gallon. Because sunlight is not needed, improvements are easier to 
come by, he maintains. Solazyme may be the algae company furthest along in produc-
ing different oils at commercial volumes, which could potentially be used in everything 
from jets to kitchens. “My birthday cake was made with oil from algae: no butter, no 
oil, no eggs,” Dillon notes. “And it was delicious.” —David Biello

Perma-Vault Now 
Accepting Seeds
With global warming looming, Mother Nature could sure 
use a backup plan—a secure place to store copies of her 
crops and other plants. Now, thanks to the government 
of Norway, she has one. Dug into a permafrost moun-
tain, the massive Svalbard Global Seed Vault began col-
lecting seeds in February. So far it has 268,000 unique 
samples, with a capacity for 4.3 million more.

Although about 1,400 seed banks exist worldwide, 
this one, in Norway’s Svalbard islands, dwarfs them all 
and aims to safeguard duplicates of the seeds. Stored 
seeds are frequently lost because of natural disasters, 
war and warm temperatures, so Svalbard was built to 
withstand these challenges. The facility is remote, locat-
ed 1,000 kilometers beyond mainland Norway’s north-
ernmost tip. It can be accessed only via a 93-meter tun-
nel through the permafrost. And it is “the best-insulated 
freezer in the world,” says Cary Fowler, executive direc-
tor of the Global Crop Diversity Trust: if the cooling units 
fail, the permafrost will keep the vault below –3.5 de-
grees Celsius. Norway built Svalbard for $9 million and 
maintains it, and the trust oversees its collection, but in-
stitutions that deposit seeds can remove them anytime.

Svalbard wasn’t built because the end is nigh but to 
enhance the earth’s sustainability. “We’re scientists,” 
says Fowler, an American. “We’ve really just had it up to 
here with losing crop diversity.” —Melinda Wenner

Harrison Dillon (left) and  
Solazyme CEO Jonathan Wolfson
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Green Funds Remain Hot

Even though U.S. financial markets have cooled in 2008, 
investments in “clean technology” from firms such as  
Silicon Valley–based Khosla Ventures have remained hot. 
Clean technology—products and services that harness 
renewable resources and limit environmental impacts—

has emerged as one of the top three asset classes for 
venture capitalists. “The past five years have seen signif-
icant increases in interest and investment in this area,” 
says Ron Pernick, co-author of The Clean Tech Revolu-
tion. Venture capital totaled $2 billion in the second 
quarter of 2008—a new record—and was up 48 percent 
from the first quarter despite the economic downturn.

The market’s large size and its potential for address-
ing important global challenges will continue to drive 
investments, according to Samir Kaul, a founding part-
ner at Khosla Ventures, one of the top five clean-tech 
investors. Utility-scale solar pow-
er plants and second-genera-
tion biofuels such as algae 
have led the field in re-
cent financing rounds, 
but funding is now 
branching into less devel-
oped technologies such as 
bioplastics, green building ma-
terials and water desalination.

 —Barbara Juncosa

Florida’s Garbage Vaporized

Every year 130 million tons of America’s trash ends up in landfills. Together the dumps 
emit more of the greenhouse gas methane than any other human-related source. But 
thanks to plasma technology, one city’s rotting rubbish will soon release far less meth-
ane—and provide power for 50,000 homes—because of an innovation in plasma tech-
nology backed by Atlanta-based Geoplasma.

Engineers have developed an efficient torch for blasting garbage with a stream of  
superheated gas, known as plasma. When trash is dropped into a chamber and heated  
to 10,000 degrees Fahrenheit, its organic components—food, fluids, paper—vaporize 
into a hot, pressurized gas, which turns a turbine to generate electricity. Steam, a by-
product, can generate more. Inorganic refuse such as metals condense at the bottom and 
can be used in roadbeds and heavy construction.

Several small plasma plants exist around the world for industrial processes, but Geo-
plasma is constructing the first U.S. plasma refuse plant in St. Lucie County, Florida. The 
plant is scheduled to go online by 2011; it will process 1,500 tons of garbage a day, send-
ing 60 megawatts of electricity to the power grid (after using some to power itself).

Emissions are far lower than in standard incineration, and the process reduces landfill 
volume and methane release. Power prices are projected to be on par with electricity from 
natural gas. The difference, says Ron Roberts, St. Lucie County’s assistant director of solid 
waste, is that “you’re getting rid of a problem and making it a positive.” —Melinda Wenner

Alexandra Cousteau Wades In

Just as her legendary grandfather 
Jacques-Yves was passionate about 
marine life, Alexandra Cousteau’s pas-
sion for the future of the earth’s water 
resources is palpable. “Water will be the 
principal defining crisis of this century,” 
Cous teau says. “History will be made over 
how we manage our water resources.”

Since returning from Costa Rica last 
September, where she had been cam-
paigning on behalf of marine sanctuar-
ies, Cousteau has made it her personal 
and professional mission to advocate for 
protecting and replenishing the earth’s 
water systems. She signed on with publisher Penguin to write a book, scheduled for 
March 2010, about communities’ experiences in losing or protecting their watersheds. 
And she is traveling extensively throughout the world, from India and Cambodia to 
Greenland, to learn how water influences people’s lives. She expects to create multi-
media Web campaigns throughout her travels and to produce documentaries for film 
festivals. In the meantime, Cousteau has advice about environmentalism as well as 
how people can personally save water at www.alexandracousteau.com.

Cousteau, 32 years old, is no stranger to environmental activism. Just this year 
she was named among National Geographic’s Emerging Explorers, and she was hon-

ored by the United Nations in 2007 as an Earth Trustee for her work in protecting the 
oceans. In 2000 she and her brother, Philippe, co-founded EarthEcho International,  
a nonprofit organization that uses a variety of media and storytelling to connect audi-
ences with environmental issues. —Keren Blankfeld Schultz

Alexandra  
Cousteau

Ron Roberts (right), with colleague Leo Cordeiro
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United under 1Sky

One way to get legislators to pay more attention to climate change is to 
put emotional messages in front of them. The national organization 
1Sky has convened an unusual team, built on mothers and their kids,  
to appear at more than 500 congressional district offices and almost 
500 climate change rallies across the country.

In June, 1Sky turned 
up the heat even further 
when it delivered more 
than 130 banners and im-
ages made by mothers, 
children and other family 
members to 175 House 
and Senate offices. The 
effort came immediately 
after the Senate killed a 
leading bill on climate 
change, the Lieberman-
Warner act. The intent 
was to encourage law-
makers to keep pushing 
for bold, innovative 
legislation.

1Sky’s goal is to con-
vey one clear message: 
American voters want effective environmental policy to protect their 
planet, and they want it now. Not even a year old, 1Sky is gaining trac-
tion among a sea of environmental and advocacy groups by inspiring 
community action. The organization now has almost 70,000 volunteers 
and is collaborating with 60 proenvironmental organizations. “1Sky is 

uniting voices, so all the environmental groups don’t come off as noise,” 
says Betsy Taylor, founder and president. “We have many people and 
groups coming together around the simple platform that the United 
States must act decisively, boldly and quickly.”

In the past six months volunteers—including environmental activ-
ists—have set up meet-
ings with elected offi-
cials to talk to them 
about the science be-
hind climate change and 
the specific policies 
needed to slow or halt 
the planet’s warming. 
And by allying with vari-
ous voter regis tration 
campaigns to educate 
candidates on environ-
mental issues, 1Sky is 
rallying citizen demand 
to make climate change 
efforts a national 
priority.

Timothy Greeff of 
the League of Conserva-

tion Voters agrees that the country needs to motivate sitting senators to 
pass effective policy and to elect new candidates who are ecologically 
minded. “1Sky can help make this happen, especially in places like Colo-
rado with an upcoming election between proenvironmental and anti-
environmental senators.” —Victoria Stern

China Targets Cleaner Coal

Coal-fired power plants produce more than 70 percent of China’s elec-
tricity—and its infamous smog and child health issues—recently vault-
ing China past the U.S. as the world’s largest carbon dioxide emitter. In 
response, the government has launched work on a pilot plant dubbed 
GreenGen that would eventually 
capture and permanently store 
CO2 emissions.

As a first step, a consortium of 
power and coal companies will 
fund the construction of an inte-
grated gasification combined- 
cycle power plant, in which coal is 
converted into gas and the pollut-
ants are removed before the gas is 
burned. The plant, in the port city 
of Tianjin, would produce 250 
megawatts of electricity. Subsequent phases 
would boost output as high as 650 megawatts,  
a moderate size by utility standards. After that 

time, work would begin to capture CO2 from the plant and sequester it 
in a depleted oil field nearby. Target date: 2015.

In the wake of the U.S. government’s decision to pull the plug on its 
own carbon capture project—FutureGen—the $1-billion GreenGen 

plant becomes the world’s leading effort on such technology. 
But because China is suffering from coal shortages, and extra 
energy is required to gasify the coal and to capture the CO2, 
completing GreenGen may prove a challenge. “There’s an ar-
gument for doing GreenGen in terms of research and getting 

experience with it,” says energy technology expert Kelly 
Sims Gallagher of Harvard University’s John F. Kennedy 
School of Government, “but from a commercial point 

of view it doesn’t make sense.” GreenGen must 
function as a for-profit power plant, so even 
though Chinese officials agree on the long-term 

benefit of removing CO2 from the air, the  
future of climate change may depend 
on the economic value assigned to 
that benefit. —David Biello 1s
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One Brick Powers All

You cannot plug your laptop into an electrical out-
let or recharge your cell phone, iPod or cordless 
tools without each item’s custom DC adapter. 
Wouldn’t it be handy if one little black brick cov-
ered them all? “My family has 42 DC devices in our 
house,” says Frank P. Paniagua, Jr., founder and 
CEO of Green Plug in San Ramon, Calif. “We have 
adapters and wires everywhere. Instead we could 
have a single brick in each room.”

The problem? The “brick” would have to ask 
every gadget what voltage and current to send. So 
manufacturers would have to agree on a standard 
communications protocol and a universal connec-
tor to join the hardware. Green Plug has devised 
both and will license them to manufacturers free. 
It would make money selling a small microchip 

Jack Johnson’s 
Low-Impact Tour
Musicians who worry about the environment 
are beginning to demand that concert venues 
do their part to lessen live music’s ecological 

footprint. Soft rocker Jack Johnson, his wife, 
Kim Johnson, and Michael Martin, president 
of MusicMatters, a marketing company, have 
penned an EnviroRider, or “environmentally 
conscious production rider,” to be added  
to contracts made with tour venues. The  

rider, which musicians are free to adapt, 
spells out sustainability guidelines for  
the venues.

For example, Johnson’s rider requires 
venues to compost and recycle at least 50 
percent of the total waste generated on 
the date of the show, to purchase carbon 
dioxide offset credits to cover emissions 
related to all energy consumed for the 
show, and to provide dressing rooms with 
organic toiletries that have not been test-
ed on animals. It also says the venue is to 
turn down show lighting when nobody is 
performing and turn off speakers and 
monitors whenever possible.

Johnson says an EnviroRider could also 
encourage venues to use biodiesel or ultra- 
low-sulfur diesel whenever possible for 
generators, donate excess food to local 

Jack Johnson
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food banks or shelters, and require concessions to recy-
cle all cardboard boxes.

Among the artists who have already adopted 
some version of the EnviroRider are the Dave Mat-
thews Band, Incubus and the John Butler Trio.  
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embedded in bricks and devices that would con-
duct the power flow.

A universal system would save consumers mon-
ey, because they could buy one adapter for many 
devices, and would reduce the volume of dated 
power converters tossed into landfills. Paniagua  
is on a crusade to convince electronics makers to 
adopt his technology. “But they are all waiting for 
someone to go first. It might help if consumers ev-
erywhere started saying, ‘We want this.’ ” 
 —Mark Fischetti

As forest landowners shift their attention away from logging 
toward more lucrative—and destructive—uses such as suburban 
development, forest conservation is more crucial than ever. Histori-
cally, protecting woodlands has been a slow and difficult process: 
conservationists raised large sums of money, bought big tracts, and put them into public  
ownership with strict rules against intrusions. Recently, however, a handful of organizations 
have found an easier way: buy the land with loans and repay them by turning the forest into  
a nonprofit business.

Since 2004 the Conservation Fund, based in Virginia, has purchased 40,000 acres of forest 
along California’s Mendocino Coast—with plans this year to buy 35,000 more—using a mix-
ture of grants, donations and public loans. It is paying off the loans by selling companies the 
rights to selectively log the forest, which can actually help it grow. Last year the California-
based Redwood Forest Foundation, Inc. (RFFI), adopted an even more businesslike approach:  
it purchased 50,635 acres of California forest for $65 million using a low-interest private loan. 
The organization plans to earn back money by logging and selling conservation easements.

These transactions have inspired others, suggesting the beginnings of a dramatic shift in 
conservation practice. The Oregon-based Deschutes Land Trust is working to secure 28,000 
acres of Skyline Forest outside of Bend, Ore., and the Columbia Land Trust is negotiating to pur-
chase land in Washington State. No one knows how successful the new approach will be; the 
pressure to earn back loan money could lead to difficult logging decisions. “We did it because 
we knew that we had to try it,” says Chris Kelly, California program director of the Conserva-
tion Fund, in part because raising donations is becoming harder. “The alternative was to sit 
back on our hands and let somebody else convert the land.” —Melinda Wenner

 For details on 
the Redwood 
Forest deal, go to 
www.rffi.org

Preserving Forests and Business

According to Martin, the movie industry’s Environ-
mental Media Association (where he is a board mem-
ber), which raises environmental awareness in show 
business, is also working on similar provisions for  
on-location venues. —Keren Blankfeld Schultz
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2,000,000 
plastic bottles are 

discarded in the U.S. 
every five minutes

View
Hidden Truths Revealed
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Not Quite: “Let this be our national 
goal: at the end of this decade, in the 
year 1980, the United States will not be 
dependent on any other country for 
the energy we need.”

—President riChard M. nixon, 
state of the Union address, January 30, 1974

VIEW

Headless Hills: Coal mining by “mountaintop 
removal” has decapitated the Appalachians for three 
decades. Already 450 summits have been destroyed 
in West Virginia and other southeastern states.

Hobet-21 Mine

Melissa Farlow Getty Images
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Losing the Race: Current U.S. auto  
fuel-efficiency standards and future 
targets lag those of other nations.

illUstrations by Jen Christiansen and lUCy reading-ikkanda; soUrCes: iloVeMoUntains.org, aPPalaChian VoiCes (coal mining); "on the CaUsal link between Carbon 
dioxide and air PollUtion Mortality," by M. Z. JaCobson, in GEOPHYSICAL RESEARCH LETTERS, Vol. 35, no. l03809; FebrUary 12, 2008 (pollution mortality); energy inForMation 

adMinistration (oil imports); international CoUnCil on Clean transPortation and Pew Center on global CliMate Change (fuel efficiency)

Carbon Dioxide Kills: If rising CO2 levels 
increase global temperatures by one degree 

Celsius, the resulting air pollution could 
kill an additional 1,000 people in the 

U.S. and 20,000 people worldwide.
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McCain or Obama can end shameful U.S. foot-dragging  
and rally the world against climate change 

the ongoing disruption of the earth’s climate by man- 
made greenhouse gases is already well beyond dangerous and is 
careening toward completely unmanageable. Under midrange 
projections for economic growth and technological change, the 
planet’s average surface temperature in 2050 will be about two 
degrees Celsius (3.6 degrees Fahrenheit) higher than its preindus-
trial value. The last time the earth was that warm was 130,000 
years ago, and sea level was four to six meters higher than today. 
No one knows how long it will take sea level to “catch up” with 
such an increase; it could be several centuries, or it could be less.

Even with uncertainties, there is reason to believe that tip-
ping points into unmanageable changes will become much 
more probable for increases larger than two degrees C. To 
achieve a better-than-even chance of not exceeding that figure, 
human emissions must start to decline soon, falling to about 
half of today’s level by 2050 and further thereafter.

Carbon dioxide (CO2) is the most important of civilization’s 
emissions and the most difficult to reduce. About 80 percent 
comes from burning coal, oil and natural gas; most of the rest 
comes from deforestation in the tropics. The largest emitters in 
2006 were (in descending order) the U.S., China, Indonesia, 
Brazil, Russia, India, Japan and Germany. (Numbers are not 
final, but China appears to have passed the U.S. in 2007.)

There is no way to keep the temperature increase under two 
degrees C unless these big emitters start taking serious action 
almost immediately. The U.S. and the other industrial nations 
on the list have an obligation to lead this transition. They have 
caused most of the buildup of gases to date, and they have the 
largest per capita emissions, the greatest wealth and the most 
technology. And they agreed to their responsibility to lead in 
the United Nations Framework Convention on Climate Change 
of 1992, to which the U.S. and 191 other countries are parties.

Unfortunately, the Bush administration has wasted the last 
eight years. It should have been taking decisive action but en-
gaged instead in systematic understatement of the danger: it 
has made ridiculous assertions that the U.S. should not do any-
thing that China does not agree to do and has stubbornly in-
sisted that no action should be taken to improve climate change 
“if it hurts the economy.” This last rationalization translates 
into “if it costs anybody any money” and is roughly akin to 
saying that the country should not defend itself against terror-
ism because that costs money.

There is now reason to hope, however, that this country is 
about to shift from shameful foot-dragging into the leadership 
role that the world needs and expects. Such a transition has 
been made possible by the convergence of several factors: a 
stream of new science showing an accelerating pace of climate 
change and its impacts; the everyday experience of people wit-
nessing the change around them (and seeing it on the evening 
news); the compelling portrayals of what is happening and 
why, such as Al Gore’s documentary An Inconvenient Truth 
and the 2007 reports of the Intergovernmental Panel on Cli-
mate Change; and the shifting stances of constituencies as di-
verse as evangelical Christians (who argue for protecting the 
climate on grounds of stewardship of God’s creation) and mili-
tary leaders (who argue on grounds of national security).

The impending political tipping point is evident in nation-
wide opinion polls and in the climate policies already embraced 
by more than 850 towns and cities and 32 states. It is also man-
ifest in the rapid transition of attitudes among corporations, 
which have come to see climate-change mitigation and adapta-
tion not only as necessities but as opportunities. When top ex-

If the U.S. finally restricts its 
emissions, then China, India  
and Brazil will follow.

One Last Chance to Lead
By John P. Holdren, Harvard University and Woods Hole
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ecutives from General Electric, DuPont, Duke Energy and Ex-
elon testified before the Senate Committee on Energy and Nat-
ural Resources in favor of federal regulation of greenhouse gas 
emissions, this surely was the equivalent of the plastic ther-
mometer in the turkey popping up to indicate that it’s done.

Presidential contenders John McCain and Barack Obama 
have committed to early enactment of mandatory, economy-
wide restrictions on emissions, implemented through tradable 
permits and designed to reduce emissions by 60 to 80 percent 
below 1990 levels by 2050. This goal would move the U.S. 
ahead of the European Union, which since 2005 has had a per-
mit system covering only half its CO2 sources. In my judgment, 
if the U.S. finally takes the lead, the E.U. will quickly adopt an 
economy-wide approach. So will Japan, and probably Russia.

Will the Chinese, Brazilians, Indonesians and Indians join 
such an effort? The conventional wisdom has been “no”—that 
they care more about economic growth than climate change. 
But I believe the answer is rapidly changing to “yes.” These de-
veloping countries have figured out that the disrup-
tion of global climate is already harming them. 
Changes in monsoon patterns are unleashing floods 
and droughts and hurting agricultural productivity 
in China and India. The Tibetan glaciers that con-
trol water flows in the great rivers of both those 

countries are disappearing at an alarming rate. The rain forests 
in Brazil and Indonesia are drying and, increasingly, burning.

These major emitters also understand that the problem—now 
their problem—cannot be solved without their participation. 
China and India have created advisory and policy bodies at the 
highest levels of government to deal with climate and energy, and 
they are cooperating with industrial countries to create climate-
friendly energy options. Brazil’s leadership has taken a newly 
positive stance on international measures to reduce deforestation 
rates and to better enforce its national deforestation laws. 

The encouraging attitudes were on full display at the Decem-
ber 2007 meeting of the Conference of the Parties to the U.N. 
Framework Convention on Climate Change. One spokesperson 
after another from developing countries averred that once the 

U.S. and other industrial nations start to lead, their 
governments will follow. Although some members 
of the U.S. Congress still seem to doubt this resolve, 
it is past time for this nation to conduct the experi-
ment and start to lead. That is the best remaining 
hope for averting global climate catastrophe. •

John P. Holdren is professor of environmental policy at Harvard 
University and director of the Woods Hole Research Center. He is also  
co-chair of the independent National Commission on Energy Policy.

What do you  
think about the 
issues? Tell us at  
www.SciAmEarth3.com
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Emissions are making the oceans 
more acidic, threatening sea life 

climate change caused by rising  
levels of atmospheric carbon dioxide 
(CO2) is now widely recognized. But the 
other side of the equation—the massive 
absorption of CO2 by the ocean—has 
received far less attention. The planet’s 
seas quickly absorb 25 to 30 percent of 
humankind’s CO2 emissions and about 
85 percent in the long run, as water and 
air mix at the ocean’s surface. We have 
“disposed” of 530 billion tons of the gas 
in this way, and the rate worldwide is 
now one million tons per hour, faster 
than experienced on earth for tens of 
millions of years. We are acidifying the 
ocean and fundamentally changing its 
remarkably delicate geochemical bal-
ance. Scientists are only beginning to 
investigate the consequences, but compa-
rable natural changes in our geologic 
history have caused several mass extinc-
tions throughout the earth’s waters.

That careful balance has survived 
over time because of a near equilibrium 
among the acids emitted by volcanoes 
and the bases liberated by the weathering 
of rock. The pH of seawater has re-
mained steady for millions of years. Be-
fore the industrial era began, the average 
pH at the ocean surface was about 8.2 
(slightly basic; 7.0 is neutral). Today it is 
about 8.1.

Although the change may seem small, 
similar natural shifts have taken 5,000 
to 10,000 years. We have done it in 50 to 
80 years. Ocean life survived the long, 
gradual change, but the current speed of 
acidification is very worrisome. Emis-
sions could reduce surface pH by another 

The Other CO2 Problem
By Peter G. Brewer and James Barry, marine scientists
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Peter G. Brewer and James Barry are 
senior scientists at the Monterey Bay Aquarium 
Research Institute in Moss Landing, Calif. Brewer 
(right), a chemist, and Barry, a biologist, have 
collaborated on many oceanography projects.
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0.4 unit in this century alone and by  
as much as 0.7 unit beyond 2100. We  
are hurtling toward an ocean different 
than the earth has known for more than 
25 million years.

About 89 percent of the carbon diox-
ide dissolved in seawater takes the form 
of bicarbonate ion, about 10 percent as 
carbonate ion, and 1 percent as dissolved 
gas. Modern marine life has evolved to 
live in this chemistry. A wide variety of 
organisms use carbonate ion to manufac-
ture their skeletons: snails, urchins, 
clams, crabs and lobsters. And notably, it 
forms the calcified plates of microscopic 
phytoplankton that are so abundant and 
crucial to the entire marine food chain. 
Meanwhile carbon dioxide levels influ-
ence the physiology of water-breathing 
organisms of all kinds, which for most 
creatures has been optimized to operate 
in a narrow range of dissolved CO2 and 
ocean pH.

We are now carrying out an extraordi-
nary chemical experiment on a global 
scale. Our fossil-fuel emissions raise the 
dissolved CO2 levels in the ocean, which 
reduces carbonate ion concentrations and 
lowers pH. The ocean’s sunlit surface 
layer (the top 100 yards or so) could easi-
ly lose 50 percent of its carbonate ion by 
the end of this century unless we reduce 
emissions dramatically. Marine animals 
will find it harder to build skeletons, con-
struct reefs, or simply to grow and 
breathe. Compared with past geologic 
events, the speed and scale of this conver-
sion is astonishing.

We therefore have a dilemma. The 
ocean’s absorption of CO2 helps to keep 
atmospheric change in check. For de-
cades, climate scientists described the 
uptake as a blessing for society, and 
ocean chemists hoped that calcium car-
bonate sediments on the seafloor would 
dissolve in sufficient quantities to offset a 
drop in pH. But research has shown that 
the rate at which sediments dissolve can-

not possibly keep pace with the far faster 
rate of acidification. Society can continue 
to depend on the ocean for help, but the 
cost is a rising threat to all marine life.

Although our understanding remains 
murky, the fossil record shows that 
ocean life has suffered massive extinc-
tions during periods of rapidly rising 
carbon dioxide levels. Marine animals’ 
metabolic functions are typically tuned 
to narrow, internal pH ranges. In addi-
tion to reducing the calcification of skele-
tons, more acidic water will acidify body 
fluids, likely raising respiratory stress 
and depressing metabolism.

Some organisms may tolerate a certain 
amount of change, but thinner shells will 
make others more vulnerable to damage 

or predators. Some organisms might also 
tolerate acidification of internal fluids to a 
point, yet even so many will expend more 
energy to maintain their optimal acid-
base balance or will struggle to supply 
their body with oxygen and to sustain 
cellular functions vital to life. The extra 
expense of coping with acidification may 
make them more prone to dying. These 
stresses will be particularly severe for 
deep-sea animals, which have adapted to 
an extremely stable environment. And 
even if animals survive, the stresses will 
sap energy they would otherwise use for 
growth and reproduction.

We would probably see the effects of 
ocean acidification first in animal groups 
that have finely tuned environmental 
ranges, particularly those already “living 
on the edge” such as coral reefs, which 

have already suffered widespread bleach-
ing and death from warming ocean tem-
peratures. Less appreciated are effects on 
massive communities of tiny animals that 
live in the ocean’s midlevels. These crea-
tures migrate en masse to the surface 
layer at night to feed yet sink to deep wa-
ter during the daytime to avoid predators. 
In so doing, they form a critical link be-
tween the warm, oxygenated surface 
layer and the cold, oxygen-depleted wa-
ters of the deep, as well as a critical link 
in the oceanwide food chain.

Increased acidity and expanding zones 
of low oxygen in some regions may force 
these midwater organisms into shallower 
waters where they would be more ex-
posed to predators. And if, as expected, 
the zones of low oxygen expand and in-
tensify, many of these migrators could 
die. Together these effects could slice 
through this daily, migratory lifeline 
between shallow and deep waters—an 
outcome that could impact society’s 
ocean fisheries.

How well marine life can adapt to 
rapid acidification remains an open ques-
tion, but there is real reason for concern. 
Ocean life has weathered large environ-
mental perturbations during the earth’s 
history, just barely; some 250 million 
years ago massive volcanism is thought to 
have caused ocean acidification and other 
factors that left 90 percent of marine 
species dead.

Although man-made climate change 
will be much milder, strong and immedi-
ate action to stabilize CO2 levels is essen-
tial to minimize our disruption of ocean 
chemistry and ecosystems. We can no 
longer deny our role in global climate 
change. Now is the time for serious  
discussion among science, business and  
political leaders about ways to minimize 
our impact on our air and water, to  
set limits on the effects of our fossil- 
fuel use, and to plan how to adapt to 
coming change.  •

Without strong action 
to stabilize the seas, 
marine animals will 
find it harder to build 
skeletons, to grow or 
simply to breathe.

© 2008 SCIENTIFIC AMERICAN, INC.



froNt LINES

24 Sc ient i f i c Amer ican Ear th3 .0

Innovators who aim to create  
a world of cheap, clean energy 
should heed some basic lessons 

suddenly the world is racing to  
find ways to create cheap, clean energy.  
A study of the Internet’s long develop-
ment since 1946, arguably when modern 
computing began, offers valuable lessons 
that can help keep energy innovations on 
course for a comparable 62 years:

Hardening of the Categories. In the early 
days of the Internet there were comput-
ers, monopolized by IBM, and there was 
communications, monopolized by 
AT&T. The U.S. Department of Justice 
regulated IBM, and the Federal Commu-
nications Commission regulated AT&T. 
Officials in Washington, D.C., actually 
had years of hearings to decide which 
agency was in charge of which: comput-
ers versus communications. That turned 
out to be a silly hardening of the catego-
ries; the Internet soon became a merger 
of computing and communications, not 
one or the other.

Voice, video and data were once sepa-
rate categories of communications, too, 
narrowly construed by their respective 
monopolies to be telephone, television 
and the Internet. Over the decades voice 
became more than telephone, video more 
than television, and both are now inte-
grated into the Internet. For a long time 
the goal was to integrate voice, video and 
data by carrying them on the same cop-
per wires. The old telephone and televi-
sion monopolies were surprised when 
voice and video became data on the In-
ternet. So don’t be surprised as we learn 
not to harden the categories, for exam-
ple, among feed, food and fuel; corn 
ethanol is teaching us that right now.

Choosing Laws. Few people remember 
that during the early years of the Inter-
net, computing resources were central-

ized. Grosch’s Law said that bigger com-
puters were better, so IBM introduced its 
big IBM 360 mainframes in 1964. But 
starting the very next year, Moore’s Law 
came out of Silicon Valley saying many 
little computers were better than a few 
big ones. Then, if I may say so myself, 
Metcalfe’s Law came along to say that 
the more you networked computers the 
better. The Internet’s laws changed. Our 
way of looking at computing and com-

munications changed. We learned too 
slowly that cheap and clean communica-
tions would be distributed. Personal 
computers and mobile phones surprised 
us. What do we think energy’s “laws” 
will be? Will cheap and clean energy 
come from centralized power stations? 
Internet history makes me think not.

We also believed, in the early days of 
the “information explosion,” that we 
needed to conserve bandwidth. The huge 
multibillion-dollar infrastructure of cop-
per wires around the world was limited 
by some version of Shannon’s Law to 
carrying not much bandwidth. So our 
first priorities were on bandwidth con-
servation, on data compression, multi-
plexing, buffering and smart terminals—

the low-hanging fruit. But after 62 years 
of building the Internet, do we use less 
bandwidth now? Was building the Inter-
net mostly about conservation? No. To-
day we are not using less bandwidth, not 
twice as much, not 10 times as much, but 
something like a billion times more.

In 62 years from now, in 2070, are we 

going to use less energy than we do now? 
No. Today I do walk more, bike more 
and take trains more, and I’ve recently 
switched cars, dropping from 12 to four 
cylinders. I’ve already ordered my next 
car, which will move me from 30- to 
40-plus miles per gallon. I plan to go all 
electric after that. And I turn my energy-
efficient lights out more religiously. But I 
don’t think for a moment that we’re go-
ing to conserve our way out of the energy 
crisis. Internet history shows that pros-
perity depends on abundant bandwidth. 
Prosperity (gross domestic product, per 
capita) is proportional to energy use. We 
are not going to lower per capita con-
sumption of energy in the U.S. We are 
going to enable the rest of the world to be 
as prosperous by using not less but more 
energy. We need to make energy cheap, 
clean and therefore abundant—really 
abundant, for a really long time.

Going to Washington. I’ve also heard 
that the green energy movement is going 
to Washington, probably right after the 
elections in November. For the Internet 
we went to Washington to build Al 
Gore’s Information Superhighway. And 
the Internet bubble burst. Remember, 
live by the sword, die by the sword. 
When innovators go to Washington, it’s 
a Pro-Am match—professionals versus 
amateurs—and innovators are the Ams. 
The status quo can be dangerous and 
downright mean, and they own Wash-
ington. The status quo’s monopolies are 
very good at lobbying and litigation.

When you go to Washington to get 
stuff, sometimes you get the wrong stuff, 
like subsidies for corn ethanol—the 
wrong feedstock for the wrong fuel. The 
best thing about corn ethanol is that tax-
payer money is being misspent in the 
Middle West instead of the Middle East. 
Washington thought that the markets for 
corn—feed, food, fuel—were separate. 
Wrong.

Learning from the Internet
By Robert M. Metcalfe, venture capitalist and Internet pioneer

Don’t think for a  
moment that we’re 
going to conserve our 
way out of the energy 
crisis. Prosperity 
is proportional to 
energy use.
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When your movement goes to Wash-
ington, you also get things like the De-
partment of Energy. The next time we go 
to Washington, could we start by fixing 
the DOE? The department developed bad 
policies, such as not building nuclear 
power plants for 30 years. The DOE is 
also malfunctioning by soaking up ener-
gy research dollars in its huge and ineffi-
cient, congressionally mandated labs—

dollars that would be better spent at 
competing research universities. Be care-
ful when you go to Washington, thinking 
it’s going to fix things, thinking that’s the 
way to scale up energy innovations.

Scale. It is indeed a big challenge. The 
world needs scalable solutions. But be 

careful about demands for scale early in 
the process of technological innovation. 
One of the weapons used by defenders of 
the status quo is to set high hurdles for 
innovations. They say, “It’s got to be 
safe, of course, and it has to scale, or we 
and our friends in government are not 
going to let you do it.” In Washington 
legislators make laws that discourage 
new technologies when it is not immedi-
ately obvious how the technologies are 
going to scale. The telephone monopolies 
got Washington to make rules about the 

Internet that said, “If you can’t serve 
everybody, then you can’t serve any-
body.” Which meant innovators couldn’t 
start small and grow new technologies, 
driving them down steep cost curves. 
You had to serve everyone, all at once, 
right out of the lab. That’s too high a 
hurdle for new technologies. So watch 
out when people demand that we consid-
er only energy solutions that scale, which 
often turns out to mean only mature 
technologies already in the hands of the 
status quo. •

Robert M. Metcalfe is a venture capitalist at Polaris Venture Partners in Waltham, Mass. He 
invented the Ethernet—plumbing for the Internet—35 years ago at Xerox PARC and founded 3Com 
Corporation in 1979. In 2005 Metcalfe received the National Medal of Technology. This article is 
excerpted from an address he gave at the MIT Energy Conference this past April.
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A Green New Deal will keep dollars in our local 
economies and carbon out of the atmosphere

i live in the south bronx. this small part of new york  
City receives more than 40 percent of the city’s commercial 
waste. It is home to two sewage plants and four power plants; 
60,000 diesel trucks drive through each week. Some 50 percent 
of the residents live at or below the poverty line. The hospital-
ization rate for asthma is seven times the national average.

Unfortunately, race and class are reliable indicators of where 
one can find trees or waste facilities. We see this reality in many 
ways, from where good public schools and bad ones are found to 
sentencing disparities for possession of crack versus powder co-
caine. Concentrating power plants, truck routes, chemical facili-
ties and waste-processing plants among poor people with less 
clout results in dirty industrial design. And it happens because 
the decision makers don’t have to live amid their choices.

“Environmental justice” means no community should be 
saddled with more environmental burdens than any other. 
Achieving it serves many ends: cleaning up the air, water and 
soil improves the health and quality of life of local residents 
and lessens global pollution. If we fix “regional sacrifice zones” 
such as the South Bronx, we fix a lot of things.

Environmental justice can clean up social problems, too. The 
U.S. is home to only 5 percent of the world’s population, but it 
houses 25 percent of the world’s incarcerated people—in the 
land of the “free.” A Columbia University study linked greater 
proximity to fossil-fuel exhaust with greater learning disabili-
ties in children—making them better candidates for jail than 
higher education. Poverty also leads people to do things that 
land them in jail. A legitimate green economy can provide jobs 
that reduce these imbalances as well as clean the environment.

I founded Sustainable South Bronx (SSBx) in 2001 to prove 
that notion. We started by developing a new park where an 
illegal garbage dump had been. We then created the South 
Bronx Greenway, redesigning 11 miles of streets into a network 
that connects neighborhoods and rivers to one another. Our 
Bronx Environmental Stewardship Training program certifies 
formerly jobless and often incarcerated people in green-roof 
installation and maintenance, urban forestry, hazardous waste 
cleanup and, soon, in retrofitting our aging buildings for ener-
gy efficiency. We also work to get laws passed that fuel demand 
for these jobs. In 2007 we formed a green-roof installation 

business. And we are now collaborat-
ing with the Massachusetts Institute of 
Technology on the Fabrication Labora-
tory, a set of computers and fabrication 
machines that  help local designers 
turn waste into new raw materials.

These and other SSBx programs improve the environment and 
produce local jobs. The fewer people living in poverty, the less 
likely they will be victim to the pernicious decision making that 
got us into the trouble we face today. As these efforts are replicat-
ed in other communities, less money will be needed for law en-
forcement and incarceration, making more money available for 
education and healthy economic development. Currently many 
politicians are “talking green,” but they are spending more on 
new prisons than on widespread green economic development.

You can help your elected officials understand the connec-
tion between their actions and societal outcomes with four 
short words: “green jobs, not jails.” It’s a recipe for success 
with multiple benefits. Major green trophy projects provide 
good ribbon-cutting ceremonies, but a well-supported environ-
mentally conscious economic agenda, a Green New Deal, will 
keep dollars in our local economies, carbon out of the atmo-
sphere and healthy families together. •

Politicians are spending more  
on new prisons than on green 
economic development.

Green Jobs, Not Jails
By Majora Carter, founder of Sustainable South Bronx

Majora Carter start-
ed Sustainable South 
Bronx in 2001 to clean 
up her overly polluted 
neighborhood.
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To improve policies on crop use, 
invest in better science

humanity has enjoyed an unusual  
streak of food surplus since the green 
revolution began in the mid-1960s. These 
trends sustained economic development 
and a significant reduction in global hun-
ger and poverty. A sharp reversal is now 
possible, however, given strong economic 
growth in the world’s most populous 
countries and loss of suitable cropland.

People with rising incomes consume 
more meat and livestock products, which 
in turn requires more grain per unit of 
food produced. The rapid expansion of 
biofuel production only complicates the 
competition between food and fuel.

Moreover, yields of rice and wheat are 
running up against the genetic ceiling 
allowed by current varieties, and rates of 
yield increase are not sufficient to meet 
the demand for livestock feed, food and 
biofuels for the world’s 6.5 billion people. 
Without significant improvements, mas-
sive deforestation and environmental 
degradation will be inevitable in trying to 
feed the nine billion individuals who will 
be alive in 2050.

Debate is now raging over whether 
climate change will further reduce the 
world’s ability to feed itself. Estimating 
the long-term effects is critical to setting 
effective policies that ensure food securi-
ty. Unfortunately, the answers differ. 
Much of this inconsistency arises because 
yield research conducted in greenhouses 
and on small plots, the current experi-
mental methods, does not predict perfor-
mance on commercial-scale fields; the 
conditions are just not comparable to 
production-scale farming. Without di-
rect measurements under realistic 
growth conditions, we must resort to 

computer models or evaluations of his-
torical data—and they show disparate 
results, too.

There is an urgent need to better quan-
tify the impact of projected climate 
change on major crop yields. Funding for 
real-world experiments has been crash-
ing, however. And linkages between 
models for climate change and crop pro-
duction are relatively crude.

Policymakers depend on that work, 
but the models are only as good as the sci-
ence behind them. The models’ predic-
tions must be validated with real-world 
measures of how climate affects crops 
grown in actual agricultural ecosystems, 
over time and across regions. Without 
rigorous validation, models can mislead, 
as small errors expand into large ones.

Carbon sequestration in soil is a case 
in point. Models predict that soils will 
hold on to more carbon under so-called 
no-till farming practices, in which plant 

stalks and roots remaining after harvest 
are left to decompose. Yet recent studies 
based on direct measurement of soil have 
not confirmed any net improvement.

We cannot wait for perfect simula-
tions; policy decisions must be made with 
imperfect knowledge. The danger, of 
course, is that poor policies built on erro-
neous models can waste billions of dol-
lars. We must spend more on real-world 
research to improve the models so we can 
predict the impact of climate change. Only 
then can we decide whether the world can 
tolerate more crops for biofuels.  •

Biofuels or Food?
By Kenneth G. Cassman, crop expert

We must spend more 
money measuring 
farming yields  
to know if the world 
can tolerate more 
crops for biofuels.

Kenneth G. Cassman is a professor of agron-
omy and soil science at the University of Nebraska 
who specializes in analyzing crop yields.
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Plastics in Our Diet
By Sheldon Krimsky, environmental policy specialist 

When scientists find chemicals that disrupt human 
systems, regulators must ban them 

studies have surfaced in recent months that certain  
plastic products we use every day could be interfering with our 
hormone systems. Approximately 100,000 synthetic chemicals 
are approved for consumer products and industrial processes—

and certain classes of them, it seems, are dangerous to our 
health. One compound in the news, known as BPA, is of partic-
ular concern.

Only a handful of once approved substances have ever be-
come banned or severely restricted, such as DDT, PCBs and 
benzene. What about the rest? Under existing laws, drugs must 
be shown to be safe and effective, pesticides must be tested to 
demonstrate that they are safe enough in a balance between 
risks and benefits, and synthetic food additives must meet a 
standard set in 1958 by the Delaney Amendment to the Food, 
Drug and Cosmetic Act. But many, many other substances 
remain untouched by safety regulations.

According to the Delaney Amendment, if a synthetic food 
additive causes cancer in test animals at any dose it must be 
prohibited. This is a precautionary test: people are not typically 
exposed to the high doses given to lab rats, and if the animals 
get cancer that does not guarantee that humans exposed to 
lower doses will suffer the same fate. But society has deter-
mined that such a risk is not worth taking given that artificial 
food additives are not a necessity.

The amendment does not apply to other synthetic chemicals 
that find their way into our foods. Yet plastic monomers and 
polymers—notably bisphenol-A, phthalates and polyvinyl chlo-
ride—can leach into our food from baby bottles, plastic wraps, 
water bottles, soda can liners and certain plastic containers 
that are heated in a microwave. The few health and safety laws 
that are marginally pertinent to such chemicals are not nearly 
as precautionary. Typically the burden of proof is on the regu-
lators to show that synthetic molecules are dangerous to hu-
man health or the environment. Manufacturers do not have to 
demonstrate that a compound is safe.

In the 1950s bisphenol-A, or BPA, became a key component 
in polycarbonate plastics—used in those durable plastic baby 
bottles, the ubiquitous Nalgene water bottles, the epoxy lining 
in canned food, as well as dental implants and eyeglass lenses. 
More than two billion pounds of BPA are produced in the U.S. 

every year. Hundreds of scientific articles published in peer-re-
viewed journals for decades have demonstrated that BPA can 
produce adverse health effects in test animals at very low doses 
and provided circumstantial evidence that it can harm humans. 
A 2007 consensus statement from a 38-member scientific panel 
in the journal Reproductive Toxicology concluded that there 
was “great cause for concern” about the potential for adverse 
effects in humans. Health Canada announced this past April 

Synthetic chemicals that leach into 
our food from baby bottles and 

water bottles could harm our bodies 
if they are not properly tested.

Sheldon Krimsky is a professor of urban and environmental policy and 
planning at Tufts University. He has written eight books, including 
Hormonal Chaos: The Scientific and Social Origins of the Environmental 
Endocrine Hypothesis (Johns Hopkins University Press, 2000). 
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that BPA is “toxic to human health.” Yet U.S. regulators have 
not been persuaded to ban it from consumer goods. The reason 
is that they maintain an unrealistically high burden of proof.

Bisphenol-A is a demonstrated endocrine disruptor: it inter-
feres with the hormone systems of animals, including humans. 
Evidence dates back to the 1930s. In recent tests, when preg-
nant mice were exposed to very small quantities (two parts per 
billion), the male offspring had dramatically enlarged and hy-
persensitized prostates when they reached adulthood. Prenatal 
exposure of lab rats to extremely low doses of BPA makes them 
more susceptible to cancer, too. BPA can also inhibit the treat-
ment of human prostate cancer, and babies born to women 
with elevated phthalate levels are demasculinized. These links 
have prompted scientists to hypothesize that these and other 
endocrine-disrupting compounds may be key factors in certain 
reproductive and developmental disorders, such as early onset 
of puberty in girls, decline in semen quality, genital abnormali-
ties, and even neurobehavioral problems such as attention-defi-
cit hyperactivity disorder.

As a result, Playtex Infant Care announced in April it would 
eliminate BPA from its line of baby bottles, and Nalge Nunc 
International said it would pull its Nalgene 
Outdoor water bottles from stores. Chains 
such as Wal-Mart and Toys “R” Us said they 
would stop carrying certain products. Senator 
Charles Schumer of New York introduced a 
bill to ban BPA in children’s products.

People opposed to removing BPA from con-
sumer goods argue that mice are not humans, 
and until we have definitive evidence (whatever 
that might be) that it harms humans, there is 
no reason to prohibit its use. Ethically, we can-

not test humans by exposing them to BPA, and because the 
chemical is ubiquitous, we cannot perform a credible case- 
controlled study by separating people who are exposed to it 
from those who are not.

What we do know is that the BPA molecule attaches to a 
hormone receptor on cells in our body. We also know that BPA 
is biologically active; our bodies do not simply break it down 
and expel it. We are not certain what it does to our hormone 
receptors: Does it block them from receiving natural hormones? 
Does it activate a harmful DNA reaction? Does it do this only to 
certain people at certain ages?

Do any of these questions really matter? Is it not enough to 
know that the chemical disrupts our hormone system? Science 
cannot tell us when to begin taking action. Regulators must 
make a decision.

Let’s look at the problem from a different angle. Suppose we 
find that a commercial synthetic chemical accumulates in hu-
man fat cells. Our bodies do not get rid of it. We do not know 
exactly what this alien molecule is doing to us, but we do know 
that the more we are exposed to it the more we carry around.  
A reasonable person would ask, “Should my body be a waste 
receptacle for this substance?” When, added to that, we discov-
er that the substance causes illness in lab animals and interferes 
with human systems, that chemical should be banned.

Fifty years ago a sensible Congress passed a precautionary 
law that was easy to understand. We need a similar standard for 
the tens of thousands of synthetic chemicals like BPA that have 
entered our world without proper testing. First, the federal gov-
ernment should have the National Academy of Sciences, a presi-
dential panel or a similarly august group convene scientists and 
charge them with reaching a consensus about how much evi-
dence is enough to declare, “Yes, the X group of chemicals is 
dangerous.” Once that is done, a screening process must be 
devised and the many chemicals out there in that class should 
undergo the test. The EPA could perform the screening. 

Indeed, an EPA Endocrine Disruptor Screening and Testing 
Advisory Committee began this kind of work in the late 1990s, 

but the Bush administration showed much less 
interest in this area and funding dried up. The 
new president and the EPA administrator who 
take office this coming January could get a 
head start by reviewing the progress the old 
committee made.

We do not have to give up plastics. Not  
all synthetic chemicals are endocrine disrupt-
ors. But when we find substances that are,  
we have to ensure that they are kept out of our 
food and water.  •

How can I limit my  
exposure to BPA? 
On plastic products, look for the 
triangular recycling symbol; if it 
says “PC” next to the symbol, the 
product probably contains BPA.  
If “PC” is not present, but the 
recycling number is “7,” the 
product might have BPA. Other 
numbers are usually BPA-free.

Think before you drink

© 2008 SCIENTIFIC AMERICAN, INC.



WASTEMT80279_ScientificAmer_Ad.indd  Size: 8.125 in''x 10.75''   Bleed 8.375x11 Live: 7.375''x10'' - 4/c

There’s more to think about at ThinkGreen.com 

From everyday collection  
to environmental protection, Think Green.®  

Think Waste Management.

Trees do more than beautify our world. They help clean the air of carbon dioxide – a major greenhouse gas.  
As North America’s largest recycler, we’re ensuring that more trees can keep up the good work. And with thousands of commercial  
and community recycling programs nationwide, the results are truly adding up. 

©2008 Waste Management, Inc.

WASTEMT80279_ScientificAmer_Ad.indd   1 8/21/08   11:44:29 AM



34 Sc ient i f i c Amer ican Ear th3 .0

•
 natural resources

A
RN

U
LF

 H
U

SM
O

 G
et

ty
 Im

ag
es

Iin june the state of florida made an 
unusual announcement: it would sue the 
U.S. Army Corps of Engineers over the 
corps’s plan to reduce water flow from res-
ervoirs in Georgia into the Apalachicola 
River, which runs through Florida from the 
Georgia-Alabama border. Florida was con-
cerned that the restricted flow would threat-
en certain endangered species. Alabama 
also objected, worried about another spe-
cies: nuclear power plants, which use enor-
mous quantities of water, usually drawn 
from rivers and lakes, to cool their big reac-
tors. The reduced flow raised the specter 
that the Farley Nuclear Plant near Dothan, 
Ala., would need to shut down.

Georgia wanted to keep its water for 
good reason: a year earlier various rivers 

dropped so low that the drought-stricken 
state was within a few weeks of shutting 
down its own nuclear plants. Conditions 
had become so dire that by this past Janu-
ary one of the state’s legislators suggested 
that Georgia move its upper border a mile 
farther north to annex freshwater resources 
in Tennessee, pointing to an allegedly faulty 
border survey from 1818. Throughout 2008 
Georgia, Alabama and Florida have contin-
ued to battle; the corps, which is tasked by 
Congress to manage water resources, has 
been caught in the middle. Drought is only 
one cause. A rapidly growing population, 
especially in Atlanta, as well as overdevel-
opment and a notorious lack of water plan-
ning, is running the region’s rivers dry.

Water and energy are the two most fun-

 
WATER vs.

Catch-22:

ENERGY
Water is needed to generate energy. Energy is needed to deliver water.  
Both resources are limiting the other—and both may be running short.  
Is there a way out?

By Michael E. Webber 
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damental ingredients of modern civiliza-
tion. Without water, people die. Without 
energy, we cannot grow food, run com-
puters, or power homes, schools or offices. 
As the world’s population grows in num-
ber and affluence, the demands for both 
resources are increasing faster than ever.

Woefully underappreciated, however, 
is the reality that each of these precious 
commodities might soon cripple our use 
of the other. We consume massive quanti-
ties of water to generate energy, and we 
consume massive quantities of energy to 
deliver clean water. Many people are con-
cerned about the perils of peak oil—run-
ning out of cheap oil. A few are voicing 
concerns about peak water. But almost no 
one is addressing the tension between the 
two: water restrictions are hampering so-
lutions for generating more energy, and 
energy problems, particularly rising pric-
es, are curtailing efforts to supply more 
clean water.

The paradox is raising its ugly head in 
many of our own backyards. In January, 
Lake Norman near Charlotte, N.C., 
dropped to 93.7 feet, less than a foot 
above the minimum allowed level for 
Duke Energy’s McGuire Nuclear Station. 
Outside Las Vegas, Lake Mead, fed by the 
Colorado River, is now routinely 100 feet 
lower than historic levels. If it dropped an-
other 50 feet, the city would have to ration 
water use, and the huge hydroelectric tur-
bines inside Hoover Dam on the lake 
would provide little or no power, poten-
tially putting the booming desert metrop-
olis in the dark.

Research scientist Gregory J. McCabe 
of the U.S. Geological Survey reiterated 
the message to Congress in June. He not-
ed that an increase in average tempera-
ture of even 1.5 degrees Fahrenheit across 
the Southwest as the result of climate 
change could compromise the Colorado 
River’s ability to meet the water demands 
of Nevada and six other states, as well as 
that of the Hoover Dam. Earlier this year 
scientists at the Scripps Institution of 
Oceanography in La Jolla, Calif., de-
clared that Lake Mead could become dry 
by 2021 if the climate changes as expect-
ed and future water use is not curtailed.

Conversely, San Diego, which desper-
ately needs more drinking water, now 

wants to build a desalination plant up the 
coast, but local activists are fighting the 
facility because it would consume so much 
energy and the power supply is thin. The 
mayor of London denied a proposed de-
salination plant in 2006 for the same rea-
son, only to have his successor later re-
scind that denial. Cities in Uruguay must 
choose whether they want the water in 

their reservoirs to be used for drinking or 
for electricity. Saudi Arabia is wrestling 
with whether to sell all its oil and gas at 
rec ord prices or to hold more of those re-
sources to generate what it doesn’t have: 
freshwater for its people and its cities.

We cannot build more power plants 
without realizing that they impinge on our 
freshwater supplies. And we cannot build 
more water delivery and cleaning facilities 
without driving up energy demand. Solv-
ing the dilemma requires new national 
policies that integrate energy and water 
solutions and innovative technologies that 
help to boost one resource without drain-
ing the other.

Vicious Cycle
The earth holds about eight million cubic 
miles of freshwater—tens of thousands of 
times more than humans’ annual con-
sumption. Unfortunately, most of it is im-
prisoned in underground reservoirs and in 
permanent ice and snow cover; relatively 
little is stored in easily accessible and re-
plenishable lakes and rivers.

High stakes: The Bellagio Hotel (above) and  
the rest of Las Vegas consume massive amounts  
of energy and water. But levels at nearby Lake 
Mead (right) are at historic lows, threatening  
the water supply and the Hoover Dam’s ability  
to generate the city’s electricity.
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Furthermore, the available water is of-
ten not clean or not located close to popu-
lation centers. Phoenix gets a large share 
of its freshwater via a 336-mile aqueduct 
from, of course, the Colorado River. Mu-
nicipal supplies are also often contaminat-
ed by industry, agriculture and wastewater 
effluents. According to the World Health 
Organization, approximately 2.4 billion 
people live in highly water-stressed areas. 
Two primary solutions—shipping in water 
over long distances or cleaning nearby but 
dirty supplies—both require large amounts 
of energy, which is soaring in price.

Nationwide, the two greatest users of 
freshwater are agriculture and power 
plants. Thermal power plants—those that 
consume coal, oil, natural gas or urani-
um—generate more than 90 percent of 
U.S. electricity, and they are water hogs. 
The sheer amount required to cool the 
plants impacts the available supply to ev-
eryone else. And although a considerable 
portion of the water is eventually returned 
to the source (some evaporates), when it is 
emitted it is at a different temperature and 
has a different biological content than the 
source, threatening the environment. 
Whether this effluent should be processed 
is contentious; the Supreme Court is set to 

hear a consolidation of cases about the 
Environmental Protection Agency’s re-
quirements that power plants retrofit their 
systems to minimize impact on local wa-
ter supplies and aquatic life.

At the same time, we use a lot of energy 
to move and treat water, sometimes across 
vast distances. The California Aqueduct, 
which transports snowmelt across two 
mountain ranges to the thirsty coastal cit-
ies, is the biggest electricity consumer 
in the state. As convenient re-
sources become tapped out, 
provi ders must dig deeper 
and reach farther. Coun-
tries that have large pop-
ulations but isolated 
water sources are consid-
ering daunting megaproj-
ects. China, for example, 
wants to transport water from 
three river basins in the water-rich 
south over thousands of miles to the water-
poor north, consuming vast energy sup-
plies. Old-guard investors such as T. Boone 
Pickens who made their billions from oil 
and natural gas are now putting their mon-
ey into water, including one project to pipe 
it across Texas. Cities such as El Paso are 
also trying to develop desalination plants 
positioned above salty aquifers, which re-
quire remarkable amounts of energy—and 
money.

In addition, local municipalities have 
to clean incoming water and treat outgo-
ing water, which together consume about 
3 percent of the nation’s electricity. Health 
standards typically get stricter with time, 
too, so the degree of energy that needs to 
be spent per gallon will only increase.

From Imported Oil to Domestic Water
The strains between the resources mani-
fest themselves in tough choices at the lo-
cal level—especially in land- and water-
locked regions such as the desert South-
west. Is it better for a city to import 

fresh water or to import electricity to desal-
inate brackish water in deep aquifers be-
low? Or is it better yet to move the people 
to where the water is? With infinite energy, 
freshwater can be reached, but even if the 
public coffers were unlimited, policymak-
ers are under pressure to limit carbon 
emissions. And with climate change possi-
bly altering the cycles of droughts, floods 
and rainfall, burning more energy to get 

more water might be doubly dire. 
The challenges get even tough-

er because the U.S. has fi-
nally conceded that the 
best way to fix its energy 
and security problems is 
to break its dependence 
on imported oil. This 
new view is reflected in 

the Energy Independence 
and Security Act of 2007 

and other legislation. Because 
the transportation sector is a major oil 
consumer—and a major carbon emitter—

it is on the short list of targets for radical 
change by policymakers, innovators and 
entrepreneurs. The two most popular 
choices to replace gasoline appear to be 
electricity for plug-in vehicles and biofuels. 
Both paths have merits, but both are more 
water- intensive than our current system.

Plug-in vehicles are particularly appeal-
ing because it is easier to manage the emis-
sions from 1,500 power plants than from 
hundreds of millions of tailpipes. The elec-
trical infrastructure is already in place. But 
the power sector swallows water. Com-
pared with producing gasoline for a car, 
generating electricity for a plug-in hybrid-
electric or all-electric vehicle withdraws 10 
times as much water and consumes up to 
three times as much water per mile, ac-
cording to studies done at the University of 
Texas at Austin.

Biofuels are worse. Recent analyses in-
dicate that the entire production cycle—

from growing irrigated crops on a farm to 

Any switch from gasoline to electric 
vehicles or biofuels is a strategic 
decision to switch our dependence 
from foreign oil to domestic water.
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pumping biofuel into a car—can consume 
20 or more times as much water for every 
mile traveled than the production of gaso-
line. When scaling up to the 2.7 trillion 
miles that U.S. passenger vehicles travel a 
year, water could well become a limiting 
factor. Municipalities are already fighting 
over water supplies with the booming bio-
fuels industry: citizens in the Illinois towns 
of Champaign and Urbana recently op-
posed a local ethanol plant’s petition to 
withdraw two million gallons a day from 
the local aquifer to produce 100 million 
gallons of ethanol a year. Resistance will 
grow as ranchers’ wells run dry.

Whether proponents realize it or not, any 

plan to switch from gasoline to electricity 
or biofuels is a strategic decision to switch 
our dependence from foreign oil to domes-
tic water. Although that choice might seem 
more appealing than reducing energy con-
sumption, we would be wise to first make 
sure we have the necessary water.

New Mind-set Needed, Too
Regardless of which energy source the U.S., 
or the world, might favor, water is ultimate-
ly more important than oil because it is 
more immediately crucial for life, and there 
is no substitute. And it seems we are ap-
proaching an era of peak water—the lack of 
cheap water. The situation should already 

be considered a crisis, but the public has not 
grasped the urgency.

The public has indeed become more 
open-minded about the risks of peak oil, 
which vary from the dire (mass starvation 
and resource wars) to the blasé (markets 
bring forth new technologies that save the 
day). Supply shortages and skyrocketing 
prices have ratcheted up confidence in the 
claims of the “peakers.” Policy levers and 
market forces are being deployed to find a 
substitute for affordable oil.

What will it take for us to make the leap 
for water and, better yet, to consider both 
issues as one? When the projections for 
declining oil production are overlaid with 
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Power plants that burn fossil fuels, such 
as coal-fired plants (left), and nuclear plants 
(below) withdraw large amounts of water, 
mostly from rivers and lakes, altering supply 
to residents, farms and industry.

Water required to Generate
one Megawatt-hour
of Electricity Using ...

Coal and oil 21,000–50,000 

nuclear 25,000–60,000

Gas/steam combined cycle 7,400–20,000 gallons

Data are for plants that draw and dump water; plants with cooling towers use less.
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Seawater 9,780–16,500 

Wastewater 2,350–3,300 

Groundwater 1,800 

Energy Required to Deliver
One Million Gallons of
Clean Water from ...

Lake or river 1,400 kilowatt-hours

the increasing demand for water, the risks 
become severe. Because water is increas-
ingly energy-intensive to produce, we will 
likely be relying on fossil fuels for pump-
ing water from deeper aquifers or for mov-
ing it through longer pipelines. Any peak 
in oil production could force a peak in wa-
ter production. Peak oil might cause some 
human suffering, but peak water would 
have more extreme consequences: mil-
lions already die every year from limited 
access to freshwater, and the number 
could grow by an order of magnitude.

Perhaps signposts will wake our collec-
tive minds. Kansas lost a lawsuit to Mis-
souri recently over interstate water use, 
causing Kansan farmers to reconfigure 
how they will grow their crops. Rationing 
should certainly put society on notice, and 
it is beginning. My hometown of Austin, 

Tex., now imposes strict lawn-watering 
restrictions. California, suffering record 
low snowfalls, has issued statewide re-
quirements for municipal water conserva-
tion and rationing of water that are remi-
niscent of gasoline controls in the 1970s.

Someday we might look back with a 
curious nostalgia at the days when profli-
gate homeowners wastefully sprayed their 
lawns with liquid gold to make the grass 
grow, just so they could then burn black 
gold to cut it down on the weekends. Our 
children and grandchildren will wonder 
why we were so dumb.

Forcing Solutions
The rising tension between water and en-
ergy is troubling, but it also presents an 
opportunity. We can tackle the problem. 
The first step is to integrate U.S. policy-

making processes. Although the two re-
sources are highly interdependent, energy 
and water regulators operate separately, 
with different funding streams, account-
ability mechanisms, government oversight 
and legislative committees. Instead of wa-
ter planners assuming they will have all 
the energy they need and energy planners 
assuming they will have all the water they 
need, we must get them in the same room 
to make decisions.

The federal government has long had a 
Department of Energy but does not have 
a Department of Water. The EPA oversees 
water quality, and the U.S. Geological 
Survey is responsible for collecting data 
and monitoring supply, but no federal 
agency ensures the effective use of water. 
Congress should create a single overseer, 
possibly in the Department of the Interior 

poWEr DEMAnD

Clean water supplied by facilities such as 
wastewater treatment plants (right) and  
desalination plants (below) is created using 
large amounts of energy, at great cost.
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(because of water’s environmental impor-
tance) or the Department of Commerce 
(because of its role in the economy). Partly 
because water has historically been pro-
duced locally, most regulatory responsi-
bility has been pushed down to the state 
and municipal levels. Local policies can 
readily fail, however, when aquifers, riv-
ers and watersheds span multiple cities or 
states. What happens when another city 
takes your water?

Federal energy and water agencies should 
then develop a plan for integrated policy 
making. For example, when power plant 
owners seek building permits for a given 
site they must show that the new installa-
tions will meet EPA air-quality standards; 
similar requirements from a new agency 
should have to be met for water usage. En-
ergy planners should be in the room when 
their counterparts debate issuing water per-

mits, to raise concerns about greater elec-
tricity demand. When siting and permitting 
are considered for power plants, water ex-
perts should be there to comment on any 
potentially elevated risk of scarcity. These 
interactions can take the form of simple  
collaborations.

The same cross talk should inform cli-
mate change legislation. In May, Michael 
Arceneaux, deputy executive director of 
the Association of Metropolitan Water 
Agencies, began a one-person campaign to 
educate Congress that high-profile bills 
under consideration, notably those involv-
ing carbon cap-and-trade systems, had se-
rious effects on water supplies that were 
not being considered.

As the U.S. better coordinates policy 
mak ing, innovative technologies can re-
duce the amount of freshwater that society 
extracts and consumes. Agriculture is the 

place to start. Drip irrigation (instead of 
spraying water onto fields, allowing much 
of it to evaporate) requires much less water 
and delivers it directly to a crop’s roots. 
Farmers in the high plains due east of the 
Colorado River should switch to drip irri-
gation for their own good. Nearly all of 
them tap the Ogallala aquifer, the largest in 
the U.S., and it is being depleted at a rate of 
15 billion cubic yards a year—much more 
than the rainfall and runoff that reaches it 
to recharge it. Irrigation now accounts for 
94 percent of the groundwater used in the 
entire region.

Consumption by power plants can be 
significantly reduced by switching from 
water cooling to air cooling or at least hy-
brid air-water cooling. Although air sys-
tems are more expensive and are less effi-
cient during operation, they virtually 
eliminate water withdrawal.

Reusing municipal and industrial 
waste water will also save supplies and re-
duce energy consumed to transport them. 
Although many people cringe at the 
thought of “toilet to tap” cycles that con-
vert wastewater to drinking water, astro-
nauts onboard the space station and resi-
dents in Singapore readily drink treated 

Ethanol vehicle 
130–6,200 

42

24

7–14

Hydrogen fuel-cell vehicle 

Gallons of  Water Depleted to travel 100 Miles

plug-in hybrid electric vehicle 

Gasoline vehicle 

NOTES: For ethanol made from irrigated corn. Hydrogen for fuel cells is made by electrolysis
of water with electricity from standard grid. Water for hybrids cools local power plants
and processes their energy source. Water is used to extract and refine oil for gasoline. LU
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Alternative vehicles: they use less petroleum, 
but producing their fuel guzzles more water.

the federal government should create a
single overseer of water, and Congress
should then develop a plan for integrated 
water and energy policy making.
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) wastewater every day with no ill effects. 
Even if that option remains unpalatable to 
many consumers, municipalities can cer-
tainly use reclaimed water for agriculture 
and industry and, indeed, for cooling pow-
er plants.

Engineering advances can also make 
water treatment much less energy-inten-
sive. For example, Stonybrook Purifica-
tion in Stony Brook, N.Y., is developing 
advanced membranes that more efficient-
ly clean wastewater and desalinate saltwa-
ter. The inventor who discovered a way to 
purify water using minimal energy could 
become the world’s richest person and be 
forever enshrined.

Intelligent monitors can reduce residen-

tial and commercial waste. It is not un-
common to see sprinkler systems spraying 
lawns at full force in the heat of the after-
noon—when evaporation is maximized 
and irrigation effects are minimized—and 
in the middle of a rainstorm. Companies 
such as Accuwater in Austin combine sen-
sors, smart software and Internet connec-
tivity for real-time weather information to 
better control such systems.

Residents can also spare the energy 
spent to heat water by widely implement-
ing solar water heating. The simple tech-
nology is affordable, reliable, time-tested 
and pays for itself. But perhaps because the 
technology doesn’t seem cutting-edge and 
doesn’t have much backing from the fed-

eral government, its market penetration 
remains small.

We may have to make social choices, 
too. Conserving energy and water means 
we might need to give up our young love 
affair with corn-based ethanol.

More than anything, however, we need 
to value water. We must move away from 
a long-standing expectation that water 
should be free or cheap. If we think water 
is important, we should put a realistic 
price on it. Without that, we send a con-
fusing signal that everyone can be blasé 
about wasting water.

Once true pricing is in place, the U.S. can 
perhaps go further and show consumers 
and regulators how much the price of water 
raises the price of energy and how much the 
price of energy raises the price of water. 
These two metrics will bring us face to face 
with the dilemma of conserving both re-
sources, prompting effective solutions. •

Michael E. Webber is associate director of 
the Center for International Energy and 
Environmental Policy at the University of 
Texas at Austin and assistant professor of 
mechanical engineering at the university.

Solutions: Innovations can reduce the compet-
ing demands of water and energy. Drip irrigation, 
instead of spraying, cuts evaporative losses 
(above left). Air-cooled generators can replace 
water-cooled equipment at power plants (above 
right). Better membranes for desalination 
 operations draw less energy (below left).
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HOTSPOTS
Preserving biodiversity in rich habitats is good. But global warming  
and other new threats may call for a new strategy

By Robert Kunzig

iin the field of conservation, success 
stories about saving individual spe- 
cies abound. Bald eagles have recovered 
from their bout with the pesticide DDT; 
from fewer than 500 breeding pairs in 
1963, the population in the lower 48 states 
has grown to nearly 10,000 breeding 
pairs, such that they are no longer listed 
even as threatened under the Endangered 
Species Act. Gray wolves have returned to 
Yellowstone National Park, as well as to 
the Italian and French Alps. The Califor-
nia condor has been brought back from 
the absolute brink of extinction, after the 
last surviving birds were rounded up and 
bred in the San Diego and Los Angeles 
zoos. And so on.

When human ingenuity and resources 
are trained on a particular species, usually 
a charismatic one, it makes a difference—

but it does not change the global pattern, 
which is a steady drumbeat of extinction 
and of the permanent loss of biodiversity 
that goes with it. In a recent global assess-
ment, Stuart Butchart and his colleagues 
at BirdLife International in England con-

cluded that between 1994 and 2004 con-
servation efforts had saved 16 species of 
bird from extinction, at least temporarily. 
During that same decade, however, anoth-
er 164 bird species listed as threatened by 
the International Union for Conservation 
of Nature (IUCN) had slipped a notch 
closer to extinction.

Conservationists have many priorities 
and many strategies. But for the past two 
decades, a leading priority has been to 
preserve as much biodiversity as possible, 
and the most prominent strategy has been 
to focus on “hotspots”—regions of the 
world, such as tropical rain forests, that 
are rich in species and yet losing them fast. 
The strategy has been arguably successful, 
yet it has also been controversial.

“The most difficult challenge we face as 
conservationists today is to answer the 
question, Why does biodiversity matter?” 
says Mike Hoffmann, an ecologist based 
at Conservation International (CI), an or-
ganization that has made hotspots the cen-
terpiece of its efforts. All conservationists 
oppose extinction, it seems, in the same 

Are

Conservation?
the Key to 
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way that they favor apple pie. But not all 
agree that saving the maximum number of 
species worldwide should be the number-
one priority—or that preserving hotspots 
on our increasingly crowded planet leads 
to the best of all possible worlds.

Defining Diversity
The word “biodiversity” first appeared in 
print in 1988, as the title of a National Re-
search Council report edited by Harvard 
University entomologist E. O. Wilson. In 
the opening chapter Wilson guessed that 
the earth held between five million and 30 
million species, more than half of them liv-
ing in tropical rain forests. “From a single 
leguminous tree in the Tambopata Reserve 
of Peru,” he wrote, “I recently recovered 
43 species of ants belonging to 26 genera, 
about equal to the entire ant fauna of the 
British Isles.” He went on to make an 
equally rough estimate of how many spe-
cies the earth was losing to extinction: 
about one every half an hour. Most were 
undescribed tropical insects vanishing 
without witness.

Wilson’s calculation was based on his 
theory of “island biogeography,” which 
predicts how many species can survive in a 
given area of isolated or fragmented habi-
tat, and on estimates of how much rain for-
est was being cut down. An area the size of 
West Virginia, Wilson said, was being lost 
every year—confirming predictions made 
a decade earlier by a British researcher 
named Norman Myers. Those predictions 
had been dismissed by some of his peers as 
alarmist, but it became clear they were not: 
human beings were causing a mass extinc-
tion unparalleled since the demise of the di-
nosaurs 65 million years ago.

Over in species-poor Britain, Myers 
was also coining a new term in 1988—new 
at least to conservation biology—and it 
would soon become a buzzword, too: 
“hotspots.” Myers is an independent envi-
ronmental consultant, an adjunct academ-
ic, notably at the University of Oxford, 
and a self-described “lone wolf.” After 
previous lives as a schoolteacher in colo-
nial Kenya and then as a photographer of 
African wildlife, he had earned a Ph.D. at 
the University of California, Berkeley, in 
the early 1970s and moved into conserva-
tion work. By the late 1980s he was frus-
trated. “It struck me that because of sheer 
shortage of funds, scientific expertise and 
government attention, we were not help-
ing many species all that much,” Myers re-
calls. “We were spreading ourselves far 
too thinly.”

Hotspots were his solution: If you had 
limited resources and wanted to preserve 
the maximum number of species, Myers 
reasoned, you should concentrate on re-
gions that had the most “endemic” spe-
cies—species that were not found else-
where—and that were losing them fastest. 
In his 1988 paper Myers identified 10 such 
hotspots, all of them centered on tropical 
forests. Two years later he added eight 
more to the list, including four regions 
with Mediterranean climates—subtropi-
cal grasslands that were under intense 
pressure from humans.

The hotspot concept caught on almost 
immediately. From 1990 on the Mac-
Arthur Foundation supported hotspot 
preservation to the tune of $15 million a 
year. Later the idea was adopted by CI, 
which had initially been formed by defec- M
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It struck me that ... 
we were not helping
all that many species 
of animals. We were 
spreading ourselves 
far too thinly.

—NORMAN MyERS
University of Oxford

gloBal vIeW

Where the wild 
things are—for now:  
“Hotspots” can save 
many species, but 
scientists debate the 
meaning of that goal.
Experts vary widely in their estimates of the 
number of plant and animal species (between 
five million and 30 million is one cited range), 
but everyone agrees that the distribution of 
those species is highly uneven. Most of them 
live in a few dozen predominantly tropical re-
gions. Conservationists have therefore recently 
focused on saving the diversity in those imper-
iled, fragmented “hotspots” (map) that are 
home to at least 1,500 plant species and that 
have lost more than 70 percent of their original 
vegetation. Saving species-rich “protected ar-
eas” within hotspots can yield the biggest bio-
diversity bang for the conservation buck.

yet some conservationists now question 
whether the number of saved species is in itself 
the best metric for success. They look instead at 
preserving essential ecological services and on 
fostering stable coexistence between humans 
and other forms of life.  —The Editors
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tors from the Nature Conservancy and the 
World Wildlife Fund. Those older organi-
zations had also been concerned with pre-
venting extinctions, but CI made the pres-
ervation of global biodiversity—that is, the 
total number of species—its main focus. 
Working with Myers, it refined his con-
cept, defining a hotspot as a region that 
had at least 1,500 species of endemic plants 
(0.5 percent of the world’s total) and that 
had lost at least 70 percent of its original 
vegetation. Hotspots brought a welcome 
rigor to conservation biology, says Peter 
Kareiva, chief scientist of the 
Nature Conservancy. “There 
was a sense before that con-
servation was ad hoc—that it 
was about this pretty place or 
that charismatic animal. The 
good thing about hotspots is 

that they were the beginning of being 
analytical.”

Above all, hotspots made sense to the 
World Bank and to the foundations that 
have become increasingly important sup-
porters of conservation work. Even people 
in the business of healing the world’s pain 
do not like feeling they are pouring money 
down a bottomless hole. Hotspots divided 
a vast and intractable problem into more 
manageable parts, with definable targets, 
and that made foundation managers want 
to sign checks. Ask Myers today, 20 years 

after he hatched his simple lit-
tle idea, which of its impacts 
he is proudest of, and he says 
this: “The mobilizing of $850 
million.” It is indeed an aston-
ishing sum. CI, which has re-
ceived much of it into its Criti-

cal Ecosystem Partnership Fund, had few-
er than 100 employees in 1990; it now has 
about 900 in locations all over the world. 
Recently it increased the number of hot-
spots to 34. “If our number-one priority is 
to save as many species as possible, I don’t 
see how you can do much better than 
hotspots,” Myers says.

Focusing Aid and Attention
Hotspots, as Myers and CI define them, 
are large regions—Central America is one, 
for instance, as is Madagascar. Within 
those regions, various conservation strat-
egies are possible, including captive breed-
ing programs for particular species. But 
because habitat loss is generally the grav-
est threat, the most obvious strategy is to 
designate smaller, even hotter spots with-
in those regions as “protected areas.” Be-

 �Go online for
links to more 
information about 
hotspots at 
www.SciAmEarth3.com
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side its “Red List” of threatened species, 
the IUCN also maintains, along with the 
United Nations, a list of protected areas. 
They number over 100,000 and cover 
11.5 percent of the earth’s land surface.

But many, especially in the poorer trop-
ical countries, are what conservationists 
call “paper parks”—parks in name only. A 
few years ago Ana Rodrigues of CI and 
her colleagues compared the ranges of 
11,633 species of terrestrial vertebrates 
with the geographic coverage of the pro-
tected areas. They found that a minimum 
of more than 12 percent of vertebrates—

 1,483 species, including 833 listed as 
threatened by the IUCN—fell into gaps 
between the parks and thus had no protec-
tion at all. Mammals fared the best, am-

phibians the worst, presumably because 
people care more about mammals and be-
cause amphibians tend to have smaller 
ranges that are less likely to overlap with 
a park.

Thus, a large gap exists between con-
servation need and conservation resources: 
compared with what it would take to pre-
vent the mass extinction that is now under 
way, $850 million spread over many years 
is actually a tiny sum. People such as John 
Watkin, an ecologist who is also a grant di-
rector for the Critical Ecosystem Partner-
ship Fund, feel that gap acutely. “I’m a 
huge advocate of the hotspots approach,” 
he said recently. He was speaking on his 
cell phone, stuck in what he said was “the 
longest traffic jam in my life,” on a bus that 
was taking him from Arusha, Tanzania, to 
Nairobi, Kenya. Hotspots, such as the 
Eastern Arc Mountains of those two coun-
tries, are not wilderness areas; on the con-
trary they are areas that are being crushed 
by a needy humanity. “When I first joined 
[Conservation International], I was very 
skeptical of hotspots,” Watkin went on. 
“I’ve been turned around by looking at the 
financial resources. Everybody has to draw 
a line in the sand somewhere.”

Biodiversity hotspots channel resources 
to places that need it most, Watkin ob-
served—not only away from the temper-
ate-latitude industrial countries, which are 
richer in cash than in creatures, but away 
from “the Serengeti and the other estab-
lished reserves that have been popularized 
by research and tourism.” At the northern 
end of the Eastern Arc Mountains, for in-
stance, CI is working to protect the cloud 
forests of the Taita Hills. Ninety-eight per-
cent of the forest has been cut down, most-
ly in the past 40 years, to make way for ag-
riculture; a little more than 1,000 acres are 
left, a dozen small islands in a sea of farm-
land and exotic tree plantations. No lions, 
elephants or giraffes live in the Taita Hills; 
there are not even gorillas, but there are 
three species of bird that live only in those 
beleaguered islands. Saving those birds 
means saving what is left of the forests.

Saving the Picassos
In that sense, the forest islands are irre-
placeable—which is the essential feature of 
hotspots. The concrete criteria for choos-
ing hotspots are just convenient ways of 
measuring irreplaceability and threat, 
Hoffmann says, and they work. Threat-

Success in Africa: Conservation efforts focused on the hotspot around the Taita Hills in Kenya have  
preserved fragments of the indigenous tropical forests close beside intensively farmed lands (above). 
In concert with the local community, workers have encouraged the conversion of some of the planta-
tions back to forests without sacrificing the livelihoods of local people. A beneficiary of this strategy 
has been the Taita thrush (left), one of three bird species endemic to these forests.
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ened vertebrate species may be falling free-
ly through the gaps in the protected-area 
network, but three quarters of such spe-
cies are found in hotspots and nowhere 
else on the earth—indicating that hotspots 
are good places to protect more land and 
in general to focus efforts at saving verte-
brates as well as plants. “We believe every-
thing can be saved,” Hoffmann says. “It’s 
about where you go first. If we fail in the 
hot spots, half of biodiversity is gone. 
Finished.”

The fear of that finality is something 
that drives most conservation biologists, 
including some who are critical of the 
hotspot approach. “There is nothing as 
bad as losing species,” says Walter Jetz, an 
ecologist at the University of California, 
San Diego. “They are unique biological en-
tities, with unique evolutionary histories 
and a set of functions we have only partly 
understood.” People will rush back into 
burning houses to retrieve family photo-
graphs and heirlooms; something like that 
emotion stirs in the hearts of conservation 
biologists when they contemplate the irre-
versible loss that is extinction—although 

Jetz compares species to Picassos, not snap-
 shots. Jetz grew up in Bavaria, saw how 
much money was spent there conserving 
relatively little biodiversity, then plunged 
as a young scientist into the teeming trop-
ics of central Africa. He wholeheartedly 
endorses the transfer of conservation re-
sources from North to South.

But Central Africa is a case in point: it 
is not on the hotspot list, because it is still 
in relatively good shape. In revising its list, 
CI also created a parallel list of five “wil-
derness areas,” including the Congo Ba-
sin, but it devotes far fewer resources to 
them. Conservation efforts in general tend 
to focus on areas that have suffered heavy 
human impact in the past—but those ar-

eas, Jetz and his graduate student Tien 
Ming Lee concluded in a study published 
this year, often are not the areas projected 
to suffer the heaviest impacts in the future. 
Central Africa, for instance, still retains 
most of its original forest, but in recent de-
cades industrial logging concessions have 
been granted to more than 30 percent of 
it, and only 12 percent is protected. 
“That’s potentially a hotspot for conser-
vation,” Jetz says. “Future challenges to 
conservation may not have much to do 
with the past.”

Especially when global warming enters 
the equation: no one really knows what to 
do about it. In mapping out the future high-
impact areas, Jetz and Lee considered the 
effects of climate change on vegetation but 
not its effects on the ranges of animals, be-
cause too little is known about that. A 
study published in Nature in 2004, howev-
er, predicted that by 2050 between 15 and 
37 percent of the species on the earth might 
be “committed to extinction” as a result of 
climate change alone. Those alarming 
numbers were contested—but not the basic 
reality that no area on the earth can be 
completely protected anymore. Carbon di-
oxide (CO2) from fossil fuels warms the 
planet everywhere, and it will change habi-
tats everywhere, including ones we are not 
destroying in a more direct way.

That doesn’t mean stopping the destruc-
tion isn’t a good idea, of course—it is, not 
only because it protects habitats but be-
cause it curbs the deforestation that is itself 
a huge source of CO2. Expanding the fo-
cus of conservation beyond hotspots, how-
ever, does mean that the entire rationale 
behind parks and other protected areas is 
going to need to be rethought for a warm-
ing world. “Unless you worry some about 
the area between the reserves, species 
won’t be able to move,” Kareiva says. The 
Nature Conservancy has been focusing 
much of its efforts lately on creating migra-
tion corridors. “Thinking only about 
parks leads people to pay not enough at-
tention to the rest of the world,” he adds.

“Protected areas are just a tool, not a 
goal,” says Luigi Boitani, a biologist at the 
University of Rome “La Sapienza” who 
has spent decades studying the wolves and 
bears of Italy. He participated with Rodri-
gues in the analysis of gaps in the existing 

Ciao, lupo: Wolves, bears and other wildlife 
have been sighted near Rome, thanks to policies 
that encourage Italians to coexist with the  
creatures rather than hunting them. 

We believe everything 
can be saved. It’s
about where you go 
first. If we fail in the 
hotspots, half of 
biodiversity is gone. 
Finished.

—MIKE HOFFMANN 
Conservation International
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protected area network, and he thinks the 
explicit purpose of such reserves should be 
to preserve biodiversity. But reserves are 
not the final answer, he says: “By setting 
aside 10 percent of the world, we are far 
from saving the world. Protected areas are 
useless if we don’t find a broad agreement 
between humans and nature.

“We have wolves 20 minutes from the 
Coliseum,” he goes on. “Bears an hour 
from downtown Rome. I must believe in 
coexistence.” If the carnivores are spread-
ing once again in Italy, he says, it’s not be-
cause they are being protected in parks—

it’s because the government compensates 
farmers for lost livestock, subsidizes guard 
dogs and electric fences, and in general en-
courages Italians to live alongside the 
beasts, not shoot them.

Warming Up to Coldspots
Coexistence between humans and nature 
can be encouraged in biodiversity hot-
spots, too. In the Taita Hills, Watkin and 
Conservation International are trying not 
so much to create forest reserves as to get 
people to respect reserves that already ex-
ist. To that end, they are involving the lo-
cal population in the conservation strate-
gy, and they are funding projects designed, 
as Watkin puts it, “to provide very realis-
tic alternatives to chopping down the for-
est and making charcoal.” Farming butter-
flies or indigenous silkworms, for instance: 
both can be done without en croaching fur-
ther on the cloud forest, and both have be-
come significant moneymakers for the 
Taita Hills.

Much good conservation work has 
been done and continues to be done as a 
re  sult of the hotspot approach; that $850 
million has been put to good use. Yet the 
same critique Kareiva and Boitani direct 
at parks applies, on a larger scale, to hot-
spots: that they lead people to not pay 
enough attention to the rest of the world—

to the “coldspots,” as Kareiva calls them. 
Hotspots are hot because they are rich in 
endemic species and because Myers and 
CI define the top priority as preserving the 
maximum number of species on the whole 
planet.

The main argument for this view, aside 
from the moral one that it is wrong for us 
to extinguish any species, is that species di-

SCIeNCe aND PolICY

Polar bears take the heat: For them and  
other species endangered by climate 
change, relief may be slow to arrive.

In a January 2004 issue of Nature, ecologist Chris Thomas of the University of Leeds in England 
and his colleagues estimated that rising temperatures, shifts in rainfall, rising sea levels and oth-
er environmental alterations from accumulating atmospheric carbon dioxide might doom as 
many as 37 percent of today’s species by 2050. Critics retorted that the researchers did not suffi-
ciently credit the adaptability of many organisms, although few biologists doubt that future 
warming will take a huge toll on sensitive species. Conservation responses to the problem will 
probably be no less controversial than the issue of global warming itself has been, however.

Consider the wrangle over those living emblems of vanishing Arctic habitat, the polar bears. 
This past May, after years of debate and months of delays, the Department of the Interior offi-
cially recognized the white bruins, which number fewer than 25,000, as “threatened” under the 
Endangered Species Act (ESA). Opponents had disputed whether the animals were even in dan-
ger, citing increases in bear populations in parts of Canada and fossil evidence that polar bears 
had adapted to warm temperatures between past ice ages. The reality: some small groups of 
polar bears have grown, but the overall trend is inconsistent and highly uncertain. Although po-
lar bears did survive slow interglacial losses of sea ice over thousands of years, current global 
warming is expected to eliminate the ice within just another couple of decades.

If conservationists aggressively pursue ESA protection for polar bears and other species 
threatened by climate change, it may not happen until the next administration. So far Depart-
ment of the Interior officials have indicated that they will invoke an ESA loophole called a 4(d) 
“interim final” rule that rolls back protection of the bears to no more than what they previously 
had under the Marine Mammal Protection Act.  —The Editors
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versity keeps ecosystems functioning. 
Functioning ecosystems in turn provide 
eco  nomically valuable services; for in-
stance, healthy forests around cities keep 
local water supplies clean. Hard scientific 
data back up both those claims—but only 
at the level of individual ecosystems, not 
the whole planet. “There is not a single sci-
entific paper that shows a loss of ecosystem 
services when you change the total global 
number of species,” Kareiva says.

The hotspot concept, he goes on, 
“doesn’t have a scientific basis at all. When 
we say we care about biodiversity, we mean 
wherever you live, Montana or Tanz ania, 
you don’t want to lose so many species that 
your ecosystem just won’t function. The 
goal might be, nowhere in the world do we 
lose half our species. If we lose that much, 
that place is gone.” Boi tani’s long-term pri-
ority is similar. It is “to find a stable rela-
tionship between humans and other spe-
cies,” he says. “Stop the negative trend. 
Find a relation of coexistence and toler-
ance, even if it means we have to lose 50 
percent of the species. I’m ready to sign off  

on that if it means what is left will last.”
That view is anathema to hotspot pro-

ponents. “The notion that biodiversity loss 
of any kind is acceptable is just not accept-
able,” Hoffmann says. “We don’t believe 
that extinction is inevitable—human-medi-
ated, fast-tracked extinction should not be 
inevitable.” From that standpoint, accept-
ing the reality that we are causing extinc-
tions every day and, as global warming ac-
celerates, are soon going to be causing many 
more is unforgivably unambitious. The 
counterargument is that trying to preserve 
the whole planet in some kind of ecological-
ly intact form is in fact far more ambitious 
than just focusing on the 2 percent of land 
surface that happens to be in hotspots.

Biodiversity hotspots were a useful 
conceptual shortcut—a quick way of fig-

uring out where to begin with the daunt-
ing task of saving the world. By focusing 
efforts on the total number of species, they 
allow conservationists to avoid the hard 
science required to decide which species 
matter most to ecosystems and the hard 
choices required to decide which species 
matter most to us. But we’ll come closer to 
making real conservation progress, say 
Kareiva and other scientists, when we face 
up to those choices. “We’re the stewards 
of the planet,” Kareiva declares. “We get 
to choose its future. Let’s admit that.”  •

Robert Kunzig is a science writer and 
co-author (with Wallace S. Broecker) 
of Fixing Climate: What Past Climate 
Changes Reveal about the Current 
Threat—and How to Counter It.

Take action Now
Both Conservation International (www.
conservation.org) and the Nature Con-
servancy (www.nature.org) offer exten-
sive information about biodiversity and 
accept donations in support of their  
efforts to save species. More resources 
are listed on www.SciAmEarth3.com

If our number-one priority 
is to save as many species as 
possible, I don’t see how you can 
do much better than hotspots. 

—NORMAN MyERS

We’re the stewards of the 
planet. We get to choose 

its future. let’s admit that. 
—PETER KAREIVA  

The Nature Conservancy
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Aat r. james woolsey’s farm in south- 
ern Maryland, solar panels on the roof of 
his house send electricity back to the utility 
grid when his family is not using much pow-
er. And he drives a Toyota Prius hybrid with 
a conversion kit that enables him to recharge 
the car’s battery pack using an extension 
cord and household current.

Woolsey isn’t the average citizen who has 
gone green. As the former director of the 
Central Intelligence Agency from 1993 to 
1995, Woolsey warns that the U.S. faces a 
grave national security threat from its de-
pendence on energy derived from oil. “I 
think we need to go right for oil’s jugular 
vein,” he says.

The peril to national security arises from 
a variety of concerns, such as the vulnera-

bility of the oil infrastructure and the con-
sequences of funneling enormous sums of 
money to regimes unfriendly to the U.S. Al-
though some experts focus on increasing 
the supply of domestic oil to lessen depen-
dence on foreign sources, Woolsey believes 
that slashing demand for oil in transporta-
tion is the more promising approach.

Woolsey, a lawyer for the firm of Good-
win Procter, works with a number of groups 
involved in energy issues, including the  
National Commission on Energy Policy. 
Scientific American interviewed him in 
his Washington, D.C., office. 

Former CIA director R. James Woolsey says 
America’s oil dependence is a grave threat

By Stephen D. Solomon 

Get off oil
For security,

R. James Woolsey maintains that a national 
fleet of plug-in hybrid electric vehicles would  
largely end U.S. dependence on oil.
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In the interview, Woolsey made clear that 
merely lessening America’s dependence on 
foreign oil would not solve the national se-
curity problem.

“It’s not just foreign oil. It’s oil. I think 
one thing that’s been wrong about the de-
bate is that people assume everything 
would be fine if we just had more domes-
tic oil and relied on foreign sources for a 
smaller share. I think that’s entirely wrong. 
In my view, since we’re not going to be the 
low-cost producer—the Middle East is—

we’re going to end up with a jury-rigged 
structure of tariffs and subsidies that 
won’t work. So I talk about independence 
from oil, not foreign oil.

“That doesn’t mean that, if it’s afford-
able and ecologically sound, we shouldn’t 
do some offshore drilling. I’m not trou-
bled by that. But our major effort ought to 
be to do to oil what refrigeration did to 
salt at the end of the 19th century—to de-
stroy its monopoly. Once refrigeration did 
that to salt, it stopped mattering whether 
your country had salt mines. Countries 
didn’t go to war over salt mines anymore. 
Salt was just a useful commodity, as it still 
is. We want to do that to oil.”

Woolsey sees the threat to national secu-
rity coming from many directions.

“It’s the possibility of an oil cutoff such 
as the Saudis did in 1973. It’s the possibil-
ity of terrorism against infrastructure in 
the Middle East, such as the attack on 
Abqaiq [the oil refinery in Saudi Arabia] 
two years ago. It’s the possibility of re-
gime change, either violently or by succes-
sion. It’s if [Saudi] King Abdullah is suc-
ceeded by Prince Nayef, who is the interi-
or minister, his half brother and one of the 
most powerful men in the kingdom. Prince 
Nayef is a fanatical Wahhabi. We might 
have a much more difficult time getting 
along with him than we do with King  
Abdullah.

“It’s current regimes like the Iranian re-
gime, fueled by high oil prices and devel-
oping nuclear weapons and threatening to 
wipe Israel off the map. It’s borrowing 
well over a billion dollars a day to import 
oil, which weakens the dollar and has all 
sorts of negative economic effects. Some 
of that finds its way through the Saudi 
government and wealthy individuals to 

the Wahhabi institutions of the world of 
Islam.

“So when a Wahhabi madrassa in Paki-
stan is teaching little Pakistani boys the 
virtues of becoming a suicide bomber, you 
and I are paying for that through our gas-
oline purchases.”

Woolsey worries about how vulnerable the 
nation’s energy infrastructure is to attack 
by terrorists.

“I think it’s mainly the electricity grid 
and the fact that it’s so balkanized. Its 
management structure means that it’s very 
difficult to take the steps needed to im-
prove security. It was put together by es-
sentially 50 separate sets of engineers and 
regulators without a single thought being 

given to intentional interference. The sub-
stations are well designed to keep some 
crazy person from wandering in and elec-
trocuting himself but not well designed at 
all to deal with a terrorist or [other] inten-
tional interference.

“To use one example: four years ago 
when a tree branch fell in Cleveland dur-
ing a storm, instead of just taking out part 
of Cleveland’s electricity . . .  it took 80 
gigawatts off-line within nine seconds in 
the northeastern U.S. and eastern Canada. 
Terrorists are a lot smarter than tree 
branches.

“I would also focus on the vulnerabili-
ties of the trans-Alaska pipeline. People 
can put that thing out of operation with a 
rifle shot.”

Taking a stand: To cut oil use, Woolsey has added solar panels to his home and has installed  
a conversion kit in his Toyota Prius hybrid (opposite page) that allows it to recharge on house current.
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Reducing the national security risk, Wool-
sey argues, begins with the rapid adoption 
of plug-in hybrid vehicles that can get hun-
dreds of miles to the gallon. These cars are 
recharged overnight by their owners, using 
a regular plug and wall outlet, and can go 
up to 40 miles between charges—farther 
than the average car is driven in a day. They 
rarely need to switch over to gasoline or to 
an alternative liquid fuel. A nation driving 
such automobiles would vastly decrease its 
need for oil.

“There are two consequences to that. 
One, if you don’t drive much above aver-
age . . .  you may go for weeks and weeks 
without needing any more liquid fuel than 
you have in the tank. Your gasoline tank 

or ethanol tank is basically your insurance 
policy for long trips that you don’t nor-
mally take.

“And two, since it is so efficient to drive 
on electricity, especially start-and-stop 
driving, you are doing the equivalent of 
charging your battery .. .  and then driving 
on what you’ve paid for that, which in 
much of the country would be two cents 
or so per mile. Gasoline today would be 
15 cents a mile, headed up.”

Of course, more advanced battery technol-
ogy for plug-in hybrids, and better alterna-
tive liquid fuels, would hasten a vastly  
diminished role for oil in transportation. 
Although it is long awaited, Woolsey is op-
timistic about such progress.

“For about 150 years batteries essen-
tially didn’t change. Bright new graduates 
of Caltech and M.I.T. weren’t starting 
battery companies. Now they are. What 
has happened is that laptops and cell 
phones and so forth have given a big boost 
to increasing energy storage because no-
body wants to plug in those things all  
the time.

“What that has done to the opportuni-
ties for electric vehicles, including plug-
ins, is quite remarkable. Electricity is 
easy—you need an extension cord. Alter-
native liquid fuels are a little harder be-
cause the cars have to be flexible-fuel ve-
hicles; one needs pumps for them and fill-
ing stations, but these are not deal killers. 
We made these kinds of changes getting 
lead out of gasoline.”

The final step to getting the country off oil, 
Woolsey notes, is that regulators have to 
prompt the transition by providing incen-
tives for saving energy.

“If you change the rules so that people 
have an incentive to do what you want 
them to do, which is to save energy instead 
of waste it, they’ll respond. In California, 
utilities have done a very good job over the 
years of innovating. And a lot of that had 
to do with a public utility decision 20 
years ago that said if you innovate and 
save energy and introduce new technolo-
gy, we’ll give you a return on your invest-
ment, not on your sales.” •

Stephen D. Solomon is an associate pro-
fessor and director of graduate studies in 
the department of journalism at New 
York University. He is author most recent-
ly of Ellery’s Protest: How One Young 
Man Defied Tradition and Sparked the 
Battle over School Prayer.

“When a Wahhabi madrassa is teaching 
little boys the virtues of becoming a 
suicide bomber, you and I are paying 
for that through our gasoline purchases.”
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Iin the middle of los angeles’s end- 
less sprawl sits an unusual-looking gas sta-
tion made of recycled materials and sus-
tainably harvested wood. Its roof is an 
abstract assembly of polygons topped with 
solar panels. The owner, petroleum giant 
BP, calls it Helios House and touts it as 
America’s first “green” gas station, be -
cause it is certified according to the stan-
dards of Leadership in Energy and Envi-
ronmental Design (LEED), the most com-
monly used rating system for sustainable 
architecture.

Of course, the building is still a gas sta-
tion: it sells petroleum-based fuel that is 
burned in automobiles and thereby endan-
gers the environment. The incongruity of 
a gas station being hailed as green is not 
strictly the fault of its architecture. Never-
theless, Helios House is emblematic of 
how hollow LEED certification can be as 
an indicator of a building’s environmental 
benignity. Too often LEED can reward 
building planners for taking some envi-
ronmentally progressive steps while ignor-
ing deeper problems.

Mis LEEDing?

•
 ARCHITECTURE
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LEED certifications are handed out  
by the U.S. Green Building Council  
(USGBC), a Washington, D.C.–based 
non  profit that encourages architects to 
design environmentally friendly build-
ings. The program is a response to the 
long-ignored fact that buildings hurt the 
environment: raw materials and energy 
are required to manufacture the structur-
al components, land is taken, energy and 
waste are involved in erecting the struc-
tures, and fuel is consumed to heat, cool 
and otherwise operate them. Architecture 
may be responsible for nearly half of 
America’s energy consumption.

The LEED Rating System Checklist, 
launched in 2000, grades buildings—pri-
marily commercial ones—on the sustain-
ability of their materials, their heating and 
cooling efficiency, control of storm water 
runoff, and other criteria. New or retrofit-
ted buildings amass points on the checklist 
and are then designated as platinum, gold, 
silver or simply certified [see box on page 
58]. Owners must file an application with 
the USGBC that includes building blue-

prints and energy estimations, although 
there is no enforcement mechanism such as 
spot-checking to verify the estimates or 
checkups after a building opens to make 
sure the qualifying equipment or opera-
tions have not changed.

Critics complain that the system can be 
gamed to garner the wonderful-sounding 
public relations that LEED certification  
often generates. By erecting a single green 
building, huge companies can gain consid-
erable media attention (BP’s gas station 
was featured on National Public Radio 
and other major media outlets). Yet certain 
points can be earned for tiny steps, such as 
installing a bike rack outside, which osten-
sibly would encourage people to cycle to 
work instead of drive. Critics also note 
that application fees can run as high as 
$22,500, and paying consultants who ad-
vise how best to leverage the ratings can 
push costs beyond $100,000. The USGBC 
notes that consultants are not required, al-
though having a LEED-accredited profes-
sional on the design team earns a point. 
The larger denunciation is that the pro-

Mis LEEDing?
Constructing buildings to the LEED standard can conserve 
energy and materials—or be exploited for promotional gain

By Daniel Brook
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gram is myopic, trained so intently on spe-
cific design features of individual buildings 
that it misses the big picture—such as the 
odd notion that a gasoline station can be 
good for the environment.

Nevertheless, LEED’s growth has been 
astounding. In 2001 just 93 projects regis-
tered with LEED; in 2007 almost 5,500 
did. Several cities now require LEED cer-
tification for big commercial projects, and 
many states want it for public buildings. 
The promise is that by building to these 
standards, owners should be able to save 
money on operations in addition to saving 
the environment. California, for example, 
estimates that its new gold-rated education 
headquarters saves taxpayers $500,000 a 
year in energy costs alone.

Some observers contend that LEED’s 
growth renders its loopholes even more se-

rious, however. Of late, LEED officials 
have been listening, instituting a series of 
reforms that should better limit global 
warming and reward smart growth over 
sprawl. 

Still, the program’s staffers want credit 
for putting green architecture on the na-
tional agenda. “My parents know what a 
green building is now,” says Scot Horst, 
chairman of the program’s national steer-
ing committee.

Missing the Point
LEED’s toughest critics tend to be archi-
tects who went green before green was 
cool. They feel the program’s narrow-
minded focus on a checklist leads to unin-
spired architecture that is not as environ-
mentally friendly as it could be. They also 
see the program as reducing architects to 
mere technicians, devaluing the artistic, in-
tellectual and civic aspects of the work that 
drew many of them to the profession.
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skeptic

Douglas kelbaugh  
of the University of 
Michigan thinks 
LeeD certification 
can distract planners 
from designing more 
energy-efficient 
buildings.

A green blueprint: When Douglas 
Kelbaugh designed the new wing being 
added to the school of architecture at 
the University of Michigan at Ann Ar-
bor, where he is a professor, he opted 
to skip LEED certification. The building 
will nonetheless include a variety of  
active and passive features for reduc-
ing its fossil-fuel consumption and 
greenhouse gas production. In effect, 
the university chose to invest the 
$100,000 cost of LEED compliance in 
other improvements to the new struc-
ture’s energy efficiency.
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Longtime green architect Bob Nalls in 
Philadelphia is one such conscientious ob-
jector who refuses to take the test to be-
come a LEED-accredited professional. 
Nalls says the checklist system lulls archi-
tects into thinking that “if they paint by 
numbers, they can do a Picasso.” Designing 
a truly green building, he explains, means 
weighing the environmental pros and cons 
of various design decisions. For example, 
LEED gives up to two points for letting 
natural light into interior spaces, to reduce 
demand for electric lighting. But more sun-
light might drive up air-conditioning de-
mand. “To say I’m going to be able to an-
swer that question by getting a point or not 
getting a point is naive,” Nalls says.

Others deride the cynical gaming done 
by owners looking only for the public rela-
tions payoff. Auden Schendler, executive 
director of community and environmental 
responsibility at the Aspen Skiing Compa-
ny, calls it point mongering. “When you’re 
basically focusing on how to get the most 
points versus what’s best for the building,” 
Schendler explains, “you go for the easy 
points,” such as installing a $395 bike rack 
that is never used instead of a million-dol-
lar environmentally sensitive heating sys-
tem—each worth one point.

Schendler says this kind of “LEED 
brain” thinking occurs when builders are 
more concerned with certification than 
helping the environment. For example, he 
worked on a project where the design team 
weighed the merits of installing a reflec-

tive roof, which earns one point. In cities, 
traditional black roofs absorb daytime 
sunlight and radiate it back as heat at 
night, contributing to the “heat island ef-
fect” that raises air-conditioning demand. 
But for this project—located 8,000 feet 
above sea level in the Rocky Mountains—

even the blackest roof had little risk of cre-
ating a heat island. Should a green builder 
cynically go for the point anyway?

Some of green architecture’s biggest be-
lievers simply don’t play the game. Doug-
las Kelbaugh, a professor of architecture at 
the University of Michigan at Ann Arbor 
who is overseeing a large addition to one 
of the school’s main buildings, does not 
plan to submit it for certification. He does 
not need the PR—or the advice—so why 
add the expense of applying? 

“We can say we have a good building, 
and we know what we’re talking about,” 
Kelbaugh says. Instead of spending an es-
timated $100,000 on LEED, he maintains, 
“it makes more sense to spend that 
$100,000 on photovoltaics or better win-
dows or insulation.” Kelbaugh is building 
the addition atop an existing school build-
ing, the greenest possible site because it 
consumes no new land. As a result, how-
ever, “we’re not eligible for any landscap-
ing credits” from LEED, he notes.

Kelbaugh is actually designing to what 
he says is a smarter standard, the Ameri-
can Institute of Architects’s 2030 Chal-
lenge. The program’s goal is to foster new 
buildings that by 2010 have half the car-

bon footprint of other structures in their 
area and that by 2030 are carbon-free or 
carbon-neutral. (The USGBC does en-
dorse the Challenge’s goals.) He asserts 
that the program “is simpler, it’s free, and 
it focuses on the sweet spot of reducing 
carbon footprint.” By adding photovoltaic 
cells to the roof during the next two de-
cades, the school will take the addition off 
the power grid by 2030, Kelbaugh says. 
That move is particularly important in 
southeastern Michigan, where most elec-
tricity is generated by heavily polluting 
coal-fired power plants—the kind of fac-
tor that is beyond the vision of an architect 
who is designing only to LEED.

Faced with criticism, LEED is making 
improvements and is planning more.  
Although it still uses the checklist, the  
USGBC revised its point system to disqual-
ify any building that does not score at least 
two points for energy efficiency. Horst says 
the next revision of the standards, due in 
2009, will be weighted to give even more 
importance to features that reduce global 
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scot Horst of the 
LeeD program 
maintains that it put 
sustainability on  
the national agenda. 
“My parents know 
what a green building 
is now,” he says.

2001

LEED projects

2007

Rising popularity: In 2001 just 93 projects 
registered with LEED; in 2007 almost 5,500 did. 
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innovation in Design (5 pts)
Innovation in design 1–4

LEED-accredited professional 1

sustainable site (14 possible pts)
Prerequisite: construction activity pollution prevention

Site selection 1

Development density and community connectivity 1

Brownfield (contaminated site) redevelopment 1

Alternative transportation:
  Low-emitting and fuel-efficient vehicles 1 

Bicycle storage and changing rooms 1 
 Public transportation access 1 
Parking capacity 1

Site development:
  Protect or restore habitat 1 

Maximize open space 1

Stormwater design:
  Quantity control 1, 

Quality control 1

Heat-island effect:
  No roof 1, Roof 1, 

Light pollution reduction 1

How it woRks

winning points: Builders must take 
specific steps to gain certification.

LEED awards points for various green features, from materials wisely used to 

energy and water efficiency. Extra credits can be gained for “innovation in  

design.” A total of 69 points is possible. Every building must meet the prereq-

uisites in each category, then compile enough other points to achieve certifi-

cation. A building that earns 26 to 32 points is declared certified; 33 to 38 

points earns a silver certification; 39 to 51 a gold; and 52 to 69 a platinum.

Sustainable Site (14 possible points)
Prerequisite: Construction activity pollution 
prevention
  Site Selection 1

  Development Density and 
Community Connectivity 1

  Brownfield (Contaminated Site) 
Redevelopment 1

Alternative Transportation:
   Public-transportation access 1
  Bicycle storage and changing rooms 1
  Low-emitting and fuel-efficient vehicles 1
  Parking capacity 1

Site Development:
  Protect or restore habitat 1
  Maximize open space 1

Storm Water Design:
  Quantity control 1
  Quality control 1

Heat-Island Effect:
  Non-roof 1
  Roof 1
  Light-Pollution Reduction 1 

Water Efficiency (5 points)

Water-Efficient Landscaping: 
 Reduce by 50% 1 
 No potable use or no irrigation 1 

 Innovative Wastewater Technologies 1

Water-Use Reduction:
 20% reduction 1 
 30% reduction 1 
 
 
 
 

Energy and Atmosphere (17 points)
Prerequisites: Fundamental commissioning of 
the building energy systems; minimum energy 
performance; fundamental refrigerant 
management

  Optimize Energy Performance 1–10 
(2 points mandatory)

 On-Site Renewable Energy 1–3

 Enhanced Commissioning 1

 Enhanced Refrigerant Management 1

 Measurement and Verification 1

 Green Power 1

Materials and Resources (13 points)

Prerequisite: Storage and collection of 
recyclables

Building Reuse:
   Maintain 75% of existing walls, 

floors and roof 1 
  Maintain 95% of existing walls, 

floors and roof 1
  Maintain 50% of interior 

nonstructural elements 1

Construction Waste Management:
  Divert 50% from disposal 1
  Divert 75% from disposal 1

Materials Reuse: 
  5% 1     10% 1

Recycled Content:
   10% postconsumer + 50% preconsumer 1
  20% postconsumer + 50% preconsumer 1

 Regional Materials:
  10% 1      20% 1

 Rapidly Renewable Materials 1

  Certified Wood 1

Indoor Environmental Quality
(15 points)
Prerequisites: Minimum indoor air quality 
(IAQ) performance; environmental tobacco 
smoke (ETS) control
  Outdoor Air-Delivery Monitoring 1

  Increased Ventilation 1

Construction IAQ Management Plan:
  During construction 1
  Before occupancy 1

Low-Emitting Materials:
   Adhesives and sealants 1
  Paints and coatings 1
  Carpet systems 1
  Composite wood and agrifiber products 1

  Indoor Chemical and  
Pollutant Source Control 1

Controllability of Systems:
  Lighting 1
  Thermal comfort 1

Thermal Comfort:
  Design 1
  Verification 1

Daylight and Views:
  Daylight for 75% of spaces 1
  Views for 90% of spaces 1

Innovation in Design (5 points)

 Innovation in Design 1–4

 LEED-Accredited Professional 1

 
 
total possible points: 69

Green Power

Alternative Transportation
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warming. For example, the ability to rack 
up energy-efficiency points will be nearly 
doubled, and the payoff for access to pub-
lic transportation will more than triple. In 
the past, Horst acknowledges, the “one 
point for using renewable energy was the 
same as one point for the bike racks.” 

The USGBC is also adding credits spe-
cific to regions of the country, so that Phoe-
nix builders are more focused on water 
conservation and architects in the Rockies 
aren’t bound by the same heat-island stan-
dards as those in Atlanta. To combat 
LEED brain, the USGBC has already add-
ed a kind of wild-card category for innova-
tion in design that allows points for envi-
ronmental features the standards might 
have overlooked, such as chemical-free  
termite control.

Neighborhoods Are Next
The greatest adaptation of LEED will be 
a new set of standards that grades entire 
neighborhoods. LEED for Neighborhood 
Development (LEED-ND) grew out of a 
collaboration among the USGBC, the 
Congress for the New Urbanism and the 
Natural Resources Defense Council 
(NRDC), all backed by the U.S. Environ-
mental Protection Agency. The initiative 
is in a pilot phase and will launch next 
year. Developers will submit plans for en-
tire neighborhoods for certification. The 
new program tacitly concedes that saving 
the world one building at a time does little 
to change how an area’s buildings are laid 
out and how people move among them. 
The standards will reward density, transit 
accessibility and how well the neighbor-
hood fits into the larger region. 

As Kaid Benfield, director of smart 

growth at the NRDC and a founder of 
LEED-ND, observes, “You can design the 
best neighborhood in the world, but if you 
put it in the middle of nowhere, it’s not go-
ing to do anything for the environment” if 
everyone is driving several miles to take 
the kids to school, get to work or just pick 
up the proverbial quart of milk.

Kelbaugh hails LEED’s acknowledg-
ment that density matters, pointing out 
that the average urban home consumes 
half as much energy as the average subur-
ban home and significantly less energy 
than a suburban green home. An urban 
green home is the most efficient of all, of 
course, but his larger point is that even 
green sprawl isn’t that green. Kelbaugh 
states that Americans are almost twice as 
likely to commute by car as Britons are, 
less than a third as likely to walk or bike, 
and one seventh as likely to take mass 
transit. The average Houstonian uses four 
times as much energy a day as does the av-
erage Londoner.

The LEED-ND pilot program offers 
credits for enabling every form of alterna-
tive transportation—for bike lanes, walk-
able streets and mass-transit access. It also 
emphasizes laying out mixed-use sites 
where residents can walk to the corner 
store for simple errands. “Land-use pat-
terns are very difficult to undo once done,” 
says LEED-ND director Jennifer Henry, 
explaining the new emphasis on town 
planning.

Like its predecessor, LEED-ND could 
potentially be dogged by loopholes. So 
notes Steven Moore, a professor of archi-

tecture and planning at the University of 
Texas at Austin, who asked his students to 
design an affordable housing project. The 
resulting plan was plenty green, but they 
ran into the classic problems of its not fit-
ting into a one-size-fits-all checklist and of 
having innovations ignored. For example, 
the students proposed new housing on a 
series of vacant inner-city lots rather than 
clearing land on the suburban fringe. But 
LEED-ND never anticipated that a proj-
ect could be built on a network of nearby 
sites rather than a single plot of land. “Our 
project barely made the minimum number 
of points,” Moore says.

Still, the professor sees improvements in 
the standards and regards the widespread 
adoption of LEED as a positive trend. 
“What started as voluntary becomes man-
datory, which is how social values change,” 
Moore says, citing the Building Research 
Establishment Environmental Assessment 
Method, the U.K.’s equivalent of LEED, 
which has now been integrated into that 
nation’s building regulations.

Indisputably, in a few short years LEED 
has rapidly taken the U.S. from a nation of 
environmentally thoughtless architecture 
to a nation where even the gas stations are 
trying to go green. Whether the system can 
ultimately build an environmentally friend-
ly country remains an open question.  •

Daniel Brook has written on architec-
ture for Harper’s, Metropolis and the 
online magazine Slate and is author of 
The Trap: Selling Out to Stay Afloat in 
Winner-Take-All America (2007).

For Houses, too?
The U.S. Green Business Council released 
a LEED system for individual homes this 
past January in hopes of encouraging 
architects to design dwellings that use 
less energy, water and natural resources. 
Homeowners would ostensibly save 
money by living in a more efficient 
structure. Details can be found at 
www.usgbc.org/leed/homes

Alternative Transportation
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Bigger concept: Las Vegas is redeveloping the old Union Park section downtown so it will have 
min imal environmental impact and qualify for a neighborhood-wide standard known as LEED-ND.
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 Climate Change

tthe basic proposition behind the science of climate 
change is so firmly rooted in the laws of physics that no reason-
able person can dispute it. All other things being equal, adding 
carbon dioxide (CO2) to the atmosphere—by, for example, burn-
ing millions of tons of oil, coal and natural gas—will make it 
warm up. That, as the Nobel Prize–winning chemist Svante 
Arrhenius first explained in 1896, is because CO2 is relatively 
transparent to visible light from the sun, which heats the planet 
during the day. But it is relatively opaque to infrared, which the 
earth tries to reradiate back into space at night. If the planet were 
a featureless, monochromatic billiard ball without mountains, 
oceans, vegetation and polar ice caps, a steadily rising concentra-
tion of CO2 would mean a steadily warming earth. Period. 

But the earth is not a billiard ball. It is an extraordinarily com-
plex, messy geophysical system with dozens of variables, most of 
which change in response to one another. Oceans absorb vast 
amounts of heat, slowing the warm-up of the atmosphere, yet 
they also absorb excess CO2. Vegetation soaks up CO2 as well 
but eventually re releases the gas as plants rot or burn—or, in a 
much longer-term scenario—drift to the bottom of the ocean to 
form sedimentary rock such as limestone. Warmer temperatures 
drive more evaporation from the oceans; the water vapor itself is 
a heat-trapping gas, whereas the clouds it forms block some of 
the sun’s warming rays. Volcanoes belch CO2, but they also spew 

Climatologist James Hansen  
of the NASA Goddard Institute for 

Space Studies warns that atmo
spheric carbon dioxide levels above 
350 parts per million—lower than 

current readings—may trigger 
catastrophic rises in sea level.

The world’s most outspoken climatologist argues that today’s 
carbon dioxide levels are already dangerously too high. 
What can we do if he is right?

By Michael D. Lemonick 

Tipping pointBeyond the
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particulates that diffuse the sun’s rays. 
And that’s just a partial list.

Because including all these factors 
in calculations about the effects of CO2 
increase is hugely difficult, it is no sur-
prise that climate scientists are still 
struggling to understand how it all will 
likely turn out. It is also no surprise, 
given his track record as something of 

a climate change agitator, that James Hansen, director of the 
NASA Goddard Institute for Space Studies, has been circulating 
a preprint of a journal paper saying that the outcome is likely to 
turn out worse than most people think. The most recent major 
report from the Intergovernmental Panel on Climate Change in 
2007 projects a temperature rise of three degrees Celsius, plus or 
minus 1.5 degrees—enough to trigger serious impacts on human 
life from rising sea level, widespread drought, changes in weath-
er patterns, and the like.

But according to Hansen and his nine co-authors, who have 
submitted their paper to Open Atmospheric Science Journal, the 
correct figure is closer to six degrees C. “That’s the equilibrium 
level,” he says. “We won’t get there for a while. But that’s where 
we’re aiming.” And although the full impact of this temperature 
increase will not be felt until the end of this century or even later, 
Hansen says, the point at which major climate disruption is in-
evitable is already upon us. “If humanity wishes to preserve a 

planet similar to that on which civilization developed and to 
which life on Earth is adapted,” the paper states, “CO2 will need 
to be reduced from its current 385 ppm [parts per million] to at 
most 350 ppm.” The situation, he says, “is much more sensitive 
than we had implicitly been assuming.”

As with many of Hansen’s assertions, this one pushes the sci-
ence further than some of his colleagues would be willing to go. 
Back in 1998, for example, Hansen was arguing that the human 
impact on climate was unquestionable, even as other leading cli-
mate scientists continued to question it. He was subsequently 
proved right, not only about the human influence but about the 
approximate pace of future temperature rise. But just as in 1998, 
the underlying motivation for his claims, if not all of his conclu-
sions, is shared pretty much universally. 

The problem is that conventional projections for how warm 
things will get come out of a calculation everyone knows is wrong. 

Called the Charney sensitivi-
ty, it estimates how much the 
global mean temperature will 
rise if atmospheric CO2 is dou-
bled from its preindustrial lev-
els, before people began burn-
ing coal and oil on a grand 
scale. In the mid-1800s car-
bon dioxide concentrations 
stood at about 280 ppm. Dou-

Burning coal: Smoke
stacks for coalburning 
power plants have always 
been deplored for their 
pollution, but their most 
ominous influence now 
may be the huge amounts 
of carbon dioxide they re
lease into the atmosphere.

The situation, 
Hansen says,
“is much more 
sensitive 
than we had 
implicitly been
assuming.”
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ble that to 560 ppm, and the Charney sensitivity calculation tells 
you that temperatures should rise about three degrees C.

But the Charney sensitivity, though not quite as stripped down 
as the billiard ball model, is still an oversimplification. The calcu-
lation does take into account some feedback mechanisms that can 
modify the effects of increasing temperatures on short time scales—

changes in water vapor, clouds and sea ice, for example. But for 
the sake of simplicity, it assumes no change in other, longer-term 
factors, including changes in glaciation and vegetation; in partic-
ulates, such as dust; and in the ability of the ocean to absorb car-
bon dioxide, which diminishes as sea temperature rises. 

Climate Models Struggle with Reality
“Many people, ourselves included, have tended to take [the Char-
ney sensitivity] and apply it to the real world,” says Gavin Schmidt, 
who is also a climatologist at Goddard (though not a co-author on 
the new paper). “But the real world isn’t a model where a few 
things can change while others stay fixed.” At some point, Schmidt 
says, “we have to talk about the real climate.”

That’s what Hansen has attempted to do. He isn’t the first: 
other scientists, including Stephen H. Schneider of Stanford Uni-
versity, have talked for years about bringing additional real-
world factors to standard climate mod-
els. The difficulty is that to add those 
factors, you have to come up with a 
reasonable way to weight them.

Like other climate scientists, Han-
sen and his co-authors use evidence 
from the deep past to sort out these 
feedback mechanisms. Over the past 

800,000 years, for example, we know that the climate has oscil-
lated between long ice ages and much shorter periods of intergla-
cial warmth—much like the conditions we are in now. The rela-
tion between air temperature and CO2 is pretty well understood 
for that period, thanks largely to air bubbles trapped in ancient 
ice cores that have been drilled in Greenland and Antarctica (the 
CO2 concentration inside them can be measured directly; the 
global mean temperature can be calculated from the relative 
abundances of two different oxygen isotopes, which vary with 
how warm it gets).

Cold proof: Scientists 
can reconstruct changes in 

the climate from eras be
fore records were kept by 
chemically examining the 
air bubbles trapped in old 

ice, such as this sample 
collected in Antarctica.

Two PersPecTives

Standard view: Global warming will gradual
ly increase as atmospheric CO2 concentrations 
continue to rise. When CO2 levels pass a certain 
threshold—widely believed to be around 560 
parts per million (ppm)—the rate of global 
warming will accelerate. Most proposals for 
preventing climate change aim to keep levels 
below that threshold, which the earth will 
probably cross around midcentury without 
changes in current emissions trends.

Hansen’s view: Climatologist James Hansen 
argues that the critical threshold may only be 
350 ppm—lower than the current concentra
tion—so severe warming effects could occur 
sooner. Hansen recommends a CO2 reduction 
plan that would eliminate conventional coal 
power plants by 2030. CO2 levels would still be 
above the threshold for decades but would 
eventually drop to safer levels.
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But Hansen points out that the record contains other clues. 
“We also know how sea level changed over that period,” he says, 
from studies tracing the height of ancient shorelines. Because sea 
level rises and falls as continental ice sheets retreat and advance, 
you have a measure of what fraction of the earth was covered 
with a bright white, heat-reflecting coating. As ice retreats in a 
warming world, more dark surface is exposed to absorb solar ra-
diation, which makes the world even warmer, melting even more 
of the ice. Conversely, a cooling world gets cold faster as ice 
sheets advance. This is one of the key feedback mechanisms left 
out of the Charney sensitivity calculation, partly because it is 
thought to happen only over hundreds of years, and, Hansen 
says, partly because “it just hadn’t sunk in that the paleoclimate 
record is a remarkable source of info on climate sensitivity.”

Using that record, for example, Hansen concludes that even if 
the human race could maintain today’s level of atmospheric CO2, 
which stands at 385 ppm—not even halfway to the atmospheric 
doubling we are headed for—sea level would rise several meters 
thanks to the disintegration of continental ice sheets. Moreover, 
he thinks disintegration may happen much faster than one might 
naively expect. “We didn’t have convincing data on this until we 
had the gravity satellites,” he says, referring to GRACE, a pair 
of orbiters that can detect tiny local changes in the earth’s gravi-

tational field. “Greenland has 
gone from stable mass in 1990 
to increasing ice loss. Another 
big surprise is West Antarcti-
ca, where despite little actual 
warming, the ice shelves are 
melting.” As those partially 
floating ice shelves melt, land-
based glaciers are free to slide 
more rapidly to the sea. In 

Toll of warming: As the earth grows warmer, 
 local climates may change dramatically and dis
rupt the human societies built there. Shifting rain 
 patterns will lead to droughts (right) or flooding 
(below); rising sea levels will also flood lowlying 
coastal areas.

The only way i 
can see of doing 
it is ... to cut off 
emissions from 
coal entirely by 
2030. 

–JAmEs HANsEN
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capturing carbon: Burying 
industrial co2 could someday 
help forestall global warming.
Carbon capture and sequestration is one strategy that might offset 
some of the climate effects of burning fossil fuels in the future. New 
technologies would bear on coalburning power plants and other facili
ties, such as cement factories, that normally produce and vent large vol
umes of CO2 in their flue exhausts (stage 1). The waste gases would  
instead pass through units that scrubbed the CO2 free of the other com

ponents and captured it (stage 2). The gaseous CO2 would be com
pressed and liquefied for storage and, if necessary, transported by pipe
line or other means (stage 3) to the final disposal site—which ideally 
should be as nearby as possible. The CO2 would then be locked under
ground by injecting it into saline aquifers, depleted gas or oil fields, or 
coal beds (stage 4). Making sure that the buried CO2 did not escape 
prematurely would be essential, however. James Hansen’s proposals 
would make such a scheme mandatory at all coalburning power plants 
by 2030. Unfortunately, the technology for carbon capture and seques
tration is still mostly at the demonstration stage.

Greenland, meltwater from the top of the glaciers is evidently 
pouring down through cracks to lubricate the underside of the 
ice sheets, easing their flow out to the ocean. 

Warming temperatures, Hansen says, not only increase the 
amount of meltwater on the surface of the ice but also increase 
rainfall. “Ice-sheet growth,” he says, “is a dry process. Disinte-
gration is a wet process, so it goes a lot faster.”

If today’s CO2 levels would lead to several meters of sea-level 
rise—putting many coastal areas, housing hundreds of millions 
of people, completely underwater—then letting CO2 rise to 560 
ppm could lead to a disaster of unimaginable proportions. Even 
a rise to 450 ppm could be catastrophic, according to Hansen’s 

team’s analysis. Before about 35 million years ago, the planet 
was completely ice free, so warm-water alligators and lush red-
wood forests thrived above the Arctic Circle. The transition to 
large-scale glaciation in Antarctica began, the researchers esti-
mate, when CO2 dropped to 425 ppm, plus or minus 75 ppm. 
Most of the ice should therefore disappear again if we reach that 
point—and if all of Antarctica’s and Greenland’s glaciers were 
to melt, sea level would rise many tens of meters. The only way 
to keep CO2 concentrations as low as that, Schneider says, is to 
have the entire world adopt California’s strictest-in-the-nation 
proposals for limiting carbon emissions—something that is hard 
to imagine even the other U.S. states agreeing to, let alone devel-

stage 1
Power plant 
production

stage 2
CO2 separation and 
capture facility

stage 3
CO2 transport

stage 4
CO2 injection

Power plant

Capture 
facility

Compressors

Carbon 
separation

Transport 
pipe

Transport 
by ship

Storage

Injection 
pump

Deep saline 
aquifers

Depleted oil or 
gas reservoirs

Unmined 
coal beds
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oping  nations such as India and China.
That’s only taking the feedback from 

melting glaciers into account. “Changes in 
vegetation, in atmospheric and ocean 
chemistry, and in aerosols and dust in the 
atmosphere all appear to be positive feed-
backs on temperature changes,” Schmidt 
says. “If global average temperatures 
change for any reason, those other ele-
ments will amplify the change.” Other 
positive feedbacks include the release of 
CO2 dissolved in the oceans, which will 
happen as they warm up, and the acceler-
ated release of other greenhouse gases—

methane, for example, from biomass that 
will begin rotting as permafrost melts in 
the Arctic.

Given Hansen’s eminence as a climate 
scientist, one might expect that his analy-
sis would have triggered a general panic. 
And it has—but not among scientists. 
“This month may have been the most im-
portant yet in the two-decade history of the fight against global 
warming,” wrote journalist and author Bill McKibben in the 
Washington Post this past December, shortly after Hansen spoke 
about his new calculations at a conference: “[350 ppm is] the 
number that may define our future.” McKibben has even created 
an organization he calls 350.org to spread the word. Other activ-
ists and bloggers have reacted with similar alarm.

Most climate experts turn out to be much less exercised, even 
though they take the danger of global warming very seriously. The 
reason: Hansen and his colleagues base their new estimate of cli-
mate sensitivity and of the various tipping points represented by 

different feedback mechanisms on a record of ancient conditions 
that are not really well understood. “The problem,” Schmidt says, 
“is that the further back you go, the less you really know. The er-
ror bars get very large.” The planet’s ice-free periods are, he ad-
mits, “very interesting—they’re like the periods we think we’re 
heading for, and in principle they can tell us a lot about the cli-
mate sensitivity to CO2 changes.” 

And although you can infer atmospheric CO2 levels indirectly, 
from changes in the acidity of ocean sediments, for instance, 
Schmidt notes that this involves assumptions that might be wrong. 
“People generally think CO2 was higher then, but you can’t get a 

Other solutions: Natural processes might  
also be exploited to pull CO2 back out of the air. 
Reforestation projects (left) will help because 
growing trees incorporate CO2 into their tissues. 
Meanwhile “biochar” charcoal that is made 
from agricultural waste burned inside kilns  
(below) can be tilled into soil to tie up  
carbon—and boost soil fertility.
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precise number or a precise time series. Jim would say that the true 
climate sensitivity is twice the Charney sensitivity, but it could be 
three times, it could be one.” Similar uncertainties surround the 
ebb and flow of continental ice sheets. “It’s quite possible,” 
Schmidt says, “that the ice sheets across North America might 
have been more sensitive than those in Greenland, which would 
explain why Greenland’s have persisted.”

That appears to be a widespread consensus. “Jim’s analysis is 
very shrewd,” says Michael Oppenheimer, a professor of geosci-
ences and international affairs at Princeton University. “It’s some-
thing we all should be thinking about, but the uncertainties are so 
large that it’s a weak point.” Schneider, too, offers praise overall 
but caution about specifics. “Jim’s doing great work,” he says, “but 
I wish he’d get off absolute numbers. It’s not as though the world 
is okay with 1.8 degrees of warming but turns into a pumpkin at 
2.2 or something.” 

Seeking a Workable Solution
Indeed, although few climate scientists are ready to buy Hansen’s 
argument in detail, they agree that the changes already observed 
are ominous. “Where I’ve come down on this,” says Fred Krupp, 
president of the Environmental Defense Fund, “not sparked by 
Jim Hansen but by watching coral reefs die and Antarctic ice 
sheets break off sooner than we ever expected, is that we need to 
stabilize CO2 at current levels or below.”

Lurking behind this general tone of caution is the sense that re-
ducing the growth of CO2 emissions is a daunting enough pros-
pect by itself, given that the world’s population continues to grow 
and that countries such as India and China are determined to 
catch up to the developed world economically. Halting that 
growth entirely would be even more difficult, and actually draw-
ing down the amount of CO2 in the atmosphere seems largely in-
conceivable. Nevertheless, Hansen and his co-authors lay out a 
possible strategy. “The only way I can see of doing it,” Hansen 
says, “is, first of all, to cut off emissions from coal entirely by 
2030.” Coal, he points out, is the single biggest fossil-fuel reser-
voir of carbon, and because it is only burned in power plants, not 
as transportation fuel, “it can be captured at just a few sources 
rather than millions of tailpipes.” 

To push coal-based carbon emissions down to zero, he and his 
colleagues suggest, the world has to agree that, starting right 
away, no new plants will be built unless they have the capability 
to capture waste CO2 before it leaves the smokestack. At the 
same time, existing plants will either have to be retrofitted with 
capture technology or phased out by 2030.

A second major effort, the authors say, would involve massive 
reforestation of areas that have been denuded of trees. “Defores-
tation contributed a net emission of 60 ± 30 ppm over the past 
few hundred years,” they write, “of which ~20 ppm CO2 remains 
in the air today.” Regrowing forests, they argue, could absorb all 
of that excess and more. And finally, they favor the use of “bio-
char,” or charcoal made from agricultural waste and other bio-
mass. If burned or left to decay, this biomass releases CO2. When 
converted to charcoal and tilled into the soil, it does two things. 
First, it is exceptionally stable, so it keeps carbon sequestered for 

centuries, at least. Second, it increases soil fertility, because it ad-
sorbs nutrients and keeps them available for new crops. “Replac-
ing slash-and-burn agriculture with slash-and-char,” they write, 
“could provide a CO2 drawdown of ~8 ppm in half a century.” 
More speculative technologies might also eventually be able to 
draw CO2 out of the atmosphere and lock it up in minerals, al-
though their potential scale and expense are still guesswork.

But possibility and plausibility are two different things. Han-
sen and his colleagues have produced a road map; getting all the 
biggest carbon emitters to go along will be tough. The scheme 
would take decades to implement even if every nation agreed to 
it today. The task, the scientists admit, “is Herculean yet feasible 
when compared with the efforts that went into World War II.” 
Schneider, though just as concerned as Hansen about the dangers 
posed by increasing atmospheric carbon, has a less optimistic 
view. “It has no chance in hell,” he says. “None. Zero. The best 
thing we can do is to overshoot, reach 450 or 550 parts per mil-
lion, then come back as quickly as possible on the back end.” And 
even that, given the political barriers to quick and effective ac-
tion, will be difficult. •

Michael D. Lemonick, a freelance journalist and former senior 
writer for Time magazine, teaches science journalism at Prince
ton University.

The problem is that the 
further back you go, the less 
you really know. The error 
bars get very large. 

–GAViN sCHmiDt  
NAsA Goddard institute
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Eco-c tiEs of  the Future

GrowinG in the bay

treasure island: 
a polluted military 
base is being 
transformed into 
a dense green 
neighborhood.

Today it is an almost completely paved naval air 
base built atop earthen material dredged from 
the San Francisco Bay in the 1930s. By 2020 it is 
scheduled to become one of the most sustain-
able communities in the U.S. According to a 
master plan from the engineering firm Arup, 
the 400-acre island would be home to 6,000 
new apartments and condominiums surround-
ed by large buildings along the San Francisco 
coastline. The homes—and the adjacent busi-
nesses they supported—would get 50 percent 
of their power from renewable resources, in-
cluding solar electricity and solar water heat-
ers. In fact, the compact street grid has been 

oriented 35 degrees north of due south to max-
imize the exposure of the rooftop photovoltaics 
to sunlight—as well as to enable the structures 
to shield residents from brisk bay winds. All the 
buildings would be within a 15-minute walk of 
a ferry terminal to San Francisco. And residents 
could obtain much of their fresh produce from a 
local organic farm that would use as fertilizer 
the waste from the water treatment plant al-
ready on the island. 

Even so, the development would not be en-
tirely environmentally friendly, at least in 
terms of greenhouse gas emissions. “It doesn’t 
seem feasible given the available technology 
and the need for the owner to make a profit to 
go for net zero carbon,” explains Gary Law-
rence, a principal at Arup. “We’re going to 
make it as carbon-neutral as possible.” Law-
rence adds that building costs will be reason-
able. “If you do green development through 
an up-front  integrated design strategy, like 
here, there shouldn’t be any price premium for 
green  design.”

by David biello 

Massive developments proposed for the U.S., China and Abu Dhabi 
aim to reduce or even eliminate the environmental cost of city living

Aerial plan

Streets angled for sun 
exposure of rooftop 

photovoltaics

Organic farmsExtensive 
parks

•
 urban planning
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Eco-c tiEs of  the Future

treasure island 
at a Glance
Location: San Francisco Bay
Size: 450 acres
Schedule: Groundbreaking in 2010, 
first homes available in 2013, 
completed by 2020
Future population: 13,500 people, 
drawn by a mixture of market-rate and 
more affordable housing
Cost: Confidential but estimated at  
$3 billion
Green features: In addition to gaining 
new buildings, Treasure Island will be 
mostly returned to nature: 300 of the 
450 acres will be parks, farms and oth-
er greenery. The 6,000 new housing 
units will be clustered densely in tall 
buildings near ferry terminals on the 
south and west coasts.

Lores

Northern view of 
Treasure Island in 2020

The island today

Ferry terminal
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Green in the yanGtze

Dongtan: one of the 
earliest eco-cities 
announced may take 
longer than anticipated 
to complete.
In August 2005 the Shanghai Industrial Investment Corpo-
ration hired the engineering firm Arup to design an “eco-
demonstrator” satellite city for the booming coastal mu-
nicipality. It would be anchored on Chongming Island, Chi-
na, one of the largest alluvial islands in the world, which 
has been steadily expanding because of heavy silt runoff 
at the mouth of the Yangtze River. The planned communi-
ty would start small but reach full size—at least 500,000 
residents—by 2050, all while maintaining much of the nat-
ural wetlands that provide one of the few remaining refug-
es for birds in the rapidly developing country. 

Among the first eco-cities ever announced, Dongtan 
was planned to be zero waste, energy-efficient, powered 
largely by sea breezes and free of vehicles running on fossil 
fuels. But construction has been delayed until at least 
2009, largely because of the torrid pace of development in 
other areas of Shanghai, according to Roger Wood, a direc-
tor at Arup. The bridge and tunnel link to the mainland, 
now being built and due for completion in phases begin-
ning in 2009, “will be one of the catalysts for development 
starting,” Wood says. 

He remains enthusiastic about the project because Chi-
nese leaders, both locally and in the central government 
(among them President Hu Jintao), have urged a new focus 
on construction that is more ecological. In addition to 
Dongtan, Arup is involved in planning at least four more 
eco- cities in China, including the revitalization of the old 
steel town Wanzhuang in Hebei Province between Beijing 
and the port city of Tianjin.

China’s first eco-city in 2050
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Dongtan at a Glance
Location: Chongming Island, Shanghai, China
Size: 250 acres in 2010, 1,600 acres in 2020, 7,400 acres  
in 2050 on an island of 300,000 acres
Schedule: Construction begins in 2009, with first units 
available in 2010. To be completed in 2050
Future population: Unclear, but 5,000 people initially and 
at least 500,000 ultimately
Cost: Undisclosed
Green features: In addition to protecting wetlands for 
birds—and returning some agricultural land to nature—

Dongtan will recover, recycle and reuse 90 to 100 percent of 
its waste. Wind and biomass will provide all electricity, and 
hydrogen-powered or plug-in electric vehicles will provide 
most transportation. “Within the boundaries of the city, ve-
hicles should run only on renewable energy or energy that 
doesn’t have any emissions,” says Roger Wood of Arup.

Chongming 
Island

Yangtze 
River

Shanghai

Tabletop model of the planned city
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Bridge and 
tunnel link

Wetlands 
bird refuge

Organic 
farms

Wind 
turbines
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site

Future 
airport 
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High-speed rail
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Masdar: oil wealth fuels 
construction of an ecological 
city in the arabian desert.
A sheikhdom whose wealth rests on black gold is building a city that 
will not rely on any of it. Subterranean electric cars—dubbed Personal-
ized Rapid Transit—will ferry passengers from point to point because 
the city of Masdar, whose name translates as “the source,” will be off-
limits to automobiles. Solar power plants in the surrounding sand, al-
ready in early construction, will provide electricity for lighting and air-
conditioning and for desalinating ocean water. Wind farms will contrib-
ute, along with efforts to tap geothermal energy buried deep 
underneath the earth. The municipality, which will ultimately aim to be 
zero carbon and zero waste, will boast a plant to produce hydrogen as 
well as fuel from the residents’ sewage, according to planners Foster + 
Partners. Perhaps most important for the desert city, all water will be 
recycled; even residents’ wastewater will be used to grow crops in en-
closed, self-sustaining farms that will further recycle their own water. 
“We must fundamentally rethink how cities can conserve energy and 
other resources,” said Sultan Al Jaber, Masdar Initiative CEO, this past 
June in an address to a U.S. congressional committee. “We must heavi-
ly employ new technologies and even create new urban models.” 

David Biello is an associate editor reporting on the environ-
ment for ScientificAmerican.com.

Personalized Rapid Transit vehicles on fixed paths (to be  
installed underground) will replace automobiles.

Artist’s conception, 2016

Masdar at a Glance
Location: Abu Dhabi, United Arab 
Emirates
Size: 1,600 acres
Schedule: Completion by 2016
Future population: 30,000 people 
from the wealthy emirate
Cost: At least $22 billion (amount com-
mitted by the U.A.E. government)
Green features: Zero waste, zero car-
bon emissions and zero energy from 
fossil fuels are the goals of this com-
munity, one of the first major eco- 
cities to break ground. Desalination, 
drawing on large amounts of electrici-
ty from solar, wind and geothermal 
sources, will be key to sustaining this 
desert city. Creative but traditional 
 architecture, including wind towers, 
will aid in cooling inhabitants.

Desalination 
plant
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aa typical farm burns vast quantities  
of fossil fuels to plow fields, sow seeds, 
reap harvests and truck products many 
miles to population centers. It spreads 
heaps of petroleum-based fertilizers, 
which then run off into streams and water-
sheds. It also consumes rivers of freshwa-
ter and casts pesticides across the country-
side. Raising chickens and pigs further 
insults the earth with unhygienic filth. 

Why not grow grains, vegetables and 
fruits right where the expanding crowds 
of consumers are: in the middle of a city, 
inside a tall glass building? Poultry and 
pork could be reared there, too. A vertical 
farm would drastically reduce the fossil-
fuel use and emissions associated with 
farm machinery and trucking, as well as 
the spread of fertilizer and its runoff. 
Crops could grow and be harvested year-
round instead of at the end of one season, 
multiplying annual yield by at least four 
times. Urban agriculture could also con-
vert municipal wastewater into irrigation 
water, reducing a city’s refuse problem. 
And consumers would get the freshest 
food possible, without pesticides.

A fanciful notion only a few years ago, 
vertical farming has captured the atten-
tion of large developers that are planning 
more sustainable cities, such as the multi-
national firm Arup, and municipalities 
that are looking to reduce environmental 
damage and the cost of treating wastewa-
ter. Although growing crops in downtown 
skyscrapers may seem strange, Dickson 
Despommier of Columbia University, who 
has championed the movement, says the 
practice makes perfect sense. “When it’s 
98 degrees and 80 percent humidity out-

side, we humans sit inside a controlled en-
vironment that is 72 degrees and 25 per-
cent humidity,” he says. “We’ve done that 
for our homes and offices. Why can’t we 
do that for our crops? Well, we can.”

Proponents also say we must. If, as de-
mographers project, the world’s popula-
tion rises from six billion to nine billion by 
2050—almost entirely through a net addi-
tion to urban populations—the planet will 
need to cultivate a billion more hectares of 
arable land, roughly the area of Brazil. Re-
searchers say that much arable land simply 
doesn’t exist.

The science for indoor farming does 
exist. Agronomists have developed crops 
that thrive in lightweight, engineered soils 
such as vermiculite or in water (hydropon-
ics). NASA has devised crops that grow by 
dangling in air infused with a mist of wa-
ter vapor and nutrients (aeroponics). Large 
greenhouses in several countries, notably 
the Netherlands, are producing substan-
tial yields using these techniques. Accord-
ing to Despommier, a 30-story farm that 
covered a city block could feed 50,000 
people year-round [see illustration on pag-
es 78 and 79].

Skeptics worry that indoor crops would 
have to be genetically modified to thrive, 
but Despommier says such alteration is 
unnecessary: “None of these crops has to 
be modified further for life indoors. In 
fact, they’ll do much better because we 
can match their growth characteristics 
with temperature and humidity condi-
tions and nutrition profiles.” 

Cultivating crops in downtown skyscrapers might save bushels  
of energy and provide city dwellers with distinctively fresh food

By Mark Fischetti

Dickson Despommier envisions a future  
in which urban farming feeds the masses.
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Engineering that environment itself is 
the greater challenge. Providing sufficient 
light and water is relatively easy. What’s 
harder is controlling the indoor flow of air 
and nutrients, efficiently recycling water 
and devising high-tech incinerators that 
burn plant waste to produce energy that 
augments wind and solar power. 

Operating costs are an issue, of course, 
including winter heating and harvesting. 
But the fertilizer and fuel consumed for 
traditional farming is expensive, too; wit-
ness the run-up in food prices this year. 
Governments also pay out billions of dol-
lars annually to rescue farmers who lose 
crops to drought and floods such as those 
that ravaged the Midwest this past June.

Although real estate in cities would  

seem too pricey for farming, Despommier’s 
grad uate students surveyed New York City 
and found many abandoned buildings and 
lots where high-rise farms could sprout. 
“And they don’t all have to be big towers,” 
Despommier allows. “You can do this on 
the rooftops of hospitals and schools,” 
which would use the food in their own 
commissaries. “You can do this along the 
periphery but still within city limits. You 
can do this on open stretches of air force 
bases and airports and city islands.”

Reducing a city’s wastewater burden is 
also attractive. New York City produces 
1.4 billion gallons of liquid waste every 
day, according to city reports. This mas-
sive stream is simply thrown away—it is 
mixed with chlorine at 14 treatment plants 
and dumped into local waterways. Instead 
urban farms could reprocess wastewater 
for irrigation. Developers that are design-
ing sustainable eco-cities are talking to 
Despommier about vertical farming for 
that reason as well as its other appealing 
promises of more environmentally sound 
food production. “I keep asking people, 
‘What’s wrong with this picture?’ ” Des-
pommier notes. “Once they think about 
it, they say, ‘Nothing.’ ” •

Mark Fischetti is managing editor of 
Scientific American Earth3.0.

Outside of control: June floods ruined billions  
of dollars of Midwestern crops; indoor farms 
avoid nature’s wrath.

Dickson 
Despommier: 
Growing crops 
indoors could serve 
the rich and poor.

Dickson Despommier may seem an un-
likely leader for a radical movement to-
ward vertical farming. The affable mi-
crobiologist and trout fisherman spent 
27 years at Columbia University inves-
tigating parasitic diseases. But when 
his grant money ran out, he began 
teaching medical students how envi-
ronmental mechanisms, including ag-
riculture, can spread pathogens. He re-
alized one significant way to reduce 
pestilence would be to grow crops in-
doors under controlled conditions.

After years of study with teams of 
graduate students, he became convinced 
that growing food in skyscrapers in the 
middle of cities made environmental 
and economic sense, and he started 
spreading the word. Now big develop-
ment firms designing urban reclamation 
projects and entire eco-cities for the 
U.S., Europe, the Middle East and Chi-
na are suddenly knocking on Despom-
mier’s door. So are city governments 
from Chicago, Las Vegas, Shanghai and 
Inchon, South Korea. He has quickly 
become the central figure in what could 
be a worldwide revolution in food pro-
duction and waste reduction. 

Scientific American spoke with 
Despommier about his motivations in 
his office at Columbia University Medi-
cal Center, situated at the northern tip 
of Manhattan between a narrow Hud-
son River greenway and the abandoned 
lots where he would like to build the 
first prototype farm.

A primary motivation for vertical farm-
ing, Despommier says, is reducing 
damage to the environment. 
“Traditional farming takes incredible 
amounts of energy and creates all sorts 
of environmental costs. It’s fossil-fuel 
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Pros and cons of 
vertical farming:
+  Fossil fuel for plowing fields and 

trucking food to market is not needed

+  Fertilizer and pesticides 
are eliminated

+   Crops grow 24 hours a day, 
year-round, for greater yields

+ Consumers receive fresher food

–  Glass-walled farms could 
be expensive to build

–   City sites could be costly or 
hard to come by
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use for plowing, for weeding, for planting, 
for harvesting, for storing, for shipping, for 
freezing. All that is gone if you do it within 
a city. I’ll bet you right now that [growing] 
a bushel of crops indoors takes less energy 
than a bushel of crops outdoors.”

Farmland would return to nature.
“Among other things, we want to give 
land back to nature. Farmers could get 
paid for allowing their fields to grow back 
into forests. The Kyoto Protocol [provi-
sions] will actually give them money for 
this. At one point they’ll be getting much 
more money than they could have gotten 
for corn. And for up to 50 years the trees 
will sequester carbon.” 

Vertical farms would demonstrate  
that renewable energy can work in  
industrial settings.
“The biggest issue is where to get the en-
ergy to run these things. As much as pos-
sible will come from solar and wind. 
More comes from incinerating the parts 
of plants we don’t eat; farmers just plow 

that back into the earth. The 
rest comes from recycling the 
energy from liquid municipal 
waste. We don’t have to burn 
a thimbleful of fossil fuel.”

Despommier also wants to exploit indoor 
farming to feed the world’s poor. 
“You and I can afford to pay for the food 
we want, but what about the person who 
spends 50 percent of his income on food? 
Let’s take indoor farming to places where 
it’s really needed. Let’s go to Darfur. Let’s 
go to Mali. Let’s go to Myanmar. They 
have no food, no water, nothing. We can 
make these enclosed farm units like 
MASH units. We can make them modu-
lar—string them together in the desert or 
stack them on top of one another. Let the 
rich countries pay for it. I can guarantee 
you that if I am personally in charge of  
a vertical farm in the South Bronx or the 
middle of Harlem, another project will  
be going up at the same time in a poor 
country. There has to be some social jus-
tice here.”

To succeed, Despommier  
is promoting his vision to  
everyone from venture capi-
talists to the general public, 
even appearing on the late-
night news farce The Colbert 

Report. But the best sales tool would  
be a successful prototype farm; Despom-
mier is lobbying New York City to desig-
nate an abandoned lot on which he can 
build one.
“The prototype will be an experimental 
laboratory for how to invent vertical 
farming. I imagine it as a five-story build-
ing, about an eighth of a city block in 
footprint. I’ll invite the scientists of the 
world to give me their best insights on 
how to do it. We’ll call it something like 
the Center for Urban Sustainable Agricul-
ture. I would like to be the head of that 
center someday, before I pass on and get 
recycled.”

Seeds in hand, Despommier wants New York 
City to designate a vertical farm site amid  
its concrete canyons.

 A variety of indoor 
farming designs can 
be seen at 
www.verticalfarm.com
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A
Fuel-Cell Cars
Two street-legal models provide a nice ride

By James R. Healey

amid many promises about futuris- 
tic automobiles, an unlikely one seems to 
be coming true: hydrogen fuel-cell cars.

No, you can’t buy a hydrogen car 
from a local dealer. But General Motors 
(GM) and American Honda Motor are 
putting close to 300 street-legal, full- 
featured, hydrogen fuel-cell machines 
into the hands of individual American 
drivers for use in real-world conditions. 
Long-term, a fleet could help reduce  
dependence on oil and lessen greenhouse 
gas emissions because the cells produce 
no pollution, just water.

“We’re not developing [these] as  
a science project,” says Troy Clarke, 
president of GM’s North American  
operations. The cars are “a market  
reality,” adds John Mendel, executive 
vice president of American Honda. 

Which leads the curious, eco-minded 
consumer to wonder: Do the current 
models drive well enough to support those 
claims? I had a chance to find out. I spent 

a day in northern Virginia with one of the 
first of 100 Chevrolet Equinox fuel-cell 
SUVs that GM is distributing and another 
day in southern California with a version 
of the Honda FCX Clarity sedan, 200 of 
which the company began leasing in June.

Chevy Equinox
GM is giving Equinoxes (such as the one 
I drove) to consumers for three months at 
a time. The company pays all the bills. 
Drivers get a short training class, then 
pump their own hydrogen at GM-select-
ed sites in southern California, New 
York and Washington, D.C.

During my drive, I kept 
listening, in vain, for the 
whine of the air compressor 
that force-feeds oxygen 
into the fuel cell to mix 
with the hydrogen to create 
electricity. That sound has 
been a consistent annoy-
ance in earlier hydrogen  

fuel-cell prototypes—everybody’s, not 
just GM’s. But GM has silenced the intru-
sion by redesigning the compressor and 
adding insulation.

The roar of the fan that cools the  
battery pack was evident, however. GM 
says the noise will be remedied in ve   hicles 
built after mine. The nickel-metal-hy-
dride batteries—which kick in when the 
fuel cell can’t keep up with demand—sit 
under the backseat. That puts any racket 
from the cooling apparatus too close  
for comfort.

The strong, instant torque that an 
electric motor provides in low-speed 

driving was a pleasure. Just 
push the throttle pedal, and 
away you go. It was hard not 
to be mischievous sitting 
next to muscle cars at stop-
lights; I discovered that most 
electric cars can outacceler-
ate gasoline hot rods . . .  for 
about half a block—enough 
to make a point.

Over longer distances the thrill van-
ishes, however. GM says the Equinox 
will accelerate from standstill to 60 miles 
per hour in 12 seconds, closer to sluggish 
than speedy, though brisk enough to suit 
moderate drivers. When I nailed the 
throttle at freeway speed, little punch 
was left. Passing on two-lane roads can 
be done only with careful consideration.

The four-door test vehicle had 120 
horsepower—about two-thirds the typi-
cal amount for a midsize SUV. The 
transmission was a one-speed unit, pos-
sible because electric motors deliver all 
their torque instantly. The result was  
inherently smooth power delivery. But  
I would have preferred a continuously 

Equinox’s Claims

Front-wheel-drive SUV
120 horsepower
0 to 60 mph: 12 seconds
39-mpg equivalent 
(in our test: 39 mpg)
Range: 150 miles

ST
EV

E 
FE

CH
T 

U
PI

/L
an

do
v

© 2008 SCIENTIFIC AMERICAN, INC.



w w w.Sc iAmEar th3 .com 81

CO
U

RT
ES

Y 
O

F 
H

O
N

D
A

variable transmission like 
that used in various hybrid 
cars, or some other high- 
efficiency automatic, to  
leverage the motor’s power 
a little more, especially 
when driving in middle 
speed ranges and with a 
full load over hilly terrain.

Honda Clarity
In June, Honda Motor rolled out the first 
of about 200 Clarity fuel-cell sedans that 
will be produced over a three-year peri-
od. The “vast majority” of those will be 
for the U.S., according to spokesperson 
Sage Marie. The rest go to Japan.

Honda is distributing Clarities through 
a handful of southern California dealers 
to Honda-vetted customers who will sign 
three-year leases at $600 a month. Actor 
Jamie Lee Curtis was one of the first five 
people to sign up. After receiving instruc-
tion on hydrogen fueling, drivers will 
pump and pay for their own hydrogen at 
several Honda-approved stations.

My ear said the Clarity test car’s com-
pressor whine was too obvious. Honda 
pledged to exorcise the noise before 
handing over the cars to consumers. On 
the other hand, cooling for the Clarity’s 
cache of lithium-ion batteries was si-
lent—the opposite of the Equinox. The 
electric power steering was a bit touchy, 
but Honda seemed unconvinced that 

any correction was needed.
Honda says the four- 

passenger sedan will hit 60 
miles per hour from a dead 
stop in just nine seconds. I 
found it lazier off the line 
than those numbers sug-
gest. But I was surprised at 
how eager it seemed in mid-
range speeds where most 

driving is done and where the compres-
sor’s whine was minimal.

I also tested the Clarity’s handling on 
the twisting canyon roads northwest of 
Los Angeles and found the car to be agile 
and able to easily stay in its lane through 
corners. It wasn’t a sporting vehicle, 
though: for one thing, the low-rolling- 
resistance tires didn’t grip as well as con-
ventional rubber would have. And that 
sensitive steering required frequent, small 
corrections. The average driver probably 
will be more interested in how well the 
car saves fuel, however.

In the end, the driving personalities of 
the two test vehicles, with a few excep-
tions, were close enough to those of ordi-
nary gasoline-powered cars that if buy-
ers ultimately reject fuel-cell machines, it 
won’t be because the cars seem unfamil-
iar from behind the wheel.  •

James R. Healey is a senior automotive  
writer for USA Today and pens the  
paper’s weekly Test Drive column. 

Miles per 
Kilogram?

Fueling the GM Equinox and Honda 
Clarity fuel-cell cars with hydrogen 
takes about five minutes: a nozzle from 
the pump goes into a receptacle open-
ing on the car. Because the hydrogen is 
under high pressure, the hoses have 
latches to secure the fit. If hydrogen 
happens to leak, the gas rapidly dis-
perses into the atmosphere, leaving no 
concentration to ignite or explode, as 
many people seem to fear.

Hydrogen at the filling stations 
used by the GM and Honda drivers is 
$5 to $6 a kilogram (the energy equiv-
alent of one gallon of gasoline). A fuel-
cell vehicle goes about twice as far on 
a kilogram as a gasoline car goes on a 
gallon, however, so the net energy cost 
is lower. Honda forecasts the equiva-
lent of 68 miles per gallon for the Clari-
ty in combined city-highway driving, 
but my test vehicle’s trip computer  
registered a 55-mpg equivalent. The 
tank holds enough for 270 miles.

GM says the Equinox is rated at  
39-mpg equivalent in combined driv-
ing. The trip computer in the tester did 
indeed show 39 mpg; the vehicle holds 
enough hydrogen for 150 miles.

GM and Honda have chosen drivers 
who live close to a handful of stations 
the companies deal with. A network of 
stations could perhaps grow from ei-
ther of two sources. Hydrogen is piped 
to oil refineries, where it is used to 
help make gasoline; tapping into those 
pipelines could provide a source for re-
fueling stations. Hydrogen is also used 
in fertilizer factories, which might be  
willing to invest in refueling stations.

Building 12,000 stations across the 
U.S., GM says, would put hydrogen 
within about two miles of 70 percent 
of the population.  —J.R.H.

Clarity’s Claims

Front-wheel-drive sedan
134 horsepower
0 to 60 mph: 9 seconds
68-mpg equivalent 
(in our test: 55 mpg)
Range: 270 miles
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ROCKS
 By Jim Cornfield

Take a trip. Roll up your sleeves. Have some fun 

Rain forests and tundra, deserts and savannas, mountaintops and undersea reefs. No spot on the planet is 
too remote for the movement that has changed the face of leisure travel. Ecotourism, in all its various guis-
es—green tourism, sustainable tourism, adventure travel—has gained traction as enthusiasts seek to expe-
rience the earth’s wonders while treading lightly on them. 

Lately a new subset of this boom has emerged. “Voluntourism” ramps the ecological impulse up a 
notch, providing ways for vacationers to help save the world’s sustainable resources. The trend has been 
described as a kind of mini version of the Peace Corps. Depending on your interests, you could find yourself 
repairing trails leading to Old Faithful, tracking sharks in the Atlantic, or mixing cement for housing in the 
Andes. Voluntourism is becoming a significant growth sector of the travel industry. Online trip planner 
Travelocity, for example, now partners with tour operators such as GlobeAware, Cross-Cultural Solutions 
and Take Pride in America, which specialize in launching voluntourists on service-oriented vacations.

One organization, the Massachusetts-based Earthwatch Institute, places travelers in cutting-edge field 
research projects around the globe. During these stints, most lasting one to two weeks, volunteers work 
alongside professional, peer-reviewed scientists, all authorities in their disciplines and all expecting  
meticulous performance and dedication from their newfound assistants. This arrangement is probably the 
ne plus ultra of the voluntourist experience, and Earthwatch is the acknowledged arranger. Here are three 
expeditions that offer natural beauty, enjoyment and meaningful participation. 
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EEaster Island (Rapa Nui) is a lonely little tri-
angle of mid-Pacific volcanic rock. Two thou-
sand miles from either of its nearest populated 
neighbors, Tahiti and Chile, the island is gen-
erally regarded as the world’s most remote in-
habited site. Despite the isolation, it was once 
home to a vibrant civilization that left behind, 
among other relics, the familiar Moai, the gi-
gantic stone heads that have become the is-
land’s signature icons. The resonance between 
Rapa Nui’s culture and its rocky, wind-
whipped terrain have made it an important 
ongoing venue for scientific inquiry.

Archaeologist Christopher Stevenson, a 
longtime Earthwatch associate, oversees much 
of this scrutiny. Three times a year he musters 
teams of paying volunteers for 14-day tours as 
researchers to probe the mysteries of Easter  
Island. Much of the work is archaeological, 
but it’s not just a search for pottery shards or 
petroglyphs. Stevenson is fascinated with the 
decline of Easter Island’s civilization and the 
islanders’ failure to maintain sustainable agri-
culture. He focuses primarily on the fragile 
balance between farming in arid, inhospitable 
soil and the powerful infrastructure that plun-
dered labor and resources to build temples and 
the monumental Moai. Easter Island is a 
“model planet Earth,” Stevenson says. It dem-
onstrates the negative pressures that sociocul-
tural demands—political pow-
er and religion included—can 
exert on the sustainability of a 
delicate ecosystem.

Stevenson’s volunteers ex-
tract and analyze soil from an-
cient gardens and small farms 
around the island. Directed by 
his fellow scientist Sonia 
Haoa, they also conduct plot 
surveys and collect artifacts at 
promising archaeological 
sites—data crucial to the on-
going study. The value to the 
volunteers themselves, aside 

from an extreme ver-
sion of “getting away 
from the office,” is 
multifold. “They 
learn about being 
part of a research 
team,” Stevenson 
says. “They acquire 
important skills re-
quired for field investiga-
tion, including adapting quickly to a new cul-
ture. To a large degree, they’re learning what 
actual science is all about.”

Kathi Merritt, an Oregon schoolteacher 
and veteran of several Earthwatch expedi-
tions, reports that she loved the feeling of 
working in the shadow of the legendary 
Moai—“a definite ‘wow!’”—surrounded by 
Rapa Nui’s stark terrain. “It has a barrenness 
that’s beautiful,” she says. “There are lava 
flows and gentle swales of volcanic rock. Oc-
casionally a few of the island’s wild horses 
would wander past.” As to the work, “your 
feet get sore,” Merritt says. “You’re hot and 
sweaty, tramping around the Hiva-Hiva cone 
area, digging up soil, sifting for carbon flakes 
and obsidian, taking detailed field notes—the 
depth of your samples, size of the layers, 
things like that. Then you fill in that hole and 
move on to the next site.” Between bouts of la-

bor, volunteers can enjoy 
swims at Easter Island’s se-
cluded beaches and horseback 
riding over headlands that af-
ford panoramic views of the 
Pacific. For incurable archae-
ology buffs, scores of caves 
and ceremonial sites unrelat-
ed to Stevenson’s project can 
be explored. But to most vol-
untourists, the research is 
their main recreation. Is it 
that enjoyable? “Yes,” Mer-
ritt says, “it’s amazing. I’m 
going back for more.”

Easter
Island

SOUTH
AMERICA

Easter Island
Sustaining “Model” Planet Earth

Want to Go?
www.earthwatch.org/ 
expeditions/stevenson.html
Cost: $3,746*
Upcoming expeditions: 
Sept. 30–Oct. 13, 2008 
Oct. 15–Oct. 28, 2008 
March 22–April 4, 2009 
April 7–April 20, 2009 
April 22–May 5, 2009
* Includes room, meals, fees (all or 

most are U.S. tax deductible); 
excludes airfare

Vacationers unearth agricultural 
artifacts on Easter Island.
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cConservation biologist Bill Newmark heads 
Earthwatch programs in the East African na-
tion of Tanzania. His work had a profound  
effect on one of his voluntourists. Former 
school teacher Alvin Helden joined Newmark 
for an expedition a couple of years ago and 
was powerfully affected by tropical Africa’s 
dazzling biodiversity. He became determined 
“to change the direction of my career.” 
Helden returned to academia as a researcher 
in biology and now lectures full-time at An-
glia Ruskin University in Cambridge, England.

It would be difficult to remain unmoved by the spectacular 
venue. The sprawling grasslands of Tarangire National 

Park are an immensely rich biosphere, home to 
the world’s largest, most diverse population 

of migratory ungulates—hoofed mam-
mals—such as wildebeests, zebras, gi-
raffes, buffalo, gazelles and eland. Mi-
gration is vital to maintaining the popu-
lations of these large prey animals, and 
some species are in serious decline. New-

mark’s Saving the Tarangire Migration 
mission is to determine the “why” of this 

decline. “Wildebeest herds, for example, have 
been decimated, on the order of an 88 percent 
loss since 2001,” Newmark says. “We’re trying 
to get at the cause.”

Using simple GPS units and digital cameras, 
volunteers locate herds, marking their geograph-
ic coordinates, numbers, and the distribution of 
their members by age and sex. Forage samples 
are taken and kill sites are recorded for later 
analysis. Because each of these creatures has dis-
tinctive morphological characteristics—size, col-

oration, hide patterns and sometimes horn shape—they are ex-
haustively photographed, and the pictures are entered into a 
database at the expedition’s base camp. This “photographic 
capture and recapture” enables Newmark to track the move-
ments of herds and specific individuals from year to year. The 
whole process is labor-intensive, and he and his colleagues rely 
heavily on their volunteers, both in the field and at computer 
terminals in camp.

For the voluntourist, doing valuable fieldwork to prevent 
what Newmark calls “losing this part of our natural heritage” 
is immensely satisfying. There’s also a romantic component: 
consorting with fabulous wild creatures by day and relaxing to 
a chorus of exotic birds under a starlit African night.

Want to Go?
www.earthwatch.org/ 
expeditions/newmark.html
Cost: $3,846*
Upcoming expeditions: 
Sept. 17–Sept. 27, 2008  
Oct. 17–Oct. 27, 2008  
Nov. 15–Nov. 25, 2008

Tanzania

A F R I C A

East Africa
First Proof
SCA9 01

East Africa
Saving the Tarangire Migration
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PPeter Kershaw’s expeditions to Arctic fringes in 
northern Canada insert volunteers into some of the 
most important science surrounding the demonic is-
sue of our time: global warming. The peat-covered 
zone that circles the globe just below the Arctic is a 
greenhouse gas time bomb; if this permafrost thaws, it 
will release vast quantities of methane, impacting the entire 
planet. Kershaw’s volunteers can work in one of two rugged and spectacular loca-
tions: either the vast tundra of northern Manitoba or 1,700 meters above sea level in 
the challenging alpine wilderness of the Mackenzie Mountains. Teams stay for 11 
days, collecting data with ground-penetrating radar, soil coring and live trapping of 
small mammals. Accommodations are cozy, but hardy winter volunteers sometimes 
try their hands at building and sleeping in igloos, which offer ideal protection from 
outside temperatures of –30 and –40 degrees Celsius. Beyond the research adven-
ture, team members find time for beluga whale watching, mountain bike excursions 
and hikes to absorb the top-of-the-world grandeur of these sites.

Colorado native Will Mahoney, who returned from a recent expedition, has a 
long-standing interest in earth science and in the Arctic in particular. He enjoyed the 
long runs of sunlight and quirky warm temperatures of Arctic summer days. Mahon-
ey was also fascinated by his team’s diverse makeup. “We had some scientists,” he 
notes, “but there were mostly laypeople—a British barrister, a Washington, D.C., 
schoolteacher—drawn by their personal commitment to sustainable development.”

Another volunteer, Rob Crooks, worked on the 
Arctic Edge project alongside an ex-president of Costa 
Rica and the former CEO of the World Economic Fo-
rum. To Mahoney, the variety among voluntourists 
sends an important signal: “It suggests that we’re all 
moving in a direction that might be more positive for 
Mother Earth.”

Jim Cornfield is a veteran freelance writer and com-
mercial photographer based in Malibu Canyon, Calif.

Want to Go?
www.earthwatch.org/ 
expeditions/kershaw.html
Cost: $2,946*
Upcoming expeditions: 
Oct. 4–Oct. 14, 2008  
Feb. 15–Feb. 25, 2009  
Feb. 28–March 10, 2009

C A N A D A

U.S.

Mackenzie Mountains
North Manitoba

Arctic’s Edge
Tracking the Demon

Other Options  
for Voluntourists

Shark Research Institute 
www.sharks.org/expeditions.htm
Intermediate diving skills required. 
If an adrenaline rush appeals to you, the 
institute offers ongoing projects aimed to 
protect all species of this endangered 
marine predator. Among them: Sandtiger 
Shark Expeditions, North Carolina coast. 
Volunteers assist veteran research diver 
Dean Fessler in data collection, photog-
raphy and tagging. These sharks prefer 
to dwell among the shipwrecks along 
this shoreline. Also, Cocos Island Expedi-
tion, Costa Rica. Live onboard a state-of-
the-art dive vessel and assist renowned 
expert Alex Antoniou in his study of the 
scalloped hammerhead shark by tagging 
specimens with acoustic telemetry and 
processing tissue samples.

GlobeAware 
www.globeaware.org
“Cultural awareness and sustainability” 
is the mission. Volunteers take weeklong 
vacations and participate in projects 
ranging from planting trees or lining a 
road with oil lamps in Costa Rica to con-
structing water systems and improving 
orphanages in Ghana. Other destina-
tions include Cuba, Jamaica, Mexico, 
Peru, Brazil, Romania, Nepal, China, 
Thailand, Cambodia, Laos and Vietnam. 
GlobeAware ensures that its helpers en-
joy each locale’s leisure activities, too. 

Take Pride in America 
www.takepride.gov
This U.S. Department of the Interior pro-
gram aims to “help maintain and en-
hance our shared spaces.” An individual 
can peruse the program’s Web site and 
select the state where he or she wants to 
travel. Volunteers can serve as a tour 
guide for bird-watchers at Point Reyes, 
Calif., a campground host in the Santa 
Fe National Forest in New Mexico, or a 
worker repairing trails in Yellowstone 
National Park.  —J.C.

A volunteer measures 
snow crystals in Manitoba.
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Mow Down Emissions

Battery-powered push mowers have been on a roll in 2008. Cut the grass, then plug your mow-
er into a standard wall outlet to recharge it. The emissions savings can be substantial: accord-
ing to the Environmental Protection Agency, running a typical two-stroke, gasoline-powered 
push mower for an hour creates as much pollution as driving a typical sedan for four hours.

The area of lawn an electric machine can mow on one charge depends on the height and 
thickness of the grass, of course. But according to the National Gardening Association, as  
a general rule machines with 12-volt batteries provide 30 to 40 minutes of mowing time,  
24-volt batteries last 40 to 75 minutes, and 36-volt batteries run for up to 90 minutes. The 
batteries should last five to seven years. Although it may be late in the year for a new lawn 
mower, an end-of-season sale could be enticing. A few sample models follow:

Wrap the Heater

Water heaters more than five or six years 
old may not be as energy-efficient as they 
could be. How to tell? A tank that feels 
warm to the touch needs more insulation.  
A jacket or blanket that wraps around the 
appliance can be purchased from most 
home centers for only $10 to $20. The  
collar will pay for itself in a year and contin-
ue saving you 4 to 9 percent in water- 
heating costs—as well as reducing carbon 
emissions by the local electric utility.  
The Department of Energy recommends  
choosing a blanket with an insulating  
value of at least R-8.

Black & Decker:  24-volt battery, runs about 1.5 hours on a charge,  
fully recharges in 10 hours

NeutoN: 36-volt battery, 45- to 60-minute run, fully recharges in 8 hours

remiNgtoN: 60-volt battery, lasts up to 60 minutes, fully recharges in 10 hours

Blow Up the Car (Tires)

You’ve heard it before: making sure your car’s tires are properly inflated 
can improve your gas mileage by up to 3 percent. But when was the last 

time you actually checked how they were doing? While you’re 
trying to remember, consider this: if you drive 15,000 

miles in a year and get 25 miles per gallon, a 3 per-
cent improvement will save about 17.5 gallons of 

gasoline, which at four dollars a gallon is $70. 
And of course, the gain means less oil con-
sumed and fewer greenhouse gases emitted.

While you’re at it, consider getting a 
tune-up; it can improve mileage by 4 per-
cent, according to the U.S. Department of 

Energy. And the biggest gain of all: replacing 
a clogged air filter can raise fuel efficiency by as 

much as 10 percent.

Dead Bulb 
Depository
Everyone’s rushing to replace old 
incandescent lightbulbs with com-
pact fluorescent lamps (CFLs), which 
last longer and use far less electricity. 
The bulbs contain tiny amounts of mer-
cury, however, so tossing them in the 
garbage when they do finally burn out 
poses an environmental hazard. Most 
trash collectors won’t take them. To help, 
Home Depot is now accepting used CFLs 
at all its 1,970 building supply stores.  
A few other retailers such as True Value 
and IKEA are also taking the dead lamps.

Driving 65 miles 
per hour instead 

of 75 mph can 
improve fuel 

economy by up  
to 15 percent.
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Exercise In Exactly
4 minutes Per Day
Exercise In Exactly
4 minutes Per Day

The ROM machine delivers an

extraordinary cardiovascular,

strength and flexibility workout in

exactly 4 minutes per day.

ROM works all the major muscle

groups through their full range of

motion utilizing the science

of High Intensity Interval Training.

Precision engineered and manufactured
in the USA since 1990.

Order a FREE DVD:
www.FastExercise.com

or call (818) 504-6450

$14,615

 Choose Your Tour—Only $995  
 8 days  Canadian Rockies 
 8 days   Nova Scotia, Prince Edward Isl.  
 8 days   Grand Canyon, Zion, Bryce 
 8 days   Mount Rushmore, Yellowstone 
 8 days   California Coast and Yosemite
 8 days Mexico’s Copper Canyon Train 
 8 days Mexico’s Ancient Civilizations   
 11 days Guatemala 
 10 days Costa Rica

Caravan makes it easy and so affordable 
for you to explore the magnicent region 
of Mexico’s Copper Canyon. Your 
Caravan Copper Canyon  tour includes 
all meals, all activities, all hotels, a great 
itinerary, roundtrip train ride, transporta-
tion and excursions within Mexico. 
A professional Caravan tour director 
accompanies you for the entire tour. 
Your tour is conducted from start to nish 
by professional tour directors. They are 
uent in English, experienced and fun.
Join the smart shoppers and experi-
enced travelers who rely on Caravan to 
handle all the details while you and your 
family enjoy a well-earned, worry-free 
vacation in Mexico’s Copper Canyon. 
Or, choose from one of our other tours, 
priced at just $995. Call today.
Caravan’s Copper Canyon Train Ride
The Chihuahua-Pacico Railway, com-
pleted in 1961, after 90 years of construc-
tion, is a modern marvel of engineering. 
With Caravan you travel both the south 
and the north route in a spacious air-con-
ditioned chartered rst class train car. 
Comfort and Safety, First Class Car
Caravan has reserved an entire rst class 
train car. For your comfort, there are 
always more seats in your car than there 
are clients. For your health, animals are 
not permitted in your car. For your safety, 
the seats in your train car are only avail-
able to Caravan clients and are not open 
to the general public.

Most Caravan tours are $995 pp, dbl. occ., plus taxes and fees

Caravan.com  1-800-Caravan 

FREE 
Info  
Guide

Fully Escorted Tours Since 1952
995
$995
$995
$

Mexico’s Copper Canyon 
Roundtrip Train

8 Day Tour 
Call for Choice Dates

$995



LifestyLee3

88 Sc ient i f i c Amer ican Ear th3 .0

JU
PI

TE
RI

M
AG

ES
 (f

au
ce

t, 
bo

tt
le

, m
ai

lb
ox

, s
ta

rfi
sh

 a
nd

 sh
el

l);
 

En
ER

G
Y 

Ac
TI

o
n

 c
o

A
lI

TI
o

n
 (l

og
o)

Kid Power

If you have children who might be interested in 
flexing a little political muscle, tell them about 
the Energy Action Coalition. The grassroots 
network, whose slogan is “Youth united for 
clean and just energy,” has a small staff and  
a larger council and steering committee that 
help young people organize rallies and publici-
ty campaigns. The coalition can even coordi-
nate work among youth action groups in differ-
ent countries. One early success is the Campus 
Climate Challenge, which organizes university 
students to get their school’s administrators to 
commit to making the campus climate-neutral; 
to date, more than 550 schools have agreed to 
a plan. The current push is to register 18- and 
19-year-olds to vote. The group’s Web site, 
www.energyactioncoalition.org, also  
offers standardized letters that children, 
tweens and teens can send to their elected 
representatives, asking them to pledge to  
improve conservation and energy efficiency  
in their districts.

Recycling 
Hard Stuff

cell phones:  
www.recyclewirelessphones.com

Batteries: 
www.call2recycle.org

electronics: 
www.mygreenelectronics.org

tires: 
http://www.epa.gov/epaoswer/ 
non-hw/muncpl/tires/live.htm 

At the Office ...

 Print only what you need

 acquire recycled paper

 Walk, bike or carpool once a week

 report leaky sinks and running toilets

 unplug seldom-used machines

 turn off lights and computers

 lower the heat after hours

Junk the Mail

The mail you want consumes enough pa-
per. The junk mail you don’t want wastes 
much more. You can have your name  
removed from many promotional lists  
by signing up free at Dmachoice.org. 
Links to stop telemarketing and e-mail 
solicitations can be found there, too.

Save the Beach

Beaches everywhere are vulnerable to ocean 
pollution and algal blooms. The U.S. had a  
record number of beach closures and health 
advisories in 2007. If you would like to protect 
your favorite beach, contact the Surfrider 
Foundation at www.surfrider.org. The  
organization supplies advice and resources on 
how to test beach water and organize clean-
ups and provides handy online tools 
for bringing out volunteers, includ-
ing the many members of Surfrider’s 
own network. The site also 
provides links to services 
that regularly re-
port on the water 
quality at specific 
beaches around 
the country.

Addicted 
to the Bottle
Bottled water might well be one of the most needless-
ly wasteful products of modern times. The plastic is 
made from petroleum, at manufacturing plants that consume plen-
ty of energy and spew emissions. Once filled, the bottles are shipped 
across the country on trucks that consume more fossil fuel and emit more 
pollutants. And in the ultimate irony, the Pacific Institute has found that three gallons of water 
are consumed by industry to produce every gallon of bottled water. Also ludicrous: about 40 
percent of the water sold in containers comes from regular city water supplies. Then there’s the 
garbage: Americans purchased 28 billion single-serving water bottles in 2007 and recycled only 
about 20 percent of them; the rest went into landfills.

The solution is not hard to decipher: drink water from the tap. And if you must have a 
bottle with you to fend off certain dehydration in case you’re stranded miles and hours 
away from any possible source of freshwater, buy a reusable bottle and refill it.

Running  
hot water  

at a sink for  
five minutes  

uses the  
same amount  

of energy as  
burning a  

60-watt  
lightbulb  

for 14 hours.
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twist freedom DX hybrid bike 
www.giant-bicycles.com 
Commuting to work by bicycle is enticing. Not only is the practice envi-
ronmentally sound, it’s healthy exercise and saves on gasoline and pub-
lic-transit fares. But unless your office has a shower, showing up as a 
sweaty mess can make a cycling commute problematic. That’s why the 
relatively new product category of electric-assist bicycles makes a lot of 
sense, especially if you face hilly terrain; batteries add a little power 
boost to each pedal stroke, making the entire trip easier.

Giant’s Twist Freedom DX urban cruiser is a notable addition to the 
market. The DX incorporates a battery-powered electric motor in the 
front wheel hub that almost seamlessly supplements your leg muscles 
to “smooth out” your ride. The Taiwanese company’s Hybrid Cycling 

Technology is based on a torque sensor in the pedal crank that gauges 
how much pressure the rider exerts with each stroke. Software algo-
rithms in the DX’s computer take these force data and convert them on 
the fly into synchronized power-transmission commands for the quiet 
motor. The goal is to help you maintain nearly steady (and easy) exer-
tion no matter what road you decide to take. Power is provided by  
a pair of four-pound lithium-ion battery packs that lock in neatly over 
the rear wheel. A full recharge via a standard home electrical outlet 
takes a maximum of six hours.

The DX’s suggested retail price is about $2,000. The bike is available 
from Giant’s 20 top retailers around the U.S.  —Steven Ashley

BuyingGreen
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GoingGreen is where cutting-edge 
greentech CEOs meet the movers and 
shakers from the biggest industries 
on earth. Green technology innovators are 
transforming trillion dollar industries - and the 
solutions they are delivering not only promise 
to clean up pollution and restore ecosystems, 
but also to bring abundance and prosperity 
to everyone on earth. In fundamental areas, 
water, energy and land, resource abundance 
is just around the corner, through the power 
of technology and free markets. This two-
and-a-half-day executive event features CEO 
presentations and high-level debates on the 
most promising emerging green technolo-
gies and new entrepreneurial opportunities. 
At GoingGreen, our editors will also honor 

the GoingGreen 100 Top Private Companies. 
Fifty of the top CEOs from the GoingGreen 100 
will pitch their market strategies to a panel of 
industry experts in our “CEO Showcase.”

Who Participates in GoingGreen
Seven hundred greentech CEOs, business 
development offi cers, eminent researchers, 
venture capital and private-equity investors,
and leading members of the press and 
blogging community will attend GoingGreen. 
Thousands of webcast viewers from over 100 
countries will also tune in and interact with 
the program. Executives attend GoingGreen 
to identify and debate emerging trends,
build high-level relationships and create new 
business opportunities.

GoingGreen ’08
AlwaysOn

Co-Present&

Greener Pastures for Global Business

GoingGreen is where cutting-edge 
greentech CEOs meet the movers and 

the GoingGreen 100 Top Private Companies. the GoingGreen 100 Top Private Companies. 
Fifty of the top CEOs from the GoingGreen 100 Fifty of the top CEOs from the GoingGreen 100 

September 15th–17th, 2008
Cavallo Point, San Francisco, California

Bruce Brandfon
Vice President & Publisher
Scientifi c American
212-451-8561
bbrandfon@sciam.com

Sponsorship information:
Marc Sternberg
President & COO
AlwaysOn
310-403-3330
marc@alwayson-network.com

Contact Information
Program:
If you have feedback on our program 
or would like to suggest speakers or 
panel topics, contact:

Ed Ring
ed@ecoworld.com

Tickets:
If you want to order your ticket by 
phone or inquire about group rates, 
contact:

Michelle Hughes
michelle@alwayson-network.com
415.367.9538 ext 103

For more information, visit www.GoingGreenTickets.com

AO.GoingGreen.SciAm.US.V2.indd   1 5/20/08   8:11:15 AM
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Bedol water-powered clock 
www.bedolwhatsnext.com
Why should your home’s electrical timepieces drag on the envi-
ronment by pulling current from some utility or by wearing 
down batteries that are notorious for leaching caustic chemi-
cals into landfills? In August, Bedol began offering an alterna-
tive: its water-powered clock. The digital bedside model, about 
five inches across, has a reservoir that you fill with water. Then 
you add a dash of salt to the reservoir, which starts a chemical 
reaction with a set of electrodes that creates current. Salt has 
to be added once a week or so. Available in several colors. $16. 

Acme Bags reusable totes 
www.reusablebags.com
Paper or plastic? It’s nice to be given a choice at the 
store, but both types of bag waste materials and ener-
gy and add to refuse, even if they are recycled. A reus-
able bag is much more eco-friendly. The trick is re-
membering to bring the thing into the store with you, 
which many well-intentioned shoppers admit to for-
getting routinely. ACME’s reusable totes can help 
right-minded absentminders. The roomy bags are light 
and thin yet very strong. Best of all, they fold down so 
small they can fit in a purse or pocket; memory is no 
longer needed. Fittingly, the sacks are made from re-
cycled soda bottles. One of our editors also considers 
them stylish. $6.95; four for $23.85. As an alternative,  
consider Flip and Tumble bags.

marcal sunrise toilet paper 
www.marcalpaper.com 
For years Marcal has sold some of the most inexpensive paper 
products on the market. Part of the reason is because much of 
the stock is made from low-grade recycled paper. It turns out 
that the recycled content of the company’s toilet paper has 
been rated as among the highest of all brands. Realizing what 
it’s been sitting on, so to speak, Marcal has recently introduced 
a Sunrise line of toilet paper, paper towels and tissues as being  
 “100 percent premium recycled.” But its regular products can 
save money and the earth, too. Prices vary by product and store.
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From the bestselling author of The World Is Flat,  
New York Times foreign affairs columnist, and three-time 

winner of the Pulitzer Prize

In his new book, Thomas L. Friedman
shows us how the biggest economic,
intellectual, and geopolitical
challenge of our lifetime is also
America’s greatest opportunity,
and lays out for us how America 

can reinvent itself as the world’s
greenest country—not just out of charity, 

but to enhance our security, promote our 
economy, and safeguard our future.

Climate change...
Rapid population growth...

The rising power of developing countries...

Challenge or opportunity?

Also available on CD and digital download from Macmillan Audio www.thomaslfriedman.com FARRAR
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Bernardo Green suede jackets 
www.bernardofashions.com
Traditional tanning processes produce considerable pollutants. Bernardo’s 
new Green line of women’s suede jackets is colored with biodegradable tan-
ning agents and dyes. Of course, some people object to any clothing or ac-
cessories derived from animal skins, but Bernardo notes that its line is made 
with by-products from Hormel Foods, which raises animals for foodstuffs  
according to the U.S. Department of Agriculture’s “humane” standards.  
Bernardo says it also recycles the tanning wastewater within the tannery. 
The remaining solid waste is converted to fertilizer. (One amusing touch: the 
big, biodegradable garment tag is impregnated with seeds; stick the tag in 
the ground and watch the poppies grow.) Several models, from a bomber 
jacket to a funnel collar design (shown). Check the Web site for retailers.

Xtrema Nano-Glaze
nonstick cookware 
www.ceramcor.com
Most “nonstick” pots and pans remain slick dur-
ing cooking because they are coated with various 
chemicals, Teflon the most famous among them. 
Some consumers are wary of the coatings, and 
manufacturers do warn against ingesting the 
compounds if they start to flake off. Ceramcor’s 
Xtrema Nano-Glaze products have what the com-
pany calls a chemical-free, ultrathin ceramic glaze 
engineered to repel foods and fluids. The black 
cookware also reportedly heats faster and retains 
heat longer than metal goods do, saving energy. 
Individual pieces, which are also microwave-safe, 
range from $40 to $100.

Vegware 
disposable cutlery 

www.vegware.com
Eat your potatoes, using potatoes. Vegware forks, 

spoons and knives are made from 80 percent potato 
starch and 20 percent soy oil. (Can you say 

 “spudoon”?) Vegware says the utensils are just as 
heat- resistant and strong as standard plasticware. 

They can be washed and reused, but once discarded 
they biodegrade in 180 days (unlike plasticware made 
from petroleum, which persists in dumps for years). If 

you find yourself still hungry after dinner, you can 
nosh on your knife. Sold online or under the brand 
name SpudWare in the U.S. Pack of 50, about $6.
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Documentaries 
Flow: For Love of Water  
(The Water Project LLC/ 
Irena Salina, 2008) 

Now being picked up by theaters 
and growing in popularity.  
Case studies show how the 
privatization of water supplies 

aggravates pollution and 
compromises human health. 
www.flowthefilm.com

The 11th Hour 
(Warner Bros. Pictures, 2007) 
Presents practical solutions to 
ward off environmental decay. 
Produced and narrated by 
Leonardo DiCaprio. 
http://wip.warnerbros.com/ 
11thhour

A Crude Awakening: 
The Oil Crash 
(Lava Pictures, 2006) 
Chronicles civilization’s 
dependency on oil supplies. 
www.oilcrashmovie.com 

Web 
Science Explained 
Scientists chronicle new climate 
work on a collective blog. 
www.realclimate.org

Green Power  
Many utilities allow customers to 
purchase electricity generated 
from renewable sources. Find out 
if your utility offers this choice or 
provides certificates that in effect 
transfer your pur chase to another 
utility that does. 
www.eere.energy.gov/
greenpower

Sustainable Dwellings 
Home remodeling plans, fixtures 
and products that optimize 
sustainability.  
www.greenhomeguide.com/
index.php/knowhow/topic/C217

D.I.Y. 
Do-it-yourself projects to power 
your home with renewable energy. 
www.homepower.com

Climate Change 
Scads of data from the famous 

Intergovernmental Panel on 
Climate Change are available 
straight from the source. 
www.ipcc.ch

Testing Claims 
Experts at Consumer Reports 
evaluate green claims of labels 
on food, building materials, 
household cleaners, and more. 
www.greenerchoices.org/ 
eco-labels 

Best Cars 
A guide to greener cars, from the 
American Council for an Energy-
Efficient Economy. 
www.greenercars.org

Computers, Too 
Registry helps purchasers 
evaluate the environmental 
attributes of desktop computers, 
laptops and monitors. 
www.epeat.net

E3 RESOURCES
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As public concern over high gas prices and climate change continues to grow, so too
will the demand for alternative energy solutions. The Calvert Global Alternative Energy
Fund is positioned to help you potentially capitalize on this investment opportunity.
The day may come when alternative energy will be
our best energy. The day to start investing in it is now.

Investment in mutual funds involves risk, including possible loss of principal invested.
The Calvert Global Alternative Energy Fund is subject to the risk that stocks that comprise the energy sector may decline in value,
and the risk that prices of energy (including traditional sources of energy such as oil, gas or electricity) or alternative energy may
decline.The stock markets in which the Fund invests may also experience periods of volatility and instability. In addition, shares
of the companies involved in the energy industry have been more volatile than shares of companies operating in other more
established industries.Consequently,the Fund may tend to be more volatile than other mutual funds.Lastly,foreign investments
involve greater risks than U.S. investments, including political and economic risks and the risk of currency fluctuations.
For more information on any Calvert fund, please call Calvert at 800.CALVERT for a free prospectus. An investor
should consider the investment objectives, risks, charges, and expenses of an investment carefully before
investing. The prospectus contains this and other information. Read it carefully before you invest or send money.
Calvert mutual funds are underwritten and distributed by Calvert Distributors, Inc.,
member FINRA, a subsidiary of Calvert Group, Ltd. #7022 (8/08)

One day, “alternative” energy 
will just be energy.
Consider the Calvert Global Alternative Energy Fund (CGAEX).

To download our free White Paper,
“The Future for Alternative Energy,”

visit www.Calvert.com/AlternativeEnergy.
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Dive In 
Gaia Napa Valley Hotel

many hotels are making small moves to lessen energy usage or waste, but  
the Gaia Napa Valley Hotel and Spa in American Canyon, Calif., would really please 
its namesake, the Greek earth goddess. Owner Wen Chang told his builders to install 
energy-efficient heating and air-conditioning, along with tubular skylights in every 
room, and to apply only low-volatile organic-compound paints. He chose carpeting 
that contained postconsumer recycled material and recycled tiles for restrooms. 
Landscapers built a lagoon for koi carp and swans that would be sustained with  
reclaimed wastewater generated by guests.

Chang strives to be just as green in operations. Every room has recycling bins,  
low-flush toilets, low-flow showerheads, and bulk soap and shampoo dispensers, 
eliminating mini bottles. The housekeeping staff uses environmentally friendly clean-
ing products; the groundskeeper applies chemical-free fertilizers. And any time guests 
like, they can peruse a kiosk in the lobby that tracks the hotel’s daily water consump-
tion, electricity use and carbon dioxide emissions.  —Keren Blankfeld Schultz

ROLE MODEL
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We’re defined by what we pass
on to the next generation.
That’s why, as one of North
America’s leading producers
of natural gas, ConocoPhillips
is providing clean-burning
fuel to homes, schools and
businesses. And, to help find
long-term solutions, we’re
exploring new sources of
secure, stable energy. So we
can pass on what matters . . .
to the ones who matter most.

www.conocophillips.com

begins
today.

Tomorrow
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