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Projections say that nearly 70 percent of the global popu-
lation will be urban by 2050. Cities face huge challenges, 
but they are also engines of culture, creativity and eco-
nomic activity. And some are leading the way to limiting 
and planning for global climate change. This special issue 
examines the city’s strengths from unexpected angles. 
Cover image by Christopher LaBrooy.
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City Lights

Everywhere i look are the skeletal steel beams of 
new skyscrapers rising in a Dr. Seussian jumble of 
shapes. Everywhere I go is the sound of hammer-
ing, the tang of asphalt, the sight of construction 
workers masked against choking dust and intimi-

dating heat—peaking at 116 degrees Fahrenheit during my visit.
For me, burgeoning Doha, Qatar, on the Persian Gulf beside the 

punishing Arabian Desert, evoked humankind’s continuing hope 
for a better future against the harsh realities we are grappling with 
today. Faced with water scarcity and reliance on food imports—
and flush with oil wealth that the nation knows can’t last forever—
Qatar sees science and a “knowledge-based economy” as the ways 
forward. The country intends to harness its abundant solar energy 
with photovoltaics, powering both desalination and irrigation of 
the sandy surroundings. The plan is ambitious. But as this special 
issue on cities makes clear, the gathering of inventive humans into 

this urban setting will likely help spur advances. To learn why, 
turn to page 38 for an introduction to the features.

One way to improve our odds for a better future is to foster a 
love of science in young people. I saw a reassuring amount of that 
at the first annual Google Science Fair, where I was chief judge 
and master of ceremonies for the awards on July 11 in Mountain 
View, Calif. Students from 91 countries had submitted some 7,500 
entries, which were winnowed to 15 finalists in three age catego-
ries. My fellow judges—who included Nobel laureate biochemist 
Kary Mullis, co-inventor of the Internet Vint Cerf, Segway inven-
tor Dean Kamen and New York University nutritionist Marion 
Nestle—had the difficult challenge of picking the winners.

Three girls drew top honors. In the 13- to 14-year-old age cate-
gory, Lauren Hodge won for examining different marinades’ ef-
fects on the production of carcinogenic compounds in grilled 
chicken. Naomi Shah’s studies on common indoor air pollutants’ 
effects on asthma patients got her the award for the 15- to 
16-year-old group. Top honors for both the 17- to 18-year-old cate-
gory and the grand prize went to Shree Bose, who discovered 
that an energy protein of the cell, AMP kinase, plays a role in de-
veloping resistance to a drug commonly used to treat ovarian 
cancer. Turn to page 22 to see our interview with her. (Full de-
tails are available at www.google.com/sciencefair.) Congratula-
tions to the all the participants, as well as to the winners. Look-
ing at these young people during the event, I couldn’t help but 
think: our future is in good hands. 

Left to right: DiChristina, Shah, Hodge, Bose and  
Google’s Chief Internet Evangelist Vint Cerf.

© 2011 Scientific American
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CAUGHT TOO EARLY
In discussing the search for better detec-
tion of breast cancer in “Beyond Mammo-
grams,” Nancy Shute misses one key prob-
lem: when tests become too “perfect.” As 
we have learned from our experience in 
detecting prostate cancer by testing for 
high levels of the prostate-specific antigen 
protein, finding cancers at extraordinarily 
early stages raises new issues. Are we now 
left to treat cancers that have no clinical 
relevance? We already often diagnose 
breast cancers at one to three millimeters 
in size. Do women with such cancers need 
radiation and hormone therapy for five 
years after a lumpectomy? Is performing 
a mastectomy too radical in such cases? I 
believe the future of cancer therapy is get-
ting a much better grasp of the malignant 
potential of these tiny tumors so that we 
can begin separating out those individu-
als who can be spared the toxicity of need-
less treatment rather than seeking new 
ways to find that first malignant cell.

Joseph P. Imperato 
Department of Clinical  

Radiation Oncology  
Northwestern University  

Feinberg School of Medicine

TRUST WHOM? 
In “Trust Me, I’m a Scientist” [Forum], 
Daniel T. Willingham omits one very im-
portant, and seemingly increasing, influ-
ence on people’s belief in scientists’ find-

ings: vested interests. These usually well-
financed lobbies loudly deny the validity 
of scientific studies and findings, proclaim 
the studies to be “flawed” or produce their 
own studies, clearly biased and done by 
their own hired guns, to validate their 
claims. This is particularly true in such 
sensitive areas as the environment, global 
warming and food safety—areas in which 
studies that could lead to tighter controls 
would cost the vested interests money.

K. A. Boriskin  
Bellingham, Mass.

UNWILLING HEROES
It struck me while reading the issue that 
two articles mention the use of lab ani-
mals in a careless, emotionless and, at 
least for me, unethical way. In Ignacio 
Provencio’s “The Hidden Organ in Our 
Eyes,” disabled lab mice are described as 
being bred to solve the puzzle of many 
mammals’ ability to adjust their schedule 
to night and day without vision; in “Fast 
Track to Vaccines,” Alan Aderem bluntly 
mentions that “monkeys can be deliber-
ately infected . . .  in studies, whereas it is 
unethical to do so to humans.” I would 
see a clear role for the editors of Scientific 
American to ask authors to explain why 
and how many lab animals were used 
and what approaches were taken to re-
duce their suffering.

Maurice Lousberg 
Sittard, the Netherlands

SUPERWEEDS VS. SUPERCROPS
Jerry Adler notes in “The Growing Men-
ace from Superweeds” that resistance to 
the herbicide glyphosate in weeds has be-
come a problem. Doug Gurian-Sherman 
of the Union of Concerned Scientists 
questions where genetically engineered 
crops like Roundup Ready soybeans have 
gotten us and argues that we should re-
turn to Gregor Mendel’s conventional 

breeding methods for improving crops.
An expert panel convened by the Na-

tional Academies recently explored Guri-
an-Sherman’s question. Its conclusion was 
that, in general, these crops have gotten us 
“substantial net environmental and eco-
nomic benefits to U.S. farmers compared 
with [conventional] crops.” The panel also 
concluded that we could still do better—
not by returning to Mendel but by devel-
oping other new crops, promoting more 
sustainable management and conducting 
additional research on the possible im-
pacts. My own research suggests farmers 
valued the benefits of Roundup Ready soy-
beans at around three quarters of a billion 
dollars in 2008, even with more than half 
already concerned about weed resistance 
and with soybean growers planning to 
manage a third of their crop with addi-
tional herbicides.

Given the available research, my guess 
about the future of agriculture is that gly-
phos ate resistance will become a lesson 
learned and that genetically engineered 
crops will become increasingly important.

Terrance Hurley 
Department of Applied Economics 

University of Minnesota

Adler’s characterization of ragweed and 
pigweed (Palmer amaranth) as monsters 
is plain silly. These plants are just doing 
their amazing thing: surviving. Ragweed, 
for one—and I am allergic—is a wonder-
ful survivor and great colonizer of bare 
ground. Carl Linnaeus was not kidding 
when he chose the name Ambrosia for it: 
achene, its nutritious fruit, provides lots 
of calories to wildlife. So do amaranths, 
which have been a human food staple as 
well. We have known about chemical re-
sistance since about five minutes after 
we started using chemicals to kill pests. 
(Thank you, genetic diversity!) Yet we are 
using the same chemicals in ever greater 
quantities. I say, “Go weeds!”

“sayornis” 
commenting at ScientificAmerican.com 

ERRATUM
Melinda Wenner Moyer wrote in “Cancer 
Testing? There’s an App for That” [Advanc-
es] that a microscope could decipher de-
tails as small as 1/1,000th of a meter; the 
correct value was 1/1,000th of a millimeter. 

 “Finding cancers  
at extraordinarily 
early stages raises 
new issues.”

joseph p. imperato northwestern 

university feinberg school of medicine

May 2011
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SOLAR SCIENCE
Speaker: Pål Brekke Ph.D.

A Cosmic Voyage Through the Universe 

Since the ancients’ observations and 
Galileo’s discoveries, humans have been 
driven to explore the universe. Deep-space 
finds by sophisticated telescopes and  
satellites stoke our curiosity. Using imagery 
from modern space-based telescopes, take 
a cosmic journey. We’ll boldly go where new 
solar systems are born and visualize black 
holes, neutron stars, and supernovas.

The Stormy Sun  — How Does it Affect 
our Technology Based Society?

100 years ago, solar storms occurred without 
humans noticing the damage they caused. 
Today with satellite systems, GPS, and electrical 
grids vulnerable to solar weather, it’s a different 
story. Learn about the impact of solar  weather 
activity as well as forecasting, early-warning, 
and prediction resources. Find out what’s hot 
in sun science!

The Northern Lights: 
A Message from the Sun 

What is more beautiful than the aurora borealis 
dancing across the sky? Spanning the myths 
and modern science behind the northern lights, 
we’ll discuss coronal mass ejections, the 
magnetosphere and solar wind, and the Earth’s 
magnetic fi eld and solar particles. Learn where 
to see this phenomenon that has fascinated 
through the ages, and how to predict its 
appearances.

Does the Sun Contribute 
to Climate Change? 

In the last 150 years the Earth has warmed 
~0.7°C. In the same period both concentrations 
of atmospheric greenhouse gases and the level 
of solar activity increased. Related phenomena? 
It’s not a trivial task to untangle the two. Dr. Pål 
Brekke summarizes current understandings 
and discusses his opinion that the future 
holds surprising answers on why solar activity 
varies and the relationship of solar activity 
and Earth’s climate.

ALPINE ARCHAEOLOGY
Speaker: Patrick Hunt, Ph.D.

Medicine in the Ancient Western World 

What is the the most profound secret about 
medicine in the ancient world? Arguably, 
that while deep superstition and ignorance 
were elements of medicine in antiquity, logic 
and rationality entered medical practice 
early on. Egypt, Mesopotamia, Greece, and 
Rome have long medical traditions. Hear 
how significant aspects of ancient medicine 
are surprisingly familiar.

Science in Archaeology: 
New Perspectives on Old Problems

Ötzi the Iceman was discovered as a frozen 
5300 year-old “ice mummy‚“ high in the 
Alps in 1991. Through Ötzi’s case learn 
how forensic investigations in microbiology, 
chemistry, physics, and geology help bring 
ancient wonders to life.

Four Horsemen of the Apocalypse: 
Climatic Problems, Famine, Disease, 
War, and Mass Death in History 

Human history records apocalyptic cycles of 
connected catastrophes through environmental 
or human causation. Through such disasters, 
humans have always been susceptible to food-
supply famine, which brings malnutrition and 
at times disease. Dr. Hunt discusses history 
and current work on paleoclimatic environments 
as a potential model for understanding the 
multifactorial and interconnected nature of the 
impact of global warming. Learn why and what 
big-picture thinking is required.

Tracking Hannibal

Where did Hannibal lead 38,000 infantry, 
8,000 cavalry, and 37 war elephants through 
the Alps in 218 BCE? The mystery of 
Hannibal’s route has consumed archaeologist 
Patrick Hunt for over a decade. Hear about 
Dr. Hunt’s quest for the route, using scientifi c, 
satellite imaging and historical materials, 
and his own hair-raising explorations of the 
Alpine passes.

BRIGHT HORIZONS 12
APRIL 12-20, 2012    ✸    RHINE RIVER CRUISE   ✸    www.InsightCruises.com/sciam12

Curious how magic works? Ready to absorb the latest science, without 

distraction? Join Scientifi c American for current science and immersion 

into German culture and scenic beauty, on a river cruise sailing from 

Amsterdam, The Netherlands to Basel, Switzerland on  AMA Waterways’s 

AmaCello, April 12–20, 2012. Particle physics, cognitive neuroscience, solar 

science, and alpine archaeology are on our itinerary, along with medieval 

German cities and Strasbourg, France.

Take a close look at sensory perception and visual illusions. Dig into 

medicine in the ancient world and the interplay of natural and physical 

sciences in archaeology. Illuminate the profound Sun-Earth connection. 

Capture evolving thought in subatomic physics. You can lose yourself in the 

rich intricacies of science while the AmaCello and its English-speaking staff 

provide gracious service, comfortable quarters, and superb regional cuisine.

Bright Horizons 12 offers distilled cutting  edge science and local brews 

together with long awaited relaxation with good friends. You can add 

even more Aha! moments to your itinerary with an optional post-cruise 

excursion to CERN, or fi nd your inner Parisian on an optional 1, 2, or 3-day 

post-cruise visit to the City of Lights.

Game for fi ne times on the Rhine? Visit InSightCruises.com/SciAm-12 or 

call our Concierge at 650-787-5665 for the full scoop. Make your reserva-

tion now, as capacity is limited.

The cruise fare is approximately $3,674 for either a Category A or B cabin, per 

person. The Bright Horizons Program costs $1,195. Taxes and fees are $199 

per person.  Gratuities are €105. Program subject to change. For more info 

please call 650-787-5665 or email us at Concierge@InSightCruises.com 
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HIGHLIGHTS

PARTICLE PHYSICS
Speaker: Frank Linde, Ph.D.

Quantum Questions 

Welcome to the world of the infinitely small 

and the weird phenomena that come with it, 

like slow-running clocks and anti-particles. 

Dr Linde leads us through the discoveries, 

concepts, and studies in the puzzling world 

of quantum mechanics in a session certain 

to spark your curiosity about the paradoxes 

and possibilities quantum physics poses.

Past and Present at CERN 

To orient us to the Large Hadron Collider 

(LHC)’s significance, Dr. Linde recaps the 

highlights of CERN’s “low energy” LEP 

accelerator which studied the Standard Model 

of particle physics. Learn how physicists think 

the LHC experiment will address current 

challenges in particle physics: the origin of 

particle masses; the mystery of dark matter 

and the apparent absence of antimatter in 

our everyday life.

Particle Physics Matters 

What has particle physics done for you today? 

Dr. Linde discusses the societal benefi ts of his 

research. Learn how the particle physics fi eld 

leads to the development of novel technologies 

and applications in medicine, information 

technology, energy, fi nance and commerce, 

and more. Find out how basic particle research, 

whose signifi cance might not be obvious, 

touches on all our lives.

Astroparticle Physics 

Parked at the intersection of particle physics, 

astronomy, and cosmology, astroparticle 

physics is evolving rapidly. Dr. Linde guides 

you through the strange terrain of astropar-

ticle physics research rooted at CERN. Hear 

how deep-sea neutrino telescopes search for 

ripples in the space-time fabric itself and how 

huge cosmic-ray observatories are seeking 

answers to the big questions.

COGNITIVE NEUROSCIENCE
Speakers: Stephen Macknik, Ph.D. 

& Susana Martinez-Conde, Ph.D.

How the Brain Constructs 
the World We See 

All our understandings of our life experiences 

are derived from brain processes, and are not 

necessarily the result of an event in the real 

world. Neuroscientists are researching the 

cerebral processes underlying perception to 

understand our experience of the universe. 

Discover how our brain constructs, not recon-

structs, the world we see.

Windows on the Mind

What’s the connection behind eye movements 

and subliminal thought? Join Drs. Macknik 

and Martinez-Conde in a look at the latest 

neurobiology behind microsaccades: 

involuntary eye movements that relate to 

perception and cognition. Learn how micro-

saccades suggest your bias toward certain 

objects, their relationship to visual illusions, 

and the pressing questions spurring visual 

neurophysiologists onward.

Champions of Illusion

The study of visual illusions is critical to 

understanding the basic mechanisms of 

sensory perception, and helps with cures for 

visual and neurological diseases. Connoisseurs 

of illusion, Drs. Macknik and Martinez-Conde 

produce the annual “Best Illusion of the Year 

Contest” . Study the most exciting novel 

illusions with them, and learn what makes 

these illusions work.

Sleights of Mind

Magic fools us because humans have hardwired 

processes of attention and awareness that 

are hackable. A good magician uses your 

mind’s own intrinsic properties against you. 

Magicians’ insights, gained over centuries 

of informal experimentation, have led to new 

discoveries in the cognitive sciences, and 

also reveal how our brains work in everyday 

situations. Get a front-row seat as the key 

connections between magic and the mind 

are unveiled!

A FULL DAY IN AMSTERDAM 
What makes Amsterdam a perennial favorite? InSight Cruises 

invites you to fi nd out on a private, full-day tour of “the Venice 

of the North”. Discover the unique charms of Amsterdam as 

you get oriented with a coach tour of cultural touchstones. 

Then anchor your vacation album with images from your 

cruise through the city’s tree-lined UNESCO World Heritage 

canals, getting a superb view of 17th century gabled homes, 

old bridges, and bicycles and more bicycles. We focus on the 

fi nest, savoring an Old Dutch welcome and contemporary 

cuisine at one of Amsterdam’s best restaurants, and then 

paint ourselves into the scene at the Rijksmuseum with a 

visit to “The Masterpieces” exhibit. Start your Bright Horizons 

memories and fun and join us! $275 pp. 

INSIDER’S TOUR 

OF THE MPIA
Private tours of Max Planck 

Institute for Astronomy (MPIA) 

and the newly opened Center 

for Astronomy Education 

and Outreach on April 16, 

2012 (mid-cruise) ($275 pp, 

includes elegant lunch)

We’ll board a bus to Heidelberg 

right after breakfast. Our tour 

will include a visit to the Max 

Planck Institute for Astronomy, a presentation at the Center for Astronomy Education 

and Outreach including a planetarium show about the latest astronomical research 

done in Heidelberg, followed by a brief visit to the historical instruments of the 

Landessternwarte founded by Max Wolf in 1898. We’ll conclude our excursion 

with a memorable lunch in downtown Heidelberg.

PRIVATE, INSIDER’S TOUR OF CERN 
April 20, 2012 — From the tiniest constituents of matter to the immensity of the 
cosmos, discover the wonders of science and technology at CERN. Join Bright 
Horizons for a private post-cruise, custom, full-day tour of this iconic facility.

Whether you lean toward concept or application there’s much to pique your 
curiousity. Discover the excitement of fundamental research and get a behind-
the-scenes, insider’s look of the world’s largest particle physics laboratory.

Our full day will be led by a CERN physicist. We’ll have an orientation; visit an 
accelerator and experiment; get a sense of the mechanics of the large hadron 
collider (LHC); make a refueling stop for lunch; and have time to peruse exhibits 
and media on the history of CERN and the nature of its work.

This tour includes:  • transfer from Basel (end of cruise) to our Geneva hotel 
(April 19)  • hotel (3 nights) — the nights of April 19, April 20, and April 21 
• full breakfasts (3) — April 20, 21, and 22  • transfer from hotel to CERN and 
back to the hotel on April 20  • lunch at CERN  • cocktail party the evening 
after our visit to CERN (April 20)  • free day in Geneva; transfers to/from 
downtown provided (April 21)  • transfer to airport for return home (April 22)

The price is $799 per person (based on double occupancy). This trip is limited 
to 50 people. NOTE: CERN charges no entrance fee to visitors
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In Fairness to Cities 
The U.S. needs to level the playing field between city, suburb and countryside

Not long ago New York, Chicago, Boston and Washington, D.C., 
were poster children for urban decay. But these cities came roar-
ing back: they tapped deep wells of experience in finance, com-
munications and technology to flourish in a globalized world. 
They illustrate perfectly the power and resilience of the city as 
brain trust. Although they have their problems, urban areas con-
tinue to lure new residents because of the economic, health and 
educational benefits that accrue from face-to-face social network-
ing. But if cities are so beneficial, then why are U.S. policies 
stacked against them? 

In matters of housing, education, transportation, the envi-
ronment and social services, existing rules and spending priori-
ties give cities a raw deal. Cheap gas, highway subsides, tax in-
centives for home ownership, complacency over urban educa-
tion and the apportionment of legislators all give preferential 
treatment to suburbs and rural areas. Even national leaders who 
should be cheerleaders for an evenhanded urban policy have fal-
tered. Barack Obama, the most urban president since Theodore 
Roosevelt, skewed the stimulus bill toward more dollars for rural 
America. The five least populated states got twice as much mon-
ey per capita as the rest. 

Antiurban policies hurt denizens not just of downtown ur-
ban cores but also of broader metropolitan regions—and, argu-
ably, the nation as a whole. Cities contribute to economic growth 
out of proportion to their populations. When they are dragged 
down, everyone pays the price; when they do well, so do their 
hinterlands. The rebound of Boston, for example, has enriched 
the entire state of Massachusetts, which depends heavily for its 
well-being on the new ideas and technologies hatched on the 
banks of the Charles River. 

To be fair, the dividing line between city and suburb is fuzzy, 
and it would be easy to make too much of the distinction between 
urban cores and the rest of the country. The real concern is one of 
imbalance. Analysts have suggested a number of ways to rectify it. 
First, cap the home mortgage deduction, which represents a sub-
sidy for homeowners (mostly suburban) at the expense of renters 
(mostly urban). Such a move should be complemented by steps to 
increase the supply of middle- and low-income apartments in city 
centers, which have become too expensive for many Americans. 
Second, raise gas taxes and put in place congestion pricing in ur-
ban areas so that society no longer subsidizes driving. These reve-
nues could enhance mass transit, which, despite being more envi-
ronmentally friendly, now often costs more than driving to work. 
Third, consider radical steps to fix gargantuan, un-
wieldy urban school systems saddled with the chal-
lenge of educating tens of thousands of rich and poor 
within their districts. Urban economist Edward Glaes-
er, who has two articles in this issue, suggests that solu-

tions to such a tall order might come from either the left or right of 
the political spectrum: a nationwide high-quality school system, 
as in France, or a serious effort to put in place a voucher system.

Ultimately, the trouble is that the U.S. political system is 
rigged against densely populated areas. The system of earmark-
ing funds by Congress means that infrastructure money gets al-
located based on political horse trading rather than on the de-
mographics of where people actually live and work. Letting the 
people of Iowa and New Hampshire always go first in the presi-
dential primary season has much to recommend it—the citizens 
of those states take their privileged role seriously—but it means 
that candidates have little incentive to speak to urban concerns 
such as housing policy or decaying infrastructure.

The basic issue is fairness. Why should government policy fa-
vor owning over renting, driving over mass transit, or kids in one 
school district over another? The current incentives encourage 
people to settle in the outskirts when they might otherwise pre-
fer to live downtown—a bias that makes little sense even when 
you leave out its environmental costs. And those costs are enor-

mous. To keep our carbon emissions in check, we will 
need to edge closer to our neighbors. From the per-
spective both of simple fairness and of rational, sci-
ence-based public policy, eliminating the incentives 
for citizens to spread out should be our goal. 

COMMENT ON  
THIS ARTICLE ONLINE 

�ScientificAmerican.com/
sep2011

Greener than ever: City dwellers tend to have smaller carbon 
footprints—one of the arguments for an evenhanded urban policy.

© 2011 Scientific American



Every day, CITGO works to ensure you have the fuel you need to 
get on your way. Plus, the people of CITGO strive to fuel good 

things in the communities we serve. By giving back through 
programs that provide heating oil for needy families, 
compact fluorescent light bulbs for 
low-income homes, and by rais-
ing more than $130 million for 
MDA. From the smallest of 

good deeds to the largest 
economic impact, CITGO is 

committed to improving the 
quality of life across the nation.

DAVID  |  CITGO Process Design Engineer  |  Lake Charles Refinery

Learn more about the impact CITGO has 

in your community, go to FuelingGood.com.
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Forum by Mayor Michael R. Bloomberg

Commentary on science in the news from the experts

Illustration by Thomas Fuchs

Michael R. Bloomberg 
 is mayor of New York City. 

The Best and the Brightest 
New York City’s bid to attract science talent could serve as a model for other cities 

Two hundred years ago it was enough to rely on natural advan-
tages to build a great city. Cities were built on the intersections  
of rivers or along gentle bays that launched commerce and trade 
on mighty oceans. Those days are long gone. Today our greatest 
competitive advantages are the qualities that attract the best 
and brightest from around the world to come here: our freedom, 
our diversity, our tolerance and our dynamism.

New York became the world’s greatest city because New York-
ers dared to dream it and build it. Today we are looking far into 
the future once again—and launching one of the most promis-
ing economic development initiatives in the city’s long history.

This summer we released a Re-
quest for Proposals to universities 
to provide prime New York City 
real estate, plus up to $100 million 
in infrastructure upgrades, in ex-
change for a university’s commit-
ment to build or expand a world-
class science and engineering cam-
pus here in our city.

This is not the first time gov-
ernment has offered land and 
funding in exchange for university 
development. In 1862 the U.S. gov-
ernment created a land grant pro-
gram for the creation of new uni-
versities. President Abraham Lin-
coln and Congress sought to promote innovation and expertise in 
agriculture and engineering—because they knew those fields were 
critical to the nation’s economic growth. Cornell University, M.I.T., 
the University of California, Berkeley, the University of Michigan 
and many other major universities grew out of that land grant 
program, and along with them came pioneering discoveries that 
helped America become the world’s largest economy.

For most of our history, New York City was the technology 
capital of the U.S. and of the world. When Robert Fulton built the 
first commercially viable steamship in 1806, he spawned a ship-
ping industry that would employ countless New Yorkers for gen-
erations to come. The discoveries and innovations of Fulton, 
Samuel Morse, Charles Pfizer and Alexander Graham Bell, among 
many others, fueled the industries that employed generations of 
New Yorkers. We became the country’s economic en-
gine because our entrepreneurs were the most innova-
tive, and their ideas and investments built our city into 
a global powerhouse.

But despite that legacy of innovation, like most 

American cities, New York struggled in the face of fundamental 
changes to the national economy. In expanding New York’s ap-
plied science capabilities, what we are proposing is our most am-
bitious attempt yet to counteract a decades-long economic trend 
that once threatened the very future of American cities.

Between 1966 and 2001, New York City went from about 
800,000 jobs in manufacturing to about 150,000. Three out of ev-
ery four jobs were lost—most of them middle-class jobs that did 
not require a college degree. Although New York fared far better 
than the nation as a whole, at the same time our economic health 
became ever more dependent on Wall Street’s booms and busts. 

When I came into office in 
2002, we committed to diversify-
ing New York’s economy, and 
when the markets collapsed in 
2008 we made a decision to dou-
ble-down on that strategy. We 
held meetings with industry lead-
ers in every major sector of our 
economy to understand what 
more we could do to help. We 
asked CEOs, entrepreneurs, uni-
versity leaders, and other major 
employers what their key needs 
were—and the most common re-
frain we heard was: technology 
capacity is critical to our growth—

and there is just not enough of it here.
In the past several decades, places such as Boston and Silicon 

Valley had surpassed New York as America’s innovation hub. That 
trend, however, is reversing. Last year we passed Boston to be-
come the second-largest recipient of venture capital funding for 
technology start-ups, behind only Silicon Valley. Boston leaped 
ahead of us historically, mostly for one reason: the strength of its 
research institutions, especially M.I.T. Every year researchers 
there develop technological advances that are spun off into new 
businesses. In fact, active companies founded by M.I.T graduates 
generate annual revenues of about $2 trillion. That’s roughly equal 
to the GDP of Brazil, the seventh-largest economy in the world. 

We estimate that in its first 30 years, a new applied science 
campus in New York could spin off some 400 new companies and 

create more than 7,000 construction jobs and more 
than 22,000 permanent jobs. With this important ap-
plied sciences and engineering initiative, we will en-
sure that New York City will be at the forefront of Amer-
ica’s innovation economy for generations to come. 

COMMENT ON  
THIS ARTICLE ONLINE 
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“Ottaviani and Myrick have    
  masterfully captured the 
  inspirational life of Richard 
  Feynman in this comprehensive  
  and entertaining biography.”

               —RALPH LEIGHTON

author of TUVA OR BUST! 

RICHARD FEYNMAN’S LAST JOURNEY   

FEYNMAN 
A GRAPHIC NOVEL BIOGRAPHY 

OF RICHARD FEYNMAN 

by Jim Ottaviani & Leland Myrick 

—

IN STORES AUGUST 30TH

“These images capture 
  with remarkable sensitivity 
  the essence of Feynman’s 
  character. The comic-book 
  picture somehow comes 
  to life and speaks with the 
  voice of the real Feynman.”

               —FREEMAN DYSON 

                 NEW YORK REVIEW OF BOOKS      
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NEUROSCIENCE

The Stress of Crowds 
City dwellers may handle pressure differently from those who live in less populated areas  

Urban life can be trying—�cars and buses honk, passersby jostle, concrete and 
brick win out over grass and trees. Researchers have known for decades that res-
idents of densely populated areas have higher rates of mental illnesses, includ-
ing anxiety disorders and schizophrenia. But do the brains of city dwellers func-
tion any differently from those of rural folk? Studies are showing that they do. 

German researchers recently asked subjects from large cities, small cities 
and the countryside to undergo a standard psychological stress test—doing 
arithmetic under time pressure—while having their brain imaged with func-
tional magnetic resonance imaging. Current city living, testing found, correlat-
ed with a boost in activity in a brain region called the amygdala, which is asso-
ciated with memory and emotional intelligence, with a particularly large effect 
in people from big cities. Even more surprising, subjects who had grown up in 
a city showed higher activation of a brain area called the anterior cingulate 
cortex, essentially the amygdala’s boss, even if they had later moved to the sub-
urbs or country. The findings were published this past summer in the journal 
Nature. (Scientific American is part of Nature Publishing Group.) 

Both the magnitude and the specificity of the effect are surprising, says 
Andreas Meyer-Lindenberg, director of the Central Institute of Mental 
Health in Mannheim, Germany, and the study’s lead author. But he does not 
yet understand why these brain regions were more active in urbanites under 
stress. Another recent study suggests that the amygdala and anterior cingu-
late cortex become activated when one’s personal space is invaded. “Maybe it 

has to do with crowding,” Meyer-Lindenberg says. 
The activation could reflect the neural machin-

ery involved in managing human interactions, sug-
gests Lisa Feldman Barrett, a psychologist at 
Northeastern University. She recently correlated 
amygdala volume with the size of a person’s social 
network. Does a larger or more strongly activated 
amygdala help you remember new people? 

Knowledge of the underlying mechanism 
should help investigators answer this and other 
questions more quickly. Traditional epidemiology 
requires large numbers of subjects to identify 
broad effects, such as the link between urban life 
and mental illness. But now researchers can study 
smaller groups of subjects to see how specific fac-
tors—for example, noise in the home or proximity 
to a green space—play into mental illness and, 
more broadly, urban stress. Meyer-Lindenberg 
calls this newer field “neuroepidemiology.” That, 
in turn, could help city planners determine which 
design features would provide the most solace.

 —Alla Katsnelson

© 2011 Scientific American
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New Help  
for Smokers
An antinicotine vaccine is moving  
closer to regulatory approval

As any smoker can tell 
you, quitting is relative-
ly easy. The hard part is 
avoiding relapse—the 
urge to light up weeks 
or even months after 
you have supposedly 
kicked the habit. The 
patch, the gum and all 
the other tricks smok-
ers use to get through 
the first few months are 
often powerless against 
those later urges.

That is one reason 
why an antinicotine 
vaccine now wending 
its way through clinical 
trials has public health 
officials so excited. Like 
all vaccines, NicVAX, 
made by NABI Biophar-

maceuticals, works by 
stimulating the body’s 
immune system to pro-
duce antibodies against 
a certain target—in this 
case, nicotine. Because 
immune responses are 
generally lifelong, the 
vaccine makers say it 
could serve as a long-
term antismoking aid.

Normally nicotine 
molecules are small 
enough to evade detec-
tion by the immune sys-
tem. They are even 
small enough to slip 
past the blood-brain 
barrier and bind to re-
ceptors on brain cells, 
where they trigger a 
chemical cascade that 

leads to addiction. 
NicVAX floods the body 
with nicotine molecules 
that have been chemi-
cally attached to large, 
carrier proteins, forcing 
the immune system to 
recognize and deploy 
antibodies against the 
cigarette ingredient. 
Then, when ordinary 
nicotine molecules en-
ter the system, those an-
tibodies bind to them, 
making them too large 
to cross the blood-brain 
barrier.   

The vaccine doesn’t 
work for everyone. An 
earlier trial showed that 
16 percent of heavy 
smokers who were vac-
cinated and had high 
antibody levels re-
mained abstinent from 
cigarettes one year after 
quitting, compared 
with 6 percent of the 
placebo group. Those 
who produced high  
antibodies but did not 
quit cut their smoking 
in half, from around 20 
cigarettes a day to 10. 

Results from wider, 
or “phase III,” trials are 
expected as early as 
September. For these 
studies, researchers re-
cruited 1,000 smokers 
who consume at least 
10 cigarettes a day. The 
volunteers received five 
to six injections spaced 
roughly one month 
apart and were asked to 
quit after 14 weeks, 
when around 80 per-
cent of subjects have 
high antibody levels. 
(Why 20 percent of sub-
jects fail to produce a 
high antibody response 
to the vaccine is un-
clear.). “The idea is to 
ensure that when we 
tell them to quit, they 
have the tools—the an-
tibodies—to help them,” 
says NABI CEO Raafat 
E. F. Fahim. He and his 
team have yet to deter-
mine how long patients 
will need to get shots. 

If results from the 
phase III trials are as 
good as everyone ex-
pects, the vaccine could 
hit pharmacy shelves 
soon after. Meanwhile 
researchers are already 
at work on other antiad-
diction vaccines, includ-
ing one against cocaine 
that employs the same 
strategy as NicVAX. 
 —Jeneen Interlandi 

PAT E N T  WAT C H

Haptic computer interface: It’s great that your smartphone allows you to dial a cell number or adjust the volume on your favorite 
song just by tapping the screen, but it’s something of a one-sided relationship. No matter where you tap, it feels the same; no tactile feed-
back whatsoever. Don’t you ever hanker for something more?

A proposed interface from Verizon would change the smartphone experience. The idea, described in patent No. 7,952,498, is to create a 
mechanical apparatus below the screen that could elevate discrete portions of the surface in the shape of any graphic displayed in the pixel 
grid. Need to call home? A keypad would sprout in the shape of phone buttons. Want to skip a track on that Beatles album? Pause and fast-
forward controls would rise up. Not only would these elevated portions provide more sensory stimulation, they would make keys easier  
to distinguish from one another, cutting back on mistakes. “What you would feel is a subtle, raised area on the screen,” says George Higa,  
a user-interface designer at Verizon who was recently granted the patent. The patent does not specify what Verizon would use to elevate the 
buttons on the screen, but  “technology moves so quickly, it could be any number of things,” Higa says.  

Researchers have demonstrated the ability to provide tactile feedback with an array of pins, air jets and an electric current. “Haptic 
feedback,” or feedback that is based on the sense of touch,  
“is the future of computing interfaces,” says Allison M.  
Okamura, a professor of mechanical engineering at Johns 
Hopkins University.

But creating that feedback on a pocket-size gadget remains 
challenging. Researchers at Northwestern University have 
designed a device called the TPaD that can ultrasonically vi-
brate the screen, making delineated portions feel “slippery” 
and allowing programmers to modulate the friction on dif-
ferent parts of the screen, Okamura explains. But last she 
knew, the smallest of these devices was six inches high and  
a couple of inches thick.“While it would be terrific to have a 
device like the one [Verizon] describes, I just don’t know how 
it would fit into a phone,” Okamura says.  —Adam Piore
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W H AT  I S  I T ?

A hole in the sky: Anyone who has ever seen a streaky line of vapor, known as a contrail, behind 
a high-flying aircraft knows that airplanes can produce their own clouds. But in rarer cases, aircraft 
can also punch round holes, such as the one over Antarctica pictured here, or carve long channels 
through existing, natural clouds. Those formations arise from the strong cooling effects of airflow 
over a plane’s propeller blades or a jetliner’s wing. A study published recently in the journal Science 
reports that cooling can spontaneously freeze water droplets in the cloud and stimulate precipita-
tion. The phenomenon requires a specific set of cloud conditions and is thus unlikely to have signifi-
cant large-scale effects, but it could affect regional weather near airports.  —John Matson  
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Her Summer Pastime?  
Cancer Research
High school student Shree Bose discusses her win at the first Google Science Fair

How did you hear 
about the Google  
Science Fair?
I did science fairs be-
fore, but it was mostly 
the “cut paper out and 
paste it on a board” sort 
of thing. And I saw this 
little ad on the Google 
home page introducing 
the first ever Google on-
line science fair. And so 
I thought, well, I love 
Google and I love sci-
ence fairs, so maybe 
this could work for me. 

What was your  
project’s focus?
My project was about 
finding a link between 
this protein in the cell 
called AMP kinase, 

which is an energy pro-
tein of the cell, and the 
development of drug 
resistance of ovarian 
cancer cells to this drug 
called cisplatin. Basical-
ly, we found that this 
protein might be play-
ing a role in cancer cells 
becoming resistant to 
the drug.

That would actually 
mean that for a patient 
with ovarian cancer 
who first responded 
well to treatment but 
then came back years 
later with a resistant 
strain of the disease, if 
we added in an AMP ki-
nase inhibitor, we could 
boost the efficiency of 
their drug therapy al-

most back up to where 
it was when the cells 
were still responding  
to the drug. 

What drew you  
to this topic?
Well, two summers ago, 
actually, my grandfa-
ther passed away from 
cancer. I had already 
known I wanted to do 
research, but I didn’t 
know what field, and 
that just kind of decid-
ed it for me. I knew I 
wanted to go into can-
cer research.

Where did you do  
this research?
I worked at the Univer-
sity of North Texas 

Health Science Center. 
It’s a graduate school 
for biomedical sciences 
in Fort Worth. I e-mailed 
professors there, and 
one accepted me. Her 
name is Dr. [Alakanan-
da] Basu. She specializ-
es in breast and ovarian 
cancer, so she made me 
do some background  
research. We came up 
with this project, and I 
put it all together. And 
she allowed me to work 
in her lab all summer. 
So I was really lucky to 
find her.

You spent your whole 
summer working on 
this project?
It took about three 
months, and then I 
worked a little bit on 
weekends, but I’m al-
ready a high schooler 
who doesn’t sleep. So 
that did not help. I 
spent all summer, and  
I spent over 40 hours  
in the lab every week, 
but it was worth every 
second.

Do you plan to pur-
sue higher education 
in the sciences?
Yes. I want to major in 
biology, I hope, as an 
undergrad, and then 
my dream job would be 
an M.D./Ph.D., which is 
a medical researcher, 
where I could combine 
treating patients by be-
ing a physician with 
coming up with the 

treatments for the  
patients as a research-
er. But if that falls 
through, I would love 
to just be a doctor and 
make the world just  
a little bit better.

Other than a scholar-
ship award of 
$50,000, a free trip 
to the Gala ́pagos Is-
lands and an intern-
ship at CERN in  
Geneva, what will 
you take away from 
this year’s Google 
Science Fair? 
The one thing I will  
always remember are 
the other finalists. 
[These 14 people are] 
the most incredible 
minds that I have ever 
had the pleasure of 
meeting. And I am 
sure that I will defi-
nitely be friends with  
a lot of these people, if 
not for my entire life, 
then definitely for a  
really long time.  

—John Matson 

name 
Shree Bose
age 
17
title 
Senior, Fort Worth 
Country Day School
location 
Fort Worth, Tex.

P R O F I L E

Winning: Bose before and after claiming two trophies, one for her age group.
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Cooking That Sucks
Vacuum pumps in the kitchen 
Nature, famously, abhors a vacuum. But some cooks have 
learned to feel differently. Step through the swinging doors 
at the back of a top restaurant like Alinea in Chicago, and 
you may find vacuum pumps being used to reduce cooking 
juices into concentrated sauces, to distill essential oils from 
fruits and vegetables, to dehydrate chips or to brew coffee.

Many of these techniques originated in chemistry 
laboratories or industrial food-processing operations, 
and the equipment involved still evokes the bench sci
entist more than the top chef. But with all those Erlen
meyer flasks, innovative cooks have discovered ways to 
achieve culinary feats that are impractical by any conventional means.

Consider the common problem of concentrating the flavors and aromas that are in a 
dilute liquid mixture, such as a broth. The old-fashioned method—a long stovetop sim
mer to boil off the water—allows many of the most piquant and fragrant compounds to 
escape with the steam. The kitchen may smell great—but at the cost of a duller sauce. A 
lengthy sit over the heat also chemically alters many of those compounds that remain, so 
they no longer taste or smell fresh. A vacuum-reduction setup does a better job because 
it uses low pressure, rather than high heat, to accelerate evaporation. Pour the liquid into  
a Pyrex flask that has a side port and connect the flask to a vacuum pump with a rubber 
hose. Then drop in a magnetic rod, stopper the flask and put it on a hot plate, which uses 

a spinning magnet to stir 
and gently warm the broth 
while the pump reduces the 
air pressure inside the flask. 
As the pressure drops, the 
boiling point of the liquid 
falls as well; the goal is to 
sustain a mild, low-temper
ature boil.

That relatively simple 
setup greatly reduces chem-
ical changes, but it still per
mits some aromatics to es
cape through the hose. A 
more expensive and com

plex bit of gear, called a rotary evaporator, can capture 
those vaporized essences and condense them back into 
liquid form. The cooks at our research kitchen in Bellevue, 
Wash., use this technique to concentrate apple juice, cab
bage juice and vinegar to make a fantastic red coleslaw. 
Concentrated watermelon juice is also a delight.

 —W. Wayt Gibbs and Nathan Myhrvold

Myhrvold is author and Gibbs is editor of Modernist Cuisine: 
The Art and Science of Cooking (The Cooking Lab, 2011).

A tomato 
consommé  

 
Ry

an
 M

at
th

ew
 S

M
it

h
 M

od
er

ni
st

 C
ui

sin
e L

LC

FOOD

Cooking That Sucks
Vacuum pumps in the kitchen 
Nature, famously, abhors a vacuum. But some cooks have 
learned to feel differently. Step through the swinging doors 
at the back of a top restaurant like Alinea in Chicago, and 
you may find vacuum pumps being used to reduce cooking 
juices into concentrated sauces, to distill essential oils from 
fruits and vegetables, to dehydrate chips or to brew coffee.

Many of these techniques originated in chemistry 
laboratories or industrial food-processing operations, 
and the equipment involved still evokes the bench sci
entist more than the top chef. But with all those Erlen
meyer flasks, innovative cooks have discovered ways to 
achieve culinary feats that are impractical by any conventional means.

Consider the common problem of concentrating the flavors and aromas that are in a 
dilute liquid mixture, such as a broth. The old-fashioned method—a long stovetop sim
mer to boil off the water—allows many of the most piquant and fragrant compounds to 
escape with the steam. The kitchen may smell great—but at the cost of a duller sauce. A 
lengthy sit over the heat also chemically alters many of those compounds that remain, so 
they no longer taste or smell fresh. A vacuum-reduction setup does a better job because 
it uses low pressure, rather than high heat, to accelerate evaporation. Pour the liquid into  
a Pyrex flask that has a side port and connect the flask to a vacuum pump with a rubber 
hose. Then drop in a magnetic rod, stopper the flask and put it on a hot plate, which uses 

a spinning magnet to stir 
and gently warm the broth 
while the pump reduces the 
air pressure inside the flask. 
As the pressure drops, the 
boiling point of the liquid 
falls as well; the goal is to 
sustain a mild, low-temper
ature boil.

That relatively simple 
setup greatly reduces chem-
ical changes, but it still per
mits some aromatics to es
cape through the hose. A 
more expensive and com

plex bit of gear, called a rotary evaporator, can capture 
those vaporized essences and condense them back into 
liquid form. The cooks at our research kitchen in Bellevue, 
Wash., use this technique to concentrate apple juice, cab
bage juice and vinegar to make a fantastic red coleslaw. 
Concentrated watermelon juice is also a delight.

 —W. Wayt Gibbs and Nathan Myhrvold

Myhrvold is author and Gibbs is editor of Modernist Cuisine: 
The Art and Science of Cooking (The Cooking Lab, 2011).

A tomato 
consommé  

sad0911Adva3p.indd   23 7/20/11   6:19 PM

OriginLab Corporation
One Roundhouse Plaza
Northampton, MA 01060 USA

USA:  1-800-969-7720
INT’L: + 1-413-586-2013        
FAX:  1-413-585-0126
EMAIL: info@originlab.com   
WEB:  www.originlab.com

Do you have data to graph, analyze and publish?  

If so, it is time to try  Origin 8.5

With over 100,000 licenses worldwide, Origin is the software of choice among scientists and 
engineers for data analysis and publication-quality graphing.

Origin 8.5 provides a multi-sheet workbook environment for your data, metadata and results, 
with customizable reports and reusable Analysis Templates™. This new version offers substantial 
improvements in graphing, including support for multiple surface intersection and transparency.

Experience Origin 8.5 for 
yourself. Download your  
FREE evaluation copy at:  
www.originlab.com

NEW
VERSION

Untitled-4   1 7/22/11   2:34 PM

© 2011 Scientific American



ADVANCES

CO
UR

TE
SY

 O
F A

LE
SS

AN
D

RO
 O

LI
VO

 E
T 

AL
. U

ni
ve

rs
ity

 C
ol

le
ge

 Lo
nd

on

 ANTHROPOLOGY

The Shape of a Nose 
Cold-weather noses may function 
differently from those that evolved  
in hot and humid climates 

Scientists have long been interested in the relation 
between a nose’s form and its function. New research 
is showing that climate may have played an important 
role in how the nose’s internal structure evolved. 

Researchers in Germany recently showed that indi-
viduals from cold, dry climates, such as Greenland or  
Siberia, had higher and narrower nasal cavities than 
those from hot, humid climates, such as Papua New 
Guinea or Gabon. The German team, led by Marlijn  
Noback of Eberhard Karls University of Tübingen, took 
computer-aided measurements of the nasal cavities of 
100 skulls representing 10 human groups living in five 
different climates. They found that the nasal cavities of 
cold, dry climate populations are relatively high and 
show a larger and more abrupt change in diameter in the 
upper part of the cavity than those of hot, humid climate 
populations. Her research was published online in the 
American Journal of Physical Anthropology this past June.

This narrowing of the nasal passage enhances con-
tact between the air and the mucosal tissue, which helps 
to warm and humidify that air, Noback notes. Cold, dry 
climate populations also show a relatively longer nasal 
cavity, giving this population more space in which to 
bring incoming air in line with body temperature. Mi-
croscopic hairs called cilia, which line the nasal passage, 
help to keep out pathogens and dust that may infect or 
irritate the lungs, and the cilia work more efficiently 
when incoming air is moist. “Proper heating and humid-
ification of air in colder climates are important for respi-
ratory health,” says paleoanthropologist Nathan Holton 
of the University of Iowa.  In warm-climate-adapted 
populations, inhalations are not directed toward the 
narrow upper part of the nasal cavity for warming. So 
“people from warm climates, moving into cold climates, 
could be more susceptible [to] colds and related diseas-
es,” Noback says.  

Which sort of nose do you have? Although you can’t 
tell much about the external shape of the nose when 
looking at its internal structure, a narrow, longer inter-
nal cavity is generally linked to a relatively narrower and 
more projecting nose, Holton says.  —Joan Raymond

PHYSICS

Can You See Me Now?
A new x-ray technique may herald improved  
baggage screening and mammograms 

X-rays can help reveal 
anything from bombs hid-
den in luggage to tumors 
in breasts, but some poten-
tially vital clues might be 
too faint to capture with 
conventional methods. 
Now a new x-ray tech-
nique adapted from atom 
smashers could resolve 
more key details.

Conventional x-ray im-
aging works much like tra-
ditional photography, rely-
ing on the light—in this 
case, x-rays—that a target 
absorbs, transmits and 
scatters. To make out fine 
details, one typically needs 
a lot of x-rays, either over 
time, which can expose 
targets to damaging levels 
of radiation, or all at once 
from powerful sources 
such as circular particle 
accelerators, or synchro-
trons, which are expensive. 

Instead physicist Ales-

sandro Olivo of University 
College London and his 
colleagues suggest imag-
ing an object by looking for 
very small deviations in an 
x-ray’s direction as it moves 
through that object. Their 
idea is to take such x-ray 
phase-contrast imaging, 
which has been used in 
synchrotrons for more than 
15 years, and use it with 
conventional x-rays. 

The scientists rig con-
ventional x-ray sources 
with gold grates that are 
100 microns or so thick—
one in front of a target and 
one behind it. The holes on 
one grate do not line up 
exactly with the holes on 
the other, meaning x-rays 
that passed in straight 
lines through the first grate 
would get filtered out by 
the second, lowering back-
ground noise. The detector 
then analyzes only the 

photons that deviated in 
direction as they passed 
through the object. This 
can lead to at least 10 
times greater contrast 
than conventional imag-
ing—“all details are more 
clearly visible, and details 
classically considered very 
hard to detect become de-
tectable,” Olivo says of 
findings reported recently 
in Applied Optics. Whereas 
bombs are usually visible in 
conventional x-ray imag-
ing, they can be confused 
with other materials such 
as plastics or liquids. The 
scientists are now pushing 
imaging sensitivity even 
further with new grating 
designs and are working on 
3-D scanning techniques 
by coming at the target 
from multiple angles.

This system can gener-
ate images in just seconds, 
far quicker than other x-ray 
phase-contrast techniques, 
which cannot exert as 
much power during scan-
ning and thus require min-
utes, says radiation physi-
cist David Bradley of the 
University of Surrey in Eng-
land, who did not take part 
in this study. But it remains 
unclear if this system could 
work fast enough for secu-
rity scanning, says materi-
als scientist Philip Withers 
of the University of Man-
chester in England. With-
ers does think the technol-
ogy could lead to better 
medical imaging, as well as 
improvements in detecting 
defects in materials used in 
aerospace work.  
 —Charles Q. Choi 

Olivo’s x-ray of  
a chive plant

Illustrations by Thomas Fuchs
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After 
Shock 
and Awe
All the gear $1.3 
trillion can buy

Since the attacks of 
September 11, Congress 
has approved nearly $1.3 
trillion for military spend-
ing. Much of that money 
has gone into mounting 
Operation Enduring Free-
dom in Afghanistan and 
Operation Iraqi Freedom. 
But some of the funds 
have been used to dream 
up and develop futuristic-
sounding military devices 
such as exoskeletons.  
Scientific AmericAn looked 
at some of these new and 
emerging technologies. 
 —Larry Greenemeier

N E WS  S CA N

Scientists find more proof that sex is good.  
Worms that mate rather than reproduce 

asexually mix genes, which allows them to 
adapt quicker to environmental changes. 

A major study conducted on twins 
shows that environmental factors  

may be at least as important as  
genes in causing autism. 

The six crew members of the International 
Space Station prepared to abandon ship when 

NASA spotted a piece of space junk hurtling  
toward them at 29,000 miles per hour.  

Because of their “always on” technology, set-top DVRs 
consume $3 billion of electricity a year—enough juice to 

power the entire state of Maryland. Cable companies 
have resisted building in a “sleep” mode, citing costs.  

Astronomers spy one of the 
brightest and longest gamma-ray 

bursts ever seen, caused by a 
black hole swallowing a star. 

Smart Grenade Launcher 
About the size of a rifle, 
the XM25 Counter Defi-
lade Target Engagement 
System has been used in 
Afghanistan since late 
2010. The weapon fires 
bullets with microchips 
that can be programmed 
to detonate when they 
reach a specific distance. 

Unmanned Aerial Vehicles  
UAVs are used to perform surveillance, re-
connaissance and attack missions in Afghan-
istan, Iraq and Pakistan. The biggest advance 
since 9/11 has been the ability to control 
UAVs with a joystick and computer monitor 
thousands of kilometers from a combat zone. 
Next-generation models will vary in size from 
as small as a bee to as large as a dirigible. 

Genius

Folly

Body Armor and Exoskeletons 
Improved body armor has allowed far more West-
ern troops serving in Afghanistan and Iraq to  
survive improvised explosive devices (IEDs) and 
direct-fire engagements. Now Raytheon, Lock-
heed Martin and other defense contractors are 
developing hydraulic-powered exoskeletons that 
soldiers will wear to ease heavy loads while in-
creasing strength and endurance. 

Missile-Guidance Systems 
Thanks to improvements in accuracy and  
a doubling of missile range, the U.S. and its 
allies can now “destroy a particular corner 
or room of a house with a rocket fired from 
70 kilometers away,” says Kristian Gustafson 
of West London’s Brunel University. 

Satellite-Guided Parachutes 
Delivering food, water and ammunition to troops in the mountain-
ous regions of Afghanistan is a challenge. That’s why the military  
developed the Joint Precision Airdrop System (JPADS), a steerable 
parachute with an onboard computer and GPS, deployed in 2006.
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PSYCHOLOGY

The Pitfalls of  
Positive Thinking
How rosy thoughts can lead to negative outcomes

From superstar athletes to self-help devotees, advocates of positive think-
ing—imagining yourself succeeding at something you want to happen—be-
lieve it is a surefire way to help you attain a goal. Past studies have backed 
that idea, too, but now researchers are refining the picture. Paint your fanta-
sy in too rosy a hue, and you may be hurting your chances of success. 

One possible explanation is that idealized thinking can sap motivation, 
as outlined in a study published earlier this year in the Journal of Experi-
mental Social Psychology. Researchers asked college student volunteers to 
think through a fantasy version of an experience (looking attractive in a pair 
of high-heeled shoes, winning an essay contest, or getting an A on a test) 
and then evaluated the fantasy’s effect on the subjects and on how things 
unfolded in reality. When participants envisioned the most positive out-
come, their energy levels, as measured by blood pressure, dropped, and they 
reported having a worse experience with the actual event than those who 
had conjured more realistic or even negative visions. To assess subjects’ real-

 MARINE BIOLOGY

Less Bang, More Bubbles
Light curtains of air may protect fish from the din of humans

Noise pollution in the oceans 
has risen dramatically because 
of an increase in commercial 
shipping, oil and gas pros-
pecting, and other activities. 
Evidence is mounting that 

low-frequency noise from 
these and other sources can 
pulp delicate organs in squid, 
octopuses and cuttlefish. 

One way of protecting 
ocean dwellers would be to 

raise solid, heavy and poten-
tially expensive barriers 
around either the sources of 
sound or the areas one would 
want protected. Acousticians 
now think they might be able 
to use bubbles instead of bar-
riers, and several are experi-
menting with light curtains of 
air that absorb and reflect 
sound waves. 

Low-frequency waves 
have long wavelengths, 
which means you would need 
big bubbles—10 centimeters 
or larger. But freely rising 

ones—like those pumped into 
home aquariums—that are 
wider than about 10 centime-
ters break up into smaller 
ones. To keep the bubbles big, 
investigators encapsulate 
them in thin latex and string 
them together like balloons. 
Tests performed on these la-
tex bubbles inside laboratory 
tanks show that layers of 
them could muffle sound by 
44 decibels—the difference 
between a busy city street 
and a library. Mark S. Woch-
ner of the University of Texas 
at Austin and his colleagues 
presented that research at a 
recent Acoustical Society of 
America meeting in Seattle. 

They now plan to test latex 
bubbles around a barge at a 
lake in Texas and, down the 
road, on larger seagoing ships 
and offshore wind farms. 

The bubbles alone may 
not fully solve the problem. 
They may dampen sound 
traveling through the water 
from above,  but about 10 per-
cent of the noise from under-
water pile driving would still 
get transmitted up from the 
seabed, says acoustician Peter 
Dahl of the University of 
Washington. Dahl and his col-
leagues are analyzing the na-
ture of this sound to find ways 
of suppressing it as well.  

—Charles Q. Choi 

life experiences, the researchers compared lists of 
goals that subjects had set for themselves against 
what they had actually accomplished and also  
relied on self-reports. “When you fantasize about 
it—especially when you fantasize something very 
positive—it’s almost like you are actually living it,” 
says Heather Barry Kappes of New York Universi-
ty, one of the study’s co-authors. That tricks the 
mind into thinking the goal has been achieved, 
draining the incentive to “get energized to go and 
get it,” she explains.  Subjects may be better off 
imagining how to surmount obstacles instead of 
ignoring them. 

The approach may also apply to sports. A re-
port published in the July issue of Perspectives on 
Psychological Findings suggests that talking one-
self through the fine details of an athletic task may 
work better than picturing an optimal outcome. 
“It’s positive thinking, plus instructions,” says lead 
author Antonis Hatzigeorgiadis of the University 
of Thessaly in Greece.  —Alla Katsnelson  

Number of metals that are recycled at a rate  
of less than 1 percent, out of 60 studied by  
the United Nations Environment Program

18: Number of metals that are recycled at a rate 
of more than 50 percent. In a recent report, the 
UNEP urged consumers to recycle their elec-
tronics instead of hoarding them
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Cocaine’s  
Newest Risks
A new drug contaminant is causing 
frightening outbreaks of blackened skin  
and low white blood cell counts

To the list of cocaine’s 
many dangers, health 
officials have added at 
least one more: purpu-
ra, a rash caused by in-
ternal bleeding from 
small blood vessels. Two 
recent papers in major 
medical journals have 
documented cases of co-
caine users showing up 
in emergency rooms 
with patches of black-
ened, dying skin on the 
ears, face, trunk or ex-
tremities. The condition 

causes scarring and 
sometimes requires re-
constructive surgery. 
Noah Craft, a dermatol-
ogist at the Harbor-
UCLA Medical Center 
who co-authored a pa-
per on the condition 
published online by the 
Journal of the American 
Academy of Dermatolo-
gy in June, says he now 
sees about one case per 
month: “It’s become al-
most routine.” 

The cause of the out-

break is a veterinary de-
worming medication 
that has become the 
most common ingredi-
ent used to dilute, or 
cut, cocaine coming 
into the U.S. from South 
America. The drug, 
called levamisole, was 
once approved for can-
cer treatment but was 

later pulled because of 
its side effects. Three 
quarters of the cocaine 
bricks seized by the U.S. 
Drug Enforcement Ad-
ministration now con-
tain levamisole. 

Equally worrying is 
another of its side ef-
fects: a sometimes fatal 
lowered count of white 
blood cells that are 
called neutrophils. Doc-
tors suspect that both 
conditions are allergic 
reactions to the drug.  
In one disease, the 
body’s immune system 
attacks the skin; in the 
other, it attacks the 
bone marrow. 

Traffickers may add 
levamisole to cocaine 
because it is cheaper 
than pure cocaine and 

may contribute to the 
cocaine high. Papers be-
tween the 1970s and 
1990s, when levamisole 
was being suggested 
and then approved for 
medical use in the U.S., 
found it improved 
mood and caused in-
somnia and hyperalert-
ness, effects that are 
similar to cocaine’s. 

For now, the DEA 
will not change how it 
pursues traffickers, says 
Barbara Carreno, an 
agency spokesperson. 
But doctors are learning 
to spot the skin rash 
quicker. Craft has added 
photos of his patients to 
a computerized alert 
system used by 1,300 
hospitals nationwide.  
 —Francie Diep

Skin deep: A patient 
with a purpura rash
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LAB NOTES

One Brainy Fish
An electric fish from the Congo may hold the key to how we move 

For decades neuroscientists have 
been building theories of brain func-
tion despite a near total lack of data 
on the most numerous neurons of all: 
cerebellar granule cells. Making up 70 
billion of the nearly 86 billion neurons 
in the human brain, these relatively 
simple cells are tightly packed into 
the cerebellum, a broccoli-shaped 
structure tucked under the back of 
our brain. Cerebellar granule cells 
form part of a brain circuit with a 
strikingly regular, almost crystalline, 
structure. 

Yet the purpose of this straight-
forward anatomical arrangement has 
baffled researchers. In the 1960s a 
team of neuroscientists, computer 
scientists and mathematicians theo-
rized that these cells played an im-
portant role in the cerebellum’s abili-
ty to learn motor skills. Several 
groups of researchers set out to put 
the theory to the test, imagining 
that, shortly, our understanding of 
the brain would take a giant leap for-
ward. But gathering data on granule 
cells turned out to be not so easy. 
Their dense packing, small size and 
location deep in the brain make them 
difficult to reach with traditional ex-
perimental techniques. The theory 
has gone unresolved for 40 years, 
casting a shadow over the efforts of 
cerebellum researchers.  

One possible road to discovery 
has recently come from an unusual 
source: the electric fish Gnathonemus 
petersii, which has long fascinated 

neuroscientists because it has a mon-
strously large cerebellum. By pains-
takingly recording the activity of indi-
vidual granule cells with micro elec  - 
t rodes in a living electric fish, neuro
scientist Nate Sawtell of Columbia 
University’s Kavli Institute for Brain 
Science, where I am currently a Ph.D. 
candidate, has uncovered some of the 
first direct evidence in support of the 
1960s theory that granule cells may 
enhance the cerebellum’s ability to 
learn skills such as fine movements. 
Sawtell showed that neurons receiv-
ing input from these cells were able 
to predict the position of the fish’s tail 
based on a combination of motor and 
sensory signals, a crucial step in the 
learning of motor skills. Sawtell is one 
of only a handful of neuroscientists 
working with this fish, but his results 
suggest the fish’s potential in helping 
to solve this long-standing mystery. 

Knowing the function of cerebel-
lar granule cells could lead to further 
important discoveries. In humans, 
the cerebellum’s extensive connec-
tivity with the rest of the brain sug-
gests it does far more than learn mo-
tor skills: it has been shown to have  
a part in both perception and cogni-
tion, with recent work linking cere-
bellar dysfunction to such complex 
diseases as schizophrenia and autism. 
It’s time to start listening to the silent 
majority of 70 billion, which we are 
now starting to do thanks to a little 
electric fish with a huge cerebellum.  
 —Tim Requarth
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The Science of Health by Matthew F. Daley and Jason M. Glanz
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Matthew F. Daley is a pediatrician and  
researcher at Kaiser Permanente’s  
Institute for Health Research in Denver. 

Straight Talk 
about Vaccination 
Parents need better information,  
ideally before a baby is born 

Last year 10 children died in California in the worst whooping 
cough outbreak to sweep the state since 1947. In the first six 
months of 2011, the Centers for Disease Control and Prevention 
recorded 10 measles outbreaks—the largest of which (21 cases) 
occurred in a Minnesota county, where many children were un-
vaccinated because of parental concerns about the safety of the 
standard MMR vaccine against measles, mumps and rubella. At 
least seven infants in the county who were too young to receive 
the MMR vaccine were infected.

These troubling statistics show that the failure to vaccinate 
children endangers both the health of children themselves as well 
as others who would not be exposed to preventable illness if the 
community as a whole were better protected. Equally troubling, 
the number of deliberately unvaccinated children has grown large 
enough that it may be fueling more severe outbreaks. In a recent 
survey of more than 1,500 parents, one quarter held the mistaken 

belief that vaccines can cause autism in healthy children, and more 
than one in 10 had refused at least one recommended vaccine. 

This sad state of affairs exists because parents have been per-
sistently and insidiously misled by information in the press and 
on the Internet and because the health care system has not effec-
tively communicated the counterarguments, which are powerful. 
Physicians and other health experts can no longer just assume 
that parents will readily agree to childhood inoculations and leave 
any discussion about the potential risks and benefits to the last 
minute. They need to be more proactive, provide better informa-
tion and engage parents much earlier than is usually the case. 

PERIL OF BUSINESS AS USUAL
 Right now pediatricians typically bring up the need for vaccines 
during the well-baby checkup held about two months after birth. 
That visit has a jam-packed agenda. In the usual 20 minutes allot-
ted for the appointment, the physician must learn the answers to 
many questions, of which the following are but a sample: How 
many times is the baby waking to feed at night? Is the child feed-
ing well? Where do measurements of height, weight and head cir-
cumference fall on a standard growth chart? Do the parents know 
how and when to introduce solid food and how to safely lay the 
child down to sleep? Are various reflexes good? Can the sounds of 
a heart murmur be heard through the stethoscope? Are the hip 
joints fitting properly in their sockets, or are they dislocated? 

Generally in the final seconds of the visit, assuming all has 
gone well to this point, the doctor mentions the required schedule 
for six recommended inoculations: the first DTaP shot (for diph-
theria, tetanus and pertussis, also known as whooping cough), the 
polio shot, a second hepatitis B shot (the first having been given in 
the first few days after birth), the pneumococcal conjugate shot 
(for bacterial pneumonia and meningitis), the HiB shot (for anoth-
er type of meningitis) and finally the rotavirus vaccine (to prevent 
a severe diarrheal infection). This is the point in the visit at which 
more and more pediatricians report a disheartening turn of 
events: although most parents agree to the inoculations without 
hesitation, a growing number say they would like to delay or even 
refuse some or all of the vaccinations for their infants.  

A proper conversation that respects the reluctant parents’ 
concerns, answers their questions and reassures them that the in-
oculations are indeed necessary—that countless studies by hun-
dreds of researchers over many decades have shown that vaccina-
tions save millions of lives—will likely take at least another 20 
minutes. Meanwhile, though, other families sit in the waiting 
room, itching for their own well-baby checkups to start.

This all too common scene should never happen. Having this 
discussion at the two-month well-baby visit is too late. By then, 
parents may have read about any issues on the Web or chatted 
with other moms and dads in the park. Discussion with medical 
professionals should begin long before, usually during, or even 

Jason M. Glanz is an epidemiologist  
at the same institute. 
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prior to, the pregnancy. The evidence summarized below should 
form the basis for these exchanges. 

FEARS AND FACTS
 Although parents give many reasons for not wanting to vaccinate 
their children, we have noticed at least three recurring themes. 
Some do not believe their children are at risk for diseases such as 
polio, measles and tetanus, which are now rarely seen in the U.S. 
Others do not believe that certain vaccine-preventable diseases, 
such as chicken pox and measles, are particularly serious. And 
many worry about the safety of vaccines. The concerns may be 
about immediate, well-defined side effects such as fever or may 
take the form of anxiety that vaccines might harm the immune 
system or cause chronic diseases years later. Each of these con-
cerns can be met with a careful review of the evidence. 

Together we have conducted a series of studies to better 
quantify the risks of not vaccinating—information that speaks 
to the mistaken belief that today’s children are unlikely to come 
down with whooping cough, measles or the 
like if they skip their inoculations. Our in-
vestigations looked at hundreds of thou-
sands of children in Colorado and compared 
the risk of various vaccine-preventable dis-
eases in children whose parents had refused 
or delayed vaccines, compared with children 
whose parents had had them vaccinated. We 
found that unvaccinated children were rough-
ly 23 times more likely to develop whooping cough, nine times 
more likely to be infected with chicken pox, and 6.5 times more 
likely to be hospitalized with pneumonia or pneumococcal disease 
than vaccinated children from the same communities. Clearly, the 
parental decision to withhold vaccination places youngsters at 
greatly increased risk for potentially serious infectious diseases. 
These results also show the flaws in the “free rider” argument, 
which erroneously suggests that an unvaccinated child can avoid 
any real or perceived risks of inoculation because enough other 
children will have been vaccinated to protect the untreated child. 

Depending on fate to soften the blow from an infection is also 
more dangerous than most people realize. One out of every 20 
previously healthy children who get the measles will come down 
with pneumonia. One out of 1,000 will suffer an inflammation of 
the brain that can lead to convulsions and mental retardation, 
and one to two out of 1,000 will die. Similarly, chicken pox can 
lead to severe infections of the skin, swelling of the brain, and 
pneumonia. Even when no complications arise, chicken pox is 
painful and triggers high fevers and itchy rashes. Vaccinated chil-
dren who develop chicken pox (no vaccine is perfectly effective all 
the time) usually suffer much milder symptoms. 

Even when parents appreciate the peril of not vaccinating, 
they want to know that vaccines are safe. Because vaccines are 
given to huge numbers of people, including healthy infants, they 
are held to a much higher safety standard than medications used 
for people who are already sick. Nothing in medicine 
is 100 percent safe, however, and the absolute safety of 
vaccines cannot be proved. Safety can be inferred, 
though, by the relative absence of serious side effects 
in multiple studies.

Studying the safety of vaccines is a complicated, labor-intensive 
process. Fortunately, the U.S. has a sophisticated system, a federal-
ly funded program that does not receive any money from vaccine 
manufacturers. This system can both test specific hypotheses and 
perform general monitoring of the safety of newly licensed vac-
cines. As a new theory arises, it can be rigorously tested. 

Perhaps the biggest boost to the antivaccine movement came 
in 1998, when, in a paper in the Lancet, Andrew J. Wakefield and 
12 colleagues proposed that the measles vaccine could cause au-
tism in susceptible children. In the years since, more than a dozen 
studies have convincingly shown that vaccines do not cause au-
tism. In fact, it is rare in science that published scientific findings 
have been so thoroughly, and publicly, disproved. The Lancet re-
tracted the Wakefield article in early 2010. Most of the co-authors 
no longer vouch for the study findings. And Wakefield himself 
was accused of falsifying the data and lost his medical license.

Despite the complete dismantling of Wakefield’s vaccines-
cause-autism hypothesis, public skepticism about vaccination has 

only increased as new speculative theories 
have been put forward. Maybe, some con-
tend, vaccine preservatives cause long-term 
problems. Or maybe the growing number of 
vaccines all assaulting the immature im-
mune system at once causes complications. 
Or perhaps trouble can arise from a toxic 
combination of vaccines with air pollution, 
chemical and metal contamination of the en-

vironment, and the increasing stress of modern life. 
That this cycle—debunked links followed by ever grander 

speculation—keeps repeating itself is a clear indication that the 
scientific community is more reactive than proactive when engag-
ing the public about vaccine safety. Investigating narrow, specific 
theories about vaccines does not seem to provide adequate reas-
surance to parents with broad and vague worries about vaccines.

So where does this leave the conversation between health pro-
fessionals and parents? A good place for talks to begin would be 
in a prenatal class devoted to vaccines or through Web chats with 
physicians and vaccine researchers. Web interactions, in particu-
lar, might encourage prospective parents to openly air their con-
cerns and raise sensitive questions they may not feel comfortable 
asking in a face-to-face visit with their child’s own pediatrician. 
Education campaigns should also be carried out. But many moms 
and dads will still need a forum where they can find accurate in-
formation, voice their worries, and engage in a full discussion 
about the benefits and risk of vaccines. And many will still want 
their infant’s doctor to look them in the eyes and say, “This is 
one of the best things you can do for your child’s health.” 

The key facts parents need to know, though, are that vaccines 
prevent potentially fatal diseases, that vaccines have a high de-
gree of safety, and that their safety is constantly evaluated and re-
evaluated in a system operating independently from the pharma-
ceutical companies that make vaccines. Unless this message gets 

spread widely and well, too many doctors and parents 
are going to find themselves in emergency rooms and 
isolation wards, watching children suffer with the dev-
astating effects of measles, whooping cough or some 
other readily preventable infectious disease. 
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TechnoFiles by David Pogue

Password Prevented
In a world drowning in absurd security requirements,  
it’s nice to see a few islands of reason

Nobody seems to think� much about passwords. After all, isn’t 
their purpose obvious? You need one on your bank account so 
that nobody else can use your money. You need one on your e-mail 
account so that strangers can’t find out your innermost thoughts.  

But I was astonished when my daughter told me that her 
school has instituted a new security initiative. Student pass-
words must now be at least eight characters long, must contain 
letters, numbers and punctuation, and may not incorporate any 
recognizable English word. And the password must be changed 
every 30 days.

Can you guess what this password is meant to lock down? 
The fifth-grade homework-downloading Web page. 

That’s right. All of that inconvenience, mem orization and 

hassle is intended to make sure some disturbed maniac doesn’t 
read this week’s spelling list.

Then there’s the video production company I worked with re-
cently, which hired a new tech guy. The first thing he did was to de-
clare the company’s network to be unsafe. He decided that work-
ers could no longer choose their own passwords; he would supply 
them. They would be 12 characters long and consist of alphanu-
meric gibberish, and they would have to be changed every month. 
He also blocked chat programs, e-mail attachments and YouTube. 

So is the production company more secure? That’s hard to 
say. They haven’t had any hacker break-ins—of course, they had 
never had any before, either. But there is a difference. Now the 
employees watch YouTube videos on their phones, use Gmail to 
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Password Prevented
In a world drowning in absurd security requirements,  
it’s nice to see a few islands of reason

Nobody seems to think� much about passwords. After all, isn’t 
their purpose obvious? You need one on your bank account so 
that nobody else can use your money. You need one on your e-mail 
account so that strangers can’t find out your innermost thoughts.  

But I was astonished when my daughter told me that her 
school has instituted a new security initiative. Student pass-
words must now be at least eight characters long, must contain 
letters, numbers and punctuation, and may not incorporate any 
recognizable English word. And the password must be changed 
every 30 days.

Can you guess what this password is meant to lock down? 
The fifth-grade homework-downloading Web page. 

That’s right. All of that inconvenience, mem orization and 

hassle is intended to make sure some disturbed maniac doesn’t 
read this week’s spelling list.

Then there’s the video production company I worked with re-
cently, which hired a new tech guy. The first thing he did was to de-
clare the company’s network to be unsafe. He decided that work-
ers could no longer choose their own passwords; he would supply 
them. They would be 12 characters long and consist of alphanu-
meric gibberish, and they would have to be changed every month. 
He also blocked chat programs, e-mail attachments and YouTube. 

So is the production company more secure? That’s hard to 
say. They haven’t had any hacker break-ins—of course, they had 
never had any before, either. But there is a difference. Now the 
employees watch YouTube videos on their phones, use Gmail to 
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get fi le attachments and keep their unmemorizable passwords 
on Post-It notes taped to the monitor. Nice going, Mr. Security.

My point, o f course, is that while it’s important to be secure, 
it’s equally important to ask why—and to consider the trade-o�  
between security and convenience. Obscure and harmless enti-
ties sometimes get locked up like Fort Knox, punishing nobody 
but the legitimate users. (Don’t even get me started on the 
Transportation Security Administration.) Other entities, such 
as Sony, Citibank and Lockheed Martin, are apparently not 
locked up enough. (Their computer systems were all hacked 
this past spring.)

It is actually possible to devise a system that ensures both se-
curity and convenience—if you’re smart. For example, if you re-
serve a room as a member of Omni Hotels’s Select Guest loyalty 
program, you can check in just by walking up to the counter and 
giving your name. They hand over your key and say, “Good eve-
ning, [your name here]. Have a great stay.”

They don’t ask for your ID. They don’t say, “May I have your 
credit card for incidentals?” They don’t tap on their keyboard for 
fi ve minutes. They don’t ask you any questions. No interrogation 
of any kind. They have your key waiting, and they just hand it over.

How can they get away with such lax security? 
Couldn’t some ru�  an pose as you, take your key and 
crawl into the bed in your hotel room?

It’s never happened in the history of the Omni’s 
Express check-in program. Why not? Because the ruf-

fi ans don’t know who you are or that you’ve booked a hotel room. 
And if you ever did arrive and fi nd some evildoer in your bed, 
you would be able to clear up the confusion pretty quickly by 
showing your ID. 

Here’s another example: When you buy a program from Ap-
ple’s online Mac App Store, the program is downloaded and in-
stalled on your Mac automatically. You are not prompted for 
your system password, you don’t click through any installer 
screens, there’s no warning about software downloaded from the 
Internet. It’s the height of convenience. 

Shouldn’t Apple be more worried about security? No, be-
cause it’s done some thinking. It controls both ends of the trans-
action. It’s not worried about viruses or malware, because it’s 
providing the software itself. It doesn’t have to ask you if you 
want to install the software—of course you want to (otherwise, 

why would you be buying it?). 
Whether you’re an administrator, designer or con-

sumer, in other words, it’s worth putting some thought 
into the security/convenience trade-o� . Passwords 
have their place—but it’s not every place. 

OBSCURE AND HARMLESS ENTITIES 
sometimes get locked up like Fort Knox, 

punishing nobody but the legitimate users.

THE SMART WAY TO 
PICK PASSWORDS 
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get file attachments and keep their unmemorizable passwords 
on Post-It notes taped to the monitor. Nice going, Mr. Security.

My point, of course, is that while it’s important to be secure, 
it’s equally important to ask why—and to consider the trade-off 
between security and convenience. Obscure and harmless enti-
ties sometimes get locked up like Fort Knox, punishing nobody 
but the legitimate users. (Don’t even get me started on the 
Transportation Security Administration.) Other entities, such 
as Sony, Citibank and Lockheed Martin, are apparently not 
locked up enough. (Their computer systems were all hacked 
this past spring.)

It is actually possible to devise a system that ensures both se-
curity and convenience—if you’re smart. For example, if you re-
serve a room as a member of Omni Hotels’s Select Guest loyalty 
program, you can check in just by walking up to the counter and 
giving your name. They hand over your key and say, “Good eve-
ning, [your name here]. Have a great stay.”

They don’t ask for your ID. They don’t say, “May I have your 
credit card for incidentals?” They don’t tap on their keyboard for 
five minutes. They don’t ask you any questions. No interrogation 
of any kind. They have your key waiting, and they just hand it over.

How can they get away with such lax security? 
Couldn’t some ruffian pose as you, take your key and 
crawl into the bed in your hotel room?

It’s never happened in the history of the Omni’s 
Express check-in program. Why not? Because the ruf-

fians don’t know who you are or that you’ve booked a hotel room. 
And if you ever did arrive and find some evildoer in your bed, 
you would be able to clear up the confusion pretty quickly by 
showing your ID. 

Here’s another example: When you buy a program from Ap-
ple’s online Mac App Store, the program is downloaded and in-
stalled on your Mac automatically. You are not prompted for 
your system password, you don’t click through any installer 
screens, there’s no warning about software downloaded from the 
Internet. It’s the height of convenience. 

Shouldn’t Apple be more worried about security? No, be-
cause it’s done some thinking. It controls both ends of the trans-
action. It’s not worried about viruses or malware, because it’s 
providing the software itself. It doesn’t have to ask you if you 
want to install the software—of course you want to (otherwise, 

why would you be buying it?). 
Whether you’re an administrator, designer or con-

sumer, in other words, it’s worth putting some thought 
into the security/convenience trade-off. Passwords 
have their place—but it’s not every place. 

OBSCURE AND HARMLESS ENTITIES 
sometimes get locked up like Fort Knox, 

punishing nobody but the legitimate users.
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Password Prevented
In a world drowning in absurd security requirements,  
it’s nice to see a few islands of reason

Nobody seems to think� much about passwords. After all, isn’t 
their purpose obvious? You need one on your bank account so 
that nobody else can use your money. You need one on your e-mail 
account so that strangers can’t find out your innermost thoughts.  

But I was astonished when my daughter told me that her 
school has instituted a new security initiative. Student pass-
words must now be at least eight characters long, must contain 
letters, numbers and punctuation, and may not incorporate any 
recognizable English word. And the password must be changed 
every 30 days.

Can you guess what this password is meant to lock down? 
The fifth-grade homework-downloading Web page. 

That’s right. All of that inconvenience, mem orization and 

hassle is intended to make sure some disturbed maniac doesn’t 
read this week’s spelling list.

Then there’s the video production company I worked with re-
cently, which hired a new tech guy. The first thing he did was to de-
clare the company’s network to be unsafe. He decided that work-
ers could no longer choose their own passwords; he would supply 
them. They would be 12 characters long and consist of alphanu-
meric gibberish, and they would have to be changed every month. 
He also blocked chat programs, e-mail attachments and YouTube. 

So is the production company more secure? That’s hard to 
say. They haven’t had any hacker break-ins—of course, they had 
never had any before, either. But there is a difference. Now the 
employees watch YouTube videos on their phones, use Gmail to 
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My point, o f course, is that while it’s important to be secure, 
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between security and convenience. Obscure and harmless enti-
ties sometimes get locked up like Fort Knox, punishing nobody 
but the legitimate users. (Don’t even get me started on the 
Transportation Security Administration.) Other entities, such 
as Sony, Citibank and Lockheed Martin, are apparently not 
locked up enough. (Their computer systems were all hacked 
this past spring.)

It is actually possible to devise a system that ensures both se-
curity and convenience—if you’re smart. For example, if you re-
serve a room as a member of Omni Hotels’s Select Guest loyalty 
program, you can check in just by walking up to the counter and 
giving your name. They hand over your key and say, “Good eve-
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They don’t ask for your ID. They don’t say, “May I have your 
credit card for incidentals?” They don’t tap on their keyboard for 
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of any kind. They have your key waiting, and they just hand it over.

How can they get away with such lax security? 
Couldn’t some ru�  an pose as you, take your key and 
crawl into the bed in your hotel room?

It’s never happened in the history of the Omni’s 
Express check-in program. Why not? Because the ruf-

fi ans don’t know who you are or that you’ve booked a hotel room. 
And if you ever did arrive and fi nd some evildoer in your bed, 
you would be able to clear up the confusion pretty quickly by 
showing your ID. 

Here’s another example: When you buy a program from Ap-
ple’s online Mac App Store, the program is downloaded and in-
stalled on your Mac automatically. You are not prompted for 
your system password, you don’t click through any installer 
screens, there’s no warning about software downloaded from the 
Internet. It’s the height of convenience. 

Shouldn’t Apple be more worried about security? No, be-
cause it’s done some thinking. It controls both ends of the trans-
action. It’s not worried about viruses or malware, because it’s 
providing the software itself. It doesn’t have to ask you if you 
want to install the software—of course you want to (otherwise, 

why would you be buying it?). 
Whether you’re an administrator, designer or con-

sumer, in other words, it’s worth putting some thought 
into the security/convenience trade-o� . Passwords 
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Password Prevented
In a world drowning in absurd security requirements,  
it’s nice to see a few islands of reason

Nobody seems to think� much about passwords. After all, isn’t 
their purpose obvious? You need one on your bank account so 
that nobody else can use your money. You need one on your e-mail 
account so that strangers can’t find out your innermost thoughts.  

But I was astonished when my daughter told me that her 
school has instituted a new security initiative. Student pass-
words must now be at least eight characters long, must contain 
letters, numbers and punctuation, and may not incorporate any 
recognizable English word. And the password must be changed 
every 30 days.

Can you guess what this password is meant to lock down? 
The fifth-grade homework-downloading Web page. 

That’s right. All of that inconvenience, mem orization and 

hassle is intended to make sure some disturbed maniac doesn’t 
read this week’s spelling list.

Then there’s the video production company I worked with re-
cently, which hired a new tech guy. The first thing he did was to de-
clare the company’s network to be unsafe. He decided that work-
ers could no longer choose their own passwords; he would supply 
them. They would be 12 characters long and consist of alphanu-
meric gibberish, and they would have to be changed every month. 
He also blocked chat programs, e-mail attachments and YouTube. 

So is the production company more secure? That’s hard to 
say. They haven’t had any hacker break-ins—of course, they had 
never had any before, either. But there is a difference. Now the 
employees watch YouTube videos on their phones, use Gmail to 

David Pogue� is the personal-technology columnist 
for the New York Times and an Emmy Award–winning 
correspondent for CBS News.

sad0911Tech3p.indd   36 7/14/11   6:42 PM
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on Post-It notes taped to the monitor. Nice going, Mr. Security.

My point, o f course, is that while it’s important to be secure, 
it’s equally important to ask why—and to consider the trade-o�  
between security and convenience. Obscure and harmless enti-
ties sometimes get locked up like Fort Knox, punishing nobody 
but the legitimate users. (Don’t even get me started on the 
Transportation Security Administration.) Other entities, such 
as Sony, Citibank and Lockheed Martin, are apparently not 
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this past spring.)
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program, you can check in just by walking up to the counter and 
giving your name. They hand over your key and say, “Good eve-
ning, [your name here]. Have a great stay.”

They don’t ask for your ID. They don’t say, “May I have your 
credit card for incidentals?” They don’t tap on their keyboard for 
fi ve minutes. They don’t ask you any questions. No interrogation 
of any kind. They have your key waiting, and they just hand it over.

How can they get away with such lax security? 
Couldn’t some ru�  an pose as you, take your key and 
crawl into the bed in your hotel room?

It’s never happened in the history of the Omni’s 
Express check-in program. Why not? Because the ruf-

fi ans don’t know who you are or that you’ve booked a hotel room. 
And if you ever did arrive and fi nd some evildoer in your bed, 
you would be able to clear up the confusion pretty quickly by 
showing your ID. 

Here’s another example: When you buy a program from Ap-
ple’s online Mac App Store, the program is downloaded and in-
stalled on your Mac automatically. You are not prompted for 
your system password, you don’t click through any installer 
screens, there’s no warning about software downloaded from the 
Internet. It’s the height of convenience. 

Shouldn’t Apple be more worried about security? No, be-
cause it’s done some thinking. It controls both ends of the trans-
action. It’s not worried about viruses or malware, because it’s 
providing the software itself. It doesn’t have to ask you if you 
want to install the software—of course you want to (otherwise, 

why would you be buying it?). 
Whether you’re an administrator, designer or con-

sumer, in other words, it’s worth putting some thought 
into the security/convenience trade-o� . Passwords 
have their place—but it’s not every place. 
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It’s hard to pin down the precise 
moment the world’s center of grav
ity shifted. For thousands of years, 
people lived in the countryside. 
They worked on farms or in villag
es, knew little of the world beyond 
their immediate families and neigh

bors, and generally got by on their own. 
Slowly, they began to congregate. It hap
pened in Mesopotamia and Egypt, later in 
Greece and Rome, and also in Europe and 
the Americas. More recently, we’ve seen 
fast growth in Africa and, most spectacu
larly, in Asia. And then, by 2008, according 
to the United  Nations, the balance finally 
tipped: in the ebb and flow of daily births 

and deaths, the number of people who in
habit the world’s cities ticked into the ma
jority, for the first time ever. 

The milestone itself isn’t nearly as sig
nificant as the trend. In the 20th century 
cities grew more than 10fold, from 250 
million people to 2.8 billion. In the coming 
decades, the U.N. predicts, the number of 
people living in cities will continue to rise. 
By 2050 the world population is expected 
to surpass nine billion and urban dwellers 
to surpass six billion. Two in three people 
born in the next 30 years will live in cities. 

Many otherwise lucid thinkers, from 
Tho mas Jefferson to Frank Lloyd Wright to 
President Gerald Ford, tended to think of 

Street-Savvy
Meeting the biggest challenges starts with the city

By the Editors
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cities as centers of poverty, crime, pollution, con
gestion and poor health. In recent years, though, 
the thinking has shifted along with the demo
graphics. Many experts have come to realize 
that people are better off when they live in a city. 
This is not to dismiss the problems of urban life; 
cities, particularly fastgrowing ones in the 
poorer parts of Asia and Africa, can be places of 
great human suffering. But even a city slum has 
benefits that you won’t find on the farm or in 
the village. The move from the country leads, for 
instance, to dramatic changes for many women. 
As Kavita N. Ramdas of the Global Fund for 
Women notes in Stewart Brand’s Whole Earth 
Discipline (Penguin, 2010), “In the village, all 
there is for a woman is to obey her husband and 
relatives, pound millet, and sing. If she moves to 
town, she can get a job, start a business, and get 
education for her children.” 

Indeed, the city has come to look less like a 
source of problems than as an opportunity to 
fix them. Investments in sanitation and water 
have turned many cities in the developed world 
from places of disease and pestilence into bas
tions of health. City folk are at lower risk of 
death from motor vehicle accidents and suicide 
by firearms (although they are overstressed). 
From the stand point of the metropolis, climate 
change also seems less intractable. Because city 
residents rely less on cars and live in more com
pact dwellings than suburbanites, they tend to 
leave smaller carbon footprints. The challenge 
is to extend the efficiency of the urban center to 
the wider conurbation, embracing the city cen
ter, suburbs and satellite towns. Although cli
mate is bigger than any one fix, how we build 
our cities, and how efficiently we live in them, is 
going to factor large in our response.

The most hopeful impact of city life may be 
its effect on the mind. Humans are social ani
mals; we draw stimulation from other minds 
close at hand. Plato and Socrates both lived in 
fifthcentury b.c. Athens, a citystate. Galileo and 
Michelangelo lived in Renaissance Florence. 
Steve Jobs and Steve Wozniak grew up in a west
ern U.S. conurbation that includes Silicon Val
ley. The young, agile minds at work on the next 
Big Thing are probably tweeting—they live, as 
author William Gibson points out on page 88, in 
a kind of digital meta city. Chances are, they are 
living in a physical city, too. Technology is re
shaping city life and making it more intellectu
ally productive, but it will not soon replace the 
easy interchange of ideas that comes from casu
al proximity, the cornerstone of city life. 

This issue of Scientific American celebrates 
the city as a solution to the problems of our age. 
We have tried to present it in the true urban 
spirit: best ideas forward. 

3 5 6 MEXICO CITY

6 LOS ANGELES‡
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MILLION

The total number of people 
who have moved out of 

slums since 2000, according 
to the United Nations
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FACT
No country has ever  
sustained economic  
growth without  
urbanization 
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10 largest urban areas
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• 2009

• 2050 (projected)

* Represents the New York–Newark  
metropolitan area

†Represents the Osaka-Kobe metropolitan area
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Santa Ana metropolitan area
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TO THE CITY WE GO 

NEW YORK*

SÃO PAULO5 3 4

2 6 7

BUENOS AIRES7 10

8 PARIS

9 8 8 KOLKATA

4 OSAKA†

10 MOSCOW

1 1 1 TOKYO

DELHI2 2

MUMBAI4 3

DHAKA9 5

KARACHI10

SHANGHAI7 9

FACT
One in four 
residents of Amman,  
Jordan, is a refugee

A PEEK AT OUR FUTURE: The fraction of people living in urban areas is expected  
to keep rising in the coming decades (blue-and-white disks), according to the  

2009 revision of the United Nations’s “World Urbanization Prospects” report.  
The U.N. predicts a shift in which cities will be the 10 largest when  

2050 rolls around (small blue spheres), although  
Tokyo promises to maintain first place.

FACT
Bejing is the most  
equitable city in  
access to housing  
and basic services 

FACT
Three South  
African cities  
have the sharpest  
internal income  
disparities in the world 
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 On january 25 the streets of cairo  
erupted in protest against then 
president Hosni Mubarak’s repres-
sive Egyptian regime. Over the next 
72 hours the government shut down 
the country’s Internet service and 
mobile-phone system in an attempt 

to squelch the rebellion—to no avail: a rich ecosys-
tem of Facebook conversations, Twitter outbursts 
and chat-room plans had already unified millions 
of Cairo’s people, who continued the relentless up-
rising. The government backed down and restored 
communications to keep the country’s economy on 
life support, but the masses kept up the pressure 
until Mubarak resigned 14 days later. 

Just weeks before, during Tunisia’s “Jasmine 
Revolution,” dissident blogger and protest orga-
nizer Slim Amamou used the mobile social app 
Foursquare to alert his friends of his January 6 ar-
rest. By “checking in” to Foursquare’s virtual de-
piction of the jail in Tunis where he was being 
held, Amamou revealed his location to a global 
web of supporters and immediately grabbed the 
international spotlight. The news stories sparked 
further uprisings, and longtime president Zine El 
Abidine Ben Ali was soon ousted.

Across the archipelago of places where the “Arab 
Spring” revolts played out, citizens used new Inter-
net applications and ubiquitous mobile phones to 
wage a battle over the soul of their cities, shifting re-
sources back and forth from cyberspace to “city-

space.” Contrast those transformations with a hand-
ful of large urban development projects that have 
been vying to be crowned the model “smart city” of 
the future. Furthest along is Masdar in the United 
Arab Emirates, a walled community intended for 
50,000 residents in the desert outside of Abu Dhabi, 
in which every building, streetlight and personal 
electric “pod” vehicle has been preplanned and pre-
loaded with high-tech gear, largely to maximize en-
ergy efficiency. At Masdar, as well as New Songdo 
City in South Korea and PlanIT Valley in Portugal, 
real estate developers, global information-technolo-
gy companies and governments are attempting to 
build urban centers from scratch that are filled with 
technologically enhanced infrastructure and servic-
es. The designers say their grand conceptions will 
determine how future cities will be built.

But as models, these top-down projects pale in 
comparison to the emergent form of intelligence 
that is bubbling up from millions of newly cyber-
connected residents. Truly smart—and real—cities 
are not like an army regiment marching in lock-
step to the commander’s orders; they are more like 
a shifting flock of birds or school of fish, in which 
individuals respond to subtle social and behavior-
al cues from their neighbors about which way to 
move forward. Although the mobs in Cairo and 
Tunis appeared unruly, their actions resulted from 
digital coordination of human activity on an un-
precedented scale. Hundreds of thousands of peo-
ple appeared in Tahrir Square in Cairo because 

The Social Nexus 
The best way to harness a city’s potential for creativity and  

innovation is to jack people into the network and get out of the way

By Carlo Ratti  and Anthony Townsend

SMARTER

I N  B R I E F

Truly smart cities will 
emerge as inhabitants and 
their many electronic de-
vices are recruited as real-
time sensors of daily life. 
Networking the ubiqui-
tous sensors and link ing 
them to government da-
tabases can enhance a 
city’s inventiveness, effi-
ciency and services.
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text messages and tweets summoned them—re-
flecting an immensely powerful, democratic and 
organic alternative vision of the smart city. 

Rather than focusing on the installation and 
control of network hardware, city governments, 
technology companies and their urban-planning 
advisers can exploit a more ground-up approach to 
creating even smarter cities in which people become 
the agents of change. With proper technical-sup-
port structures, the populace can tackle problems 
such as energy use, traffic congestion, health care 
and education more effectively than centralized 
dictates. And residents of wired cities can use their 
distributed intelligence to fashion new community 
activities, as well as a new kind of citizen activism.

GOING BEYOND URBAN EFFICIENCY
why are countries racing haphazardly to imple-
ment smart cities? Why is IBM forecasting a $10 
billion market in this arena by 2015? What is hap-
pening at an urban scale today is similar to what 
happened two decades ago in Formula One auto 
racing. Up to that point, success on the circuit was 
primarily credited to a car’s mechanics and the 
driver’s capabilities. But then telemetry technolo-
gy blossomed. The car was transformed into a 
computer that was monitored in real time by thou-
sands of sensors, becoming “intelligent” and bet-
ter able to respond to the conditions of the race.

In a similar way, over the past decade digital 
technologies have begun to blanket our cities, form-
ing the backbone of a large, intelligent infrastruc-
ture. Broadband fiber-optic and wireless telecom-

munications grids are supporting mobile phones, 

smartphones and tablets that are increasingly af-

fordable. At the same time, open databases—espe-

cially from the government—that people can read 

and add to are revealing all kinds of information, 

and public kiosks and displays are helping literate 

and illiterate people access it. Add to this foundation 

a relentlessly growing network of sensors and digi-
tal-control technologies, all tied together by cheap, 
powerful computers, and our cities are quickly be-
coming like “computers in open air.” 

The vast amount of data that is emerging is the 
starting point for making efficient infrastructure 
programmable so that people can optimize a city’s 
daily processes. Extracting information about real-
time road conditions, for example, can reduce traffic 
and improve air quality. In Stockholm’s road-pricing 
scheme, cameras automatically identify license 
plates of vehicles entering the city center and charge 
drivers’ accounts up to 60 kronor ($9.50) a day, de-
pending on where the cars go. The system has re-
duced the waiting time for vehicles traversing the 
central district by up to 50 percent and has reduced 
pollutant emissions by up to 15 percent. Similar tech-
nologies can help lessen water use (one example is 
being used by the Sonoma County Water Agency in 

California) and provide better services to citizens. 
Two recent projects devised by the Senseable 

City Laboratory at the Massachusetts Institute of 
Technology illustrate the intelligence that is possi-
ble. Trash Track reveals how garbage flows through 
a city’s waste-management system, indicating how 
to create a more efficient “removal chain” (as op-
posed to the supply chain). Electronic tags that 
transmit information over cellular networks are at-
tached to pieces of trash to see where the items go. 
In one Seattle test the lab tracked more than 2,000 
items, including recyclable materials such as glass, 
metal and plastic; household hazardous waste 
such as rechargeable batteries; and electronics 
such as monitors. Some items traveled across the 
U.S. (one printer cartridge went 6,152 kilometers!). 
Some ended up in legally compliant destinations, 
and some did not. The results reveal ways to mini-
mize carbon dioxide emissions by transporting 
waste more efficiently. And Seattle could use the in-
formation to promote behavioral changes among 
its citizens, encouraging them to recycle more or to 
properly dispose of hazardous materials.

The second project, LIVE Singapore, uses real-
time data recorded by the myriad communications 
devices, microcontrollers and sensors found in our 
urban environment to analyze the pulse of the city, 
moment to moment. The results suggest new ways 
to understand and optimize the city, ultimately to 
help people experience it like never before. LIVE 
Singapore’s open-platform software allows people 
to develop different applications in a collaborative 
way. Work has begun on apps that tell commuters 
how they can reach their homes fastest, how resi-
dents can reduce their neighborhood’s energy con-
sumption and how inhabitants can get hold of a 
taxi when a rainstorm is crossing the island and 
the vehicles all seem to have disappeared.

Carlo Ratti teaches at 
the Massachusetts 

Institute of Technolo-
gy’s department of 
urban studies and 

planning, where he 
directs the Senseable 
City Laboratory. He 

also practices architec-
ture and urban design 

in Turin, Italy.

Anthony Townsend 
 is research director at 
the Institute for the 
Future, a Palo Alto, 

Calif., think tank that 
develops strategic 

forecasts and scenari-
os. He is writing a 

book about the future 
of urbanization and 

computing for  
W. W. Norton. 

36.7
MILLION

The number of people 
who live in the Tokyo-
Yokohama urban area, 

the most populated  
in the world

SOURCE: Demographia
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The potential for developing more of this kind of 
efficient infrastructure is vast—and a good fraction 
can be unleashed through smart systems. It is thus 
no surprise that many large corporations, such as 
IBM, Cisco Systems, Siemens, Accenture, Ferrovial 
and ABB, are setting their sights on the urban space. 

LESSONS FROM  
THE NETWORKED PAST

it is fitting that Cairo has become a modern model 
of urban transformation because the ancient world 
holds the key to understanding what makes cities 
thrive. The invention of agriculture 10,000 years 
ago begot the first fixed settlements. As farming 
produced more food than was needed for survival, 
towns and villages developed specialized labor 
forces and institutions. Markets, temples and pal-
aces created social networks organized for com-
merce, worship and government. Over time the in-
teractions within these networks became more lay-
ered and complex. It turns out that sociability, not 
efficiency, is the true killer app for cities.

Furthermore, although landmark buildings 
shape our historical understanding of many me-
tropolises, in reality most of the physical stuff in cit-
ies was built by everyday people. City building was 
highly democratized, decentralized, free-flowing 
and adaptive, just like its social and economic life—
a rich tapestry of communal architecture whose de-
sign achievements were the result of collective ef-
fort rather than celebrity “starchitects.”

This organic growth of classical cities holds sev-
eral lessons for future smart cities. First, by impos-
ing a preordained design, centralized planners of-
ten fail to create a city that is tailored to inhabitants’ 
needs, that reflects their culture or that creates the 
rich mix of activities that distinguishes great places. 
Centralized plans also make many assumptions 

about what people want, causing such plans to be 
brittle in the face of change. So many “smart home” 
projects have failed over the past few decades pre-
cisely because designers made the wrong assump-
tions about how people would want to integrate 
technologies into their daily lives and did not build 
in the capacity to adapt to unforeseen situations.

Second, top-down visions ignore the enormous 
innovative potential of grass-roots efforts. We have 
all witnessed how the decentralization of design 
transformed the World Wide Web into a fascinat-
ing milieu for social interaction. By providing fin-
ished solutions rather than new raw materials for 
building the physical and social fabric of smarter 
cities, top-down designs rob themselves of any ca-
pability to invent new ideas for how to make cities 
better. If we compare the bounty of ideas that have 
come from city-sponsored app contests such as 
New York City’s BigApps challenges with the vague 
promises for how high-definition videoconferenc-
ing will be used in New Songdo City, it is clear that 
the biggest innovations will come from the bottom. 

Finally, a focus solely on efficiency ignores fun-
damental civic goals such as social cohesion, quali-
ty of life, democracy and the rule of law. Improving 
sociability through technology, however, does tar-
get these needs, while also unlocking new ap-
proaches to efficiency. For example, the app Dopplr 
allows users to calculate and share the carbon foot-
print of their travel, which may inspire more sus-
tainable behavior.

BUILDING FROM THE BOTTOM-UP
if we focus on sociability as the starting point for 
design and tapping citizens as the source of inno-
vation, how do we go about crafting a smarter city? 

An ideal beginning is to leverage the growing ar-
ray of smart personal devices we all wield and re-

Roll out: Controlled 
by a smartphone, the 

Copenhagen Wheel 
(red disk) provides 

pedal assistance but 
also sends tempera-

ture, humidity, noise 
and pollution data to 

a real-time environ-
mental database.  

Nitrogen oxide levels 
in Copenhagen are 

displayed at the left.
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cruit people as the sensors of a city rather than re-
lying only on formal systems embedded into infra-
structure. The traffic function on Google Maps is a 
good example. Instead of building a costly network 
of dedicated vehicle sensors along roadways, Google 
constantly polls a large network of anonymous vol-
unteers whose mobile devices report their up-to-
the-minute status, which reveals where traffic is 
flowing, slowed or stopped. The information is de-
livered to drivers via mobile mapping applications 
in various ways—as colored overlays indicating 
traffic speeds, as estimated driving times that ac-
count for delays or as a factor in determining alter-
native routes. These handy data allow users to see 
the circulatory network of the city in real time and 
to understand the constantly changing cost in time 
of getting from point A to point B. Although Google 
is certainly not a grassroots platform, this example 
shows how peer-to-peer sharing of sensory data 
can have a huge impact in helping to manage ur-
ban infrastructure. This scenario also shows how 
smart cities can be both sociable and more efficient 
without imposing order from above; you choose 
the best route based on your peers’ observations in-
stead of being directed by traffic engineers.

Google’s traffic app leverages a large base of ex-
isting consumer devices. But bottom-up approach-
es to sensing can also provide rapid, cheap deploy-
ment of new kinds of sensors that measure and re-
cord data about people’s activities, movements, 

surroundings and health. As recently as 2009, Paris 
had fewer than a dozen ozone-monitoring stations. 
To greatly expand this official data stream, the 
Green Watch project, overseen by Internet think 
tank Fing, distributed 200 smart devices to Pari-
sians. The devices sensed ozone and noise levels 
as their wearers went about their daily lives, and 
the ongoing measurements were shared publicly 
through the Citypulse mapping engine. In the first 
trial more than 130,000 measurements were taken 
in a single city district. The experiment showed 
how a grassroots sensing network could be de-
ployed almost in an instant—at dramatically lower 
cost than expanding the city’s archaic fixed sta-
tions. The project also showed that citizens could 
become deeply engaged in environmental monitor-
ing and regulation. Ultimately, sensors for grass-
roots networks will be built into everyday objects: 
phones, vehicles and clothing. 

Bottom-up approaches are also leveraging the 
sociability of cities to change patterns of activity. As 
the booming popularity of local shopping networks 
such as Groupon and LivingSocial shows, connect-
ing local businesses and city dwellers through mo-
bile social networks is a powerful catalyst for ac-
tion. These new ways of scripting the city can cre-
ate more lasting kinds of social touch points, too. 
The Foursquare mobile social network that Ama-
mou used in Tunis can also turn going out on the 
town into a kind of mobile game. It crowns the 
most frequent visitor to every café, bar and restau-
rant as the “mayor”—a reference to the “self-ap-
pointed public characters” described in 1961 by ur-
banist Jane Jacobs in The Death and Life of Great 
American Cities. Like the corner gossips that Ja-
cobs argued were so critical to neighborhood cohe-
sion and safe streets, Foursquare’s mayors remind 
us that even the most intelligent of digital cities are 
vital because they are filled with interesting and 
accessible people.

Another way to put citizens in the driver’s seat is 
to instrument buildings, plazas and even sculptures 
with embedded sensors and actuators. These devic-
es will create capabilities for passersby to alter how 
the built city behaves. For example, the Digital Wa-
ter Pavilion in Zaragoza, Spain, is a public sculpture 
whose walls are created by jets of water that can dis-
play patterns and react to people. As individuals 
walk through the space, the jets turn on and off, al-
lowing pedestrians to proceed without getting wet. 

This programmable world will extend beyond 
the physical city. Today many municipalities offer 
telephone hotlines reached by dialing 311 that give 
citizens rapid access to city government informa-
tion and services, as well as the ability to file reports 
about everyday issues. These systems will evolve 
into wiki-like information repositories that allow 
citizens to team up and help themselves. For in-
stance, one resident, using Boston’s mobile 311 app 

Dry passage:  
Sensors and actuators 
in Zaragoza, Spain, 
turn off select water 
jets as a pedestrian 
approaches—one  
example of responsive 
architecture.
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(dubbed Citizen’s Connect), responded to a plea for 
help in removing an errant possum from another 
Bostonian’s garbage can in less than half an hour—
well before the city’s own Animal Control unit could 
mobilize to respond. On successfully evicting the 
critter, the Good Samaritan left a comment on the 
311 system that the matter was resolved. As govern-
ment information systems that enable citizens to 
add and edit information become more wide-
spread, they will support innovation in how servic-
es are delivered and funded in caregiving, educa-
tion and other nonemergency functions. Successes 
in online social gaming can provide lessons in how 
to motivate and reward volunteers. Citizens will 
have to make sure, however, that city government 
does not view “crowdsourcing” work from the mass-

es as a convenient way to offload its obligations.

More natural computer interfaces will let non-
tech ies, disabled persons and the illiterate partici-
pate more fully in civic life, making it smarter still. 
Although gestural interfaces that recognize individ-
ual faces are new, the Institute for Creative Technol-
ogies at the University of Southern California has 
developed a gestural controller for Gmail that, if 
combined with speech synthesis and recognition, 
could allow the illiterate poor, the elderly and the 
disabled to use e-mail and explore the Web. As these 
technologies spread to cybercafés throughout poor 
urban communities, such as the national network of 
more than 600 Pontos de Cultura (culture hotspots) 
in Brazil’s favelas, we will see an urban movement 
emerge for more inclusive smart services.

Part of what makes cities smart is a system of 
checks and balances, and networked cities are 
changing the way citizens monitor city hall. Hy-
perlocal news sites such as EveryBlock aggregate 
Web content and public data about individual 
streets, cover local issues and monitor local govern-
ment more thoroughly than traditional newspapers 
or television. Web sites such as Oakland Crimespot-
ting in California enable residents to analyze and 
create interactive maps of detailed crime data by 
using information mined from ubiquitous, real-
time social media streams and government data-
bases. Crime information systems akin to New York 
City’s CompStat have long allowed police depart-
ments to create detailed maps of criminal activity, 
but better access to crime data will empower citi-
zens to analyze policing and public safety, perhaps 
leading to different kinds of community policing.

A PLANET OF CIVIC LABORATORIES
if the risk of visions like Masdar is their elitism 
and singular focus on efficiency, their advantage is 
clarity of purpose. The bottom-up smart city is a 
continual work in progress; its organic flexibility 
is also its biggest flaw. But as civic laboratories for 
urban innovation, these seemingly chaotic places 
are becoming part of a global movement. To make 

rapid progress, we need to build mechanisms for 
scanning, evaluating and cross-fertilizing good 
ideas—ways to spread the best methods for crowd-
sourcing public services or using citizens as sen-
sors, just as we have in the past spread the best 
ideas for bus rapid transit or bike sharing.

Here is where mayors, architects, planners and 
technologists might play their most effective role 
in shaping truly smart cities—by marshaling and 
integrating the great engineering resources of top-
down approaches with the innovation of grass-
roots initiatives. Governments in cities as diverse 
as New York City, London, Singapore and Paris are 
taking tentative first steps by making formerly pri-
vate government data warehouses public. These 
resources are empowering entrepreneurs to come 
up with mobile software applications that meet 
citizen needs. But it is not clear how the entrepre-
neurs will sustain these efforts. The grassroots de-
velopers bring engagement and creativity to the 
table, but corporations and politicians are needed 
to scale and sustain the large systems that the in-
novations run on. After all, the revolutions of Cai-
ro and Tunis played out on a mobile infrastructure 
built by Vodafone and other global companies. 

It is also up to civic leaders to listen to citizens 
and together frame their own smart city vision. Ev-
ery community faces a unique set of circumstanc-
es, as well as resources to address them. Some local 
experiments will morph into “best practices,” data 
sets, computer models and visualizations that can 
be repurposed elsewhere, but many of the best 
smart city solutions will be like the best urban ex-
periences: unique, local and unreplicable—as they 
should be!

SMART CITIES FOR ALL TIME
is masdar really a glimpse into how we will live to-
morrow? Or will it suffer the same fate as the ma-
chine universe of Fritz Lang’s 1927 film Metropo-
lis—another vision that will inspire designers but 
will ultimately fail to materialize? Masdar is per-
haps a bit of both. It is providing an effective tem-
plate for how to use pervasive computing to opti-
mize urban systems, from transport to energy. Yet 
after five years and more than $1 billion, Masdar is 
also showing shortcomings of the centralized ap-
proach; a large replanning exercise will effectively 
turn it into a more conventional real estate develop-
ment. More than smart systems that improve effi-
ciency are needed to make the city “smart.”

Taking a more bottom-up view of how cities ac-
tually develop gives us an opportunity to radically 
rethink what intelligent, connected communities of 
the future could look like and how they can be de-
signed, built and lived in. By empowering people to 
devise ways to run their daily lives as smartly as 
possible, we can make their extended community—
the actual embodiment of a city—smarter, too. 
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AN ARENA IN LOUISVILLE
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When Louisville wanted to build a state-of-the-art arena for its beloved college basketball 

team, we helped make it happen. Our financing strategy enabled the Louisville Arena 

Authority to raise funds and break ground — creating hundreds of jobs and a job-training 

program for local workers. Now, the KFC Yum! Center is at the heart of a vibrant downtown 
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 Crime, congestion and pollution 
mar all cities, from Los Angeles 
to Mumbai. But another force 
trumps the drawbacks of urban 
living: cities bring opportuni-
ties for wealth and for the cre-
ative inspiration that can result 

only from face-to-face contact with others. In 
fact, the crush of people living in close quarters 
fosters the kind of collaborative creativity that 
has produced some of humanity’s best ideas, in-
cluding the industrial revolution and the digital 
age. In the years ahead such collaborations can be 

Engines of 
Innovation

Most of humanity now lives in a 
metropolis. That simple fact helps to fuel 

our continued success as a species

By Edward Glaeser 
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Building�, or the Jin 
Mao Tower, lords it 
over Shanghai’s  
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Teleconferencing and vir
tual meetings of all stripes 
were supposed to spell 
the death of distance. Yet 
the city (home of more 
than half the human spe
cies) continues to flourish.
Things seem to go better 
with closeness: a deal or 
relationship is often best  
sealed only with a hand
shake or a kiss.
Interchange of ideas that 
occur in the gargantuan 
urban swells of the de
veloping world may help 
forge a pathway out of 
poverty.
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CITIES

Bigger Cities Do  
More with Less 
New science reveals why cities become  
more productive and efficient as they grow 
By Luís M. A. Bettencourt and Geoffrey B. West

For centuries, people have painted cities as unnatural human con-
glomerations, blighted by pathologies such as public health crises, ag-
gression and exorbitant costs of living. Why, then, do people through-
out the world keep leaving the countryside for the town? Recent 
research that is forming a multidisciplinary science of cities is begin-
ning to reveal the answer: cities concentrate, accelerate, and diversify 
social and economic activity.

The numbers show that urban dwellers produce more inventions 
and create more opportunities for economic growth. Often large cit-
ies are also the greenest places on the planet because people living in 
denser habitats typically have smaller energy footprints, require less 
infrastructure and consume less of the world’s resources per capita. 
Compared with suburban or rural areas, cities do more with less.  
And the bigger cities get, the more productive and efficient they tend 
to become. 

THE POWER OF POPULATION
 This new, more quantitative science of cities is becoming possible  
because of the increasing availability of information—official statistics 
as well as novel measures of human and social activity—on cities and 
metropolitan areas worldwide. 

By sifting through this flood of data, covering thousands of cities 
around the world, we have unveiled several mathematical “laws” that 
explain how concentrating people in one place affects economic ac-
tivity, return on infrastructure investment and social vitality. Despite 
the rich diversity of metropolitan regions across the U.S., China, Brazil 
and other nations, we found a remarkable universality in the way that 
socioeconomic characteristics increase with a city’s population. For 
example, if the population of a city is doubled, whether from 40,000 
to 80,000 or from four million to eight million, we systematically see 
an average increase of around 15 percent in measures such as wages 
and patents produced per capita. If eight million people all live in one 
city, their economic output will typically be about 15 percent greater 
than if the same eight million people lived in two cities of half the size. 
We call this effect “superlinear scaling”: the socioeconomic properties 
of cities increase faster than a direct (or linear) relation to their popu-
lation would predict [see illustration on opposite page].

The data also reveal that cities’ use of resources follows a similar, 
though inverted, law. When the size of a city doubles, its material infra-
structure—anything from the number of gas stations to the total length 
of its pipes, roads or electrical wires—does not. Instead these quantities 
rise more slowly than population size: a city of eight million typically 
needs 15 percent less of the same infrastructure than do two cities of 
four million each. This pattern is referred to as sublinear scaling. On  
average, the bigger the city, the more efficient its use of infrastructure, 
leading to important savings in materials, energy and emissions.

Our findings also show that these patterns of increased productiv-
ity and decreased costs hold true across nations with very different 
levels of development, technology and wealth. Although we have 
much more information for cities in richer parts of the world, we are 
beginning to obtain good data from rapidly developing countries as 
well, and they seem to fit the same mold. The gross domestic product 
for cities in Brazil and China, for instance, closely follows the same su-
perlinear curve that western European and North American cities ex-
hibit, though starting from a lower baseline. We believe that the pat-
tern holds true because the same basic social and economic pro - 
cesses are at work, whether in São Paulo’s favelas, under Beijing’s 
smog-filled skies or along Copenhagen’s tidy streets. 

Although urban superlinear scaling, which represents the average, 
idealized behavior of a city of a given size, prevails around the globe, 
actual cities deviate to varying degrees from the roughly 15 percent 
enhancements that come with size. Detailed data covering 40 years 
show, for example, that San Francisco and Boston are richer than their 
size would indicate, whereas Phoenix or Riverside, Calif., are some-
what poorer. Curiously, these deviations persist for decades: cities 
tend to stay remarkably close to their overperforming or underper-
forming histories. For example, cities that have attempted to improve 
their lot by creating conditions for the “next Silicon Valley” have often 
had disappointing results. Our research suggests that certain intangi-
ble qualities of social dynamics—more than the development of ma-
terial infrastructure—hold the key to generating virtuous cycles of  
innovation and creation of wealth. These processes, such as the de-
velopment of a spirit of local entrepreneurship, a reputation for cut-
ting-edge novelty, and a culture of excellence and competitiveness, 
are difficult to design through policy because they rely on the dynam-
ics of a city’s social fabric across many dimensions. We expect the re-
sults of this exciting area of research will lead to better “recipes” for 
sustainable socioeconomic development.

What we can say with certainty, however, is that increased popu-
lation promotes more intense and frequent social interactions, occur-
rences that correlate with higher rates of productivity and innovation, 
as well as economic pressures that weed out inefficiencies. In a city 
with high rents, only activities that add substantial value can be prof-
itable. These economic pressures push urbanites to come up with 
new forms of organizations, products and services that carry more 
value added. In turn, higher profitability, excellence and choice tend to 
attract more talent to the city, pushing rents higher still, fueling the 
need to find yet more productive activities. This feedback mechanism, 
in a nutshell, is the principal reason cities accelerate innovation, while 
diversifying and intensifying social and economic activity. 

DENSER BUT GREENER 
Although cities create economic opportunities in rich and poor coun-
tries alike, people living in wealthier areas find it difficult to imagine 
why so many inhabitants of poor countries are attracted to places 
such as Nairobi, Lagos or Mumbai, where newcomers often end up in 
slums marked by pollution, crime and disease. These appalling condi-
tions, however, should remind residents in developed nations of their 
own urban past. When Charles Dickens wrote about life in mid-1800s 
London or when Jacob Riis photographed the Bowery district of New 
York City’s Lower East Side in the late 1800s, each was reporting simi-
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Greater Population, Greater Dividends
Studies comparing metropolitan areas (orange cubes 
are U.S. data) show that, on average, larger cities pro-

duce more wealth and innovation per capita than 
smaller ones do. As city population increases (left 

to right), wages (horizontal plane) and patents 
(vertical plane) rise even faster. If these indica-
tors grew only at the same pace as population 

(direct proportionality), the cubes would align 
closer to the blue line. A typical example: St. 
Louis and Baltimore, with about 2.5 million 

inhabitants each, generate combined wag-
es of $118 billion, yet Dallas, at five million 

people, has $130 billion in wages.

Population (2005)

lar circumstances. These cities grew explosively during the 19th 
century—sevenfold for London and almost 60-fold for New York. 
Well-run modern cities have demonstrated that pervasive ills are 
not inescapable. The problems result primarily from nonexistent or 
poor planning and a lack of good governance. The development of 
these organizational traits may, in fact, be the most important and 
long-lasting effect of urbanization because it paves the way for  
socioeconomic development at the national level.

Some benefits besides wealth and innovation come about even 
when not legislated. One notable example is the impact of cities on 
the environment. Quality data are only now beginning to emerge,  
but we can already see that the largest U.S. cities have the lowest  
carbon dioxide emissions per capita. This gain is mostly an unplanned 
by-product of people living at greater densities because the bulk of  

the savings comes from energy-efficient public transportation and 
simple walking instead of driving, which is almost 10 times more 
energy-intensive. 

Environmental efficiency becomes more challenging for develop-
ing nations such as India or China, where much urban infrastructure 
still needs to be built, although the trade-offs between a need for rapid 
growth versus the steps to achieve clean growth remain poorly under-
stood. Still, urbanization may ultimately remain the most sustainable 
solution to our planet’s environmental challenges. 

Unbridled growth can nonetheless create crises that, in the ex-
treme, could cause a city to collapse unless major innovations are 
found to stimulate new cycles of growth. In this sense, cities are 
never in a state of stable equilibrium. They exist in a dynamic bal-
ance—a kind of tug-of-war—between the forces that bind them  

together and those that can potentially tear them apart. That 
tension is another reason cities drive innovation: many of civi-
lization’s greatest inventions have come from dire necessities. 
Just think of plumbing, electricity and even democracy—not 
to mention coffee shops.

The ongoing challenge for urban growth is whether human 
creativity can keep innovating sufficiently fast to sustain ever ex-
panding urban populations while decreasing our per capita con-
sumption of resources and impact on the planet. As long as this 
trend can continue, cities will grow ever larger and will be the 
inevitable future of a more creative and prosperous humanity. 

Luís M. A. Bettencourt and �Geoffrey�B.�West� are both theoretical 
physicists at the Santa Fe Institute and Los Alamos National Labora-
tory who have introduced methods from mathematics and physics 
into biology and the social sciences.
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CITIES

expected to help solve the world’s most pressing 
problems—poverty, energy shortages, climate 
change—and to promote the type of fundamental 
political transitions seen in Cairo that recently 
astonished the world. 

Why do cities bring out the best in us? Technolo-
gy lets us hold virtual meetings, and the Internet 
keeps us in touch 24/7, but neither can be a substi-
tute for the types of social cues (a facial expression 
that signals comprehension or confusion) when peo-
ple meet in an office, bar or gym. Cities deliver the 
random exchanges of insight that generate new 
ideas for solving the most intransigent problems [for 
more on this mechanism, see “Bigger Cities Do More 
with Less,” by Luís M. A. Bettencourt and Geoffrey B. 
West, on the preceding two pages]. Young workers, 
whether they are on Wall Street or in Google’s New 
York City offices, succeed by picking up unexpected 
bits of knowledge from the successes and failures of 
those around them. It has always been so. 

Think of the chain of brilliance that spread 
throughout the towns of 18th-century England and 
brought us the industrial revolution. The crucial 
technology for spinning with rollers started with 
Lewis Paul and John Wyatt in Birmingham, passed 
to John Kay and Thomas Highs, and then ended in 
the hands of Richard Arkwright, thanks to a dis-
cussion over a few drinks outside of Manchester. 
By supercharging the flow of ideas, cities foster 
economic prosperity, innovation, better health—
and even new ways to govern ourselves.

A SUPERHIGHWAY OF IDEAS
the constant interchange of ideas has helped cit-
ies throughout the developing world find a path-
way out of poverty and into prosperity. Average in-
comes reach a level more than five times higher in 
countries that are mostly urbanized compared 
with those in which most of the population stays 
in the countryside. Across districts in India, mean 
individual earnings increase by about 20 percent 
as density doubles, even when individual age and 
education are constant. 

As hubs of global commerce, cities also facili-
tate integration with the world economy. People in 
developing nations can become prosperous if they 
can sell their time—transformed into goods and 
services—to wealthy markets. In essence, cities con-
nect poor countries with rich markets. 

One example is telling. N. R. Narayana Murthy, 
one of the billionaire founders of Indian software 
giant Infosys, graduated in the 1960s from the 
University of Mysore and the Indian Institute of 
Technology Kanpur, but in those years an Indian 
engineering degree could not guarantee a high in-
come. Murthy started working at Patni Computer 
Systems (now iGATE Patni), whose founders had 
lived in the U.S. and understood how to work with 

the American appetite for software. The founders 
took their knowledge back to India and, joined by 
Murthy, set up a back-office operation in Pune to 
serve U.S. companies, thereby linking Indian tal-
ent and American markets. 

In 1981 they started their own software compa-
ny and netted their first U.S. client in 1982. A year 
later they moved to Bangalore to work with a Ger-
man spark-plug producer that wanted Infosys 
nearby. Almost 30 years on, Infosys is a flat-world 
phenomenon that has made billions of dollars for 
its founders and has trained thousands of Indians 
in Bangalore, helping them to become more pros-
perous by selling their engineering talents world-
wide. That success has also rippled through the 
food chain in Bangalore to the service providers in 
local restaurants and taxis, which translates into 
jobs for thousands of other Indians. 

Another small-world sensation emerged not 
far from Hong Kong. Shenzhen had little industry 
in 1980, during the then rigidly controlled People’s 
Republic of China, when it became a special eco-
nomic zone intended as a magnet for foreign in-
vestment in manufacturing. Tax breaks and ex-
emptions from trade regulations encouraged such 
investment. Manufacturers were drawn by the ob-
vious opportunity to make goods with inexpensive 
Chinese labor; workers came because factory jobs 
offered far more economic opportunity than life in 
rural China. Pepsi was the first American company 
to move into Shenzhen in 1982, bottling soda for 
Hong Kong consumers at a fraction of Hong Kong 
wages. Other international companies followed, 
making toys, handbags, sneakers and, ultimately, 
more sophisticated products. Today the area has 
nine million people and the McKinsey Global In-
stitute, McKinsey & Company’s economic and re-
search arm, predicts that it will be the world’s 
10th-largest urban economy by 2025.

HEALTHY IDEAS 
cities can breed health as well as economic pro-
ductivity. Today life expectancy in New York is 
more than a year higher than the national average. 
It isn’t entirely clear why older New Yorkers are 
healthier. Some people credit walking; others talk 
about social connections made possible by density. 
But among younger people, the reasons are no 
mystery. Motor vehicle accidents and suicides are 
two primary killers of people younger than 35 
years, and both are far less common in cities. In 
New York City the death rate from motor vehicle 
accidents is more than 70 percent lower than in 
the country as a whole. Taking the subway after a 
few drinks is just a lot safer than driving drunk. 
Cities can also make humankind healthier by pro-
ducing knowledge. John Snow, a founder of epide-
miology, had his great breakthrough in 19th-cen-
tury London when the city itself provided the in-

CONTINUED FROM PAGE 50

DHAKA
in Bangladesh is the  
world’s most densely 
populated urban area  

(35,000 people per  
square kilometer)

SOURCE: Demographia

HANOI
Vietnamese city 

predicted to experience 
the greatest GDP 

growth between now 
and 2025

SOURCE: Pricewaterhouse Coopers
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formation he needed to understand cholera. By 
studying the urban map of a cholera outbreak, he 
was able to connect the disease to a water pump 
and grasp the connection between polluted water 
and infection. More recently, early breakthroughs 
in AIDS occurred when Parisian researchers per-
ceived the pattern of infection within that city. The 
knowledge that cities can provide is often the best 
weapon against disease.

The cities of the developing world are not yet 
healthy, in part because their governments have 
been unable to provide the basic infrastructure 
that cities need. Still, cities themselves may supply 
their own solutions. Often they are where the seeds 
of revolution against bad government sprout, and 
living contiguously facilitates the coordination 
that enables citizens to create reform movements 
that rise up and oust dictators. Urban uprisings do 
not always end in stable democracies, but most 
stable democracies benefited at some time from 
an urban uprising. 

Europe’s first modern republic—the Nether-
lands—had its roots in centuries of popular rebel-
lions in the wool-making towns of Flanders, such 
as Brugge. In the central square of Brugge stands a 
statue of a weaver and a butcher, urban artisans, 
who are celebrated not for their crafts but because 
they helped to organize their fellow guild mem-
bers in the fight against French royal rule. On May 
18, 1302, they organized an urban insurrection, 
now called the Brugge Matins, and massacred the 
French knights occupying their town. Almost two 
months later Brugge’s disciplined artisans and 
their allies demolished the flower of French chival-
ry at the Battle of the Golden Spurs. 

These victories did not produce a republican 
government for centuries, until the fire of the Ref-
ormation, which had spread across the cities of 
northern Europe, added an extra religious reason 
to rebel. In 1556 the Low Countries had passed 
into the hands of the Spanish Hapsburgs, who at-
tempted to tax and regulate these urbanites. Cities 
once again managed to coordinate action: first, an 
orgy of iconoclasm and then full-fledged revolt. 
The uprising took decades, and Flanders itself re-
mained part of Spain, but the end result was an 
urban republic—the Netherlands—that became 
the center of a global empire of trade and con-
quest and a model for many republics to come. 

The U.S.’s own uprising had its start in the 
dense corridors of 18th-century Boston, which 
connected revolutionaries-to-be such as Samuel 
Adams and John Hancock. Hancock had a com-
mercial interest in getting crowds to agitate 
against British mercantilist policies; Adams knew 
how to conjure a crowd. Together they and their 
Bostonian allies—John Adams, Paul Revere and 
many others—became the nucleus of a fight for 
popular sovereignty. 

THE FACEBOOK REVOLUTION
the ability of cities to spread ideas of freedom 
and to coordinate mass action has led to countless 
revolts since then, from Paris in 1789 to St. Peters-
burg, Russia, in 1917 to Cairo in 2011. The recent 
toppling of former Egyptian president Hosni Mu-
bar ak has been called a Facebook revolution, but 
he would not have left if people had just blocked 
him from their Facebook pages. They needed to 
take to Tahrir Square.

Humankind continues to confront enormous 
challenges, from endemic poverty to global warm-
ing, but the track record of our urban species 
makes me optimistic. I have enormous confidence 
in the ability of Homo sapiens to work miracles 
when people cooperate. Our greatest gift is our 
ability to learn from one another, to work togeth-
er, to solve problems by leveraging our collective 
intelligence. 

The new electronic media can facilitate that 
collaborative process, but so does the face-to-face 
contact that is made possible by the physical prox-
imity afforded by cities. Cities have been solving 
our species’ principal challenges for millennia, 
and they are likely to keep on doing so for centu-
ries to come. 

M O R E  T O  E X P L O R E
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Urban centers 
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Global 
Bazaar

Shantytowns, favelas and 
jhopadpattis turn out to be places 

of surprising innovation

By Robert Neuwirth

 The women maneuvered their crude 
canoes down narrow alleys of 
brack ish water. They dipped their 
paddles lightly, gliding slowly past 
scrap-built houses elevated on 
spindly sticks that held the struc-
tures just beyond the reach of the 

tide. Here and there a head popped out of one of 
the homes to check who or what was passing. In 
the small harbor where the women beached their 
boats, the shoreline was a work in progress. People 
were filling the shallows, tamping down layers of 
trash to reclaim solid ground from the murky 
brown. Nearby, under a thatched-roof pavilion on 
one of those pounded patches stolen from the sea, 
a woman lit a match and put it to a pile of wood 
chips and sawdust at her feet. A lazy haze of smoke 
rose into the dusty air.

Greetings from Makoko, one of the most notori-
ous squatter communities in one of the most notori-
ous cities of the world: Lagos, Nigeria—a metropolis 
caught in a vortex between modernity and misery. 
With hundreds of ATMs, scores of Internet centers 
and millions of mobile phones, this bustling, mad-
dening, overjammed city of between eight million 
and 17 million (depending on where you draw the 
lines and who does the counting) is fully plugged 
into the global grid. A hyperentrepreneurial interna-

I N  B R I E F

One in seven people on 
the planet live in squatter 
communities or in shanty-
towns. More than half the 
work ers of the world earn 
their living off the books.
These markets and neigh-
borhoods provide hous-
ing and jobs that govern-
ments and the formal pri - 
vate sector fail to. 
Governments need to 
work with these commu-
nities rather than neglect 
or suppress them. 

Oshodi market, located at a 
major crossroads in the north-
ern part of Lagos,  Nigeria, 
was an entrepreneurial mar-
vel—until a raid by security 
forces in 2009 demolished it.
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tional trading center and the commercial capital of 
Africa’s most populous country, Lagos lures an esti-
mated 600,000 new arrivals every year. Yet most 
neighborhoods, even some of the very best, have no 
water, no sewers and no electricity. Makoko—part 
on land, part hovering above the local lagoon—is 
one of the mega city’s most deprived communities.

Neighborhoods like it—squatter communities—
exist all over the world. Rio de Janeiro’s 600 favelas 
dip down to Guanabara Bay and gallop up the 
steep hillsides from the famous beaches of Copaca-
bana and Ipanema. Favelas are home to 20 percent 
of the city’s residents. Mumbai’s countless jhopad-
pattis line the banks of foul-smelling Mahim Creek, 
sit on the sidewalks of Reay Road and push against 
the tracks of the city’s commuter rail lines. Half of 
all Mumbaikars are squatters, living on land they 
do not legally own. Kibera in Kenya—home to per-
haps one million, making it one of the largest mud-
hut neighborhoods in sub-Saharan Africa—is a 
short jaunt from downtown Nairobi, but it has no 
electricity, no sewers and no sanitation, and people 
who live there pay as much as 20 times what peo-
ple in legal neighborhoods pay for drinking water.

Although 800 million to 900 million people—
one in seven on the planet—live in such places, gov-
ernments the world over have long looked down at 
these communities. When they have not been bull-
dozing or demolishing them, they have acted as if 
such places do not exist. One example: for decades, 
the official land-use map of the Nairobi city council 
showed Kibera, which is perhaps 100 years old and 
home to as many as one fifth of the city’s residents, 
as a forest, not a neighborhood. With no city services 
and governments stuck in denial, these places have, 
of necessity, become hives of inventiveness, industry 
and self-made enterprise. Despite the hardship and 
deprivation, such illegal communities are the cruci-
bles of our global future. Governments need to em-
brace them, not disown them.

FLOATING MARKETS
when your neighborhood sprawls over the water 
like Makoko, you cannot just open your door and 
walk to the store. Instead the products have to come 
to you, and the women sliding by on the listless La-
gos Lagoon are the waterfront equivalent of a street 
market. Some carry staples such as garri (toasted, 
fermented cassava), fufu (another starch most of-
ten made from ground yam), bread and rice. Others 
sell soda and beer. Still others bring brooms and 
household supplies across the water.

Their canoes are manufactured by local artisans 
who sculpt the rough boards by hand to ensure 
that they can withstand the corrosive seawater. The 
houses, too, are a cottage industry, built by special-
ists who know just how far to pound the stilts and 
just how much weight those flimsy supports can 
hold. Filling in the shoreline is also an organized 

operation: just ask the young men who arrive sev-
eral times a day in boats piled high with silt, which 
they spread over the compacted garbage.

And that smoky fire—which, if untended, could 
engulf the entire community—is a business, too. 
Here operating three large grills without a govern-
ment license on land that until recently did not ex-
ist, Ogun Dairo smokes fish. She does not catch the 
fish herself but buys them from a cold-storage facil-
ity near her home. Nor does she sell the fish herself. 
She simply tucks the tail into the mouth, creating a 
compact, ring-shaped item that does not have to be 
flipped as it is smoked, exposes it to the smoldering 
chips for a few hours and then packs it in boxes. 
Those boxes—she typically fills between five and 
seven a day—go to a distributor who, in turn, sells 
them to women (the street sellers of smoked fish 
are always women) who peddle the catch all over 
the city. “The profit margin is not all that much,” 
she said, using terms that a small businessperson 
anywhere in the world would understand. “The 
profit is made by the turnover.”

I asked where the fish came from, figuring she 
would say that the lagoon, so polluted right there, 
was cleaner upstream or farther out to sea. Or per-
haps the fish came from elsewhere in Africa, from 
other nations up or down the coast, or even from 
far inland. But I was not prepared for her answer: 
“Europe.” The fish were caught in the North Sea, 
frozen and shipped to Lagos, where they were 
transported from the port to one of the most nox-
ious neighborhoods to be smoked and then sold for 
a few naira of profit each (a few U.S. pennies) on 
the roadsides of the mega city.

These businesses are not registered, not licensed 
and not counted in official employment statistics. 
They lurk in the political and economic shadows. Yet 
they have become the global norm. Today more than  
half the workers of the world, or approximately 1.8 
billion people, earn their living off the books. And 
their numbers are growing. By 2020 the informal 
economy will encompass two thirds of the global 
workforce, according to the Organization for Eco-
nomic Co-operation and Development. What is 
more, estimates are that almost half the world’s eco-
nomic growth over the next 15 years will come from 
the top 400 cities in emerging economies. The urban 
center of gravity—indeed, the global center of gravi-
ty—is shifting to the developing world, and these 
massive do-it-yourself street markets and self-built 
neighborhoods are a vision of the urban future.

ON THEIR OWN INITIATIVE
to planners and government officials, that sounds 
scary. They worry that ungovernable neighbor-
hoods and off-the-books enterprises will become 
metastatic, spreading disorder, dysfunction and 
even outright criminality, dragging entire cities 
over to the dark side. And as residents themselves 

Robert Neuwirth’s 
new book, Stealth of 
Nations: The Global 
Rise of the Informal 

Economy, is 
scheduled to be 

published by 
Pantheon later this 

year. He is also 
author of Shadow 

Cities: A Billion 
Squatters, a New 

Urban World 
(Routledge, 2006).

TIPPING 
POINTS

Less citified regions of  
the world, Asia and Africa, 

will witness their  
populations become more 
urban than rural in 2023  
and 2030, respectively

SOURCE: UN-HABITAT
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Dharavi is one of Mumbai’s most famous shantytowns, 
familiar to moviegoers from Slumdog Millionaire. As 
many as one million people live in an area about the size 
of Prospect Park in Brooklyn or Jackson Park in Chica-
go. Residents reclaimed the land from a mangrove 
swamp and earn their living from recycling and light 
manufacturing. Two fifths are Muslim; the rest are Hin-
du. Some communal lodgings sleep 35 to a room. The 
area is the target of controversial redevelopment plans.
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will openly admit, living over a polluted estuary or 
without running water is not the 21st-century ide-
al. “It is not our wish to be here,” Erastus Kioko 
told me as darkness enveloped his one-room dwell-
ing in Kibera. “If we had money, we would not stay 
here.” He stared at the misshapen mud walls of his 
home, then added, “I cannot say I have a future.”

Still, despite the difficulties, his prospects are ac-
tually better in Kibera than if he lived elsewhere in 
Nairobi. That is because the cheapest single-room 
apartment in a legal neighborhood of the Kenyan 
capital generally costs four times more than the av-
erage mud hut in Kibera. Sadly, no government or 
private developer is prepared to build housing that 
Kioko or almost anyone else in Kibera (or, indeed, 
in all shantytowns the world over) can afford. Only 
squatters, building for themselves, have the ingenu-
ity and desire to make these communities work.

In the developed world, people leverage their 
wealth to get mortgages that enable them to buy 
materials, hire contractors and build their homes 
all at once. Squatters do not have that luxury. Their 
mortgage is the time they are willing to put into 
building and rebuilding their homes. In Mumbai, 
hut residents sometimes spend years making and 
remaking their homes one wall at a time—and scav-
enged billboards, rusty fence posts, salvaged bricks 
and half-worn tiles are all valuable resources.

When governments deny these communities 
the right to exist, people are slow to improve their 
homes. For instance, when authorities in Rio de Ja-
neiro waged war on the favelas back in the late 
1960s, people feared that they would be evicted or 
burned out of their homes and were slow to invest. 
Most of the favelas remained primitive—scarcely 
different from the mud and wood huts of Mumbai 
and Nairobi. But as the politicians dialed down the 
hostilities and began engaging with the communi-
ties, the favelas rose into the open.

With acceptance, residents rapidly ripped down 
the old shacks and replaced them with multistory 
homes made from reinforced concrete and brick. 
Fly-by-night installers—called gatos, or cats—of-
fered favela residents the opportunity to steal elec-
tricity from municipal lines (and you can still see 
their handiwork on utility poles topped with teased-
out tresses of wires). Starting in 1997, however, the 
local power company recognized that squatters do 
not want the diminished service and short circuits 
inherent in pirated hookups. Today the utility has 
struck a bargain with many communities, offering 
to wire favelas as long as residents accept meters 
and pay for the electricity used. The program has 
been a huge success. Having stable electrical service 
has also worked wonders for public health, because 
squatters in Rio use plastic pipes and electric pumps 
to pilfer water from municipal mains. That may also 
be theft, but it has provided more than a million 
people in the city with access to safe drinking water.

UNDER THE UMBRELLAS
just as squatters have been building the neighbor-
hoods of the future, street vendors and other un-
licensed operators are creating the jobs of the fu-
ture. No government, no global nonprofit, no multi-
national enterprise can seriously claim to be able to 
replace the 1.8 billion jobs created by the economic 
underground. In truth, the best hope for growth in 
most emerging economies lies in the shadows. In 
Lagos, for instance, street markets have scaled up 
into huge roadside enterprises. Alaba International 
Market, Ikeja Computer Village, Ladipo, and the 
Auto Spare Parts and Machinery Dealers Associa-
tion Market have established sophisticated net-
works for international trade. Merchants voyage to 
far-flung places (these days most trade is with Chi-
na) in search of products and profit. They import 
most of the mobile phones, consumer electronics 
and car parts sold in the country—and their busi-
nesses have burst the boundaries usually associat-
ed with street operations. Remi Onyibo and Sunday 
Eze, two of the leaders of the merchants association 
in Alaba, told me that the market does more than 
$3 billion in business every year. 

Given that kind of economic power, many ma-
jor corporations have recognized that they, too, can 
harness the might of unlicensed entrepreneurship. 
The mobile phone industry is a good example. In 
Nigeria the mobile market is led by multinationals 
such as MTN (based in South Africa), Zain (based 
in Kuwait) and Globacom (based in Lagos but of-
fering service through much of West Africa). These 
multibillion-dollar outfits make most of their mon-
ey by selling phone-recharge cards through a huge, 
haphazard force of street vendors in impromptu 
booths under umbrellas at the side of the road. “The 
umbrella market is a very, very important market 
now,” said Akinwale Goodluck, now corporate ser-
vices executive for MTN’s Nigerian operations. “No 
serious operator can afford to ignore the umbrella 
people.”

Indeed, one umbrella stand operator told me 
that there was good money in the trade. She start-
ed with just $34 in recharge cards and within six 
months had increased her business 60-fold, net-
ting a profit of $270 a month, five times the mini-
mum wage then established by the government. 
But successful and responsible vendor though she 
is, the multinationals whose cards she sells keep 
their distance. They sell the cards to distributors 
who resell them to the umbrella stand operators 
and claim that this potent street force is actually 
an army of independent contractors with whom 
they have no relationship and for whom they have 

Favela Santa Marta, also known as Dona Marta, 
is one of the steepest—and, once, most danger-
ous—in Rio de Janeiro. It has mellowed out as the 
state has gradually extended public services there. 

5
Most populated  

cities in . . .

1950
1. New York

2. Tokyo
3. London

4. Paris
5. Moscow

2010
1. Tokyo
2. Delhi

3. São Paulo
4. Mumbai

5. Mexico City
SOURCE: United Nations, 

Department of Economic and 
Social Affairs
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no responsibility. And sadly, the Lagos state gov-
ernment has embarked on a campaign to destroy 
many roadside markets. This campaign has made 
it much more difficult for umbrella people and 
vendors of all sorts to do business on the street. 
This policy seems punitive and counterproductive 
given that, according to the government’s own es-
timates, 70 to 80 percent of the working people in 
the city are part of the informal economy.

Still, the firms of the shadows continue to grow. 
Mumbai’s formerly largest squatter community, 
Dharavi, has its own links to global trade. Here 
well-established workshops stitch leather bags and 
sew shirts for sale throughout the world. In Kenya, 
although they may not have tapped global markets, 
Kibera residents own or run many successful small 
businesses. The community’s mud roads are lined 
with stores, bars, beauty salons, bakeries, tea shops 
and churches (even houses of worship can function 
as businesses)—and there are Kibera residents who 
own successful downtown firms. These outfits are 
innovative socially as well as economically, and 
many of the most successful entrepreneurs are 
women, who traditionally have had no opportunity 
to establish a degree of independence and power.

OUT OF THE SHADOWS
the standard consensus regarding the informal sec-
tor—whether squatter communities or street mar-
kets—is that it is a zone of criminal enterprise and 
the enemy of civil society. Yet apart from occupying 
land that is technically not theirs, most residents of 
squatter communities are law-abiding citizens. Sim-
ilarly, although they may be avoiding taxes, most 
people who work off the books are productive mem-
bers of society.

Indeed, one of the largest misconceptions about 
the informal economy is that it does not exist in the 
developed world. In truth, throughout history, 
squatters have been involved in building many of 
the world’s great cities. Most European capitals 
were once ringed with large shack settlements. A 
century and a half ago San Francisco made the leap 
from a sleepy fishing village to a bustling gold-rush 
city by legalizing thousands of squatters. And in 
New York City, the Upper East Side and Upper West 
Side started life as squatter communities, as did 
many neighborhoods of Brooklyn. In fact, the last 
major squatter community in Midtown Manhat-
tan, Sunken Village on West 62nd Street—in be-
tween Central Park and where Lincoln Center now 
stands—was not pushed out until 1904. In the de-
veloped world, the public associates the economic 
underground with criminal enterprises such as 
drug dealing—but most of the people earning mon-
ey off the books are involved in benign businesses, 
from cash-under-the-table construction jobs to 
street food vendors to fashion designers who ply 
their wares online.
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Better Health for the  
Uncounted Urban Masses

By Gordon McGranahan and David Satterthwaite

Most of the people who moved to London, New York City, Chicago, Berlin and 
other big cities during the 19th century traded away their health to make bet-
ter wages. Crowding, unsafe drinking water, bad sanitation, harsh working 
conditions and industrial pollution made them sicker than their cousins back 
home in the countryside and shortened their life spans. 

But starting in the middle decades of the 1800s, government reforms and 
urban leaders began turning the health of these cities around by investing in 
water, sanitation, waste removal, education and more. Today affluent cities  
are among the healthiest places to live. Even in many middle-income coun-
tries urban dwellers go about their lives largely unthreatened by the classic 
epidemics. 

Yet the 800 million to 900 million people living in the informal settlements 
that make up modern-day slums still await such miracles. They suffer the ef-
fects of overcrowding, contaminated water and lack of affordable health care. 
In many of these places one in six children dies before the age of five, and life 
expectancies are less than half as long as those in the healthiest cities.

The situation will not get better until governments take greater responsi-
bility for the wellness of the poorest residents. Governments are often a large 
part of the problem, however. Most of the poorest settlements are on land 
that is illegally occupied or subdivided, so urban bureaucracies may ignore 
their existence. In addition, formal laws and institutions tend to assume that 
people can afford to live in sanitary homes and therefore often do more to 
marginalize communities that are at the edge of subsistence than to help 
them. Governments may also shy away from engaging with activists who  
encourage impoverished residents to organize around demands for improve-
ments, but these organizers must be engaged if government programs that 
are put in place can hope to succeed. 

Bright spots exist, however. Some local governments are now acknowl-
edging the informal settlements and are collaborating with the inhabitants to 
install the health infrastructure and services needed. One of the most effective 
initiatives is the secure housing program run by the government of Thailand’s 
Community Organizations Development Institute, which has supported hun-
dreds of community-driven upgrading schemes, including paying for better 
water and sewage infrastructure and lending money to shack dwellers to  
improve their homes. Federations of slum dwellers are working with local  
authorities to change conditions in more than 15 other nations.

As these programs show, poor people’s health and their economic status 
both benefit most when governments, international agencies and slum dwell-
ers work together to plan, implement and manage changes. More cities must 
see their “uncounted, unhealthy masses” as partners with resources and ca-
pacities if they want to complete a meaningful urban revolution. 

Gordon McGranahan is principal researcher at the Human Settlements Group  
at the International Institute for Environment and Development in London.  
David Satterthwaite is a senior fellow at the same institute.
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As a result of the misconceptions, policy makers 
have tended to create sharp divisions that lead to 
simplistic solutions: legal and illegal, productive 
and unproductive, good and bad. These binary op-
positions endanger the livelihoods of more than a 
billion people and threaten to block an important 
stage in global development. There has to be a mid-
dle ground—one that does not endorse all quasi le-
gality but allows multiple ways for economic mar-
kets to function.

Alfonso Morales, a professor of urban planning 
at the University of Wisconsin–Madison, offers one 
such proposal. Morales, who put himself through 
graduate school, in part, by working as a street ven-
dor in Chicago, suggests that municipalities the 
world over should offer business licenses to street 
sellers—for a substantial fee—in exchange for not 
pursuing them for their taxes. In the current reali-
ty, unlicensed vendors run a risk every time they 
hit the streets. For them, a license would mean that 
the police can no longer harass them, and Morales 
suggests that they will be willing to pay dearly for 
that protection. The government would get a clear 
benefit, too—gaining some revenue from these sub-
rosa street merchants who otherwise provide noth-
ing to the public coffers. It would not be a perfect 
solution—and certain trades, such as food selling, 
would still have to comply with health regulations 
and other rules—but it would mark an important 
shift to engagement instead of criminalization. Mo-
rales says, “We need to go from a purely enforce-
ment mentality to a mentality of ‘Let’s try to en-
large the pie and increase people’s share of it.’ ”

Martha Chen, a lecturer at Harvard Universi-
ty’s John F. Kennedy School of Government who 
works with informal enterprises through her posi-
tion as coordinator at Women in Informal Em-
ployment: Globalizing and Organizing, puts it this 
way: “We need to come up with models that allow 
the street trader to coexist along with retail shops 
and along with large malls. The informal economy 
is not the problem. It’s part of the solution. Street 
traders, waste pickers, market women: these peo-
ple really do contribute to the economy and to 
their cities. How can we manage our cities in a 
way that has space for them? What we need to do 
with the informal economy is to figure out how to 
help it become more productive, more efficient 
and more effective.”

To be sure, governments do not have a great 
track record in working with people whose survival 
depends on hiding their homes and earnings from 
official oversight. The Indian government, for in-
stance, has a cabinet-level commission dedicated 
to the informal sector, but that has not prevented 
local governments from pushing punitive policies 
against squatters and street hawkers. Still, bottom-
up initiatives offer hope. Squatter communities 
and street markets have developed their own coop-

erative institutions. In Mumbai women in the jho-
padpattis and informal marketplaces are creating 
shared savings schemes and joint insurance plans. 
In the favelas bunches of families join to create 
mutiroes—mutual construction societies—that 
share labor and allow them to build their homes to-
gether. In Kibera women form “merry-go-rounds” 
to pool their money, and the stash goes to one 
member every week—an infusion of cash that has 
helped many women grow their businesses and de-
velop financial independence. In Lagos every ille-
gal market has a self-governing association and, of-
ten, a market court that handles disputes.

For enlightened governments, each of these 
homegrown institutions offers an opportunity. The 
mutiroes can evolve into cooperative construction 
firms that abide by building codes; the merry-go-
rounds and savings schemes can morph into coop-
erative credit unions and microlending societies; 
and the market associations can move into infra-
structure investments and provide their own pub-
lic services, such as garbage pickup and street 
cleaning. These things may seem minor, but their 
cumulative impact would be significant. Even if 
these cooperative ventures stay small, the more in-
stitutionalized and permanent they can become, 
the easier it will be for them to forge fruitful links 
with government agencies. Conversely, only by 
working with local groups can governments bring 
a level of inclusive development to the most ne-
glected and maligned parts of the urban world. 
Through a combination of bottom-up and top-
down action, squatters and street marketeers can 
lead the fastest-growing cities into the future. 

M O R E  T O  E X P L O R E
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 Detroit once had 1.85 mil-
lion inhabitants. Now it has 
fewer than 740,000. Cleve-
land and St. Louis, too, are 
half the size they were in 
1950. Across the Atlantic, 
Liverpool and Leipzig are 

also dramatically smaller. When so many cities are 
booming, why are some trapped in decline?

Cities naturally rise and fall as technologies 
change. Detroit and the other cities of the Great 
Lakes established themselves as agricultural trans-
port hubs before the Civil War. Afterward, they en-
joyed a second growth spurt when American indus-
try settled along waterways for easy access to raw 
materials such as iron ore. But their geographical 
advantages eroded over the course of the 20th cen-
tury as the real cost of moving a ton a mile by rail 
dropped by more than 90 percent. Manufacturers 
relocated to lower-wage areas such as the South.

Every older city was hit by the deindustrializa-
tion tsunami. Garment production in New York City 
was hammered even more savagely. Forty years ago 
two wags put up the sign, “Will the last person leav-
ing Seattle—turn out the lights,” when Boeing’s cut-
backs seemed to imperil the city.

Economic decline was often accompanied by so-
cial unrest, including the 1967 Detroit riot that de-
stroyed more than 2,000 buildings. Social fractures 

often came to dominate politics as well. Detroit 
mayors Roman Gribbs and Coleman Young were 
seen as representing particular groups rather than 
the city as a whole. Some leaders, such Boston’s leg-
endary Mayor James Michael Curley, may have ac-
tually welcomed the flight of population groups 
that opposed their leadership.

The surprising fact is not that cities decline but 
that they manage to reinvent themselves. Today Se-
attle is practically synonymous with information-
age success. New York, Boston and Minneapolis 
have also come back. The main reasons appear to 
be education and entrepreneurship.

In the metropolitan areas of the Northeast or 
Midwest, where fewer than 7.5 percent of adults had 
college degrees in 1970, the population grew by 8 
percent between 1970 and 2000. Where more than 
15 percent had college degrees, the population grew 
by 53 percent. Before 1970 growth was correlated 
more with high school graduation rates than with 
college achievement; after 1970 college became the 
deciding factor. Boston is doing about as well as its 
education level would predict, and so is Buffalo.

Are educated cities more successful, or do suc-
cessful cities simply attract educated people? His-
torical records provide one way to answer that 
question. They reveal that the educational level of a 
city’s population does not change much with time. 
The percentage of adults with a college degree as of 
1940 correlates strongly with education levels in 
1970 and today—and also with high incomes and 
population growth in recent decades, especially in 
the Northeast and the Midwest. The presence of a 
land-grant college in a metropolitan area before 
1940 is associated with higher earnings and faster 
growth today. Thus, education seems to beget suc-
cess rather than the other way around.

A culture of entrepreneurship also helps. Prox-
ies for entrepreneurial energy, such as the share of 
employment in start-ups and the average firm size, 
correlate with successful urban reinvention. As with 
education, entrepreneurship appears to precede 
success. Cities with comparatively low entrepre-
neurship in 1900, such as those dominated by big 
companies in mining or manufacturing, continue 
to have comparatively low entrepreneurship—they 
are still dominated by big companies in export-ori-
ented services, which have lagged economically, 
even in growing areas of the South and West.

Sadly, it is only fairly recently that planners came 
to appreciate the importance of education. For 
much of the past half a century, the federal govern-
ment pushed declining cities to undertake con-
struction and transportation projects, which are 
not fixes for decline. I have looked for connections 
between urban-renewal policies and urban resur-
gence and found none. The futuristic Detroit People 
Mover glides over desolate streets. Skills, not struc-
tures, are the best antidote against urban failure. 

Brains over 
Buildings 

To rejuvenate urban centers, look to 
teachers and entrepreneurs  

By Edward Glaeser

Downsizing Cities. Witold 
Rybczynski in The Atlantic, Vol. 276, 
No. 4, pages 36–47; October 1995. 
Are Cities Dying?� Edward L. 
Glaeser in Journal of Economic 
Perspectives, Vol. 12, No. 2, pages 
139–160; Spring 1998.
Which Places Are Growing?� 
Edward L. Glaeser. Rappaport 
Institute/Taubman Center, 
March 2011.
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 it was to be the ultimate urban paradise. 
Hundreds of pages of plans, maps and 
charts detailed the construction of a state-
of-the-art eco-city called Dongtan on Chi-
na’s Chongming Island, at the mouth of 
the Yangtze River. Energy-efficient build-
ings would be clustered together to en-

courage residents to travel on foot; only battery- or 
hydrogen-powered cars would be permitted in the 
development. Surrounding organic farms would 
supply food; sea breezes and the burning of husks 
of China’s staple crop, rice, would furnish power. 
Canals and ponds would incorporate the local wet-
lands, providing restful views for humans and con-
tinued respite for migrating birds. 

Yet for all its grand goals, this island city-to-be 
remains unbuilt. Whether China has abandoned the 
project totally is unclear. It was originally slated for 
completion in 2010 but has failed to proceed be-
yond the construction in 2009 of a tunnel and 
bridge linking Chongming to the mainland. It is 
one of numerous planned eco-cities around the 
world that have fizzled, many because of cost. Even 
if every planned eco-city were successful, however, 
their effect on overall energy use and emissions 
would be minimal because the vast majority of ur-
banites would still live in existing cities. All these 
reasons suggest that we cannot rely on new con-

struction to fully address the challenges of feeding, 
housing and transporting urban populations in 
ecologically sound ways. We need another solution. 

The solution needs to take the future into ac-
count. Today’s cities are by many measures green-
er than suburbs—among other things, urbanites 
use less energy and emit less carbon dioxide per 
household than their suburban counterparts do 
because they live in closer quarters and use public 
transportation. But it is not enough to be green. 
Cities need to be sustainable, too. That is, they 
must be able, as the United Nations’s World Com-
mission on Environment and Development stated 
in 1987, to meet “the needs of the present without 
compromising the ability of future generations to 
meet their own needs.” Existing metropolises will 
not be able to sustain themselves if left to operate 
on a business-as-usual basis—demand for resourc-
es will outstrip supply as the number of people in-
habiting cities swells from more than three billion 
today to more than six billion by 2050. The many 
traditional cities that are mushrooming in China 
and India and elsewhere are facing the same 
conundrum. 

In theory, new cities could have sustainability 
built into their infrastructure from the start—as 
was planned for Dongtan. But a larger payoff would 
come from retrofitting existing cities for sustain-

I N  B R I E F

The planning of new eco-
cities generates buzz, but 
retrofitting existing me 
trop o lises to be environ-
mentally friendly and sus-
tainable would be more 
effective because they 
already house so many 
people.
Readying today’s cities for 
the future will require both 
hightech and lowtech 
changes. 

GREENER

How Green  
Is My City

Retrofitting is the best way to clean up urban living

By David Biello
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New York City and other  
existing metropolises need to be up-

dated to lessen their impact on the  
environment and boost their sustain-

ability. Pictured here is the High Line, 
an elevated rail structure–turned-

park on Manhattan’s West Side. 
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ability, given how many there already are. “We must 
work with existing cities; I have no doubt about it,” 
asserts sociologist Saskia Sassen of Columbia Uni-
versity, who has spent her career studying cities. 
That approach would be less costly than rebuilding 
cities from scratch and could still conceivably save 
enormous amounts of energy and water, allowing 
today’s cities to flourish for centuries to come. To 
meet these objectives, engineers, city planners and 
locals could take good ideas from planned eco-cities 
that have failed as cities but succeeded as incuba-
tors for innovation. Simple changes, such as train-
ing building superintendents in best practices, can 
also go a long way toward helping cities support us 
well into the future.

SAVING ENERGY
a key priority for cities adapting to a world trans-
formed by global warming is increasing energy ef-
ficiency and reducing greenhouse gas emissions to 
stave off even more catastrophic climate change. 
“As the primary centers of economic activity glob-
ally, cities are significant consumers of energy and 
emit nearly three quarters of the world’s carbon 
emissions,” New York City mayor Michael Bloom-
berg told a recent conclave of mayors at a meeting 
of C40, a planning group for 59 major cities en-
gaged in efforts to combat climate change. 

A major focus of C40 is equipping old buildings 
with energy-efficient features. In the U.S., the aver-
age building—whether skyscraper, house or church— 
was built in the 1970s. Replacing their black-tar 
roofs with white roofs that reflect sunlight to keep 
buildings cooler in the summer or installing solar-
thermal hot-water heaters, for example, can trans-
late into major energy savings: heating hot water 
accounts for 17 percent of the energy used by 
buildings in the U.S., according to the Department 
of Energy. C40 has thus partnered with the World 
Bank to ensure funding for such retrofitting proj-
ects, among other climate action plans for cities. 

Existing cities might also benefit from install-
ing transportation systems originally conceived of 
for planned eco-cities. Tailpipes in the U.S. spew 
1.7 billion metric tons of carbon dioxide a year, 
along with a host of noxious fumes. In contrast, 
the electric car system proposed for Fujisawa City 
in Japan would produce no tailpipe emissions. 
Electric car systems require infrastructure, though, 
particularly to ensure that people can charge the 
cars. In Tokyo a company called Better Place has 
had success in testing a system of electric vehicles 
powered by batteries that, when depleted, can be 
quickly and easily swapped out for recharged 
ones at battery switch stations. In the near term, 
simple changes, such as converting buses to run 
on compressed natural gas rather than diesel, can 
both clean up the air and improve efficiency. Al-
ready such efforts have helped Denver save more 

than 24 million gallons of gasoline between 2005 
and 2009.

Cities must not only conserve energy and limit 
emissions but also diversify their energy supply. 
New York City recently mandated a switch from 
heavy heating oils to lighter, cleaner-burning fuels, 
such as natural gas, in a bid to improve air quality. 
Yet even such seemingly straightforward decisions 
can demand difficult trade-offs: David Bragdon, 
director of Bloomberg’s Office of Long-Term Plan-
ning and Sustainability, notes that New York is 
struggling to reconcile this increase in the use of 
natural gas with its desire to prevent hydraulic 
fracturing, or fracking—a process for producing 
natural gas from deep rock— in its watershed be-
cause fracking can contaminate water supplies. 

WATER AND WASTE
ensuring that sustainable supplies of freshwater 
continue flowing to growing urban populations is 
another daunting task facing the international 
community. Large swathes of the world are already 
pushing the limits of water availability. Cities 
throughout the western U.S., from Denver to Phoe-
nix, for instance, are using up more than the nor-
mal flow of the Colorado River. And the Interna-
tional Food Policy Research Institute estimates 
that about half of global grain production will be at 
risk because of limited water by 2050. To help cities 
conserve, C40 has developed a list of best practices 
based on case studies of strategies employed by cit-
ies ranging from Austin, Tex., to Tokyo. Austin, 
which launched its water-efficiency program in 
1983 in response to a housing and commercial 
boom, offers a number of incentives to curb water 
use, including rebates for installing rainwater-har-
vesting systems and water-conserving toilets. To-
kyo, meanwhile, is the world leader in detecting 
and controlling leaks in its waterworks. It has 
earned this distinction by systematically checking, 
repairing and replacing pipes and by fixing leaks 
on the same day that they are identified. 

For its part, the planned city of Masdar in the 
United Arab Emirates (not a C40 city) takes a Big 
Brother–like approach to conserving water: show-
ers shut off automatically after a few minutes, and 
each resident’s water use, along with energy use, is 
monitored via a computerized smart grid that al-
lows the provider to intervene if users get greedy. 

Water must also be clean. For most cities, meet-
ing this objective will mean not maintaining the 
status quo but vastly improving on it: according to 
the U.N., nearly a third of city dwellers live in 
slums, which typically lack access to safe drinking 
water and sanitation services, leaving them vulner-
able to cholera and other waterborne diseases. 

Poor waste management is not just a problem 
for water quality, however. New York City, for exam-
ple, has closed its landfills in Brooklyn and Staten 

A  
HIGHER  
PITCH 

Urban great tits  
(Parus major) sing at higher 

frequencies to be heard 
over the relentless din  

of urban noise
SOURCE: “Ecology: Birds Sing at  

a Higher Pitch in Urban Noise,” by  
Hans Slabbekoorn and Margriet  

Peet, in Nature, Vol. 424; July 17, 2003
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Island and now pays as much as $100 a ton to move 
waste hundreds of kilometers away. Even recycling 
is not a panacea—Dubuque, Iowa, halted its glass 
recycling program, according to Mayor Roy Buol, 
because trucking the material to far-flung process-
ing plants added more to the city’s greenhouse gas 
emissions than dumping it in a landfill. Even better 
than simply disposing of waste or recycling it, of 
course, would be making something useful from it. 
Just such a transformation is taking place in an in-
dustrial park outside the city of Rizhao in China, 
where Luxin Jinhe Biochemical Company makes 
citric acid for beverages from cassava, corn and 
sweet potatoes. The leftover waste flows into tanks 
called biodigesters, where microbes turn it into sol-
ids that can be converted into meal for animal feed 
and methane that can be burned for industrial pur-
poses, such as generating electricity. In fact, captur-
ing methane from landfills is one of the cheapest 
ways to cut down on greenhouse gas emissions 
while making a new “natural” resource.

EASY FIXES
without a doubt, existing cities will need cutting-
edge technology to help achieve their long-term 
sustainability goals. But policy tweaks and low-tech 
solutions can play an important role, too—for in-
stance, changing building codes to require more en-
ergy efficiency, which could be achieved with better 
insulation. Indeed, the real battle to make an exist-
ing city such as New York more sustainable may be 
won in the minds of superintendents managing 
the metropolis’s roughly one million buildings. 

Hence, the U.S. Department of Energy’s Green Su-
pers program, which trains building service work-
ers in green operations and which recently gradu-
ated its first class. “I was under the impression that 
these techniques were very expensive. It’s just 
time, it’s just dedication and just applying it,” said 
superintendent Victor Nazario during his address 
to his fellow classmates at commencement.

These concepts are spreading worldwide, thanks 
to organizations that bring leading cities together 
to share plans that work, such as C40 and ICLEI–
Local Governments for Sustainability. And when 
cities act, national governments notice—taking its 
cue from the 259 cities in China that are striving to 
be low-carbon, the Chinese Ministry of Housing 
and Urban-Rural Development is now studying 
plans to encourage the use of more energy-efficient 
and long-lasting building materials, which could 
significantly enhance the sustainability of the coun-
try’s boomtowns. 

Cities are an expression of our collective will, a 
potent mix of economics and environment, private 
visions and public dreams. Boosting their ability 
to provide clean energy, transportation, food, wa-
ter and waste disposal will be key strategies to en-
suring a brighter future for humankind. But when 
it comes to eco-cities, those efforts too often prior-
itize aesthetics over the real-world needs of peo-
ple. And it is the people who ultimately make a city 
sustainable or not. 

 David Biello is an associate editor at Scientific 
American Online.

Eco-dreaming: 
Artist’s conception of 

Dongtan, a sustainable 
city that China planned 

but has not built.
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 For years scientists have urged  
national leaders to tackle climate 
change, based on the  assumption 
that prevention efforts would re-
quire the coordinated actions of 
entire nations to be effective. But 
as anyone who has watched the 

past 15 years of international climate negotiations 
can attest, most countries are still reluctant to take 
meaningful steps to lower their production of 
greenhouse gases, much less address issues such as 
how to help developing countries protect them-
selves from the extreme effects of climate change. 
Frustrated by the ongoing diplomatic stalemate, a 
number of urban leaders have decided to take mat-
ters into their own hands, adopting solutions that 
already exist or inventing new ones for limiting 
greenhouse gas emissions and preparing for the ef-
fects of ongoing global warming. 

Mayors and urban managers are taking over be-
cause they have a keener sense about how chang-
ing weather patterns will affect their cities’ politi-
cal and economic future. As Bärbel Dieckmann put 
it in 2007, when she was mayor of Bonn, Germany, 
“cities are already experiencing flooding, water 
shortages, heat waves, coastal erosion and ozone-
related deaths.” Since the mid-1990s, according to 
a 2009 report, the number of intense hurricanes 
has been increasing in the Atlantic Ocean, and the 
size of wildfires has been growing in the western 
U.S. As temperatures continue to rise, such ex-
treme events may become even more frequent and 

severe. Most of the world’s major metropolises 
were originally built on rivers or coastlines and are 
therefore subject to flooding from rising seas and 
instances of heavier rainfall. 

Many civic leaders point to Hurricane Katrina 
and the devastation it visited on New Orleans in 
2005 as their moment of awakening. They saw how 
the multiple failures of an aging and inadequate 
infrastructure, plus indifferent planning, sharply 
increased the death toll of a catastrophe that had 
long been predicted. Indeed, two major alliances of 
city mayors to combat climate change formed with-
in months after Hurricane Katrina’s landfall. The 
organization now known as the C40 Cities Climate 
Leadership Group launched in London in October 
2005, and the World Mayors Council on Climate 
Change (WMCCC) got its start in Kyoto that Decem-
ber. As of June 2011, more than 190 mayors and oth-
er local authorities, representing some 300 million 
people from around the world, have also signed a 
voluntary pact sponsored by the WMCCC to reduce 
greenhouse gas emissions. 

In some ways, cities may be in a better position 
than nations to do something about climate change. 
By conservative estimates, the cities of the world 
emit no less than 40 percent of such greenhouse 
gases as carbon dioxide, methane, nitrous oxide 
and fluorinated gases. According to a 2011 study by 
Daniel Hoornweg and his co-authors in the journal 
Environment and Urbanization, cities may actual-
ly be responsible for roughly 80 percent of emis-
sions if one takes into account their consumption 

All Climate  
Is Local

Mayors are often better equipped than 
presidents to cut greenhouse gases

By Cynthia Rosenzweig

I N  B R I E F

Cities are tackling climate 
change because they are 
suffering from floods, ris-
ing seas and heat waves. 
They are innovating ways 
to reduce carbon dioxide 
emissions, conserve wa-
ter, protect transportation 
systems and help the pub
lic avoid heatstroke. 
City leaders should share 
best practices to maxi-
mize progress and mini-
mize costs. 

Photograph by Dan Saelinger
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of electricity, food and other commodities that re-
quire the burning of fossil fuels. Indeed, the article 
found that if the C40 cities were a country, its pop-
ulation would be about 290 million people, and it 
would be the fourth-largest emitter of greenhouse 
gases, after the U.S., China and Russia.

Cities are already assessing the greatest climate 
risks they face and are beginning to try out solu-
tions to the most obvious challenges. Scientists 
and engineers are helping the effort by sizing up 
existing programs and evaluating proposed initia-
tives, using the best available evidence. The people 
leading the charge still have much to learn—par-
ticularly with respect to integrating the efforts of 
multiple players in the public and private sectors. 
But it is already apparent that cities have the pow-
er to reduce the sources of climate change while 
softening the blow from whatever weather ex-
tremes have already become unavoidable. 

STEPPING UP
each urban center faces its own unique constella-
tion of climate-related problems. The risk of dam-
age varies depending on its physical features (such 
as whether it is built on a delta or floodplain), its 
particular layout (a compact, high-density arrange-
ment or urban sprawl), and its built environment 
(such as the amount and location of pavement 
that promotes runoff during storms). Urban plan-
ners need to know precisely which neighborhoods 
and what services are most vulnerable. 

Nevertheless, cities are beginning to address 
four interconnected issues:

Reducing emissions. Commercial and residential 
buildings account for a significant portion of ur-
ban energy use. The combination of rising energy 
costs and concerns about climate change is push-
ing many cities to try to tame consumption by im-
proving the energy efficiency of new buildings and 
by retrofitting old ones. For example, about 75 per-
cent of New York City’s carbon emissions stem 
from energy used in buildings. Mayor Michael 
Bloomberg has begun tackling this issue with a 
program that evaluates the energy use of the city’s 
largest buildings and mandates improvements in 
cost-effective energy efficiency. To reduce emis-
sions, water use and heat buildup, cities can adopt 
more renewable energy sources; Oakland, Calif., 
now meets 17 percent of its needs with electricity 
generated from wind, solar and geothermal plants. 
In cities in developing countries, lack of access to 
reliable energy is more often the key problem. In 
many cases, improved energy systems are needed 
to aid in development rather than to combat cli-
mate change. But the two may be linked if renew-
able sources are encouraged. 

Some cities are further along than others in re-
ducing the production of greenhouse gases. The 
Hoornweg study found that each person living in 

Denver emits the equivalent of 21.5 metric tons of 
carbon dioxide every year. Residents of New York 
City, in contrast, produce about 10.5 metric tons 
apiece. New York City’s higher population density, 
milder winters and lesser use of cars for commut-
ing allow its inhabitants to produce less than a 
third of the per capita average of greenhouse gases 
for the entire U.S. population. Lest New Yorkers 
starting patting themselves on the back, however, 
they should consider the citizens of Amsterdam, 
who are each responsible for only 6.7 metric tons of 
carbon dioxide a year—and other European cities 
are lower. As part of Amsterdam’s plan to reduce its 
carbon footprint by 40 percent from 1990 levels by 
2025, it is generating heating and electricity from 
waste and sewage and is placing additional wind 
turbines in its port and upgrading old ones.

Preserving water. Most climate change models 
predict a long-term decline in the availability of 
freshwater in southwestern regions of North 
America, southern Europe, the Middle East and 
southern Africa. With a water-conservation pro-
gram that began in 1983, Austin, Tex., has pio-
neered the large-scale use of low-flush toilets, re-
bates to residents who replace turf grass with na-
tive plants that are better adapted to drought 
conditions, and progressive water rates for resi-
dential customers that become more expensive as 
more water is used. Cities can also use “gray wa-
ter”—wastewater that has been cleaned enough by 
treatment plants to be dumped into rivers but not 
enough to drink again—to keep city parks green 
instead of using freshwater. Since 2002 Mel-
bourne, Australia, has responded to a continuing 
drop in rainfall by enacting increasingly stringent 
water restrictions. Sanitation officials, however, 
anticipate that the sharp drop in water flow, com-
bined with increasing temperatures, will make 
wastewater warmer and more concentrated, in-
creasing the chance of corrosion in sewer pipes; 
they will have to change their inspection and 
maintenance programs to keep up.

Keeping transportation systems moving. Key trans-
portation infrastructure is often located near wa-
terways and is thus vulnerable to sea-level rise and 
inland flooding. When tunnels, ramps and vent 
shafts flood, pumps are needed to remove the wa-
ter. Debris must be cleared, and essential elements 
of the system, such as motors, relays, resistors and 
transformers, must be repaired or replaced. En-
trances to the Taipei subway in Taiwan have been 
raised to avoid inundation from flash floods and 
high tides. Sweltering temperatures can also dis-
rupt equipment such as overhead electrical wire 
and steel rails, eventually causing them to sag or 
even to buckle. Installing transformers and wiring 
that are able to function efficiently at higher tem-
peratures and keeping equipment dry are mini-
mum first steps.   

86%
of urban residents  

in wealthy countries  
live on low coasts  
that risk flooding  
from rising sea 
levels—as do                             

56% of urban residents 
in lower-middle-

income countries and 
41% in low-income 

countries
SOURCE: “Looming Disaster  

and Endless Opportunity:  
Our World’s Megacities,” by Saskia 
Sassen in Megacities, No. 2; 2009
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Protecting public health. The rise in average global 
temperatures will likely lead to a worsening of ur-
ban health problems such as respiratory ailments 
related to poor air quality and bring about new dif-
ficulties, such as a greater range for certain illness-
es caused by rodents and other disease-carrying 
animals. Perhaps the most immediate effect, how-
ever, will be more frequent and severe heat waves, 
which are already the most deadly weather-related 
events in the U.S. Chicago and Paris are planning 
for the changes, but there has been little research 
to show public health authorities which interven-
tions—such as opening cooling centers or identify-
ing particularly vulnerable individuals ahead of 
time—actually save lives or reduce hospitaliza-
tions. Some adaptation strategies can pay off in 
multiple ways; for example, improving energy effi-
ciency reduces power generation, which lessens 
the heat and pollution a city generates, thus lower-
ing cases of heatstroke and asthma.

As soon as civic leaders have a clearer picture 
of their own city’s individual risks, they need a 
strategy for prioritizing initiatives. My colleagues 
and I encourage cities to concentrate on efforts 
that result in multiple wins. For example, greenery 
planted on rooftops decreases water runoff from 
storms and acts as an insulator that reduces a 
building’s energy consumption, thereby lessening 
carbon emissions.

HELPING ONE ANOTHER SUCCEED
many cities do not have the expertise within their 
own governments to accurately assess their risk 
from climate change and to develop a comprehen-
sive response plan. Various groups of international 
researchers, including the Urban Climate Change 
Research Network, have come together to try to fill 
that gap by linking scholars with decision makers. 

The network’s first in-depth assessment covering 
some 50 cities—including Buenos Aires, Delhi and 
Lagos—was released this year and found, among 
other things, that severe flooding is as bad as unre-
lenting drought when it comes to loss of power or 
the provision of clean water. The goal of such re-
ports is twofold: to provide scientific analysis of the 
specific challenges cities face because of climate 
change and to evaluate potential adaptations that 
might limit the most deleterious effects.  

Going forward, it makes sense to develop com-
mon sets of standards for reporting greenhouse 
gas emissions and reductions, the impacts of cli-
mate change on cities, and the efforts to lessen the 
toll in human lives and property. Such universal 
benchmarks would allow cities to measure their 
own progress, compare their results with those of 
other municipalities and share their innovations. 

Just as important, cities have to engage larger 
groups of citizens—especially those from the 
poorest and most vulnerable neighborhoods be-
cause they are the people who are likely to suffer 
most from climate change and may need to make 
the biggest adjustments. The Ecuadorian city of 
Quito, for example, provides technical support to 
nearby impoverished farmers that helps them 
switch from growing potatoes and corn to native 
Andean crops such as quinoa, which require less 
water and better prevent soil erosion. Such chang-
es improve the amount of water available as well 
as its quality in both rural and urban areas.

In the six years since Katrina, climate change 
initiatives by some of the world’s largest cities have 
shown that progress is possible when motivated 
partners work together. Much must be done, and 
cities in many nations still need to get onboard. 
But the momentum is growing. Let us hope it is not 
too late to save lives and safeguard the future. 

M O R E  T O  E X P L O R E
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City leaders: To miti
gate climate change, 

Seattle, by 2050, plans 
to cut greenhouse gas 

emissions to 80 percent 
below its 1990 level  

(far left). By 2025 Mel
bourne (right) plans to 

achieve 100 percent  
reductions—zero net 

emissions—which 
might require the pur

chase of  carbon offsets.

Graphic by Jen Christiansen
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The Efficient City
Municipalities worldwide are exploiting a host of creative  

solutions to reduce energy consumption, water use, waste and 
emissions, while also making it easier for people to get around 

By Mark Fischetti 
WAVE POWER 
Hinged cylinders 
anchored in the seafloor 
are pushed by waves, 
turning onshore turbines 
that create electricity 
(Orkney, Scotland) 

UNDERWATER 
TURBINES 
Turbines seated on the 
seafloor or estuary bed 
are spun by daily tides, 
generating electricity 
(New York City) 

STORM-SURGE GATES 
Open gates in rivers, 
estuaries and canals 
close when storm surges 
are expected, to protect 
low-lying and subterra- 
nean infrastructure 
(Rotterdam; London) 

UNDERGROUND 
TRANSPORTATION 
Commuter trains, 
subways and primary 
roads run underground 
in massive tunnels, 
freeing the ground level 
for easy, clean bike and 
pedestrian traffic 
(Portland, Ore.) 

SMART PARKING 
Digital parking meters 
tell mobile-phone and 
navigation apps when  
a space opens up, 
reducing traffic caused 
by drivers trolling for 
spaces (San Francisco) 

BIKE RACKS AND LANES 
Ample bike lanes and 
racks encourage more 
people to ride instead of 
drive; they also promote 
fitness (Minneapolis) 

SOLAR FILMS 
Photovoltaic sheets on 
south-facing building 
facades generate 
electricity (Berlin) 

SOLAR HOT WATER 
Rooftop tanks, heated 
by the sun, provide 
domestic hot water 
instead of furnaces 
(Rizhao, China) 

CONGESTION PRICING 
Charging drivers higher 
rates to drive in busy 
neighborhoods eases traffic 
(Stockholm; Singapore) 

UNDERGROUND 
PARKING 
Subterranean garages  
near commuter destinations 
eliminate the need for cars 
to surface (Paris)

SCIENTIFIC AMERICAN ONLINE
 For details about projects in selected cities, see 
 ScientificAmerican.com/sep2011/infrastructure 

NOTE: EXEMPLARY CITIES APPEAR IN PARENTHESES
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HYBRID TAXIS 
Large portions of taxi 
fleets converted to hybrid 
vehicles reduce air pollu- 
tion and greenhouse gas 
emissions (San Francisco; 
New York City) 

SOLAR POWER 
Panels generate 
electricity instead of 
power plants and also 
shade rooftops to lower 
a building’s cooling 
needs (Redlands, Calif.) 

UNDERGROUND 
UTILITIES 
Tunnels dedicated to 
carrying electricity, 
water, cable television 
and broadband Internet 
minimize damage from 
storms and make repairs 
easier (London) 

HIGH-EFFICIENCY 
WINDOWS 
Superinsulated windows 
quadruple the thermal 
performance of double 
panes and can be made 
from the glass in existing 
windows (Empire State 
Building, New York City) WHITE ROOFTOPS  

Rooftops painted white 
reflect heat, lowering a 
building’s cooling cost 
and a city’s heat buildup 
(Washington, D.C.) 

CARBON-
SEQUESTERING 
CONCRETE 
Construction material  
made locally with carbon 
dioxide that is exhaled  
by power plants could 
reduce greenhouse  
gas emissions (Under 
development) 

GREEN ROOFS 
Rooftop vegetation 
insulates buildings 
against heat and cold 
and absorbs storm 
water (Chicago) 

VERTICAL FARMS 
Food grown indoors 
could reduce fertilizer 
and freshwater use, 
shorten transport and 
recycle gray water 
otherwise dumped  
by treatment plants 
(Under development) 

THREE-BIN RECYCLING 
Requiring businesses and 
homes to separate trash, 
recyclables and compost 
spares landfills; collection 
charges drop as trash 
drops (San Francisco) 

LOW-FLOW APPLIANCES 
Water-saving toilets and 
showerheads installed  
in buildings save millions  
of gallons annually 
(Austin, Tex.) 

SATELLITE IRRIGATION  
Satellite control of park 
and lawn irrigation 
systems cuts water con - 
sumption and pumping 
power (Los Angeles) 

SEWAGE-SLUDGE 
INCINERATION 
Solid waste extracted 
from sewage at treatment 
plants is burned to make 
electricity (Nashville, 
Tenn.; Buffalo, N.Y.) 

LEED NEIGHBORHOOD 
Residential and com- 
mercial construction  
done across a city region 
to the highest green, or 
Leadership in Energy and 
Environmental Design 
(LEED), standards saves 
energy, materials and 
emissions (Rockville, Md.) 

STORM-WATER 
PRICING 
Taxing property owners 
on the volume of storm 
water that runs off their 
property promotes 
retrofits that reduce 
wastewater volume  
at treatment plants 
(Philadelphia) 
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 On that cool blue morning 10 years 
ago when everything changed, Les 
Robertson was half a world away, 
hosting a dinner at a Hong Kong 
restaurant. The rattling of cell 
phones left on the table—“a detest-
able habit”—was the first indication 

that something had struck one of the Twin Towers. 
Robertson, the revered engineer responsible for 
their structural design, was at first unconcerned.

“I just assumed that a helicopter had run into 
the Trade Center,” he said recently, speaking from 
his 47th-floor office, which looks out over Ground 
Zero. Such an event, unfortunate as it might have 
been, was well within the tolerances for which the 
towers were designed. A few minutes later, however, 
when those cell phones started buzzing once more 
with news of a second crash, he realized it was 
“quite another thing again” and excused himself to 
watch the unfolding events from a hotel room.

In the weeks that followed Robertson declined 
all requests to speak publicly about the tragedy, 
even as the innovative structural design of the tow-
ers became the subject of public contention. “I 
thought at that time that my career as a designer of 
structures was over,” he says. For that matter, it 
seemed that his entire profession might have be-
come obsolete, as fear spread that the attacks 
marked the very end of the age of the skyscraper.

Anxious stories began to fill America’s newspa-
pers. “Many workers fear that their lofty dwellings 
are more dangerous than glamorous,” the Wall 
Street Journal reported on September 19. USA To-
day, on the same date, was less guarded in tone: “It 
wasn’t just the World Trade Center that was oblit-
erated last week. The future of the skyscraper as an 
American landmark may be teetering.”

In the coming months the press would report 
on, and the U.S. Patent and Trademark Office would 
receive proposals for, any number of devices—para-

chutes, tethers, detachable vehicles—to facilitate es-
cape from a burning building. The attacks precipi-
tated a worldwide case of vertigo.

Beyond anxieties about safety, there was a per-
vading sense that in the digital age the city, and 
the skyscraper along with it, had become a relic of 
the past. Henry Petroski, a professor of engineer-
ing at Duke University and author of numerous 
books on the design of the everyday world, made 
this argument emphatically, just five days after 
9/11, in an essay, “Onward but Perhaps Not Up-
ward,” in the Washington Post. The fast and easy 
telecommunications provided by the Internet, ac-
cording to Petroski, translated into “a diminished 
need for compact contiguous space.”

As it turns out, the various prognostications of 
the skyscraper’s demise turned out to be very much 
mistaken, the moment of questioning an altogether 
brief interregnum. “There were a lot of foolish pre-
dictions or claims that skyscrapers killed people,” 
says Carol Willis, founding director of New York 
City’s Skyscraper Museum. “Terrorists killed people. 
It wasn’t the buildings that were evil or dangerous.”

Overseas, construction barely paused after 9/11. 
The furious urbanization taking place across the 
Pacific generated a huge demand for new skyscrap-
ers there. “China, the Middle East, Asia? Nobody 
gave it a moment’s notice,” says T. J. Gottesdiener, 
managing partner of Skidmore, Owings & Merrill, 
an architectural firm synonymous with the design 
of corporate towers. “We had projects that were in 
the design stages, and they all continued.”

Indeed, our very thinking about the skyscraper 
has changed dramatically since that day: we now 
understand that tall buildings can be something 
more than hubristic blots on our skylines. They just 
might be the most efficient and sustainable way  
of accommodating the flood of global urbanization. 

GOING UP
the past decade, in fact, has been the single great-
est period of skyscraper construction in history. 
According to the Council on Tall Buildings and Ur-
ban Habitat (CTBUH), an organization that tracks 
skyscraper development, some 350 skyscrapers 
have been constructed since 2001, more than dou-
bling their worldwide population. The number of 
“supertall” buildings (structures greater than 300 
meters in height) has also doubled in that time. 

This boom is accelerating. Last year marked 
the completion of the Burj Khalifa in Dubai, which 
at 828 meters is not only the world’s tallest build-

Green space: Modern skyscrapers such as  
New York City’s Bank of America Tower (fore-
ground) are filled with energy-saving technology.

690 ,000
Number of trips taken 

in the first 10 months of 
Washington, D.C.’s  

bike-sharing program,  
which allows users to  

rent a bicycle in one part  
of town and drop it off  

at their destination
SOURCE: District Department  

of Transportation
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ing but also exceeds its closest competitor (Taipei 
101, completed in 2004) by 320 meters, about the 
height of New York City’s Chrysler Building. No 
building topped off this year or next will dethrone 
the Burj Khalifa, but 2011 will go down as the single 
greatest year for the construction of tall buildings in 
history, with more than 97 skyscrapers over 200 me-
ters (including 22 supertalls) slated for completion. 

“The term you hear over and over again is ‘icon-
ic,’” Willis says. “Clearly, clients are asking for icon-
ic buildings, and they want them to be tall—taller 
than the most efficient way to get a return on their 
investment.” 

Most supertalls, in fact, cannot be justified on 
strictly economic terms. Once a building rises be-
yond roughly 70 stories (the exact figure varies de-
pending on location), the added costs required to 
achieve structural stability and the added space 
necessary for elevators and other services general-
ly preclude any direct financial profit. 

The overwhelming majority of these aspiration-
al supertalls are rising outside the borders of the 
U.S. “Cities are using skylines to brand themselves,” 
says Antony Wood, executive director of the  CTBUH. 
“The skyline is seen as an important symbol to por-
tray that a country has arrived on the scene and is a 
First World country.” 

Of the 20 tallest buildings completed in 2010, 
only one, Chicago’s Legacy tower, is on American 
soil (and at number 19, it barely cracks the list). One 
World Trade Center, formerly known as the Free-
dom Tower, is only the fourth-tallest building under 
construction worldwide. It will eventually top out 
at a symbolic 1,776 feet (541 meters). 

China is leading the skyscraper boom. According 
to a 2009 report by the McKinsey Global Institute, 
China’s cities will swell by 350 million people by 
2025. By comparison, the transformational migra-
tion of  African-Americans from the Jim Crow–era 
South to northern American cities between 1915 and 
1970 entailed a population shift of just six million. 

The Skyline of 2016
In 2001 Malaysia’s twin Petronas Towers tied each other for 
the honor of the tallest building in the world. By the middle 
of this decade they will no longer crack the top 10. Buildings 
currently under construction are expected to take spots two 
through seven on the world’s tallest list (for the time being 
the Burj Khalifa remains in a class of its own), another indica-
tor that the world’s appetite for statement-making skyscrap-
ers shows no sign of waning. Below, see the 10 that will be 
the tallest in 2016, along with some interesting outliers. 

1 2 3 4 5 6 7 8 9 11 12 

6 

An Effective Point 
Official building-height rankings take into account structural elements such as spires but not antennas or flagpoles.  
This distinction pushes a building such as 1 WTC 5  ahead of the Pentominium 6 , despite the latter’s higher roof. 

10 

Pentominium
Dubai, United 
Arab Emirates

516 meters
2013

Bank of America 
Tower

New York  
City, U.S.

366 meters
2009

CCTV headquarters
Beijing, China

234 meters
2011

TOP 

10 
Richest cities of  
2025 measured  

by projected  
per capita GDP:

1. Oslo, Norway
2. Doha, Qatar

3. Bergen, Norway
4. Macau, China

5. Trondheim, Norway
6. Bridgeport-

Stamford, Conn.
7. Hwaseong, S. Korea

8. Asan, S. Korea
9. San Jose, Calif.

10. Yeosu, S. Korea
SOURCE: McKinsey  

Global Institute
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Burj Khalifa
Dubai, United 
Arab Emirates

828 meters
2010

Empire State 
Building
New York  
City, U.S.

381 meters
1931

International 
Commerce 

Center
Hong Kong, 

China
484 meters

2010

Petronas 
Towers
Kuala 

Lumpur, 
Malaysia

452 meters
1998

Willis (Sears) 
Tower 

Chicago, U.S.
442 meters

1974
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The Construction Boom Continues 
At the turn of the millennium, the world was home  
to just 22 “supertalls,” buildings more than 300 meters 
high. The same number will be completed in this  
year alone.

Ping An 
International 

Finance 
Center 

Shenzhen, 
China

660 meters
2015 

Shanghai 
Tower

Shanghai, 
China

632 meters
2014

Mecca Clock 
Royal Tower

Mecca,  
Saudi Arabia
601 meters

2011

One World 
Trade 

Center
New York 
City, U.S.

541 meters
2013

Busan Lotte 
World Tower

Busan,  
South Korea 
510 meters

2016

Taipei 101
Tapei, 

Taiwan
508 meters

2004

Shanghai 
World 

Financial 
Center 

Shanghai, 
China

492 meters
2008

13 
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Yet even if they are not constructed in the U.S., 
supertall buildings remain very much a national 
idiom, their design dominated by American archi-
tectural and engineering firms. “If you’re going to 
spend $3 billion on a building,” Willis says, “you 
want to have someone who has done it before.” 

Given this essential conservatism, it should not 
be surprising that advances in the design and engi-
neering of the basic structure of these buildings over 
the past decade have been more incremental than 
radical. “In terms of grand thought, there’s very little 
that’s really new in the design of structures,” Robert-
son says. One of the world’s most visually dramatic 
new skyscrapers is a shimmering 76-story, 265-me-
ter residential tower in Lower Man hattan designed 
by architect Frank Gehry (who compared its rum-
pled steel facade to the sculpture of Bernini) that, 
from a structural standpoint, is quite standard. 

Earthquakes still pose a serious challenge to 
structural engineers. Buildings located in earth-
quake zones must be stiff enough to carry all of the 
weight of a supertall yet supple enough to sway 
when the ground moves. Designs that have “high 
mass and high stiffness make things worse be-
cause a building’s mass is what creates your earth-
quake forces,” says Leonard Joseph, a structural 
engineer who specializes in supertall buildings for 
engineering firm Thornton Tomasetti. 

The lighter and more flexible structures re-
quired in earthquake zones must also resist the 
push of the wind. Among the most inventive engi-

neering solutions to this dilemma have been tuned 
mass dampers such as the one specified by Joseph 
and his team at Thornton Tomasetti for Taipei 101, 
which was until last year the world’s tallest build-
ing. This 660-metric-ton steel ball is suspended 
from the 92nd floor to minimize uncomfortable 
motion. It sways in opposition to the building, 
pushing and pulling against giant shock absorbers 
that convert the edifice’s motion to harmless heat. 

Although the idea seems counterintuitive, to-
day’s tall buildings actually offer some advantages 
over low-rise structures during earthquakes. “When 
the ground moves suddenly, the skyscraper will 
‘roll with the punches,’ absorbing the sudden move-
ments by deforming,” Joseph says. “Short buildings 
cannot absorb sudden ground movements that way 
because too much movement would need to be ab-
sorbed over too short a height.”

WORST-CASE DESIGN
of course, 9/11 taught us that tall buildings may 
have more to contend with than earthquakes and 
typhoons. There are limits, however, to the extent 
to which the design of tall buildings can provide 
protection against terror attacks, especially given 
the size and speed of contemporary aircraft. The 
World Trade Center was designed to withstand 
the impact of a Boeing 707, which weighs in around 
20 percent of an Airbus A380, today’s largest pas-
senger jet. 

Roughly a month after the attacks, Robertson 
found himself back in Hong Kong, forced to explain 
this reality to a nervous development corporation. 
The intervening weeks had allowed him a bit of per-
spective, and he was now prepared to make a case 
for tall buildings. “I espoused to the board that the 
responsibility was to keep airplanes away from the 
buildings and not to design the buildings for that 
circumstance,” he says.

Architects and engineers, however, are not with-
out recourse. Improving communications systems 
for firefighters has been a major priority, solved in 
part by placing radio repeaters throughout stair 
towers. “Unquestionably, as a result of 9/11, there 
has been greater consideration of life safety,” Gottes-
diener says.

On the other hand, few of the more outlandish 
emergency egress systems that found their way to 
the patent office have made much headway with de-
signers. Structural engineers consider these mea-
sures extraneous at best. “The building has to give 
people the option of getting out in a conventional 
way,” says Guy Nordenson, a professor of architec-
ture at Princeton University. “You really want every-
one to be able to get out safely.” 

One safety-enhancing design feature that is only 
beginning to be implemented is the use of sky bridg-
es between buildings, a staple of futuristic render-
ings of the early 20th century. Several of the unreal-

Rise again: After 
years of red tape,  
finger-pointing and 
lawsuits, One World 
Trade Center is rising 
fast. As of mid-July, 
workers had reached 
the 74th (of 104) floors.  
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ized proposals for Ground Zero took advantage of 
these passages. The most prominent standing exam-
ple is the Chinese Central Television (CCTV) head-
quarters, which is formed from two towers that rise 
and connect at a crooked angle in the sky. 

The effect is not just visually striking, though it 
is certainly that. In the event of fire or other calam-
ity, occupants have multiple routes to safety. “From 
any point in the building, you can go down and out 
or over and out,” says Nordenson, who engineered 
an even more ambitious Beijing project, the Linked 
Hybrid complex, along similar lines. Conceived by 
New York City architect Steven Holl, the mixed-use 
development spreads 644 apartments, a hotel, a 
movie theater and even a Montessori school across 
eight towers, all connected by skywalks. 

Today’s eye-catching buildings are designed 
with software that is changing not just the way sky-
scrapers look but the way they operate. Computer-
aided modeling technologies allow architects to ad-
just their designs on the fly. Just as transformation-
al has been the introduction of building information 
modeling software, which allows architects to inte-
grate the skyscraper’s complex mechanical sys-
tems—the need to heat, cool, and move people and 
materials into and out of the building—into the ear-
liest stages of the design process. The same technol-
ogy will also allow building managers to test how 
occupants would react to unique situations such as 
fire alarms, thereby improving performance. 

SCALE FACTOR
the biggest change in skyscrapers over the past de-
cade, however, may not have anything to do with the  
design of the buildings themselves or with their size  
but with how we think about them. There was a time—
and not long ago—when the skyscraper was understood  
to be the built equivalent of the SUV, an energy-and- 
resource-sucking drain on the environment.

“The notion that skyscrapers are green is so con-
trary to what was the standard position a decade 
ago,” says Terence Riley, curator of a landmark 2004 
exhibition on tall buildings at the Museum of Mod-
ern Art in New York City. “In a lot of people’s minds, 
living green means living in the country.” In fact, 
just the opposite is often true. Residents of cities 
with dense urban cores, such as New York or Chica-
go, use far less energy per capita than those who 
live in suburban or rural areas. 

“There are clear environmental benefits in high 
density and in reducing urban sprawl by bringing 
spaces for living and working together within a sin-
gle, compact footprint,” says British architect Nor-
man Foster, whose office is engaged in the design of 
numerous supertall buildings. His Commerz bank 
head quarters in Frankfurt, completed in 1997, is 
widely considered the world’s first “green” skyscrap-
er, notable for its natural-ventilation system, spiral 
of sky gardens and daylight-accessible workspaces. 

“The higher the building, the more viable it be-
comes to take advantage of economies of scale,” Fos-
ter says. “And by bringing together different func-
tions, we can balance energy needs across these 
uses, generating even greater environmental bene-
fits.” Perhaps most important of all, the skyscraper, 
centrally located, encourages the development and 
use of public transportation systems.

The most environmentally sophisticated office 
building in the U.S. is the Bank of America Tower, 
an asymmetrically capped, 366-meter-tall white py-
lon just a block from Times Square. It is the first 
commercial high-rise to receive the Leadership in 
Energy and Environmental Design (LEED) “plati-
num” certification, the highest designation award-
ed by the U.S. Green Building Council.

The Bank of America Tower creates two thirds of 
its own energy (it has a natural gas generator), fil-
ters its incoming air for volatile compounds and re-
captures its storm-water runoff. Its floor-to-ceiling, 
thermally insulated windows and internal glass 
partitions allow daylight to penetrate deeply into 
the building and ensure that a high percentage of 
occupants has a view out. Travel down to the lowest 
basement level, and you will find what amounts to 
the largest ice cube tray on earth. Every night chill-
ers freeze the water in 44 enormous tubs, each three 
meters tall and two and a half meters in diameter. 
When these ice batteries melt during the day, they 
provide a significant portion of the building’s air-
conditioning, shifting its energy consumption to 
off-hours.

For all its high-tech systems, however, if you ask 
Robert F. Fox, Jr., a partner in Cook + Fox Archi-
tects, the building’s designers, what feature is most 
crucial to the tower’s sustainability, he will answer 
with the real estate agent’s maxim: location, loca-
tion, location. “We can no longer have one person in 
a car spending fossil fuel to get to work,” he says. “A 
three-story building in the suburbs in the future 
won’t allow for the necessary density, the access to 
public transportation, or the ability for lots of peo-
ple to get together and collaborate.” 

That’s right. In direct contrast to Petroski’s dire 
forecast immediately following 9/11, it seems that 
even as we spend so much of our time on social me-
dia (or perhaps because we spend so much of our 
time on social media), a desire for the human con-
tact afforded by cities—and the skyscrapers within 
them—are more powerful than ever. Indeed, Goo-
gle, the standard-bearer of the digital economy, re-
cently spent $1.8 billion on a new building in Man-
hattan (albeit one only 15 stories tall).

As it is, more and more people are seeking that 
kind of human contact—or at least the jobs that cit-
ies generate. According to the CTBUH, worldwide 
roughly one million people move to urban centers 
every week. “Cities have to go vertical,” Wood says. 
They are doing just that. 
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Cell-Phone Paradise
Communication is at the heart  
of the future. A future city would 
need to respond to people on a 
personal level. Our cell phones  
can become devices that are able 
to open the door to our home,  
pay for our bus and subway charg-
es, make purchases at any store 
with a tap and a password, and 

give us unfettered  
access to the Internet.

—CRAIG BRAQUET,  
Long Beach, Calif.

Solar-Panel Windows
It would make cities across the globe more livable if the window-
panes of city buildings were replaced with transparent and semi-
transparent solar panels, which have been (at least crudely) in exis-
tence for a number of years. The energy generated from this could 
then be directed around the city, reducing energy costs and the need 
to burn coal and thus carbon dioxide emissions.

The power could also be used for public transport, making such 
transport and the expansion of transport networks much cheaper. 
Cheap, accessible and expansive public transport would greatly  
reduce the need for motor vehicle traffic, while also reducing  

CO2 emissions.  
—HOLLY UBER, political activist and historian,  

Melbourne, AustraliaLockdown for Gridlock
You could collect data from different 
kinds of sensors—cell-phone sig-
nals, surveillance signals, car-
mounted [radio-frequency identi-
fication] tags, and so on and 
then create some algorithms 
to change traffic-light timing 
to prevent gridlock, help bus-
es move more efficiently and 
let people know where to 
park their cars. 

—CHARLES D. LINN,  
writer, editor and architect 

CITIES

Wires of Light
It’s time for cities to bring 
fast, reliable fiber-optic 
broadband to every 
home and business. 
When people gave up 
the old phone modem 
for the cable modem, 
that spurred a revolution 
in our economy and 
even in the way we in-
teract with one another. 
The much greater 
speeds enabled by fiber 
will do even more. They 
will create a platform for 
new innovations and al-
low urban residents to 
invent things we can’t 
even imagine today.  
Fiber-optic broadband 
is a missing piece in 
creating a more livable 
and prosperous city in 
the 21st century.

—MIKE McGINN,  
mayor of Seattle  

iCities in  
the Desert
The city should be  
designed and built with 
a specific maximum 
number of people in 
mind, large enough to 
accept expected popu-
lation growth for 100 
years. It would be diffi-
cult to retrofit current 
cities, so this should be 
applied to the concept 
cities eventually built in 
the desert by Apple, 
Microsoft or another 
large company. 

—MIKE KURILKO,  
Ocala, Fla. 

A  
Game Plan

Where we place our  
infrastructure—the hous-

ing, roads, water systems, 
parks and other components 
that make up a city—has a 
huge impact on livability. By 
being more strategic about 
these important investments,  
we can deliver a cleaner, 

healthier environment, 
more walkable neigh-
borhoods and other im-
portant benefits—all for 
less cost to taxpayers.  

—LISA P. JACKSON,  
U.S. Environmental Protection 

Agency administrator 

Front-Yard Farming
All landscaping in the front yard of homes 
and apartments should be limited to either 
the growing of edible crops or the growing 
of native species to the area.

—BLAINE M. OSBORNE, Salt Lake City
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Street Talk  
What innovation—technological or otherwise— 

would make any city a substantially more livable place?  
We put this question to urban leaders and our own readers.  

Here’s what they said

Compiled by Michael Easter and Gary Stix 
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Smart Sensors
Sensors can serve many 
purposes, from making 
traffic patterns more effi-
cient to measuring and 
reducing our emissions 
output to monitoring 
our health in our homes. 
The shrinking size and 
growing dispersal of 
sensor technologies in 
cities will make these 
improvements in urban 
life possible. 

—PARAG KHANNA,  
 senior research fellow at the New 
America Foundation and author 

of How to Run the World: 
Charting a Course to  

the Next Renaissance 
(Random House, 2011)

A 
Place  
to Put  

Your Head
In Vancouver homeless-
ness has eroded the city’s 
“livability.” I would like to 
see forms (emphasis on 
the plural) of housing that 
appeal to the homeless—
forms that they will use. 
This undertaking will nec-
essarily address the root 
causes of their issues. 
Those afflicted by mental 
health, poverty, substance 
abuse and joblessness and 
runaways make up this 
population, and we cannot 
subject them to a one-size-
fits-all approach. A place to 
put your head in safety and 
comfort—if it isn’t an in-
alienable right, it ought to 
be one. If our citizens are 
healthy and productive, 
the rest falls into place. 

—JAY PELTON,  
 Vancouver, B.C.

Water, Water 
Everywhere 
The ancient metropolises like 
Persepolis [in what is now 
Iran], Athens and Mohenjo 
Daro [in what is now Pakistan] 
had superb water-distribution 
and sewage-removal systems. 
In my country, “urbanism” can 
be measured by the number  
of taps supplying clean water 
into the household, proper 
disposal of wastewater, and 
sewage treatment. So my  
vote goes to better water-
distribution systems (both for 
drinking and sewage) as the 

one innovation that 
would make any city 

a substantially more 
livable place.

—PRADIPTO 
BANERJEE,  

 graduate student, 
VIT University, 

India 

More Toilets 
In the developing 
world a billion people 
live in urban slums, 
with another billion 
expected in the com-
ing decades. Their 
most urgent need is 
sanitation—water 
that is free of commu-
nicable diseases—and 
a clean, private place 
to urinate and defe-
cate. Accordingly, the 
Bill & Melinda Gates 
Foundation invited  
22 institutions (from 
Caltech to universities 
in Brazil and South 
Africa) to “reinvent 
the toilet.”  

—STEWART BRAND, 
 founder of the Whole Earth 

Catalog and co-founder of 
the Long Now Founda-
tion and Global Busi-

ness Network

Urban 
Face-lifts 

A total makeover. Cit-
ies are responsible for 

about 80 percent of carbon 
pollution. In Sydney we have 

decided to reduce our carbon 
emissions by 2030 by 70 percent 

from 2006 levels through decisive ac-
tion taken now to retrofit our central busi-

ness district using various technologies.
The innovation here is not the technology it-

self but its application at the scale of a city. A series 
of master plans will create low-carbon zones across 

the city, with co-located trigeneration energy systems 
(combining power, cooling and heating), recycled water 
treatment, and automated waste collection/utilization. 
And although individually these ideas and technologies 
are not new, bundling “green infrastructure” together in 
this way—and at city scale—is an Australian first.

In Sydney our energy comes from coal-fired pow-
er stations located more than 200 kilometers away. 
Our ultimate goal is to take the city off the national 
electricity network. We are looking at 70 percent of 
our electricity coming from local, decentralized ener-
gy and the remaining 30 percent from renewable- 
energy technologies. Interim reports suggest the tri-
generation network alone could cut greenhouse gas 
emissions in city buildings by 40 to 60 percent, avoid-
ing some of the high costs of transporting electricity 
from the country to the city, as well as reducing the 
need to upgrade the grid to cope with future demand.

—CLOVER MOORE, lord mayor of Sydney, Australia

Conga-Line Commuting
My solution is to totally integrate public and private transportation. 
Individuals would own or lease their own small electric vehicles. 
They would use them to commute to a station where they would 
join to form a “train” driven by the electricity network. This would 
travel at speed along the major arteries, charging batteries as it 
went. At their destination station the individual cars would decouple 
and be driven to their final point. Stations could be well spaced be-
cause commuters would have their own vehicle to travel the last 
few kilometers. 

—LAURIE McGINNESS, New South Wales, Australia

Personalized Subways
Transportation innovation is one of the keys to creating a 
more livable city. And one innovation that has the poten-
tial to greatly impact life through transportation is per-
sonal rapid transit. Personal rapid transit is essentially a 
personalized subway system for a city. These systems 
use pods that can hold a handful of people, carrying 
them directly from point to point, with no stops and no 
waiting at stations. Creating an easier way to navigate a 
city promotes interactions among its inhabitants and, in 
turn, a more livable, and potentially more productive, city.
—SAMUEL ARBESMAN, senior scholar at the Ewing Marion Kauff-
man Foundation and creator of Mesofacts, an initiative designed to pro-

mote awareness of the slowly changing facts in our everyday life 
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CITIES

Power, Power 
Anywhere
People in poor coun-
tries crowd the urban 
centers because of the 
lack of infrastructure in 
rural areas. Micro CHP 

generators, which 
can use fuels rang-
ing from solar- 
thermal to biogas, 
make rural areas 
more livable by pro-
viding electrical 
infrastructure, 
affording the pow-
erful potential to 
decrease over-
crowding in urban 
areas and leading to 
long-term improve-
ments in urban 
quality of life. 
—IQBAL Z. QUADIR, 

 director of the Legatum 
Center for Development 
and Entrepreneurship at 

the Massachusetts  
Institute of Technology 

and developer of the con-
cept of providing  

universal access to phone 
service for the poor  

in Bangladesh

Sustainability 
Lessons
Public transportation has to be 
a priority and include, for daily 
commuting, small, nonpollut-
ing cars integrated into a 
“public transportation system,” 
as Paris did with the Vélib’ 
bicycle-sharing scheme. Sec-
ond, people need to get in -
volved with sustainability by 
using fewer cars, separating 
recyclable garbage at home, 
living close to work or working 
close to home, and teaching 
children about sustainability. 
Children are phenomenal 

agents of change.
—JAIME LERNER, former 

mayor of Curitiba, Brazil, which 
implemented, during Lerner’s 
first tenure in the early 1970s, 
an innovative transportation 

system that has been 
imitated worldwide

 
Scooping 

Up the  
Fallen Fruit

Long before I learned about 
the risks of climate change, I 

was fanatical about energy effi-
ciency. Whenever my wife and I 

move into a new home, I check the attic 
for adequate insulation. I look for leaks 

around doors and windows and install a pro-
grammable thermostat if needed. When our hot- 

water heater needed replacement, we installed a 
tankless water heater that decreased our summertime 
gas use by 50 percent. 

Taking these steps is called weatherization. I would 
rather call it “saving money by saving energy.” For the 
next few decades energy efficiency will be one of the 
lowest-cost options for reducing carbon emissions while 
promoting economic growth. The quickest and easiest 
way to reduce our carbon emissions is to make our ap-
pliances, cars, homes and other buildings more efficient. 
In fact, energy efficiency is not just low-hanging fruit; it is 
fruit that is lying on the ground. Over the next several 
years I want to help millions of American families seize 
the same opportunity to cut their utility bills by making 
their homes and appliances more energy-efficient while 
increasing comfort.

—STEVEN CHU, U.S. secretary of energy

Better Information on the Internet, Please 
Better urban planning, public policy and education could be solutions, 
but in the current Chinese system those changes could be costly and 
hard to actualize. Shanghai is not so “compact” compared with other 
world metropolitan areas, as we have about 20 million people in a 
very spread-out urban area. We already have some severe urban 
problems such as intense traffic congestion, overcrowding in public 
areas, housing supply shortage, environmental pollution, fast-increas-
ing amounts of greenhouse gas emissions and the public overreacting 
to rumors. 

When I turn to science for solutions, the Internet and other public 
media seem to have much more potential to readily spread helpful  
information to the public and enable them to make efficient and  
beneficial decisions, making things easier for everyone. That should 
be the main goal desperately sought after by the urban-management 
practitioners. 

—PAN HAOZHI, student, Tongji University, Shanghai 

Car-Free Zones
Abolish the private automobile from the urban 
core (or significantly built-up areas) and redirect 
the current investment in private capital that au-
tomobiles represent to investment in public trans-
portation and redevelopment of former streets, 
parking lots, and the like into housing, parks and 
urban agriculture.

Completely rethink our definition of “the city” 
and begin to plan accordingly. We need to see cit-
ies as complete human ecosystems and recognize 
that the complementary (and arguably more im-
portant) productive component of the urban hu-
man ecosystem is its resource hinterland, an area 
typically hundreds of times larger than the city it-
self and increasingly scattered all over the planet. 
In short, the city’s true “ecological footprint” 
dwarfs the tiny, consumptive urban center. The 
big footprint is essential for the survival of the  
urban core and yet is typically ignored or taken  
for granted. 

—WILLIAM REES, professor at the University of British  
Columbia and originator of the “ecological footprint” concept, 

which measures human demand on ecosystems 
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Intermetropolises 
I envision an interconnecting 
grid of futuristic cities strategi-
cally placed around the conti-
nent. The main purpose and 
design of these cities is such 
that they utilize their natural 
surroundings, wind, hydro,  
solar, geothermal and bio,  
to power themselves and 
provide a neighboring 
city with excess 
power or neces-
sary power.
—CHRISTIAN 

CARR,  
Kristiansand, 

Norway

Smart Growth
The policies and planning prac-
tices of “smart growth” would 
create and encourage sustain-
able places. This approach to 
combating sprawl is about en-
couraging new development  
of housing and jobs to locate in 
and around the urban core. For 
example, in Maryland former 
governor Parris Glendening 
spearheaded the state’s land-
mark smart-growth legislation 
in 1997. The state law creates 
“priority-funding areas” that 
dictate where public funding  
of new infrastructure (that is, 
roads, sewers, social services) 
will be allocated. These areas 
are located near big cities, 
which encourages new devel-
opment—and even redevelop-
ment—near our urban centers 
and saves green fields and  
farms on the urban fringe  
from development. 

—THOMAS VICINO, professor at 
Northeastern University and co-author 
of Cities and Suburbs: New Metropolitan 

Realities in the US (Routledge, 2010)

Ixnay on  
the Oalcay
Cities need to stop 
burning fossils. 

—BRUCE  
STERLING,  

 science-fiction author 
who helped to establish 

the cyberpunk genre 

Social Cohesion
For as long as we have had cities, we have had ineq-
uity in access to social and environmental resources 
among urban citizens. Cities cannot be more livable 
nor support sustainability without policies that work 
on both unsustainable overconsumption in the city 
and unlivable social divides among groups. This is 
not an impossible innovation—just a difficult one 
and one we have never tried.
—CAROLYN STEPHENS, London School of Hygiene & Tropical 

Medicine and National University of Tucumán, Argentina 

The Internet of Things
We need more smarts. Cities, in their next generation, will become more highly embedded 
with intelligence via computing and thus with information, responsive capability and, ulti-
mately, agency. Some of this transformation is already visible—“the Internet of things” will 
make it possible to query our surroundings the way we search the Web; citizen sensing through 
smartphones creates geo-coded, real-time, cheap and useful data. Beyond the near term, the 
possibility of a city that is significantly smarter could help us manage many aspects of daily life 
and could be customized to our preferences and routines. The key will be to design this new  
urban intelligence to create a better city and with enough transparency so that our privacy is 
protected and opting out is easy. 

—DANA CUFF, director of cityLAB and professor of architecture and urban design at the University of California,  
Los Angeles, and author of The Provisional City: Los Angeles Stories of Architecture and Urbanism (MIT Press, 2002)

Clusters 
Cities should be built 

near the resources they 
need, such as agricultur-
al and industrial land. 
Within cities there 
should be clusters of tall 
buildings, designed to 
leave most of the ground 
free to be renaturalized 
or left in its natural state 
and providing an urban 
park with easy access to 
the building dwellers. 
Each building or building 
cluster would have basic 
services such as com-
merce, administration, 
sports, and such. The 
high-density model 
would greatly simplify 
transportation and utility 
networks, while at the 
same time providing 
easy access to the natu-
ral world, which would 
be literally an elevator 
ride away.

—VÍTOR PEREIRA,  
Porto, Portugal 

Populist Purse-
Strings Control 
“Participatory budgeting” 
changes the standard  
operating procedures of 
government by involving 
the citizens directly in mu-
nicipal budgetary deci-
sions. The process decen-
tralizes decision making  
to the subcity level by 
breaking down the budget 
along neighborhood lines, 
involving residents in set-
ting priorities for local gov-
ernment expenditures and 
electing a council of dele-
gates that is held account-
able. Experience shows 
that the results can be 
more efficient use of public 
funds, consensus building 
around investments in  
underserved neighbor-
hoods and a dramatic drop 
in corruption. This changes 
the rules of the game, 
bringing heretofore disen-
franchised individuals and 
groups to the bargaining 
table and provides an alter-
native incentive structure 
for collaboration.

Porto Alegre, a city in 
the south of Brazil, started 
experimenting with this 
process in 1989. Since then, 
it has been improved and 
adapted in various forms 
by more than 1,200 munic-
ipalities elsewhere in Brazil 
and Latin America, as well 
as in Africa, Asia, Europe 
and North America. 

—JANICE PERLMAN,  
 president of the Mega-Cities Project, 

a nonprofit organization that iden-
tifies and shares successful urban  

innovations across cities worldwide   

Michael Easter is a reporter 
at Men’s Health and interned  

at Scientific American.  
 Gary Stix  is senior writer at 

Scientific American. 
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Life in the 
Meta City

We walk a line between the anarchy of choice and 
Disney-fication, says the author of Neuromancer

By William Gibson

 My first city was conan doyle’s lon-
don, in the company of Holmes 
and Watson. My mother gave me 
a two-volume omnibus edition 
when I was 10. London was a vast, 
cozy, populous mechanism, a com-
forting clockwork. Foreigners and 

criminals served as spices, highlighting the as-
sumed orderliness and safety of the Empire’s cap-
ital (assuming one were sufficiently comfortably 
placed in society, and in Doyle one tended to be). 

I lived in rural southwestern Virginia, the near-
est cities several hours away and those were small-
ish cities. Relatively little of what I saw on televi-
sion conveyed much sense of urban reality, per-
haps because it was still inherently difficult to film 
in large cities. Except for Los Angeles, and I saw a 
lot of that, and Los Angeles never did become much 
a part of my imagination’s map of cities.

I reverse-engineered a concept of urban life 
from Doyle’s rich and intriguing (and cozy) con-
struct. I walked through my hometown, imagining 
it a city. What I was imagining, I now see, was an 
increase not in size but in number of choices. 

Cities afforded more choices than small towns, 
and constantly, by increasing the number and ran-
domization of potential human and cultural con-
tacts. Cities were vast, multilayered engines of 
choice, peopled primarily with strangers. 

You never know whom you might meet in the 
city. In a small town, you’re less likely to encounter 

people or things or situations you haven’t encoun-
tered previously. These people or things or situa-
tions may be wonderful or horrible, in either city 
or town, but cities have the numbers, the turnover. 
To a writer of fiction, this is extremely handy, a city 
being able, more or less believably, to mask exces-
sive coincidence, producing, as Doyle taught me, 
whatever the narrative might require. 

Should the populous mechanism of the fictive 
city fail to produce phenomena of sufficient weird-
ness, our literature of the fantastic often turns, quite 
reflexively, to dead cities, our most profoundly and 
mysteriously haunted artifacts. 

Many deserted cities probably never were en-
gines of choice. To stand in the vast plaza of the pre-
Columbian Monte Albán, for instance, is to know 
that Monte Albán was about decreasing choice, nar-
rowing it. Monte Albán was a control machine, an 
acoustically perfect environment with magnificent 
lines of sight: a theater of power. We don’t know 
why Monte Albán was as abruptly deserted as it 
may have been. Perhaps the show failed, finally, to 
come off, and no other was available, or possible, 
within that inflexible, uni-purposed structure.

That’s the danger of choice reduction, of top-
down control. And the curse of gated attractions, the 
ultimate fate of every Disneyland: you can’t repur-
pose a theme park. Cities, to survive, must be capable 
of extended fugues of retrofitting. Only the most pu-
bescent of cities have never witnessed, to whatever 
extent, their own ruins. Berlin has, Rome has, Lon-

William Gibson, 
 after a boyhood  
in small-town 

Appalachia, has  
made elaborately 
imagined urban 
settings into the 
centerpiece for  

his intricate  
fictional worlds. 
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don has, Tokyo has, New York has. Relative ruin, rela-
tive desertion, is a common stage of complex and 
necessary urban growth. Successful (which is to say, 
ongoing) cities are built up in a lacquering of count-
less layers: of lives, of choices encountered and made. 

The most crucial layers are those of various es-
sential technologies, all of which must in some sense 
be present and functional for a city to endure. We 
didn’t begin to build cities until we could secure 
adequate supplies of food, which generally meant 
growing and storing it. Growth beyond a certain 
size requires mastery of sewage-disposal technolo-
gies. The city evolves as a pyramid of technologies, 
some essential, others incidental. 

Cities can be at their experientially richest during 
periods of relative disjunction. Cities that are some-
what dysfunctional in one sense can be brilliantly 
functional in others. The city you want, as a young 
creative person, is partially ruined, marked by areas 
semimoribund in real estate values. Low rents, mini-
mal policing, casual welding allowed on sidewalks. 
Manhattan in the 1970s, a place and time people my 
age now regard with mixed nostalgia, was fraught 
with ruins, with buildings abandoned, nights lit by 
insurance fires. On first observing this, in 1979, I sug-
gested, half-seriously, that the Japanese be allowed to 
sort the place out, given their way with urban real es-
tate. New Yorkers smirked at my bumpkin naïveté, 
knowing the Bowery would always be the Bowery. 

Today the Bowery is nothing like the Bowery. 
Cities can do that, reversing out of disjunction, 

throwing themselves into a different gear. Although 
in doing so, they run the risk of Disneylanding 
themselves, of building themselves too permanent-
ly into a given day’s vision of what they should be. 
Paris feels that way to me, lovely as it is, with New 
York and London hurrying to catch up. 

Meanwhile, though, some of the world’s largest 
human settlements are now not only places where 
one can weld on the sidewalk but places that have 
bypassed many of the ways in which Europeans 
and North Americans have assumed cities neces-
sarily need to grow: Rio, Mumbai, Nairobi, Istan-
bul, Mexico City. . . .  Vast squatter conurbs, semi-
neo-Medieval in their structure and conditions. The 
future will emerge from such cities as surely as it 
will emerge from the Disneylanded capitals of an 
Old World that now includes North America. 

The future of cities will consist of two different 
modalities combined within the ageographical and 
largely unrecognized meta city that is the Internet.

As a boy, I took myself away to cities as quickly 
as I could and have lived in them ever since. When I 
travel now, I travel mainly to cities, and I tend to re-
turn to those I know, taking a deepening pleasure in 
the serial experience. The idea of visiting a fascinat-
ing city only once saddens me, and I seldom leave a 
city I’ve come to know without wondering if I’ll see 
it again. But in our ageographical existence, I am 
never entirely not in London, entirely not in Tokyo. 

We all inhabit the meta city now, regardless of 
physical address. 

M O R E  T O  E X P L O R E

 Gibson’s latest book:  
Zero History. Berkley, 2011

 The author’s Web site:  
www.williamgibsonbooks.com 

 His Twitter handle:  
@GreatDismal
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Knocking on Heaven’s Door: How Physics and Scientific 
Thinking Illuminate the Universe and the Modern World
by Lisa Randall. HarperCollins, 2011 ($29.99)

Harvard University physicist 
Lisa Randall discusses 

the nature of science 
and the latest ideas in 
physics and cosmolo-
gy. Below she recounts 
touring the world’s 

largest particle accelera-
tor, CERN’s Large Hadron 

Collider (LHC) near Geneva.
“The first time I visited the LHC, 

I was surprised at the sense of awe it in-
spired—this in spite of my having visited 
particle colliders and detectors many 
times before. . . .  Although the scientist  
in me recoils at first in thinking of this  
incredibly precise technological miracle  
as an art project—even a major one—I 
couldn’t help taking out my camera and 
snapping away. The complexity, coher-
ence, and magnitude, as well as the criss-
crossing lines and colors, are hard to con-
vey in words. . . .

“People from the art world have had 
similar reactions. When the art collector 

Francesca von Habsburg toured the site, 
she took along a professional photogra-
pher whose pictures were so beautiful 
they were published in the magazine Van-
ity Fair. . . .  The actor and science enthusi-
ast Alan Alda, when moderating a panel 
about the LHC, likened it to one of the 
wonders of the ancient world. . . .

“I’ve heard such statements from peo-
ple in all walks of life. The Internet, fast 
cars, green energy, and space travel are 
among the most exciting and active areas 
of applied research today. But going out 
and trying to understand the fundamental 
laws of the universe is in a category by it-
self that astounds and impresses. Art lov-
ers and scientists alike want to under-
stand the world and decipher its origins. 
You might debate the nature of humanity’s 
greatest achievement, but I don’t think 
anyone would question that one of the 
most remarkable things we do is to con-
template and investigate what lies beyond 
the easily accessible. Humans alone take 
on this challenge.”

The Art of Medicine: Over 2,000 Years 
of Images and Imagination
by Julie Anderson, Emm Barnes and Emma Shackleton. 
University of Chicago Press, 2011 ($50)

For millennia, artists have chronicled human health and  
the quest to preserve it. Behold the evolution of medicine 
through the ages, as encapsulated in this compendium of 
artifacts, drawings, paintings and biomedical images from 
the holdings of London’s Wellcome Collection.

BOOKS

The Quest: Energy, Security, and the 
Remaking of the Modern World, by 
Daniel Yergin. Penguin Press, 2011 ($37.95)

Columbus and the Quest for Jerusalem, 
 by Carol Delaney. Free Press, 2011 ($29.99)

Welcome to Your Child’s Brain: How the 
Mind Grows from Conception to College, 
 by Sandra Aamodt and Sam Wang. 
Bloomsbury, 2011 ($25)

Feynman, by Jim Ottaviani. Illustrated  
by Leland Myrick. A graphic biography.  
First Second, 2011 ($29.99)

Empire of the Beetle: How Human Folly 
and a Tiny Bug Are Killing North 
America’s Great Forests, by Andrew 
Nikiforuk. Greystone Books, 2011 ($17.95) 

Cosmic Numbers: The Numbers That 
Define Our Universe, by James D. Stein. 
Basic Books, 2011 ($25.99)

Making Sense of People: Decoding  
the Mysteries of Personality, by Samuel 
Barondes. FT Press, 2011 ($25.99)

A L S O  N O TA B L E

U.S. Public Health Service poster, 1940

E XC E R P T 

EXHIBITS

Dinosaur Hall. New addition at the Natural 
History Museum of Los Angeles County.

Picturing Science: Museum Scientists 
and Imaging Technologies. On view 
through June 24, 2012, at the American 
Museum of Natural History in New York City.
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Skeptic by Michael Shermer

Viewing the world with a rational eye Michael Shermer is publisher of Skeptic 
magazine (www.skeptic.com). His new 
book is The Believing Brain. Follow him on 
Twitter @michaelshermer
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What Is 
Pseudo science?
Distinguishing between science 
and pseudoscience is problematic 

Climate deniers are accused of practicing pseudosci-
ence, as are intelligent design creationists, astrologers, 
UFOlogists, parapsychologists, practitioners of alterna-
tive medicine, and often anyone who strays far from the 
scientific mainstream. The boundary problem between 
science and pseudoscience, in fact, is notoriously fraught 
with definitional disagreements because the categories 
are too broad and fuzzy on the edges, and the term “pseu-
doscience” is subject to adjectival abuse against any claim 
one happens to dislike for any reason. In his 2010 book 
Nonsense on Stilts (University of Chicago Press), philosopher of 
science Massimo Pigliucci concedes that there is “no litmus test,” 
because “the boundaries separating science, nonscience, and 
pseudoscience are much fuzzier and more permeable than Pop-
per (or, for that matter, most scientists) would have us believe.” 

It was Karl Popper who first identified what he called “the de-
marcation problem” of finding a criterion to distinguish between 
empirical science, such as the successful 1919 test of Einstein’s 
general theory of relativity, and pseudoscience, such as Freud’s 
theories, whose adherents sought only confirming evidence while 
ignoring disconfirming cases. Einstein’s theory might have been 
falsified had solar-eclipse data not shown the requisite deflection 
of starlight bent by the sun’s gravitational field. Freud’s theories, 
however, could never be disproved, because there was no testable 
hypothesis open to refutability. Thus, Popper famously declared 
“falsifiability” as the ultimate criterion of demarcation. 

The problem is that many sciences are nonfalsifiable, such as 
string theory, the neuroscience surrounding consciousness, grand 
economic models and the extraterrestrial hypothesis. On the last, 
short of searching every planet around every star in every galaxy in 
the cosmos, can we ever say with certainty that E.T.s do not exist? 

Princeton University historian of science Michael D. Gordin 
adds in his forthcoming book The Pseudoscience Wars (University 
of Chicago Press, 2012), “No one in the history of the world has 
ever self-identified as a pseudoscientist. There is no person who 
wakes up in the morning and thinks to himself, ‘I’ll just head into 
my pseudolaboratory and perform some pseudoexperiments to 
try to confirm my pseudotheories with pseudofacts.’” 
As Gordin documents with detailed examples, “individ-
ual scientists (as distinct from the monolithic ‘scientific 
community’) designate a doctrine a ‘pseudoscience’ only 
when they perceive themselves to be threatened—not 

necessarily by the new ideas themselves, but by what those ideas 
represent about the authority of science, science’s access to resourc-
es, or some other broader social trend. If one is not threatened, 
there is no need to lash out at the perceived pseudoscience; instead, 
one continues with one’s work and happily ignores the cranks.”

I call creationism “pseudoscience” not because its proponents 
are doing bad science—they are not doing science at all—but be-
cause they threaten science education in America, they breach the 
wall separating church and state, and they confuse the public about 
the nature of evolutionary theory and how science is conducted. 

Here, perhaps, is a practical criterion for resolving the demarca-
tion problem: the conduct of scientists as reflected in the pragmatic 
usefulness of an idea. That is, does the revolutionary new idea gen-
erate any interest on the part of working scientists for adoption in 
their research programs, produce any new lines of research, lead to 
any new discoveries, or influence any existing hypotheses, models, 
paradigms or world views? If not, chances are it is pseudoscience. 

We can demarcate science from pseudoscience less by what sci-
ence is and more by what scientists do. Science is a set of methods 
aimed at testing hypotheses and building theories. If a community 
of scientists actively adopts a new idea and if that idea then spreads 
through the field and is incorporated into research that produces 
useful knowledge reflected in presentations, publications, and es-
pecially new lines of inquiry and research, chances are it is science. 

This demarcation criterion of usefulness has the advantage of 
being bottom-up instead of top-down, egalitarian instead of elitist, 
nondiscriminatory instead of prejudicial. Let science consumers in 

the marketplace of ideas determine what constitutes 
good science, starting with the scientists themselves 
and filtering through the editors, educators and readers. 
As for potential consumers of pseudo science, that’s 
what skeptics are for, but as always, caveat emptor. 

COMMENT ON  
THIS ARTICLE ONLINE 

�ScientificAmerican.com/
sep2011

Illustration by Alex Robbins
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That might seem to be a shocking 

statement until it is checked for correct-

ness by reference to the reality of life 

itself. What follows briefl y explains.

For example, on this planet when 

people drop things, do they always fall 

downward? Do they ever rise upward? 

Perhaps only young children fail to 

know that it is nature’s law of gravitation 

that controls what happens when people 

drop things—not people.

Careful attention to every aspect of 

life on planet Earth reveals that laws of 

nature determine the results of the phys-

ical activity of people everywhere. Such 

laws are referred to as nature’s laws of 

physics.

The reason for the mistaken belief that 

personal behavior is controlled by each 

individual is that most people have not 

been introduced to nature’s behavioral 

law of absolute right.

Knowledge of that law destroys the 

fantasy that people have control of 

their chosen destiny. Nobody ever did; 

nobody ever will; and the following text 

explains why.

After an earnest appeal to the creator 

as to why people everywhere behaved so 

irresponsibly and destructively, Richard 

W. Wetherill in 1929 was given insight 

into a natural law, controlling the results 

caused by people’s reactions to life’s 

every situation.

It states: Right thoughts and behav-

ior get right results at all times, for 

everybody, in all places; contradictory 

wrong thoughts and behavior do not. 

This natural law requires right thinking 

and behavior to be rational and honest 

in people’s relationships with one anoth-

er, their environment, and when dealing 

with whatever happens in their lives.

Consider two serious problems preva-

lent in society today: killings and numer-

ous kinds of corruption in high places 

and low. Those are people-activities that 

perpetrators usually try to conceal to 

avoid getting caught by the authorities.

People’s irrational, dishonest thoughts 

and behavior, however, can never be 

concealed from nature’s self-enforcing 

law of absolute right. All deviations 

from its right action are causing penal-

ties for people. And that is the reason 

why people have not realized that they, 

themselves, are causing those results.

Ordinarily people regard a white lie 

as harmless and permissible. Not so! 

People’s thoughts that are not rational 

and honest cause wrong results. Further, 

they get lodged in memory where they 

continue causing future diffi culties usu-

ally blamed on other people.

Do people question the irrational or 

dishonest thoughts that arise in their 

minds? They should. Those  thoughts 

arise from past efforts to control their 

behavior. If not released, they cause re-

curring wrong results.

The answer? Self-enforcing natural 

laws rule this planet and its people; always 

did; still do. Rational and honest behavior 

that conforms to nature’s law of absolute 

right is the only solution that releases past 

wrong thoughts from the mind.

What could be simpler?

Let a natural law serve its function, 

and it will peacefully control the atti-

tudes and behavior of people of every 

age, race, and creed.

Learn how to free yourself from the 

past fantasy of self-control of behavior. 

Let nature’s-control have its way in 

your life, as routinely as you do with all 

the self-enforcing laws of physics.

ADVERTISEMENT

People customarily believe they have control of 

their thinking and thus their behavior—a belief 

that is a proven fantasy, causing untold damage 

in the lives of all members of the human race.

FREE On-Line 

eBooks

Read, download, print!  

www.alphapub.com

Natural-law Essays and Books describe 

the function of nature’s law of absolute 

right. Read, download, print books and 

essays FREE. 

If you lack access to the Website, our 

books are also available in print at low 

cost. For an order form, write to The 

Alpha Publishing House, PO Box 255, 

Royersford, PA 19468.

This public-service message is from a self-fi nanced, 

nonprofi t group of former students of Mr. Wetherill.
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Anti Gravity by Steve Mirsky 

The ongoing search for fundamental farces

Illustration by Matt Collins

Steve Mirsky� has been writing the Anti Gravity  
column since the 20th century. He is not working  
on a screenplay, but he does host the Scientific  
American podcast Science Talk.

Noble  
Nobel Faces
A week in Lindau, where  
scientists are celebrities  

As the ship pulled out of port, a young man near me started 
humming the theme from Gilligan’s Island. I mentioned to him 
that the show would have been very different had the SS Min-
now been carrying not a lone professor but—as our vessel was—
a contingent of Nobel laureates. “Yeah,” he replied, “with every-
body who’s here, we’d probably get off the island pretty quick.”

This boat ride on Lake Constance, or the Bodensee as it is lo-
cally known, was part of the last day’s activities of the 61st annu-
al Lindau Nobel Laureate Meeting in Germany. It was tough to 
swing Nobel Prize winner Erwin Schrödinger’s possibly dead cat 
in the tiny seaside resort town all week and not hit one of the 23 
Nobelists who had come to deliver lectures and advice to some 
600 young researchers from all over the world. 

A collection of biographies of the science greats in attendance 
is awe-inspiring (and available online at www.lindau-nobel.org). 
But what I’ll remember is their faces. For one thing, a traffic circle 

near the Inselhalle conference center featured a display of 10-foot-
high head shots of all the visiting academic dignitaries. But face-
to-face, their animated faces made a deeper impression.

Take Oliver Smithies, who shared the 2007 Nobel Prize in 
Physiology or Medicine for the development of gene targeting in 
mice, which allows researchers to study the function of virtually 
any mammalian gene by taking it out of the equation. In his spare 
time, he invented gel electrophoresis, one of the workhorse ana-
lytical tools of molecular biology. Smithies could be called a wiz-
ard—and he looks like the kindly Harry Potter version: twinkling 
eyes on the top floor, a perpetual whimsical smile downstairs. He 
showed the audience a photograph of his jerry-built PCR ma-
chine, cobbled together years before such devices could be bought 
online from Amazon.com. (I checked: a new one is available for 
$7,250.) Smithies’s creation looked like it followed a strict Rube 
Goldberg design and bore the label “NBGBOKFO,” which, he ex-
plained, stood for “no bloody good but OK for Oliver.”

Thomas Steitz looks like he should be piloting a whaling 
ship, by virtue of his old-timey New England seafarer’s beard-
with-no-mustache. Make it a whale-watching ship, seeing as 
how the Yale University researcher’s 21st-century New Haven 
face lacks the grimness of those 19th-century New Bedforders’. 
Steitz shared the 2009 chemistry Nobel for his elegant elucida-
tion of the three-dimensional structure and detailed function of 
the ribosome, the cellular organelle charged with the actual pro-
duction of proteins as per the instructions of the genetic code. 
So, naturally, we talked baseball. 

Steitz and his wife, Joan, a renowned molecular biologist her-
self, are the parents of Jon Steitz, who was a good enough pitcher 
at Yale to be a 2001 third-round draft pick of the Milwaukee 
Brewers. The senior Steitz disclosed a little gem of baseball trivia: 
“Jon’s signing bonus with the Brewers was bigger than my share 
of the Nobel Prize.” 

The conference’s senior face belonged to 93-year-old Chris-
tian de Duve, who now bears a strong resemblance to one of 
those wise and benevolent tortoises found in various feature-
length cartoons. With the gross architecture of the cell now well 
known, most living laureates who have studied biological sys-
tems, such as Steitz, worked at the molecular level. But de Duve’s 
1974 Nobel was for his six-decade-old discoveries of theretofore 
entirely unknown cell organelles, the lysosome and the peroxi-
some. If he’s a tortoise, he’s one of those Galápagos versions that 
both greeted Darwin and thrived into the 21st century. When 
the slide projector failed during his talk, he calmly told the AV 
tech frantically trying to fix the problem, “Don’t worry, I know 
what’s on them.” Genius. 

SCIENTIFIC AMERICAN ONLINE To listen to interviews with some of  
the Nobel Prize–winning scientists in attendance at the Lindau meeting, visit  
the Science Talk section at �ScientificAmerican.com/podcast

© 2011 Scientific American
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50, 100 & 150 Years Ago compiled by Daniel C. Schlenoff 

Innovation and discovery as chronicled in Scientific American

NOTE: The thin steel plates could not with
stand higher temperatures and speeds. Newer 
materials such as carbon fiber or ceramics may 
renew interest in this compact design.

Modern Tobacco Ads
“Most people imagine that the wooden 
Indian has a monopoly of the tobacco 
sign business, but he has a competitor  
in the dummy which ostensibly smokes  
a cigar. The cigar, however, is likewise a 
dummy, and the smoke comes from a 
concealed pot of burning tobacco and is 
intermittently expelled from the lips of 
the dummy by concealed bellows. One  
of the most elaborate of these signs is a 
hollow crescent figure [see illustration], 
whose convex face is studded with incan-
descent lights, and bulbs are also at the 
outer end of the cigar.”
More mechanical advertising devices  
are at �www.ScientificAmerican.com/ 
sep2011/novelties

Horses and Heat
“The health department of New York city, 
which has the task of removing dead 
horses, reported that during the six work-
ing days of the hot period of July, 171 
horses died each day—a total of 1,026. 
These horses represented over half a mil-
lion dollars cash value, which was entire-
ly wiped out in a single week. It is esti-

mated that the money would pay for a 
sufficient number of electric vehicles to 
do all of the work done by the horses, and 
do it more efficiently and economically.”

September 
1861
Cocaine 
Isolated
“The German chem-
ist, Dr. Niemann, has 
recently been making 

experiments with coca leaves, and has ob-
tained from them an alkaloid which he 
proposes to call cocaina. Pure cocaina is 
colorless; the crystals are large prisms. It 
has an alkaline reaction, a bitter taste, 
and when placed upon the tongue it pro-
motes the flow of saliva and induces a 
sensation of cold. Several German chem-
ists and physicians have recommended 
coca leaves as a substitute for coffee in 
European armies, on account of the well 
known qualities of coca, to preserve life 
and strength for a considerable time 
without common food.”

Nautical Discipline
“The British merchant ship Star of the 
East, while on her passage from Bombay 
for Liverpool, was lost while beating 

through the Mozambique 
channel. At the official inqui-
ry into her loss, the first wit-
ness was the sailmaker of 
the ship, who stated that 
when she struck she was 
about a mile off the shore. 
Whereupon Mr. Tyndall, the 
attorney for the government 
Board of Trade, says to him, 
‘Didn’t you think it strange 
that the ship should be so 
close in shore?’ Witness—
‘We’re not allowed to think; 
there’s only the cook and the 
captain allowed to think on 
board a ship.’ The answer 
was a sockdologer, and the 
representative of their lord-
ships, after this brief exposi-
tion of sea law, made no 
more interruptions.”SC
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September 
1961
Nerve Cells 
Talking
“So far we have said 
nothing about inhibi-

tion, even though it occurs throughout 
the nervous system and is one of the 
most curious modes of nervous activity. 
Inhibition takes place when a nerve im-
pulse acts as a brake on the next cell, pre-
venting it from becoming activated by 
excitatory messages that may be arriving 
along other channels at the same time. 
The impulse that travels along an inhibi-
tory axon cannot be distinguished elec-
trically from an impulse traveling in an 
excitatory axon. But the physicochemical 
effect that it induces at a synapse must 
be different in kind. —Bernhard Katz”
Katz shared the 1970 Nobel Prize for medicine.

September 
1911
Tesla Turbine
“It will interest the 
readers of the Scientif-
ic American to know 

that Nikola Tesla, whose reputation must, 
naturally, stand upon the contributions 
he made to electrical engineering when 
the art was yet in its comparative infancy, 
is by training and choice a mechanical 
engineer. For several years past he has de-
voted much of his attention to improve-
ments in thermo-dynamic conversion, 
and the result of his theories and practi-
cal experiments is to be found in an en-
tirely new form of prime movers. Briefly 
stated, Tesla’s steam motor consists of a 
set of flat steel disks mounted on a shaft 
and rotating within a casing, the steam 
entering with high velocity at the periph-
ery of the disks, flowing between them in 
free spiral paths, and finally escaping 
through an exhaust port at their center. 
Tesla depends upon the fluid properties 
of adhesion and viscosity—the attraction 
of the steam to the faces of the disks—in 
transmitting the velocity energy of the 
motive fluid to the plates and the shaft.”

Smoking Moon: mechanical novelty to promote  
cigar sales, 1911

© 2011 Scientific American



SO
UR

CE
S:

 P
AU

L S
CH

ER
RE

R 
IN

ST
IT

UT
E 

(d
ea

th
s)

;  
O

RG
AN

IZ
AT

IO
N

 FO
R 

EC
O

N
O

M
IC

 C
O

-O
PE

RA
TI

O
N

 A
N

D
 D

EV
EL

O
PM

EN
T 

(h
ea

lth
 b

ur
de

n)
 

Ex
plo

rat
ion

 an
d E

xtr
ac

tio
n

Lo
ng

-D
ist

an
ce

 Tr
an

sp
or

t

Pro
ce

ssi
ng

 an
d S

to
rag

e

Lo
ca

l D
ist

rib
ut

ion

Po
wer

 an
d H

ea
t G

en
era

tio
n

W
as

te 
Han

dli
ng

96 Scientific American, September 2011

The Human 
Cost of Energy 

Fossil fuels exact the biggest toll  
in terms of lives lost

Deadly accidents involving nuclear reactors, oil rigs and 
coal mines in recent months remind us that all forms of en-
ergy generation carry risks. In developed countries, coal is 
the most hazardous (bottom left), according to the Paul 
Scherrer Institute in Switzerland, which studied more than 
1,800 accidents worldwide over nearly 30 years. For coal, 
mining tends to be the most dangerous step; for oil and gas, 
most accidents occur during distribution; and for nuclear, 
generating plants are on the hot seat (orange bars).

Developing nations tend to have higher fatality rates, ex-
perts say (although reporting is less comprehensive, so no 
numbers are shown). “Regulations may be less strict,” ex-
plains Peter Burgherr, head of technology assessment at the 
energy systems analysis laboratory at the institute. “Work-
ing conditions are also poorer,” and less mechanization 
means more people are doing manual labor in harm’s way.

The lion’s share of human costs, however, comes not 
from accidents but from pollution, which makes fossil  
fuels the most dangerous form of energy generation (be-
low). As Burgherr notes, “People are often not aware of what 
is happening to them in daily life.”  —Mark Fischetti

SCIENTIFIC AMERICAN ONLINE 
 More data at ScientificAmerican.com/sep2011/graphic-science 

Deaths from 
Energy  

Production 
Accidents*

(per 100 gigawatts  
of power generated 

for a year) 

Workers and 
Public at Risk
(percent of deaths 
that occur along  
supply chain) 

Hydro
0.27 

Photovoltaic†

0.02 

Onshore Wind
0.19 

Enhanced 
Geothermal

0.17 

Nuclear
0.73 

Coal
12.00 

Natural Gas
7.19 

U.S. Health Burden  
Caused by Particulate Pollution  
from Fossil-Fueled Power Plants

(mean number of cases per year) 

Asthma attacks 

603,000 
Lost workdays

5,130,000 

Pneumonia
(hospital admissions) 

4,040 
Cardiovascular ills

(hospital admissions) 

9,720 

Acute bronchitis 
cases 

59,000 

Premature  
deaths 

30,100 
*Deaths are in OECD countries, from 
severe accidents with at least five 
fatalities. Nuclear accidents do not 
include Chernobyl, responsible for 
many ongoing latent deaths, or 
Japan’s Fukushima Daiichi event, 
which is still unfolding.

†Renewable sources have not 
been used widely enough  
to link deaths to specific 
supply-chain stages.

Oil
9.37 

Graphic by Jen Christiansen

Graphic Science
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compass summit
October 23-26, 2011  Terranea Resort, Palos Verdes, California

Please join us for compass, an exclusive, ambitious event that brings together an unusual mix of the world’s 

brightest minds with a focus on making things happen. We will spark dialogues among people from different 

‘tribes’ whose paths don’t often cross—scientists, economists, engineers, bankers, environmental advocates, 

venture capitalists and policymakers. For registration and information go to: www.compass-summit.com 

Human ingenuity 

Tap into the Conversation.

is our only inexhaustible resource.
Reinvent everything.
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Let’s build a smarter planet, city by city.

Data from sensors in 

the Hudson River are 

helping engineers and 

scientists at Beacon 

Institute and Clarkson 

University solve water 

management problems in

New York.

County, Kentucky 
access the same 
lessons as high-
profile schools, 
cutting costs by

 64% In Delft, experts 

and engineers are 

developing enhanced 

fl ood prediction and 

protection systems 

for coastal areas and 

river deltas.

£20,000

IBM helped a e

German retaileran

boost customerc

 satisfaction     a

18%%
with dressinge

rooms thatt

actually suggest y

accessories.s

In Venezuela, IBM

deep computing pro-

cesses seismic data,

helping Tricon Geo-

physics pinpoint new 

oil and gas using

40% less energy.

In downtown

Stockholm 
smart traffi c 

systems helped 

reduce gridlock 

by 

A university in 

London has tossed

in annual mailing costs 

out the window. 

A social 

service agency in 

 

saved $11 

million in one year 

by reducing waste.

Peak energy 

loads fell by 

when IBM helped 

homes in the Pacifi c 

Northwest talk 

straight to the grid.

California

In Taiwan, 

99% 
of smarter trains 
run on time. 

Madrid 
integrated its 

security and 

emergency 

agencies to 

help cut 

response 

times by 

Smart metering in 

Malta helps 

citizens pay only for 

the energy they use. 

Miami-Dade D

County Public 

Schools haves

increasede

academicm

achievemente

across the board.s t

Predictive analytics

helped slash

crime rate by 

40% 
in one year. 

Richmond’s 

Data analytics 
helped cut crime

And while every city is unique, many face similar challenges. With over

  projects complete or in development, IBM experts  

  are teaming up with citizens and civic leaders 

to help make cities around the world better places to work and live. 

See how cities are getting smarter at TheSmarterCity.com

2,000 

A smart idea in one city
can make any city smarter.

20

IBM helps

Amsterdam Airportr

Schiphol move

million more bags

every year with a smarter t

baggage system.

First responders in 

Chicago can 

act faster thanks to 

a citywide intelligent 

security system. 

20%

IBM is helping Manitoba tackle

Canada’s 13 million cases of 

food poisoning every year by 

tracking the freshness of meat.

15%
25%

35% in NYC.
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