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From the editor

IAN ALLEN

I

“

f our descendants were to diagnose the ills of 21st-century
civilization,” writes Richard Fisher in our opening essay on
page 8, “they would observe a dangerous short-termism: a
collective failure to escape the present moment and look
further ahead.” This condition is neither permanent nor
new, Fisher says: human thinking becomes more blinkered
in times of turmoil and more expansive in periods of prosperity
and calm. But it’s particularly extreme right
now, especially for Americans, thanks to
the covid-19 pandemic and the bitterly
contested US election.
This issue of MIT Technology Review is
meant as an antidote. It looks at things that
may happen in the years, decades, centuries,
and even millennia hence, and what needs
to change now to make the future better
than it looks from this precarious moment.
As the image on our cover is meant to
suggest, these changes aren’t the kinds
of Band-Aid solutions the world has been
applying for the past few years—a carbon
tax here, a health-care expansion there,
a financial regulation reform over there.
Some of them will involve questioning
long-held assumptions.
For example, as David Rotman writes
on page 14, the economic doctrine of
high GDP growth, once challenged only
by people on the radical fringe, is now
being questioned by Nobel-winning econGideon
Britta Lokting interviews an entrepreLichfield
omists. As James Temple outlines (page 40),
neur trying to help save the climate by comis editor
California needs to scrap century-old fire
posting human bodies instead of burying
in chief of
MIT Technology
management policies to fight its wildfires.
or cremating them (page 64). Wudan Yan
Review.
And the field of AI is just coming to grips
looks at new attempts to tackle the problem
with the very real threats the technology
of storing nuclear waste, some of which
can pose, as a leading researcher tells Karen Hao (page 38).
will stay radioactive for millions of years (page 68). In a series of
One of the biggest challenges we face is a meta-problem that dispatches (page 21), writers look at new ways to tackle issues
makes all the others harder to tackle: the breakdown of shared from closing the digital divide and mapping insect populations
systems of understanding. Matthew Hutson (page 74) uses the to measuring societal health and encouraging long-term thinkLIGO gravitational-wave detector to show just how much of what ing. Mallory Pickett talks to a researcher on the front lines of
we know is contingent on trusting other humans’ knowledge, the hunt for the next pandemic (page 28). Charlton McIlwain
and what happens if this “epistemic dependence” is undermined. explores whether AI, instead of introducing hidden racial bias
And Abby Ohlheiser (page 30) writes about the scholars and to housing markets, can be used to eliminate it (page 44).
activists, overwhelmingly women and people of color, whose
In Singapore, Megan Tatum writes, the covid-19 pandemic
warnings about the attacks on truth through online abuse and may even have given vertical farming the boost it needs to finally
conspiracy movements were ignored for years.
go mainstream, which could revolutionize the way cities get
The war on truth is one of many catastrophic threats that will their food supply (page 48). David W. Brown visits the lab where
require long-term thinking to avert. Tate Ryan-Mosley enumer- researchers are building a satellite that could knock an incoming
ates a host of others (page 18), and notes that most of them are, asteroid off its collision course with Earth (page 54). And in our
at least in theory, within our control. But this issue is intended to fiction slot (page 80), Masande Ntshanga explores the power of
be not just a diagnosis of short-termism, but an antidote to the games to help us reimagine the world. I hope this issue of the
despair many feel—and there is plenty in here about solutions. magazine gives you some of that power of imagination too.
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The long-term issue

very so often, I ask my daughter about the future.
When she was three, she had only a basic concept
of time, with little awareness of clocks or calendars.
She could understand The Very Hungry Caterpillar,
a classic children’s book about a creature gorging on
food over a week, but when she would tell the story
back to me, she would mix up the days. Time, for
her, was disordered. By the age of five, however, she
had figured out how yesterday trailed behind her and
tomorrow extended in front. At breakfast one day,
I asked her how far into the future she could imagine. “When I am 10,” she replied. Tomorrow existed
for her, it seemed, but went dark five years ahead.
She’s now seven. Recently, I asked how frequently
she thinks about the future.
“Not often,” she said. “But sometimes I worry
what will happen.”
“What do you worry about?”
“Getting hurt, or getting arrested or something.”
“Can you imagine being the same age as me
and Mum?”
“No.”
“Can you imagine being a teenager?”
“Yes.”
“Can you imagine having your own children?”
“That freaks me out.”
The older she gets, the more she populates the years
to come in her imagination. Culture fills much of that
canvas, and I’ve often no idea where she picks it up.
“The Singulation,” she explained to me recently,
“is where people are miserable in the future. And
a person says ‘What’s the point?’ The robots take
over the Earth.”
“Wait, are you talking about the Singularity?
Where did you learn that?!”
The cartoon Captain Underpants, she said.

Just as children expand their temporal perceptions
as they age, so too has our species over millennia.
Like toddlers, our pre-human ancestors had no
sense of a distant future. They lived only in the
present. Humanity’s trajectory from tool-wielding
hominins to the architects of grand metropolises
has been interwoven with our ever-expanding
sense of time. Unlike other animals, we have minds
capable of imagining a deep future, and we can
conceive the daunting truth that our lifetime is a
mere flash in an unfathomable chronology.
Yet while we may have this ability, it is rarely
deployed in daily life. If our descendants were
to diagnose the ills of 21st-century civilization,
they would observe a dangerous short-termism:
a collective failure to escape the present moment
and look further ahead. The world is saturated in
information, and standards of living have never
been higher, but so often it’s a struggle to see
beyond the next news cycle, political term, or
business quarter.
How to explain this contradiction? Why have
we come to be so stuck in the “now”?
THE FUTURE
ISN’T
WHAT IT
USED TO BE

B

eing able to conceptually manipulate time

may be what set us apart from other animals. In the Pleistocene, our ancestors
developed what evolutionary biologists
call “mental time travel.” We can build
theaters in our minds that allow us to play out scenes
and characters from the past, as well as hypothetical stories about the future.
Yet while early humans had this talent, their concept of a deeper future was rudimentary. In Western
thought, this was the case until at least the Middle
Ages. For centuries, a cyclical view of time dominated,
a view of seasons and kingdoms. Beyond those time
frames, perhaps the only major change expected in
the future came from religious teachings: the apocalypse. Until then, though, there was only an extended
present. “In medieval times, most human affairs had
the form of endless repetition: sowing and harvesting,
disease and health, war and peace, the rise and fall of
kingdoms—there was little reason to believe in longterm change or even improvement in human affairs,”
wrote Lucian Hölscher, a historian at the University
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of Bochum, in a 2018 essay. “The long-term future, at
According to historian François Hartog, the author
least in this world, did not exist. Rather people lived
of Regimes of Historicity, we are in the midst of another
in something of an extended present.”
shortening right now. He argues that at some point
Even the medieval builders of cathedrals—often
between the late 1980s and the turn of the century,
a convergence of societal trends took us into a new
lauded as examples of long-term thinking for creating
structures that would last generations—were not imagregime of time that he calls “presentism.” He defines
ining radically different futures with any great degree
it as “the sense that only the present exists, a present
of foresight. The world of tomorrow they pictured was
characterized at once by the tyranny of the instant
the same as theirs, constant and known. (Also, it should
and by the treadmill of an unending now.” In the 21st
be noted that some cathedrals collapsed as a result of
century, he writes, “the future is not a radiant horishort-sighted workmanship. A prayer was said during
zon guiding our advancing steps, but rather a line of
services: “Deare Lord, support our roof this night, that
shadow drawing closer.”
it may in no wise fall upon us and styfle us. Amen.”)
On the scale of civilization, it is difficult to test
In the West, a deeper sense of time didn’t emerge
empirically the assertions of those who say we are
until the 18th century. In the 1700s, geologist James
living in a short-termist age. Future historians may
Hutton showed how the chronology written into
have a clearer view. But we can still perceive the lack
Scottish rocks extended millions of years into the
of longer-term thinking from which our society suffers.
past. The philosopher Immanuel Kant wrote that
You can see it in business, where quarterly
there would be “millions and millions of centuries,
reporting encourages CEOs to prioritize shortin which new worlds and world orders will be generterm investor satisfaction over long-term prosated,” adding: “Creation is never finished. It once had a
perity. You can see it in populist politics, where
beginning, but it will never end.”
And writers began dreaming of
futuristic worlds. In 1770, Louis
Mercier published L’An 2440, a
T H E S E L O N G-TERM RISKS MAKE IT INCREASINGLY
utopian novel about a man who
I M P O R T A N T TO EXTEND OUR PERSPECTIVE BEYOND
wakes up in an idealized Paris of
O U R O W N L IFETIMES; OUR ACTIONS ARE RIPPLING
the 25th century. The book was
F U R T H E R I NTO THE FUTURE THAN EVER BEFORE.
banned by the Catholic church:
in Spain, the king supposedly
burned it himself.
Over the next 200 years, this scientific and intelleaders are more focused on the next election and
the desires of their base than the long-term health
lectual lengthening of the time span we could imagine
of the nation. And you can see it in our collective
paved the way for great strides in our understanding of ourselves and the planet. It allowed Darwin
failure to tackle long-term risks: climate change,
to propose his theory of evolution, geologists to
pandemics, nuclear war, or antibiotic resistance.
carbon-date the true age of Earth, and physicists to
These risks make it increasingly important to
simulate the expansion of the universe.
extend our perspective beyond our own lifetimes;
Our awareness of deep time was here to stay,
our actions are rippling further into the future than
but that’s not the same as paying attention to it. The
ever before. But as the Oxford philosopher Toby
18th-century European contemplation of a long,
Ord has argued, this power to shape the future is
not yet matched by foresight or wisdom.
bright future was not to last. Periodically, perspecThere may be multiple forces fostering a shorttives would shorten, often through crises such as
the French Revolution. Hölscher argues that you
termist mindset in our age. Some point to that oftencan see this transformation in writing from the late
blamed scourge, the internet. Others lament the
1700s into the dawn of the 1800s: optimistic, farintersection of 24-hour news media and politics,
reaching predictions about the world gave way to
which encourages decision-makers to focus more on
more circumspect descriptions of the future, focused
headlines or polling than future generations. Hartog
on next steps and nearer-term improvements in stanblames the capitalist, consumerist norms that came
dards of living. A similar contraction, he contends,
to dominate Western culture by the late 20th centook place with World War I, following the hopeful
tury. During this period, “technological progress
future-gazing of the early 20th century.
kept forging ahead, and the consumer society grew
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and grew,” he writes, “and with it the category of
the present, which this society targeted and, to an
extent, appropriated as its particular trademark.”
As with many ailments, there is probably no single
cause: rather, the convergence of many is responsible.
But we need not despair. If this account is correct,
then short-termism is an emergent property of the
cultural, economic, and technological moment. It
need not last forever, nor is it totally out of our control.
The assumption that things must always stay the way
they are today is actually itself a form of presentism.
But if we understand some of the psychological pressures that nudge us toward short-termism in daily
life, we can find ways to combat them.
TEMPORAL
STRESSES

D

uring a recent fellowship at MIT, I

Entrenched yet invisible habits play a role here.
It’s harder to overcome the shortening effects of
salience when we are doomscrolling on our phones
through political controversy, crime, culture wars,
disasters, or attacks. These events, while important, populate our imaginings of the future to a
disproportionate degree.
Short-termist behavior can also plague organizations. For example, the Boston-based think
tank FCLT Global recently reviewed the habits
of corporations and warned against letting board
meetings focus on compliance instead of long-term
strategy, or failing to tell shareholders about longterm plans. Business leaders who establish different habits—such as Jeff Bezos, who communicates
Amazon’s long-term principles to shareholders
regularly—can create a culture among employees
and investors that fosters the longer view.
Compounding all this is the overload of a
connected life. I needn’t dwell on the acceleration of technological change and its effect on the

investigated how our psychological experience of the future
can change. I was
curious about what
role the far future plays in our
S L O W , CREEPING PROBLEMS LIKE GLOBAL WARMING
day-to-day lives, if any. I also
D O N ’ T POP UP ON THE ATTENTIONAL RADAR UNTIL
wanted to know what psychological pressures might cause
S O M E THING IS BURNING OR FLOODING.
us to lose sight of the long term
in everyday decisions. I call these
pressures “temporal stresses.”
information ecosystem, but if you are looking for
Some themes surfaced again and again, to which
I’ve given the convenient acronym SHORT:
evidence, consider that it took 71 years for telephones to be adopted by half the US population. By
S – Salience
contrast, cell phones took only 14 years to reach the
H – Habits
same milestone. And the internet? A mere decade.
O – Overload
As technology’s pace accelerates, the concomiR – Responsibility
tant quickening of life, work, and information has
T – Targets
further overloaded our attention. Research conducted in 2005 suggested that people’s picture of
First, salience. Striking, emotionally resonant
the future goes “dark” around 15 to 20 years hence.
events tend to dominate our thinking more than
As the cosmologist Martin Rees has pointed out,
it’s difficult to be a “cathedral thinker” when the
abstract happenings. It’s a facet of the “availability
heuristic,” a cognitive bias that means people are
lives of our children promise to be so radically difmore likely to imagine the future through the lens
ferent from our own—a problem that our medieval
of recent events.
ancestors simply did not have.
This means that slow, creeping problems like
The accelerated nature of 21st-century life has
global warming don’t pop up on the attentional radar
also diluted responsibility for our actions. The
until something is burning or flooding. Before the
modern world has made it ever easier to detach
covid-19 pandemic, even disease scientists were
ourselves from consequences and accountability.
more focused on the salient dangers of Ebola and
Consider the hamburger. A single consumer in a
Zika, rather than coronaviruses.
complex global supply chain shares only a tiny
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portion of responsibility for the ills involved in
getting that burger to the table: carbon emissions,
factory farming, water pollution, and more.
When communities were small, goods were
local, and societal obligations were more tangible, things were different. Centuries ago, people
didn’t have to think about the damage caused by
industrial farming, nor about atomic waste, ocean
plastics, atmospheric carbon, or the other malignant
heirlooms for which we are collectively responsible but not individually culpable. (And even in
that far simpler world, civilizations occasionally
collapsed after exhausting their natural resources,
among other wrong turns.) We need ways to make
those responsibilities more visible—and, crucially,
hold people accountable.
The final temporal stress—and this is a major
one—is targets. Today, metrics dominate all
realms of life. Growth statistics. Efficiency scores.
Shareholder returns. KPIs, GDP, ROI. If poorly
framed, these targets foster presentism or even
encourage bad behavior.
The sociologist Robert Jackall described one
scenario in which this happens regularly. He called
it “milking the plant”: a manager would arrive at
a plant or factory with an ambitious set of targets
from the board, and immediately crack the whip.
Productivity would rise accordingly. Months later,
the targets would be hit, and the manager would
be promoted or move on. Left behind, however,
would be a mess: unhappy workers and machinery
run into the ground. The next manager would have
to pick up the pieces with a new set of short-term
targets—and the cycle would repeat.
The problem with metrics is captured by
Goodhart’s Law, named after a British economist, which is often phrased as: “When a measure
becomes a target, it ceases to be a good measure.”
To escape short-termism, we must reassess the targets by which we gauge success. Do they encourage longer-term thinking, or do they prioritize only
present-day gains?
We might start by thinking about how companies can do more to balance year-on-year or
quarterly targets against long-term aspirations
that last—or even exceed—a lifetime, like the
commitments some oil companies have made to
reach net zero emissions. We already manage this
on a personal level to some extent, through our
career, education, or family goals. Some attempts
are also being made in the political realm to define
metrics that extend decades or centuries, such as
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the UN’s Sustainable Development Goals, parts of
which have been absorbed into laws and company
policies around the world. (Wales, for example,
passed the Well-being of Future Generations Act:
loosely based on the UN goals, it requires public
bodies to factor certain long-term aims into their
decision-making.)
Fighting temporal stresses might be a struggle, but the targets we choose are entirely up to
us. To paraphrase that well-worn aphorism: you
overestimate what you can achieve in a day, but
underestimate what you can achieve in a century.
THE
HINGE
OF
HISTORY

I

dentifying the temporal stresses that pro-

mote short-termism in our lives is only a
starting point. Our greatest challenge this
century is to transform our relationship
with time. History suggests that our horizons have shortened before—but they can expand
again. During the pandemic, our “presentism” has
become even more extreme, but cultural norms
have been challenged too. There may never be a
better time to ask what future we actually want.
Some suggest we may be living at the “hinge of
history,” a time uniquely influential for the future
of humanity. We have never had so many ways to
destroy ourselves through self-made dangers, from
nuclear weapons to bioterror pathogens. But if we
can plot a way through this period by embracing
the long term, goes the argument, then our species—like other mammals—has the potential to
survive for millions of years.
If humanity’s evolving time perception does
mirror that of a child like my daughter, then our
temporal maturity as a species could be yet to come.
Perhaps we are merely in a tumultuous period of
adolescence, and age will bring a sense of a deeper
future. Like teenagers confronted suddenly with the
consequences of their actions, we are facing a crisis brought on by our short-termism. Let’s hope it
turns out to be merely the shock we need in order
to grow up.
Richard Fisher is a senior journalist at the
BBC in London, and the author of an upcoming
book about long-term thinking published by
Wildfire/Headline.

The failure of capitalism
to solve our biggest problems is prompting many to
question one of its basic
precepts.

By David Rotman

Even before the covid-19 pandemic and
the resulting collapse of much the world’s
economy, a crisis in capitalism was plainly
evident. Unfettered free markets had
pushed inequality of income and wealth
to extremely high levels in the United States.
Slow productivity growth in many rich countries had stunted financial opportunities for
a generation. Businesses, if no longer quite
oblivious to global warming, seemed impotent to make changes that might slow it.
And then came the pandemic, with millions losing their jobs, and then the raging
wildfires, fueled by climate change, that
blazed up and down the US West Coast.
All the simmering signs of a dysfunctional
economic system suddenly became fully
evident, full-blown disasters.
No wonder many in the US and Europe
have begun questioning the underpinnings
of capitalism—particularly its devotion to
free markets and its faith in the power of
economic growth to create prosperity and
solve our problems.
The antipathy to growth is not new; the
term “degrowth” was coined in the early
1970s. But these days, worries over climate
change, as well as rising inequality, are
prompting its reemergence as a movement.
Calls for “the end of growth” are still on
the economic fringe, but degrowth arguments have been taken up by political
movements as different as the Extinction
Rebellion and the populist Five Star
Movement in Italy. “And all you can talk

SLOW GROWTH
Even some economists outside the
degrowth camp, while not entirely rejecting
the importance of growth, are questioning
our blind devotion to it.
One obvious factor shaking their faith
is that growth has been lousy for decades.
There have been exceptions to this economic sluggishness—the US during the
late 1990s and early 2000s and developing countries like China as they raced to
catch up. But some scholars, notably Robert
Gordon, whose 2016 book The Rise and
Fall of American Growth triggered much
economic soul-searching, are realizing that
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about is money and fairy tales of eternal economic growth. How dare you!” thundered
Greta Thunberg, the young Swedish climate
activist, to an audience of diplomats and
politicians at UN Climate Week last year.
At the core of the degrowth movement
is a critique of capitalism itself. In Less Is
More: How Degrowth Will Save the World,
Jason Hickel writes: “Capitalism is fundamentally dependent on growth.” It is, he
says, “not growth for any particular purpose,
mind you, but growth for its own sake.”
That mindless growth, Hickel and his
fellow degrowth believers contend, is very
bad both for the planet and for our spiritual well-being. We need, Hickel writes, to
develop “new theories of being” and rethink
our place in the “living world.” (Hickel goes
on about intelligent plants and their ability
to communicate, which is both controversial botany and confusing economics.) It’s
tempting to dismiss it all as being more
about social engineering of our lifestyles
than about actual economic reforms.
Though Hickel, an anthropologist,
offers a few suggestions (“cut advertising” and “end planned obsolescence”),
there’s little about the practical steps that
would make a no-growth economy work.
Sorry, but talking about plant intelligence
won’t solve our woes; it won’t feed hungry
people or create well-paying jobs.
Still, the degrowth movement does have
a point: faced with climate change and the
financial struggles of many workers, capitalism isn’t getting it done.

The long-term issue

slow growth might be the new normal, not
some blip, for much of the world.
Gordon held that growth “ended on
October 16, 1973, or thereabouts,” write
MIT economists Esther Duflo and Abhijit
Banerjee, who won the 2019 Nobel Prize, in
Good Economics for Hard Times. Referencing
Gordon, they single out the day when the
OPEC oil embargo began; GDP growth in
the US and Europe never fully recovered.
The pair are of course being somewhat
facetious in tracing the end of growth to a
particular day. Their larger point: robust
growth seemingly disappeared almost overnight, and no one knows what happened.
Duflo and Banerjee offer possible explanations, only to dismiss them. They write:
“The bottom line is that despite the best
efforts of generations of economists, the
deep mechanisms of persistent economic
growth remain elusive.” Nor do we know
how to revive it. They conclude: “Given that,
we will argue, it may be time to abandon
our profession’s obsession with growth.”
In this perspective, growth is not the
villain of today’s capitalism, but—at least
as measured by GDP—it’s an aspiration
that is losing its relevance. Slow growth
is nothing to worry about, says Dietrich
Vollrath, an economist at the University of
Houston, at least not in rich countries. It’s
largely the result of lower birth rates—a
shrinking workforce means less output—
and a shift to services to meet the demands
of wealthier consumers. In any case, says
Vollrath, with few ways to change it, we

might as well embrace slow growth. “It is
what it is,” he says.
Vollrath says when his book Fully
Grown: Why a Stagnant Economy Is a Sign
of Success came out last January, he “was
adopted by the degrowthers.” But unlike
them, he’s indifferent to whether growth
ends or not; rather, he wants to shift the
discussion to ways of creating more sustainable technologies and achieving other
social goals, whether the changes boost
growth or not. “There is now a disconnect between GDP and whether things
are getting better,” he says.

LIVING BETTER
Though the US is the world’s largest economy as measured by GDP, it is doing poorly
on indicators such as environmental performance and access to quality education
and health care, according to the Social
Progress Index, released late this summer
by a Washington-based think tank. In the
annual ranking (done before the covid pandemic), the US came in 28th, far behind
other wealthy countries, including ones
with slower GDP growth rates.
“You can churn out all the GDP you
want,” says Rebecca Henderson, an economist at Harvard Business School, “but if
the suicide rates go up, and the depression
rates go up, and the rate of children dying
before they’re four goes up, it’s not the kind
of society you want to build.” We need to
“stop relying totally on GDP,” she says. “It
should be just one metric among many.”

REWRITING CAPITALISM: SOME MUST-READS
Reimagining
Capitalism in a
World on Fire
BY REBECCA
HENDERSON

The Harvard Business
School economist
argues that companies can play an
important role in
improving the world.

Good Economics
for Hard Times
BY ABHIJIT V.
BANERJEE AND
ESTHER DUFLO

The MIT economists
and 2019 Nobel laureates explain the
challenges of boosting growth both in rich
countries and in poor
ones, where they do
much of their research.

Fully Grown: Why a
Stagnant Economy
Is a Sign of Success

Less Is More:
How Degrowth Will
Save the World

BY DIETRICH VOLLRATH

BY JASON HICKEL

The University of
Houston economist
argues that slow
growth in rich countries like the United
States is just fine, but
we need to make the
benefits from it more
inclusive.

A leading voice in the
degrowth movement
provides an overview
of the argument for
ending growth. It’s a
convincing diagnosis
of the problems we’re
facing; how an end to
growth will solve any
of them is less clear.
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Part of the problem, she suggests, is “a
failure to imagine that capitalism can be
done differently, that it can operate without toasting the planet.”
In her perspective, the US needs to start
measuring and valuing growth according
to its impact on climate change and access
to essential services like health care. “We
need self-aware growth,” says Henderson.
“Not growth at any cost.”
Daron Acemoglu, another MIT economist, is calling for a “new growth strategy”
aimed at creating technologies needed
to solve our most pressing problems.
Acemoglu describes today’s growth as
being driven by large corporations committed to digital technologies, automation,
and AI. This concentration of innovation
in a few dominant companies has led to
inequality and, for many, wage stagnation.
People in Silicon Valley, he says, often
acknowledge to him that this is a problem
but argue, “It’s what technology wants. It’s
the path of technology.” Acemoglu disagrees;
we make deliberate choices about which
technologies we invent and use, he says.
Acemoglu argues that growth should be
directed by market incentives and by regulation. That, he believes, is the best way to
make sure we create and deploy technologies that society needs, rather than ones that
simply generate massive profits for a few.
Which technologies are those? “I don’t
know exactly,” he says. “I’m not clairvoyant. It hasn’t been a priority to develop
such technologies, and we’re not aware
of the capabilities.”
Turning such a strategy into reality will
depend on politics. And the reasoning of
academic economists like Acemoglu and
Henderson, one fears, is not likely to be
popular politically—ignoring as it does the
loud calls for the end of growth from the left
and the self-confident demands for continued unfettered free markets on the right.
But for those not willing to give up on
a future of growth and the vast promise
of innovation to improve lives and save
the planet, expanding our technological
imagination is the only the real choice.
David Rotman is editor at large of
MIT Technology Review.
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The long-term issue

Today
Some of our cherished assumptions about progress are breaking
down. Catastrophic threats loom. Disinformation is rampant.
But activists and thinkers are taking action, from building better
communities to spotting future pandemics.
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atastrophic risks are events that threaten human
livelihood on a, well, catastrophic scale. Most
are interconnected, meaning that one event—
such as a nuclear detonation—is likely to trigger
others, like water and food crises, economic depression, and
world war. The intricate interdependence of our physical,
social, and political systems has left humans vulnerable,
something that covid-19 has highlighted.
The good news, if you can call it that, is that few of
these risks are truly existential, spelling the very end of the
human race. Moreover, most catastrophic risks are within
our control. Those that aren’t have to be dealt with through
mitigation and preparedness—or just accepted.
These risk estimates are from the World Economic
Forum, the Intergovernmental Panel on Climate Change,
the Chicago Actuarial Association, the Global Challenges
Foundation, Bethan Harris at the University of Reading, and
David Morrison at NASA, with advice from Phil Torres at
the Institute for Ethics and Emerging Technologies, author
of Human Extinction: A Short History. By Tate Ryan-Mosley
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FOOD OR WATER CRISES

2020–2030

EXTREME WEATHER
Already happening; likely to
worsen in the coming years.
Floods, storms, wildfires, and
hotter temperatures threaten
hundreds of millions of people globally: over 20 million
are already forced to leave
their homes each year as a
result of extreme weather.
The threats go beyond personal safety, posing general economic risks and the
potential to overwhelm systems such as insurance.

Likely if surface
temperatures reach
1.5 to 4 °C above
preindustrial levels.
As temperatures increase,
we’ll probably face a
water shortage caused by
drought and ecosystem
collapse. A food crisis
would be tied to this, but
soil quality, global supply
chains, and available land
are also factors.
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NEAR-TERM RISK

LONG-TERM RISK

2020–2030

2020–2100

High risk in the next 10 years.
Hacking the transport system or a central bank would
wreak havoc and threaten
public safety. Prevention relies
on educating people about
cybersecurity.

2020–2030

DATA FRAUD OR THEFT
High risk in the next 10 years.
Large-scale theft of data like
Social Security numbers could
create irreversible damage to
political and social systems.

CATASTROPHIC CLIMATE CHANGE
2020–2030

AUTONOMOUS WEAPONS
High risk in the next 10 years.
Fully autonomous weapons don’t
exist yet, but advances in drone
technology and AI make them
likely. Rogue code and irresponsible use could lead to mass violence on a scale and speed we
don’t understand today.

Under a high-emissions model,
surface temperatures are
projected to rise by 2.6 to 4.8
°C by the end of the century.
Catastrophic climate change
occurs once human damage starts setting off tipping points that make the
changes irreversible. Human
actions are altering the climate 170 times faster than
natural forces, bringing about
extreme weather, warming
oceans, ice melt, and rising
sea levels.

2020-2115

BIOLOGICAL AND
CHEMICAL WARFARE
Up to a 1% risk in
the coming century or so.
Biological and chemical
weapons are becoming
cheaper and easier to produce—and more lethal.
Most nations and many
terrorist groups are likely
to have access to them.
The level of risk varies, but
examples include toxic
chemicals that are sprayed
from aircraft or injected into
water systems.
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CYBERATTACKS + INFORMATION
INFRASTRUCTURE BREAKDOWN
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PANDEMICS +
ANTIMICROBIAL RESISTANCE
A pandemic like the 1918
flu occurs around once
every 420 years.
Covid-19 is the biggest pandemic in a century. Increased
urbanization, population density, and international travel
raise the risk that any new
infectious disease will become
a major outbreak. At the same
time, antimicrobial resistance
is rising, making infections
more deadly.

2020–702020

SUPERVOLCANIC ERUPTION

2020–72000

ASTEROID COLLISION
A species-level impact
is expected once every
70,000 years.
The largest near-Earth
asteroids have a diameter of
more than 1 kilometer, and an
impact could result in human
extinction. Smaller asteroids could still lead to
hundreds of millions of
deaths. But we’re getting better at tracking
them, and maybe one
day we could divert
them (see story on
page 54).

About a 1% probability in
the next 70,000 years.
Supervolcanic eruptions would
devastate habitats, obstruct
sunlight, decrease air quality,
and maybe even lead to global
cooling. Several areas are
currently graded as high risk,
including Yellowstone in the US.
AROUND
7,600,000,000
Certain.
In about 800 million
years, Earth will become
uninhabitable for humans
because of the expansion
of the sun. About 6.5
billion years later, the sun
will expand enough to
consume the planet in
a fiery end.

EARTH IS DOOMED
800,000,000

ULTIMATE DOOM

7,600,000,000

2020–2100
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NUCLEAR WARFARE
1% risk before the
end of the century.
The world’s nuclear nations
have over 13,000 warheads
between them. In a nuclear
winter, soot and dust released
by fires would block sunlight, leading to global cooling and mass extinction.

2020–2200

ECOLOGICAL COLLAPSE
2020-2115

ARTIFICIAL INTELLIGENCE
Up to a 10% risk in
the coming century.
The catastrophic risk
associated with AI hinges
more on misuse or poor
development than on concerns about computers
overtaking human society
(see story on page 38).
Algorithms that spread
fake news and create echo
chambers could undermine trusted information
sources and leave democracy even more precarious
than it already is.

Likely if temperatures
rise by 1.5 to 4 °C.
Natural ecosystems
bring us air, water, food,
shelter, and energy.
Human overuse and
destruction of natural resources now
threaten a cascading,
quick collapse of global
ecosystems.
2020–2120

COLLAPSE/FAILURE OF DEMOCRACY
Growing concern.
Global democratization accelerated sharply
beginning in the 1980s. Now, however, rising
nationalism, misinformation and propaganda,
and the undermining of independent institutions
and fair elections are pushing many democracies to the brink of autocracy—or over it.
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Today
Helping New Yorkers
trapped in internet blind spots

Learning to think far into the
future in a short-term world

Bhutan stays focused on
happiness during covid-19

21
Keeping track of insect
populations—from space

DISPATCHES
We’re surrounded by urgent needs—from improving online access to protecting the planet from
a biodiversity crisis. Luckily, researchers and activists around the world are taking action.

Smarter cities

Blanketing
Brooklyn
with
wireless
internet
Before the pandemic, people
found creative ways to get
around big internet providers.
Now they’re doing even more.
By Lynne Peskoe Yang

ROSE WONG



On a crisp, sunny morning in August, software
engineer Rodrigo Espinosa de
los Monteros rode up 22 floors
to a stranger’s rooftop in the
Two Bridges neighborhood of
Manhattan’s Lower East Side.
Willem Boning, an acoustical
designer and fellow volunteer
for the grassroots wireless project NYC Mesh, was waiting on
the roof with two backpacks

full of networking equipment.
Their destination was a footlong plastic wireless antenna,
shaped like a squared-off satellite
dish and mounted on the roof’s
edge. The antenna is a “node” in
NYC Mesh—a community-owned
network of devices that blankets
parts of the city with free Wi-Fi.
Directly to the north of
Espinosa and Boning loomed
the former Verizon building at
375 Pearl Street, now owned by
Sabey Data Centers and occupied
by workers from the city government and the New York Police
Department. NYC Mesh pays rent
to data centers like Sabey for the
right to build supernodes at key
internet gateways, where wireless
traffic links up to the rest of the
Web. NYC Mesh then distributes
the bandwidth wirelessly, giving
new internet access options to
people who live where the ISP’s
service doesn’t reach or is unreliable. NYC Mesh covers its costs
with donations from its users.
From the volunteers’ position,
a supernode—a multi-antenna
monstrosity responsible for linking much of the network on the
Lower East Side to nodes in
Brooklyn—was barely visible atop
the Sabey building. Before them,
in the shadow of the supernode’s
signal, lay four residential buildings too short to get an angle on
the antennas above them. For the
next two and a half hours, Boning

Today

and Espinosa, along with another
volunteer helping remotely with
configuration, would work to create a route for internet traffic to
those buildings via the node on
the rooftop they had climbed to.
“As soon as I learned what the
Mesh was,” says Espinosa, “I was
like, ‘Oh, this is awesome.’”
In Lower Manhattan, which
has an underground fiber-optic
network, residents still rely on
wireless connections to route
their internet from the fiber up
to their apartments. For this step,
renters are often restricted by
building contracts to buying service from a single commercial
internet provider. “Even people
who can afford their internet are
unhappy,” says Jillian Murphy,
a university administrator and
volunteer admin for NYC Mesh.
In January, the mayor’s office
released an 88-page report on
the “digital divide”; it estimated
that some 40% of the city’s households, about 3.4 million people,
lack reliable broadband access.
NYC Mesh undertook its first
project in early 2014. It has nearly
doubled in size every year, with
561 active nodes. In the same
period, dozens of other community network projects have
popped up around the country,
filling in where commercial ISPs
refuse to upgrade aging fiber.
Without pressure from local competitors, ISPs can force customers

Net benefit:
NYC Mesh has
nearly doubled in size
every year
since 2014
and now has
561 active
nodes across
the city.

An
estimated

40 %
of NYC
households
lack reliable
broadband
access.
That’s
nearly

3.4
million
residents.

Without pressure from local competitors, ISPs
can force customers in underserved regions to
settle for unreliable connections at steep prices.

in underserved regions to settle for unreliable connections at
steep prices.
The pandemic has only intensified the need. With much of
daily life forced online not just
in New York but all over the US,
some local communities have
been blanketing their neighborhoods in free Wi-Fi to help
those who need it most. In San
Rafael, California, for example, the
working-class neighborhood of
Canal has one of the highest case
rates for the novel coronavirus in
Marin County, as well as some
of the spottiest wireless access.
Over the summer, a coalition of
activists, government officials,
and corporate sponsors scrambled to construct a brand-new
urban mesh network in time to
bring Canal’s students to their virtual classrooms this fall. The new
mesh, Canal WiFi, has since morphed into a multipurpose community platform, offering Canal’s
12,000 residents information in
English, Spanish, and Vietnamese
on everything from eviction protection to coronavirus tests to
immigration support.
A week before Espinosa and
Boning met up in Two Bridges,
tropical storm Isaias had pummeled the city with wind speeds
comparable to those seen in
Hurricane Sandy, causing massive power outages. More than
130,000 New Yorkers lost power,
some for weeks. The loss of connection became its own disaster, making network resiliency
all the more important. Since
lockdowns began, interest “has
stayed up quite a bit,” Murphy
says. “Especially because a lot
of people suddenly need better
internet, or faster internet, or they
lost their job and can’t afford the
commercials ISPs anymore.”
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Future
perfect:
In the midst
of the pandemic “something has
happened to
our sense
of time,”
says Roman
Krznaric.

Forward thinking

If we want to
save ourselves,
let’s start by saving
future generations
Current crises show us the perils of not
thinking far enough ahead. One philosopher has
a plan to make sure we change that.
By Diego Arguedas Ortiz
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Within a few days of the
covid-19 lockdown in
Oxford, UK, the street where
philosopher Roman Krznaric
lives had transformed. An email
chain quickly morphed into
a WhatsApp group with over
100 neighbors. Parents traded
homeschooling tips and compared bread recipes. Food packages, coordinated via cell phone,
were delivered to the most vulnerable, and when Krznaric
wanted to teach his 11-year-old
twins Chinese calligraphy, two

sets of brushes appeared on his
doorstep.
Krznaric sees in that mutual
support the footprint of empathy, that ability to step into other
people’s shoes in today’s world
and understand their feelings
and emotional needs. Having
researched empathy for years, he
has a trained eye for it. But as the
covid-19 pandemic was raging in
Europe and his WhatsApp group
kept buzzing, he was pondering
another question: Can humans
make personal, empathetic

The Good
Ancestor:
How to Think
Long Term in
a Short-Term
World
By Roman
Krznaric
THE
EXPERIMENT,
2020, $25.95

connections with people we will
never be able to meet and see?
“I had been writing books
and lecturing and talking about
empathy for many years,” says
Krznaric, a self-proclaimed public
philosopher. “But what I hadn’t
thought about so much is this:
How do we step into the shoes,
not just across the space, but
through time—with people in
future generations?”
This question guides
Krznaric’s book T he Good
Ancestor: How to Think Long
Term in a Short-Term World. It
is a volume brimming with ideas
about how to combat “our pathological short-termism,” as he calls
it. In the age of the “buy now”
button, we are collectively failing to acknowledge how climate
change, resource overconsumption, and biodiversity loss are
sentencing coming generations
to live on a chaotic planet.
Empathy toward future generations is a way to think long. One
can’t offer a cake, a hug, or words
of support to people born in the
23rd century. But gifts and words
are not the only means to convey
care for another person, and as
Krznaric writes, being a good
Samaritan is no longer enough.
The 21st century requires us to
become good ancestors.
The book was conceived and
written before the pandemic,
and Krznaric only managed to
squeeze in a coronavirus-related
preface before sending it to print
and turning, like many others,
to homeschooling kids and
rearranging routines. The year
quickly became all about evictions, exhausted health workers, police brutality protests, and
bankruptcies on Main Street.
“In the midst of such an immediate threat, what insights does
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“If we
want to
be good
ancestors, we
should
show
future
generations
how we
coped
with an
age of
great
change
and great
crises.”
Jonas Salk
Made to measure

Staying
positive
during the
pandemic
Zero deaths and better
community relations suggest
that Bhutan’s national focus
on happiness over economic
gain isn’t just lip service.
By Namgay Zam



Karma Ura is a bespectacled, self-effacing man of
many achievements—a scholar,
writer, painter, and bureaucrat. He is also the president of
the Centre for Bhutan & Gross
National Happiness Studies,
which he’s led since 1999.

Gross national happiness
has been around for a while. In
1972 the fourth king of Bhutan
put forward the idea of ditching
gross domestic product as the
nation’s main measurement of
success and instead trying to
measure how content people
were.
As it came into place over the
next few years, the concept fascinated outsiders. But it caused
hardly a ripple at home. And why
would it? After all, the idea is a
reflection of Buddhist values
that the country had been following for centuries. (Bhutan’s
legal code of 1729 states that “if
the government cannot create
happiness for its people, then
there is no purpose for the government to exist.”)
Today, Ura’s job is to study
gross national happiness and the
way Bhutan implements it—as
well as to spread the idea around
the world.

ROSE WONG

long-term thinking offer?” he
wrote in his preface.
A first lesson, says Krznaric,
comes from the way countries
with longer-term pandemic
plans, like Taiwan or South Korea,
have dealt with the virus more
effectively than those with none,
like the US.
Yet a deeper hint might come
from Jonas Salk, the mid-20thcentury virologist who coined
the question-turned-maxim “Are
we being good ancestors?” Salk
might have recognized our frantic
pursuit of a vaccine against covid19 and the almost real-time news
reports of lab trials, having risen
to global fame for developing
(and refusing to patent) the first
effective vaccine against polio
in 1955. Yet Salk always kept the
long-term view. “If we want to
be good ancestors,” he said in a
1967 speech, “we should show
future generations how we coped
with an age of great change and
great crises.”
Krznaric calls this the paradox
of urgency. “In the very immediate moment, we need to be
thinking long-term because of the
urgency of the climate crisis,” he
says. From our vantage point of
2020, it’s impossible to see how
well we’ll cope with the multiple
crises of climate change, coronavirus pandemic, and authoritarianism. Krznaric is the first
to admit it could go either way:
authoritarian regimes might try to
cling to emergency powers they
have granted themselves, while
progressive cities like Amsterdam
are actively reshaping their economies toward sustainability. Yet
in the middle of the hurt and the
economic suffering from covid19, “something has happened to
our sense of time,” he says. “It has
enabled a moment to take stock.”

Today
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Keeping track of happiness
is a complex job at the best of
times, he says. The country’s
index is based on nine domains,
from the obvious (such as living
standards and health) to more
complex concepts such as community vitality, psychological
well-being, ecological diversity, and resilience. The regular surveys undertaken by the
government are a huge, yearlong effort, with five months of
intense data gathering followed
by a long period of analysis.
And the pandemic has made
things far more complex.
It’s been almost six months
since the first documented case
in the tiny kingdom—a 76-yearo l d i m m u n o c o m p ro m i s e d
American tourist was identified with the disease in March—
but so far there have been zero
covid-19-related deaths in a population of 750,000 people. That’s
because the government has put

Gross National
Happiness and
Development
Edited by
Karma Ura and
Karma Galay
CENTRE
FOR BHUTAN
STUDIES, 2004

many of its resources behind
fighting the virus.
Bhutan is among the top 10
Asian countries in testing, with
over 140 tests per 1,000 people
(behind Canada but ahead of
Italy: South Korea, by comparison, tests around 40 people per
1,000). Testing is free thanks to
universal health care. A mentalhealth task force was set up very
early to counsel people. Loans
have been deferred, and royal
cash grants have been made
to people who have been furloughed or laid off. And all this
with little more than 200 cases
nationwide. The virus spread so
slowly that the country didn’t
impose its first lockdown until
August, and most cases have
been linked to people returning
from overseas rather than spread
inside the local community.
Gross national happiness is
the guiding principle behind the
government’s decisions, says Ura.
In fact, he suggests, the measure
of “community vitality”—which
had flagged in recent years—is
seeing a revival as neighborhood
activities bring people closer
together. What he calls “nonmarket sharing”—where transactions are driven not by money but
by compassion and empathy—
connects locals even when the
global outlook is difficult.
Will this all push Bhutan up
the happiness ranks? Focus on
gross national happiness hasn’t
always meant that the country
ranks as the happiest on earth.
The last edition of the United
Nations World Happiness Report
gave the country a middle-of-theroad score (Finland and Denmark
are perennial high performers),
but the next national survey is
due to take place at the end of
this year.
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Tracking
bug biodiversity
from orbit
Insect populations are a
planetary early warning
system. But tracking their
numbers takes big thinking.
By Leigh Cowart



It’s dark. Vegetal decay
hangs thick in the air,
trapped beneath the rotting
innards of a felled beech tree. You
wedge the hard shell of your exoskeleton through softening pulp,
legs clicking in rhythm with each
other. Chemosensors on your
antennae and mouthparts ping
with a steady stream of information, and you toodle your little
coleopteran body around to eat
bits of dead tree that bring you
a delightful gustatory sensation.
You’re a saproxylic beetle living
in the underbrush of a temperate European forest—voracious,
oblivious, forever scanning the
world at hand for snacks, sex,
and danger.
Above you in the heavens,
satellites whir around the planet
like a buzzing horde of gnats. You

Meet the beetles: Satellites
are now able to monitor
insect populations remotely.

could never know this, in your
decaying log, but some of those
satellites are watching you.
In the face of harrowing losses
of species, researchers around
the world are trying to assess the
state of the planet’s biodiversity
on a large scale. They have to
work fast: habitats are rapidly
being destroyed by commercial
development and climate change.
It’s estimated that at least a million species will face extinction
within the decades to come, half
of them insects. Beetles alone
make up anywhere from a quarter to a third of all known animal
species, and possibly even more
than that. And without insects,
entire food chains collapse. There
are no summertime tomatoes or

Today

winter squash without pollinators,
no gentle removal of dead animals
without the dermestid beetles that
attend them. The planet would fill
up with rot and decay. Without
insects to function as the mobile
arm of many plant reproductive
strategies, humans would starve.
But there is a glimmer of
hope in an unexpected place:
space. And it doesn’t require
fancy sensors or expensive new
satellites. As researchers from
the University of Würzburg
reported in a 2019 paper in
Nature Communications, “Radar
Vision in the Mapping of Forest
Biodiversity from Space,” it turns
out that freely available radar data
can be used to figure out where
even the smallest insects live.

41%
of global
insect species
have declined
over the past
decade ...
... compared
with

22%
of vertebrate
species.

At least a million species will face extinction
within the decades to come, half of them insects.
And without insects, entire food chains collapse.

To make this work, scientists first perform comprehensive “ground truth” studies.
They take a thorough look at
just which insects are living in an
area, attracting them using bright
lights or setting out pitfall traps
to lure and contain them. From
these biological field surveys,
they build up a picture of insect
biodiversity. Then they feed that
data to a machine-learning algorithm, along with radar and lidar
data from satellites that have
scanned the same area. This
trains the algorithm to correlate
variables like an area’s species
richness and species composition with specific patterns in
satellite images. These patterns
are not necessarily apparent or
comprehensible to the human
eye. So while we might look at
images from the Sentinel-1 satellite and see interesting pixels on
a screen, the algorithm can look
at those same pixels and, based
on what it has learned from other
inputs, make predictions about
the distribution of species in
the place it’s surveyed. If the
imaging ticks the boxes for a
specific degree of forest maturity, researchers could then infer
insect diversity from what they
know of similar forests.
For humans to survive into the
future, we need to know where
biodiversity loss is happening the
fastest. Monitoring it in insect
species will help researchers
and policymakers formulate a
plan of action. Since the start of
the industrial era, it is likely that
around 5% to 10% of all insect
species have gone extinct. In the
last 25 to 30 years alone, 80% of
insect biomass on the planet has
vanished.
But not you, little beetle. Not
yet, anyway.

ROSE WONG; DATA SOURCE: SÁNCHEZ-BAYO & WYCKHUYS, BIOLOGICAL CONSERVATION, 2019
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SPOTTING
THE NEXT
SARS-COV-2
英文杂志全球首发QQ群: 1074370165

T R :
Q + A

There are probably many zoonotic diseases that we don’t
know about. Here’s someone
whose job is to find them.

By Mallory Pickett

I

n 2009, two farmers checked in to the Heartland hospital in Missouri within days of each other with fever,
nausea, diarrhea, and rapidly declining white blood cell
counts. Doctors sent their blood samples to the Centers
for Disease Control, which discovered that both farmers
had contracted a previously unknown virus from a tick bite. The
CDC named it the Heartland virus. Five years later, a lab technician testing samples for a suspected Heartland case identified
another novel virus, dubbed Bourbon.
Before Heartland and Bourbon, only 14 new tick-borne pathogens had been spotted since 1900. The new discoveries support
suspicions that zoonotic pathogens—viruses or bacteria that
leap from animals to humans, as SARS-CoV-2 is believed to have
done—are more numerous than we realized.
Can researchers who spot a new virus actually do anything to
keep it from getting out of control? I spoke with Erin J. Staples, a
CDC epidemiologist who led the response to Heartland and created a tracking registry that has documented 50 infections so far.

Q: How often do doctors or
scientists find novel viruses in
humans?
A: I would say [for tick-borne

it has been causing some
low-level amount of disease
for a while.

disease], most scientists and
researchers will not discover
a new virus in their career. So
I consider myself fortunate
to have worked on some relatively new ones.

Q: Do you think there are
other novel viruses infecting
people around the US going
undetected?
A: Yes, and Bourbon virus is

Q: Do new virus discoveries
usually happen by accident?
Or because someone was
looking for them?
A: It’s probably a little bit

more of the former than the
latter. We were looking for
Heartland and found the
Bourbon virus. But there are
other programs that people
have implemented to try to
develop some sort of surveillance project. They look at
acute febrile illness, meaning
someone who developed a
fever all of a sudden; test for
known pathogens; and then
when there’s nothing else
there, they move on to using
different techniques like
next-generation sequencing.
Q: It’s been about 10 years
now since the Heartland virus
was discovered. Do you think
it really is a new virus, or was
it always there and doctors
didn’t pick it up?
A: Virologists looked at the

virus’s genomic sequence.
Changes in the sequences
can tell you about the virus’s
evolution and how long it
might have been present. So
they definitely know that the
virus has been present in the
US for decades, if not longer.
In addition, we’ve retrospectively identified some
cases that occurred prior to
the first two cases. We think

a good example of that. So I
do think there are yet-to-bediscovered bacteria or viruses
similar to ones we know about
but that are unique enough
that they’re their own.
Among patients with
encephalitis [brain inflammation] of unknown cause,
you’re thankful if you can get
20%, 30%, to actually get a
diagnosis. It’s that 70% of the
unknown cases that we’re
still challenged by. Could
they all be due to viruses or
bacteria? Probably. We’ve
made a huge amount of progress in terms of figuring out
what causes people to get
unwell in terms of bacteria,
parasites, and viruses. But
there’s still obviously things
yet to be discovered—new,
emerging, and old ones that
have been there that we have
not appreciated.
Q: There aren’t any plans for
a vaccine for the Heartland
virus, or any specific antivirals. So why is it useful just to
know it exists?
A: We often get that question.

And you’re correct, right now
we do not have an effective
antiviral.
As a clinician, it’s important because when you have a
person who is sick, you need
to figure out what’s going
on. For instance, because
Heartland virus looks like
ehrlichiosis [a tick-borne
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Erin J. Staples is tracking the spread
of the Heartland virus.

bacterial infection], people
are often given antibiotics.
For certain people, antibiotics
can cause side effects. They
can also cause resistance to
develop. Cutting down on
the use of therapeutics that
aren’t going to help can be
very beneficial. In some other
situations, it is helpful to the
family. There was unfortunately a very severe case of
Heartland virus where the
patient was not getting better.
Allowing the family to know
that the diagnosis was actually
caused by a virus there was
no way to treat, and there’s
nothing else the physicians
could do, allowed the family

to make a tough decision to
let their loved one go.
Q: How did you start identifying
more cases of the Heartland
virus for the registry?
A: There was obviously the

need to identify and diagnose additional human disease cases. We developed a
lot of protocol to allow us to
have people tested while we
were working on developing
the test.
We had to explain to
patients: “You might have
this new disease, which
they’re working on a test for.
We’re going to test you for
it.” And in general, everybody

was quite willing to give us
a blood sample so we could
evaluate and determine.
The additional cases
we identified allowed us to
improve our diagnostic tests
and have samples to use as
positive controls, which is
very important.
All of that was going on
over the process of a few
years. At the same time, we
also had our entomologists
and ecologists working to
understand a little bit better and validate exactly how
people were being infected.
If we’re going to tell people
about a new virus, we definitely need to figure out how
to tell them how not to get
infected with the virus.
To date, we’ve got at least
50 individuals in the United
States that we’ve identified,
and we’re probably going to
be pushing that number up.
We have numbers on our
website. We also have a map
that tells you where we’ve
identified individuals that
were known to be infected.
Any time there’s a new state
where an individual was
believed to be infected, we
highlight that on our map
to ensure that people are
aware of where this disease is
occurring. Recently, Iowa had
their first case.
Q: Do the Heartland or
Bourbon viruses have pandemic potential?
A: Based on what we know

right now, we do think they
are limited in geographic
scope. Definitely some of
our tick-borne diseases have
large-scale outbreak potential. That’s one of the reasons
we perform surveillance: to

understand where it is and
make sure we’re not seeing
anything unique or different. And we try to make sure
everybody can be aware and
stay as healthy as possible
and take prevention measures, including using your
insect repellent when you’re
outdoors.
Q: Do you think the current
covid-19 pandemic could have
been prevented if it had been
picked up sooner?
A: When you’re trying to

figure out a new virus and
understand it, trying to
contain it when it is something that is so infectious
and transmissible, I think it
would have been hard to do.
Q: Do you think we’ll see
another pandemic in our lifetimes? And what can the
scientific community do to
prevent that from happening?
A: I do think it will be a matter

of time before we see another
one. One would hope it’s on
the same time scale as we
saw previously with the 1918
Spanish flu. So we might not
see it in our lifetime.
But things that we do as
humans—like the ease of
global travel, which didn’t
exist in the last pandemic—
can definitely help disease
spread. Again, there are definitely a lot of potential undiscovered viruses and bacteria
out there. How they circulate,
how they affect us, and how
they can be transmitted will
definitely impact whether or
not and to what degree we
will see human disease.
Mallory Pickett is a
freelance journalist
based in Los Angeles.
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PANDEMIC, PROTEST,

By Abby Ohlheiser

HOW
THE
HAVE CREATED AN OVERWHELMING
FLOOD OF DISINFORMATION.

TRUTH
WAS
IT DIDN’T HAVE TO BE THIS WAY.

MURDERED

H

undreds of thousands of
Americans are dead in a
pandemic. Meanwhile,
suburban moms steeped in
online health propaganda
are printing out Facebook
memes and showing up
maskless to stores, camera in hand and hell-bent on forcing
low-paid retail workers to let them
shop anyway. Armed right-wing militias are patrolling western towns,
embracing online rumors of “antifa”
invasions. And US president Donald
Trump is amplifying such false narratives as he seeks reelection.
And then there’s QAnon, the
online conspiracy theory that
claims Trump is waging a secret
war against a ring of satanist pedophiles. QAnon drew new energy
from the uncertainty and panic
caused by the pandemic, growing
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into an “omniconspiracy theory”: a roaring river fed by dozens of streams of conspiratorial thinking. Researchers have
documented how QAnon is amplifying
health misinformation about covid-19,
and infiltrating other online campaigns
by masking outlandish beliefs in a more
mainstream-friendly package. “Q ,” the
anonymous account treated as a prophet by
QAnon’s believers, recently instructed followers to “camouflage” themselves online
and “drop all references re: ‘Q’ ‘Qanon’ etc.
to avoid ban/termination.” Now wellness
communities, mothers’ groups, churches,
and human rights organizations are trying
to deal with the spread of this dangerous
conspiracy theory in their midst.
When Pew Research polled Americans
on QAnon in early 2020, just 23% of adults
knew a little or a lot about it. When Pew
surveyed people again in early September,
that number had doubled—and the way
they felt about the movement was split
down party lines, Pew said: “41% of
Republicans who have heard something
about it say QAnon is somewhat or very
good for the country.” Meanwhile, 77%
of Democrats thought it was “very bad.”
Major platforms like Facebook and
Twitter have started to take aggressive
action against QAnon accounts and disinformation networks. But those networks
were able to thrive, relatively undisturbed,
on social media for years. The QAnon
crackdown felt too late, as if the platforms
were trying to stop a river from flooding
by tossing out water in buckets.
Many Americans, especially white
Americans, have experienced the rise of
online hate and disinformation as if they’re
on a high bridge over that flooding river,
staring only at the horizon. As the water
rises, it sweeps away anything that wasn’t
able to get such a safe and sturdy perch. Now
that bridge isn’t high enough, and even the
people on it can feel the deadly currents.
I think a lot of people believe that this
rising tide of disinformation and hate
did not exist until it was lapping at their
ankles. Before that, the water just wasn’t
there—or if it was, perhaps it was a trickle
or a stream.
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But if you want to know just how the
problem got so big and so bad, you have
to understand how many people tried to
tell us about it.

E

verybody’s like, ‘I didn’t see
this coming,’” Shireen Mitchell
says. Back in the early 2010s,
Mitchell, an entrepreneur and
analyst, was one of many Black
researchers documenting coordinated Twitter campaigns of
harassment and disinformation
against Black feminists. “We saw it coming.
We were tracking it,” she says.
I called Mitchell in early September,
about a week after Twitter took down a
handful of accounts pretending to represent Black Democrats turned Trump
supporters.
Impersonating Black people on Twitter
is a tactic with a long history. Shafiqah
Hudson and I’Nasah Crockett, two Black
feminist activists, noticed in 2014 that
Twitter accounts pushing purportedly Black
feminist hashtags like #EndFathersDay and
#whitewomencantberaped had something
strange about them. Everything about those
accounts—the word choice, the bios, the
usernames—felt like a racist right-wing
troll’s idea of a Black feminist. And that’s
exactly what they were. As noted in a long
feature in Slate about their work, Crockett
and Hudson uncovered hundreds of fake
accounts at the time and documented how
the campaign worked.
Like Mitchell, Hudson, and Crockett,
some of the earliest and best experts in
how online harassment works have been
people who were targeted by it. But many
of those same experts have found their
research second-guessed, both by the
social-media platforms where mob abuse
thrives and by a new crop of influential,
often white voices in academia and journalism that have made a living by translating
online meme culture for a larger audience.
“Trans people as a whole have accumulated a wearying amount of experience
in dealing with this thing,” says Katherine

Cross, a PhD student at the University of
Washington who specializes in the study
of online abuse, and who is herself a trans
woman of color. “Our knowledge that we
produce is ignored for many of the same
reasons. We are not seen as reliable actors.
We’re seen as too invested, as not a worthy enough interest group—on and on
and on. And that too has been memoryholed, I think.”
Many of the journalists, like me, who
have large platforms to cover internet culture are white. Since Trump’s 2016 election, a number of us have become go-to
voices for those seeking to find out how
his online supporters operate, what they
believe, and how they go viral. But many
of us unwittingly helped build the mechanisms that have been used to spread abuse.
Irony-dependent meme culture has
flourished over the last 10 years, with the
racism and sexism often explained away
by white reporters as simple viral humor.
But the path jokes took into the mainstream, originating on message boards
like 4Chan before being laundered for the
public sphere by journalists, is the same
route now used to spread QAnon, health
misinformation, and targeted abuse. The
way reporters covered memes helped teach
white supremacists exactly how much they
could get away with.
Whitney Phillips, an assistant professor at Syracuse University who studies
online misinformation, published a report
in 2018 documenting how journalists
covering misinformation simultaneously
perform a vital service and risk exacerbating harmful phenomena. It’s something
Phillips, who is white, has been reckoning
with personally. “I don’t know if there’s
a specific moment that keeps me up at
night,” she told me, “but there’s a specific reaction that does. And I would say
that’s laughter.” Laughter by others, and
laughter of her own.
Mitchell and I talked for nearly two
hours in September, and she told me
how she felt, sometimes, seeing minigenerations of new white voices cycling in
and out of her area of expertise. Fielding
interview request after interview request,

How the truth was murdered
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IRONY-DEPENDENT MEME CULTURE
HAS FLOURISHED OVER THE LAST 10
YEARS, WITH THE RACISM AND SEXISM
OFTEN EXPLAINED AWAY BY WHITE
REPORTERS AS SIMPLE VIRAL HUMOR.

When Ellen Pao took over
as CEO of Reddit in 2014, she
oversaw the site’s first real
attempt to confront the misogyny, racism, and abuse that had
found a home there. In 2015,
Reddit introduced an anti-harassment policy and then
banned five notorious subreddits for violating it. Redditors
who were angry at those bans
then attacked Pao, launching
petitions calling for her resignation. She ended up stepping
down later that year and is now
a campaigner for diversity in
the technology industry.
Pao and I spoke in June
2020, just after Reddit banned
r/The_Donald, a once-popular
pro-Trump subreddit. For years
it had served as an organizing
space to amplify conspiracyfueled, extremist messages,
and for years Pao had urged
Reddit’s leadership to ban it. By the time
they finally did, many of its subscribers
had already moved off the site and on to
other platforms, like Gab, that were less
likely to crack down on them.
“It’s always been easier not to do anything,” Pao told me. “It takes no resources.
It takes no money. You can just keep
doing nothing.”

she is often asked to reframe her own experiences for a “lay audience”—that is, for
white people. Meanwhile, expert accounts
from the communities most harmed by
online abuse are treated at best as secondary in importance, and often omitted
altogether.
One example: Gamergate, the 2014
online abuse campaign targeting women
and journalists in the gaming industry. It
began with a man’s vicious online rant
about a (white) ex-girlfriend. It broke
through to become a major cultural and
news story. The moment made the public at large take online harassment more
seriously, but at the same time it demonstrated how abuse campaigns keep working, over and over.

Even then, Cross says, the people who
were best able to talk about why these
campaigns took hold and what might stop
them—that is, the people under attack—
were not taken seriously as experts. She
was one of them, both writing about
Gamergate and being targeted by it. Media
attention to online abuse gathered pace
after Gamergate, Mitchell told me, for a
simple reason: “When you finally paid
attention, you paid attention when a white
woman was being targeted, but not when
a Black woman was being targeted.”
And as some companies began trying to
do something about abuse, those involved
in such efforts often found themselves
becoming the targets of exactly the same
kind of harassment.

I

t’s not as if the warnings of Pao, Cross,
and others have only just penetrated
mainstream consciousness, though.
The flood waters come back again
and again.
The Friday before Donald Trump
was elected in 2016, another conspiracy theory—one that would, in
about a year’s time, help create QAnon—
trended on Twitter. #SpiritCooking was
easy to debunk. Its central claims were
that Hillary Clinton’s campaign chair, John
Podesta, was an occultist, and that a dinner hosted by a prominent performance
artist was actually a secret satanic ritual.
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The source of the theory was an invitation
to the dinner in Podesta’s stolen email
archives, which had been released publicly by WikiLeaks that October.
I wrote about misinformation during
the 2016 elections, and watched as
#SpiritCooking evolved into Pizzagate,
a conspiracy theory about secret pedophile rings centered on pizza shops
in Washington, DC. Reddit banned a
Pizzagate forum in late November that
year for “doxxing” people (i.e., putting
their personal information online). On
December 4, 2016, exactly one month
after #SpiritCooking exploded, a North
Carolina man walked into a DC restaurant
targeted by Pizzagate believers, lifted up
his AR-15 rifle, and opened fire.
These first few months after the 2016
election marked another point in time—
much like today—when the flood of disinformation was enough to get more people
than usual to notice. Shocked by Trump’s
election, many worried that foreign interference and fake news spread on social
media had swayed voters. Facebook CEO
Mark Zuckerberg initially dismissed this as
“a pretty crazy idea,” but ensuing scrutiny
of social-media platforms by the media,
governments, and the public revealed that
they could indeed radicalize and harm people, especially those already vulnerable.
And the damage continued to grow.
YouTube’s recommendation system,
designed to get people to watch as many
videos as possible, led viewers down algorithmically generated tunnels of misinformation and hate. On Twitter, Trump
repeatedly used his huge platform to
amplify supporters who promoted racist and conspiratorial ideologies. In 2017,
Facebook introduced video livestreaming and was shortly overwhelmed by live
videos of graphic violence. In 2019, even
before covid-19, vaccine misinformation
thrived on the platform as measles outbreaks spread across the US.
The tech companies responded with
a running list of fixes: hiring enormous
numbers of moderators; developing automated systems for detecting and removing some kinds of extreme content or

Today

misinformation; updating their rules, algorithms, and policies to ban or diminish the
reach of some forms of harmful content.
But so far the toxic tide has outpaced
their ability—or their willingness—to beat
it back. Their business models depend
on maximizing the amount of time users
spend on their platforms. Moreover, as a
number of studies have shown, misinformation originates disproportionately from
right-wing sources, which opens the tech
platforms to accusations of political bias if
they try to suppress it. In some cases, NBC
News reported in August, Facebook deliberately avoided taking disciplinary action
against popular right-wing pages posting
otherwise rule-breaking misinformation.
Many experts believed that the next
large-scale test of these companies’ capacity to handle an onslaught of coordinated
disinformation, hate, and extremism was
going to be the November 2020 election.
But the covid pandemic came first—a
fertile breeding ground for news of fake
cures, conspiracy theories about the virus’s
origin, and propaganda that went against
common-sense public health guidelines.
If that is any guide, the platforms are
going to be largely powerless to prevent
the spread of fake news about ballot fraud,
violence on the streets, and vote counts
come Election Day.

I

’m not proposing to tell you the
magical policy that will fix this, or
to judge what the platforms would
have to do to absolve themselves of
this responsibility. Instead, I’m here
to point out, as others have before,
that people had a choice to intervene
much sooner, but didn’t. Facebook
and Twitter didn’t create racist extremists,
conspiracy theories, or mob harassment,
but they chose to run their platforms in
a way that allowed extremists to find an
audience, and they ignored voices telling
them about the harms their business models were encouraging.
Sometimes these calls came from within
their own companies and social circles.

When Ariel Waldman, a science communicator, went public with her story of
Twitter abuse, she hoped she’d be the last
person to be the target of harassment on
the site. It was May 2008.
By this point she’d already tried privately
for a year to get her abusers removed from
the platform, but she remained somewhat
optimistic when she decided to publish a
blog post detailing her experiences.
After all, she knew some of the people
who had founded Twitter just a couple of
years earlier.
“I used to hang out at their office, and
they were acquaintances. I went to their
Halloween parties,” Waldman told me this
summer. There were models for success
at the time, too: Flickr, the photo-sharing
website, had been extremely responsive
to requests to take down abusive content
targeting her.
So she wrote about the threats and abuse
hurled at her, and detailed her emails back
and forth with the company’s founders.
But Twitter never adequately dealt with
her abuse. Twelve years later, Waldman
has seen the same pattern repeat itself
year after year.
“Choosing to have people whose main
objective is to constantly spew hate speech
and harm other people on a platform—
that’s a decision. No one has forced them
to make that decision,” she says.
“They alone make it. And I feel that they
increasingly act as if—you know, that it’s
more complicated than that. But I don’t
really think it is.”

I

don’t know what to tell you about
how to stop the flood. And even if I
did, it wouldn’t undo the considerable
damage from the rising waters. There
have been permanent effects on those
voices who were turned into footnotes
as they tried to warn the rest of us.
Today, Mitchell notes, the same
groups that engaged in mob campaigns
of abuse and harm have reframed themselves as the victims whenever there are
calls for major social-media platforms to

How the truth was murdered

silence them. “If they have had the right
to run amok for all that time, then you take
that away from them—then they feel like
they’re the ones who are oppressed,” she
says. “While no one pays attention to the
people who are actually oppressed.”
One path toward making things better
could involve providing more incentive for
companies to do something. That might
include reforming Section 230, the law that
shields social-media companies from legal
liability for user-posted content.
Mary Anne Franks, a professor at the
University of Miami who has worked on

online harassment, believes that a meaningful reform of the law would do two
things: limit the reach of those protections to speech rather than conduct, and
remove immunity from companies that
knowingly benefit from the viral spread
of hate or misinformation.
Pao notes that companies might also
take these issues more seriously if their
leadership looked more like the people
being harassed. “You’ve got to get people
with diverse backgrounds in at high levels to make the hard decisions,” she says,
adding that that’s what they did at Reddit:
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“CHOOSING TO HAVE PEOPLE WHOSE MAIN
OBJECTIVE IS TO CONSTANTLY SPEW HATE
SPEECH AND HARM OTHER PEOPLE ON A
PLATFORM—THAT’S A DECISION. NO ONE HAS
FORCED THEM TO MAKE THAT DECISION.”

“We just brought in a bunch of people from
different racial and ethnic backgrounds,
mostly women, who understood the problems and could see why we needed to
change. But right now these companies
have boards full of white men who don’t
push back on problems and focus on the
wrong metrics.”
Phillips, of Syracuse, is more skeptical.
You Are Here, a book she published with
her writing partner Ryan Milner earlier this
year, frames online abuse and disinformation as a global ecological disaster—one
that, like climate change, is rooted deeply
in human behavior, has a long historical
context, and is now all-encompassing,
poisoning the air.
She says that asking technology companies to solve a problem they helped create
cannot work.
“The fact of the matter is
that technology, our networks,
the way information spreads,
is what helped facilitate the
hell. Those same things are not
what’s going to bring us out of
it. The idea that there’s going
to be some scalable solution is
just a pipe dream,” Phillips says.
“This is a human problem. It
is facilitated and exacerbated
exponentially by technology.
But in the end of it, this is about
people and belief.”
Cross concurs, and offers a
tenuous hope that awareness is
finally shifting.
“It’s impossible for people
to deny that this has, like sand,
gotten into everything, including the places you didn’t know
you had,” she says.
“Maybe it will cause an
awakening. I don’t know how
optimistic I am, but I feel like
at least the seeds are there. The
ingredients are there for that
sort of thing. And maybe it can
happen. I have my doubts.”
Abby Ohlheiser is Technology Review’s
senior editor for digital culture.
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GUTTER CREDIT HERE

We can’t prevent every risk, but we can plan ahead to avoid the
worst outcomes. Researchers are working on ways to make AI
less dangerous, tackle massive wildﬁres, make food supplies more
secure, and protect Earth from the ultimate calamity.
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THE TRUE
DANGERS OF AI
ARE CLOSER
THAN WE THINK
T R :
Q + A

Forget superintelligent AI:
algorithms are already creating real harm. The good news:
the fight back has begun.

By Karen Hao

A

s long as humans have built machines, we’ve
feared the day they could destroy us. Stephen
Hawking famously warned that AI could spell
an end to civilization. But to many AI researchers, these conversations feel unmoored. It’s
not that they don’t fear AI running amok—it’s that they see it
already happening, just not in the ways most people would expect.
AI is now screening job candidates, diagnosing disease, and
identifying criminal suspects. But instead of making these decisions more efficient or fair, it’s often perpetuating the biases of
the humans on whose decisions it was trained.
William Isaac is a senior research scientist on the ethics and
society team at DeepMind, an AI startup that Google acquired
in 2014. He also cochairs the Fairness, Accountability, and
Transparency conference—the premier annual gathering of
AI experts, social scientists, and lawyers working in this area. I
asked him about the current and potential challenges facing AI
development—as well as the solutions.

Q: Should we be worried
about superintelligent AI?
A: I want to shift the ques-

tion. The threats overlap,
whether it’s predictive policing and risk assessment in
the near term, or more scaled
and advanced systems in the
longer term. Many of these
issues also have a basis in
history. So potential risks and
ways to approach them are
not as abstract as we think.
There are three areas that
I want to flag. Probably the
most pressing one is this
question about value alignment: how do you actually
design a system that can
understand and implement
the various forms of preferences and values of a population? In the past few years
we’ve seen attempts by policymakers, industry, and
others to try to embed values into technical systems
at scale—in areas like predictive policing, risk assessments, hiring, etc. It’s clear
that they exhibit some form
of bias that reflects society. The ideal system would
balance out all the needs of
many stakeholders and many
people in the population.
But how does society reconcile their own history with
aspiration? We’re still struggling with the answers, and
that question is going to get
exponentially more complicated. Getting that problem
right is not just something
for the future, but for the
here and now.
The second one would
be achieving demonstrable social benefit. Up to
this point there are still
few pieces of empirical evidence that validate that AI

technologies will achieve the
broad-based social benefit
that we aspire to.
Lastly, I think the biggest
one that anyone who works
in the space is concerned
about is: what are the robust
mechanisms of oversight and
accountability.
Q: How do we overcome these
risks and challenges?
A: Three areas would go

a long way. The first is to
build a collective muscle
for responsible innovation
and oversight. Make sure
you’re thinking about where
the forms of misalignment
or bias or harm exist. Make
sure you develop good processes for how you ensure
that all groups are engaged
in the process of technological design. Groups that have
been historically marginalized are often not the ones
that get their needs met. So
how we design processes to
actually do that is important.
The second one is accelerating the development of the
sociotechnical tools to actually do this work. We don’t
have a whole lot of tools.
The last one is providing more funding and
training for researchers
and practitioners—particularly researchers and
practitioners of color—to
conduct this work. Not just
in machine learning, but also
in STS [science, technology,
and society] and the social
sciences. We want to not just
have a few individuals but a
community of researchers to
really understand the range
of potential harms that AI
systems pose, and how to
successfully mitigate them.

Q+A

Q: So are you optimistic about
achieving broad-based beneficial AI?
A: I am. The past few years

William Isaac began researching bias in predictive
policing algorithms in 2016.

DAVID VINTNER

Q: How far have AI researchers come in thinking about
these challenges, and how far
do they still have to go?
A: In 2016, I remember, the

White House had just come
out with a big data report,
and there was a strong sense
of optimism that we could
use data and machine learning to solve some intractable social problems.
Simultaneously, there were
researchers in the academic
community who had been
flagging in a very abstract
sense: “Hey, there are some
potential harms that could
be done through these systems.” But they largely had

not interacted at all. They
existed in unique silos.
Since then, we’ve just
had a lot more research
targeting this intersection
between known flaws within
machine-learning systems
and their application to society. And once people began
to see that interplay, they
realized: “Okay, this is not
just a hypothetical risk. It is
a real threat.” So if you view
the field in phases, phase
one was very much highlighting and surfacing that
these concerns are real. The
second phase now is beginning to grapple with broader
systemic questions.

have given me a lot of hope.
Look at facial recognition as an example. There
was the great work by Joy
Buolamwini, Timnit Gebru,
and Deb Raji in surfacing
intersectional disparities in
accuracies across facial recognition systems [i.e., showing these systems were far
less accurate on Black female
faces than white male ones].
There’s the advocacy that
happened in civil society to
mount a rigorous defense of
human rights against misapplication of facial recognition.
And also the great work that
policymakers, regulators, and
community groups from the
grassroots up were doing to
communicate exactly what
facial recognition systems
were and what potential risks
they posed, and to demand
clarity on what the benefits
to society would be. That’s
a model of how we could
imagine engaging with other
advances in AI.
But the challenge with
facial recognition is we had to
adjudicate these ethical and
values questions while we
were publicly deploying the
technology. In the future, I
hope that some of these conversations happen before the
potential harms emerge.
Q: What do you dream about
when you dream about the
future of AI?
A: It could be a great equal-

izer. Like if you had AI teachers or tutors that could be
available to students and
communities where access
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to education and resources
is very limited, that’d be very
empowering. And that’s a
nontrivial thing to want from
this technology. How do you
know it’s empowering? How
do you know it’s socially
beneficial?
I went to graduate school
in Michigan during the Flint
water crisis. When the initial incidences of lead pipes
emerged, the records they had
for where the piping systems
were located were on index
cards at the bottom of an
administrative building. The
lack of access to technologies
had put them at a significant
disadvantage. It means the
people who grew up in those
communities, over 50% of
whom are African-American,
grew up in an environment
where they don’t get basic
services and resources.
So the question is: If done
appropriately, could these
technologies improve their
standard of living? Machine
learning was able to identify
and predict where the lead
pipes were, so it reduced the
actual repair costs for the city.
But that was a huge undertaking, and it was rare. And as
we know, Flint still hasn’t gotten all the pipes removed, so
there are political and social
challenges as well—machine
learning will not solve all
of them. But the hope is we
develop tools that empower
these communities and provide meaningful change in
their lives. That’s what I think
about when we talk about
what we’re building. That’s
what I want to see.
Karen Hao is a senior
reporter covering AI for
MIT Technology Review.
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PREVENTING
FIRES HAS FAILED.
CALIFORNIA
NEEDS TO
LEARN HOW TO
WORK WITH THEM
INSTEAD.

California’s historic blazes followed a
string of particularly devastating fire seasons in the state, as well as record-breaking
conflagrations in Australia, the Arctic, and
other parts of the world. Climate change
is creating hotter, drier conditions that
multiply the risks of catastrophic fires and
will ensure even worse seasons to come,
scientists warn.
To anyone who lives in California, or
anyone who’s watching, the situation is
maddening and seems utterly unsustainable. So what’s the solution?
There’s an overwhelming to-do list. But
one of the clearest conclusions, as experts
have been saying for years, is that California
must begin to work with fires, not just fight
them. That means reversing a century of
US fire suppression policies and relying
far more on deliberate, prescribed burns
to clear out the vegetation that builds up
into giant piles of fuel.
Such practices “don’t prevent wildfires,” says Crystal Kolden, an assistant
professor at the University of California,
Merced, who focuses on fire and land management. “But it breaks up the landscape
so that when wildfires do occur, they’re
much less severe, they’re much smaller,
and when they occur around communities,
they’re much easier to control.”

Awaiting a spark
It’s time to reverse a century of fire suppression
policies in favor of more prescribed burns. That
will require sweeping regulatory reforms, and tons
of money.

By James Temple

y early fall, five of California’s 10 largest fires in modern history
were all burning at once. They destroyed thousands of buildings,
forced hundreds of thousands of people to flee their homes,
and scorched millions of acres across the state.
Together with infernos in Oregon and Washington state, the
fires blanketed the West Coast in fine-particle pollution—blotting
out the sun, sprinkling vehicles with ash, and forcing tens of millions
of people to shelter indoors. The smoke later even dimmed the skies
of the East Coast and Europe.

B

The Great Fire of 1910 burned 3 million
acres across Idaho, Montana, and surrounding areas, killed nearly 90 people,
destroyed several towns, and famously
ushered in an era of zero tolerance for fires
in the US. It and severe fires that followed
prompted the US Forest Service to officially implement the “10 a.m. policy” in
1935, with a goal of containing any fire by
that time the morning after it was spotted.
Decades of rushing to stamp out flames
that naturally clear out small trees and
undergrowth have had disastrous unintended consequences. This approach
means that when fires do occur, there’s
often far more fuel to burn, and it acts
as a ladder, allowing the flames to climb
into the crowns and take down otherwise
resistant mature trees.

Wildﬁres
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A firefighter battles the Creek
Fire in the Shaver Lake community
of Fresno County, California.

Climate change seems to have finally
tipped the balance of what was an increasingly untenable situation, says Anthony
LeRoy Westerling, who is also at UC
Merced. In California, it almost certainly
intensified the prolonged drought earlier
this decade, which killed some 150 million
trees in the Sierra Nevada range.
Meanwhile, temperatures are rising
and rainfall patterns are becoming more
extreme. Unusually wet winters, which
promote the growth of trees and other
plants, are followed by dry, hot summers
that draw the moisture out of them.
This creates a tinderbox when the gusty
winds arrive in the fall: a vast buildup of
dry fuel just awaiting a spark, whether

from a lawnmower, downed power line,
or lightning strike.

A century-long backlog of work
The problem now is the staggering scale
of the work to clean this up.
As much as 20 million acres of federal,
state, or private land across California needs
“fuel reduction treatment to reduce the risk
of wildfire,” according to earlier assessments
by the California Department of Forestry
and Fire Protection and other state agencies.
That’s nearly two-thirds of its 33 million
acres of forests and trees, and nearly six
times the area that burned in September.
This “treatment” can include prescribed burns set under controlled

conditions—ideally, spaced out geographically and across the year to prevent overwhelming communities with smoke. It
can also mean using saws and machines
to cut and thin the forests. Another option
is “managed wildfire,” which means monitoring fires but allowing them to burn
when they don’t directly endanger people
or property.
More than a century of deferred work,
however, means it’s hard to get into places
that need thinning. It’s also risky to do
prescribed burns or allow natural fires
to rage, since the fuels are so built up in
many places, Westerling says.
A 2018 report by the Little Hoover
Commission, an independent state
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oversight agency, recommended cleaning out 1.1 million acres a year. That would
still take two decades, and require a lot of
workers and money. Prescribed burns on
forest and park lands can cost more than
$200 per acre, while thinning can easily
top $1,000, depending on the terrain. So
the total costs could range from hundreds
of millions of dollars to well above a billion per year.
Still, that’s a fraction of the costs
incurred by out-of-control wildfires. To
take just one example, the devastating
Wine Country Fires in October 2017 did
more than $9 billion worth of damage
in a single month. Battling wildfires on
US Forest Service land runs more $800
an acre.
And without thinning and burning,
the wildfires are only going to get worse.
If the goal is to burn up excess fuel, why
not just let the wildfires rage? The problem is that runaway fires don’t achieve the
same results as controlled burns. These
intense blazes can level vast stretches of
the forest rather than simply clearing out
the undergrowth and leaving the big trees
standing, says Scott Stephens, a professor
of fire science at UC Berkeley. Instead of
restoring the health of the forests, large,
uncontrolled fires often transform them
into shrub land, where vegetation grows
quickly and severe fires can rapidly return.

Funding and accountability
The state isn’t doing anything close to the
necessary amount of work today. Thinning
and prescribed burns both generally cover
around tens of thousands of acres per year,
a tiny fraction of what the Little Hoover
Commission recommended.
The good news is that California
reached an agreement in August with the
US Forest Service to boost these efforts,
with a goal of treating a million acres per
year for the next two decades. The work
would be evenly split between the parties,
even though the federal government owns
57% of California’s forests while state and
local agencies only own 3%. (The remaining
40% is held by “families, Native American
tribes, or companies.”)

Tomorrow

“I do hope that the orange skies in San
Francisco, and the ﬁres and the ﬂoods and the
hurricanes, are really wake-up calls.”

The bad news is it’s a “memorandum
of understanding,” not a binding law—
and there’s no firm additional funding
commitment.
The problem is that “these agencies
have been saying things like this for the better part of five decades,” says Michael Wara,
a senior research scholar at the Stanford
Woods Institute for the Environment
and a member of California’s Wildfire
Commission. “The funding is key. As is
a clear line of accountability if they don’t
actually follow through.”
Prescribed burning faces other hurdles,
including public concerns over smoke,
safety, and wildlife; drawn-out environmental review processes; and conflicts
with timber interests. The logging industry
owns 14% of California’s forest land and
makes money by removing the mature
trees, not the kindling.
So setting far more fires will at least
require sweeping regulatory reforms to
streamline the approvals process, and may
necessitate the creation or appointment of
a state body singularly dedicated to fuel
treatment, Wara says.
“I think we need a new agency whose
sole mission is fire risk reduction,” he says.

The fire next time
Kolden, of UC Merced, stresses that
California will also need to prepare for
the fires that will inevitably break out no
matter what the state does.
“We need to look at the places that are
most at risk for not just fires, but disastrous
fires that destroy whole communities, and
do the mitigation work that will save lives
and reduce property destruction,” she says.
Among other things, that will require
adopting stricter building codes for the
materials used to build structures; trimming back trees; widening the space

around structures; and retrofitting existing homes and buildings with fire-resistant
features. Communities will also need better fire detection and notification systems,
redundant evacuation routes, and more
effective emergency response practices.
And California’s leaders need to decide
whether to even let communities rebuild
after particularly devastating blazes, such
as the Camp Fire that all but wiped out the
town of Paradise.
In the longer term, of course, we need
to slow down climate change. That won’t
lessen the current level of risk, but it could
at least limit how much worse things get.
The number of days with extreme fire
risk conditions across California could
increase by more than 50% toward the
end of the century under a scenario in
which global emissions peak around 2050
and decline thereafter, according to one
recent study. In the worst-case emissions
scenario, that number could almost double
in some regions.
As devastating as the fires have become,
we’re still just at the early edge of climate
change, says Diego Saez-Gil, chief executive of Pachama, a startup using AI and
satellite data to help restore and protect
forests.
“I do hope that the orange skies in San
Francisco, and the fires and the floods and
the hurricanes, are really wake-up calls,”
he says. “Instead of denying or neglecting it, or whatever attitude we had in the
past, it’s time we all get together and start
working on this very seriously.”
He now knows the dangers firsthand.
Five days after those lightning storms set
California on fire, the flames reached his
home in the Santa Cruz Mountains and
burned it to ashes.
James Temple is senior editor for
energy at MIT Technology Review.
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CAN TECHNOLOGY HELP MAKE HOUSING FAIRER?
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MODERATED BY
ALGORITHMS HAVE CONTRIBUTED TO RACIAL
DISCRIMINATION IN HOUSING.
COULD THEY HELP ELIMINATE
IT INSTEAD?

CHARLTON McILWAIN

ILLUSTRATIONS BY
ANDREA D'AQUINO

T

his issue is devoted to long-term problems. Few problems are longer-term or more intractable than America’s
systemic racial inequality. And a particularly entrenched
form of it is housing discrimination.
A long history of policies by banks, insurance companies,
and real estate brokers has denied people of color a fair shot
at homeownership, concentrated wealth and property in the
hands of white people and communities, and perpetuated de
facto segregation. Though these policies—with names like
redlining, blockbusting, racial zoning, restrictive covenants, and
racial steering—are no longer legal, their consequences persist,
and they are sometimes still practiced covertly or inadvertently.
Technology has in some cases exacerbated America’s
systemic racial bias. Algorithmically based facial recognition,
predictive policing, and sentencing and bail decisions, for
example, have been shown to consistently produce worse
results for Black people. In housing, too, recent research
from the University of California, Berkeley, showed that an
AI-based mortgage lending system charged Black and Hispanic
borrowers higher rates than white people for the same loans.
Could technology be used to help mitigate the bias in housing instead? We brought together some experts to discuss
the possibilities. They are:

LISA
RICE

BOBBY
BARTLETT

CHARLTON
McILWAIN

President and CEO
of the National Fair
Housing Alliance, the
largest consortium of
organizations dedicated to ending housing discrimination.

Law professor at UC
Berkeley who led the
research providing
some of the first largescale evidence for how
artificial intelligence
creates discrimination
in mortgage lending.

Professor of media,
culture, and communication at NYU
and author of Black
Software: The Internet
& Racial Justice, from
the Afronet to Black
Lives Matter.

This discussion has been edited
and condensed for clarity.
MCILWAIN: When

I testified before Congress last
December about the impact
of automation and AI in the
financial services industry,
I cited a recent study that
found that unlike human loan
officers, automated mortgage lending systems fairly
approved home loans, without discriminating based
on race. However, the automated systems still charge
Black and Hispanic borrowers significantly higher prices
for those loans.
This makes me skeptical
that AI can or will do any better than humans. Bobby—
this was your study. Did you
draw the same conclusions?

BARTLETT: We

had access to
a data set that allowed us to
identify the lender of record
and whether that lender used
a totally automated system,
without any human intervention—at least in terms of
the approval and underwriting. We had information on
the race and ethnicity of the
borrower of record and were
able to identify whether or
not the pricing of approved
loans differed by race. In fact,
it did, by roughly $800 million a year.
Why is it the case that
these algorithms, which are
blinded to the race or ethnicity of the borrower, would
discriminate in this fashion?
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Our working hypothesis
is that the algorithms are
often simply trying to maximize price. Presumably,
whoever is designing the
algorithm is unaware of the
racial consequence of this
single-minded focus on
profitability. But they need
to understand that there
is this racial dynamic, that
the proxy variables they’re
using—in all likelihood,
that’s where the discrimination is. In some sense,
there’s effectively redlining
of the reddest sort going in
through the code. It resembles what happens in the
mortgage market generally. We know that brokers
will quote higher prices to
minority borrowers, knowing that some will turn it
away, but others will be
more likely to accept it for
a whole host of reasons.
I have a theory
that one of the reasons that
we end up with biased systems—even when they were
built to be less discriminatory—is because the people
designing them don’t really
understand the underlying
complexity of the problem.
There seems to me to be a
certain naïveté in thinking
that a system would be bias
free just because it is “race
blind.”

MCILWAIN:

RICE: You know, Charlton,
we had the same perspective
that you did back in the ’90s
and early 2000s. We forbade
financial institutions from
using insurance scoring,
risk-based pricing, or credit
scoring systems, for just this
purpose. We realized that
the systems themselves were
manifesting bias. But then we
started saying you can use
them only if they help people, expand access, or generate fairer pricing.
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Do people
designing these systems
go wrong because they
really don’t fundamentally
understand the underlying
problem with housing discrimination? And does your
source of optimism come
from the fact that you and
organizations like yours do
understand that complexity?

MCILWAIN:

RICE: We are a civil rights
organization. That’s what
we are. We do all of our
work through a racial equity
lens. We are an antiracism
organization.
In the course of resolving
redlining and reverse redlining cases, we encouraged
the financial institutions
and insurance agencies to
rethink their business models, to rethink how they were
marketing, to rethink their
underwriting guidelines, to
rethink the products that
they were developing. And
I think the reason we were
able to do that is because we
are a civil rights agency.
We start by helping
corporations understand
the history of housing and
finance in the United States
and how all of our housing
and finance policies have
been exacted through a
racial lens. You can’t start
at ground zero in terms of
developing a system and
think that system is going
to be fair. You have to
develop it in a way that utilizes antiracist technologies
and methodologies.

Can we still realistically make a dent in this
problem using the technological tools at our disposal?
If so, where do we start?

MCILWAIN:

RICE: Yes—once the 2008
financial crisis was over a
little bit and we looked up,
it was like the technology

had overtaken us. And so we
decided, maybe if we can’t
beat it, maybe we’ll join. So
we spent a lot of time trying
to learn how algorithmicbased systems work, how AI
works, and we actually have
come to the point where we
think we can now use technology to help diminish discriminatory outcomes.
If we understand how
these systems manifest bias,
we can get in the innards,
hopefully, and then de-bias
those systems, and build
new systems that infuse
the de-biasing techniques
within them.
But when you think about
how far behind the curve
we are, it’s really daunting
to think about all the work
that needs to be done, all the
research that needs to be
done. We need more Bobbys
of the world. But also all of
the education that needs to
be done so that data scientists understand these issues.
What role does
policy play? I get the sense
that in the same way that
civil rights organizations
were behind the industry in
terms of understanding how
algorithmic systems work,
many of our policymakers are behind the curve. I
don’t know how much faith I
would place in their ability to
realistically serve as an effective check on the system,
or on the new AI systems’
quickly making their way
into the mortgage arena.

MCILWAIN:

RICE: We’re trying to get
regulators to understand
how systems manifest bias.
You know, we really don’t
have a body of examiners
at regulatory agencies who
understand how to conduct
an exam of a lending institution to ferret out whether
or not its system—its

automated underwriting
system, its marketing system, its servicing system—
is biased. But the institutions themselves develop
their own organizational
policies that can help.
The other thing that we
have to do is really increase
diversity in the tech space.
We have to get more students from various backgrounds into STEM fields
and into the tech space to
help enact change. I can
think of a number of examples where just having a
person of color on the team
made a profound difference
in terms of increasing the
fairness of the technology
that was being developed.
I remain skeptical. For now, for me, the
magnitude of the problem
still far exceeds both our
collective human will and
the capabilities of our technology. Bobby, do you think
technology can ever help
this problem?

MCILWAIN:

I have to answer
that with the lawyerly “It
depends.” What we see, at
least in the lending context,
is that you can eliminate the
source of bias and discrimination that you observed
with face-to-face interactions
through some sort of algorithmic decision making. The
flip side is that if improperly
implemented, you could end
up with a decision-making
apparatus that is as bad as a
redlining regime. So it really
depends on the execution,
the type of technology, and
the care with which it is
deployed. But a fair lending
regime that is operationalized through automated
decision making? I think
that’s a really challenging
proposition. And I think that
jury is still out.
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rom the outside, VertiVegies looked
like a handful of grubby shipping
containers put side by side and
drilled together. A couple of meters
in height, they were propped up on
a patch of concrete in one of
Singapore’s nondescript suburbs. But once he was
inside, Ankesh Shahra saw potential. Huge potential.
Shahra, who wears his dark hair floppy and his
expensive-looking shirts with their top button casually
undone, had a lot of experience in the food industry. His
grandfather had founded the Ruchi Group, a corporate
powerhouse in India with offshoots in steel, real estate,
and agriculture; his father had started Ruchi Soya, a
$3 billion oilseed processor that had been Shahra’s
training ground.
By the time Shahra was introduced to VertiVegies
founder Veera Sekaran at a friend’s party in 2017, he
was hungry to make his own entrepreneurial mark. A
previous attempt had involved sourcing organic food
from around Asia: “an eye-opening experience, one
with a lot of pressure,” he says. It helped him spot a
problem that needed solving.
“I’d seen how much dependency farmers have globally on weather,” he says. “Yields were hugely erratic:
there are so many inconsistencies and dependencies
that it’s a hugely difficult profession for the bulk of
farmers. The perishable supply chain was so broken.”

And what Shahra saw when he stepped into Sekaran’s
repurposed shipping containers was a solution.
Inside, mismatched plastic trays sat carefully stacked
on industrial metal shelves, stretching all the way from
the concrete floor to the corrugated-steel ceiling. In
each tray were small green plants of different species
and sizes, all with their roots bathed in the same watery
solution, their leaves curling up toward the same pink
glow of faintly humming LED bar lights above.
With VertiVegies, Sekaran was farming vertically:
growing vegetables indoors, with towers of crops stacked
one on the other instead of in wide, sprawling fields,
and in hydroponic solution instead of soil. He was
growing food without exposure to weather or seasons,
using techniques pioneered by others, in a country that
was badly in need of a new way to meet its food needs.
Singapore is the third most densely populated
country in the world, known for its tightly packed
high-rises. But to cram all those gleaming towers and
nearly 6 million people into a land mass half the size
of Los Angeles, it has sacrificed many things, including food production. Farms make up no more than 1%
of its total land (in the United States it’s 40%), forcing
the small city-state to shell out around $10 billion each
year importing 90% of its food.
Here was an example of technology that could
change all that.
Sekaran came from a world very different from
Shahra’s. The fifth of nine children, he had lost his father
at five years old and grew up poor. So little money did
the family have that Sekaran would show up to school
in an oversized uniform, clutching his textbooks in a
paper bag. But he climbed out of poverty, paying his
own way through university and never losing his irrepressible passion for living things. By the time the pair

IN SINGAPORE, THE PUSH TO GET
VERTICAL FARMING
TO LIVE UP TO ITS
PROMISE HAS BECOME A MATTER OF
LIFE AND DEATH .
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Tall story: A VertiVegies technician inspects leafy greens like
bok choy, grown under LED lights at the company’s vertical farm.
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T R O U B L E AT H O M E

t’s taken decades for Singapore to
wake up and realize that—as far as
food goes—it is one of the most
vulnerable countries in the world.
This risk simply hadn’t occurred
to authorities back in the 1970s,
when they ripped up the crops of tapioca, sweet potatoes, and vegetables flourishing across more than 15,000
hectares of the country’s land and replaced them with
high-rise office buildings and condos. The focus back
then was finance, telecoms, and electronics, not food.
But while this strategy successfully swelled
Singapore’s economy (it’s now the fourth richest country
in the world, per capita), it left the country with only
600 hectares of farmland. Food manufacturing is now
worth just S$4.3 billion, or 1% of GDP, compared with
just over 5% in the US.
The precariousness of this situation hit home in
2008, when—a few months before the global financial
crisis took hold—the world suffered a spike in food
prices. Bad weather, rising fuel costs, and population
growth had converged to send the cost of food commodities soaring. There were riots and widespread
political unrest.
Without production of its own, Singapore saw its
food supplies take a big hit. Imported raw food rose 55%
in price in 12 months, and commodities such as rice,
grain, and maize as much as 31%. The state was forced
to absorb hikes in the costs of basics like cooking oil,
bread, and milk—something made even tougher by the

I

fact that China, from which Singapore imports around
$600 million worth of food each year, had experienced
its worst winter weather in 50 years, destroying crops
and further pushing up regional food prices from late
2007 to mid-2008.
Delivering the bad news to parliament in February
2008, the finance minister, Tharman Shanmugaratnam,
warned that “the factors … which have led to these
food price increases are not expected to go away soon.”
Singapore needed to act.
Since then, food security has raced up the agenda.
Now the government’s stated policy is that it wants to
produce enough food to supply 30% of its own nutritional needs by 2030, up from just 10% now. To get
there, it says, Singapore will need to grow 50% of all
fruits and vegetables consumed domestically, 25% of
all proteins, and 25% of all staples, such as brown rice.
The commitment effectively aims to triple production
by volume in the next 10 years. And since the country
is short of land, it has pinned its hopes on technology.
This year alone Singapore’s government has set aside
S$55 million (US$40million) to fund agritech projects.
Scouting teams have been bundled off on food security
fact-finding missions, and sprawling agritech parks
have been built.
For Shahra and Sekaran, the turning point came in
August 2017, when authorities started making plots of
farmland available to any company using tech or innovation to boost food security.
The 10 government-owned plots, each around two
hectares in size, are all in Lim Chu Kang—a patch of
green north of the city, where fruit trees, dairy farms,

GUTTER CREDIT HERE

met, Sekaran had qualified as a botanist and worked in
the Seychelles, Pakistan, and Morocco before returning
home. In almost every media interview or biography he
is referred to, almost reverently, as a “plant whisperer.”
“We were two different personalities for sure,” says
Shahra with a chuckle. But in VertiVegies, Sekaran had
created the prototype for a vision both men shared.
“It was intriguing,” Shahra says. “On paper, indoor
farming solves all sorts of problems. But for me it was
about: How do we make a sustainable business model
out of it? You’re not going to solve food security with
five or 10 containers.”
He spent six months in discussion with Sekaran, and
months more visiting urban-farm specialists across the
region, learning every
single thing he could.
“All of 2017 was spent
going through the systems, the technology,
and just not being able
to wrap my head around
how to scale it,” he says.
The solution, when
it came, felt surprisingly
serendipitous.

It’s taken decades for
Singapore to wake
up and realize that—
as far as food goes—
it is one of the most
vulnerable countries
in the world.
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and organic vegetable operations provide a small supply of local produce. Startups that could convince the
authorities their plan had legs would be sold the land
at a fraction of its market value.
Finally, Shahra had a way to scale up VertiVegies.
“It would take away our biggest hurdle,” he says of the
announcement. “It would unlock the ability to expand.”
They hurriedly pulled together a proposal using
all the information they’d gathered in the previous
months. By February 2018 they were successful, and
by June they’d taken possession of a S$300,000 plot
and laid out their vision.
Once completed, the new farm will be Singapore’s
biggest: the warehouse will stretch 20,000 square meters
(roughly the size of three soccer fields) and, once at
full capacity, produce six metric tons of leafy greens,
microgreens, and herbs each day, to supply restaurants,
retailers, and hotels. Not only will the plants grow up to
25% faster than those in a conventional outdoor field
if all goes to plan, but with no soil and with a farming
stack up to two meters high, they will require around
a fifth as much room to grow as conventional crops. If
it can meet its production targets, it will singlehandedly boost Singapore’s vegetable production by 10%.
But it isn’t scale alone that separates VertiVegies
from the competition. Only six months after securing

the plot of land, Shahra also signed a deal with SananBio.
The Chinese company is arguably the world’s biggest
provider of vertical farming technology, operating vast
indoor farms of its own in China, which committed in
2017 to investing $1 billion in scaling the technology.
“The amount of R&D SananBio has invested in indoor
farming solutions, we could never do. They were several years ahead of all the other companies I visited,”
says Shahra. But thanks to the joint venture signed in
August 2018, his team has access to not only SananBio’s
physical growing systems, but its years of data on how
to grow better and faster.
The covid-19 pandemic has put plans for the main
growing operation on hold, with focus temporarily
switching to a smaller alternative that will be faster to
build and easier to set up: it aims to produce 700 to
800 kilograms of vegetables per day. And in doing so,
it will demonstrate a future for high-tech indoor farms
in which the technology can finally be used to make
a meaningful contribution to mainstream production.
A G LO B A L P R O B L E M

Growing up:
A controlled environment means
VertiVegies’s food,
such as edible
flowers (far left),
can be grown without pesticides.
Once a layer of
plants is grown
(left), the tall
stacks of plants
can be harvested.

VIOLAS (OPPOSITE) AND ARUGULA COURTESY OF VERTIVEGIES
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Leafy greens and
herbs like the arugula shown above
are then packaged
and sold.

ood security is a pressing issue in
Singapore, but it’s a growing concern almost everywhere else too.
The world’s population is set to
swell by a quarter by 2050, to 9.7
billion, creating an urgent need for
more food. Estimates of exactly how much more vary
from 25% to 70%, but nobody disputes that we’ll need
more of everything: more grains, more meat, and far
more fresh vegetables. Already the high cost of producing and distributing food is worsening global malnutrition: 690 million people were left without enough to
eat in 2019, up 10 million from 2018. Failure to increase
production will tip millions more into chronic hunger.
Conventional outdoor food production is unlikely
to meet this demand, especially with outdoor crops
already feeling the impact of climate change. In 2019
alone, weather problems exacerbated by global warming hit the food system with a string of disasters: a heat
wave hit farms in the US Midwest, severe cyclones
destroyed corn output in sub-Saharan Africa, India
battled relentless drought, and farmers on the banks
of Asia’s Mekong River watched helplessly as rising
water washed away livestock.
Urbanization only makes this harder, cutting the
amount of farmland available and putting more people
in closer proximity to each other. The United Nations
says that by 2050, 68% of the world will live in densely
populated urban areas—up from 55% today. That will
make them more reliant on imports and vulnerable to
even small shocks to the market, or disruptions to supply.
The pandemic has already provided a bitter first
look at what that could mean. In Kenya’s urban slums,
people were literally fighting each other for food as
covid-19 spread and the disruption cut off regular
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supply routes into Nairobi, says Esther Ngumbi, an
assistant professor of entomology at the University
of Illinois and the founder of Oyeska Greens, an agricultural startup in Kenya that aims to empower local
farms. It’s “extremely urgent” that we find alternatives
for bringing production closer to demand, she told me.
Of all the available options, high-output urban farms
are our best bet, argues Dickson Despommier, an emeritus
professor of microbiology and public health at Columbia
University, and one of the founding fathers of vertical
farming. “When the climate changes to disallow farming
as we know it, we will have to look to other agricultural
strategies for obtaining our food,” he says. “Indoor agriculture is an excellent option, and vertical farming is the
most efficient indoor method for producing lots of food
in a small architectural footprint.”
Unlike the startups growing shrimp from stem cells
or harvesting protein from black soldier flies, these indoor
farms are already up and running almost everywhere. In
the US and Europe, a growing number of high-tech farm
operators champion themselves as a green alternative to
conventional farms, selling bags of microgreens or kale to
affluent consumers for up to 200% more than standard
greens. The premium price is justified with the promise
of pesticide-free, nutrient-packed produce.
In developing countries, meanwhile, systems have
been tweaked to accommodate unreliable electricity
supplies and small budgets. According to the Swedish
International Agriculture Network Initiative, around 35%
of food in the Ugandan capital, Kampala, now comes
from small urban farms, including vertical installations
where vegetables are stacked in low-cost bags that protect plants from harmful UV rays. Advocates say they
increase production by up to six times per square meter
over conventional farming.
But no region has taken this technology and run with
it quite the way Asia has.
From Shanghai to Seoul, Tokyo to Singapore, Asia’s
muggy, rapidly rising metropolises have been among
the first in the world to embrace indoor farms at scale.
By 2010, Japan had more indoor plant factories than the
US managed by 2016, and there are now around 450
commercial indoor farms up and running across Asia.
There are good reasons for this, according to Per
Pinstrup-Andersen, a Danish economist and professor
emeritus at Cornell University. As in Africa, many countries in Asia need
to feed a growing
urban middle class.
But unlike their
African counterparts, many Asian
countries also have
the money to invest
in technology as a
solution—and
nowhere more so
than in Singapore.

Tomorrow
F U L L STAC K

arren Tan has had a front-row seat
from which to watch as high-tech
farms have become a central piece
of the plan to boost food production
in Singapore. He works as outreach
coordinator at ComCrop, one of
Singapore’s best-known urban-farm operators, which
moved into a new 8,000-square-foot (740-square-meter)
greenhouse in 2018. In an industrial glass shed on the
rooftop of a former parking garage, Singapore’s relentless
sun streams through the windows onto a sea of leafy
greens, lettuce, and Italian basil.
Though ComCrop doesn’t grow “up,” it has still spent
the last 10 years honing many of the same techniques
on which traditional vertical farms rely. Tan, who is tall
and slim, talks at length about the use of hydroponics—
replacing soil with a water-based solution in which sensors test electrical conductivity and painstakingly gauge
the ratios between specific nutrients.
Even a simple hydroponics system can double the
yield of conventional farming, he says—“and if we were
to fully optimize everything and scale up, making use of
every single piece of land, then we could add more multipliers to that.” It’s this productivity in a small space that
makes urban farms so appealing. “The only constraint
we have is the availability of light,” he says.
The situation is different for vertical farms, which use
LED lamps because each row of plants blocks sunlight
to the one below. But indoor operations turn this into an
advantage: protected from the elements, they are designed
to accelerate photosynthesis with endless artificial light.
In fact, Paul Teng, a professor at Singapore’s Nanyang
Technological University, estimates that indoor plant
factories alone—the type that VertiVegies is building—
could take the country from producing 13% of its leafy
vegetables domestically to 30% in 10 years, churning
out an additional 18,700 metric tons per year.
The aim of all this isn’t for Singapore to lose its
outward-looking ethos, says Tan—“But it’s important
that on top of being able to import food from overseas,
there is at least some local buffer that we could turn to
in a crisis, or in the rare event that there are supplychain disruptions.”
Even though VertiVegies is among those making
vertical farming a reality, there are plenty of skeptics.
Most of them focus on the astronomical costs involved.
Urban farms may use less land than those outdoors,
but that land is far more expensive. One 2017 study in
Australia estimated that a square meter of arable land in
central Melbourne would cost US$3,491, compared with
US$0.40 in rural areas. The price difference can mean
that even at its most compressed, vertical farming does
not save much on one of farming’s major capital expenses.
Another ongoing problem is the cost of photosynthesis. While traditional farms benefit from free energy
in the form of sunlight, one of the biggest expenditures
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Raising the roof:
ComCrop’s facility
(far left) is situated
on top of a disused
parking garage.
VertiVegies’s
planned
20,000-squaremeter farm will
signiﬁcantly boost
Singapore’s total
vegetable output .
Singapore aims to
produce 30% of its
food supply locally
by 2030.
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for indoor farms is the 24/7 stream of artificial light.
VertiVegies’s new farm will need 720 LED light tubes
per 100 square meters of growing space, for example.
The energy required can be prohibitive: one notorious
analysis in 2014 estimated that a loaf of bread produced
using standard indoor techniques would cost $23.
But, though oft cited, that analysis is also dated. In
the six years since those calculations were made, not
only has the cost of an average 60-watt LED bulb fallen
(it’s about 80% cheaper than it was 10 years ago), but
the energy efficiency of LEDs has improved dramatically. From 2005 to 2017, efficiency increased from 25
lumens per watt to 160. An LED streetlight now lasts
about 60,000 hours.
Which isn’t to say indoor vertical farms don’t come
with high startup and running costs. “If you look at the
capital expenditure involved in starting an indoor vertical farm, it’s very high,” says Teng. “And to recover the
investment costs and the direct running costs, operators
need to charge 10% to 15% higher than, say, vegetables that
come from Malaysia and China.” Many charge far more.
Shahra feels that tension. While he and his small team
wait for their new farm, they produce up to 250 kilograms of vegetables per week from a 140-square-meter
pilot site in the city. Shahra spends days meeting with
local retailers and restaurants to convince them it’s worth
shelling out more on indoor-grown greens. He’s the
first to admit this is both expensive and experimental.
“At the end of the day, farming is still farming,” he
says. “It might be in an air-conditioned room, but it’s
repetitive; it’s hard work; it’s iterative. You can put all

the bells and whistles on it, but at the end of the day
you’re still growing a plant.”
Getting the price down requires scale. Achieving
scale requires mainstream appeal. That’s the chickenand-egg situation that has left indoor farms in a bind the
world over until now, Teng points out. But in 2020 we’ve
reached a tipping point, Pinstrup-Andersen believes.
“Ten years ago, indoor farming was a pipe dream,”
he says. “But right now, because of the efficiency in
LED lighting and better management practices, it is
very close to being economically competitive with
greenhouses and open-field production of vegetables
... It just needs a kick in the rear.”
C OV I D C R I S I S

n April, the pandemic delivered that
kick. Just as Shahra was preparing to
build the farm—Sekaran left the company earlier this year—Singaporean
officials discovered a cluster of covid19 cases in one of the country’s
cramped worker dormitories.
The scenes that unfolded echoed much of what
happened around the rest of the world: instructions to
stay home were followed by long supermarket queues,
fearful stockpiling, and scattered food shortages. At
conventional farms there were reports of people turning up and pulling produce out of the ground. Almost
overnight, Singapore’s perilous food supply became
one of the most visible consequences of an otherwise
invisible crisis.
Now Shahra had everyone’s undivided attention.
“Food security has suddenly become very personal to
everyone,” he says. “Last year if I’d gone out and talked
about it, [the reaction] was completely different. Now
it’s real; it’s here.”
Teng agrees. “Covid-19 has done a lot more good to
create awareness of food security than all the papers I
and my colleagues have written in the last few years,”
he says ruefully. “It has created so much awareness
among Singaporeans that hey, we’re one of the most
vulnerable countries in the world.”
It lit a fire under officials, too. Only two days after
introducing a partial lockdown, the government committed to an express grant of S$30 million for projects
designed to boost local supplies of eggs, vegetables, and
fish. This has helped fund the new VertiVegies facility.
“There’s conversations going on every day now,” says
Shahra. “In the blink of an eye, there’s all this innovation—from 2017, when I first took a look at this and
couldn’t have imagined how it was possible, to now,
where there’s this huge positive movement.
“And when so many people are working toward a common agenda, then something good generally happens.”

I

Megan Tatum is a freelance journalist based in
Malaysia who specializes in food, technology,
and health.
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a clean room in Building 23 at
the Johns Hopkins University
Applied Physics Laboratory
(APL) in Laurel, Maryland, a
spacecraft called DART was
splayed open like a fractured, cubic egg. An instrument called
a star tracker—which will, once DART is in deep space, ascertain which way is up—was mounted to the core, along with
batteries and a variety of other sensors. The avionics system,
DART’s central computer, was prominently attached to square,
precision-machined panels that will form the sides, once the
spacecraft is folded up. Wires ran from the computer to the radio

system that DART will use to communicate
with Earth. Gyroscopes and antennas were
exposed. In a room next door, an experimental thruster system called NEXT-C
was waiting its turn. Great bundles of thick
tendrils wrapped in silver insulation hung
down from the spacecraft and ran along
the floor to the control room, where they
connected to a towering battery of testbed
computers operated by four engineers.
A clock over one of the computers read,
“Days to DART Launch: 350:08:33.”
DA R T— t h e D o u b l e A s t e r o i d
Redirection Test—is designed to crash
into an asteroid called Dimorphos. The
impact will change Dimorphos’s speed
by about one millimeter per second, or
one five-hundredth of a mile per hour.
Though Dimorphos is not about to collide
with Earth, DART is intended to demonstrate the ability to deflect an asteroid like
it that is headed our way, should one ever
be discovered.
Since a Soviet probe called Luna 1
became the first spacecraft to escape
Earth’s orbit on January 2, 1959, humanity has sent about 250 probes into the solar
system. DART is unique among them. It
is the first that sets out not to study the
solar system, but to change it.
[previous page]
A rendering of the DART
spacecraft, with its
experimental NEXT-C
ion engine firing.

BY 1980,
astronomers had determined the orbits
of about 10,000 asteroids, including 51
“near-Earth” asteroids (along with 44
near-Earth comets). Today, the numbers
have swollen: the Minor Planet Center
keeps track of about 800,000 asteroids in
total, of which almost 24,000 have orbits
that take them close to Earth. The vast
majority of these have been discovered
since 1998, when Congress gave NASA
10 years to identify every near-Earth
object larger than one kilometer (0.6
miles) in diameter. Thanks to statistical
analyses, astronomers believe they’ve
found about 95% of the big near-Earth
asteroids, the kind that would destroy
civilization were they to hit our planet.
Earth moves the distance of its diameter every seven minutes. If the arrival time
of an incoming object can be changed by
more than about 10 minutes, it will miss
us. (The details, of course, depend on
the particular trajectory; the extra three
minutes are to account for the effect of
Earth’s gravitational pull.)
In 2005, Congress gave NASA new
orders to catalogue all the near-Earth
objects over 140 meters (460 feet) in
diameter—objects whose impact would
be catastrophic rather than apocalyptic.
That work remains ongoing, and in 2016,

ALL IMAGES COURTESY OF NASA/JOHNS HOPKINS APL; PHOTO: ED WHITMAN

Shoot for the moon
NASA established the Planetary Defense
Coordination Office to coordinate the
myriad American and international agencies that would be mobilized if a destructive object were discovered heading our
way. DART is the group’s first mission.
“We don’t have to be victims of the cosmos,” says Lindley Johnson, who heads the
office. “If we are faced with that situation,
we don’t want the first real-world use of
asteroid deflection to be a must-succeed
kind of thing.” DART’s aims are twofold:
to prove that a spacecraft can successfully
hit an asteroid, and to measure the effects
of the collision.
Earlier proposals envisioned using
two vehicles: one to do the colliding,
and another, sent in advance, to watch
the collision and measure its effects. It
seemed like the only option because with
an asteroid traveling at 30 kilometers
per second, the millimeter-per-second
change in speed caused by a collision
would be very difficult to measure using
telescopes based on or near Earth. But
this was expensive: up to $1 billion.
Then, in early 2011, Andy Cheng, the
chief scientist studying planetary defense
at the Applied Physics Laboratory, had
an epiphany. Rather than sending two
spacecraft, his plan would send a single
craft to crash into a small asteroid orbiting a larger one. Astronomers could then
use a clever trick to measure the force of
the blow.
This simpler mission would cost only
about $250 million—a relative bargain.
The change was crucial in getting NASA
to approve DART. In the end the Italian
Space Agency contributed a shoebox-sized
spacecraft called LICIACube to piggyback
on DART, which will help with observations without greatly increasing the cost.
Cheng’s target, Dimorphos, was discovered in 2003 orbiting a larger asteroid. After the discovery, the larger body
was named Didymos, the Greek word for
twin. Its moon was given its name in 2020.
As seen from Earth, its orbit sometimes
passes in front of and behind Didymos,
partly blocking out the larger asteroid
on each revolution. Using ground-based
telescopes, “you can make a very precise
measurement of the orbit by looking at
the dips in light,” says Cheng. A similar
technique is used to identify exoplanets
orbiting distant stars.

Didymos is about a half-mile across.
Dimorphos is about 500 feet in diameter—about the size of a small sports stadium. Nobody yet knows what it looks
like, because it is too small and far away
for detailed observations from telescopes
on or near Earth. The two asteroids are
about a half-mile apart; Dimorphos orbits
the larger asteroid at a speed slower than
a person’s walk.
“The orbit of Dimorphos around
Didymos is just like a ticking clock,” says
Tom Statler, the DART mission’s program
scientist at NASA headquarters. “Every 12
hours, it goes around and around, always
the same. What we’re doing with DART
is whacking the clock.” All astronomers
have to do is measure how fast the clock
ticks before impact, and then measure it
again afterward. They expect the orbital
period to change by about 10 minutes,
or a bit over 1%.
This is enough information to allow
them to estimate the figure they care
about most: something called the
momentum transfer efficiency, typically
referred to by the Greek letter `. As the
name implies, it’s a measure of how much
of the spacecraft’s momentum is transferred to the asteroid (as opposed to, say,
knocking chips of rock off it). The bigger
` is, the more effective DART will have
been in changing Dimorphos’s course.
Ascertaining `is important because
to protect against asteroid impacts, we
need to be able to predict how much
one will budge when a spacecraft hits
it. As Cheng and coauthors wrote in a
2020 paper, “The determination of ` from
DART measurements and modeling is a
critically important planetary defense
science objective.”
A few assumptions will go into the
DART team’s computation of `. Roughly

“EVERY 12 HOURS,
IT GOES AROUND AND
AROUND, ALWAYS THE
SAME. WHAT WE’RE
DOING WITH DART IS
WHACKING THE CLOCK.”
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Shoot for the moon
speaking, they will estimate Dimorphos’s
size by analyzing pictures DART and
LICIACube will take. That number, combined with an educated guess at the asteroid’s density, gives them an estimate for
its mass. That number, combined with
observations of the change in orbital
period, lets them estimate `. (There is,
yes, a lot of estimation involved.)
None of this, however, will tell astronomers why ` took that particular value for
the DART-Dimorphos collision. Asteroids
are diverse in size and composition. Not
much is known about their internal structure. Nobody knows for sure if DART will
make a large crater or a small one. “We
expect those factors to be dependent on
the topography of where DART hits,”
says Andy Rivkin, who leads the DART
science team with Cheng.
In other words: Will the spacecraft
hit a hillside or flat ground? Will there
be boulders? Hard or soft rock? Gravel?
Dirt? And as a result, how much ejecta will
DART create? Which direction will that
ejecta go, and how fast? Ejecta flying off
in one direction gives the asteroid a kick
in the opposite direction, so the answer
affects the ultimate value of `.
The team plans to compare the data
DART gathers with computer simulations
of similar impacts. This will enable them
to improve their models, allowing them
to better calculate what kind of projectile
it would take to deflect a future asteroid
headed for Earth.

TO
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build a spacecraft is to test a spacecraft.
Getting to space is expensive; targeting
a distant asteroid even more so. Things
have to work the first time.
On an August day when I visited APL,
Rosanna Smith, DART’s propulsion test
lead, sat in the control room overseeing
tests of the spacecraft’s hydrazine thrusters. Every component had already been
tested—many times—individually. Now
they were being tested again, as parts of
a whole. DART was plugged into testbed
The DART team
installing electrical
subsystems and
testing avionics and
navigation software.
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computers that fed it data, making those
components behave as though it were in
space. The thrusters weren’t firing, but the
spacecraft avionics responded as though
they had. If an anomaly was detected, Smith
explained, the engineers would stop to
assess the probe. They might suit up and
enter the clean room, attach an oscilloscope
to the spacecraft, and see what was going on.
The goal was to get data on DART’s
baseline performance. In the weeks to
come, engineers were planning on subjecting the spacecraft to vibration tests:
shaking it violently, physically approximating the stresses of launch
and flight maneuvers,
to see what, if anything,
broke. They planned to
put the spacecraft in a
thermal vacuum chamber to simulate space,
running it through hot
and cold cycles. After
each activity, they would
perform the day’s tests
over again, comparing
the results with the baseline to see what did and
did not change.
O rd i n a r i ly t h e re
might be a dozen people in the room running
tests. But, like much else,
DART’s assembly procedures have changed
in response to the pandemic. APL has installed
cameras throughout the
facility. Those working
from home can dial in
to see what is happening. Their voices
emerged from overhead speakers, and the
engineers in the room responded casually,
as though talking to ghosts.

THE
journey from Earth to Didymos takes 14
months. DART will launch on a Falcon 9
rocket from Vandenberg Air Force Base on
the coast of California, 130 miles northwest
of Los Angeles. The spacecraft will take off
to the south, and will circle the sun once
before meeting the asteroids a few weeks
after their closest approach to Earth, when
Didymos and Dimorphos will be about

Tomorrow

To hit an asteroid
at 7 million miles
NASA’s Double Asteroid Redirection
Test (DART) will be the ﬁrst-ever
space mission designed to test
planetary defense technology.
DART will alter Dimorphos’s velocity
enough to be measured by Earthbased telescopes.
[TOP ILLUSTRATION NOT TO SCALE.]

6.8 million miles away, about 30 times
farther than the moon. The trajectory was
designed to minimize the energy required
to launch DART, and to time the impact
for a close approach so that Earth-based
telescopes can get their best possible look
at the collision.
But first, DART has to find Didymos.
Thirty days before impact, the spacecraft will begin collecting optical navigation images while it approaches the
twin asteroids at almost 15,000 miles per
hour. Astronomers don’t know the asteroids’ orbits to the precision necessary for

DART

LICIACube

IMPACT

Didymos

Dimorphos

New
orbit

Original
orbit

1. Dimorphos ....... 160 meters
2. Eiffel Tower .... 324 meters
3. Didymos ......... 780 meters

a pre-programmed impact, and they still
won’t when an onboard system called
SMART Nav takes over. The mission
plan calls for DART to hit no more than
50 feet off the planned target point, but
by then the uncertainty about Didymos’s
orbit will still be in the thousands of feet,
and for the much smaller Dimorphos, it
will be even bigger.
Four hours out, “we turn on SMART
Nav, and it identifies Didymos and starts
searching for Dimorphos, which we are
trying to hit,” says Elena Adams, the DART
mission’s chief engineer. There is radiation in space and noise in the detector,
so the algorithms compare pixels in its
field of view. An hour before impact, the

software should pinpoint Dimorphos.
“After it figures out the pixel that it wants,
and that it’s in the right location, and that
it makes sense, that’s when it switches
from targeting the main asteroid to targeting its moon,” she adds.
Even if astronomers knew the position of Dimorphos with total accuracy,
DART could not be pre-programmed
to execute the required maneuver with
enough precision to hit it. No thrusters are ever perfectly aligned, and no
thruster performance is ever perfectly
modeled. For every maneuver, a spacecraft needs follow-up correction maneuvers to account for deviations. SMART
Nav does that autonomously. Moreover,
DART will be using its thrusters to stay
pointed in the right direction; this will
change its trajectory by several feet. All
such deviations will be continuously evaluated and corrected by SMART Nav in
the final hours before impact. For typical spacecraft maneuvers executed by
humans, in comparison, it usually takes
hours or days to compute and execute
them, and then to assess performance to
design a correction. While making trajectory adjustments, SMART Nav keeps
the spacecraft solar arrays pointed at the
sun and the high-gain antenna pointed at
Earth, sending back images of Didymos
and Dimorphos about every two seconds.
As the spacecraft approaches the asteroid,
the hydrazine thrusters will frequently
fire to keep the target within its camera’s
narrow field of view.
SMART Nav will stop executing
maneuvers about two minutes before
impact, and the spacecraft will glide into
the asteroid. “We achieve the required
resolution of the impact site at about
20 seconds before impact and send the
last image to Earth within the last seven
seconds of impact,” says Adams. “And
then—boom!”

KINETIC
impactors like DART aren’t the only way
to divert an incoming asteroid. NASA has
contemplated detonating a nuclear bomb
near an asteroid to deflect it. This releases
a lot more energy to push the asteroid
away but risks fragmenting it into a lot
of smaller projectiles with unpredictable

SOURCE: NASA/JOHNS HOPKINS APL
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trajectories; some might still hit Earth.
Other options include tugs, which would
mate to an asteroid and push it off course
with slow, steady thrust, or “gravity tractors,” spacecraft that would fly near an
asteroid and, over the span of years or
even decades, slowly pull it off its collision
course by the force of their own gravity.
Both of these alternatives are more
technically complicated than a kinetic
impactor like DART. But DART is also
testing technologies that could be applied
to subsequent spacecraft.
For example, it will demonstrate the
new ion thruster, NEXT-C. This isn’t necessary for DART’s mission, which will rely
primarily on conventional chemical rockets. But ion thrusters, which use electricity
to generate momentum, are much more
efficient than their chemical counterparts.
With a few hundred pounds of propellant
they can accomplish what would take tens
of thousands of pounds of chemical fuel
like hydrazine. Only two spacecraft—
Deep Space One and Dawn—have used
ion thrusters in deep space, and NEXT-C
is about three times more powerful than
the ones on those missions.
To generate the electricity to power
NEXT-C, DART will also use a new
unrollable solar array that is lighter than
conventional folding solar panels. By giving would-be planetary defenders more
trajectories to choose from, sophisticated
propulsion systems would allow impactors
to hit incoming asteroids at higher speeds.

NASA/JOHNS HOPKINS APL/ED WHITMAN

THE
sooner one can detect an asteroid—or
other object, like a comet—that is headed
toward Earth, the easier it will be to do
something about it. Almost all the asteroids that might pose an extinction-level
threat to life on Earth have already been
found. These are enormous rocks several
miles in diameter, and none of the known
ones are threatening humanity anytime
soon. (The Chicxulub impact that led to
the extinction of the dinosaurs is thought
to have involved an object on the order of
10 miles in diameter.) But astronomers
have not found all the smaller, yet still
dangerous, asteroids—like the meteor
that exploded above Chelyabinsk, Russia,
in 2013, with the force of a medium-size

nuclear bomb. The Chelyabinsk object
was about 20 meters in diameter; its strike
broke windows for 200 square miles in the
middle of winter in a highly populated area.
Seventeen hundred people were injured,
mostly by broken glass.
“Forty years ago, we did not know
whether we might be wiped out by a giant
killer asteroid a week from next Tuesday.
That particular risk of ignorance has been
retired,” says Statler, the DART program
scientist. But objects smaller than 500 feet,
about the size of Dimorphos, are difficult
for current observatories, both terrestrial
and satellite-based, to spot. (A 500-footdiameter asteroid would hit with roughly
the impact of the largest atomic bomb in
history.) Right now, Statler says, maybe a
quarter of the total number of potentially dangerous small objects have
been identified. “If we
don’t know where they
are,” he says, “then we
don’t have the capability to predict when an
impact might occur and
when we might have to
do a deflection.”
The half-billiondollar Near-Earth Object
Surveillance Mission,
an orbital infrared telescope being funded by
the Planetary Defense
Coordination Office,
is set to launch later this decade, and it
should help solve that problem. Because
it observes in infrared wavelengths, it will
have a greater ability than visible-light
telescopes to look toward the sun. It will
be able to detect objects that are bathed in
sunlight, and thus not visible to groundbased telescopes. Additionally, the Vera
Rubin observatory, a new telescope being
built in Chile, will search for hazardous
objects using a 3,200-megapixel camera,
the biggest ever used in astronomy. “Our
hope in another 20 years is to say, ‘Yep,
we have retired that risk too, and we know
which ones to keep an eye on,’” says Statler.
The sooner an incoming object is
found, the less powerful a human-designed
impactor needs to be to do the job. If a
dangerous asteroid or comet is spotted
at the 11th hour, it will take much more
energy to change its course sufficiently.
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will separate from a compartment atop DART
10 days before impact and deploy its own little solar panels. As the small cubesat hangs
back to watch, DART will hit Dimorphos.
The spacecraft will likely be shattered
into very small pieces, some turned to powder. Most of its remnants will be blasted out
again as ejecta when the crater is formed.
It is possible that large structural members
might survive, though they will be buried as
deep as 10 feet into the asteroid. LICIACube
will observe the plume of ejecta as it comes
out, and will also photograph Dimorphos’s
far side as it goes past. But it won’t have a

The launch countdown clock at APL.

means of slowing down—LICIACube will
continue speeding past Dimorphos into the
depths of space.
The European Space Agency is planning
a mission called Hera, which is slated to
launch in 2024 and to revisit Dimorphos in
early 2027 to take more precise measurements of its mass, study its composition, and
determine ` with even greater precision.
Hera will carry two cubesats of its own, and
will travel around the Didymos-Dimorphos
system for a planned three to six months,
gathering far more data.
If all goes well, DART will leave Earth
in late July 2021. On September 30, 2022, it
will cease to exist—years of effort by hundreds of people transmuted into a nudge,
the first of a new era.
David W. Brown is the author of The
Mission, a book about the exploration of Europa.
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THE STARTUP
TURNING
HUMAN BODIES
INTO COMPOST
T R :

Recompose will start
accepting its first bodies
in November

Q + A

By Britta Lokting

I

t has been five years since Katrina Spade composted her first
human body. With her pushing and lobbying, Washington
state is now the first in the US to legally offer an alternative
to burial or cremation: “above-ground decomposition,” also

known as “natural organic reduction.” Turing your corpse into
soil, in other words.
In 2017, Spade started Recompose, a Seattle-based human
composting company, to carry out the service for any client
willing and able to spend $5,500, which is still much cheaper
than most funerals.
For Spade, the business is about fighting climate change.
In America, cemeteries take up an estimated 1 million acres of
land; caskets destroy 4 million acres of forest every year; and
burials use 30 million boards of wood and over 800,000 gallons
of embalming fluid. According to Troy Hottle, a sustainability
analyst and advisor to Recompose, the carbon dioxide saved by
composting one human comes to between 0.84 and 1.4 metric

tons. One metric ton is equivalent to burning 1,102 pounds
(500 kilograms) of coal or driving about 2,500 miles (4,000
kilometers) in a passenger car.
The Washington bill took
effect earlier this year, just in
time for Recompose to begin
accepting its first bodies in
November. I sat down with
Spade to talk about the mechanics of human composting, its
environmental impact, and
whether it will ever catch on.

Q: You were the first person
to pursue composting human
bodies as a business. How did
you figure out how to do it?
A: I wasn’t interested in

being buried in the conventional manner. It occurred
to me that cremation is a
destruction of whatever we
have left when we die. All the
nutrients left in our body are
incinerated when you’re cremated, and I thought: “This
doesn’t fit with the way I
want to do things.”
As I was thinking about
this, my friend called me. She
asked if I’d heard of the farmers that composted whole
cows. This is a practice that’s
been happening for decades
in the US on farms. I had
a bit of an epiphany: if you
can compost a cow, you can
probably compost a human
body. I started to take those
principles that farmers have
been using and apply them
to a death-care system for
humans.
Q: You’re set to receive your
first bodies in November. How
are you feeling about that?
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A: We’ve done a pilot in con-

junction with Washington
State University where we
welcomed six human bodies
and converted those bodies
into soil. So this won’t be the
first time this has happened
in the world. I’m very confident—I want to say in technology, but really, it’s nature
doing its job. I’ve seen it happen many times before, so
mostly I’m excited. Certainly
a little bit nervous.
Q: You started thinking about
death care when you were in
graduate school for architecture. How did that happen?
A: I had been enamored with

“I DECIDED TO LOOK AT THE AMERICAN
FUNERAL INDUSTRY BECAUSE
I WAS CURIOUS WHAT I WOULD DO
WITH MY BODY WHEN I DIE.”

composting for some time.
Before architecture school,
I went to design school
and studied permaculture
[designing in tandem with
nature in a sustainable way].
Then in graduate school,
because I had just turned
30 and because I had young
children, I started to feel
my mortality. I decided to
look at the American funeral
industry because I was curious what I would do with my
body when I die.
Q: What were you thinking at
the time?
A: I grew up in a rural setting

and moved to my first city
when I was 18. I knew that I
would always live in a city. I
prefer the urban living, the
urban lifestyle, and yet had
the sense that when I died, I
would have a natural burial
without embalming, without
a fancy casket, etc. I thought:
“How interesting [that] as
an urban dweller I would
want my body to be brought
to nature after death.” It’s

IAN ALLEN
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kind of a weird paradox. In
thinking about how important nature is to us in grieving
or in being mortal, I started
to wonder what death care
would look like in the city if it
were really tied to nature.
Q: What’s the composting
process at Recompose?
A: Each body goes into an

individual vessel, which is
like a cone container, and it’s
laid onto wood chips, alfalfa,
and straw—this nice mixture
of natural materials—and
covered with more of the
same. The body is kind of
cocooned, and it stays in that
vessel for 30 days. As it’s
there, microbes are breaking
down the body and breaking
down the wood chips, alfalfa,
and straw to create this
beautiful soil. We will have
10 of those units to begin.
We’ll be able to welcome 10
bodies per month.
Q: What’s the Recompose
space like?
A: We’ve actually made

quite a few changes since
the covid pandemic started
back in March. We had been
working on this beautiful
warehouse space in Seattle,
and when the pandemic
hit, the rug was pulled from
under us funding-wise. The
main adjustment we made
was to decide to open a
much smaller, scaled-down
facility to start, which I think
is probably a wise thing to
do, but it was a bit of a disappointment. The vessel
system is the same—it’s an
array of 10 vessels in their
hexagonal frame, so it looks
a little bit like a beehive.
But the space we open in

November is a small warehouse. Our goal is to then
open a larger facility next
year that families can visit.
Q: As this pandemic continues, how are people thinking
differently about death?
A: It feels like all of us in the

world are even more aware
of our own mortality right
now. If you’re thinking about
the fact that you will someday die and your loved ones
will die, you might be more
interested in considering
what happens to your body
and a last gift you can give
back to the planet. My personal opinion is that everyone should be planning for
their end of life early and
often. A silver lining of the
pandemic is people are
doing that more. A lot of the
momentum for this project
was based on the climate
crisis. Our process saves a
metric ton of carbon dioxide over cremation or conventional burial. For a lot of
people this is not just about
creating soil, which is a critical resource, but also mitigating the harm we’re doing
through our funeral practices. The pandemic has jostled or distracted from the
climate crisis, but I sense
that people are coming back
around and realizing we still
have to focus our energies
there. In a perfect world
we’d both continue to recognize our mortality and then
bring back our energies to
the climate crisis.
Q: People who die of covid-19
can’t be composted, right?
A: No, they can be. Natural

organic reduction in the

human destroys pathogens
through heat created by
the microbial activity. This
form of disposition has been
proven to destroy coronaviruses by heat in a really relatively short period of time.
By law, the process must
sustain temperatures of
131 °F [55 °C] for 72 hours.
Coronaviruses in particular have been shown to be
destroyed in about 30 minutes by those temperatures.
Q: I didn’t realize that. I was
under the impression that if
someone dies of an infectious
disease, they can’t be naturally composted.
A: We have two instances

where a person would be a
non-candidate. Ebola is one.
It’s so incredibly infectious
that the CDC recommends
direct cremation. The other
disease is a prion disease
such as Creutzfeldt-Jakob
disease, which has not yet
been shown to be destroyed
by composting. But in terms
of just general infectious diseases, natural organic reduction does an excellent job of
destroying those pathogens.
Q: People can take the soil
home, right?
A: Yeah. Recompose has

this partnership with Bells
Mountain, a 700-acre
[283-hectare] conservation
trust. It’s mostly forest that
was improperly logged in the
1930s, and it’s still recovering
from that. Our first offer is:
“Hey, we’re creating a cubic
yard of soil per person—
that’s quite a lot. Of course,
you can absolutely have all
of it, but if you want, here’s a
forest that needs it.” I suspect
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many families will take a
small box home and use it to
nourish their rose garden or
a tree that they love, but that
hopefully many would like to
donate that soil to this conservation land.
Q: Can Recompose reach
people who are less environmentally conscious?
A: Most people want to be

able to choose what happens
to their own body and their
loved ones’ bodies. When
you’re talking about choice
around the end of life, that
resonates for a lot of different types of folks. We
found here in Washington,
for example, farmers on
the eastern side of the
state really get this. They
are using a similar practice
for their farm animals, and
they love their soil, and they
understand the cycles of life
probably better than most.
Q: How can people still retain
traditions around death—such
as visiting cemetery plots and
scattering ashes—with natural organic reduction?
A: There’s a lot of similarities

to scattering ashes, but for
some it resonates deeper to
have this productive, meaningful use of the soil you’ve
created.
Q: Are you going to compost
your body?
A: Yes. I’m definitely plan-

ning to become soil someday,
but hopefully not for a while.
I still have a lot to do.
Britta Lokting is a
journalist based in New
York. She has written for
the New York Times, Oxford
American, and Outside.
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HOW NUCLEAR ENGINEERS
ACROSS AMERICA ARE TRYING
NEW TECHNIQUES TO ANSWER
AN OLD—AND VERY, VERY, VERY
LONG-TERM—QUESTION.
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Shutting down was “the only
logical decision in front of us,” says
Doug Bauder, San Onofre’s chief
nuclear officer.
That choice solved one problem,
but not another: what to do with all
the nuclear fuel that San Onofre
had used. Its radioactive waste
could outlast the human race, with
spent fuel components that include
plutonium-239, which has a half-life
of 24,000 years, and iodine-129, with
a half-life of 15.7 million years. But
for now, there’s no place to store it
permanently.
So SONGS is keeping the rods of
spent nuclear fuel in storage holes
buried along the seismically active
California coastline. They are sitting
ducks for the next big earthquake,
which is likely to hit within the next
century. If the nuclear waste somehow got out, the results would be
devastating. Even without a quake,
the vaults are “easy to inundate,” says
Dan Hirsch, the retired director of
the Program on Environmental and

Nuclear Policy at the University of
California, Santa Cruz, “and groundwater can rise up into them.”
The plan is to eventually transport the fuel at San Onofre offsite,
but where to? The US already has
83,000 metric tons of nuclear waste,
enough to fill a football field about
a dozen yards deep—and with two
dozen plants currently in the process
of decommissioning, the leftovers
will keep piling up.
In 1982, the US Congress enacted
the Nuclear Waste Policy Act, which
requires the US Department of
Energy to find a geological repository for the spent fuel and take it
there. Since 1987, the US government has focused its attention on
developing an underground repository at Nevada’s Yucca Mountain.
However, the site has been a political
hot potato, with support for it swaying in response to local opposition
and state and federal leadership. As
a result, the government has so far
been unable to fulfill its legal duty to
find a long-term home for America’s
radioactive waste.
“This is a situation where a political solution is needed to solve a
technical problem,” says Bauder.

Near the state line on Highway 176,

Ground control:
SONGS keeps its
waste buried onsite, which means
it is potentially
vulnerable to
the next big
earthquake.

n a seasonably
warm day in
August along a
rugged stretch
of the Southern
California coast,
work crews put on their reflective
vests and hard hats. They directed
a fleet of heavy vehicles known as
cask handlers to haul great white
concrete barrels from the decommissioned San Onofre Nuclear
Generating Station, known as
SONGS. Each cask, about 17 feet tall
and weighing 50 tons, was like a set
of Russian nesting dolls: entombed
inside was a stainless steel canister,
which in turn held 37 cylinders of
nuclear fuel rods.
Since 2013, when regulators
finally decided to shut SONGS
down for good, teams of scientists,
engineers, and policymakers have
been hard at work to make sure it
could be safely decommissioned.
A total of 123 canisters were taken
out of the plant and moved to their
new home. Their journey wasn’t
long—just to another area of the
same site, about 100 feet away from
the Pacific Ocean and just three feet
above sea level. Now, with the spent
fuel removed, the power plant itself
can be dismantled.
SONGS, sandwiched into the
narrow strip between the sea and
the highway that connects the
urban sprawls of San Diego and
Los Angeles, began operations in
the late 1960s and churned out carbon-free energy for decades. But
in 2012, regulators found extensive issues with its steam generator, an essential component of
a nuclear reactor that prevents it
from overheating. Replacing the
parts wouldn’t be economical—
one estimate priced it at more than
$800 million. Not to mention that
SONGS would then have to jump
through stringent regulatory hurdles
to resume operations.
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which transects southeast New
Mexico and west Texas, a white sign
introducing visitors to Lea County,
New Mexico, reads: “Welcome to
the EnergyPlex.” It’s at the edge of
the Permian Basin, a large sedimentary region rich in oil, natural gas,
and potassium that spans a corner
of the two states.
Since the 1990s it’s been gaining a reputation as a place to store
nuclear material—not the highgrade waste supposedly bound for
Yucca Mountain, like the spent fuel
rods of San Onofre, but the more
ordinary, workaday leftovers of the
industry, like gloves, helmets, and

SOUTHERN CALIFORNIA EDISON
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soil that have been contaminated
with radioactive material. For this,
the DOE set up the Waste Isolation
Pilot Plant, or WIPP, about 30 miles
outside Carlsbad, New Mexico. It
was authorized in 1979 but didn’t
receive its first shipment until 1999.
Since then, low-level waste from
nearly two dozen nuclear reactors
around America has been trucked in
and buried over 2,000 feet under the
surface. Waste Control Specialists
(WCS), a similar facility, was erected
just across the state line in Andrews,
Texas, around the same time.
The geology of the Permian is
ideal for burying nuclear waste for
the long haul. For one thing, the
WIPP location gets natural protection from a thick layer of salt that
surrounds it. “Over long periods
of time, the salt will flow and the
radioactive material will effectively
be entombed in that salt,” explains
Lewis Land, a hydrogeologist at the
National Cave and Karst Research
Institute in Carlsbad. Most geoscientists, he says, believe that the
salt is impermeable, which means
there’s no chance for the waste to
escape into the surrounding environment even if one of the barrels
holding the material were to leak.
Meanwhile, at the WCS facility, the
waste will be covered by a 40-footthick layer of impenetrable red clay
—which serves the same function as
the salt at WIPP—once the storage
sites are filled.
WIPP has been in operation for
more than two decades with only
a single incident. In 2012, a drum
burst. It turned out it had contained
not just discarded radioactive material but clay-based organic cat litter.
Inorganic cat litter has long been
used as chemical stabilizer for
nuclear waste, but the organic stuff
reacted with radioactive nitrate salts,
releasing heat and building pressure
until ultimately the drum broke,
dispersing radiation throughout the

THE US A LREADY HAS 83,000 METRIC

TONS OF NUCLEAR WASTE, ENOUGH

TO FIL L A FOOTBALL FIELD ABOUT

A DOZEN YARDS DEEP—AND THE

LEFTOV ERS WILL KEEP PILING UP.

underground facility. The dense salt
contained the radiation, but it was
an expensive mistake.
In 2008, Carlsbad’s then state
representative John Heaton saw that
Yucca Mountain was having difficulties getting through the political process. He started talking with others
about the possibility of temporarily
storing high-level nuclear waste
at a site about half an hour from
Carlsbad. The Eddy-Lea Energy
Alliance (ELEA)—a group of local
officials in two counties who were
responsible for economic development—purchased a 1,000-acre
patch of rangeland located along the
highway. Holtec, an energy company
headquartered in New Jersey, soon
expressed interest in developing
that land as a storage facility for
high-level waste.
“We were excited that someone was interested, and thought
it was a viable part of their own
business plan,” says Heaton, who is
now the city’s energy development
coordinator.
At the new Holtec facility, spent
nuclear fuel would be shipped in
from all over the country and put
into interim storage. The proposal

71

for the Holtec site was submitted in
2017 and is still under review by the
Nuclear Regulatory Commission.
Holtec and ELEA should hear by
2021 whether or not construction
can start. If all goes well, the soonest
the site could receive waste would
be 2023, says Heaton. The waste
would be stored in canisters, which
would make it easy to retrieve and
move once a permanent repository
is finally decided upon.
But the nuclear facility won’t
only provide storage; it could also
create stable work. The oil and gas
industry has exploded in Carlsbad
over the last three or four years,
almost doubling the population.
Rapid growth has strained resources
in the sleepy, rural town, and RV
camps—which locals refer to as
“man camps”—have been set up for
oil workers and their families. But
these energy industries are particularly susceptible to boom-and-bust
cycles: today, there’s a slowdown
caused by covid-19, since lockdowns
reduced the amount of oil required
for transportation. Heaton says that
nuclear storage could provide more
than 200 jobs that would be stable
and secure for the very long term.
Despite the economic benefits,
some New Mexico state legislators
have tried to block the storage facility, citing concerns that it would
endanger public safety and other
industries. Locals, too, are understandably worried.
“There are the unknowns of
nuclear,” says Nick King, a resident of Carlsbad and the preacher
at the Carlsbad Mennonite Church.
“We’re playing with things we don’t
understand.”
Defenders say the Holtec facility won’t be a permanent repository, only a resting spot until Yucca
Mountain or its replacement is in
operation. But the dispute over
Yucca has already taken a generation, and farmers who have resisted
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being pushed out by the oil and gas
boom are concerned about how
long the waste will sit there. “I’d
like to know what length of time
‘temporary’ means,” says Teresa
Ogden, a third-generation farmer
living in Loving, a town just south
of Carlsbad. “We don’t know the
long-term effects. I feel like we’re
guinea pigs out here.”
It’s not just locals. Tom Isaacs,
an advisor to the nuclear industry
who is helping San Onofre as it figures out what to do with its nuclear
waste, worries that the temporary
sites will become effectively permanent—that “people would give up
the momentum necessary in order
to build the final repository and the
storage site will be there forever.”
People are also scarred by New
Mexico’s own history with the
nuclear industry. The state was
home to the test of the first atomic
bomb in 1945, which is thought
to have caused many cancers and
other health problems throughout
the basin range that was downwind
from the test site.
“New Mexico has paid its dues,”
says Gene Harbaugh, who has lived
in Carlsbad for the last 30 years.
“We don’t owe anything to the
nuclear industry.”

What if we didn’t have to create

new repositories? What if, instead,
sites already designated for nuclear
material could store it more safely?
That was one of the questions that
environmentalist Elizabeth Muller
started thinking about in 2015. But
when she asked experts what could
be done with nuclear waste, she
got immediate pushback: “People
in the business said, ‘There’s no
appetite for new ideas in nuclear
waste. Nothing ever happens in
this industry.’” But, she adds, “just
because nothing has ever happened
in nuclear waste doesn’t mean you
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“PEOPLE REALLY WANT A SOLUTION

FOR CLIMATE CHANGE. THERE’S NO

SMOKESTACK AT A NUCLEAR PLANT

BUT ... IF WE’RE GOING TO DEPLOY

MORE NUCLEAR ENERGY, THIS WASTE

QUESTION IS A BIG ONE.”

should dismiss it as ‘Nothing’s ever
going to happen.’”
As relative newcomers to the
field, Muller and her father—the
physicist and reformed climate
change skeptic Richard A. Muller—
heard policy advisors and engineers
talk about how boreholes, drilled
deep in the earth by the oil and
gas industries, could also be used
for storage. In 2016, the Mullers
founded Deep Isolation, a private company based in Berkeley,
California, to explore using them
for nuclear material.
The company’s top priority is
to get the waste below ground;
accidents above ground can spell
catastrophe. But the Mullers realized
that one contentious issue plaguing
Yucca Mountain and WIPP was
the transportation of nuclear waste
across state lines.
“People don’t want nuclear
waste coming through their backyard,” Elizabeth Muller explains.
Deep Isolation plans to circumvent that entirely by burying
waste where it is, whether that is
around an existing power plant or
near some other Department of
Energy facility. (Long-term burial

at any non-designated facility would
require community consent.)
Their method involves drilling
holes 18 inches in diameter and
between 1,000 and 3,000 meters
deep, and then drilling sideways
to create a place to bury specially
designed, corrosion-resistant cylinders that store spent fuel assemblies.
Each canister is a little larger than
a nuclear fuel rod assembly—more
like a glove around the spent fuel
than the vast barrels at San Onofre—
and they are shuttled down the hole
in a chain of two or three.
One benefit of this method, says
Muller, is that the same technique
could serve for both temporary and
permanent storage. In January 2019,
Deep Isolation proved that canisters could not only be sent underground but also retrieved, should the
DOE manage to create a permanent
repository elsewhere at some later
point and want to transfer material there.
Their method won’t work everywhere, though. SONGS, for example,
is located on land that will eventually have to be returned to its owner,
the US Navy.
D e s p i te t h e c o m p a ny ’s
proof-of-principle experiment,
others are skeptical that Deep
Isolation’s method will necessarily be safe.
Lindsay Krall, a geochemist who
researches nuclear waste burial at
Stanford University, worries that
the company’s canisters wouldn’t
be buried deep enough to prevent
waste from leaking into the biosphere. What’s more, the narrow
boreholes can only accommodate
thin canisters, which may be insufficient for long-term safety.
“There is no reason to expect
that borehole disposal of spent fuel
will attain cost savings,” Krall says.
“Rather, [it] represents a technological risk, with a significant opportunity for failure that would result

Waste away

in increased disposal costs and
decreased public safety.”
But John Grimsich, Deep
Isolation’s director of applied science, says that burial sites they
choose will have ideal geology for
long-term storage, far away from
sources of groundwater. The highest radiation doses that Muller and
her colleagues have calculated at the
ideal sites are lower by a factor of
10,000 than the average exposure
a person receives annually from
the planet’s background radiation.

out there, some believe it would
be more responsible to simply create less of it. But can that be done
without giving up nuclear, one of
the best carbon-free options for
generating energy?
One option is to reuse the waste.
In France, nuclear waste has been
reprocessed since the dawn of the
industry in the 1940s. Since 1976,
the nuclear power and renewable
energy group Orano has processed
more than 36,000 metric tons of
used fuel, which is responsible for
generating 10% of France’s nuclear
electricity. Orano’s plant recycles
around 1,100 metric tons per year.
The process of recycling nuclear
fuel takes years. Spent fuel rods are
taken from nuclear reactors and
placed in a storage pool to cool for
two years. When they get to around
570 °F, the fuel rods are packed
into steel canisters and brought
to the Orano plant in the northwesternmost point in France, in the
town of La Hague. After the rods
cool below 80 °F, they are cut into
smaller pieces before being placed
in nitric acid and dissolved. Then the
recyclable material—a mixture of
uranium and plutonium—gets separated from other fission products in
the spent fuel and purified. Finally,
it is remixed to produce new fuel.

Salt of the
earth: Men work
to seal a salt
tunnel in the
Carlsbad Waste
Isolation Pilot
Plant.
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Given the amount of waste already

The US has developed its own
approved technology for reprocessing, but in 2007 the Nuclear
Regulatory Commission decreed
that it would be too expensive to
pursue without an investment
from the DOE—which has not
materialized.
Instead, there’s growing interest
in developing new kinds of nuclear
reactors that produce less waste.
Most current plants use generation II or III reactors, which use
water to cool down the fuel once
its atoms have split. Generation IV
reactors use heavier coolants like
sodium or molten salt, which is technically challenging but can produce
higher levels of power generation
with a lower risk of meltdown. One
of the companies building sodiumcooled systems, Terrapower, makes
reactors that can also run on spent
or depleted uranium.
Reprocessing the uranium can
significantly reduce waste, says
Terrapower’s CEO, Chris Levesque.
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But it doesn’t stop waste from being
produced altogether. Levesque and
others fear that nuclear waste may
be intercepted and used to aid in
the proliferation and development
of nuclear weapons.
In Levesque’s long career in the
nuclear industry, dealing with waste
has been as much of an issue in getting people to accept nuclear energy
as the safety of the reactors themselves. “People really want a solution for climate change. There’s no
smokestack at a nuclear plant,” he
says. “But they want to hear about
some solution for waste. If we’re
going to deploy more nuclear energy,
this waste question is a big one to
answer to people’s satisfaction.”

The future of nuclear waste spans

thousands of years, but plants are
being decommissioned right now.
Until a final resting place can be
decided, temporary repositories—
like the Holtec facility or Deep
Isolation’s proposed boreholes—
are appealing options for corralling
the waste. The alternative is having it
sit above ground, where an accident
could have much more immediate
consequences.
Still, Dan Hirsch argues that the
conundrum is a “fundamental ethical issue.” “It’s not appropriate to
dump the waste on a minority community in Texas or New Mexico,”
he says. What’s more, moving
waste by rail to the Permian might
require transportation through the
Navajo Nation, which banned that
in the 2012 Radioactive Materials
Transportation Act.
“This generation built nuclear
power plants,” says Tom Isaacs. “We
have benefited immensely from
electricity with no carbon emissions.
We have a responsibility to solve the
problem. That takes a repository.”
Wudan Yan is a journalist based
in Seattle.
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UNBEARABLE
VICARIOUSNESS OF
KNOWLEDGE
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OU KNOW?
By
Matthew
Hutson
We often
overestimate
our ability to explain
things we think we know.
Need proof? Ask someone to draw a bicycle. The
results, like these created by
MIT Technology Review
staffers, don’t always
resemble reality.
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In July, Joseph Giaime, a physics professor at Louisiana State
University and Caltech, gave me a tour of one of the most
complex science experiments in the world. He did it
via Zoom on his iPad. He showed me a control room of
LIGO, a large physics collaboration based in Louisiana
and Washington state. In 2015, LIGO was the ﬁrst project
to directly detect gravitational waves, created by the collision of two black holes 1.3 billion light-years away.

About 30 large monitors displayed
various aspects of LIGO’s status. The
system monitors tens of thousands of
data channels in real time. Video screens
portrayed light scattering off optics, and
data charts depicted instrument vibrations from seismic activity and human
movement.
I was visiting this complicated operation, on which hundreds of specialists
in discrete scientific subfields work
together, to try to answer a seemingly
simple question: What does it really
mean to know anything? How well can
we understand the world when so much
of our knowledge relies on evidence and
argument provided by others?
The question matters not only to
scientists. Many other fields are becoming more complex, and we have access
to far more information and informed
opinions than ever before. Yet at the
same time, increasing political polarization and misinformation are making
it hard to know whom or what to trust.
Medical advances, political discourse,
management practice, and a good deal
of daily life all ride on how we evaluate
and distribute knowledge.
We overstate enormously the individual’s ability to amass knowledge, and
understate society’s role in possessing
it. You may know that diesel fuel is bad
for gas engines and that plants use photosynthesis, but can you define diesel or
explain photosynthesis, let alone prove
photosynthesis happens? Knowledge, as
I came to recognize while researching
this article, depends as much on trust

and relationships as it does on textbooks
and observations.
Thirty-five years ago, the philosopher
John Hardwig published a paper on
what he called “epistemic dependence,”
our reliance on others’ knowledge. The
paper—well-cited in some academic
circles but largely unknown elsewhere—
only grows in relevance as society and
knowledge become more complex.
One common definition of knowledge is “justified true belief”—facts
you can support with data and logic. As
individuals, though, we rarely have the
time or skills to justify our own beliefs.
So what do we really mean when we say
we know something? Hardwig posed a
dilemma: Either much of our knowledge
can be held only by a collective, not an
individual, or individuals can “know”
things they don’t really understand. (He
chose the second option.)
This might seem like an abstract philosophical question. At the end of the day,
whatever “knowing” means, it’s clear
we rely on other people for it. “If the
fundamental question is ‘Who has the
knowledge?’—nothing rides on that. And
I don’t really care,” says Steven Sloman,
a cognitive scientist at Brown University
and coauthor of The Knowledge Illusion.
“But,” he goes on, “if the question is
‘How are we justified in claiming we know
things?’ and ‘Whom should we trust?’”
then the matter is an urgent one. The
retraction in June of two papers on covid19 in the Lancet and the New England
Journal of Medicine, after researchers put
too much trust in a dishonest collaborator,

is an example of what happens when
epistemic dependence is mishandled.
And the rise of misinformation about
issues like vaccines, climate change, and
covid-19 is a direct attack on epistemic
dependence, without which neither science nor society as a whole can function.
To better understand epistemic
dependence, I looked at an extreme
case: LIGO. I wanted to understand how
the physicists who work there “know”
that those two black holes collided several galaxies away, and what it means for
how any of us knows anything.
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s Giaime tells it, LIGO’s story begins
with Albert Einstein. A century ago,
Einstein theorized that gravity is a
warping of the spacetime continuum, and
argued that masses in motion send out
ripples at the speed of light. But hopes
of detecting such waves remained dim
for decades, because they would be too
small to measure.
LIGO uses laser interferometry, based
on a design the MIT physicist Rainer
Weiss published in 1972. An interferometer, from above, resembles a capital
L, with two arms at a right angle. A laser
injected at the elbow of the L is split in
two, reflects off a mirror at the end of each
arm, and recombines in such a way that
the peaks and valleys of the light waves
cancel each other out.
Weiss knew that as a gravity wave
passed, it would stretch space in the
direction of one arm while contracting it
in the direction of the other. As a result,
the distances traveled by the laser beams
would change, and the waves would fail to
cancel each other out. The light detector
would then see a clear wave pattern. After
decades of construction and more than
a billion dollars, that’s what LIGO—the
Laser Interferometer Gravitational-Wave
Observatory—has officially detected
nearly a dozen times since 2015.
The instrument’s sensitivity is hard
to fathom. Each arm is four kilometers
long. Over that distance, LIGO can detect
changes as small as one-ten-thousandth
the diameter of a proton. “The more physics and engineering you know,” Giaime
told me, “the more crazy that sounds.”
That’s smaller than the random jiggle in the molecules of the mirror, so a
number of tricks are used to cut down on
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Epistemic
dependence:
The case of LIGO
The Laser Interferometer GravitationalWave Observatory (LIGO) is based on
a design published by MIT physicist
Rainer Weiss in 1972. A laser is injected
at the elbow of the L, splitting in two and
bouncing off mirrors at the end of each
4-kilometer-long arm. When they recombine, the peaks and valleys of the light
waves cancel each other out. The theory
was that gravity waves, if they existed,
would cause the waves to desynchronize.

noise. The light travels down the tunnel
through a vacuum. The laser is powerful, so the beam contains a lot of photons, letting them average out any noise.
The mirrors hang from glass threads to
passively dampen any vibrations. And
each mirror suspension is mounted on
a rig that actively quiets vibrations using
feedback from seismometers and motion
sensors—like extravagant noise-canceling
headphones. The system also accounts
for measured interference from magnetic
fields, the weather, the electrical grid, and
even cosmic rays.
Still, with only one detector, you can
be only so sure that any signal is coming
from space. If two detectors receive the
same signal at nearly the same time, confidence increases exponentially. You also
can start to localize the source in the sky.
That’s why there are two LIGO stations,
in Louisiana and Washington, as well as
other gravitational-wave observatories:
Virgo, in Italy, and GEO600, in Germany,
with another being built in Japan.
As you might imagine, LIGO requires
a big team with varying skills. The division
of labor in science—as in industry—has
grown ever finer. A 1786 book on experimental physics covered astronomy, geology, zoology, medicine, and botany. A
reader could master the bulk of human
knowledge in all those areas. They are
each now their own fields, each of which
has sprouted subfields. Encyclopedic
expertise has become untenable.
Accomplishing anything outside a
narrow field requires scientists to share
skills. Collaborations have grown as new
technologies like the internet have made
it easier to communicate. From 1990 to
2010, the average number of coauthors
on a scientific paper increased from 3.2
to 5.6. A 2015 paper on the mass of the
Higgs boson boasted more than 5,000
authors. Even lone authors don’t work
alone—they cite work by others they often
haven’t even read, according to Sloman:
“We’re trusting that the abstract is actually a summary of what’s in the paper.”
The paper announcing LIGO’s first
detection of gravitational waves, published in 2016, had more than 1,000
authors. Do all of them fully understand
every aspect of what they wrote? “I think
a lot of people have gotten their heads
around most of it at a very high level,”
David Reitze, a Caltech physicist and
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LIGO’s executive director, said of the
team’s findings. But the practical matter
of “How do you know that this complex
detector that has hundreds of thousands
of components and electronics and data
channels is behaving properly and actually measuring what you’re thinking
we’re measuring?” In that case, he said,
“Hundreds of people”—as a team—“have
to worry about that.”
I asked Reitze if he’d have trouble
explaining any aspects of the 2016 paper.
“There are certainly pieces of that paper
that I don’t feel like I have enough detailed
knowledge to reproduce,” he said—for
instance, the team’s computational work
comparing their data with theoretical
predictions and nailing down the black
holes’ masses and velocities.
Giaime, the head of the Livingston
operation, guesses that fewer than half
the coauthors of the paper ever set foot
in one of the observatory sites, because
their role didn’t require it. To justify the
observatory’s results, he noted, a person would need to understand aspects
of physics, astronomy, electronics, and
mechanical engineering. “Is there anybody who knows all of those things?” he
said. “We almost had a leak in our beam
tube because of something called microbial induced corrosion, which is biology,
for Pete’s sake. It gets to be a bit much
for one mind to keep track of.”
One episode in particular emphasizes the team’s interdependence. LIGO
detected no gravitational waves in its first
eight years of operation, and from 2010 to
2015 it shut down for upgrades. Just two
days after being rebooted, it received a
signal that was “so beautiful that either it
had to be a wonderful gift or it was suspicious,” says Peter Saulson, a physicist at
Syracuse University, who led the LIGO
Scientific Collaboration—the international team of scientists who use LIGO
and GEO600 for research—from 2003
to 2007. Could someone have injected a
fake signal? After an investigation, they
concluded that no one person understood
the whole system well enough to pull it
off. A believable hack would have required
a small army of malcontents. Imagining
“such a team of evil geniuses,” Saulson
says, “became laughable.” So, everyone
conceded, the signal must be real—two
black holes colliding. “In the end,” he says,
“it was a sociological argument.”
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e often overestimate our ability
to explain things. It’s called the
illusion of explanatory depth.
In one set of studies, people rated how
well they understood devices and natural
phenomena, like zippers and rainbows.
Then they tried to explain them. Ratings
dropped precipitously once people had
confronted their own ignorance. (For an
amusing demonstration, ask someone
to draw a bicycle. Results often don’t
resemble reality.)
I asked Reitze if he himself had fallen
prey to the illusion. He noted that LIGO
relies on thousands of sensors and
hundreds of interacting feedback loops
to account for environmental noise.
He thought he understood them pretty
well—until he prepared to explain them
in a talk. A cram session on dynamical
control theory—the mathematics of
managing systems that change—ensued.
The illusion may draw on what Sloman,
the cognitive scientist, calls “contagious
understanding.” In one set of studies he
conducted, people read about a made-up
natural phenomenon, like glowing rocks.
Some were told the phenomenon was well
understood by experts, some were told
it was mysterious, and some were told it
was understood but classified. Then they
rated their own understanding. Those in
the first group gave higher ratings than
the others, as if just the fact that it was
possible for them to understand meant
they already did.
Treating others’ knowledge as your
own isn’t as silly as it sounds. In 1987,
the psychologist Daniel Wegner wrote
about an aspect of collective cognition he
called transactive memory, which basically means we all know stuff and also
know who else knows other stuff. In one
study, couples were tasked with remembering a set of facts, like “The Kaypro II
is a personal computer.” He found that
people naturally tucked away more facts
on a topic when they believed that their
partner was not an expert on it. They
wordlessly divided and conquered, each
acting as the other’s external memory.
Other researchers studying transactive memory asked groups of three
to assemble a radio. Some trios had
trained as a team to complete the task,
while others comprised members who
had trained individually. The trios who
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had trained as a team demonstrated
greater transactive memory, including
more specialization, coordination, and
trust. In turn, they made fewer than half
as many errors during assembly.
Each individual in those trios may not
have known how to assemble a radio as
well as those who had trained as individuals. But as a group—humans’ normal mode of operation—their epistemic
dependence bred success.

S

everal lessons follow from seeing
your own knowledge as contingent
on others’. Perhaps the simplest is to
realize that you almost certainly understand less about just about any subject
than you think. So ask more questions,
even dumb ones.
Acknowledging your epistemic
dependence might even make debate
more productive. In a 2013 paper,
Sloman studied the role the illusion
of explanatory depth plays in political polarization. Americans rated their
understanding of, and support for, policies related to health care, taxation,
and other hot-button issues. Then they
tried to explain the policies. The more
the exercise reduced their own sense of
understanding, the less extreme their
positions became. You can’t take a firm
stand on shaky ground. No one understands Obamacare, Sloman said—not
even Obama: “It’s too long. It’s too complicated. They just summarize it with a
couple of slogans that miss 99.9% of it.”
Another lesson comes from Hardwig’s
original paper on epistemic dependence.
The seemingly obvious notion that rationality requires thinking for oneself, he
wrote, is “a romantic ideal which is thoroughly unrealistic.” If we followed that
ideal, he wrote, we would hold only relatively crude and uninformed beliefs that
we had arrived at on our own. Instead of
thinking for yourself, he suggested, try
trusting experts—even more than you
might do already.
I asked Sloman (an expert) if that was
a good idea. “Yeah!” he said. “Florida. Do
I have to say anything else?” (Florida’s
covid-19 cases were skyrocketing at the
time as people ignored experts’ advice
on protective measures.) In reality, of
course, rationality requires a balance
between taking advice and thinking

for yourself. Without at least scratching the surface of an issue, you’ll fall
for anything.
To test the veracity of a fact, check
whether experts agree on it. Gabriela
González, a Louisiana State physicist
and another former head of the LIGO
Scientific Collaboration, said that as a
diabetic, “I would never try to get the data
of a clinical trial and analyze it myself.”
She looks for medical consensus in news
stories about potential treatments.
You can also have an independent
expert review another expert’s claims.
In science, this is the process of peer
review. In daily life, it’s checking with
your uncle who knows about cars, cooking, or whatever. Inside LIGO, committees review each stage of an experiment.
They might ask independent experts to
dig into code others have written, or just
ask probing questions. Researchers analyzing the combined data use multiple
algorithms in parallel, each written by
different people. They also run frequent
tests of the hardware and software.
Another audit, which we instinctively use in everyday life, is to see how
people respond to questions about their
expertise. “Dialectical superiority” is a
cue that Alvin Goldman, a philosopher
at Rutgers University, suggested using
in a 2001 paper titled “Experts: Which
ones should you trust?” He wrote that in
a debate between two experts, the one
who displays “comparative quickness
and smoothness,” and has rebuttals at
the ready, could be considered the one
with thorough understanding of the
issue. However, he points out the weakness of this cue. (Having all the answers
is sometimes a bad sign, Sloman said:
“I think an important cue is: Do they
express sufficient humility? Do they
admit what they don’t know?”)
Goldman’s paper offered four more
cues as to whether an expert’s opinion
is reliable. They are the approval of other
experts; credentials or reputation; evidence about biases or conflicting interests; and track records. He acknowledged
problems with all four but suggested that
track records were most helpful. If these
seem like ad hominem appraisals rather
than evidence-based ones, Sloman says,
that’s not a bad thing: “It strikes me as a
lot easier to evaluate someone’s credibility than to acquire all the knowledge that
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that individual has. It’s orders of magnitude easier.” As for formal credentials,
he said, “You can call me an elitist if you
want, but I think having a degree from a
reputable institution is a sign.”
Ultimately, knowledge is about both
evidence and trust. Harry Collins, a
sociologist at Cardiff University who
has been writing about the gravitational
wave community for decades, emphasizes how face-to-face interactions shape
what we believe to be true. He recalls a
Russian scientist who’d visited Glasgow
to work with a team that couldn’t reproduce his results. Even though they didn’t
succeed during his visit, they no longer
doubted him, because of the way he
worked in the lab. “For instance, he’d
never go out for lunch,” Collins said. “He
insisted on having a sandwich—when
he’d come all the way from Russia and
could be enjoying delicious Glaswegian
curry.” They believed that no one so dedicated would be making up his findings,
so they kept trying, and eventually they
achieved similar results.
Epistemic dependence also highlights the importance of sharing your
work in progress. Before interferometers, when physicists built gravitational
wave detectors using vibrating aluminum bars, they protected their raw data
and shared only lists of detections they
thought they had made. Eventually they
began to trust each other and work
together more closely. If the physicists
at LIGO and other detectors had stuck
to the old ways, Giaime said, “we could
have blown the discovery of the century”—a 2017 neutron star collision that,
unlike the 2015 black hole collision,
was also studied by radio, gamma-ray,
x-ray, and visible-light telescopes. That
was made possible only because LIGO
and Virgo shared data, allowing them
to quickly pinpoint where the collision
took place. Without that cooperation,
Giaime said, “we wouldn’t have known
the sky position of the pair of neutron
stars accurately enough to point telescopes at it soon enough.”
Of course, epistemic dependence
also has its downsides. Consider the
costs of turnover within organizations.
If someone who’s a key part of your project leaves, you lose pieces of collective
knowledge and capability that you can’t
make up on your own.
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s scientific collaboration has
changed, so have scientific awards.
“The Nobel Prize is an anachronism
from an earlier age when things were
done by an individual or a small number
of people,” says Weiss, who shared the
Nobel Prize in Physics in 2017 with Kip
Thorne and Barry Barish for his work on
gravitational waves. “I felt awkward on
receiving it and was only able to justify
it by saying I was a symbol for all of us.”
In Giaime’s office at the end of the
tour, he pointed to a plaque on his wall.
In 2016, the Special Breakthrough Prize in
Fundamental Physics was awarded to the
LIGO Scientific Collaboration. A million
dollars went to Weiss, Thorne, and another
founder, Ronald Drever, and $2 million
was split equally among a thousand other
people. “It’s a memento to a kind of a new
era of science,” Giaime said, “where large
groups can get prizes together.”
The awards are catching up to how
science operates today. Researchers have
always depended on each other to fill
in gaps in knowledge, but specialization and collaboration have grown more
extreme, integrating global networks of
domain experts. The LIGO Scientific
Collaboration involves hundreds of people, many of whom have never met. They
use tools and knowledge contributed by
thousands of others, who in turn rely on
the tools and knowledge of millions of
others. Such organization doesn’t happen by chance: it requires sophisticated
technical and social systems, working
hand in hand. Trust feeds evidence feeds
trust, and so on. The same holds true for
society at large. If we undermine our
self-reinforcing systems of evidence and
trust, our ability to know anything and do
anything will break down.
And perhaps there’s a broader, even
philosophical, lesson: You know much
less than you think you do, and also much
more. Knowledge can’t be divided at the
seams between people. Maybe you can’t
define photosynthesis, but you’re an integral part of an epistemic ecosystem that
can not only define it but examine it at
the smallest scales, and manipulate it for
the benefit of all. In the end, what do you
know? You know what we know.
Matthew Hutson is a science
journalist and author of The 7 Laws
of Magical Thinking.
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Quiet Earth Philosophy

I

hadn’t heard from the engineer in years.
I’d grown up with him, first as a rival and
then as his brother, but ever since we’d
entered adulthood, our lives had run parallel, no longer connected. From a distance, I’d kept
up with his success as a programmer and tech
entrepreneur. I knew that he’d helped build the
government’s new data infrastructure in the wake
of the coronavirus. That he’d done well for himself.
It was a Friday.
The 7th of November, 2026.
I was speaking to a small class of game
design students at a media institute in central
Johannesburg, delivering a lecture on how to
translate images into narrative, when I felt the
first text vibrate against my chest. The previous
night, my wife Mihlali had asked me if I was feeling alone in the city again. In Johannesburg, she
meant. For the past two weeks, she’d been in Cape
Town, visiting her sister. My first thought was that
she hadn’t been convinced when I’d told her I
was doing fine. Then the second vibration came.

It was an intimate class and I could speak
in my normal voice, which I liked, but that also
meant the phone was too loud for the room. The
students laughed as I switched it off.
In my car, afterwards, I unlocked it and saw that
the texts hadn’t come from Mihlali, but from an
unfamiliar number. I read them from the top. Three
links and a note telling me we should meet the
next morning. The signature read: the engineer.
It was him.
I thought of that afternoon in 2006, at the
gaming convention, when we were closer than
brothers, but only an hour from being estranged.
I thought of the LAN party.
How no one else in the room was Black.

y wife and I used to be mired together in
a newsroom at a national paper before my
first script got picked up by a games studio in
Cape Town.
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For years, Mihlali hadn’t even known that I’d
been working on a computer game.
No one had.
I’d wanted to make one ever since I was a child,
and had been mulling over a particular idea for
at least a decade, but I wasn’t sure how it would
be received.
It was premised on the construction of different civilizational models. In it, users nurtured a
humanoid population from single-cell organisms
to intelligent life, before creating institutions to
safeguard them. The feature that made it distinct
from other life simulation games was that it gathered data from users as much as it was influenced
from their direct input. It used their photographs
to influence the design of the humanoid. It also
surveilled their internet usage and communicated to them through a chatbot therapist, both
of which affected the status of their populations,
showing up in the game as ratings of “Individual
Happiness,” “Communal Happiness,” “Freedom,”
and “Knowledge.” This influenced which civilizations emerged, ranging from competitive societies
to conservationist communities.
I’d anticipated that the surveillance in the game
would be controversial, but for the most part, the
feature went ignored. The times had changed, I
thought, and data no longer concerned us.
Instead, it was the question at the center of
the game itself—how we wanted to live—that
drew the studio’s attention.
Then the market’s.
Then the engineer’s.
I’d told my wife about it, after I’d sent off the
script, and she’d helped me wait.
Then, after five years of development, it came
out.
Even though I’d nursed a reasonable amount
of doubt about it, the game stood its ground. It
was a success with critics and sold well enough
for me to approach Mihlali and suggest we both
quit the newsroom. The two of us had been worn
through from reporting, I thought, and we were
aging—marching toward our tombs. There was a
contract on the table for the team in Cape Town
to develop a sequel through a studio with offices
in Quebec and Maastricht. That night, I made
sure that we had enough wine—enough for me to
deliver the news, and enough for Mihlali to hear it.
That enough time had passed since our last fight.
“It would be precarious,” she said, “you being
a writer and me a housewife.”

I waited. Her pragmatism was a draw for me,
Mihlali knew that, but I could also tell she was
as enthusiastic about it as I was.
“No, I think it’s a beautiful idea,” she said, and
then we made love.

’d told the engineer to meet me at a farmers’
market in the north of Johannesburg, where
my wife and I often met with friends who were
visiting from out of town, but he hadn’t arrived.
That was close to an hour ago.
I asked a bartender at one of the stalls if she
had a stock of beers that weren’t from craft breweries and she winced, as I’d expected her to. “Fine,
but don’t tell me about its recipe or background,”
I pleaded.
There was a sheet of plastic dividing us, and
the market had been sectioned into quadrants
for distance. The bartender smiled. I paid for
a draft of red ale and walked to a corner a few
meters removed from the food stalls, to the left
of a vacated bandstand.
I thought about the engineer and wondered
what he was like now.
If he was troubled.
If he was content.
Ever since we were children, we’d both nursed
a libidinal hunger for machines, our first love
being circuit boards. Pixels were intoxicants.
Existence felt like a cage, and gaming was an
implement that clawed us out. It strengthened
how we imagined. Days after playing through
a cartridge on our bootleg Nintendos, we’d still
be deconstructing its plotlines and elaborating
on the fates that had befallen its cast. Homeland
geeks, we were both born at the end of the 20th
century—in 1986, months before Chernobyl, and
before P.W. Botha declared a state of emergency,
detaining a thousand protesters in an attempt to
push back the liberation of our parents. In the
aftermath, lathered in petroleum jelly and dressed
in discount-store bibs that caught teaspoons of
our milk and sorghum porridge, we grew up in
the ashes of a thwarted revolution, scheduled
first to be scalded inside the cruel experiment
of assimilation.
Mother-raised and father-deserted, we shared
an alliance of absence. Inward, we were kicked
and shoved for being too tender amongst our
own. Forced into partnership, in a silent pact,
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we agreed to compete—to treat our schoolwork
like a video game and establish a high score for
it, staving off boredom and distracting ourselves
from the torments that arrived at the hands of our
peers. Then we’d filled the rest of our time with
AC adapters, RF cords and cartridges. PE teachers called us lovers to mock our resolve, but the
engineer was a brother to me. I’d grown stronger
on his mother’s porridge.
I looked at the links he’d sent me in his texts,
thinking back to an old arcade machine we used
to crack at a shop two blocks down from his
house—and to a stack of foreign gaming mags
we’d once found tossed with a neighbor’s porn.
I thought of how no one else knew what a 3DO
was. World Heroes Perfect. Neo Geo. SNK vs.
ADK. How packed the shop used to get. The
old man with the bad cough, hairy knuckles, and
gray eyes. How he sold us bread and broke our
change into 50-cent pieces, pushing out phone
cards and packing our brothers’ blazer pockets
with loosies. He had a suburban yard, like us, but
he’d converted his garage into a spaza shop, serving the neighborhood with bread, milk, candies,
and snuff. He’d installed an arcade machine at
the rear and we’d lean over the screen and cuss
all week, late to getting home, pumping our fists
and sticking coins between the buttons to book
the next play.
It was a boxing ring, and also where I’d met
the engineer.
I was often in fights with him before we
started throwing our matches and splitting
wins. Each laaitie from our neighborhood who
cracked the machine had a favorite character
whose mannerisms—those pixels from the east—
would bleed inward, erupting in their limbs at
moments of triumph. Each laaitie except me and
the engineer, that is. Even though I’d started playing the game with Dragon, the two of us were
shackled to mastering every character: neither
of us knew who we were, and we didn’t feel safe
enough to choose in front of people at the shop.
That made us crack the machine harder than
they did, birthing an audience. Later, laaities in
town would cross blocks to crowd into living
rooms where we sat in front of the machines of
more fortunate sons, garlanded in their spoils
and praise as we cracked consoles our parents
couldn’t afford.
The first link was from 2012: a story about how
scientists in Edinburgh had created brain tissue

from patients afflicted with schizophrenia and
bipolar disorder. The second detailed a 2019 plan
to install an internet pipeline that would surround
and provide data for the entire African continent.
The third, from 2020, tallied the death rates six
months into the first coronavirus lockdown.
I read his invitation to meet again, closed it,
and leaned back, breathing out.
That’s when I saw him.
The engineer was standing across the market, staring at me. He didn’t look as old as I’d
expected, I thought, and as soon as I did, I wondered what he’d think of me.

ven before greeting him, maybe to disarm
the man after a span of two decades that
felt like a span of two decades, I told him I was
surprised that there was no mob around him.
He was one of the nation’s wealthiest men. I’d
expected a retinue.
He laughed.
I took a moment to look at him. “How long
has it been?” I asked. “I was convinced the grave
would take me first.”
He smiled. “Too long.”
I’d once drawn a portrait of him, I thought.
I’d once helped him draft a letter to a girl
down his street.
“I finished your game three times, you know,”
he said.
I thanked him. I was grateful.
“It’s good to talk,” I started, but he embraced
me before I could finish.
It was presumptuous, but I thought of him
as a man lost.
That touched me, the clinch that suggested he
wanted to share a portion of his life with his oldest
friend. I followed him to his car: he had a driver.
Five minutes later, we were weaving past the
market.
I followed his gaze through his window.
The streets were vacant. Masked stragglers
stood marooned at different bus and taxi stops,
open in their despair. Ever since the first cases
of the coronavirus had leaked in from our airports, mushrooming in the population like a dye
underwater, the death toll had risen unmitigated,
thinning the roads. I wondered if he was contemplating it too.
“Humankind has never cured impairments
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endemic to humankind,” he said. “Instead, it’s
learned to live around them, evolving.”
I didn’t disagree.
It was an obstacle I’d encountered in making
the game. I’d had to think past the world he meant,
the one we shared, the order that had broken us
and our parents.
In the beginning, I'd created one force of living
organism versus another force of living organism
and placed them in conflict across centuries, tracking the evolution of the organism as a whole. It
was 16 months into development before I noticed
the error I had built into the premise.
I’d started to see humankind as a species of
monsters. I’d moved inward, avoiding crowds,
and had lost the motivation I needed to live. I
would wake up from dreams in which I saw us
for what we were: patterns of bones suspended
inside loose mounds of flesh, contaminants running restless over the earth’s crust, tonguing the
marrow of fellow mammals and suffocating the
planet inside a carapace of plastic.
My wife and I had fought over having children.
It was for the same reason I’d hidden the game
from her at first.
I went back to it and realized that the mistake
I’d made was using the world I knew.
I’d polluted it with humankind.
I’d needed to model new variations.
I’d needed to understand that Black freedom
was inconceivable in our world, and thus to
imagine it was to imagine the end of the world.
“I have a proposal,” the engineer said. “It’s a
game too.”

is driver coursed down the spine of the
metropolis.
“This world is destructing,” he said, looking
out of the window. The car approached an intersection and two women crossed, staring into the
windscreen over their surgical masks.
“However, it’s not the end,” he said. “It’s also
the start of things. The following age will be
modulated through ubuntu, liberating the last of
humankind to exist in a hierarchal civilization.
The game is a tool.”
“In service of ubuntu?”
He shook his head.
“No, ubuntu is instrumental, but our destination is further down the line.”

H

His driver led us into a tunnel and I leaned
back as the world darkened.
I asked him what the destination was.
“Humankind’s transition into the transhuman,”
he said. “The transhuman cannot exist outside of
ubuntu, of course, which is the antithesis of the
colonial order for a number of reasons. It’s horizontal in nature, it favors interconnectedness,
and within it, one gains their humanity, their
being, through others gaining their humanity,
their being—you are, therefore I am. But the
transition itself is the destination.”
“The transhuman?”
“The existence of the human consciousness outside human bodies,” he said. Then he
turned back to the window, and the tunnel light
glinted orange against his profile. “It’s inevitable. Humankind’s conundrum is corporeal. Two
things are immutable about us as living, breathing organisms. The first is that we herd, and the
second is that we perform our most decisive
action, the thinking that germs out into wars and
epochs, from the pits of our bellies, between fear
and appetite. Europeans lunged on the world
from an overabundance of that fear, an imbalance
that mangled the world, but the fear is endemic
to humankind.”
I listened to him as we drove.
The tunnel felt endless.
“The game is in service of Quiet Earth
Philosophy,” he said, “a manner of thinking
that anticipates the beginning of the world.” His
driver led us out of the tunnel. Light flooded in
against the console. “Quiet Earth Philosophy
understands that in order to survive, humankind
will have to evolve to forfeit corporeal existence
and continue on as a simulation of consciousness, hovering over a quiet earth of transistors,
powered through the planet, as is suggested in
mainstream transhumanist literature. The cause
for the transition isn’t known. Earth could be
uninhabitable or it could be evolution. In the
meantime, Quiet Earth Philosophy anticipates
the event as inevitable. It aims both to safeguard
humankind’s transition and to install an egalitarian code in how we form institutions in the
transhuman future.”
“Through accelerating ubuntu?”
“That and further. Human consciousness
is trammeled inside the human organism,” he
said. “Liberated, it’s expected to thrive, but not
that alone: it will also relieve the planet of our
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bodies, whose fears and appetites have grown
into a malignant force of nature. That’s the germ
of Quiet Earth Philosophy. If the idea is seeded
now, we believe, it will flower on its own amongst
posthuman philosophers in three centuries,
under a different name, and will culminate in a
movement to rehost human consciousness inside
brain tissue, safeguarding a second transition:
the return of the reconfigured living, breathing
organism.”
“Three centuries?”
“Four consecutive lifetimes. It isn’t that long.”
“Regardless, how is it possible to tell? Even
with ubuntu.”
He went silent.
Then he said, “I had help from a supercomputer.”
I looked at him and he grinned.
He was a child again, I thought, wearing the
flesh of a powerful man.
“It was called the K computer, and was
installed in Kobe, Japan. In 2019, before it was
decommissioned, I was in a group of 20 researchers who were given access to use it for calculations. Fugaku, its successor, appeared 10 months
later, half a year into the pandemic, and was 100
times stronger.”
I remembered it. In 2020, the supercomputer
had been put to work researching a cure for the
coronavirus.
“I was invited back to use Fugaku, too,” he
said, “but international air travel was banned.
The K computer used data assimilation, machine
learning, and simulation—and each calculation
led us back here: to ubuntu and the second
transition.”
I leaned back in my seat, thinking of all the
data it wasn’t possible to gather.
“The sample for that …”
“It’s true,” he said. “The models were enormous. In the quadrillions. Potentials spiraled
outward. The input we had, which was organized
around patterns observed in the evolution of
social orders, was a fraction of what’s out there,
and the nature of our input had a direct influence on our results—I can admit that. It doesn’t
make it untrue, though. It means it’s one truth
amongst quadrillions. The future holds countless
possibilities,” he said, “but the odds rise in our
favor once we influence the present.”
“Making it self-fulfilling?”
“To a degree.”
I was quiet. The three of us drove in silence.

“I have to design a game that’s a carrier for
Quiet Earth Philosophy?” I said.
“That’s right.”
“It’s a game, though. How would it convince
the population on the scale needed?”
“I have leverage,” he said.
I asked if it was from the supercomputer too,
and he shook his head.
“That wasn’t needed, but I used it for
confirmation.”
He pointed at my phone.
“The links?”
“Those three discoveries,” he said, “though
they were of no great importance at the time
of their announcement, have allowed us to
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synthesize a technology that will bring about
great change in the next century. And it will be
introduced to humankind through Quiet Earth
Philosophy.”
The driver approached another intersection.
Then, when he pulled off again, I realized
I knew where we were headed. It was where
we’d last spoken, and also where he’d become
the engineer.

he gaming convention.
2006.
It was in west Johannesburg—a province
removed from Cape Town, where I’d moved and
settled to major in media—and was meant to
reunite us after a year in separate cities.
I took a bus and got there late, crashing with
him at his brother’s place.
His brother was a few years older and lived
with his girlfriend. He drove us out to the convention the following night, cracking wise about
virgins and nerds.
The ribbing was familiar, and I didn’t mind it.
I wasn’t a virgin.
In Cape Town, I wasn’t sure what I was. I
missed tutorials and didn’t care. I lied to women
and avoided calls from home. I took drugs and
didn’t sleep. I’d gone out drinking, once, and

T

woken up the next morning inside a McDonald’s
booth, wincing from mortal fear. I felt poisoned.
I didn’t like myself when I was sober.
For his part, the engineer told me how, through
both semesters, no one had allowed him to belong
to them. That he felt alone and wasn’t sure if he
wanted himself either.
The two of us spent the afternoon watching DVDs before his brother dropped us off at
the convention, padding us with 500 bucks to
feed on.
I wandered off to a Magic the Gathering
stall, while the engineer walked over to the LAN
party—a network of 15 computers running the
same game behind a drywall partition—preparing to pad up his frag count and test out
patches. I couldn’t get into first-person shooters
the way he could, but it wasn’t far from where I
rubbernecked between the console stalls with
a backpack and soda, testing out demos and
watching anime subs downloaded from mIRC.
I hadn’t played Magic in five years and had lost
all my cards even before moving to Cape Town.
I leaned over the table and read the loser’s hand,
rooting for them.
“Shall we turn away a worthy soul
because his parents were peasants? I think
not.”
“When a you’re a goblin, you don’t have
to step forward to be a hero—everyone else
just has to step back!”
That’s when I heard a crash.
Then laughter.
I turned around and saw the engineer crossing the computer aisles, his face blank.
He walked past me and I followed him outside.
I asked him three times, before I stopped.
Even though I knew no one else in the room
was Black, he never told me what happened.
Instead, when we got to the parking lot, he found
a place to cross through the fence and, placing
his backpack beneath him on the grass, looked
up at the stars, silent.
“I’m sorry,” I said.
I remembered how I’d once spent a summer
surviving his father with him. His old man lived
alone and worked at a college three hours from
us. He had a temper we couldn’t predict, but in
the afternoons, the two of us could spend hours
exploring the world inside his parking lot. The
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campus was two blocks down from his flat, and
after our chores we used to sneak into the art
collections and computer labs.
As we did laundry in their tenement garage
once, the morning after his father had thrown
a plastic bowl into his face and bruised his left
eye, large dams of honey had soaked through the
ceilings and glazed the walls of the stairwells we
used to play in. The two of us had a honeycomb
in each hand before we heard the maintenance
trucks arrive to disperse us with the bees. In the
wake of their hoses, the engineer taught me how
to make gum guards out of the wax.
How to resist.
I sat down next to him and he told me that
over the last semester, he’d been writing a game
about a character that created the perfect world
for us. Then he described it to me, the way we
used to do at his father’s flat, where we’d lived
each hour in fear and what had felt safe was
animation, X-Men, universities, fresh loaves of
bread, a tunnel of trees, a large television screen,
the groan of a dial-up modem, Black contemporary art, the heat radiating off a computer tower,
3D Word Art, and Capcom. The soft, soundless
pixels of Windows 95 and each other.
He’d called the game “The Engineer.”

got out of the car, when we stopped, and followed him down to the parking lot, crossing
through the fence and walking past the grass hill
where he’d lain down that night.
“I own it now,” he said. “This is the world’s
first Center for Quiet Consciousness.”
I told him I hadn’t heard of it.
“It’s covert.”
He led me inside, into a hall with a scattering
of young people, all of whom cheered as soon as
they saw him. They were arranged in clusters—
on the floor or in front of computers—and he
wandered off to speak to a few.
Headed back to his car, he stopped.
“I apologize for taking flight from our friendship that night,” he said. ‘Remember how much
we used to compete? I felt like I had to bring
something back for us after that night. First,
I would finish my game. Then I would turn it
into the world.”
I apologized to him too.
I owed it to him. I’d lost the implement I’d
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needed to claw myself out of my cage, and I
hadn’t had what he’d needed from me when
he’d needed it.
I asked him why they called him Mark inside.
“It’s what I tell them, and it’s what I tell
myself,” he said. “It’s an alias. It means target—
and that’s what we are: an army of targets safeguarding the beginning of the world.”

ark told me that he had to catch a flight
and that his driver would drop me off at
the market.
I accepted and thanked him.
Driving home afterwards, I thought of the
first time we met.
It was during a weekend, on a morning when
the streets were still vacant and the dew was
patterned and crisp across the neighborhood
fences. I’d been sent out for bread and canned
tomatoes and he had walked in a minute after I
had, balancing a loaf of brown bread on top of
the machine, as truant as I was. There was no
one else in the shop that morning, and I could
feel him leaning against the wall, watching me.
“Nice,” he said, after a while.
I’d used the same technique to defeat the first
three levels with a perfect score.
I turned around and he grinned at me, his
teeth as crooked as mine.
“It’s not hard,” I said, tapping the start button
to rush through the score count.
“I know.”
From inside the garage, the sun rose, blanketing the screen in a bright sheet of dust.
Mark told me he could do it too, and when I
let him, he hadn’t lied.
The two of us split our rounds after that,
taking turns to crack the CPU apart, and after
a while, I realized we’d been laughing, which I
never did at the shop.
Now I couldn’t stop. The sound rang out
against the chime of the machine, and it was
as if we’d become one. Transhuman. I’d chosen
Dragon, a Bruce Lee knockoff, and the machine
lumbered after us as Johnny Maximum: a sevenfoot quarterback who was 10 times our real size,
I thought, but a fraction of our strength.
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July 1949

From the telegram to TV to
the internet, new technologies
have raised hopes for a better
participatory democracy.
But has it ever worked out?

January 1971

September 2008

From “Bridges of Knowledge”: If you were

From “Citizen Feedback: The Need and the

From “How Obama Really Did It”: The Obama

assigned the job of accompanying Aristotle
on a fortnight’s visit to our national Capitol,
perhaps you would find that the thing
that would astonish him the most about
us Americans is that only half of us who
were eligible to vote, took the trouble to
vote last November 2. After he had learned,
as he soon would, the main features of our
political system, he could not conceal his
surprise at the fact that a nationwide poll
in 1946 indicated that not two adults in
10 had ever sent letters or telegrams to
their representatives in Congress, and
that similar polls of 1942 suggested that
only half the American voters could name
the congressman from their district and
only 65 percent of that select group knew
what his congressman’s attitude was, in the
days before Pearl Harbor, on the question
of peace or war.

Response”: Citizen feedback in modern

campaign has dominated new media.
Americans are more able to access content online; 55 percent have broadband
Internet connections, double the figure
for 2004. Social-networking technologies
have matured. Although the 2004 Dean
campaign broke ground with its online
meeting technologies, “people didn’t quite
have the facility,” says Lawrence Lessig,
a Stanford law professor. “The world has
now caught up with the technology.” If
Obama is elected, he could encourage his
supporters to deluge members of Congress
with e-mails, or use the Web to organize
collective research. The campaign said in
one statement that “it’s certain that the
relationships that have been built between
Barack Obama and his supporters, and
between supporters themselves, will not
end on Election Day.”

nations has been greatly affected by television, radio, and newspaper wire services.
President Nixon’s press conferences reach
millions of viewers and radio listeners, and
later are summarized for a similarly large
audience by the daily press. But how does
this immense audience reach the President?
Can new systems such as the time-shared
remotely accessible computer be used to
help redress the imbalance? If this can be
done, the Communications Revolution
could have as great a significance as the
Industrial Revolution. For just as the
Industrial Revolution diminished the power
of the economic elite that had been most
concentrated under the Feudal System, so
should the Communications Revolution
diminish the power of today’s “knowledge
elite”—the so-called Establishment.
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