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FROM
THE EDITOR

Let’s Science
That

As an editor, I've never been a big fan of turning nouns into
verbs when perfectly good options already exist. But I'd be hap-
py to see us use “science” that way. It’s a powerful, evidence-
based process of conducting experiments,
gathering data and performing analysis
on the results. It’s at once a methodical
set of practices and a tool that inspires
hope for a brighter future by advancing
discovery and innovation.

That’s why our cover story, “Top 10
Emerging Technologies of 2017,” has a spe-
cial resonance for me. It’s about world-
changing ideas coming out of the labs that
are poised to help us lead better, healthier
lives. Scientific American produced the
section in collaboration with the World
Economic Forum. The Forum annually
brings together business and policy leaders—and, increasingly,
scientists and their research—to discuss ways we can work
together to tackle the world’s greatest challenges. Turn to page 28.

The partnership that led to this special report began three
years ago. I was invited to serve as vice chair of one of the
Forum’s past Global Agenda Councils, focused on identifying
emerging technologies. Our chair was the irrepressible poly-

Mariette DiChristina is editor in chief of Scientific American.
Follow her on Twitter @mdichristina

math Bernard S. Meyerson, chief innovation officer of IBM. With
the help of knowledgeable council members, we produced ter-
rific lists for two years.

After our council term ended, our Forum lead, Rigas Hadzila-
cos, asked me if Scientific American might like to continue to help
develop the Top 10 Emerging Technologies list. He proposed that
we could tap the knowledge of members of the Forum’s Expert
Network and Global Future Councils; we also planned to reach
out to the ever savvy Scientific American
board of advisers and other specialists who
keenly observe developing innovations.
Not least, Meyerson also smilingly told me
he’d enjoy the chance to work for me this
time around. How could I resist an oppor-
tunity like that? I'm grateful to all who gen-
erously helped to shape this collaboration
and to the editorial team members who
have now brought it to you in this edition.

Elsewhere in our pages, you’ll find lots
of other ways science is making a differ-
ence: changing everything we thought we
knew about a “former” planet (“Pluto Re-
vealed,” page 40); helping us understand how the tragic history
of stolen people has forged modern society (“How Captives
Changed the World,” page 78); illuminating the true population
health of American burying beetles (“Beetle Resurrection,” page
64); and exploring the implications of possibly using new gene-
editing techniques to preserve ecosystems in the Galapagos
(page 48). Have a question? Let’s science that.
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NUCLEAR MATTERS
In “Nuclear War Should Require a Second
Opinion” [Science Agenda], the editors ar-
gue that the president of the U.S. should
not be the only person to decide on wheth-
er or not to cause worldwide havoc by or-
dering a nuclear launch and that “we need
to ensure at least some deliberation.”

Alone or through informed advice and
widespread consent, threatened by ene-
mies or not, an American president (or
any other president) should never have
the power to destroy the world. The U.S.
has countless other ways to make adver-
saries sorely regret threatening it.

STELIOS BAKALIS Thessaloniki, Greece

Your editorial’s recommendation introduc-
es ambiguity. Would it be desirable for the
president to consult “high-ranking mem-
bers of Congress” after a first strike, or the
imminence of one, when these members
might themselves be divided? And how
many need to affirm? To minimize delay
and the possibility of error, might not it be
better to require the secretary of defense
or the national security advisor, or both, to
certify that there is unmistakable evidence
that these weapons have been used?

What constitutes evidence would be
clarified by a policy of “no first use” (NFU)
of nuclear weapons. NFU draws a bright
line between when the use of such weap-
ons is justified—in particular, to retaliate
against their first use by another country—

“Before trying to
increase crop yields,
we must find ways to
reduce inefficiencies
in our food produc-
tion and distribution.”

OLGA SYRAYA DUSSELDORF, GERMANY

and when it is not. If one side adopts it, it
is in the interest of the other side to do so
to prevent a nuclear Armageddon, at least
given that both sides have second-strike
capability (as the U.S. and Russia do).

For a state like North Korea, which
does not have such capability, retaliation
by the U.S. would almost certainly wipe
out its future capability and annihilate its
leadership. So even though North Korea
may not agree to NFU, it would be foolhar-
dy for it to seriously consider a first strike,
which translates into its implicit adoption.

STEVEN J. BRAMS Professor of politics,
New York University

CROP TALK

In “Building a Better Harvest,” Marla
Broadfoot reports on efforts to utilize the
phytobiome—the web connecting crops
with environmental factors such as micro-
bial communities—to avoid famines. I ap-
preciate that crop science aims to adopt a
more holistic approach. But I am some-
what perplexed by Broadfoot’s assertion
that yields must increase by 70 percent, as
concluded in a 2009 United Nations Food
and Agriculture Organization (FAO) dis-
cussion paper, to satisfy population growth
and increasing meat consumption.

Before trying to increase crop yields,
we must find ways to reduce inefficiencies
in our food production and distribution.
About a third of edible food is wasted glob-
ally, and the FAO found that 6.7 percent of
global greenhouse gases comes from food
waste. Further, a June 2010 report by the
United Nations Environment Program
urged a global shift toward a plant-based
diet to fight hunger, poverty and climate
change. And adoption of such a diet would
make people healthier. China has already
recognized the environmental and health
threat posed by growing meat consump-

tion and has developed a campaign to re-
duce it by 50 percent by 2030.
OLGA SYRAYA Diisseldorf, Germany

Broadfoot’s article largely ignores an im-
portant consequence of crop yield increas-
es: they can depress market prices for the
crops. Unless they provide more income
despite falling prices, higher yields may do
the farmers more harm than good.

In addition, although Broadfoot con-
cludes with a brief mention of the prob-
lems involved in getting food into the
hands of the starving, that observation
conceals an important point: if we stopped
putting our crops into the bellies of cattle
and ethanol fermenters and the hands of
dictators, we could probably feed the world
right now without having to increase
yields, and doing so would also reduce
pressure on the environment created by
high-intensity agriculture. Sometimes hu-
man problems require human solutions.

GEOFF HART via e-mail

MENTAL MONOLOGUE
“Talking to Ourselves,” by Charles Ferny-
hough, discusses studies on the neural
bases of people talking to themselves in
their mind. I wonder if any research has
been done to determine if such “inner
speech” is still present in people suffering
from dementia or Alzheimer’s disease—or
if it is present but in a different form. My
mother-in-law sat motionless for hours,
unable to speak to us, and I always won-
dered if she still could speak to herself.
SANDRA RoBBINS Carlsbad, Calif.

I would like to know if any of the brain
pathways found in the research on self-
talk could be similar to dreaming. It seems
like dreaming might be an uncontrolled
visual re-creation of the process.

LANNY SCHROEDER via e-mail

FERNYHOUGH REPLIES: Regarding Rob-
bins’s question: Inner speech is difficult to
study. In the case of individuals with de-
mentia, the problem of obtaining reliable
reports on inner experience iS even more
acute. It appears likely to me that inner
speech will continue in people who, for rea-
sons including dementia, don’t use much
spoken language. One possibility for inves-
tigating such speech in dementia would be

© 2017 Scientific American
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to develop nonverbal measures, such as
pictorial representations of aspects of in-
ner speech, that could be used with individ-
uals who express little external language.
In answer to Schroeder: Dreaming oc-
curs mainly (though not exclusively) dur-
ing the rapid eye movement (REM) sleep
stage, when activity in the brain’s cerebral
cortex is similar to that observed when
people are awake. Methodologically, tying
particular dreams involving speech to ac-
tivation in language and other pathways
would be extremely hard. One way for-
ward might be through obtaining detailed
self-reports on dreams by adapting exist-
ing techniques of experience sampling. But
making such methods work with a sleep-
ing participant—perhaps awoken by a
prompt or beep and invited to report on
the dream—would be challenging indeed.

STRATEGIC CHOICE?
“A Matter of Choice,” by Peg Tyre, investi-
gates the results of school vouchers and
finds that they have led to lower scores in
math and reading. I was dismayed that
the article did not answer the question
posed under its title: “So why has the
Trump administration embraced them?”

The article discusses everything but
the proverbial gorilla in the room, which
is that public education is but another seg-
ment of the public trust that is being di-
rectly and systematically dismantled in
the name of private profits.

MoHAMMAD BaBAR Jefferson City, Mo.

INIMITABLE ALLUSION
In “Technology as Magic” [TechnoFiles],
David Pogue invokes the name “Jeeves”
in reference to instructing a hypothetical
butler. Pogue must get these things right:
the original Jeeves, created by British au-
thor P. G. Wodehouse, was not a butler. “If
the call [came], he [could] buttle with the
best of them,” but he was, in fact, a “gen-
tleman’s personal gentleman—a valet.
CHARLES GRIFFIN via e-mail

ERRATUM

In “The Roots of Science Denial” [October
2017], an editors’ note incorrectly states
that a draft of the Climate Science Special
Report was leaked to the press. The draft
had been made available for public com-
ment months earlier. We regret the error.
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Ice under Siege
We need a treaty to protect the

warming Arctic from exploitation
By the Editors

Snow crabs have arrived off the Arctic coast of Norway, around
the islands of Svalbard—foot soldiers in the world’s newest ter-
ritorial battle. The crabs were not seen there at the start of this
century, but today multitudes have migrated to the chilly
waters. Models project that the snow crab catch could soon
reach 170,000 metric tons a year—potentially bringing in about
$1 billion and making it, with Arctic cod, one of the region’s
most lucrative resources.

That kind of money is one reason Norway grabbed a Latvian
fishing vessel pulling crabs from Svalbard waters this past win-
ter. (The ship was held and later fined.) But there are many oth-
er reasons—including the race to pump undersea oil and to
establish new military outposts—that have nations with Arctic
coasts scrabbling, like aggressive crabs, to establish territorial
rights. Ice loss caused by climate change is opening up the Arc-
tic, and it looks like the competition to take advantage has the
potential to destroy the region and affect the entire planet.

The ice data are unequivocal: NASA reports that the average
area of Arctic sea ice that remains after the summer melting
season has shrunk by 40 percent since 1980. Winter sea ice has
been at record lows for the past three years, according to the U.S.
National Snow and Ice Data Center.

The newly open area boasts many attractions for nations
whose territories extend into the Arctic Circle (Russia, Canada,
the U.S., Norway, and four more), as well as countries looking

for more efficient shipping routes, such as China. As the ice
retreats, financial and national security interests advance. Here
is just some of what’s at stake:

= FISHERIES. Open waters allow more fishing fleets. But a free-
for-all could lead to drastic depletion of fish and crab stocks.
Hence, Norway’s claim that European Union countries have
very limited rights, or no rights at all, in its northern grounds.

OIL. This year Norway increased its estimate of the amount
of oil in the Barents Sea, including areas north of the Arctic
Circle, to 2.8 billion cubic meters. That’s double previous esti-
mates. The number of exploratory wells in the Barents is at a
record high. The U.S. has announced plans to expand Arctic
oil prospecting. Russia already has and asserts its continental
shelf—and oil rights—extend even farther north.

MINING. A Chinese firm has taken over a mine in Greenland.
And on the seafloor, nodules of valuable metals such as man-
ganese and iron have been discovered, and companies are
looking for ways to recover them.

NAVIGATION. Canada has mapped the newly widened
Northwest Passage, noting that most of it sits over the coun-
try’s continental shelf, giving it a claim of control that is chal-
lenged by the U.S. This shorter route between Asia and
Europe will attract huge ships, and lack of safety and environ-
mental regulations could lead to devastating accidents.

NATIONAL SECURITY. Russia has established a new mili-
tary base in the Arctic, a move that has made NATO uneasy.
The Russians have 40 icebreakers, some of them nuclear-pow-
ered. The U.S. has but two conventionally powered vessels.

Clearly, the world needs a treaty that governs how we use
this valuable region. It is a unique place: parts of the Arctic are
national territories, but as a whole, it is a global commons. Oil
spills, construction, overfishing, coastal degradation (which will
affect the indigenous peoples who live there), and military con-
frontation could have far-reaching consequences.

Such an agreement can’t be a mirror of the 1961 Antarctic
Treaty, which set aside that entire continent as a research re-
serve. That one was easy because no country bordered Antarc-
tica and no one lived there. The Arctic is entirely different. Eight
nations claim parts of it, and it is home to groups such as the
Sami that live in Scandinavian countries and Russia. We need a
treaty that sets resource limits in different categories and gets
nations to agree on shares. This is a feasible approach: The
United Nations Convention on the Law of the Sea was negotiat-
ed between many nations with exactly these kinds of principles.
(Only one major seafaring country, the U.S., has refused to sign.)
The Arctic Council, made up of the eight Arctic states, is the
group to spearhead this, and the time is now. Otherwise the ice
will be only the first of many things to disappear.
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DACASs Demise
Is Bad for
Our Health

Med school “Dreamers” will give more
care to underserved communities

| watched news coverage of the 2016 presidential election re-
sults sitting beside my roommate, a medical student at the Loyola
University Chicago Stritch School of Medicine. He has been in
this country since he was a kid, but he is undocumented. Now,
with the Deferred Action for Childhood Arrivals (DACA) pro-
gram on life support, I have a much more intimate understand-
ing of the fear on his face that evening in November.

Like many undocumented youth, my roommate learned of his
immigration status only when it came time to apply for college.
He grew up in our society, was educated by our public school sys-
tem where he pledged allegiance to our flag, and cherishes Amer-
ican values as much as anyone I know. It occurs to me now, as he
faces the threat of being sent “back” to Thailand, his country of
birth but not his allegiance, that this scenario is especially ridicu-
lous as he is preparing to dedicate a lifelong career to the better-
ment of our nation’s health.

Stritch was the first U.S. medical school to openly accept ap-
plications from DACA recipients, and it is now home to more un-
documented students than any other medical school in the coun-
try. Our DACA classmates are among the most resilient people I
have ever met. They excel in a grueling medical curriculum de-
spite the daily demonization of their status in our national polit-
ical conversation.

Reminding folks that “Dreamers” stand for the same things
native-born citizens do shouldn’t be necessary. But just in case
some readers are not convinced, I will make the case for undoc-
umented physicians. One thing most Americans can agree on,
even in 2017, is that our health care system has plenty of room for
improvement. The dramatic shortage of providers in underserved
communities is one area of focus.

To respond to this shortage and to tackle historic inequities
that have led to underrepresentation of minority groups, medical
schools have shifted toward mission-based admissions initiatives
that weigh more than mere grades and standardized test scores. At
Loyola, a Jesuit institution, this mission is grounded in the prin-
ciples of social justice and service to others. The university decid-
ed to build its Loyola Center for Health on Roosevelt in the less
affluent western suburbs of Chicago, less than a mile from our
school’s campus. The Access to Care program there provides free
health care to individuals in the local uninsured population,
including people who are undocumented.

Sahand Ghodrati is president of the class of 2020

-_ R . -
I at the Loyola University Chicago Stritch School of Medicine.

Health equity is further promoted by recruiting medical stu-
dents from diverse backgrounds. This initiative improves health
access in underserved communities: data have shown repeated-
ly that underrepresented minorities in medicine go on to practice
in underserved communities at higher rates. Undocumented im-
migrants, who live in society’s shadows without access to health
care, financial freedoms or the personal agency of having a driv-
er’s license, for example, are among the most disenfranchised
groups in today’s America.

Stritch began admitting undocumented students in 2014, in
recognition of the medical profession’s duty to benefit all people.
Their presence not only will result in our graduates reaching a
broader range of patients but also will guarantee they are a key
component of our professional development. When we confront
differing identities and perspectives, we actively build empathy—
perhaps the most vital quality of any good doctor.

To be sure, we were not immune to the divisive forces un-
leashed during the 2016 presidential campaign. Our class’s stark
ideological divide has compromised personal relationships and
introduced troubling fault lines in our community, just as it did
for people across the country.

But despite our differences, we recognize the importance of
supporting our undocumented colleagues. Even the majority of
our most conservative classmates attended a rally for our DACA
classmates and feel strongly about their right to realize their pas-
sion for treating the sick of this nation. For us, this is not a mat-
ter of politics—it’s common sense.
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