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LETTER
FROM THE
DEPARTMENT
HEAD
Dear Alumni and Friends,
Attention has been riveted on Pluto since the New
Horizons mission began beaming back those first
startling images of the icy dwarf planet at the edge
of our solar system. It made us all very proud to see
EAPS alumnae, faculty, and students on NASA TV, the
news, and on the internet this summer, and to reflect
on EAPS scientists’ role in this historic mission. We’re
especially mindful of the contribution of the late Jim
Elliot, professor of planetary science and physics at
MIT, who discovered Pluto’s atmosphere. A number of
Jim’s former graduate students, including Cathy Olkin
’88, PhD ’96 and Leslie Young, PhD ‘94, are now playing leading roles in the New Horizons mission. I am
delighted to report that, in recognition of Jim’s legacy as a scientist and mentor, Cathy
and Terry Olkin ’88 have made a generous gift to launch fundraising for a new James L.
Elliot (1965) Graduate Student Support Fund to benefit future generations of planetary
scientists. (If you’d like to help, please see page 19!)
Earth. Planets. Climate. Life. EAPS research and educational programs are motivated by
the quest to understand these overlapping and interconnected systems, the need to train
the next generation of earth and planetary scientists, and the obligation to provide the
data and scientific knowledge that leaders in government and industry need to better
prepare for what is to come. With climate change now on MIT’s radar and regular newsflashes about its impacts clamoring for our attention, this issue of EAPS Scope highlights
our climate research, from the fundamental to the more applied. From paleoclimate and
causes of mass extinctions, to present day atmospheric trends, carbon sequestration, the
waxing and waning of polar icecaps, the influence of local climates on landslides, and research into the origins of greenhouse gases, here you can read about how EAPS scientists
are unraveling the mysteries of the planet’s complex climate systems.
As 35 new graduate students from eight countries settle into EAPS and the MIT-WHOI Joint
Program for Oceanography this year, please remember it is your financial support that provides the fuel to keep the Department of Earth, Atmospheric and Planetary Sciences vibrant
and strong. We offered 16 student fellowships this year thanks to the generosity of alumni
and friends! Our long-term vision is to be able to provide fellowship support to all EAPS
graduate students in the two years leading up to their general exam. Towards this goal, we
aim to expand our cadre of ‘climate fellows’ (adding to the Norman C. Rasmussen Fellowships
generously endowed last year by Neil Rasmussen ‘76, SM ‘80* and Anna Winter Rasmussen)
by adding at least five new endowed fellowships over the next five years—ensuring we
continue to attract the brightest and best climate scientists to MIT. We owe it to our future.
I invite you to learn more about our scientists and students by viewing our short video
which reveals the core of our research and our mission: http://bit.ly/eaps-mission
With gratitude,

Rob van der Hilst
EAPS Department Head and Schlumberger Professor of Earth Sciences
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THE CLIMATE
CHALLENGE
EAPS SCIENTISTS FOCUS ON UNDERSTANDING CLIMATE AND ITS CHANGE OVER TIME
With the effects of climate change crowding global headlines with reports of drought,
wildfires, hurricanes, floods, and melting icecaps
—and devastating impacts upon human lives,
nature and the economy—the vibrant and
diverse climate research enterprise within MIT’s
Department of Earth, Atmospheric and Planetary
Sciences has never been more important. At EAPS
we are driven to pursue hard quantitative science, seeking new discoveries about and deep
understanding of earth and planetary systems.
EAPS has long been at the forefront of
climate science research, education, and public
engagement, and a leader on research into
climate change. The Department is unique in
integrating all aspects of climate science, from
past climate and its co-evolution with life on
our planet, to present day physics and dynamics
on global and regional scales, to possible future
climate trajectories on Earth, and even to the
study of planetary climates in our solar system
and beyond.
EAPS is home to a thriving community of
climate researchers, faculty, staff, and students
who nimbly cross traditional disciplines to
advance our understanding of climate.
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The diversity and comprehensive reach of our
Department is reflected in a host of activities
that are closely connected but have distinct
missions. The Program in Atmospheres, Oceans
and Climate aims to understand the physical,
chemical, and biological drivers of climate;
the Center for Global Change Science (CGCS)
bridges the Schools of Science and Engineering
to focus on reducing the uncertainties inherent to predicting environmental change; the
Climate Modeling Initiative is developing ever
more realistic simulation tools with which to
test our understanding of the climate system;
the Lorenz Center focuses on building our fundamental understanding of how climate works;
the Earth Resources Laboratory (ERL) is tackling
the challenges of geological carbon sequestration and exploring low-carbon resources
such as geothermal energy; the MIT-WHOI
Joint Program focuses on the role of oceans in
climate change; and the Joint Program on the
Science and Policy of Global Change integrates
the natural and social science aspects of
climate change into actionable policies. This
research spans a broad spectrum from basic,
curiosity-driven inquiry to sponsored studies
in collaboration with partners from academia,
foundations, government, and industry.

Indeed, for decades EAPS has provided
fertile ground for climate pioneers like meteorologist Jule Charney (the ‘father‘ of numerical
weather prediction and author of the first National Academy report on climate) and Edward
Lorenz (known for conceiving chaos theory), atmospheric chemist Mario Molina (1995 Nobel
Prize) who discovered the Antarctic hole in the
ozone layer, plus leaders of several Intergovernmental Panel on Climate Change reports
(2007 Nobel Peace Prize). And, thought-leader
and former EAPS faculty member (1982-1997)
Marcia McNutt, now the incoming president of
the National Academy of Sciences, has pledged
that addressing climate change will be a top
priority of the Academy.
Climate change is now on MIT’s institutional agenda as well, with recent campuswide activities resulting in a report of the
Climate Change Conversation Committee that
recommends that the Institute should take
bold action to confront the climate challenge
at the highest levels, and as part of a strong
climate action plan. [More: http://bit.ly/mit-cccc]
While it is a top priority to remain at the
cutting edge of fundamental climate research,
EAPS faculty also have a critical role to play in
raising awareness and ensuring that decisionmakers responsible for the development of environmental policy and solutions have access
to solid climate science. EAPS faculty members
such as Kerry Emanuel (Lorenz Center CoDirector), Bradford Hager (ERL Director), Ronald
Prinn (CGCS Director and Science and Policy
of Global Change Joint Program Co-Director),
Susan Solomon (MIT Environmental Solutions
Initiative Founding Director), and Maria Zuber
(MIT’s Vice President of Research) are already
well known for their ability to translate the
complexities of climate science and its nexus
with energy, food, and water for different audiences. Climate-related research at EAPS that
is attracting broad public attention incudes
studies of the economic impact of cyclones
and storm surges, the prediction of rainfall and
effects on agricultural production, the relationship between carbon emissions, climate, and
air quality, the impact of aerosols on cloudformation and the Earth’s radiation budget,
and the contribution of climate change to past
episodes of extinction of species.
EAPS is strongly committed to improving the quality and impact of education when
it comes to climate. Numerous Course XII
offerings available in both fundamental and
applied climate science provide exposure
to climate change science, implications, »
(continued next page)
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Anyone who lives on the coast—and most people on Earth
do—knows that proximity to the ocean plays a big role in local
weather and climate. Winter nor’easters and summer hurricanes
aside, Boston would tend to be a whole lot colder in January and
hotter in August were it not for the Atlantic Ocean lapping at—
and sometimes punishing—our shores. And this buffering action
helps regulate the global to local effects of climate change just
as strongly.

“The oceans not only record and react to climate change, they
help drive and control its impacts,” said John Marshall, Cecil and
Ida Green Professor of Oceanography in MIT’s Department of
Earth, Atmospheric and Planetary Sciences. “Regional patterns
and rates of surface warming are largely determined by the
oceans because they set the effective heat capacity of the
climate system and strongly influence circulation patterns.”
The climate-ocean RELATIONSHIP...
• Greenhouse gas (GHG) emissions drive global warming but
much of the heat has actually been absorbed by the oceans,
thus far limiting the actual near-surface atmospheric warming
that has occurred.

• Absorbing all this heat and CO2 is making the oceans warmer
and more acidic, with profound implications for ocean currents
and marine life up and down the food chain.
• Warming ocean waters provide more heat to fuel bigger and
more frequent hurricanes and other extreme, marine-based
weather events.
• Warming water also expands, guaranteeing tens of centimeters
of overall sea level rise per century based on current rates. Sudden
melting of glaciers and ice—principally on Greenland and Antarctica—could quickly lead to meters of sea level rise.
• The relatively high ratio of land to ocean in the northern hemisphere, coupled with deep ocean currents that carry cold water
toward Antarctica, means that the Arctic stands to experience far
more impact from climate change over the coming decades, with
profound geopolitical implications.
“What we really have is a strongly coupled, highly dynamic
and highly heterogeneous global climate-ocean
system,” Marshall said. “We simply cannot understand one without understanding
the other.”

• The oceans have also absorbed much of the anthropogenic
CO2—a primary GHG—further moderating the potential surface
temperature impacts.

» policy, and solutions in the undergraduate and graduate curriculum. Undergraduate
Research Opportunities Program (UROP) opportunities in climate science are available to
students from across campus, and Terrascope,
a learning community for incoming freshmen,
exposes undergraduates to the earth sciences,
increasingly with a focus on climate science.
Co-led by EAPS faculty members, Terrascope
uses the Earth system to provide the context for
a systems-oriented approach to learning—this
fall its students will be tasked with providing
solutions for Mission 2019: “Food Security in
the face of a Changing Climate”. The potential to
complement classroom education with online
courses in climate science is also clear: the first
online MITx course taught by EAPS professors
on climate science attracted 12,000 students
around the world in its first airing.
But more can and should be done. “If we
truly believe that responding to climate change
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is one of the critical challenges of our time,
then every MIT student should graduate with
an understanding of the basics of climate science”, said Robert Van der Hilst, EAPS Department Head and Schlumberger Professor of
Earth Sciences.
Indeed, how can we confront the climate
problem unless we educate a new generation
of students to understand its complexity and to
tackle the challenge as future leaders in academia, industry, and government? To realize this
vision, EAPS strongly supports cross-Institute
programs such as the prospective Minor in Environment and Sustainability and would welcome
the opportunity to include the basics of climate
science in the general Institute requirements.
Such efforts require close coordination with our
partners across campus, such as the Department
of Civil and Environmental Engineering, the
Department of Urban Studies and Planning, and
the Sloan School of Management.

With EAPS, MIT has a world-class program
in climate science, where knowledge about
the processes, mechanisms, and stabilities and
instabilities of global climate is generated.
With so much at stake, “we would be more
than delighted if confronting climate change
becomes a top priority for the Institute”, van der
Hilst said, adding that “EAPS stands ready to
pitch in and continue to lead by example.”
EAPS faculty agree that there is no time
to lose: now is the right time to enhance the
pace, scope, and impact of climate research at
MIT and to integrate the tremendous range of
climate-related programs already underway
across campus in order to raise the climate
literacy of MIT students and the public. EAPS
stands ready to help MIT take its place as a
global leader in meeting the climate challenge.
Learn more about our people and research:
http://eapsweb.mit.edu

FACULTY NEWS

FROM EARLY EARTH
TO DEEP SPACE
The National Academy of Sciences recognizes Sam Bowring and Sara Seager for pioneering careers
dedicated to expansion of our scientific knowledge—from the familiar Earth to extrasolar ‘other earths.’
The election of Sam Bowring and Sara
Seager to the National Academy of Sciences in
April brings the tally of National Academicians
from the Department of Earth, Atmospheric and
Planetary Sciences to an impressive even dozen.

For geologist Bowring, it comes atop publication
of a series of journal articles pinpointing factors
leading to the largest extinction event in Earth’s
history—articles which broke through into the
mass media and public consciousness, and which
led to work with filmmaker Sarah Holt on the
Smithsonian Channel film, “Mass Extinction: Life
at the Brink,” putting the catastrophic effects of
climate change in front of a wide audience.

Photo credit: Helen Hill

Dedication to public outreach and teaching are
hallmarks of his career. Bowring, the Robert R.
Schrock Professor of Geology, joined the EAPS
faculty in 1991 and was named a MacVicar Faculty Fellow in 2006—an MIT designation recognizing excellence in teaching. Among his many other
professional distinctions, he is a recipient of the
N.L. Bowen Award from the American Geophysical Union and was elected a fellow of the American Academy of Arts and Sciences in 2013.
A tireless field geologist, he has had students and
postdocs working on projects worldwide. “His lab
is known for burning the candle at both ends,”
said Jahan Ramezani, an EAPS research scientist
who has worked alongside Bowring for nearly 15
years. “He’s known as someone who pushed the
envelope trying to improve his research, especially in the precision of isotopic age determination and being able to apply the method to new
problems and new arenas of earth sciences.”

Photo credit: John D. & Catherine T. MacArthur Foundation

Among Bowring’s influential contributions to
science is the discovery, dating, and interpretation
of Earth’s oldest known rocks, leading to a greater
understanding of how the crust of our planet
formed—much earlier than previously believed.
He also authored defining works on the geo-

c hronology of the Precambrian-Cambrian boundary and end-Permian mass extinction, and developed geochemical methods to analyze human
inputs, such as acid rain, into the environment.
Astrophysicist and planetary scientist Seager’s tenacious dedication to her goal of finding “another
Earth” within her lifetime has also captured the
imagination of the public—which finds her delivering TED talks, testifying before the U.S. House
Science Committee, and garnering recognition
from publications like the 2006 Popular Science
“Brilliant Ten,” 2008 Discover “Best 20 under 40,”
2011 Nature “Top Ten,” and the 2012 Time Magazine “25 Most Influential in Space.”
Of course, recognition for her work goes far
beyond media attention; her many honors have
included the 2012 Sackler Prize and a MacArthur
Fellowship in 2013. Seager joined the MIT faculty
in 2007, and is the Class of 1941 Professor with a
joint appointment in Physics and EAPS.
Seager’s seminal contributions to exoplanet
research include laying the theoretical foundation for exoplanet atmospheres and interiors,
developing both predictive tools and interpretive
techniques that are now standard in the field. She
discovered a unique solution to the equations
that describe a transiting planet light curve,
leading to numerous applications in verification
of exoplanet candidates using space-based precision photometry. And she authored the defining
textbook “Exoplanet Atmospheres” and edited the
leading graduate-level book titled EXOPLANETS.
Her relentless pace includes work as co-Investigator of the MIT-led NASA Transiting Exoplanet
Survey Satellite (TESS), and pioneering a fleet of
tiny satellites (CubeSats) in collaboration with
Draper Labs and the NASA Jet Propulsion Lab—
with her NASA ASTERIA CubeSat mission launching in 2016—all to map out planetary systems
around the nearest and brightest Sun-like stars.
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FACULTY NEWS

RECENT
PROMOTIONS
Congratulations to Colette Heald, Shuhei Ono, and Noelle Selin
for their recent promotions in recognition of their achievements
and contributions to the School of Science.

COLETTE HEALD
Dust swept into the sky in North Africa sifts unnoticeably
onto the Amazon, delivering nutrients. Pollution clogs the
clouds over Beijing, bringing heart troubles and asthma.
Whether it’s good for the Earth or bad for humanity,
Colette Heald wants to know what’s happening in our
atmosphere and how it affects the biosphere. As of July,
she will be doing so as the Mitsui Career Development
Associate Professor with tenure.
In her research, Heald checks modeling against as broad
a collection of surface, aircraft and satellite measurements as possible to ensure understanding of the
interactions of sky and earth, relying especially on satellites for regions that are not well observed, including
ocean basins. And in her teaching, just last year she led
a student lab which designed and deployed a 24-sensor
system checking air quality in Cambridge called CLAIRITY—
a technological innovation with great promise for providing precision monitoring to cities around the world at a
fraction of the current cost for air quality sensors.
“Colette has been a pioneer in the field of atmospheric
chemistry,” says Markus Buehler, Department Head of
Civil and Environmental Engineering at MIT. “This honor
reflects her exceptional skills in bridging models and
observations to address critical research questions.”
Heald has a joint appointment in the departments of
Earth, Atmospheric and Planetary Sciences and Civil and
Environmental Engineering. Only days after her promotion, she was awarded the American Geophysical Union’s
James B. Macelwane Medal in recognition of “significant
contributions to the geophysical sciences by an outstanding young scientist.” She graduated from Queen’s University in Canada in 2000, earned a doctorate from Harvard
University in 2005 and began work at MIT in 2012.
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SHUHEI ONO

NOELLE SELIN

To search for answers about climate change, Shuhei Ono
will look anywhere—deep in the oceanic crust or in the
first of a cow’s four stomachs. That is, anywhere he and
his team can find and test for the origins of methane, a
potent greenhouse gas.

Pollution, impacts, and policy. Noelle Selin’s interdisciplinary research doesn’t just look at hard data about
pollution, but also at how effectively communicating that
data can inform international policy debate.

Ono, a geobiochemist, uses stable isotopes to study
changes in oxygen in oceans and atmospheres throughout
the history of planet Earth, as well as changes in methane.
“We are interested in the question, ‘Where does methane come from?’” Ono said. Of course cows play a major
role—just one can produce up to 500 liters of methane
a day, accounting for about one-third of total methane
emissions—but methane also can originate from lakes
and swamps, natural gas pipelines, and deep-sea vents. “If
we can partition how much is from cows, natural gas and
other sources, we can more reliably strategize what to do
about global warming,” Ono said.
His big news earlier this year was the development of an
instrument using tunable infrared laser direct absorption
spectroscopy which is capable of rapidly and precisely analyzing samples of environmental methane, with the aim of
pinpointing how and where the gas was formed. This new
technology has earned plaudits from scientists such as
Robert Hazen, of the Deep Carbon Observatory in Washington, D.C. He called Ono’s work “an amazing advance.”
With a recent promotion to Associate Professor with
tenure, Ono will continue his innovative work studying
the early Earth’s atmospheric chemistry and microbial
evolution—a focus he came to over time after earning a
bachelor of science in geology from Waseda University,
Tokyo, and a doctorate in geochemistry from Pennsylvania
State University in 2001. He joined the MIT faculty in 2007.

As Selin told The MIT Technology Review, “My goal is to
get students to think about what science is relevant to
policy development and how to communicate it, so they
can be engaged in the policy-making process.”
But first there is the science. The Selin Group uses
atmospheric chemistry models to track pollution and its
sources. From there, using overlapping models tracking
effects on human health, her group is able to compare
the impacts of actual pollutant levels to theoretical ones,
and then quantify the associated economic burdens on
affected regions.
Her work has argued that new air-quality regulations
in Western Europe could save the region more than 37
billion Euros by 2020, and that air pollution in China
has cost the country $112 billion. In another study, Selin
showed that proposed policies to reduce carbon emissions alone, separate from other sources of air pollution,
could result in health care savings in the U.S. of more
than 10 times the cost to implement them.
Selin, who holds a joint-appointment in the Institute for
Data, Systems and Society and the Department of Earth,
Atmospheric and Planetary Sciences, was promoted in
July to Associate Professor. Prior to joining the faculty in
2010, she was a research scientist with the MIT Center
for Global Change Science and Joint Program on the
Science and Policy of Global Change. She earned her
master’s degree in 2000 and doctorate in 2007, both
from Harvard University.
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FACULTY NEWS

LOOKING BEYOND THE MOUNTAIN:
CLARK BURCHFIEL RETIRES

CLARK BURCHFIEL
Professor Emeritus of Geology

Clark Burchfiel’s retirement may end
up looking a lot like his working life. Just in the
months leading up to his retirement, the structural geologist was in China and Peru—indistinguishable in pace from more than five decades
exploring the geology of the Western United
States, Eastern Europe, Middle East, Scandinavia, South America, and China, although he has
most recently focused on the geological history
and evolution of the Tibetan plateau. In that
light, it is easy to understand why it is hard
for him to imagine ending his field geological
research, “for there is much to see on the other
side of the mountain,” said Burchfiel.

“I know of no earth scientist who has walked
and climbed across more of the Earth, measured its outcrops, mapped its structures, sited
GPS stations to measure its strains and then sat
down to write up his discoveries,” said Gregory
A. Davis, Professor Emeritus of Earth Sciences
at the University of Southern California, upon
presenting his longtime friend the Geological
Society of America’s 2009 Penrose medal.

“Clark’s a giant in the field,” said colleague
Timothy Grove, EAPS Associate Department
Head. “Clark sort of defined the geological fieldwork aspect of our department, and has been
very, very active in teaching graduates and undergraduates, who’ve gone on to distinguished
positions at the best universities in the United
States and even abroad, places such as China.”
Burchfiel earned his PhD in 1961 at Yale University and took his first academic appointment in
the geology department at Rice University. He
joined the MIT faculty in 1976 and was elected
to the National Academy of Sciences in 1985.
Over his career, he has written some 200 papers
and mentored more than 50 graduate students.
That may be the only thing that changes with
his retirement. “I have often said that the department at MIT is a place I could never leave
because of the stimulating multidisciplinary
research and cooperation that is possible,” he
said upon receiving the Penrose, “and in a very
friendly environment.”

AN UNconventional ROUTE
LEADS To EAPS PROFESSORSHIP
Although JUST starting at MIT in the
summer of 2015, sedimentologist Kristin Bergmann already has plenty of experience working
with a team, including the one she worked with
teaching earth and life sciences for three years at
a school in New Jersey—where the team included
6th, 7th and 8th graders and other educators.

Kristin Bergmann
EAPS newest Assistant Professor

It’s part of what she calls the “roundabout path”
to becoming an Assistant Professor with the Department of Earth, Atmospheric and Planetary
Sciences, with a bachelor of arts in geology
from Carleton College before embarking on
her career as a teacher, followed by earning
her PhD at Caltech under the tutelage of John
Grotzinger, Woody Fischer, and John Eiler.
But it was vital, Bergmann said, because hiking
and delving into the rocks of suburban Pennington showed the miraculous in the mundane, revealing an ancient environment similar
to the East African Rift and evidence of everything from worm tracks to dinosaur footprints.
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“It cemented my desire to spend more time
studying the interaction between ancient environments and the life living in them,” she said.
Her research on marine carbonate sedimentary
rocks and fossils at field sites in the United
States, Oman, and Norway focuses on reconstructing the record of environmental change
from latest Precambrian to end-Ordovician
time—using sedimentology, stratigraphy, geochemistry, and geobiology to understand how
the chemistry and climate of the oceans and atmosphere affected the evolution of complex life.
“This is particularly useful because not only
do we get a sense for the potential drivers of
early evolution, but we also get a sense of the
extremes that the Earth’s climate is capable of
in the ancient past,” she said.
Bergmann comes to EAPS after recently
completing a Harvard Society of Fellows
postdoctoral fellowship.

FACULTY NEWS

AWARDS AND HONORS
In addition to seeing both
Sam Bowring and Sara Seager
elected to the National
Academy of Sciences, the past
year saw many prestigious
distinctions earned by members
of the Department of Earth,
Atmospheric and Planetary
Sciences faculty.

Cecil and Ida Green Professor of Atmospheric Science Kerry Emanuel has been invited to give
the Bjerknes Lecture at the Fall 2015 meeting of the American Geophysical Union. In addition, a
paper [Aerts et al., 2014], which he co-authored, was awarded the Science of Risk Prize by Lloyds of
London—an award for scientists who advance the understanding of risks related to climate change.
Professor of Civil and Environmental Engineering and Earth, Atmospheric and Planetary Sciences
Dara Entekhabi was elected a Fellow of the IEEE (Institute of Electrical and Electronics Engineers) for contributions to microwave remote sensing of soil moisture, and was also awarded the
2015 Hydrologic Sciences Award from the American Geophysical Union for his work clarifying “the
complex processes and feedbacks that take place at the land-atmosphere boundary.
Professor of Oceanography Glenn Flierl was awarded the Henry Stommel Research Award of
the American Meteorological Society “for fundamental insights into the dynamics of vortices and
geostrophic turbulence and their impact on marine ecosystems.” He was also elected as a Fellow of
the American Geophysical Union.
Associate Department Head and Cecil and Ida Green Professor of Geology Timothy Grove
was awarded a Doctorat honoris causa de l’Universite de Lausanne. In addition, Asteroid (9276)
‘Timgrove’ was named in his honor in July 2014 by the International Astronomical Union. He was
inducted into the National Academy of Sciences in May 2015.
Mitsui Career Development Associate Professor Colette Heald, who holds a joint appointment in the Department of Civil and Environmental Engineering and the Department of Earth,
Atmospheric and Planetary Sciences, was awarded the 2015 American Geophysics Union James
B. Macelwane Medal in recognition of “significant contributions to the geophysical sciences by an
outstanding young scientist.”
Professor of Physical Oceanography Paola Malanotte - Rizzoli has been honored with the
Fellowship of the International Union of Geology and Geophysics (IUGG), Prague, 2015
Cecil and Ida Green Professor of Oceanography John Marshall has been invited to give ‘The
Bernhard Haurwitz Memorial Lecture’ of the American Meteorological Society “for seminal contributions to atmospheric, oceanic, and climate dynamics and the creation of innovative modeling
tools and educational resources.”
Class of 1941 Professor of Physics and Planetary Science Sara Seager was a 2015 recipient of
an MIT Amer G. Bose Award which she plans to use to map biochemical space as she pursues her
search of life beyond Earth. Seager also received an honorary doctorate from the University of British Columbia, and saw Asteroid (9279) named ‘Seager’ by the International Astronomical Union.
In recognition of Assistant Professor of Planetary Science Hilke Schlichting ’s work on the
Kuiper Belt, the International Astronomical Union named Asteroid (9522) ‘Schlichting’ in July 2014.
Ellen Swallow Richards Professor of Atmospheric Chemistry & Climate Science Susan Solomon
received honorary doctorates from Brown University and the University of British Columbia.
Emeritus Professor of Physical Oceanography Carl Wunsch received the 2015 Walter Munk
Award, which is granted jointly by the Oceanography Society, the Office of Naval Research,
and the Office of the Oceanographer of the Navy.
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STORMY
SCIENCE
Kerry Emanuel focuses the study of cyclones away from policy
and back on expanding fundamental scientific understanding.

HAVING CONTRIBUTED much to the broader
conversation about a warming climate and
its global implications for changing weather
patterns and extreme storms, Cecil and Ida
Green Professor of Atmospheric Science Kerry
Emanuel would much rather talk about specifics,
like whether tropical cyclones offer important
feedback and controls on climate itself.

In recent years, Emanuel made headlines
defending the science of climate change and
urging depoliticization—from penning op-ed
articles for the Wall Street Journal, Boston Globe,
Foreign Policy, and CNN, to authoring the book
What We Know About Climate Change and
appearing on panels in the media, like NPR’s
Science Friday, all the way to testifying before
Congress. “I spend a lot of time doing that. But
I do that because I feel obligated. It’s not the
thing that excites me,” said Emanuel.
Emanuel notes that while there’s a strong applied component to earth sciences, including
weather forecasting, climate projections, and risk
assessment, “climate is much, much broader than
global warming,” he said. “There’s a lot of basic
science that’s very exciting. We want to know
how things work. If I were in cosmology, you
wouldn’t ask me what’s in it for mankind; you’d
be exploring the intellectual content of it, and
that’s what climate science needs more of.”
His argument is a fundamental one, easily forgotten as the world eyes melting glaciers, rising
waters, stranded polar bears, and impending
deadlines on greenhouse gas emission levels,
with the media and public demanding solutions. Emanuel makes the compelling case that,
when looking at the history of science, the really
big leaps forward have come out of nowhere

Hurricane Isabel; Photo credit: NASA

from people doing curiosity-driven research,
“who didn’t set out to improve the world but
stumbled on something that made a much bigger difference than people beavering away on
incremental applied problems.” To help catalyze
bold research about basic scientific questions, in
2011 Emanuel and his colleague, EAPS Professor Dan Rothman, co-founded EAPS Lorenz
Center, a privately funded interdisciplinary think
tank devoted to expanding our knowledge
about how climate works on a fundamental
level—performing the type of research which
may lead to discoveries that inform our future
understanding of climate change.

time of general warming, Emanuel would prefer that his work on the basic physics of storms
and their connection with climate not be
plugged automatically into a narrative about
combating climate change and global warming—there are too many as yet unanswered
questions about the complex mechanisms
that drive our climate to make predictions
in absolutes. A case in point: this potential
cooling phenomenon really only works in the
tropics, not at the poles, and when looking at
geological time scales the tropics have been
very stable—cooling perhaps just 2 degrees
centigrade during the last ice age.

“Generally if you read popular accounts [of
work on hurricanes]—and there are many—the
question is entirely about, ‘Well, if there’s global
warming, what will happen to hurricanes?’
And I do work on that. But the real question is
much broader,” said Emanuel.

“This is what I’m excited about because it’s
very, very new and involves a rather sophisticated interplay of radiative transfer and
convection and water in the atmosphere,”
Emanuel said.

As a leader in the field of tropical cyclone research beginning some 30 years ago, Emanuel is
excited to be exploring how much these storms
stir cold, nutrient-rich water to the ocean’s
surface, potentially inciting long-term ocean
heat circulation responses and making for giant
plankton blooms which, among other things,
take carbon out of the atmosphere. And that’s
not all. Cyclones and other forms of deep thunderstorm convection with their intense rains,
“wring water out of the atmosphere, and water
vapor is the most important greenhouse gas in
the atmosphere,” he said, “they’re opening up the
planet to more infrared radiation going off to
space. Indirectly, they may cool the planet.”
Despite that apparent service as a negative
feedback mechanism, providing cooling in a

Some of the specific questions Emanuel has
investigated in order to gain that necessary
broader understanding of climate’s synergistic
components include a 2012 study published
in the Proceedings of the National Academy of
Sciences. Wondering about the effect of rising
greenhouse gases on cyclones, he embedded
a high-resolution local hurricane model into
six coarser, global models run in support of the
Intergovernmental Panel on Climate Change
(IPCC), along with IPCC data projecting future
carbon dioxide emissions. With this technique
he predicted that the next century could see
the frequency of tropical cyclones increase
by 10 to 40 percent, and that these storms
could be 45 percent more powerful than those
we see today. He expanded his use of these
models to produce his latest paper, appearing in the journal Nature Climate Change

just this past September, which reported that
coastal regions in Florida, Australia, and even
the Persian Gulf (an area that historically has
never experienced a tropical storm) could see
unprecedented storm surges generated by
extreme future cyclones like those anticipated
by his earlier work.
As if to further underscore his emphasis on the
need for more fundamental climate science,
as a co-investigator on a 2014 study in the
journal Nature, the research not only revealed
that, over the last 30 years, the region of peak
cyclone intensity is expanding out from the
tropics at the rate of over 30 miles per decade
toward each of the poles, but also raised questions about the exact mechanisms causing
this phenomenon. Is it due to changes in the
Hadley circulation pattern of global winds?
Is it due to increasing ocean temperatures?
Emanuel says there is more work to be done.
And still, he’s not quite done in the role as
the earth sciences’ ambassador to the court
of public and political opinion—in December
he’s planning travel to Paris with three fellow
climate scientists to “rather forcibly” argue for
putting nuclear power back on the table—and
yet he has hope for a future filled increasingly
with pure science.
“Maybe just the sheer facts of climate change
are changing a lot of minds. I think we’ve
reached the bottom of climate denial and are
slowly pulling up,” he said. “So, yes, I will have
more time to go back to my research.”
Read more about Kerry Emanuel’s latest research
on extreme cyclones:
http://bit.ly/emanuel-cyclone
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DETECTIVES TRACKING
DOWN A GEOLOGIC KILLER
Professors Sam Bowring and Dan Rothman’s recent work each shed new light on
“The Great Dying:” the 252 million year old mystery of the end-Permian extinction.
AFTER 252 MILLION YEARS, the case of the
end-Permian mass extinction—the so-called
“Great Dying”—has a series of exciting leads.

Sam Bowring and Dan Rothman’s teams of researchers, working separately at the Department
of Earth, Atmospheric and Planetary Sciences,
each made startling breakthroughs in the last
year, with one pinpointing a relatively breakneck timeline for the extinction coinciding
with one of the Earth’s largest known volcanic
events; and the other identifying an aider and
abettor: a methane-producing Archaea type
microbe called Methanosarcina.
Of the Earth’s five major mass extinctions preserved in the fossil record, the one marking the
end of the Permian Period and the beginning
of the Triassic was the largest, wiping out over
96% of marine species and about 70% of species on land. And it occurred at a time when the
Earth’s climate was experiencing rapid changes,
including alarming atmospheric increases of
carbon dioxide and other greenhouse gases, a
marked acidification of the oceans, and drastic
warming of up to 10 degrees Celsius.
The end-Permian research of Bowring, the Robert R. Schrock Professor of Geology at MIT, was
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featured in a 2014 New York Times article as
“the ultimate cold case.” In order to find out the
how and the why, Bowring knew he’d have to
start with when. “No dates, no rates,” is a favorite
saying of his in talks and lectures—if you can’t
pinpoint the timing, you can’t draw any conclusions about cause and effect.
Using the uranium-lead technique of isotopic
dating, Bowring, along with then graduate
student Seth Burgess and in collaboration with
Shuzhong Shen from the Chinese Academy of
Sciences, analyzed fossils and rocks from a site
in eastern China which holds a well-preserved
record of the Permian-Triassic boundary. Their
results, published in the January 2014 Proceedings of the National Academy of Sciences,
demonstrate that the mass extinction took place
over an astonishingly short period of less than
60,000 years, which is more than 10 times faster
than scientists had previously thought.
Armed with their new precise extinction
timeline, it made sense to try to rule-in or out
a long-suspected culprit: the massive volcanic
eruptions of the Siberian Traps. This large igneous province was created by magmatic flows
and intrusions lasting almost a million years,
spewing over 5 million cubic kilometers of lava,

Archaea Methanosarcina Mazei

and releasing vast amounts of carbon dioxide,
methane, and toxic metals into the atmosphere.
“The question we tried to answer is, ‘Which
came first, mass extinction or the Siberian
Traps? What is their overall tempo, and does
the timing permit magmatism to be a trigger
for mass extinction?’” said Burgess, who earned
his PhD in 2014 from EAPS and is currently
a Mendenhall Postdoctoral Fellow at the U.S.
Geological Survey.
What they discovered is almost a smoking gun.
In the September 2015 issue of Science Advances, Burgess and Bowring laid out an overlapping
timeline for both events after applying the same
U-Pb dating techniques to samples from the
lava flows in Siberia. The data showed explosive
volcanic activity beginning about 300,000 years
before the mass extinction, with about twothirds of the total volume of rock being erupted
prior to and during the extinction, followed by
the remaining material released over the course
of another 500,000 years or so.
“We now can say it’s plausible,” Burgess told MIT
News. “The connection is unavoidable, because
it’s clear these two things were happening at
the same time.”

But just as Bowring’s work seems to implicate
volcanoes as a key suspect in the end-Permian
extinction, Professor of Geophysics Daniel Rothman, Assistant Professor of Geology Gregory
Fournier, and five other researchers at MIT and
in China published “Methanogenic Burst in the
End-Permian Carbon Cycle” in the March 2014
edition of the Proceedings of the National Academy of Sciences, which reveals Archaea microbes
may have also been complicit.
The team found three synergistic phenomena
that could account for a “perfect storm” of
conditions: geochemical evidence of the earth’s
oceans being overcome by carbon dioxide with
unparalleled speed; genetic evidence showing
Methanosarcina suddenly becoming a major
producer of methane; and sedimentary evidence
of a rapid increase in nickel.
The nickel would have come from volcanoes,
the team said, but volcanoes alone cannot
account for introducing the vast amount of
carbon dioxide or methane which led to oceanic
acidification and global die-off.
“A rapid initial injection of carbon dioxide from
volcanoes would be followed by a gradual
decrease,” Fournier pointed out. “Instead, we see

the opposite: a rapid, continuing increase. That
suggests a microbial expansion.”
How was this possible? Genomic analysis revealed the single-celled Methanosarcina acquired
a particularly fast means of making methane
through gene transfer from another microbe,
which was dated to about the time of the endPermian extinction. Given the right conditions,
this genetic acquisition set the stage for the microbe to undergo a dramatic growth spurt, rapidly consuming a vast reserve of organic carbon
in the ocean sediments. One of those requisite
conditions was all that nickel—a vital mineral
nutrient for the success of Methanosarcina.
While no single line of evidence can prove
exactly what happened in this ancient die-off,
says Rothman, who is also co-director of MIT’s
Lorenz Center, “the cumulative impact of all
these things is much more powerful than any
one individually.”
Read more about the research:
http://bit.ly/permian-extinction
http://bit.ly/siberian-traps
http://bit.ly/methanosarcina
Photo credits: Shutterstock;
Ralph Robinson/Visuals Unlimited/Corbis
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by Cassie Martin

Antarctic SEA ICE AND THE
OZONE HOLE: A MATTER OF TIME
A recent multi-institution study, co-authored by John Marshall, Alan Plumb, and Susan Solomon, reveals complicated
connections between ozone, oceans, and warming polar regions.

Antarctica and its surrounding ocean

present a fascinating mystery which could hold
answers to some of today’s most pressing
climate change questions. MIT researchers
have spent decades studying this complex
environment—from the physical dynamics of the
Southern Ocean below to ozone depletion in the
atmosphere above. Now they are combining their
expertise to understand how the atmosphere
and ocean work together in the climate system.
MIT faculty John Marshall, Alan Plumb, and Susan Solomon, world authorities on the Southern
Ocean and Antarctic ozone hole, formed the
Ozone and Climate Project, which is part of the
NSF Frontiers in Earth System Dynamics project.
The ambitious five-year study, in collaboration
with colleagues from Columbia University, Johns
Hopkins University, and the National Center
for Atmospheric Research, aims to understand
how the Antarctic ozone hole affects climate by
watching what happens as it heals.
“We have a unique opportunity to examine
the basic robustness of the climate system
as it reacts to and recovers from the ozone
hole, while also responding to ever increasing
greenhouse gas concentrations,” said Marshall,
lead investigator and the Cecil and Ida Green
Professor of Oceanography. “And so we’ve assembled a uniquely cross-disciplinary, multiinstitutional project team to match.”
As Arctic sea ice melts at an alarming pace,
Antarctic sea ice continues to expand, perplexing
scientists. Some climate models of the region
indicate sea ice should be melting. Ideas as to
why sea ice is shrinking in the northern hemisphere and growing in the southern hemisphere
abound, but a prominent theory points to the
influence of ozone—or lack thereof. In results
from the study published earlier this year in the
Journal of Climate, the researchers provide a bet-

ter understanding of ozone’s role and why sea ice
continues growing in a rapidly warming world.
“[This research] highlights the strong interaction
between the ocean and the atmosphere in the
climate system,” said Solomon, the Ellen Swallow
Richards Professor of Atmospheric Chemistry and
Climate Science. “It shows how important the
ocean actually is and it’s helping to define what
questions we should be asking of our models for
climate change and the Antarctic in particular.”
Ozone depletion peaked at the turn of the
milennium and is slowly stabilizing thanks
to policy changes which were spurred by
Solomon’s research. But the hole, still hovering
over Antarctica, has combined with increasing
greenhouse gas concentrations to cause strong
westerly winds that cool the Southern Ocean’s
surface, enhancing sea ice growth.
Although observational data support this
interpretation, some model simulations beg to
differ. Various studies investigating the impact
of ozone depletion on Earth’s oceans found
that when ozone is reduced or removed, wind
strength increases as expected. However, instead
of cooling sea surface temperatures (SSTs), the
increased winds induce upwelling of warm
water to drive a warming trend.
“That’s where ideas clash,” said study lead author
David Ferreira, a lecturer at the University of
Reading and former MIT researcher. “There was
a lot of confusion because models of ozone
depletion were not explaining sea ice expansion.” University of Washington Atmospheric
Chemist Cecilia Bitz also contributed and coauthored the study.
Using MIT’s Global Circulation Model (MITgcm),
the researchers looked at ocean-atmospheresea ice simulations over various time periods

ranging from years to decades. They found that
while SSTs cool and sea ice expands under
ozone forcing in the short-term, ultimately the
oceans warm and sea ice declines. In other
words, both real-world observations and model
simulations are correct, they just happen on
different timescales. Eventually, we may start
to see model outcomes—ocean warming and
Antarctic sea ice decline—become reality.
The study may have resolved a key discrepancy
between models and observations, but there are
still questions left unanswered, such as when
Antarctica’s sea ice decline will begin, if at all.
The models agree that the ocean’s response to
ozone depletion is a complex process of cooling
then warming, but they don’t agree on when the
temperature transition will happen.
“Ocean temperature transitions typically take
anywhere from 5 to 20 years,” said Ferreira.
“We can’t predict exactly when Antarctic SSTs
will begin warming, because we don’t yet fully
understand all the processes that will conspire
to control the timing.”
The researchers are currently working on
constraining their models with more real-world
data to better understand the mechanism of
this two-timescale process and make predictions of when we can expect Antarctica to
begin warming.
“As time passes, it is going to be a race to see
whether the ozone hole will heal before the
deep ocean has a chance to reassert itself,” Solomon said. “I’m interested to see what happens in
the next decade. It’s going to be about time to
see the other timescale pretty soon; it could be
any year now.”

Read more about the research:
http://bit.ly/ozone-ice
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NEW HORIZONS
OF PLUTO
After nearly two decades struggling for approval, the NASA-funded New Horizons mission to Pluto finally reached
the launch pad in January 2006. Nine-and-a-half years later the piano-sized spacecraft entered the Pluto system,
revealing an amazingly bizarre planetary world.
Data from NASA’s New Horizons mission
to Pluto are trickling in, but the information
that has arrived has already shaken up space
exploration and our understanding of the solar
system in the best possible way.

Excitement over New Horizons, which captured
stunning high-resolution images on its flyby—
including on July 14, 2015, when it passed
within a mere 7,767 miles of the dwarf planet—
suggests it may be “the Apollo moment for a
new generation,” said Richard P. Binzel, Professor
of Planetary Science in the Department of Earth,
Atmospheric and Planetary Sciences and
a New Horizons mission co-investigator.
At public events in July discussing the mission,
he saw huge auditoriums packed with people,
perhaps half of whom were kids, “dragging their
parents to see Pluto.” A September talk in Lexington, Massachusetts doubled the venue’s attendance record—with, as Binzel noted, “a posse
of kids sitting on the floor right at the front.” The
excitement extends to young adults, people no
older than 25, stopping Binzel on the street to
chat when he’s wearing his New Horizons shirt.
“Somehow in the Internet generation or the
Twitter generation or whatever this is, this has
just been a lightning bolt,” said Binzel
Binzel was a key member of a group that began
proposing the NASA-funded, $700 million
mission a quarter-century ago, and suffered
its cancellation six times before finally seeing
it launch in 2006. By 1989 the best available
telescopes and instruments had reached a dead
end in studying Pluto from Earth. The only way
to learn more about the dwarf planet and how it
formed was to go there.
And after a nine-and-a-half-year journey, New
Horizons has delivered on that promise, confirm-
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ing with great accuracy observations that were
made decades before, and revealing scientific
surprises beyond the imaginations of investigators. It will take a year for the data collected
to finish transmitting back to Earth, but early
results have shown Pluto to possess a surface
full of stark contrasts that may be caused by
seasonal variations throughout its 248-year
elliptical orbit around the sun—potentially very
complicated ones.
“On a planet 3 billion miles from the sun that
we would expect to be just frozen and inert, we
see instead what what seems to be one of most
active places in the solar system,” Binzel said.
The evidence? New Horizons’ discovery of an
incredibly bright, white, and flat ice plain known
as the Sputnik Planum amid Tombaugh Regio,
the heart-shaped mountain range named after
Pluto’s discoverer, Clyde Tombaugh. The ice plain
“looks entirely crater-free—it looks very young
and very fresh, and it is the freshness of the ice
sheets that has us all astounded. Because they
are so fresh, there has to be some recent process
to create them,” he said, and that could place the
birth of Sputnik Planum a million years back, a
century back or a week back.
Jeff Moore, leader of the mission’s Geology, Geophysics and Imaging Team at NASA’s California
research center, agreed, calling “the discovery of
vast, craterless, very young plains on Pluto [something that] exceeds all pre-flyby expectations.”
Work with Massachusetts Institute of Technology graduate student Alissa Earle could result
in a viable hypothesis about the plain’s origin
within two or three years, said Binzel, who was
delighted to have Earle on the team (as well as
pleased to anticipate a doctoral thesis from the
work) because she’d been working on sunlight

insolation predictions for Pluto more than a year
before the first New Horizons datum arrived,
making her ideal to also explore the questions
of sublimation of its ice.
“To watch EAPS students and former students
become mature scientific leaders in their own
right is the highest professional satisfaction
I have ever experienced. It’s the students and
how they’ve soared that is the real highlight,”
Binzel said.
That applies not just to Earle, reflecting passage to a next generation, but a continuum
with the past: the scientific leaders Binzel
referred to include Leslie Young and Cathy
Olkin, EAPS doctoral graduates from 1994 and
1996, respectively, who now are two of the top
deputy project scientists on the New Horizons
mission and proteges of the late EAPS Professor of Planetary Astronomy James Elliot. At a
private dinner Binzel hosted for close friends
of EAPS in September, including Elaine Elliot,
Jim’s widow, Binzel announced a team proposal to name one of Pluto’s most prominent
craters after Elliot, who died in 2011. Additionally, plans to name a graduate fellowship in
planetary sciences in honor of Elliot have also
recently come to fruition. (see sidebar story)
An additional joy for Binzel has been “seeing
the look on the faces of colleagues with whom
I’ve worked on this for so long, especially those
who have been so much more deeply in the
trenches,” Binzel said.
While a team assembled and led by principal investigator Alan Stern will continue an extended
mission through the Kuiper Belt, hoping to use
the remaining fuel budget to scrutinize at least
one known object about 50 kilometers across,
there’s also an acknowledgement that New

Pluto in False Color; Photo credit: NASA

Horizons already has a solid place in history:
as the capstone for the generation completing
the first reconnaissance of all the planets in the
solar system, closing a tidy 50-year circuit since
Mariner 4 first flew by Mars.
Will that achievement stick with the children
listening raptly from the carpet of the Lexington
Public Library? “I guess we’ll find out when we
quiz the entering class of 2030 about how they
got interested in their careers,” Binzel said.
Read about the mission and about Professor
Binzel’s recent EAPS public lecture event:
http://bit.ly/pluto-results
http://bit.ly/pluto-talk

A new Fellowship FOR Planetary Science
Honoring the late EAPS Professor James L. Elliot
James Ludlow Elliot (1943 – 2011),
Professor of Planetary Astronomy and
Physics at MIT, left a tremendous legacy:
not only did he pioneer the stellar occultation technique that led to the discovery of
the rings around Uranus and Pluto’s atmosphere, but he also mentored an extraordinary number of planetary scientists including a significant quota of the New Horizons
team that masterminded the recent fly-by
of Pluto. Now an EAPS alumna and New
Horizons project leader has launched a new

graduate fellowship in the Department of
Earth, Atmospheric and Planetary Sciences
in Elliot’s name.
Cathy Olkin ’88, PhD ’96, Deputy Project
Scientist on the New Horizons team, was
one of Elliot’s graduate students: “Jim was
a wonderful mentor. We would go for long
walks across the river discussing planetary
science and specific details of research,
then get back to the Green building »
(continued on page 31)
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Shifting
CLIMATES.
SHIFTING
Landscapes.
A new landslide prediction model from Dino Bellugi, Taylor Perron, and Paul O’Gorman
could help communities prepare for disaster in the face of changing climate.
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by Cassie Martin

LEFT
Landslides from
recently logged
slopes dumped
millions of tons
of mud and debris
into Stillman Creek,
near Curtis, WA, in
December 2007
Photo credit:
David E. Perry

Taylor Perron has seen the aftermath
of landslides firsthand. As a graduate student
at the University of California at Berkeley,
the MIT professor surveyed resulting debris
flows and damaged infrastructure in California.
“It really made me sit up and take notice,”
he said. “We’re used to thinking about many
geological processes as being gradual, but to
be able to understand something that happens
that quickly and has such destructive power
was something I knew I needed to do.”

Many landslides are triggered by extreme
precipitation events—large amounts of rain
falling over short periods of time—which are
increasing in both intensity and frequency.
Predicting where landslides are more likely to
happen is paramount for vulnerable communities adjusting to a changing climate, but the
task isn’t easy.
“The challenge of predicting landslides is
somewhat like the challenge of predicting
earthquakes,” said Perron, now Associate Professor of Geology in MIT’s Department of Earth,
Atmospheric and Planetary Sciences. “We know
enough to be able to map out the susceptibility of different areas, but knowing where and
when an individual event will strike is a different matter.” Thanks to a new model developed
by MIT researcher Dino Bellugi, landslide
prediction may no longer be a far-off goal.
The model predicts individual landslide
locations and sizes, and the researchers are
taking the innovation a step further. Perron

and Bellugi have teamed up with EAPS Associate Professor of Atmospheric Science Paul
O’Gorman to integrate this model with models
of extreme rainfall to see how landslides might
shift under different climate scenarios.
“This is a real challenge to construct and use
this kind of landslide model and figure out how
to integrate that with climate science,” Perron
said. “If we succeed, the output is going to be
something that really matters on a timescale of
years to decades.”
First, the researchers coupled a landslide
search algorithm with a model that uses soil
depth, root strength, and pore water pressure
to assess the ground stability of a defined region—in this case, a research site in the Pacific
Northwest prone to landslides. “The research
at this site gave us a natural experiment where
we know the landslide pattern in recent history and have several important parameters
constrained by the field research there,” said
Bellugi. “It was a natural site to test our model.”
Bellugi and Perron mapped the resulting output and compared it to known landslides. They
found that the predictions overlapped well
with mapped observed landslides—not just
in location, but in size as well. In the future,
the model could be used to predict locations
where landslides have yet to occur.
Next, O’Gorman and Bellugi combined the
landslide model with a spatially resolved
climate model that provided an estimate of

regional precipitation changes near the end of
this century. A statistical analysis of the resulting output revealed that a 10 to 20 percent
increase in the intensity of extreme rainfall,
and even larger increases in previously drier
areas, was likely.
“A 20 percent increase in precipitation intensity, which is what we expect and models
predict, may be enough to open up windows
of opportunity for landslides to occur in places
that aren’t currently considered hazardous,”
said Bellugi. These areas won’t necessarily see
an increase in average rainfall, but they will
see more extreme precipitation events, which
puts them at greater risk for landslides. “Risk is
not just about hazard, it’s also about people’s
exposure to that hazard,” Perron added. “If
people are not used to being exposed to a
hazard and then become exposed, the risk can
increase dramatically.”
The next goal on the trio’s agenda is connecting their model to one that predicts how far
debris flows—by far the most dangerous part
of landslides—will go, and how close they will
come to communities and infrastructure. “If
you can tell people something more concrete—‘here you’ll have an increased risk, get
prepared’—that may be something that can be
easily translated to policy,” Bellugi said.

Read about the research:
http://bit.ly/tperron
http://bit.ly/ogorman
http://bit.ly/bellugi
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CORNERING
CARBON
Geophysicist Brad Hager is using our understanding of seismology and geology to find ways to responsibly extract carbon
energy resources embedded underground, and to capture carbon emissions and return them deep into the earth.
His work on tectonic plate movement, flow
in the Earth’s deep interior, and earthquakes
are part of what’s called by some a “golden age
of research” in mantle dynamics. Brad Hager
arrived at MIT in 1989 to work alongside fellow
pioneering colleagues like Peter Molnar, Tom
Herring, and Bob King just as GPS technology
was revolutionizing geophysics, allowing data
collection in the field at previously unimagined
resolutions and accuracy.

But about a decade ago Hager began wondering about the future of his children in a world
threatened by climate change.
“I had sort of a moment of introspection and
said, ‘Okay, you do well at this theoretical stuff,
but what’s that going to do for the world?’” he
said. “MIT being about ‘Mens et manus’—‘don’t
just think, do something’—I thought, ‘This is a
field I can make a contribution to.’”
That was when Hager began the switch from
measuring mountains and tectonic strain to beginning more applied work on geologic carbon
sequestration and the underground storage of
wastewater from oil production and natural
gas fracking. “Storing these fluids underground
could end up triggering earthquakes, and unless we know how to manage those earthquakes and manage the public’s expectation of
those earthquakes, it’s not going to be a viable
solution for our climate problems,” he said.
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As Cecil and Ida Green Professor of Earth Sciences and, since 2012, Director of the Institute’s
Earth Resources Laboratory, Hager has also
worked to make a difference in the fracking
being done to free natural gas and oil from
deeply embedded shale. The aim is to grow the
roughly 10 percent of gas released from the
rock to, say, 50 percent by improved understanding and efficiency of the fracturing process.
“To get the same amount of gas out you would
have to drill one-fifth the wells, do one-fifth
the environmental damage and have one-fifth
the wastewater to dispose of. It’s an applied
science issue that has implications for society,”
said Hager, who is motivated by the fact natural
gas produces about half the carbon dioxide as
burning coal. “I know that hydrofracturing has
bad press, but in my view it’s actually a very
positive step toward mitigating climate change.”
In looking at near-surface and subsurface
problems involving energy and the environment, Hager felt he might make fundamental
contributions to the field of carbon capture and
sequestration (CCS)—ridding the atmosphere of
greenhouse-gas emissions by capturing carbon
dioxide and injecting it deep below the Earth’s
surface, where it would be stored safely away.
At the time of his switch from large-scale theoretical problems a decade ago, “I got very excited about the topic,” Hager said, even though

carbon sequestration was starting to see some
pushback amid concerns about the long-term
safety and viability of certain methods, including even questions from within MIT about the
degree to which carbon dioxide actually gets
converted to rock. “Carbon sequestration got
stalled for a long time,” he said.
Recently, however, there has been renewed
interest in CCS. For example, less than six
months after taking office in 2013, Secretary
of Energy Ernest Moniz (MIT Professor Emeritus of Physics and Engineering Systems and
founding director of the MIT Energy Initiative
(MITEI)) told the annual Carbon Sequestration
Leadership Forum in Washington, D.C., that
the “technology is ready” for Environmental
Protection Agency standards. In January 2015
he announced the capture and storage of 1
million metric tons of carbon dioxide from
an Archer Daniels Midland ethanol plant in
Illinois, calling it, “an important step toward
the widespread deployment of carbon capture
technologies in real-world settings.”
“People have come to recognize that using
carbon dioxide for things like enhanced oil
recovery makes it possible to get more oil out
while burying carbon dioxide, and that sort
of made it a less bitter pill to swallow for the
energy industry,” said Hager. “At the same time,
the capture technology that gets developed is
needed to scale up carbon sequestration to the

point required to make a real impact solving
the climate problem. The political climate is
changing, and many people even to the right
on the spectrum are beginning to recognize
the reality of climate change caused by excess
carbon dioxide in the atmosphere, and a lot of
people want to do something about it.”
MITEI’s Annual Research Conference, scheduled
for Oct. 19-20, will see the rollout of its Center
for Carbon Capture, Use and Sequestration,
where Hager will be Co-Director. The consortium is to include companies such as Corning
Glass because, “it takes real industrial experience to be able to do this at scale,” he said.
“Talking to the companies who are now newly
interested in doing this is going to be a really
interesting thing.”

Hager continues to work on improved ways to
measure and track deformations of the Earth’s
surface, as well as better ways to monitor
underground reservoirs of groundwater, hydrocarbon resources, and sequestered CO2. He is
presently a co-lead of the Science Definition
Team on the proposed NASA-ISRO SAR (NISAR)
mission, a partnership of NASA and the Indian
Space Research Organization (ISRO) which will
use synthetic aperture radar (SAR) satellite
technology to analyze changes to our planet
in three spheres of research: ecosystems, solid
earth, and the cryosphere. From orbit, the radar
imaging will capture a broad view of global
surface changes, but with millimeter accuracy
on meter-scale resolution, and all in time lapse,
offering some of the most detailed geophysical
observations ever achieved.

Although the motivation for this science is
applied, the resulting discoveries will also advance more fundamental science. For example,
subsurface reservoirs where earthquakes are
triggered by the disposal of the wastewater
associated with fracking and oil production are
“natural laboratories” for understanding earthquake physics. “We don’t have to wait for the
plates to move to build up the stresses—the
stress field is altered on human time scales by
injecting and removing fluids and changing the
fluid pressures. So there’s a lot of good science
in this, even though it’s primarily motivated by
applications,” Hager said.

Scientists like Hager will be able to use the
data collected by the NISAR mission to understand how the Earth’s crust is deformed by not
only tectonic motion on a global scale, but
also how it is affected on local scales when
fluids (like water, oil, or gas) are withdrawn
or injected deep below the surface by human hands. And by understanding these
fundamental mechanisms, scientists can
move on to working on how to better
predict and mitigate negative impacts, and possibly
prevent them altogether—
work that is crucial for

managing the world’s future CO2 emissions,
and water and hydrocarbon resources.
Hager hears the push for earth sciences to resist a reputation for the applied and hew closer
to a tradition of pure intellectual excitement.
“I totally understand,” he said. “That’s the way I
ran the first part of my career.”
But in his work, he thinks he has both.
“They’re really systems problems—they
bring in all these things, energy, earthquakes, economy, geopolitical stability.
They’re very interesting intermingled problems,” he said. “And they are really important.”
Read more about Professor Hager
and the Earth Resources Laboratory:
http://bit.ly/hager-erl

GRADUATE STUDENT
RESEARCH PROFILES

LEFT
Mary Knapp stands
beside one of 256 low
frequency antennas
composing the Long
Wavelength Array in
New Mexico
RIGHT
Mingwei Li
collaborates with
the Tsinghua-MIT
China Energy and
Climate Project
Photo credits: Mary Knapp;
Xiaoming Sun
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MARY KNAPP

MINGWEI LI

In our own solar system, the Earth, Jupiter, Saturn, Uranus,
and Neptune produce eerie-sounding radio choruses
due to the interaction between the solar wind and the
planets’ magnetic fields. It has long been suspected that
exoplanets produce similar radio emissions, but no detections have been made to date. My work is focused on
observing large ‘super-Jupiter’ exoplanets in very eccentric orbits around their host stars. HD 80606b is a prime
example of this class of exoplanets—it is 4 times the
mass of Jupiter and has a comet-like eccentricity of 0.93
which brings it within 7 stellar radii of its parent star
at closest approach. We use the LOFAR (‘Low Frequency
Array’) telescope in the Netherlands to ‘listen’ to HD
80606b and similar planets in the 30-75 MHz range in
the hope of detecting their radio songs. If we can detect
radio emission from an exoplanet, we can determine how
strong the planet’s magnetic field is, how fast it rotates,
and perhaps how its interior is structured. Radio observations will complement other methods used to study
exoplanets to provide a fuller picture of exoplanetary
structure, composition, and evolution. Based on our current understanding of solar system planets, particularly
Earth and Mars, we believe that magnetic fields critically
affect atmospheric evolution on rocky planets. Taking the
first step in this field by detecting radio emission from a
Jovian mass planet will pave the way for studies of small,
rocky planet magnetic fields and hopefully improve our
understanding of exoplanet habitability.

Having personally experienced the periodic haze events in
Beijing for several years, I became passionate about helping people to breathe clean air. This is why I was delighted
to begin research at EAPS two years ago with the goal of
answering an even bigger question: could China address
climate change and air pollution at the same time? The
context of this question is that greenhouse gases and conventional air pollutants share many common sources, and
in the case of China, the dominant source is coal combustion. Therefore efforts to limit coal use in China could be
expected to not only help tackle climate change, but also
to have air quality co-benefits locally in China and even
across the Pacific Ocean in the U.S.
In collaboration with the Tsinghua-MIT China Energy and
Climate Project, we coupled two state-of-the-art models—an energy-economic model with sub-national detail
for China (C-REM) and a global atmospheric chemistry
model (GEOS-Chem) to investigate the effects of climate
policies in China on air quality. In a carbon intensity
scenario which achieves China’s newest commitment to
have its CO2 emissions peak in 2030, the annual PM2.5
concentrations are reduced on average by 19 μg/m3 in
Eastern China and 0.1 μg/m3 in the U.S. compared to
the business-as-usual scenario. We found that although
end-of-pipe solutions are still needed to address the
near-term air pollution problem in China, a gradual shift
away from coal should ensure China will be able to meet
both air quality and climate goals in the long term.

LEFT
Laura Stevens
retrieves GPS
equipment on
the Greenland
Ice Sheet.
RIGHT
David Wang
collects a fluid sample
from a seep at The
Cedars in northern
California.
Photo credits: Joe Raedle;
Penny Morrill

LAURA STEVENS

David T. Wang

For two summers I’ve been busy traveling to the Greenland Ice Sheet. My fieldwork involves maintaining an array
of GPS stations that continuously track the surface position of the ice sheet surrounding a couple of supraglacial
lakes—lakes which form on the surface in summer when
temperatures rise above freezing. In 2008, my advisors
published the first GPS observations of the dramatic exit
these lakes make; kilometer-long hydro-fractures rapidly
grow and split through the lake bed, draining the entire
lake through a kilometer of glacial ice to the bedrock below in a matter of hours [1]. The water from the drainage
lubricates the interface between the ice sheet and bedrock,
causing the ice sheet to speed up and advect ice faster
to the coast. Their exciting finding received significant
attention due to the potential implications for Greenland’s
future contributions to sea level rise.

Last summer, I traveled to the wine country of California
to collect fluid samples. Specifically, my fieldwork involved
a site called The Cedars in the northern Coast Ranges
of California, at which groundwaters seep from exposed
units of serpentinite, a rock type formed by weathering of
ultramafic mantle rocks. These waters carry copious quantities of hydrogen and methane, and are highly-alkaline
(pH values up to 12). Because of the hostile conditions for
microbial life, methane from serpentinizing fluids is commonly assumed to be of non-biological origin.

The next questions to ask were “What is the mechanism
that triggers hydro-fractures?” and “Will future warming
lead to inland lake drainages causing enhanced ice flow
in current slow velocity areas?” We deployed 20 GPS stations near a supraglacial lake and recorded the response
to three drainages in 2011–13. We combined our GPS
observations with methods from the geophysics/tectonics
community to invert the data during the events, allowing
us to see the distribution of meltwater at the ice sheet
bed before, during and after the drainages. We discovered
hydro-fractures were triggered by meltwater that reaches
the ice sheet bed in the 6–12 hours before the lake drains
[2]. This precursory meltwater caused basal slip and surface uplift in the lake basin, inducing local stress perturbations favoring crack initiation. Our findings allow us to hypothesize that as there are fewer pathways for meltwater
to reach the bed in inland regions of the ice sheet, these
lakes are less likely to drain in situ via hydro-fractures.
[1] Das et al., Science, 2008.; [2] Stevens et al., Nature, 2015.

I tested this assumption by quantifying 13CH3D, a lowabundance “clumped” form of methane containing two
heavy isotopes, in these samples using a prototype highprecision laser spectroscopy instrument [1] similar to that
on the Curiosity rover. Working with my advisor Shuhei
Ono, fellow graduate student Danielle Gruen, and two dozen colleagues from academia, industry, and government,
we have measured 13CH3D in methane samples from major natural reservoirs (gas hydrates, coalbeds, shales) and
sources of atmospheric emissions (cattle, wetlands, lakes),
as well as methane produced by microbes grown in the lab
[2]. We determined that measurement of 13CH3D can be
used to distinguish between biological and non-biological
methane-generation pathways.
Surprisingly, I found that the methane from The Cedars
carried an “anticlumped” signal characteristic of biological methane, suggesting that, despite the inhospitable
conditions, life survives in this environment. If so, clumped
isotope measurements of methane could be a valuable
addition to the arsenal of biosignature detection tools,
particularly on planets such as Mars where ultramafic rock
is abundant.

[1] Ono et al. (2014) Anal. Chem.; [2] Wang et al. (2015) Science.
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DOCTORAL DEGREES AWARDED [2014-2015]
NAME

Program	

ADVISOR

THESIS TITLE

Sudhish K. Bakku

Geophysics

Michael Fehler

Fracture Characterization from Seismic Measurements in a Borehole

Michael P. Byrne

Climate Physics and
Chemistry

Paul O’Gorman

Land-Ocean Contrasts Under Climate Change

Frank J. Centinello III

Geophysics

Maria Zuber

Positioning in Geophysics: Applications to GPS Seismology, Airborne
Gravimetry, and the Dawn Spacecraft at Vesta

Min Ding

Geophysics

Jian Lin

Lithospheric Dynamics of Earth’s Subduction Zones and Martian
Tectonic Provinces

Julien de Wit

Planetary Science

Sara Seager

Maps and Masses of Transiting Exoplanets: Towards New Insights
into Atmospheric and Interior Properties of Planets

Elizabeth J. Drenkard

Marine Geology and
Geophysics

Anne Cohen, Daniel
McCorkle

Exploring the Climate Change Refugia Potential of Equatorial Pacific
Coral Reefs

Andrea R. Dubin

Chemical
Oceanography

Bernhard PeuckerEhrenbrink

A Magmatic Trigger for the Paleocene Eocene Thermal Maximum?

Katherine L. French

Geochemistry

Roger Summons

Testing the Ancient Marine Redox Record from Oxygenic
Photosynthesis to Photic Zone Euxina

Roger R. Fu

Planetary Science

Benjamin Weiss

Magnetic Fields in the Early Solar System

Jonathan D. Grabenstatter

Geobiology

Roger Summons/
Robert Sauer

Cooperativity and Communication in Archaeal Cdc48.20S, An Ancient
Proteolytic Machine

Jill M. McDermott

Chemical
Oceanography

Jeffrey Seewald

Geochemistry of Deep-Sea Hydrothermal Vent Fluids from the MidCayman Rise, Caribbean Sea

Jean-Arthur L. Olive

Marine Geology and
Geophysics

Mark Behn

Mechanical and Geological Controls on the Long-Term Evolution of
Normal Faults

Marilena Oltmanns

Physical
Oceanography

Fiamma Straneo

Strong Wind Events across Greenland’s Coast and their Influence on
the Ice Sheet, Sea Ice and Ocean

Morgan E O’Neill

Atmospheric Science

Kerry Emanuel

A Theory for Polar Cyclones on Giant Planets

Frederick D. Pearce

Geophysics

Clark Burchfiel

Seismic Imaging of the Western Hellenic Subduction Zone:
The Relationship Between Slab Composition, Retreat Rate, and
Overriding Lithosphere Genesis

Alan Richardson

Geophysics

Bradford Hager

Seismic Imaging Using Internal Multiples and Overturned Waves

Paul W. Richardson

Geology

J. Taylor Perron

Topographic Asymmetry and Climate Controls on Landscape Evolution

Aaron L. Scheinberg

Planetary Science

Lindy Elkins-Tanton

The Influence of Core Crystallization and Mantle Overturn on
Ancient Dynamos

Andrey H. Shabelansky

Geophysics

Alison Malcolm

Theory and Application of Source Independent Full Wavefield Elastic
Converted Phase Seismic Imaging and Velocity Analysis

Aditi Sheshadri

Atmospheric Science

Alan Plumb

Variability of the Stratospheric Polar Vortex and Its Impact on
Surface Climate Patterns

Maria Gabriela Silva

Geophysics

Alison Malcolm

Using Relative Travel Times: SVD-Enhanced Seismic Interferometry
and Microseismic Location Uncertainty

Michael M. Sori

Planetary Science

Maria Zuber

Judging a Planet by Its Cover: Insights into Lunar Crustal Structure
and Martian Climate History from Surface Features

Alejandra Quintanilla Terminel

Geophysics

Brian Evans

Strain Heterogeneity During Creep of Carrara Marble

Britta M. Voss

Chemical
Oceanography

Edward Boyle

Spatial and Temporal Dynamics of Biogeochemical Processes in the
Fraser River, Canada: A Coupled Organic-Inorganic Perspective

Andrew R. Whitehill

Geochemistry

Shuhei Ono

Mass-independent Sulfur Isotope Fractionation During
Photochemistry of Sulfur Dioxide
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DOCTORAL DEGREES AWARDED [2014-2015]

continued

NAME

Program	

ADVISOR

THESIS TITLE

Di Yang

Geophysics

Alison Malcolm

Full Wavefield Inversion Methods for Monitoring Time-Lapse
Subsurface Velocity Changes

Ping Zhai

Physical
Oceanography

Amy Bower,
Lawrence Pratt

Buoyancy-Driven Circulation in the Red Sea

MASTERS DEGREES AWARDED [2014-2015]
NAME

Program	

ADVISOR

THESIS TITLE

Hao-Yu Derek Chang

Atmospheric Science

Kerry Emanuel

Assessing Impact of the Sulfate Aerosol First Indirect Effect on
Tropical Cyclone Activity

Matthew Joss

Geobiology

Tanja Bosak &
Daniel Rothman

Formation of Authigenic Minerals During Microbial Degradation in
Artificial Marine Media

Dana M. Mastropole

Physical
Oceanography

Robert S. Pickart

Hydrographic Structure of Overflow Water Passing Through the
Denmark Strait

Flora Min

Atmospheric Science

Susan Solomon

Influence of Recent Asian SO2 and Asian NOx Emissions Change (2001
to 2010) on Particulate Matter: Shifts in Asian Sulfate Enhancement
over US Surface, Major Production Pathway, and Lifetime

Elise M. Myers

Earth and Planetary
Sciences

Roger Summons

Complex Lipids in Microbial Mats and Stromatolites of Hamelin Pool,
Shark Bay, Australia

Nasruddin A. Nazerali

Geophysics

F. Dale Morgan

Effects of Lateral Heterogeneity on ID D.C. Resistivity and Transient
Electromagnetic Soundings in Kuwait

Neesha R. Schnepf

Earth and Planetary
Sciences

Benjamin Weiss

Sensing the Conductivity of the Upper Mantle and Lithosphere Using
Ocean Tidal Magnetic Field Satellite Measurements

Sandra M. Shedd

Climate Physics and
Chemistry

Kerry Emanuel

Tropical Cyclone Precipitation Risk in the Southern United States

Ho Chit Siu

Earth and Planetary
Sciences

Richard Binzel

A Discrete Forward-Modeling Method for Characterizing Occultation
Lightcurves of Tenuous Planetary Atmospheres

Zhulin Yu

Geophysics

Robert D. van der
Hilst

Imaging the Lowermost Mantle (D") Beneath the Pacific Ocean with
SKKS Coda Waves

BACHELORS DEGREES AWARDED [2014-2015]
NAME

Program	

ADVISOR

THESIS TITLE

Casey C. Hilgenbrink

Undergraduate

Lodovica Illari

Understanding the Spatial Distribution of the Southern Hemisphere
Near-Surface Westerlies and Its Trends

Reena L. Joubert

Undergraduate

David McGee

Carbon Isotope Stratigraphy of the Ediacaran Julie Formation,
Central Australia

Kelly A. Kochanski

Undergraduate

Bradford Hager

Ice and the Apparent Seasonal Variation of GPS Positions
for Alaska

Molly R. Kosiarek

Undergraduate

Richard Binzel

First Autonomous Telescope at Wallace Observatory: Impact and
Preliminary Results

Hollie M. O'Brien

Undergraduate

Richard Binzel

Variable Star Photometry in a Secondary School Curriculum

James R. Pershken

Undergraduate

Oliver Jagoutz

Controlling Factors on Mesozoic and Cenozoic Metamorphism and
Deformation in the Maria Fold and Thurst Belt and Colorado River
Extensional Corridor, Southeastern California and Western Arizona

Ashley J. Peter

Undergraduate

Richard Binzel

A Near-Ultraviolet Spectroscopic Survey of B-Type Asteroids
E AR TH , ATMOSPH E RIC AN D PL AN E TARY SCIE N CE S | MIT S C HO O L O F S C I E N C E 27

A Lasting Contribution
A recent celebration honored
Professors Peter Stone
and Paola Rizzoli’s ongoing
dedication to EAPS and
MIT through their research,
teaching, and newly-announced
endowment of an EAPS
professorship in their names.

Between them, emeritus Professor Peter H.
Stone and Professor Paola Malanotte (Stone)
Rizzoli have been part of the MIT community for
77 years, and—even with Rizzoli eyeing an eventual retirement—there’s no end in sight for that
figure. The couple have endowed a $5 million
full professorship to the Department of Earth,
Atmospheric and Planetary Sciences that will
ensure an enduring presence on campus.

With the couple’s funding underway, it is the
first full departmental professorship to be
endowed for many years.
Stone and Rizzoli announced the generous gift
in January, with a follow-up vow by department
head Rob van der Hilst to convene a search
committee for candidates in the atmospheric
sciences, physical oceanography, climate sciences or planetary sciences.
“In addition to strengthening our programs,
their gift will allow us the privilege of having
their names forever associated with our department,” van der Hilst said.

ABOVE

Rob van der Hilst, along
with Dean Sipser, former
Dean Kastner, and President
Reif, honoring Peter Stone
and Paola Rizzoli at the
EAPS reception held in May.
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A sunset reception in May, complete with catering and string quartet, celebrated the endowment and honored its givers, bringing together
Institute President L. Rafael Reif and his wife,
School of Science Dean Michael Sipser, former
Dean Marc Kastner and his wife, and Vice President of Research and former EAPS Department
Head Maria Zuber, as well as van der Hilst and
faculty and friends.

The endowment (officially the Peter H. Stone
Professor in Earth, Atmospheric and Planetary
Sciences until Rizzoli’s retirement, and then
to be known as the Peter H. Stone and Paola
Malanotte Stone Professor) would be only the
latest gift from a couple whose work at MIT
started in 1972 and 1981, respectively. He’s
been a department leader, integral player in
projects for NASA and the Goddard Institute
for Space Studies, and a key figure in the dynamics of baroclinic waves, which affect dayto-day variations of non-tropical weather and
how it is affected by climate. Rizzoli devoted
a dozen years to leading the the Institute’s
Joint Program in Oceanography and Ocean
Engineering with the Woods Hole Oceanographic Institution and is credited by Reif for
“tireless efforts to level the playing field” for
women faculty, as well as helping bring on
his predecessor—the Institute’s first female
President, Susan Hockfield. Professor Rizzoli is
also prominently known for her decades-long
work safeguarding the ancient city of Venice,
Italy, from waters rising as a result of climate
change and tectonic shifting.
“Peter and Paola represent the very best about
EAPS and about science at MIT,” said Sipser, noting their contributions across scientific fields as
well as their leadership at the Institute.
“I am happy,” Stone said at the reception, surrounded by colleagues spanning the couple’s
decades of work, “I love MIT.”

PATRON PROFILE

John Carlson
An abiding curiosity, fostered by an EAPS mentor, inspired John Carlson
to become a prominent champion for climate research at MIT.
After visiting nearly 80 countries,

including a January excursion to Antarctica with
the MIT Alumni Travel Program, John Carlson
might find it hard to be impressed by new landscapes—but a trip to the North Pole this summer
captured his attention in a whole new way.
“It was the most unusual, fascinating, riveting
experience I’ve had,” Carlson said, reflecting
on his June trip aboard the nuclear-powered
Russian icebreaker 50 Years of Victory. “I wish I
could describe it better, the sense of nothingness. You look out and the sun never sets, you’re
looking at a sky that goes somewhere from
bluebird deep blue to a washed-out silver gray,
and you’re surrounded by ice. And that’s it. And
as you go deeper and deeper into the Arctic
Circle toward the pole, you realize just how
alone you really are.”
While only the 113th ship to have made it to
the North Pole in history, the vessel was also the
first to bring people to the North Pole on the
actual summer solstice—and the third-earliest
ship ever to arrive, a sure result of the thinning
of the ice brought on by climate change.
Climate science has been a lifelong interest for
Carlson. As a graduate student at MIT, he studied
meteorology and was mentored by Professor
Edward Lorenz—the founder of chaos theory,

an early contributor to the study of theoretical climate science, and the namesake of the
Department of Earth, Atmospheric and Planetary
Sciences climate think tank, the Lorenz Center.
Carlson, now an emerging-markets portfolio
manager at Fidelity, was deeply influenced
by Lorenz and never lost his fascination with
meteorology, prompting his endowment of the
John Carlson Lecture, the Lorenz Center’s annual
public outreach event which invites global scientific leaders to speak about innovative climate
research (see below). Motivated by the chance to
encourage curiosity-driven science and to honor
his mentor, Carlson has said, “My primary goal in
endowing the lecture series is to raise awareness
about climate. I hope to be a catalyst for others
to invest in climate science research at MIT.”
Carlson’s considerable contributions to EAPS
and the future of climate science are growing
beyond the lecture series. He has recently been
invited to join the EAPS Visiting Committee,
enabling him to have a direct hand in guiding
EAPS academic and research efforts in the years
to come, helping to maintain the department’s
reputation for cross-disciplinary, thought-leading results.
Underscoring the need for pioneering research
into climate change and its far-reaching impacts, Carlson’s polar trip brought an unantici-

pated side effect of climate change into focus.
Shipboard lectures on wildlife, glaciology, and
climate gave perspective on the landscapes and
earth systems passengers were witnessing, but
the melting of the northern ice caps also brings
a literal new landscape for fishing, mineral, and
oil rights in the area. One example is Russia’s
controversial renewed claim on 436,000 square
miles of Arctic territory, although no geopolitical
tensions were felt aboard the 50 Years of Victory.
“The Russians take the conservation and protection of the Arctic very, very seriously. When we
got off at some of the islands on the way back,
they were very careful in how many people were
off the ship at any one time, where we walked
and that nothing was left behind,” Carlson said.
“The love of the sea, the Arctic, and the environment is something shared by all of us whether
you’re Russian, Chinese or American...Everyone
came away feeling more in touch with what’s
really happening in the Arctic,” he said.

WATCHING WATER | Nature’s Field Guide to Weather and Climate
The Fifth Annual Carlson Lecture with Bjorn Stevens of the Max Planck Institute
7PM October 15, 2015 at the New England Aquarium Simons IMAX Theater
Water shapes our atmosphere. This seemingly
simple molecule plays a defining role in some
of the earliest recorded attempts to rationalize
the cosmos, is resplendent in mythology, and
has long been an element of folklore. What is
it about the mighty water molecule that makes
it so important? Can an understanding of a few
key facts about water help one better comprehend our atmosphere, patterns of weather, climate, and climate change? In this lecture Bjorn
Stevens, a Director at the Max Planck Institute
for Meteorology, Hamburg, will explore how

some simple properties of the mighty water
molecule give shape to the world around us.
The Annual Carlson Lecture communicates exciting new climate science to a general audience.
The free, public lecture is made possible by a
generous gift from John Carlson to the Lorenz
Center at MIT—a climate think tank devoted to
fundamental, curiosity-driven science, co-founded and led by EAPS Professors Kerry Emanuel
and Dan Rothman.
Learn more: http://web.mit.edu/lorenzcenter
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PATRON PROFILE

Roger and
NOREEN
BREEDING
A lifelong fascination with earth
sciences, bolstered by an MIT
education, influenced a philanthropic
investment—one which ensures
a life income now and support for
EAPS students in the future.

With knee surgery coming in November,
Roger Breeding is dreading grueling physical
therapy and months of being denied his typically active retired life in Bozeman, Montana,
where he and his wife Noreen hike and crosscountry ski. To distract himself, along with his
subscription to The Economist and books on
cosmology, particle physics and thermodynamics, he’ll be reading three books on volcanoes.

“They’re sort of on our scale,” he said. “All that
other stuff is either a million times smaller
than we have any experience with or a billion
times larger. I guess that’s why I went into
earth sciences.”
After something of a rocky start early in his
career, earning a bachelor’s degree in physics
from Wesleyan University—which he bluntly
describes as “a mistake”—Breeding, in his words,
“managed to get into MIT and sort of recovered.” With his MIT master’s degree in geophysics in 1965, Breeding stumbled into teaching
electrical engineering at a small college in upstate New York before returning to the Institute
to complete his PhD in geophysics in 1970.
From there he leapt to a postdoc at the National Center for Atmospheric Research before
moving into transportation accident analysis
and finding his long-term calling: doing risk
analyses at nuclear power plants for companies in Idaho and Washington and at Sandia
National Labs in Albuquerque, New Mexico,
doing well enough before retiring in 2002 that
he and wife Noreen were comfortable giving
the Institute a half-million dollars for eventual
use at the grad-student level at the discretion
of the department head.
“I had a good experience at MIT, and I thought
MIT did well for me—I felt they sort of looked
after me, and it was a good time in my life,”
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Breeding said. “We’re leaving most of our
money to little local outfits here in Bozeman
because the big national outfits get plenty of
money from rich people in New York and Boston. But I thought I wanted some of it to go to
MIT, particularly the earth sciences part.”
Although he’s not specifying to the Department of Earth, Atmospheric and Planetary
Sciences how his gift should be used, he knows
that it will likely support students, and feels
the Department’s work dovetails nicely with his
primary concerns: climate change and environmentally sensitive energy extraction. Breeding
feels both need addressing on the way back
to long-term use of nuclear power, although
he knows that will come no time soon. “The
problems are mostly political—the waste, the
reprocessing. These things are technologically
solvable,” he said.
And Breeding offered another reason he’s
happy to have his money invested with MIT in
a Charitable Remainder Unitrust (CRUT) that
will eventually benefit EAPS when he and Noreen have gone. “We didn’t have any kids to put
through MIT so the money we saved is going
into this trust that generates a life income,” he
said with classic Western bluntness, “The return
on the money is really good...You can’t get five
percent anywhere on anything!”
“So what’s not to like? I get to leave money
to a place I want it to go and it’s a good deal
financially,” he said.
For information on estate planning and life
income gifts, please contact Angela Ellis, EAPS
Sr. Development Officer at aellis@mit.edu, or
MIT’s gift planning department at giftplanning@mit.edu or visit http://giving.mit.edu/
ways/planning/

HONORING
JAMES ELLIOT
Continued from page 19

Members of New Horizons Science team and Pluto scientists mentored by the late Professor
James Elliot. Front Amanda Zangari PhD ’13, Bonnie Buratti MS ’74, Leslie Young PhD ’94,
Cathy Olkin PhD ’96. Rear Andrew Rivkin ’91, Michael Person PhD ’06, Amanda Bosh PhD ’94,
Steve Levine (Visiting Scientist)

» (continued from page 19) ready to get to work.
Jim instilled in his students the precious nature of telescope time and the importance of
planning. This attention to detail has helped
me contribute to the success of the New Horizons mission. At least three scientists on the
New Horizons team were his former students.
We think of Jim often and miss him deeply.”
Olkin and another student of Jim’s on the New
Horizons team, Amanda Zangari, PhD ‘13, had
the idea to name a prominent, scientifically
interesting crater on Pluto as the “Elliot Crater”.
And, also in Jim’s honor, Cathy and husband
Terry Olkin ’88, have generously committed the

first major gift to launch the James L. Elliot
(1965) Graduate Student Support Fund at MIT.
The goal is to raise at least $1M in honor of
Jim Elliot to support one graduate student in
planetary sciences every year, in perpetuity.
Richard P. Binzel, professor of planetary science
at MIT and also on the New Horizons team
is thrilled – he has also thought of Jim often
during the almost ten year mission, imagining
his joy at seeing those first stunning images of
Pluto and witnessing his students filling key
roles on the NASA team. “Jim’s students were
like family both to him and to his wife Elaine,”

Breene m. Kerr

said Binzel, adding “Barbecues and berry picking in their backyard were frequent events that
brought a great sense of belonging to everyone
in his group.” At a recent dinner party, attended
by Elaine Elliot and other EAPS friends, Binzel
spoke enthusiastically about the mission and
how our knowledge of Pluto evolved over
decades. He honed in on an image of the Elliot
Crater, much to Elaine’s delight.
EAPS Department Head Rob van der Hilst
agreed: “Jim’s commitment to his students
—and especially his women students—was
second to none. I can’t think of a better time
or a better way to honor Jim’s memory than by
naming an Elliot fellow in planetary science
every year.”
To honor Jim Elliot and to support the next
generation of talented planetary scientists,
please consider making a gift to the James L.
Elliot (1965) Graduate Student Support Fund
(3297565). Please use the enclosed envelope
or give online:
http://bit.ly/eaps-giving

1929-2015

Leaves behind an enduring legacy of philanthropy and service to EAPS and MIT.
The Department of Earth, Atmospheric
and Planetary Sciences was saddened to
hear alumnus and friend Breene Kerr ’51 (XII)
passed away on September 2nd at his home
in Wellesley, Massachusetts. Kerr was a Life
Member Emeritus of the MIT Corporation and a
former Chair of the MIT Investment Committee
and EAPS Visiting Committee.

BREENE M. KERR ’51 (XII)
Life Member Emeritus of the MIT Corporation
and former Chair, EAPS Visiting Committee

Son of Robert S. Kerr, an Oklahoma governor
and U.S. Senator, Breene Kerr first came east
to study geology at MIT in 1947. After graduating in 1951, and then serving in the Army until
1953, his first job as a geologist was with KerrMcGee, a company his father had co-founded.
Kerr also worked for three years at NASA
under Director James E. Webb. He later became
Vice President of Kerr-McGee, founded Kerr
Consolidated and the Resource Analysis and

Management Group, and went on to become a
founding member of the Board of Directors of
the Chesapeake Energy Corporation.
Kerr was known as a great philanthropist who,
along with his late wife Sheryl, extended their
generosity to all of the communities where they
resided. His generous legacy at EAPS and MIT
includes the Kerr-McGee Career Development
Professorship and the Grayce B. Kerr Fellowship
Fund. He also founded the Breene M. Kerr (1951)
Professorship, the Kerr Scholarship Fund and the
Colin W. Scarborough III (1952) Crew Endowment Fund at MIT. Mr. Kerr had a great love of
sailing and the ocean and was also a Life Trustee of the Woods Hole Oceanographic Institute.
EAPS and the MIT community have lost an
ambassador and a good friend.
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NEW STUDENT FELLOWSHIPS
ANNOUNCED IN 2015
This year saw the induction of three
new members to the EAPS Patrons
Circle, with environmental interests
being the catalyst for generous gifts
to fund the new Callahan-Dee and
Wade Fellowships.

EAPS IS delighted to welcome Emily
(Paddy) Wade ’45, as well as Patricia Callahan
’75, SM ‘77 and her husband David Dee, to the
EAPS Patrons Circle this year.

Both Wade (MIT Corporation Life Member
Emeritus) and Callahan (MIT Corporation Member) chose to support EAPS students because
of their lifelong passion for the environment.

An avid birder, conservationist, and
educator, Paddy Wade has long been a

leader at MIT as well as at organizations such
as Mass Audubon, the Manomet Center for
Conservation Sciences, Zoo New England, and
the Woods Hole Oceanographic Institute. In
addition, in the 1980s, a conversation with then
MIT President Paul Gray ‘54, SM ‘55, SCD ‘60
about declining numbers of students going
into science and a lack of educational programs for middle school science teachers,
motivated Wade to found the Museum Institute
for Teaching Science (MITS) to provide professional development opportunities for K-12
science teachers.

LEFT

Patricia Callahan and David Dee
Photo courtesy P. Callahan

RIGHT

Emily (Paddy) Wade
Photo courtesy Association of MIT Alumnae
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And this year, she was inspired to create the
J.H. and E. V. Wade Fellowship fund (named for
Paddy and her late husband Jeptha H. Wade
’45), “ because I have been involved in both
science education and environmental problems
for many years—and am very much in favor of
more research and study into the intersection
of energy and the environment.”
The Wade Fellowship fund will help support
an EAPS student working in the energy and

environment research field for one semester
per year, starting in 2019.
Newly retired after a 38-year career

with Wells Fargo, Pat Callahan is now putting
down roots in the Berkshires in Massachusetts, and looking forward to a more flexible
lifestyle, as well as digging into her role as an
MIT Corporation member. Her respect for the
environment was instilled from childhood—in
the days when it seemed rather eccentric, her
family caused amusement at the local grocery
store by bringing back paper bags to re-use
time and again. And her concern about the
impacts of climate change and pollution that
are threatening the sustainability of life on the
planet was heightened while volunteering for
a Marine Mammal Center in California. At the
center, she helped save suffering sea lions and
monk seals rescued from a 600-mile stretch of
the west coast, but saw only about half survive
their ordeal, with toxins and trash in the ocean
being largely to blame. She sees scientific research and education as a hopeful way forward.
“A fellowship is not a one-time thing. We loved
the idea of supporting students who will work
on a problem for years to come, helping us
to understand and convey the science behind
these problems so we can find solutions and
ways to cope,” said Callahan.
The Callahan-Dee Fellowship will support one
graduate student per academic year whose research relates to environmental sustainability,
and Pat says it will be “so much fun” to meet
the students, especially Christine Chen, our very
first Callahan-Dee Fellow starting this fall.

The first annual Patrons Circle dinner introduced friends new and old to the
EAPS graduate student fellows and their diverse research interests.
With Neal Rasmussen ‘76, SM ‘80 at the
helm, the EAPS Patrons Circle was launched in
style last April with an inaugural dinner held
on the 9th floor of the Green Building. Members of the EAPS Patrons Circle—those who
have made a major gift to support a fellowship
fund for EAPS students - had a chance to meet
each other and get to know “their” students
and, over a delicious dinner and lively conversation, many new friendships were formed.
Rasmussen, a member of the MIT Corporation
and EAPS Visiting Committee, thanked fellow
Patrons for their continuing support and spoke
passionately about the importance of investing
in the next generation of scientists.

“The planet is facing some major challenges
with changing climate, increasing pollution
and rapid use of its natural resources, and society is going to need trusted advisers to help us
make some difficult decisions—and what better
place than MIT and EAPS to provide those
trusted advisers? Fellowships provide the
freedom for graduate students to focus on cutting edge research, answering basic questions
about how the systems of our planet work,
providing understanding that we urgently need
so we can make wise decisions for the future
of mankind,” Rasmussen said.
Jared Atkinson (Whiteman Fellow), Katie Castagno (Neil and Anna Rasmussen Fellow), Niraj
Inamdar (Grayce B. Kerr Fellow), and Elena
Steponaitis (Warren G. Klein Fellow) described
their different paths to MIT and what inspired
them to delve into research topics ranging
from mining asteroids and looking for life on
exoplanets, to examining New England’s paleoclimate records and studying cyclone patterns
across the northeast and in Puerto Rico. Each

student attested to the importance of fellowship support in giving them every opportunity
to explore the most fascinating and promising
paths of research and study.
Patrons and Fellows should save the date for
the 2nd Annual EAPS Patrons Circle dinner to
be held on March 31st, 2016 in the Ida Green
Lounge! Will you join us?
EAPS alumni and friends are encouraged to
support our fellowship funds at whatever level
is most appropriate for you, as every gift is
important to EAPS. To become a Patron, please
consider supporting an EAPS Fellowship Fund
with a gift or multi-year pledge of $75,000 or
more (see Giving Opportunities on the back
page). A gift of $100,000 could support one
graduate student for a whole year! To make a
“gift that keeps on giving”, a gift or pledge of
$1M to name an endowed fellowship fund will
provide support to one graduate fellow per
academic year forever (and $500,000 can provide support to a fellow for one semester every
year, forever). You can also make provision in
your estate plan to fund our future students—
and perhaps benefit from a life income for the
rest of your life! [Read about Roger and Noreen
Breeding’s gift on page 30]
A warm thank you to all of our Patrons and
donors at all levels—your support truly fuels
our science as it ensures that we can not only
attract the best students but also attract and
retain our top faculty members. To find out
more about supporting EAPS students and
research, please contact Angela Ellis, EAPS
Senior Development Officer, at 617-253-5796
or aellis@mit.edu.

MIDDLE RIGHT Patrons Circle Chair Neil Rasmussen ‘76 SM ‘80 with graduate fellow Katie Castagano
LOWER RIGHT John Carlson with graduate fellow Jared Atkinson
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THE 2015-2016

EAPS GRADUATE FELLOWS
Josimar Alves da Silva

Whiteman Fellow - Geophysics

John Biersteker

Whiteman Fellow - Planetary Science

Christine Chen

Callahan-Dee Fellow
– Marine Geology and Geophysics

Margaret Duffy

SEE THE WORLD
WITH EAPS FACULTY
Open to alumni and friends, the MIT Alumni Travel Program offers dozens of exciting trips
each year to destinations all over the world led by MIT faculty. In just the last year EAPS
professors led trips to Antarctica, Peru, the Galapagos, Iceland, Greece, South Africa, Namibia, Tanzania, Brazil, and the Windward Islands. Most trips fill up very fast (sorry, you just
missed a chance to experience Hawiian volcanoes with Rob van der Hilst in January 2016)
but, if you act quickly, you might still be able to snag a spot on one of these upcoming
trips to the southern hemisphere.
Contact Melissa Gresh for more information: 617-253-8265 | mchapman@mit.edu.

Total Solar Eclipse: Darwin to Kota Kinabalum | March 2–16 Limited Space!
with EAPS Professor of Planetary Sciences Richard P. Binzel

Witness the total eclipse of the sun while cruising from Australia to Borneo. This incredible astronomical event will take place in the Molucca Sea, home to the celebrated Spice
Islands, and rich in spectacular coral reefs.

Norman C. Rasmussen Fellow
– Climate Physics and Chemistry

Tao Feng

Warren G. Klein Fellow – Atmospheric Science

Charles Gertler

Norman C. Rasmussen Fellow
- Climate Physics and Chemistry

Mukund Gupta

Frederick J. Middleton, Jr. Fellow
– Atmospheric Science

Niraj Inamdar

Robert R. Shrock Fellow - Planetary Science

Shujuan Mao

M. Nafi Toksöz Fellow - Geophysics

Harry Matchette-Downs

Schlumberger Fellow - Geophysics

Jamie Potter

Theodore R. Madden Fellow - Geophysics

Jeemin Rhim

Grayce B. Kerr Fellow
- Geology, Geochemistry and Geobiology

Eric Stansifer

Robert R. Shrock Fellow
- Climate Physics and Chemistry

http://bit.ly/travel-eclipse

Namibia: Dunes and Deserts | March 9–22

Catherine Wilka

with EAPS Professor of Geobiology Roger Summons

Discover the breathtaking wildlife and landscapes of Namibia, from towering red dunes on
the coast to the vast Kalahari plains. Venture deep into the bush to see rhino, zebra, giraffe,
gemsbok, springbok, kudulion, cheetah, leopard, and abundant bird life interact at the
watering holes while learning about the latest research and conservation efforts.

Norman C. Rasmussen Fellow
- Climate Physics and Chemistry

Martin Wolf

Norman C. Rasmussen Fellow
– Atmospheric Science

Madeline Youngs

http://bit.ly/travel-namibia

Norman C. Rasmussen Fellow
– Physical Oceanography

For a full list of trips see: http://bit.ly/alumni-travel

EAPS UPCOMING EVENTS
5th Annual John Carlson Lecture
with Bjorn Stevens, MPI

MIT-CalTech Alumni Reception
at the GSA 2015 Meeting

EAPS-ERL Alumni & Friends
Reception at the SEG 2015 Meeting

EAPS Alumni & Friends Reception
at the AGU 2015 Fall Meeting

October 15, 2015 | 7-8pm
Simons IMAX Theater
New England Aquarium, Boston

October 20, 2015 | 6-8pm
Le Meridien Hotel
New Orleans, Louisiana
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November 3, 2015 | 9pm-1am
Hilton Baltimore
Baltimore, Maryland

December 14, 2015 | 6-9pm
Marriott Marquis
San Francisco, California

EAPS Patrons Circle
Reception and Dinner

March 31, 2016 | 6-9pm
Ida Green Lounge, The Green Building
54-923 | MIT, Cambridge

For more EAPS lectures and events please visit:
http://eapsweb.mit.edu/events

SUPPORT THE
DEPARTMENT
Earth. Planets. Climate. Life.
The Department of Earth, Atmospheric and
Planetary Sciences (EAPS) is the place at MIT
where the inaccessible depths of inner Earth,
alien landscapes of distant planets, turbulent
oceans and atmospheres, and the origins of life
all come together under one intellectual roof.
EAPS is all about hard, quantitative science,
academic rigor, hands-on training, big data, collaboration, and the cross-fertilization of ideas—
encompassing atmospheric science, climate,
geobiology, geology, geochemistry, geophysics,
oceans and planetary sciences. This fusion of
disciplines creates a vibrant learning community that prepares EAPS undergraduate and
graduate students for out-of-the-box thinking
and future leadership.

Why support EAPS? Because our fundamental
research leads us to important new discoveries
and a better understanding of earth, planets,
climate, and life. We are training tomorrow’s
scientific leaders and innovators whose research
will help us understand today’s unprecedented
global changes: accelerating warming of our
planet, pollution of our atmosphere and oceans,
depletion of Earth’s resources, and escalating
risks from natural hazards such as hurricanes,
storm surges, earthquakes, landslides, and rising seas. More than ever before, your support
ensures that we will be armed with the people
and scientific resources required to analyze and
confront these challenges, and to help guide
policy-makers, and government and industry
partners, towards a more sustainable future.

Giving Opportunities
Gifts from alumni and friends provide the vital
fuel for EAPS education and research—and it is
our graduate students who power our pioneering work. Please make an annual gift to ensure
that EAPS can attract top students and retain
the best faculty. Every single gift makes a difference! Our funding priorities include:

• Theodore Richard Madden ’49
Fellowship Fund (3305800)

• The EAPS Discretionary Fund (2734903)
provides the most flexible support for students and faculty (e.g. to seed new research,
purchase equipment, and cover student travel
to conferences).

Kindly mail your gift in the attached envelope,
or give online at: http://bit.ly/eaps-giving

• The EAPS Graduate Student Support Fund
(3857220) provides expendable funding for
EAPS graduate students of any discipline.

• Sven Treitel ’53 Graduate Student
Support Fund (3312160)

To make a gift of appreciated securities, or for
more information about giving to EAPS via
your estate plan, please contact Angela Ellis,
EAPS Senior Development Officer:
617.253.5796 | aellis@mit.edu

Or support EAPS graduate students in specific
areas of study via a named fund:

Or visit our website:
http://eapsweb.mit.edu/alumni/giving

• James L. Elliot Graduate Student Support
Fund (3297565) NEW!

Thank you for your continuing support for
EAPS and MIT. All gifts are counted toward
the MIT Annual Fund.

• M. Nafi Toksöz Fellowship Fund (3311750)
E AR TH , ATMOSPH E RIC AN D PL AN E TARY SCIE N CE S | MIT S C HO O L O F S C I E N C E 35

Massachusetts Institute of Technology
Department of Earth, Atmospheric and Planetary Sciences
77 Massachusetts Avenue, Room 54-918
Cambridge, MA 02139

NONPROFIT ORG.
U.S. POSTAGE PAID
CAMBRIDGE, MA
PERMIT NO. 54016

Photo credit: Shutterstock

Visit us on the web:

http://eapsweb.mit.edu

Follow us:
facebook.com/EAPS.MIT
twitter.com/eapsMIT
flickr.com/photos/eapsmit

