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Welcome!

— Sarah Ruth

Thank you for your interest in the Na onal Science Founda on’s (NSF) Science, Engineering and Educa on
for Sustainability (SEES) investment. In this edi on, we are pleased to share some of the exci ng research
stemming from projects supported through the various SEES programs. We would also like to tell you what
is On the Horizon for SEES in the coming years.
SEES was planned to be a mul ‐year eﬀort across NSF to coordinate and grow research and educa on associ‐
ated with the environment, energy and sustainability. Since its incep on in 2010, with the crea on of five
programs focused on climate research, the SEES por olio of ac vi es has evolved and grown and now en‐
compasses 17 interdisciplinary programs spanning all of NSF’s Directorates and Oﬃces.
In this newsle er, we share news from several of our SEES programs: Dynamics of Coupled Natural and
Human Systems (CNH), CyberSEES, Sustainability Research Networks (SRN), Partnerships for Interna onal
Research and Educa on (PIRE), and SEES Fellows.
We are especially pleased to introduce you to some of the Fellows receiving support through the SEES Fel‐
lows program, which is entering its fourth year. Although all SEES programs have a workforce development
component, SEES Fellows is our flagship program for the interdisciplinary training of scholars engaged in sus‐
tainability research. These bright early career researchers focus their energy, enthusiasm and skills to ad‐
dress the current and future complexity of challenges inherent to sustainability science. Beginning with the
current newsle er and con nuing in future edi ons we will highlight the diversity of Fellows and their re‐
search through our “Meet a SEES Fellow” ar cle.
Although no new programs are planned for this fiscal year, several of our SEES programs are holding compe‐
ons and many of the new solicita ons are already posted. Please visit our website for updates pertaining
to new program solicita ons and deadline dates — www.nsf.gov/sees.

Credit: Keith Vanderlinde, NSF
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The SEES por olio supports a growing community of re‐
search by incorpora ng both new programs and modified
exis ng programs that span the en re range of scien fic
domains at the NSF. SEES thema c programs are aimed at
building the sustainability knowledge base, while simultane‐
ously encouraging interdisciplinary linkages, new partner‐
ships, and educa on and workforce development eﬀorts.
SEES Beginnings
NSF developed SEES in FY 2010 in response to numerous
major community reports, including the August 2009 Na‐
onal Science Board (NSB) report Building a Sustainable En‐
ergy Future, which emphasized the need for a coordinated
program. Ini al eﬀorts focused on developing and coordi‐
na ng a suite of research and educa on programs at the
intersec on of climate and environment, with specific
a en on to human behavior. NSF launched the programs
Credit: Jane E. Carlson
Dimensions of Biodiversity, Regional and Decadal Earth Sys‐
tem Modeling, Ocean Acidifica on, Water Sustainability and Climate, and the Climate Change Educa on Pro‐
gram. These programs emphasized the use of systems‐based approaches to understanding, predic ng and
reac ng to change in the linked natural, social and built environment.
NSF maintained momentum in SEES by augmen ng exis ng interdisciplinary programs (Dynamics of Coupled
Natural and Human Systems (CNH) and Research Coordina on Networks (RCN)) and issuing a Dear Colleague
Le er (DCL) in FY 2011. In FY 2012, NSF expanded SEES eﬀorts through significant investments in programs
related to energy and collabora ve networks. These four new ac vi es were: the SEES Fellows program;
Sustainability Research Networks (SRN); Sustainable Energy Pathways (SEP), focused on integrated energy
resource u liza on; and a SEES‐focused Partnerships for Interna onal Research and Educa on (PIRE)
compe on to advance interna onal sustainability research networks. In FY 2013, NSF ini ated five SEES
Programs to complement the earlier programs — Coastal SEES; Arc c (ArcSEES); Interdisciplinary Research
in Hazards and Disasters (Hazards SEES); Sustainable Chemistry, Engineering and Materials (SusChEM); and
Cyber‐enabled Sustainability Science and Engineering (CyberSEES). These programs focus on environmental,
technological, and societal resilience, dissemina on of results, responsiveness to societal needs, and work‐
force development.
Con nued on page 5.
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Con nued from Page 4.
SEES On the Horizon
SEES remains an important priority and key investment area for NSF in FY 2014. Of par cular note is the Sus‐
tainability Research Networks solicita on that will build linkages to expedite progress across the complicated
landscape of urban sustainability, which has emerged as a cri cal need for the 21st century. The FY 2014 es‐
mated funding level for SEES is expected to be similar to FY 2013 actual spending across the por olio of
SEES programs.
Looking ahead, the SEES por olio will con nue to support the expanding SEES community of researchers
through dissemina on of informa on from the growing SEES knowledge base, as well as the workforce de‐
velopment cri cal for producing the next genera on of sustainability scien sts and engineers. In the years
beyond FY 2014, NSF may support community planning for a new focus area on the topic of sustainable and
resilient water, energy, and food systems. Other sustainability focus areas and activities will continue to
yield results through ongoing projects.
NSF has supported sustainability‐related research and education for decades. The SEES portfolio builds on
this foundation and brings programs that address sustainability into a common framework to optimize in‐
vestments and outcomes. Through SEES, NSF — in collabora on with its partners across government, aca‐
demia, and industry — will have made significant investment and progress towards a sustainable human fu‐
ture.
— Elizabeth Zelenski

Credit: Robert Carpenter, Cal State‐Northridge
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Andrew Markley of
the University of
Wisconsin‐Madison
was awarded a
SEES Fellowship in
2012. He and col‐
leagues are working
to engineer cyano‐
bacteria to grow in
nutrient‐rich
Credit: Andrew Markley
wastewater. The bacteria will produce commodity
chemicals and biomass. Markley has been interest‐
ed in the intersection between synthetic biology and
environmental applications since his days as an un‐
dergraduate in a “green chemistry” lab. We caught
up with Markley and heard about the highlights of
his experience as a SEES Fellow, the collegial nature
of the program, and some unexpected benefits of
his SEES affiliation.

Although you are still in the early stages of your pro‐
ject, have you had any interesting results so far?
Andrew Markley (AM): The project I’m working on
addresses growing cyanobacteria—they’re “pond
scum,” basically—in waste‐water. So far, we’ve done
that. That’s not really an earth‐shattering result,
however, because these bacteria do grow in
wastewater. But we now know that the species our
lab works with can do that. One thing that has been
a challenge is that there aren’t many genetic tools
for studying this particular organism. Cyanobacteria
are not as well‐classified and well‐understood, as,
6
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for example, common bacteria such as E. Coli. Much
of my time for the first year has been developing
these “missing” tools. We’re getting close to pub‐
lishing those results.
Why is it that there are tools developed for things
like E. Coli, when they are not developed for cyano‐
bacteria?
AM: In a lot of the tools we use for what we call
metabolic engineering, we’re changing how a cell
metabolizes a product. We want these cells to make
more of a particular by‐product of metabolism. We
accomplish that by turning on and turning off genes.
We’d like to be able to introduce genes, or knock
out genes, inside the genome. The code for doing
that, however, is different between E. coli and cya‐
nobacteria. We work with promoters or ribosome‐
binding sites, cues that tell bacteria how much of a
given gene to make. The code that conveys this
message differs among organisms. As part of my
research, I’ve designed ways to dial in exactly how
much expression we need of each gene. That will be
useful for anyone working on these cyanobacteria.
What is your favorite part of being a SEES Fellow?
AM: Being a SEES Fellow has given me the freedom
to know that I’m funded for three years. To know
that I can pursue basic research. And it has allowed
me the flexibility to become a more independent
researcher.
Con nued on page 7.
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Con nued from page 6

Is there any advice you’d like to share with future
SEES Fellows?
AM: The SEES group—at least, my class of Fel‐
lows—is very social. So there have been Skype
meetings to share what we’re doing, and other
ways of networking to help each other’s research.
To other Fellows, I’d say: take advantage of that
and try to use your new “fraternity” as a resource.
Do you have any other thoughts you’d like to
share about your SEES Fellowship experience?
AM: Another connection I’ve made through the
SEES fellowship is with my university’s Office of
Sustainability. It led to a side project involving
recycling: we’re re‐using Styrofoam boxes from
shipping in biological labs. I had worked on a sim‐
ilar project during grad school, but having the ex‐
tra university support has made all the difference.
An NSF SEES fellow award opens new doors.
Doors I’m walking through already – and ones I
hope to in the future.
— Vanessa Lazar

I

Credit: Andrew Markley
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How can we develop sustainable, resilient urban systems that provide healthy, safe, and aﬀordable envi‐
ronments for the growing number of people living in ci es and their surrounding metropolitan areas
across the globe? The new Sustainability Research Network (SRN) 2014 solicita on, NSF 14‐534, calls for
proposals that can help to answer this ques on.
With a focus on urban sustainability, the
2014 SRN compe on seeks to fund
networks that iden fy an ambi ous and
na onally important theme in urban
sustainability and that present a crea ve
and innova ve research plan. These
networks should bring together interdis‐
ciplinary teams of researchers, educa‐
tors and stakeholders from a variety of
ins tu ons and sectors to address grand
challenges in urban sustainability. Suc‐
cessful proposals will integrate a variety
A green roof in New York City. Credit: Stuart Gaﬃn and Shaily Kedia,
of disciplines, sectors and backgrounds
Center for Climate Systems Research, Columbia University
in a network that will create new per‐
spec ves and yield new understanding and knowledge. The ul mate goal of this research is to inform so‐
cietal ac ons for future environmental, economic, social, and cultural sustainability in urban environ‐
ments.
Sustainability Research Networks (SRN) is a mul ‐directorate program that is part of the SEES por olio.
This is the second SRN solicita on that has been issued since the program was created. The first solicita‐
on, issued in 2011, did not focus on a par cular research topic and resulted in two $12 million awards
studying 1) the eﬀect of natural gas development on air and water resources (h p://airwatergas.org/),
and 2) adapta on to and mi ga on of the risks of climate change (h p://scrimhub.org/). Read more
about these two awards at:
h p://www.nsf.gov/news/news_summ.jsp?cntn_id=125599&org=NSF&from=news.

Did you know?

More than half of the world’s people now live in ci es, including 80% of
people in the U.S.!
(Source: U.S. Na onal Academies, “Pathways to Urban Sustainability: Research and Development on
Urban Systems‐Summary of a Workshop,” The Na onal Academies Press, Washington, D.C., 2010)
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Sustainable livestock produc on is of great importance to rural livelihoods in many communi es across
the globe, from semi‐nomadic pastoralists in sub‐Saharan Africa, to large‐scale stocking and grazing for
market produc on across rangelands in more developed na ons. However, market forces and diﬀering
land management prac ces o en lead to overgrazing, the economic and environmental eﬀects of which
have been well documented. Research conducted by Arianne Cease, of Arizona State University (ASU),
and her colleagues has recently shown that overgrazing of livestock in a grassland in China lowered the
nitrogen content of the grasses, causing a rise in the abundance of a locust species likely to swarm. Locust
outbreaks can have a devasta ng eﬀect on rangeland, impac ng both crop and livestock yields, and ul ‐
mately food security. These locust outbreaks can have cascading eﬀects— crea ng forage shortages that
aﬀect the supply of livestock and can feed back into the market sending price signals to distant producers
to alter produc on decisions and behaviors.
A recent grant awarded to Arizona State University by the Dynamics of Coupled Natural and Human Sys‐
tems (CNH) Program will enable Cease, a physiological ecologist, and her colleagues to expand their re‐
search to new areas and test whether overgrazing may be a general cause of locust outbreaks in other re‐
gions. The project will include field research in grasslands on three con nents — with research focused in
China, Senegal, and Australia — comparing grazing prac ces and locust swarms to economics and social
policy in the three contras ng regions. The interdisciplinary research team, comprising biologists, social
scien sts, and economists, will inves gate the interac ons among human behavior, market forces, and
ecological systems in situa ons wherein the decision to overstock and overgraze rangeland alters plant
nutrient content, poten ally producing outbreaks of agriculturally‐damaging locusts. The research team
includes Cease and her ASU colleagues Jon Harrison, an insect physi‐
ologist, and Jim Elser, an ecosystem ecologist, as well as Eli Fenichel,
a bioeconomist from Yale; Joleen Hadrich, an agricultural economist
from Colorado State University; and Brian Robinson, an environmen‐
tal geographer from McGill. This integrated team will also inves gate
how market forces and informa on transfer can either exacerbate or
ameliorate the spa al externali es associated with overgrazing‐
induced locust swarms.
Australian eastern plague locust (Oedaleus australis).
Credit: Arianne Cease

This project aims to develop new, sustainable strategies to understand and manage locust outbreaks, ac‐
coun ng for feedbacks among ecological, agricultural, and economic systems. Results will be translated
directly into management and policy recommenda ons through collabora ons with the U.S. Agency for
Interna onal Development (USAID), the Plant Protec on Agency in Senegal (DPV), the Australian Plague
Locust Commission (APLC), the Chinese Academy of Sciences, and the Chinese Grassland Society.
SEES N
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According to a report from the Interna onal Ener‐
gy Agency (2010) almost half of the world’s carbon
dioxide emissions come from the United States,
China and India. In 2012, the Na onal Science
Founda on’s (NSF) Partnerships for Interna onal
Research and Educa on (PIRE) program funded 12
sustainability‐focused projects.
One of these
awards addresses this problem in China, the USA
and India. The U.S. principal inves gator, Anu
Ramaswami, at the University of Minnesota is
working with colleagues from five other U.S. Uni‐
versi es and Na onal Laboratories – Marian
Chertow, Yale University; Armistead Russell, Geor‐
gia Ins tute of Technology; Christopher Weible,
University of Colorado Denver; Patricia Romero‐
Lankao, Na onal Center for Atmospheric Research;
and Rachelle Hollander, Na onal Academy of Engi‐
neering — to examine sustainability planning for
rapidly‐developing ci es in India and China. The
US team is collabora ng with four Indian Ins tu‐
ons and three Chinese Ins tu ons, focusing on
ci es with fewer than one million people that are
experiencing accelerated growth and are expected
to become large urban epicenters. The overarching
goal is to explore the linkages of low carbon infra‐
structure development with other sustainability
concerns that are par cularly important to many
Asian ci es, such as extreme water scarcity, envi‐
ronmental pollu on, and related public health im‐
pacts.
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emissions in smaller, developing Asian ci es and
will compare the urban development of these
ci es with the trajectory of development in both
large and small ci es in Asia and the U.S. They are
inves ga ng implementable infrastructure chang‐
es ‐ such as industrial symbiosis, electric power
planning with water constraints, bus rapid transit
and infrastructure innova ons in slum areas ‐ that
can reduce GHG emissions while also oﬀering sig‐
nificant co‐benefits related to water savings, pollu‐
on reduc on and public health improvements.
Simultaneously, social scien sts on the team are
researching the social a tudes, ins tu onal ar‐
rangements and the poli cal structure that will
provide insight into how to facilitate infrastructure
change toward low carbon and sustainable devel‐
opment. Finally, a key component of the PIRE
awards is educa on. As part of this project
Ramaswami and her U.S. and interna onal col‐
leagues are designing and establishing an Interna‐
onal Summer School focused on Sustainable In‐
frastructure‐Sustainable Ci es in the three coun‐
tries. This graduate program follows the interdisci‐
plinary nature of the whole project as it pulls to‐
gether Engineering, Environmental Sciences, Indus‐
trial Ecology, Urban Planning, Public Aﬀairs and
Public Health.
Con nued Next Page

There are several components to this fundamental‐
ly interdisciplinary project. Over the remaining
four years of the project, Ramaswami and her col‐
leagues are modeling the Greenhouse Gas (GHG)
10
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PIRE Spotlight — Con nued from page 10
It is es mated that this project will involve almost 100 students, numerous researchers and millions of resi‐
dents in and around the fieldwork ci es and within the three countries. This project has powerful implica‐
ons for educa ng a sustainably‐minded, globally engaged science and engineering workforce while bring‐
ing three na ons together to address key worldwide environmental challenges. The first PIRE Summer
School on Sustainable Infrastructure‐Sustainable Ci es was oﬀered in India in Summer, 2013, and included
more than 20 graduate students from both na ons, and further, engaged about 15 Indian undergraduate
students in field research in diﬀerent Indian ci es.
More informa on is available at
h ps://sites.google.com/a/umn.edu/pire‐sustainable‐ci es/
— Amelia Greer
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Energy usage and consump‐
on is one of the major sus‐
tainability issues in the Unit‐
ed States and around the
globe. Recent technological
advances present an oppor‐
tunity to coordinate energy
needs to maximize societal
benefits while ul mately reducing emissions and
promo ng sustainable energy use. Among these ad‐
vances are the fact that energy infrastructure sys‐
tems (power grids) are increasingly automated with
advanced sensing capabili es and have the ability to
rapidly exchange informa on via digital communica‐
ons. Through a recently‐awarded CyberSEES pro‐
ject, Wei Zhang and Xiaorui Wang (Ohio State Uni‐
versity) are capitalizing on these advancements and
working in collabora on with several industrial com‐
panies to develop a new energy management
framework that will balance energy consump on
needs among today’s growing energy consumers –
including data centers, plug‐in electric vehicle charg‐
ing sta ons and residen al loads.
The overarching goal of this project is to use a cyber
‐enabled solu on to reduce the electricity costs and
SEES N

S

M
environmental impacts of an
integrated energy grid sys‐
tem and enable that system
to provide clean frequency
regula on services (using
reference signals to keep AC
frequencies within an ac‐
Credit: NOAA
ceptable range) across the
grid. The framework that will manage the grid con‐
sists of a real‐ me feedback control layer that inter‐
acts with a high‐level market planning layer. Using
power control strategies, the team plans to enable
par cipa ng consumers to collabora vely track as‐
signed frequency regula on signals in real me
while respec ng quality of service constraints. This
will be one of the first projects to explore using a
data center combined with other informa on on
energy consumers to provide frequency regula on
service to the grid. By grounding the management
framework with realis c energy market and ancil‐
lary service market mechanisms, there may be chan‐
nels to share market revenues with the par cipa ng
consumer, ul mately promo ng adop on of plug‐in
electric vehicles, reducing emissions and promo ng
cyber‐enabled sustainability.
— Emily McDonald
2014
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Except as noted, all ar cles wri en by
Cheryl Dybas, SEES Communica ons Oﬃcer, 703/292‐7734, cdybas@nsf.gov
NSF supports collabora ve cyber‐enabled research
to advance sustainability (Press Release 13‐203:
December 17, 2013/ Cyber SEES) ‐ Aaron Dubrow

Discovery: Ghosts of Forests Past: Bark Beetles Kill
Lodgepole Pines, Aﬀec ng En re Watersheds (June
27, 2013/ WSC)

Discovery: Staple of recipe favorites—the tomato
— reveals processes that maintain biodiversity
(December 5, 2013/ Dimensions of Biodiversity)

Discovery: Summer me: Hot Time in the City (June
21, 2013/ CNH)

NSF, with interagency and interna onal partners,
makes first round of grants to understand Arc c
sustainability (Press Release 13‐187: November 6,
2013/ ArcSEES) ‐ Peter West

Natural Underwater Springs Show How Coral Reefs
Respond to Ocean Acidifica on (Press Release 13‐
108: June 17, 2013/ OA)
World Oceans Month Brings Mixed News For Oys‐
ters (Press Release 13‐102: June 11, 2013/ OA)

‘Na onal Chemistry Week’ celebrates sustainable
resources (Press Release 13‐180: October 25, 2013/
SusChEM) ‐ Ivy Kupec

Human Disease Leptospirosis Iden fied in New
Species, the Banded Mongoose, in Africa (Press Re‐
lease 13‐084: May 14, 2013/ CNH)

In Wake of Hurricane Sandy, Oklahoma tornadoes,
NSF awards $32 million in hazards sustainability
grants (Press Release 13‐176: October 21, 2013/
Hazards SEES )

Extreme Algae Blooms: The New Normal? (Press
Release 13‐057: April 1, 2013/ WSC)

NSF awards first coastal sustainability grants for
research on world’s most populated areas (Press
Release 13‐171: September 27, 2013/ Coastal SEES)
In race against me, NSF grants fund research on
Earth’s threatened biodiversity (Press Release 13‐
170: September 27, 2013/ Dimensions of Biodiver‐
sity)
Na onal Science Founda on awards $19.4 million
for research on coupled natural and human sys‐
tems (Press Release 13‐164: September 25, 2013/
CNH)

Discovery: Blue Mussels “Hang On” Along Rocky
Shores: For How Long? (March 21, 2013/ OA)
NSF Supports Global Research to Advance Science
and Engineering for Sustainability (Press Release 13
‐003: January 15, 2013)/ PIRE) ‐ Lisa‐Joy Zgorski
Discovery: Cooking Up Clean Air in Africa (January,
3, 2013/ CNH)
Two NSF Sustainability Research Networks Are
Each Awarded $12 Million (Press Release 12‐185:
October 2, 2012/ SRN)

Ocean Acidifica on: Making new discoveries
through Na onal Science Founda on research
grants (Press Release 13‐148: August 26, 2013/ OA)
NSF, USDA, DOE Award Grants to Improve Predic‐
ons of Climate Change on Regional, Decadal
Scales (Press Release 13‐122: July 9, 2013/ EaSM)
12
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