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With a continuing global pandemic and impacts from a changing climate disrupting
the daily lives of millions of people worldwide, Stanford researchers have extended
the frontiers, developing new tools, discovering new phenomena, and better
understanding risks to improve the lives of people and the environment.

Managing conservation and biodiversity while also protecting human health and
food security is a tremendous challenge, made all the more difficult with ongoing
changes in the global climate. With the Blue Food Assessment, two major programs
at Stanford, the Center for Ocean Solutions and the Center on Food Security and the
Environment, have come together to offer a stunning array of recommendations and
findings that forward aquatic foods as a climate, food, and ocean solution. Researchers
working at the nexus of public health and ecology have shown that improving
biodiversity can also prevent disease spillover events from wildlife to humans, likely

the cause of the COVID-19 pandemic. By working across disciplines, these teams

are able to offer innovative ideas to solve pressing, important problems.

Researchers across many disciplines have developed innovations and
analysis on desalination, carbon storage, sea-level rise adaptation,
methane removal and more. Highlighting the connections between
societal concerns and environmental realities, Stanford scholars
showed the relationships between piped water and gender equality,
government oversight and air quality, and extreme events and weather
prediction.

The Stanford Woods Institute for the Environment s the interdisciplinary

hub of environmental research and solutions at Stanford. [ am very excited

to share with you this collection of environmental research, which shows the

breadth and potential of the university’s commitment to scholarship on sustainability.

This work celebrates Stanford researchers’ deep expertise in their research areas as

well as the incredible impact of their work in an interdisciplinary solutions space. We

look forward to seeing this excellence grow and expand in the coming year as we join
the new school focused on climate and sustainability.

As we celebrate Stanford’s increasing commitment and focus on the environment and
sustainability, the Woods community will continue to lead the way towards bridging
research and impact.

Christopher Field
Perry L. McCarty Director
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RESEARCH

AWARDS FOR
NVIRONMENTAL

SOLUTIONS

In order to tackle immense environmental challenges, scientists, engineers, law experts, social
scientists, and other scholars must take risks and enact bold, creative research plans. In 2021, the
Stanford Woods Institute for the Environment awarded more than $1.5 million to 10 innovative
projects in the form of Environmental Venture Projects (EVP) and Realizing Environmental
Innovation Program (REIP) grants. These programs support interdisciplinary research projects

with up to $200,000 per project geared towards solving major environmental problems.

Since EVP began in 2004 and REIP began in 2015, the Stanford Woods Institute has awarded more than
$19 million in grants to 122 research teams representing all of Stanford’s seven schools with work in 33
different countries. These projects have gone on to receive more than $47 million in additional funding
from other sources.




ENVIRONMENTAL VENTURE PROJECTS

The goal of EVP grants is to support interdisciplinary, high-risk research projects

that identify and develop real-world solutions. The projects selected for 2021 will

receive up to $200,000 over two years:

Improving plastic waste management: Every year, 359
million tons of plastic waste are generated and about 150-
200 million tons accumulate in the natural environment.
Single-use plastic waste will likely persist for thousands if
not millions of years. To address the way plastic waste is
processed, this project will engineer highly active enzymes
and microbes capable of breaking down polyesters in
a decentralized network of “living” waste receptacles.
Additionally, the researchers are building a quantitative
model of plastic recycling behaviors, are in dialogue with
leading apparel companies, and exploring options for a
start-up venture to scale and bring the technology to market
for consumer adoption. Jennifer Cochran (Bioengineering),
Craig Criddle (Civil and Environmental Engineering) and
Erin MacDonald (Mechanical Engineering)

Protecting women’s health: Metal exposure during
pregnancy has been associated with adverse birth
outcomes, yet the link between metals and stillbirth risk
remains unclear. This project aims to identify sources of
metal exposure among pregnant women in Bangladesh,
and how this exposure may contribute to the elevated rate
of stillbirth. The researchers will leverage the framework
of an ongoing child health surveillance study to compare
placental biomarkers of metal exposure among stillbirths
and live births. The team will look at concentrations of
various metals in drinking water, soil, rice, and turmeric
to identify the routes of exposure. This will inform
interventions to reduce pregnant women’s exposure to
metals and may show how environmental metals are
connected to stillbirth. Stephen Luby (Medicine), Gary
Shaw (Pediatrics) and Scott Fendorf (Earth System Science)

Tracking and treating viruses in water: Research onhuman
viruses is relatively void of data on virus persistence in the
environment. This project aims to carry out novel research
on virus persistence in water, focusing on two important
groups of viruses: human norovirus (HNoV) and human
coronaviruses (HCoVs). The researchers will study the
persistence of infectious HNoV in water, the persistence of
CoVs, including SARS-CoV-2, in water and wastewater, and
the potential for disinfection by free chlorine. Results from
these studies will have immediate applications to inform
wastewater reuse and recreational water quality standards.
Alexandria Boehm (Civil and Environmental Engineering),
Catherine Blish (Microbiology and Immunology), Harry

Greenberg (Microbiology and Immunology) and William
Mitch (Civil and Environmental Engineering)

Improving climate change messaging: Approaches to
climate change communication that increase belief in
and/or concern about the phenomenon suffer from lack
of organization, incommensurable measures and sampled
populations, and very underpowered empirical tests. This
project will create a large-scale experimental tournament
of 12 promising climate change messaging approaches.
The researchers will test the effects of each on belief in,
and concern about climate change in comparison to one
another and to a placebo control. Rob Willer (Sociology),
Neil Malhotra (GSB) and Jane Kathryn Willenbring
(Geological Sciences)

Monitoring gas pollution in the Arctic: Gas sensing in
remote regions and in our oceans is becoming increasingly
important for developing global warming mitigation
strategies. This project will develop a monitoring strategy
with inexpensive, passive and biodegradable sensors
combined with optical spectroscopy. The sensors are placed
in corner-cube arrays that acts as retroreflectors, whose
signals are remotely detected by spectroscopic interrogators
that can be placed in stationary base stations or on movable
platforms, such as airplanes and drones. The research has
a dual focus of developing the sensor technology and the
deployment strategy. Olav Solgaard (Electrical Engineering)
and David Reis (Applied Physics)

Measuring soil moisture from space: Present methods of
measuring water content remotely are very coarse, mostly
at tens of kilometers resolution, and therefore, do not
satisfy the needs of the agricultural industry. This project
will develop a new method of analyzing spaceborne radar
data at 10m resolution to meet this added need. Using
satellite data, the researchers will test a new processing and
analysis approach to yield estimates of soil moisture at finer
resolution than is currently possible with remote methods.
This method, if successful, could be a powerful new tool
for cropland management. Howard Zebker (Geophysics
and Electrical Engineering) and Alexandra Konings (Earth
System Science)
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REALIZING ENVIRONMENTAL
INNOVATION PROGRAM

REIP grants are intended to move projects from the discovery phase of research

to the validation phase and ultimately, to widespread adoption. The projects

selected for 2021 will receive up to $200,000 over two years:

Sustaining the Upper Colorado River: Colorado River
basin water law reserved no water for riverine ecosystems
and today, the basin’s rivers routinely run so low that
severe ecological damage to fish habitat occurs. Buying
water to protect ecosystems through private water rights
transactions — a proven market mechanism to restore river
flows — entails conservation buyers pursuing individual
water sellers on a mostly ad hoc basis instead of a cost-
effective regional strategy. This project aims to deploy a
novel ecohydrologic-economic-legal model that optimizes
ecological preservation, identifies the most beneficial set
of surface-water market transactions for ecosystems in the
Upper Colorado River basin, and informs water-rights markets
to help conservation organizations maximize fish habitat
restoration cost effectively. Steven Gorelick (Earth System
Science) and Barton “Buzz” Thompson (Law)

Combatting the illegal wildlife trade: The illegal wildlife
trade (IWT) is at least a $23 billion per year industry that
is greatly reducing biodiversity, degrading ecosystem
functions, threatening the world with emerging infectious
diseases, and is closely linked to human trafficking,
regional destabilization and terrorism. A key limitation
in the fight against IWT is an inability to identify where
animal materials are coming from and distinguish between
legal and illegal products. Leveraging genomics technology,
new collaborations and existing research, this project
will develop a tool to identify the geographic origin of
confiscated materials inexpensively and in-country. The
researchers will focus on African lions in partnership
with government agencies and NGOs and the information
will be used to identify and disrupt trafficking routes,
strengthen law enforcement, and implement community
engagement responses. Dmitri Petrov (Biology) and David
Relman (Microbiology and Immunology)
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Empowering small-scale fishers: Fisheries supply
chains are becoming increasingly digitized, creating faster
and more reliable avenues of market access for small-
scale fishers. However, it is not yet understood if these
technologies improve fishers’ livelihoods and influence
fishers’ decision-making (e.g., evaluation of environmental
impacts). This project will deploy a well-established digital
platform by ABALOBI with fishers in the Republic of
Palau. Using a quasi-experimental design, the researchers
will track socioeconomic and decision-making metrics
before, during, and after deployment of the ABALOBI app,
generating actionable and scalable insights into the role
of technological interventions in empowering small-scale
fishers and promoting sustainable solutions for fishing
communities. Gabrielle Wong-Parodi (Earth System
Science), Michael Bernstein (Computer Science) and
Fiorenza Micheli (Biology)

Making cities healthier: In cities today, urbanization
reduces experience of nature, sedentary, nature-deprived
urbanlifestylesincrease healthburdensandrisks,and highly
uneven access to nature exacerbates multiple inequalities.
Revealing where and how nature provides greatest benefits
to people can inform and motivate investments in urban
design with nature. This project will integrate a wealth of
new data, science and analytics as well as deep relationships
with urban leaders and networks. By developing actionable
science and demonstrating the findings for San Francisco,
Guangzhou and Singapore, this project will inform urban
planning and policy, enhance urban nature, and improve
health, equity, livability, and sustainability. Gretchen Daily
(Biology), Abby King (Epidemiology and Public Health) and
Kari Nadeau (Pediatrics and Medicine)



Investing in Methane Removal

Removing roughly three years-worth of methane emissions
would reduce global surface temperatures by approximately
0.21°C while reducing ozone levels enough to prevent
about 50,000 premature deaths annually, according to two
Stanford-led studies published in Philosophical Transactions
of the Royal Society A. The studies, which received funding
from an EVP grant, could help shape climate policy to value
methane removal closer to carbon dioxide removal, which
has received significantly more research and investment.

Methane is 81 times more potent in terms of climate warming
over the first 20 years after its release, and about 27 times more
potent over a century. Methane reduction can also improve
air quality by decreasing concentration of tropospheric
ozone, which causes respiratory illnesses and an estimated
one million premature deaths globally each year.

The modeling study examines methane removal’s potential
impacts while accounting for its shorter lifetime than
carbon dioxide. The researchers found that under a high
emissions scenario, a 40% reduction in global methane
emissions by 2050 would lead to a temperature reduction
of approximately 0.4°C by 2050. In a low emissions
scenario, the same methane removal could reduce the peak
temperature by up to 1 degree Celsius.

The research agenda paper compares and contrasts aspects
of carbon dioxide and methane removal, describes methane
removal technologies and outlines a framework for
accelerating scale-up.

Dan Brekke
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The time is ripe to invest in methane
removal technologies. Carbon dioxide
removal has received billions of dollars of
investments, with dozens of companies
formed. We need similar commitments
for methane removal.

— Rob Jackson, professor of Earth System Science

Abernethy, S., O’Connor, F. M., Jones
R. B. (2021). Methane removal and the
reductions in surface temperature anc
Transactions of the Royal Society A,

Jackson, R. B., Abernethy, S., Canade
M., Davis, S. J., Féron, S., Fuss, S., He
C., Jones, C. D., Damon Matthews, H
Pisciotta, M., Rhoda, H. M., De Richte
Wilcox, J. L., & Zickfeld, K. (2021). At
removal: a research agenda. Philosop
the Royal Society A, 379(2210).
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Biodiversity and Prevention of Spillove

Identifying solutions that preserve and restore biodiversity
while also protecting human health are critical for both
people and the environment. The COVID-19 pandemic
highlighted the threat of zoonotic spillover, where pathogens
from wild animals can spark epidemics and pandemics in
humans and livestock. In a Stanford-led study, published in
Current Biology, researchers review the scientific literature
to better understand how biodiversity conservation can
help reduce the risk of zoonotic spillover.

Encompassing multiple aspects of biodiversity, the study,
which received funding from an EVP grant, identifies cases
where zoonotic pathogen spillover is mechanistically linked
to changes in biodiversity and describes general principles
that can guide future research.

One generality is that large, intact habitat reduces overlap
among host species and reduces contact between humans
and wildlife, making a spillover opportunity less likely
while promoting wildlife health. Further, the loss of
predators and competitors can reduce regulation of host
and vector populations, such as rodents that may carry
disease. In this case, less biodiversity would mean more of a
species that could carry pathogens to humans.

“The world is undergoing rapid anthropogenic change
with detrimental effects on biodiversity and the health
of organisms, including humans. Efforts are underway
to combat the impact of anthropogenic disturbances
on biodiversity,” wrote the authors. “However, since
biodiversity change may affect zoonotic disease spillover
through multiple mechanisms, it is imperative that

10
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biodiversity conservation efforts a
to prevent spillover.”

Moreover, species that carry patho
to human-dominated landscapes
reservoir hosts and vectors would
spillover events. Human activities
wildlife trade, transportation o
and introduction of invasive sp
opportunities for spillover events t
the illegal wildfire trade should
prevent spillover events, argue the r

This work also involved an int
team at Stanford led by lead aut
postdoctoral scholar in Biology, a
Mordecai, professor of Biology.

Glidden, C. K., Nova, N., Kain, M. P.,
Skinner, E. B., Mandle, L., Sokolow,
Dirzo, R., De Leo, G. A., & Mordecai,
mediated impacts on biodiversity an
zoonotic disease spillover. Current
R1361.



This approach sheds light on how
to develop sustainable interventions
that prevent zoonotic spillover while
protecting biodiversity—to the benefit of
both humans and the environment.

— Stanford research team









Lowering the High Cost of Desalination

Desalination, the process of removing salt and impurities
from sea-, ground- and wastewater, has the potential to solve
global freshwater crises. While plants do exist on coasts
next to seawater, making salty impure water drinkable is
more difficult for inland water sources, which can have up
to 10 times higher concentration of dissolved solids than
seawater, because disposing of concentrated brine, the
waste stream from desalination, is very expensive.

“When we desalinate water, we are left with a pure water
stream and a concentrated waste stream. Inland brackish
water and wastewater desalination plants are costly to build
and to operate because we don’t have easy disposal options
for the concentrate stream,” said Meagan Mauter, associate
professor of Civil and Environmental Engineering.

In a paper in the Proceedings of the National Academy of
Sciences, Mauter introduces a suite of new analytic methods
that could help desalination engineers weigh technical and
financial factors that go into building a desalination plant.

This “innovation assessment model” is applied to analyze
membrane-based desalination where impure water is
separated from freshwater by a permeable material with
pores big enough for water molecules to flow through,
but small enough to stop salt and other solid impurities.
High-salinity membrane separation processes can involve
hundreds of interdependent components or design
variables which impact efficacy and cost. Mauter’s approach
allows engineers to test innovative ideas before they build
prototypes which can lower the cost of desalination.

Dudchenko, A. V., Bartholomew, T. V., & Mauter, M. S.




Innovation is not always intuitive.
Often, the cost increases of these new
technologies negate any performance

improvements. Our method helps
prioritize the research and development
pipeline and helps to earmark scarce
research dollars for innovations with the
greatest potential benefit.

— Meagan Mauter, associate professor
of Civil and Environmental Engineering
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Piped Water and Equity

Roughly 844 million people across the globe live without
safe, accessible water for drinking, cooking, cleaning,
hygiene and food production. Just 12% of the rural
population in sub-Saharan Africa has water piped to their
home. Other families collect water from distant sources
with women and girls overwhelmingly responsible for
carrying 40-pound containers, which takes time away from
childcare, hygiene, outside employment, education and
other activities.

A Stanford study published in Social Science €/ Medicine shows
how bringing piped water closer to remote households in
Zambia dramatically improves the lives of women and girls,
promotes gender equality and improves well-being. The
work can inform governments and NGOs evaluating the
costs and benefits of piped water as an alternative to less
accessible communal water sources.

“Switching from the village borehole to piped supply saved
almost 200 hours of fetching time per year for a typical
household,” said study senior author Jenna Davis, professor
of Civil and Environmental Engineering and director of
Stanford’s Program on Water, Health and Development.

The researchers studied four similar rural villages in
Zambia. Halfway through, two of the villages received
piped water to their yard, which reduced their distance to
water to just 15 meters. The researchers found households
with piped water spent 80% less time fetching water, saving
close to four hours a week mostly for women and girls. The
time saved was spent gardening, performing chores, caring
for children or working. These families also reported being
happier, healthier and less worried.

Winter, J. C., Darmstadt, G. L., & Davis, J. (2021). The role
of piped water supplies in advancing health, economic
development, and gender equality in rural communities.
Social Science & Medicine, 270, 113599.

Addressing this problem provides the time
and water for women and girls to invest
in their household’s health and economic
development, in whatever way they see fit.

— James Winter, a Ph.D. candidate in
Civil and Environmental Engineering

Rohit Ramchandani




llluminating a Sea Turtle Mystery

The North Pacific loggerhead turtles’ years-long epic
migration between their birthplace on Japan’s beaches and
reemergence near the coast of Baja California has been a
longstanding mystery. These turtles are endangered but
because little is known about their movement between
disparate locations, it is difficult to effectively assess and
protect them.

“Understanding how and why species like the North Pacific
loggerhead move among habitats is crucial to helping them
navigate threats,” said study senior author Larry Crowder,
professor at Stanford’s Hopkins Marine Station.

Through compiling data from satellite tracking and other
techniques and collecting detailed records of sea turtle
aging and stable isotope testing, Stanford researchers
and others have revealed a unique phenomenon that may
explain the turtles’ pathway.

The research, published in Frontiers in Marine Science,

“This work builds on the backbone of exceptional research
about these ‘lost years,” and for the first time ever we are
excited to provide evidence of a ‘thermal corridor’ to explain
a longstanding mystery of one of the ocean’s greatest
migrants”said study lead author Dana Briscoe, who was a
research associate at the Stanford Woods Institute for the
Environment during the research and now works at the
Cawthron Institute.

Briscoe, D. K., Turner Tomaszewicz, C. N., Seminoff, J.

A., Parker, D. M., Balazs, G. H., Polovina, J. J., Kurita, M.,
Okamoto, H., Saito, T., Rice, M. R., & Crowder, L. B. (2021).
Dynamic Thermal Corridor May Connect Endangered
Loggerhead Sea Turtles Across the Pacific Ocean. Frontiers
in Marine Science, 8, 185.

For decades, our ability to connect the
migratory dots for this endangered species
has remained elusive.

— Dana Briscoe, research associate at the
Stanford Woods Institute for the Environment






Changing Risk and Burden of U.S. Wildfires

In recent years, wildfires have accounted for up to half of
the fine particle pollution PM2.5 in areas of the American
West. Smoke from wildfires is becoming a widely felt health
impact of climate change. In a perspective in the Proceedings
of the National Academy of Sciences, Stanford experts detailed
the causes and impacts of the rapid acceleration of wildfires.

Homes at risk from wildfires are on the rise with 50 million
now sitting in the country’s wildland-urban interface
next to combustible vegetation. Yet, being close to fires is
no longer necessary to feel their effects — the researchers
estimated about 25% of the PM2.5 nationwide is attributable
to wildfires.

“Climate change is a primary driver of these changes, and
this particular climate impact is one we need to pay a lot
more attention to,” said Marshall Burke, associate professor

Institute’s Climate and Energy Policy Program. “Resolving
this dilemma is a key challenge for forest managers and air
pollution regulators.”

The researchers stress that more research is needed to
understand the impacts of acute and chronic exposure to
wildfire smoke on human health.

Burke, M., Driscoll, A., Heft-Neal, S., Xue, J., Burney, J., &
Wara, M. (2021). The changing risk and burden of wildfire in
the United States. Proceedings of the National Academy of
Sciences of the United States of America, 118(2).




How these extremely elevated ambient
concentrations of hazardous air pollutants
translate to exposures and health
outcomes in the context of the U.S. is an
area of developing scienc.

— Michael Wara, director of the Woods Institute’s
Climate and Energy Policy Program



We have the technology now to
verify our modeling results to see if
theyre reasonable. That’s really a sweet
spot in science.

— Morgan O’Neill, assistant professor
of Earth System Science
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Nitrate in Drinking Water Linked to
Preterm Birth

In a study of 1.4 million California births, Stanford
researchers found that women exposed to higher levels of
nitrate in drinking water were more likely to deliver very
early. Early preterm births, where an infant is born at least
nine weeks early, are medically severe, typically require long
hospitalizations, and can involve complications with vision,
hearing, digestive function and neurological development.

The study, published in Environmental Health Perspectives,
found that the risk of early preterm birth more than doubled
for women whose tap water had nitrate levels that exceeded
the federal limit of 10 milligrams per liter compared with
those who had nitrate levels were less than 5 milligrams
per liter. Among those exposed to a moderate level of
5-10 milligrams per liter of nitrate in their water, the risk
increased by half. Births where an infant arrives three to
eight weeks early were also associated with elevated nitrate,
but the connection is not as strong.

Low level nitrate in groundwater can be naturally occurring
butagricultural runoff containing fertilizer and animal waste
can greatly increase it. The impact of nitrate on prematurity

This interdisciplinary work also involved Mike Baiocchi,
assistant professor of Epidemiology and Population Health,
Scott Fendorf, professor of Earth System Science, Stephen
Luby, professor of Medicine, biostatistician Wei Yang, and
Gary Shaw, professor of Pediatrics, who was senior author
of the study.

Sherris, A. R., Baiocchi, M., Fendorf, S., Luby, S. P,,
Yang, W., & Shaw, G. M. (2021a). Nitrate in Drinking
Water during Pregnancy and Spontaneous Preterm Birth:
A Retrospective Within-Mother Analysis in California.
Environmental Health Perspectives, 129(5).

We found that higher concentrations
of nitrate in drinking water during
pregnancy were associated with an

increased risk of spontaneous preterm

birth, even at nitrate concentrations
below the federal regulatory limit.

— Allison Sherris, graduate student in Stanford’s Emmett
Interdisciplinary Program in Environment and Resources



Cautious Pursuit of Solar
Geoengineering Research

With the urgent need to address the risks from climate
change, a report from the National Academies of Sciences,
Engineering, and Medicine, urges the U.S. to pursue a
research program for solar geoengineering “in coordination
with other nations, subject to governance, and alongside
a robust portfolio of climate mitigation and adaptation
policies.” The report, written by a committee chaired by
Chris Field, director of the Stanford Woods Institute for
the Environment, made clear that solar geoengineering,
which refers to strategies designed to cool the planet by
adding small reflective particles to the upper atmosphere,
increasing reflective cloud cover in the lower atmosphere,
or thinning high-altitude clouds that can absorb heat, was
not a substitute for reducing greenhouse gas emissions.

The report warns that though solar geoengineering
strategies have the potential to reduce global temperatures,
they could also have a variety of negative consequences.

“The U.S. solar geoengineering research program should be
all about helping society make more informed decisions,”
said Field. “As we continue to make slow progress in
addressing climate change, we urgently need to understand
the full range of options for alleviating its harms.”

The report discusses that a U.S. research program focused
on solar geoengineering should attempt to enhance
policymakers’ understanding of climate response options
and improve understanding of technical feasibility,
potential impacts on society and the environment, public




perceptions, and possible social responses. The research
agenda can be grouped into the broad areas of investigation
of context and goals for solar geoengineering research,
impacts and technical dimensions, and social dimensions.

However, this research program should not be designed to
advance deployment of these interventions.

Field, C., Cheung, W., Dilling, L., Frumhoff, P., Greely, H.,
Hordequin, M., Hurrell, J., Light, A., Lin, A., MacMartin,

D., McHenry, R., Moreno-Cruz, J., Ricke, K., Russell, L.,
Sagar, A., & Wennberg, P. (2021). Reflecting Sunlight:
Recommendations for Solar Geoengineering Research and

Based on all of the evidence from social
science, natural science, and technology
— this research program could either
indicate that solar geoengineering should
not be considered further, or conclude that
it warrants additional effort.

— Chris Field, director of the Stanford Woods Institute
for the Environment




Sea-Level Rise Adaptation

Efforts to fight sea-level rise could end up making flooding
worse for neighboring communities, according to a Stanford
Natural Capital Project study, published in Proceedings of the
National Academy of Sciences.

Focusing on the Bay Area, the research shows how seawalls
constructed along the San Francisco Bay shoreline could
increase flooding and cause hundreds of millions of
dollars in damages for communities across the region. The
researchers stress that non-traditional approaches, such as
choosing to flood certain areas of land rather than build
walls, are smarter, more sustainable solutions for the Bay
Area and similar communities.

“It’s not practical to keep building taller and taller seawalls
to hold back the ocean,” said Anne Guerry, chief strategy
officer and lead scientist at the Stanford Natural Capital
Project and senior author on the paper. “Our goal was to
show how the threat of sea-level rise is interconnected
with the whole social-ecological system of the Bay Area.
Communities need to coordinate their approaches to sea-
level rise adaptation so we can find solutions that are best
for the whole bay.”

Using complex mathematical models to map how
floodwaters and economic damages would occur depending
on where seawalls were, the researchers found that blocking
certain areas of shoreline would be particularly damaging.
If a seawall were built along the San Jose shoreline, for
example, communities would face $723 million in added
flood damage costs from just one high tide. Walling
shorelines can also cut off bird and fish species habitat, limit
carbon storage and create water quality issues.

Bay Area communities must work together to identify the
places where nature-based solutions like flooding make the
most sense, explained the researchers. Avoiding adaptation
plans that add more pressure to low-income communities
by forcing them to move or creating economic hardship is
key.

Hummel, M. A., Griffin, R., Arkema, K., & Guerry, A. D.
(2021). Economic evaluation of sea-level rise adaptation
strongly influenced by hydrodynamic feedbacks.
Proceedings of the National Academy of Sciences of the
United States of America, 118(29).

Our plans should be as interconnected
as our ecosystems.

— Anne Guerry, chief strategy officer and lead scientist
at the Stanford Natural Capital Project




Rising Seas and Rising Inequality

Sea-level rise threatens many Bay Area communities with
high costs from flood damage but those that cannot afford
to pay for these damages are particularly vulnerable. In San
Mateo County, California, several communities, including
half the households in East Palo Alto, are at risk of financial
instability from existing social factors or anticipated
flooding through 2060, according to a study by Stanford
researchers published in Earth’s Future. Incorporating
socioeconomic data on neighborhood groups, the study
found that even with flood insurance, these residents would
not be able to pay for flood damages which could lead to
homelessness or bankruptcy.

“These are workers that make a city run, theyre the heart
and soul of an urban operation. If you displace a significant
majority too far outside the urban area, the functionality
of that city crumbles,” said senior author Jenny Suckale,
assistant professor of Geophysics.

The researchers developed the Stanford Urban Risk
Framework (SURF) model, which focuses on the residents
most likely to lose their livelihoods when water inundates
their homes, rather than only looking at the monetar

The researchers collaborated with government and local
stakeholders to develop an equitable approach to sea-level
rise adaptation planning that frames the dollar-amount
damage relative to what people are able to pay. The co-
authors hope this method can be used in other regions
vulnerable to coastal flooding or for understanding
different climate hazards through an equitable lens.

Bick, I. A., Santiago Tate, A. F., Serafin, K. A., Miltenberger,
A., Anyansi, |., Evans, M., Ortolano, L., Ouyang, D.,

& Suckale, J. (2021). Rising Seas, Rising Inequity?
Communities at Risk in the San Francisco Bay Area and
Implications for Adaptation Policy. Earth’s Future, 9(7),
€2020EF001963.

If you just look at the dollar amount,
youre missing one major component
of the problem. What might be a nuisance

in some communities is life-changing
in other communities — it’s really about
the proximity to a tipping point.

— Jenny Suckale, assistant professor of Geophysics




|dentifying Brick Kilns with Satellite Imagery

It is exceedingly difficult for governments in poor countries
to monitor for environmental compliance. A Stanford-led
study developed a new machine learning approach using
satellite imagery to pinpoint highly polluting brick kilns
in Bangladesh that could provide a low-cost solution for
environmental regulators.

“Brick kilns have proliferated across Bangladesh to supply
the growing economy with construction materials, which
makes it really hard for regulators to keep up with new kilns
that are constructed,” said co-lead author Nina Brooks,
a postdoctoral associate at the University of Minnesota’s
Institute for Social Research and Data Innovation who did
the research while a Ph.D. student at Stanford.

Coal burning at brick kilns is responsible for 17% of
Bangladesh’s total annual carbon dioxide emissions, and
half of the air pollutant PM2.5 in Dhaka.

The paper, published in Proceedings of the National Academy of
Sciences, developed a highly accurate algorithm that identifies
whether images contain kilns, learns to localize kilns within
the image, rebuilds kilns that have been fragmented across
multiple images, and identifies when multiple kilns are
contained within a single image. The researchers can also
distinguish between banned and legal kiln technologies
based on shape classification.

The researchers found that more than three-fourths of kilns
in Bangladesh are illegally constructed within 1 kilometer
of a school, and almost 10% are illegally close to health
facilities. The government systematically underreports
kilns in terms of regulations and overreports kilns using
a legal as opposed to banned approach. The researchers
also found higher numbers of registered kilns in districts
adjacent to the banned districts, suggesting kilns are
formally registered in the districts where they are legal but
constructed across district borders.

Lee, J., Brooks, N. R., Tajwar, F., Burke, M., Ermon, S.,
Lobell, D. B., Biswas, D., & Luby, S. P. (2021). Scalable deep
learning to identify brick kilns and aid regulatory capacity.
Proceedings of the National Academy of Sciences of the
United States of America, 118(17).
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“Air pollution kills seven million
people every year. We need to identify
the sources of this pollution and
reduce these emissions.

— Stephen Luby, senior author and professor of Medicine
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Trees Shifting Ranges in a Changing Climate

As the climate changes, animal and plant species are shifting
their ranges toward more suitable conditions. Wildfire is
accelerating the process of tree species shifting as climate
conditions change, especially toward cooler or wetter
sites, according to a Stanford study published in Nature
Communications. The findings have implications for
policymakers and land managers engaged in discussions on
forest restoration and wildfire risk reduction.

“Complex, interdependent forces are shaping the future of
our forests,” said lead author Avery Hill, Ph.D. student in
Biology. “We leveraged an immense amount of ecological
data in the hopes of contributing to a growing body of work
aimed at managing these ecosystem transitions.”

The study utilized U.S. Forest Service data collected from
over 74,000 plots across nine states and identified tree
species that are shifting their ranges toward cooler, wetter
sites. The researchers compared the rate of range shifts
between places that were burned by wildfire and places that
were not.

Of eight species that had seedlings growing in climates
significantly different from mature trees of the same
species, the researchers found that Douglas fir and canyon
live oak had larger range shifts in areas that burned than in
areas that did not. The analysis did not show how wildfire
accelerates range shifts for these trees, but hypothesized that
burned areas with open canopies and scorched understory
offer less competition from other plants.




The study finds that fire can accelerate tree migration and
some species may be slowing the range shifts of others
through competition. This raises concerns about the impact
of fire management on trees’ ability to adapt, and highlights
the importance of prescribed and natural fires.

Hill, A. P., & Field, C. B. (2021). Forest fires and climate-
induced tree range shifts in the western US. Nature
Communications, 12(1), 1-10.

This study highlights a natural
mechanism that can help forests remain
healthy, even in the face of small
amounts of climate change.

— Chris Field, director of the Stanford Woods Institute
for the Environment




Methane as a Food Security Solution

Converting methane, a potent greenhouse gas, into food
could turn a climate warming problem into a food security
solution. In a study published in Nature Sustainability,
Stanford researchers evaluated the market potential of
feeding captured methane to bacteria and having it grow
into protein-rich fishmeal. The analysis found production
costs involving methane captured from certain sources in
the U.S. are lower than the market price for conventional
fishmeal. The work also points out feasible cost reductions
that could enable the approach’s profitability using other
methane sources and also make it capable of meeting all
global fishmeal demand.

“Despite decades of trying, the energy industry has had
trouble finding a good use for stranded natural gas,”
said study co-author Evan David Sherwin, postdoctoral
researcher in Energy Resources Engineering. “Once we
started looking at the energy and food systems together, it

Methane-consuming bacteria, called methanotrophs,
can be grown in a chilled, water-filled bioreactor and fed
pressurized methane, oxygen and nutrients like nitrogen,
phosphorus and metals. The result is a protein-rich biomass
that can be used as fishmeal in aquaculture feed, offsetting
demand for fishmeal made from small fish or plant-based
feeds that require more resources.

“While some companies are doing this already with pipeline
natural gas as feedstock, a preferable feedstock would be
methane emitted at large landfills, wastewater treatment
plants and oil and gas facilities,” said study co-author Craig
Criddle, professor of Civil and Environmental Engineering.
“This would result in multiple benefits, including lower
levels of a potent greenhouse gas in the atmosphere, more
stable ecosystems and positive financial outcomes.”




This work also involved lead author Sahar El Abbadi,
lecturer in Stanford’s Civic, Liberal and Global Education
program, Adam Brandt, associate professor of Energy
Resources Engineering, and Stephen Luby, professor of
Medicine.

El Abbadi, S. H., Sherwin, E. D., Brandt, A. R., Luby, S. P,
& Criddle, C. S. (2021). Displacing fishmeal with protein
derived from stranded methane. Nature Sustainability, 5(1),
47-56.

Once we started looking at the energy
and food systems together, it became
clear that we could solve at least two

longstanding problems at once.

— Evan David Sherwin, postdoctoral researcher in
Energy Resources Engineering




Impacts of Extreme Melt for Ice Sheets

One season of extreme ice melt on the Greenland Ice Sheet
can reduce the ice sheet’s capacity to store future meltwater,
which increases the likelihood of future melt going into the
sea and raising global sea levels, according to a Stanford
study published in Nature Communications.

Using ice-penetrating radar data, Stanford scientists
revealed the long-term impact of the 2012 extreme
melt, which was caused by warm temperatures and high
atmospheric pressure over Greenland. The meltleftbehind a
contiguous layer of refrozen ice inside the snowpack, which
reduced the ice sheet’s ability to store future meltwater.

Through advanced modeling, the team was able to
reanalyze airborne ice-penetrating radar data collected by
NASA’s Operation IceBridge from 2012 to 2017 to interpret
melt near the surface of the ice sheet. Ice sheet regions that
haven’t had extreme melt can store meltwater in the upper
150 feet, preventing it from flowing into the sea, but the
researchers found that a melt layer like the one from 2012
can reduce the storage capacity to about 15 feet in some
areas.




Longer term, the meltwater that is unable to be stored in
the upper part of the ice sheet may drain down to the ice
bed, creating slippery conditions that speed up the ice and
calving, speeding sea level rise.

“This is really one of the first cases where you can say,
shockingly, in some ways, these slow, calm ice sheets care
a lot about a single extreme event in a particularly warm
year,” said the study’s senior author Dustin Schroeder,
associate professor of Geophysics.

Culberg, R., Schroeder, D. M., & Chu, W. (2021). Extreme
melt season ice layers reduce firn permeability across

When you have these extreme,

one-off melt years, it’s not just adding
more to Greenland’s contribution to
sea-level rise in that year — it’s also
creating these persistent structural
changes in the ice sheet itself.

— Riley Culberg, Ph.D. candidate in Electrical Engineering



Incorporating Blue Carbon in Climate Policy

Tidal marshes, seagrass beds, estuaries, and other coastal
ecosystems provide protection from floods and storms,
habitats for fish and birds, and opportunities for recreation,
and may also help address climate change.

A study from Stanford’s Center for Ocean Solutions
(COS) and Natural Capital Project published in Global
Environmental Change looked at habitats along California’s
coast and their potential for carbon sequestration.

In order to reach net zero greenhouse gas emissions by 2045,
California will have to take advantage of negative emissions
opportunities. Ecosystems, coastal and marine habitats
that capture and store carbon in soil and plant matter,
known as “blue carbon” ecosystems, include salt marshes,
seagrass beds, and mangroves. The policy community has
focused on forest ecosystems for carbon sequestration,

while overlooking blue carbon habitats, which can store
over ten times more carbon than terrestrial ecosystems like
forests. This ability makes these habitats a valuable asset in
achieving negative emissions goals.

Using the InVEST Coastal Blue Carbon Model developed
by the Natural Capital Project, the research team estimated
potential carbon sequestration and the economic value of
that sequestration in Humboldt Bay, Elkhorn Slough, and
the Tijuana River Estuary.

Carbon sequestration services of the tidal marsh habitat at
Elkhorn Slough were projected to be worth $4.8 million
to $9.7 million in the state’s carbon market value by 2100.
These estimates inform policy recommendations on
including blue carbon habitats in California’s climate policy
and land use planning.




“As carbon markets become more prevalent and demands
on the coastline intensify, the mapping and valuation
of blue carbon habitats can help managers to prioritize
carbon sequestration hot spots for coastal conservation or

restoration,” said lead author Lisa Wedding, former COS
research associate.

Wedding, L. M., Moritsch, M., Verutes, G., Arkema, K.,
Hartge, E., Reiblich, J., Douglass, J., Taylor, S., & Strong, A.
L. (2021). Incorporating blue carbon sequestration benefits
into sub-national climate policies. Global Environmental
Change, 69, 102206.

Coastal habitats play a critical role in
mitigating the drivers of, and impacts
from, a changing climate.

— Eric Hartge, research development manager at
Stanford’s Center for Ocean Solutions




The Blue Food Assessment

Global demand for blue foods, such as fish, shellfish and algae,
is likely to double by 2050, according to a comprehensive
review by more than 100 global experts focused on the
potential for creating a healthier, more sustainable, equitable
and resilient global food system.

The Blue Food Assessment, ajoint initiative led by Stanford’s
Center for Ocean Solutions (COS) and Center on Food
Security and the Environment, along with the Stockholm
Resilience Centre and EAT, is a set of scientific analyses
that outline challenges and opportunities for fisheries and
aquaculture. The goal of the work is to support decision-
makers in evaluating trade-offs and implementing well-
designed policies and investments for blue foods.

These studies highlight the challenges of blue foods, such
as minimizing aquaculture’s environmental footprint, and
the opportunities they offer, such as feeding more people a
greater range of nutrient-rich foods.

Tigchelaar, M., Cheung, W. W. L., Mohammed, E. Y.,
Phillips, M. J., Payne, H. J., Selig, E. R., Wabnitz, C. C. C.,
Qyinlola, M. A., Frolicher, T. L., Gephart, J. A., Golden, C.

The global food system is failing billions
of people. Blue foods can play a critical
role in improving nutrition, livelihoods

and ecosystems.

— Rosamond Naylor, professor of Earth System Science




Rising and Shifting Demand

One of the studies, published in Nature Communications,
estimates global fish consumption by 2050 will increase
nearly 80% and the total weight of the world’s fish harvest
may nearly double as a result of population growth, local
changes in affordability and other factors. Because data
on the types of fish that people eat is scant, the researchers
analyzed previously published research and food supply
data for 72 countries that together account for 80% of all
blue food consumption worldwide. They also looked at
regional demand for the largest consuming nations within
each continent and focused on China, India, Nigeria and
Chile to investigate the roles of income, trade, geography,
culture and preferences in demand.

“A main result of the paper is that wealth and blue food
consumption are not tightly coupled. You don't see people
eating more fish overall as they get richer, but the types of
fish they eat may change. At low incomes, people consume
more blue foods if theyre affordable. At high incomes,
people eat fish if they have some sort of preference for it:
health, or sustainability or just taste,” said Rosamond
Naylor, professor of Earth System Science and lead author
on the study.

We have a tremendous
opportunity to bring species to market
that are both environmentally
sustainable and nutritious.

— Rosamond Naylor, professor of Earth System Science

Naylor, R. L., Kishore, A., Sumaila, U. R., Issifu, I., Hunter,
B. P., Belton, B., Bush, S. R., Cao, L., Gelcich, S., Gephart,
J. A., Golden, C. D., Jonell, M., Koehn, J. Z., Little, D. C.,
Thilsted, S. H., Tigchelaar, M., & Crona, B. (2021). Blue food
demand across geographic and temporal scales. Nature
Communications, 12(1), 1-14.




Small-Scale Fisheries and Aquaculture

Another analysis, published in Nature Food, draws on profiles
from around the world to provide a blueprint for tailoring
effective policy to the small-scale fisheries and aquaculture,
which provide 90% of the jobs in the blue foods sector. The
sector faces growing threats to its existence, including a
history of policies that marginalize smaller producers and
favor large corporations.

The study led by researchers at Stanford and other institutions
shows how the diversity of these artisanal, often family-
run businesses makes them more resilient to global shocks
such as a pandemic, and also innovative, equitable and
sustainable.

“The pandemic has been a giant shock to our global food
system,” said study co-lead author Fiorenza Micheli,
professor of Biology and co-director of COS and Hopkins
Marine Station. “Small-scale fishery and aquaculture
operations have proven their resilience and value, but they
still need help to thrive amid environmental and economic
changes.”

The researchers drew on 70 case studies from around the
world and assessed operations according to a framework of

By shedding light on the diverse roles and
contributions of such fishers and farmers,
we can help raise their profile and set the
stage for targeted policy interventions to
sustain them into the future.

— Lucie Hazen, Stanford’s Center for Ocean Solutions

Short, R. E., Gelcich, S., Little, D. C., Micheli, F., Allison, E.
H., Basurto, X., Belton, B., Brugere, C., Bush, S. R., Cao, L.,
Crona, B., Cohen, P. J., Defeo, O., Edwards, P., Ferguson,
C. E., Franz, N., Golden, C. D., Halpern, B. S., Hazen, L., ...
Zhang, W. (2021). Harnessing the diversity of small-scale
actors is key to the future of aquatic food systems. Nature
Food, 2(9), 733-741.




Aquatic Foods and Global Health

In a third study, published in Nature, researchers at Stanford,
Harvard and other institutions around the world developed
a first-of-its-kind database highlighting blue food’s nutrient
richness compared with land-based crops and livestock.

The findings could lead to feeding more people, improving
diets and overcoming food system structures that have
higher risks for women, children and the elderly.

“An increase in the supply of aquatic foods can pull millions
from nutrient deficiencies around the world,” said study
co-lead author Zach Koehn, early career fellow at COS. “To
do so, we need to promote the diversity of aquatic foods
arising from sustainable production, incentivize access to
affordable foods and prioritize their supply to programs
serving nutritionally vulnerable communities.”

The researchers compiled a database of aquatic food
nutrient composition spanning 3,750 species and hundreds
of nutrients, minerals, vitamins and fatty acids. It reveals
that the top six categories of nutrient-rich animal-source
foods are all aquatic foods, including shellfish, salmon and a
variety of pelagic fish, such as sardines.

Blue foods can and should be a
key part of a healthier, more equitable
global food system. Our research lays

the groundwork for policies and
interventions to get there.

— Zach Koehn, early career fellow at
Stanford’s Center for Ocean Solutions

Golden, C. D., Koehn, J. Z., Shepon, A., Passarelli, S., Free,
C. M., Viana, D. F., Matthey, H., Eurich, J. G., Gephart, J. A.,
Fluet-Chouinard, E., Nyboer, E. A., Lynch, A. J., Kjellevold,
M., Bromage, S., Charlebois, P., Barange, M., Vannuccini,
S., Cao, L., Kleisner, K. M, ... Thilsted, S. H. (2021). Aquatic
foods to nourish nations. Nature, 598(7880), 315-320.




Invasive Argentine Ants Impacted
by Climate Change

A continuous survey of ants at Stanford’s Jasper Ridge
Biological Preserve begun in 1993 by Deborah Gordon,
professor of Biology, and her graduate students, has found
that the distribution of Argentine ants has shrunk as a
result of climate change, while native diversity increased
and expanded.

The area occupied by Argentine ants shrank by 30% and
27% from 1994 to 2020 in fall and spring surveys, while the
distribution of native winter ants expanded 70% during the
spring surveys. Two other native ant species declined in at
least one season, and another two stayed the same.

The nearly 30-year study, published in Ecology, shows that
the distribution of Argentine ants in the area has reduced
following an extreme drought that occurred from 2012
to 2015. The researchers determined this reduction was
directly related to climate change, specifically changes in
precipitation and in summer maximum temperatures.

The survey has covered an average of 288 sites twice a year

“It’s been a project that so many different groups of people
at Stanford have been involved with — undergrads, grad
students, some of whom are still collaborating on this years
later, people from the community,” said Gordon. “It’s been
really great that this one project has pulled in so many
different kinds of people and kept us connected.”

Couper, L. I, Sanders, N. J., Heller, N. E., & Gordon, D. M.
(2021). Multiyear drought exacerbates long-term effects of
climate on an invasive ant species. Ecology, 102(10), e03476.

['ve been looking at the data and
I suspected this was happening,
but I thought it was too good to be true.
It took this analysis to really confirm
what we saw. It has been gratifying
to see the winter ants push back against
the Argentine ants.

— Deborah Gordon, professor of Biology







Climate Change Impacts on
Weather Predictability

Rising temperatures may intensify the unpredictability of
weather in Earth’s midlatitudes, according to a Stanford
study published in Geophysical Research Letters. When
the atmosphere warms by even as small as a few degrees
Celsius, the limit of reliable temperature, wind and rainfall
forecasts falls by about a day.

“Our results show the state of the climate in general has
implications for how many days out you can say something
that’s accurate about the weather,” said lead author Aditi
Sheshadri, assistant professor of Earth System Science.
“Cooler climates seem to be inherently more predictable.”

Climate change impacts weather patterns and has been
shown to increase the frequency and severity of extreme
weather events. However, numerical weather models are
still generally able to predict day-to-day weather 3 to 10
days out more reliably due to faster computers, better
physical models and more precise measurements.

Using computer simulations of asimplified Earth system and
acomprehensive global climate model, the study suggests the
window for accurate forecasts in the midlatitudes is several
hours shorter with every degree Celsius of warming. This
could mean that there is less time to prepare and mobilize
for big storms in hotter winters than in colder ones. For
precipitation, predictability falls by about a day with every
3°Crise in temperature.




The chaotic nature of Earth’s atmosphere imposes
insurmountable limits on forecasting, but there is value
in understanding its effects. Identifying the intrinsic limit

of weather predictability could help find ways to improve
models of Earth’s climate and atmosphere and improved
weather prediction could have socioeconomic benefits that
amount to at least $160 billion per year as estimated by the
United Nations” World Meteorological Organization.

Sheshadri, A., Borrus, M., Yoder, M., & Robinson, T. (2021).
Midlatitude Error Growth in Atmospheric GCMs: The Role of
Eddy Growth Rate. Geophysical Research Letters, 48(23),
€2021GL096126.

We're working to understand what
sets this finite limit of predictability, and
also how it might change in different
climates, so people can be prepared for
these changes.

— Aditi Sheshadri, assistant professor
of Earth System Science




Jordan’s Water Crisis

In Jordan, reduced water supplies and a growing population
are expected to halve per capita water use by 2100, according
to Stanford-led study of the country’s deepening water crisis.
The analysis, published in the Proceedings of the National
Academy of Sciences, shows that without intervention, few
households will have access to even 10.5 gallons of piped
water per person per day. Neighborhoods with low-income
residents will see 91% of households living on less than 10.5
gallons daily for 11 consecutive months per year.

Jordan’s situation exemplifies challenges elsewhere as a
result of climate change, population growth, intensifying
water use, demographic shocks and heightened competition
for water across boundaries, said study co-author Steve
Gorelick, professor of Earth System Science and director of

Flows of the Jordan-Yarmouk river system have declined as a
result of upstream diversion in Israel and Syria. In some areas,
groundwater levels have dropped by more than 1 meter per
year, and a major aquifer along Jordan’s border with Saudi
Arabia is pumped on both sides heavily. Population growth
and waves of refugees are fueling water demand.

Researchers used a computer model of Jordan’s freshwater
system that simulates interactions with natural processes
and human behaviors. Under a range of climate and
socioeconomic scenarios, the team quantified the effects
of introducing measures such as fixing leaky pipes
and eliminating water theft. The model showed that
simultaneous efforts to increase supply, reduce demand
and reform distribution were likely to deliver exponential




Yoon, J., Klassert, C., Selby, P., Lachaut, T., Knox, S.,
Avisse, N., Harou, J., Tilmant, A., Klauer, B., Mustafa,

D., Sigel, K., Talozi, S., Gawel, E., Medellin-Azuara, J.,
Bataineh, B., Zhang, H., & Gorelick, S. M. (2021). A coupled
human-natural system analysis of freshwater security under
climate and population change. Proceedings of the National
Academy of Sciences of the United States of America,
118(14).

In water-scarce regions where

sustainability planning is most needed,
it is challenging to think beyond how to
distribute scarce freshwater tomorrow,
next month, and to some extent, in the
next several years. It’s in these places
where our long-term policy evaluations
are most valuable.

— Steve Gorelick, professor of Earth System Science and
director of Stanford’s Global Freshwater Initiative
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Kabir Peay, Associate Professor,

Biology (H&S)

Erica Plambeck, Charles A. Holloway
Professor, Operations, Information &

Technology (GSB)

Dustin Schroeder, Associate Professor,
Geophysics (SE3)

Aditi Sheshadri, Assistant Professor,
Earth System Science (SE3)

Debbie Sivas, Luke W. Cole Professor,
Environmental Law (Law)

Erik Sperling, Assistant Professor,
Geological Sciences (SE3)

Jenny Suckale, Assistant Professor,
Geophysics (SE3)

Sindy Tang, Associate Professor,
Mechanical Engineering (SOE)
William Tarpeh, Assistant Professor,
Chemical Engineering (SOE)

Buzz Thompson, Robert E. Paradise
Professorship in Natural Resources
Law (Law)

Peter Vitousek, Clifford G. Morrison
Professors in Population & Resources
Studies (H&S)

Gabrielle Wong-Parodi, Assistant

Professor, Earth System Science
(SE3, Woods)

STANFORD ENVIRONMENTAL RESEARCH 2021 YEAR IN REVIEW



AFFILIATED
FACULTY &
RESEARCHERS

GRADUATE SCHOOL OF BUSINESS

William Barnett, Thomas M. Siebel
Professor in Business Leadership,
Strategy, & Organizations (GSB)
Jonathan Bendor, Walter & Elise Haas
Professor in the Graduate School of
Business (GSB)

Dan Iancu, Associate Professor,
Business — Operations, Information &
Technology (GSB)

Hau Lee, Carl & Marilynn Thoma
Professor in the Graduate School of
Business (GSB)

Neil Malhotra, Edith M. Cornell
Business Professor & Louise & Claude N.
Rosenberg, Jr., Director of the Center for
Social Innovation (GSB, H&S)

Stefan Reichelstein, William R. Timken
Professor in the Graduate School of
Business, Emeritus (GSB)

SCHOOL OF EARTH, ENERGY & ENVIRONMENTAL SCIENCES

Kevin Arrigo, Donald & Donald M. Steel
Professor in Earth Sciences, Victoria &
Roger Sant Directorship of the Earth
Systems Program, & Gerhard Casper
University Fellow in Undergraduate
Education (SE3)

Khalid Aziz, Otto N. Miller Professor
in the School of Earth, Energy &
Environmental Sciences, Emeritus (SE3)
Ilenia Battiato, Assistant Professor,
Energy Resources Engineering (SE3)
Sally Benson, Professor, Energy
Resources Engineering & Director,
Precourt Institute for Energy (SE3,
Precourt)

Adam Brandt, Associate Professor,
Energy Resources Engineering (SE3)

Gordon Brown, Dorrell William Kirby
Professor of Geology in the School of
Earth Sciences, Emeritus (SE3)

Jef Caers, Professor, Geological

Sciences (SE3)

Page Chamberlain, Professor, Geological
Sciences (SE3)

Anne Dekas, Assistant Professor, Earth
System Science (SE3)

Louis Durlofsky, Otto N. Miller Professor
in the School of Earth Sciences (SE3)
Rodney Ewing, Frank Stanton Professor
in Nuclear Security (SE3, FSI)

Margot Gerritsen, Professor, Energy
Resources Engineering, Senior Associate
Dean for Educational Affairs &

Oswald G. Villard University Fellow in
Undergraduate Education (SE3, VPTL)

GRADUATE SCHOOL OF EDUCATION

Patricia Bromley, Associate Professor,
Education (GSE)

Martin Carnoy, Vida Jacks Professor of
Education (GSE)
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Roland Horne, Thomas Davies Barrow
Professor in the School of Earth Science
(SE3)

Gail Mahood, Professor, Geological
Sciences, Emerita (SE3)

Wendy Mao, Professor, Geological
Sciences & Photon Science (SE3)
Simona Onori, Assistant Professor,
Energy Resources Engineering (SE3)
Jonathan Payne, Professor, Geological
Sciences (SE3)

Daniel Tartakovsky, Professor, Energy
Resources Engineering (SE3)

Hamdi Tchelepi, Professor, Energy
Resources Engineering (SE3)

Howard Zebker, Professor, Geophysics &
Electrical Engineering (SE3, SOE)

Roy Pea, David Jacks Professor in
Education & Director, H-STAR (GSE)
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Zhenan Bao, K. K. Lee Professor in the
School of Engineering (SOE)

Stacey Bent, Jagdeep & Roshni Singh
Professor in the School of Engineering, &
Vice Provost for Graduate Education and
Postdoctoral Affairs (SOE, VPGE)

Tom Bowman, Professor, Mechanical
Engineering (SOE)

Stephen Boyd, Samsung Professor in the
School of Engineering (SOE)

Tom Byers, Entrepreneurship Professor in
the School of Engineering (SOE)

Brian Cantwell, Edward C. Wells Professor
in the School of Engineering (SOE)

Ovijit Chaudhuri, Associate Professor,
Mechanical Engineering (SOE)

Bruce Clemens, Walter B. Reinhold
Professor in the School of Engineering
(SOE)

Reinhold Dauskardt, Ruth G. & William
K. Bowes Professor in the School of
Engineering (SOE)

Charles Eesley, Associate Professor,
Management Science & Engineering
(SOE)

Kathleen Eisenhardt, Stanford W.
Ascherman, M.D. Professor in the School
of Engineering (SOE)

Drew Endy, Associate Professor,
Bioengineering (SOE)

Martin Fischer, Kumagai Professor in the
School of Engineering (SOE)

Oliver Fringer, Professor, Civil &
Environmental Engineering (SOE)
Catherine Gorle, Assistant Professor,
Civil & Environmental Engineering (SOE)
Ronald Hanson, Clarence J. & Patricia

R. Woodard Professor of Mechanical
Engineering (SOE)

James Harris, James & Ellenor
Chesebrough Professor in the School of
Engineering (SOE)

Tom Abel, Professor, Particle Physics &
Astrophysics & Physics (H&S, SLAC)

Anthony Barnosky, Professor (Research),
Biology (H&S)

Jonathan Berger, Denning Family
Provostial Professor, Music (H&S)

Dominique Bergmann, Professor,
Biology (H&S)

Terry Berlier, Associate Professor,
Art & Art History (H&S)

Barbara Block, Charles & Elizabeth
Prothro Professor in Marine Sciences
(H&S, Hopkins)

Michaela Bronstein, Assistant Professor,
English (H&S)
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Lambertus Hesselink, Professor,
Electrical Engineering (SOE)

Lynn Hildemann, Professor, Civil &
Environmental Engineering (SOE)
Gianluca Iaccarino, Professor,
Mechanical Engineering & Director,
Institute for Computational Mathematical
Engineering (SOE, ICME)

Rishee Jain, Assistant Professor, Civil &
Environmental Engineering (SOE)

Anne Kiremidjian, Professor, Civil &
Environmental Engineering (SOE)

Peter Kitanidis, Professor, Civil &
Environmental Engineering (SOE)

Jim Leckie, C.L. Peck, Class of

1906 Professor in the School of
Engineering (SOE)

Larry Leifer, Professor, Mechanical
Engineering (SOE)

Sanjiva Lele, Professor, Aeronautics

& Astronautics & Mechanical
Engineering (SOE)

Ray Levitt, Kumagai Professor in the
School of Engineering, Emeritus (SOE)
Richard Luthy, Silas H. Palmer Professor
in Civil Engineering (SOE)

Erin MacDonald, Assistant Professor,
Mechanical Engineering (SOE)

Arun Majumdar, Jay Precourt Professor
& Director, Precourt Institute for Energy
(SOE, Precourt)

Gilbert Masters, Professor (Teaching),
Civil & Environmental Engineering,
Emeritus (SOE)

Perry McCarty, Silas H. Palmer Professor
of Civil Engineering, Emeritus (SOE)
William Mitch, Professor, Civil &
Environmental Engineering (SOE)
Reginald Mitchell, Professor, Mechanical
Engineering (SOE)

Christopher Chafe, Duca Family
Professor, Music (H&S)

Paul David, Professor, Economics,
Emeritus (H&S)

Mark Denny, John B. & Jean De Nault
Professor of Marine Sciences & Director,
Hopkins Marine Station (H&S, Hopkins)
Shane Denson, Associate Professor,

Art & Art History (H&S)

Jose Dinneny, Associate Professor,
Biology (H&S)

Marcus Feldman, Burnet C. & Mildred
Finley Wohlford Professor in the School of
Humanities & Sciences (H&S)

Morris Fiorina, Wendt Family Professor
(H&S)

Stephen Monismith, Obayashi Professor
in the School of Engineering (SOE)
Leonard Ortolano, UPS Foundation
Professor of Civil Engineering in Urban &
Regional Planning (SOE)

Nicholas Ouellette, Professor, Civil &
Environmental Engineering (SOE)

Ada Poon, Associate Professor, Electical
Engineering (SOE)

Manu Prakash, Associate Professor,
Bioengineering (SOE)

Martin Reinhard, Professor (Research),
Civil & Environmental Engineering,
Emeritus (SOE)

Juan Rivas-Davila, Associate Professor,
Electrical Engineering (SOE)

Juan Santiago, Professor, Mechanical
Engineering (SOE)

Krishna Saraswat, Rickey/Nielsen
Professor in the School of Engineering
(SOE)

Debbie Senesky, Associate Professor,
Aeronautics & Astronautics (SOE)

Ross Shachter, Associate Professor,
Management Science & Engineering (SOE)
Olav Solgaard, Professor, Electrical
Engineering (SOE)

Andrew Spakowitz, Professor, Chemical
Engineering & Materials Science &
Engineering (SOE)

Robert Street, William Alden & Martha
Campbell Professor in the School of
Engineering, Emeritus (SOE)

Jim Sweeney, Professor, Management
Science & Engineering (SOE)

Clyde (Bob) Tatum, Obayashi Professor in
the School of Engineering, Emeritus (SOE)
John Weyant, Professor (Research),
Management Science & Engineering (SOE)

Tadashi Fukami, Professor,

Biology (H&S)

Angela Garcia, Associate Professor,
Anthropology (H&S)

Theodore Geballe, Theodore & Sydney
Rosenberg Professor of Applied Physics
& of Materials Science & Engineering,
Emeritus (H&S)

William Gilly, Professor, Biology (H&S)
Jeremy Goldbogen, Associate Professor,
Biology (H&S)

Deborah Gordon, Professor, Biology
(H&S)
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Larry Goulder, Shuzo Nishihara
Professor in Environmental & Resource
Economics & Director, Stanford Center
for Environmental & Energy Policy
Analysis (H&S, Precourt, SIEPR)

Mark Granovetter, Joan Butler Ford
Professor in the School of Humanities &
Sciences (H&S)

James Gross, Professor, Psychology
(H&S, VPTL)

H. Craig Heller, Lorry 1. Lokey/Business
Wire Professor (H&S)

Leo Hollberg, Professor (Research),
Physics (H&S)

David Kennedy, Donald ]. McLachlan
Professor of History, Emeritus (H&S)
Herbert Klein, Professor of History
(Teaching) (H&S)

Richard Klein, Anne T. & Robert M. Bass
Professorship in the School of Humanities
& Sciences (H&S)

Brian Knutson, Professor, Psychology
(H&S)

Jon Krosnick, Frederic O. Glover Professor
in Humanities & Social Sciences (H&S)
Tse Leung Lai, Ray Lyman Wilbur
Professor (H&S)

Justin Leidwanger, Associate Professor,
Classics (H&S)

Helen Longino, Clarence Irving Lewis
Professor in Philosophy (H&S)

Ariel Mayse, Assistant Professor,
Religious Studies (H&S)

Susan McConnell, Susan B. Ford
Professor, Biology (H&S)

Michelle Anderson, Professor, Law &
Robert E. Paradise Faculty Fellow for
Excellence in Teaching & Research (Law)

Aijaz Ahmed, Professor, Medicine

(Med, SMC)

Ruben Alvero, Professor, Obstetrics &
Gynecology (Med, SMC)

Jason Andrews, Associate Professor,
Medicine (Med)

Andra Blomkalns, Stanford Medicine
Professor of Emergency Medicine & the
Redlich Family Professor (Med, SMC)
Scott Boyd, Associate Professor, Medicine
& Endowed Faculty Scholar in Food
Allergy & Immunology (Med)

Paul Buckmaster, Professor, Comparative
Medicine & Neurology (Med)

Carlos Bustamante, Professor, Biomedical
Data Science & Genetics (Med)

Lynn Meskell, Shirley R. & Leonard

W. Ely, Jr. Professor in the School of
Humanities & Sciences (H&S)

Paula Moya, Danily C. & Laura Louise
Bell Professor of the Humanities (H&S)
Lauren O’Connell, Assistant Professor,
Biology (H&S)

Steve Palumbi, Jane & Marshall

Steel, Jr., Professor in Marine Sciences
(H&S, Hopkins)

David Palumbo-Liu, Louise Hewlett
Nixon Professor, Comparative Literature
(H&S)

Russ Poldrack, Albert Ray Lang Professor
of Psychology (H&S)

Byron Reeves, Paul C. Edwards Professor
of Communication (H&S)

Rush Rehm, Professor, Theater &
Performance Studies & Classics (H&S)
Noah Rosenberg, Stanford Professor in
Population Genetics & Society (H&S)
Kenneth Scheve, Professor, Political
Science (H&S)

Londa Schiebinger, John L. Hinds
Professor of the History of Science (H&S)
W. Richard Scott, Professor, Sociology,
Emeritus (H&S)

Krish Seetah, Associate Professor,
Anthropology (H&S)

C. Matthew Snipp, Burnet C. & Mildred
Finley Wohlford Professor in the School of
Humanities & Sciences & Vice Provost for
Faculty Diversity & Engagement (H&S)

Michele Dauber, Frederick I. Richman
Professor of Law (Law)

Thomas Heller, Lewis Talbot & Nadine
Hearn Shelton Professor of International
Legal Studies, Emeritus (Law)

Stephanie Chao, Assistant Professor,
Surgery (Med, SMC)

Glenn Chertow, Professor,
Medicine (Med)

Christopher Contag, Professor,
Pediatrics, Emeritus (Med)

Mark Cullen, Professor, Medicine,
Biomedical Data Science & Health
Research & Policy & Director,
Stanford Center for Population Health
Sciences (Med)

Gary Darmstadt, Professor (Teaching),
Pediatrics (Med)

Vinicio de Jesus Perez, Associate
Professor, Medicine (Med)
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George Somero, David & Lucile Packard
Professor in Marine Science, Emeritus
(H&S, Hopkins)

Tim Stearns, Frank Lee & Carol Hall
Professor (H&S)

Paul Switzer, Professor, Statistics &
Environmental Earth System Science,
Emeritus (H&S, SE3)

Michael Tomz, William Bennet

Munro Professor in Political Science
(H&S, VPTL)

Elaine Treharne, Roberta Bowman
Denning Professor (H&S, VPTL)
Shripad Tuljapurkar, Dean & Virginia
Morrison Professor of Population
Studies (H&S)

Virginia Walbot, Professor, Biology (H&S)
Brian Wandell, Isaac & Madeline Stein
Family Professor (H&S)

Robert Waymouth, Robert Eckles Swain
Professor in Chemistry (H&S)

Barry Weingast, Ward C. Krebs Family
Professor (H&S)

Richard White, Margaret Byrne Professor
of American History, Emeritus (H&S)
Frank Wolak, Holbrook Working
Professor in Commodity Price Studies
(H&S)

Richard Zare, Marguerite Blake Wilbur
Professor in Natural Science (H&S)

Daniel Ho, William Benjamin Scott
& Luna M. Scott Professor of Law
(Law, H&S)

Michael Eisenberg, Professor, Urology
(Med, SMC)

Stephen Felt, Professor, Comparative
Medicine (Med, SMC)

Andrew Fire, George D. Smith Professor
in Molecular & Genetic Medicine (Med)
Stephen Galli, The Mary Hewitt
Loveless, M.D. Professor in the School of
Medicine (Med)

Christopher Gardner, Rehnborg
Farquhar Professor (Med)

Jeremy Goldhaber-Fiebert, Professor,
Medicine (Med)

Lisa Goldman Rosas, Assistant Professor
(Research), Health Research & Policy &
Medicine (Med)
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Jean-Louis Horn, Professor,
Anesthesiology, Perioperative & Pain
Medicine (Med, SMC)

John Ioannidis, C. F. Rehnborg Professor
in Disease Prevention in the School of
Medicine (Med)

Abby King, Professor, Health Research &
Policy & Medicine (Med)

Grant Lipman, Clinical Professor,
Emergency Medicine (Med)

A.C. Matin, Professor, Microbiology &
Immunology (Med)

Grant Miller, Henry J. Kaiser, Jr.
Professor, Medicine (Med)

Lorene Nelson, Associate Professor,
Health Research & Policy (Med)

Maurice Ohayon, Professor, Psychiatry
& Behavioral Sciences (Med)

Latha Palaniappan, Professor, Medicine
(Med, SMC)

Philip Pizzo, David & Susan Heckerman
Professor, Pediatrics & Microbiology &
Immunology (Med)

John Pringle, Professor, Genetics (Med)
Judith Prochaska, Professor,

Medicine (Med)

Thomas Robinson, Irving Schulman,
M.D. Endowed Professor in Child
Health (Med)

Eunice Rodriguez, Associate Professor
(Teaching), Pediatrics (Med)

Jessica Rose, Professor, Orthopaedic
Surgery (Med, LPCH, SMC)

Gary Shaw, NICU Nurses Professor
(Med)

Robert Siegel, Professor (Teaching),
Microbiology & Immunology (Med)

Sara Singer, Professor, Medicine (Med)

Upinder Singh, Professor, Medicine &
Microbiology & Immunology (Med)

Mike Snyder, Stanford W. Ascherman,
MD, FACS, Professor in Genetics (Med)

Creed Stary, Associate Professor,
Anesthesiology, Perioperative & Pain
Medicine (Med, SMC)

David Stevenson, Harold K. Faber
Professor of Pediatrics & Senior Associate
Dean, Maternal & Child Health (Med)
Eric Stice, Professor, Psychiatry &
Behavioral Sciences (Med, SMC)

Jose Vilches-Moure, Assistant Professor,
Comparative Medicine (Med, SMC)
Dennis P. Wall, Associate Professor,
Pediatrics & Biomedical Data Science
(Med)

Nancy “Ewen” Wang, Professor,
Emergency Medicine (Med, SMC)
Gerlinde Wernig, Assistant Professor,
Pathology (Med, SMC)

Paul Wise, Richard E. Behrman, MD,
Professor in Child Health & Society (Med)

DEAN OF RESEARCH FACULTY, FELLOWS, AND STAFF

Newsha Ajami, Director of Urban

Water Policy, Water in the West & Senior
Research Associate, Stanford Woods
Institute for the Environment (Woods)
Katherine Arkema, Lead Scientist,
Natural Capital Project (Woods)

Rebecca Chaplin-Kramer, Lead Scientist,
Natural Capital Project (Woods)

Colin Closek, Staff Scientist, Center for
Ocean Solutions (Woods)

Anne Guerry, Chief Strategy Officer &
Lead Scientist, Natural Capital Project
(Woods)

Courtney Hammond Wagner,
Postdoctoral Scholar, Water in the West
Program (Woods, BLC)

Yong Suk Lee, Center Fellow, Freeman
Spogli Institute for International Studies
(FSI, DOR)

Lisa Mandle, Lead Scientist, Natural
Capital Project (Woods)

Felicia Marcus, Landreth Visiting Fellow,
Water in the West Program (Woods, BLC)
Michael Mastrandrea, Research Director,
Climate & Energy Policy Program &
Senior Research Scholar, Stanford Woods
Institute for the Environment (Woods)
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Shin Nakayama, Data Research Scientist,
Center for Ocean Solutions (Woods)

Dan Reicher, Senior Research Scholar,
Stanford Woods Institute for the
Environment (Woods)

Scott Rozelle, Helen C. Farnsworth
Professor in International Agricultural
Policy (FSI, SIEPR, DOR)

Mary Ruckelshaus, Managing Director,
Natural Capital Project (Woods)

Richard Sharp, Software Architect,
Natural Capital Project (Woods)

Susanne Sokolow, Executive Director,
Program on Disease Ecology, Health & the
Environment (Woods)

Michelle Tigchelaar, Research Scientist,
Center for Ocean Solutions (Woods)

Felicia Marcus (WitW)

Adrian Vogl, Lead Scientist, Natural
Capital Project (Woods)

Michael Wara, Director, Climate &
Energy Policy Program & Senior Research
Scholar, Stanford Woods Institute for the
Environment (Woods)

Philip Womble, Postdoctoral Scholar,
Water in the West Program (Woods, BLC)

Schools and entities represented: School of Business
(GSB); Graduate School of Education (GSE); School
of Humanities € Sciences (H€/S); School of Law
(Law); School of Medicine (Med); School of Earth,
Energy € Environmental Sciences (SE3); School of
Engineering (SOE); Stanford Medical Center (SMC);
Lucile Packard Children’s Hospital (LPCH); Office of
the Vice Provost for Teaching and Learning (VPTL);
Stanford Institute for Economic Policy Research
(SIEPR); Dean of Research (DOR); Precourt Institute
for Energy (Precourt); Freeman Spogli Institute for
International Studies (FSI); Stanford Woods Institute
for the Environment (Woods); Bill Lane Center for
the American West (BLC); and SLAC National
Accelerator Laboratory (SLAC).
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