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DIRECTOR’S MESSAGE
In 2020, the COVID-19 pandemic
dominated our news and
consciousness, and slowed the
world down enough to –
temporarily – cause a marked
decrease in emissions of heattrapping gases. The pandemic
affected the entire PCCRC
community, just as it affected the world. Starting in March, trips
and presentations were cancelled, and we moved to virtual
formats for our interactions. New faculty arrived on campus
physically, only to attend faculty meetings on WebEx. Ph.D.
students defended their dissertations over Zoom. This year’s
Annual Report details this changed way of life, with articles about
the pandemic and some of its interactions with climate on pages
10 and 11, and changes in our Center’s pattern of activities
reflected throughout. But the report also reflects the resilience of
our community, covering the important work that has continued
during this difficult time.
I hope you’ll take a few minutes to read about the superb work
being done by our affiliates; from detailing how climate change
could affect the physical habitability of our planet (p. 1), to
understanding what can make or break climate policies (p. 2), to
quantifying the potential climate benefits of bike-sharing
programs (p. 3), you can find it here. Take a minute, too, to see the
new affiliates we’ve gained in the last year (p. 6). We had the
chance to interact with several of them during our “PCCRC
Research Conversations” series held over Zoom in the fall, and
hear about the fascinating projects they are working on. I am
optimistic that we will be able to build on these conversations in
person in 2021.
The last pages of this report cover some of the outreach efforts
the Center led during 2020. Partnerships with the Indiana
Department of Education, Purdue Science’s K-12 Outreach team,
Purdue Extension, and the Indiana State Climate Office have
helped us bring climate change information to large new
audiences.
Thanks for your interest in our center. We hope that the coming
year brings us all back together!
Jeffrey Dukes
Professor and Director
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The critical role of humidity in modeling summer
electricity demand across the United States

The deadly combination of heat and humidity
The past 10,000 years has been marked by a range of

Cooling demand is projected to increase under climate
change. However, most of the existing projections are
based on rising air temperatures alone, ignoring that
rising temperatures are associated with increased
humidity; a lethal combination that could significantly
increase morbidity and mortality rates during extreme
heat events. Graduate student Debora Maia-Silva
(Environmental and Ecological Engineering) and advisor
Roshi Nateghi (Environmental and Ecological
Engineering and Industrial Engineering) bridge this gap
by identifying the key measures of heat stress,
considering both air temperature and near-surface
humidity, in characterizing the climate sensitivity of
electricity demand at a national scale.

climate conditions in which human society is particularly
well-adapted to thrive. But, as the planet warms, the range
of weather conditions we can expect is changing—and it’s
trending toward a combination of heat and humidity
unprecedented in the three million years over which modern
humans evolved. It is often assumed that humans would be
able to adapt to any possible warming.
In 2010, Professor Matthew Huber, (Earth, Atmospheric and
Planetary Sciences) and colleague Steven Sherwood
(University of New South Wales, Australia) were the first to
demonstrate this is not so. They calculated the highest
survivable combination of heat and humidity—an
adaptability limit—and examined how likely these extremes
are to occur in the future. The decade of research following
this pioneering work was recently reviewed by Dr. Jonathan
Buzan (PhD 2018, Department of Earth, Atmospheric and
Planetary Sciences) and Huber in an article in Annual
Reviews in Earth and Planetary Sciences.

They show that in many of the high energy consuming
states, such as California and Texas, projections based
on air temperature alone underestimate cooling demand
by as much as 10–15% under both present and future
climate scenarios. Their results establish that air
temperature is a necessary but not sufficient variable for
adequately characterizing the climate sensitivity of
cooling load, and that near-surface humidity plays an
equally important role.

Buzan, J.R. and M. Huber. (2020). Moist Heat Stress on a
Hotter Earth. Annu. Rev. Earth Planet. Sci. 48:23.1-23.33.

Maia-Silva, D., Kumar, R. and R. Nateghi. (2020). The
critical role of humidity in modeling summer electricity
demand across the United States. Nat. Commun. 11, 1686.

Understanding discrepancies between scientific
and lay beliefs on climate change
The concept of motivated reasoning— a form of biased
reasoning people use to reach a preferred conclusion—is
often used to explain climate change skepticism. A study
led by Professor Erin Hennes (Psychological Sciences)
finds that in research and in practice, motivated
reasoning is too often overstated and also too often
understated. The researchers offer a framework for a
“goldilocks” perspective that is “just right,” allowing for
improved understanding of climate change attitudes and
the development of strategies to effectively intervene on
climate change misunderstanding.
Hennes, E.P., T. Kim, and L.J. Remache. (2020). A
goldilocks critique of the hot cognition perspective on
climate change skepticism. Current Opinion in Behavioral
Sciences 34: 142-147.
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Failure to focus on consumer benefits led to the
downfall of Ontario’s carbon pricing policy

Anthropocene yet unseen
From droughts to floods, to changing temperatures and
changing attitudes, the Anthropocene is full of surprises
—or is it? In a thought provoking essay, Professor Zoe
Nyssa (Anthropology) challenges us to reconsider what
actually surprises us, and to recognize just how
interconnected and complicated social and economic
change can be. Nyssa cautions that in order for climate
science and policymaking to succeed, we must
understand the unforeseen interactions between people
and their environment.

In 2016, Canadian Province of Ontario enacted its carbon
cap-and-trade policy with plans to invest the revenue from
the sale of emission allowances into new infrastructure and
other programs to reduce emissions. Two years later the
policy was repealed and replaced with a weaker plan that
rejected carbon pricing. Why did this happen? A new paper
by Professor Leigh Raymond (Political Science) analyzes
Ontario’s experience as an important case study for the
growing debate of how to use revenue generated from
carbon pricing to build political support for carbon pricing
policies.

Nyssa, Zoe, “Surprise!” Anthropocene Unseen: A Lexicon,
edited by Cymene Howe and Anand Pandian, Punctum
Books, 2020, pp. 453–457.

Although some studies suggest promoting economic
development or additional environmental investments,
others have found that attention to consumer costs is most
important for building legitimacy for carbon pricing. The
paper explores Ontario’s choice of a carbon revenue
approach focused on economic development and climate
mitigation and how that approach ultimately made the
policy more vulnerable to a populist attack based on higher
consumer prices. Raymond finds that Ontario’s failure to
focus more on consumer benefits in designing and
promoting its cap-and-trade program is a primary reason
for the program’s startling political failure. An important
thread of this research emphasizes using carbon revenue
to reduce consumer costs as a vital political strategy, and
one that seems even more relevant in the face of growing
populist attacks on carbon prices, including ‘yellow vest’
protests in France and Canada as well as ‘Tea Party’
arguments in the U.S.

How and why do we choose, endorse, and follow
rules?
As it turns out, what others think and do has a strong
influence on what individuals think and do. This has
important implications for how to garner support for
climate-informed policies and actions. While we know
that social norms affect the attitudes and behavior of
individuals, there are aspects we don’t yet understand,
including how some norms are internalized—driven by
internal motivations rather than external motivations
like material rewards and punishments. Professor Dan
Kelly (Philosophy) explores the possible psychological
origins of this internalization in his recent essay.
Kelly, Daniel, Internalized Norms and Intrinsic
Motivations: Are Normative Motivations Psychologically
Primitive? Emotion Researcher, June 2020, p. 36-45.

Raymond, L. (2020). Carbon pricing and economic populism:
the case of Ontario. Climate Policy, 20:9, 1127-1140.

Light-absorbing aerosols impact air quality and climate change
Airborne soot particles are formed by the incomplete combustion of fossil fuels and
biomass burning. These particles are made up of a complex mixture of compounds,
some of which have light-absorbing properties that directly contribute to atmospheric
warming. Soot particles from wildfires and biomass burning are well characterized,
but we know far less about particles from fossil fuels like gasoline. Professor
Alexander Laskin (Chemistry) and colleagues conducted a first-of-its-kind study to
identify and characterize the light-absorbing components of soot produced in the
controlled combustion of ethane—a proxy representative of gasoline combustion.
West, C. P., A.P.S. Hettiyadura, A. Darmody, G. Mahamuni, J. Davis, I. Novosselov, and A.
Laskin. (2020). Molecular Composition and the Optical Properties of Brown Carbon
Generated by the Ethane Flame. ACS Earth and Space Chemistry 4 (7), 1090-1103.
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Bike share systems provide GHG reductions

Cold stress tolerance in walnut trees

Professor Hua Cai (Industrial Engineering and Environmental
and Ecological Engineering) and colleagues analyzed bike
share systems in eight major U.S. cities and calculated the
annual reduction in greenhouse gas emissions from this
increasingly popular mode of transportation. Larger bike
sharing systems with higher usage intensity saw the greatest
GHG reductions. However, the location of bike share stations
and the replaced mode of transportation (car trips vs
walking) were also highly influential. This research suggests
improving bike share infrastructure, safety and accessibility
will help increase ridership and subsequently result in greater
GHG reductions.

Understanding the genetic origin of trees, and specifically
the genetic mechanisms that influence cold hardiness, is
essential for successful adaptive forest management and
reforestation efforts in a changing climate. However, little
is known about the genetic factors controlling cold
hardiness in native and introduced Juglans (walnut)
species, which are highly desirable trees for their valuable
edible nuts and high-quality timber. Professor Douglass
Jacobs (Forestry and Natural Resources) and co-authors
studied cold hardiness among Juglans species using both
physiological data and gene expressions. They found
important differences in genetic diversity among native
and hybrid species, and identified molecular markers that
can assist scientists in selecting Juglans species for
desired cold hardiness traits.

Kou, Z., Wang, X., Chiu, S.F., and H. Cai. (2020). Quantifying
greenhouse gas emissions reduction from bike share systems:
a model considering real-world trips and transportation mode
choice patterns. Resources, Conservation & Recycling 153:
104534.

Ebrahimi A., S.S. Lawson, J.R. McKenn, and D.F. Jacobs.
(2020). Morpho-Physiological and Genomic Evaluation of
Juglans Species Reveals Regional Maladaptation to Cold
Stress. Frontiers in Plant Science 11:229. doi: 10.3389/
fpls.2020.00229.

The impact of land-use change on carbon retention
in deep soil layers
Microbial residues play an important role in longterm soil
carbon sequestration, but little is known about how land
use changes impact microbially-derived carbon in deep
soil layers. Professor Timothy Filley (Earth, Atmospheric,
and Planetary Sciences and Agronomy) and colleagues
studied how the contributions of microbial residues to
stable and vulnerable soil carbon change following the
long-term (50 years) conversion of native grassland to
cropland. They found a selective depletion of microbialderived carbon through the entire soil profile, but
especially in deeper layers. Their work demonstrates the
relative vulnerability of microbial carbon — compared to
total carbon — in deep soil layers.

Better climate prediction models
Scientists have evidence that concludes human-driven global
warming is causing tropical cyclones (TCs) to produce
greater amounts of rainfall, and it is believed that TCs are a
major contributor to the observed increases in extreme
precipitation in the United States. Professor Dan Chavas
(Earth, Atmospheric, and Planetary Sciences) and co-authors
developed a new approach not only to quantify the
proportion of rainfall resulting from TCs in different regions of
the U.S., but also to improve the ability of climate models to
represent the structure and impact of TCs in a warming
world.

Ding, X., B. Zhang, Z. Wei, H. He, and T.R. Filley. (2020).
Conversion of grassland into cropland affects microbial
residue carbon retention in both surface and subsurface
soils of a temperate agroecosystem. Biology and Fertility of
Soils 56: 137-143.

Stansfield, A.M., K.A. Reed, C.M. Zarzycki, P.A. Ullrich, and D.R.
Chavas. (2020). Assessing Tropical Cyclones’ Contribution to
Precipitation over the Eastern United States and Sensitivity to
the Variable-Resolution Domain Extent. Journal of
Hydrometeorology https://doi.org/10.1175/JHM-D-19-0240.1
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Rapid analysis for climate resilient traits
A warming climate will affect regional precipitation patterns.
Current projections indicate that these changes will
negatively impact crop yields, affecting the food security of
billions of people around the world. The development of
drought-resistant crops will help, but testing varieties can
be challenging. Professor John Couture (Entomology and
Forestry and Natural Resources) and colleagues have
demonstrated that hyperspectral reflectance can be used to
rapidly and nondestructively identify different leaf traits
affected by drought that could serve as indicators of plant
water status. With successful application in the lab as well
as field settings, their approach will play an important role
in precision agriculture and advance trait-based crop
selection.
Cotrozzi,L., R. Peron, M.R. Tuinstra, M.V. Mickelbart, and J.J.
Couture. (2020). Spectral Phenotyping of Physiological and
Anatomical Leaf Traits Related with Maize Water Status.
Plant Physiology 148: 1363-1377.

“Sleeping” microbes and the carbon budget
Northern temperate and boreal ecosystems store roughly
40% of the world’s soil organic carbon. Soil organic carbon
represents the balance between carbon inputs (e.g., leaves,
stems, and roots) and carbon outputs (e.g., erosion and
decomposition by soil microbes). Microbial decomposition
is the primary output pathway, making it critical to include
microbial processes in modeling studies of the region’s
carbon dynamics. Graduate student Junrong Zha and
Professor Qianlai Zhuang (Earth, Atmospheric and
Planetary Sciences and Agronomy) incorporated the
microbial trait of dormancy (inactivity) into a
biogeochemistry model and find there is a larger store of
carbon in the region than what has been reported in
previous estimates.

Past ice surface changes preserved in Antarctic
nunataks
Reconstructing how massive continental glaciers (ice
sheets) responded to past climate change is essential to
understanding the role of the cryosphere in Earth’s
climate system and for projecting sea level rise in future
climate warming scenarios. However, data constraining
past behavior of the East Antarctic Ice Sheet are sparse,
limiting study of its response to past, present and future
climate change. A new analysis using cosmogenic multinuclide (10Be, 26Al, 36Cl) data from rock samples in East
Antarctica found clear indications of a thicker-thanpresent ice sheet (150-300 meters) within the last glacial
cycle, with a thinning of ~35-120 meters during the
current geologic epoch. The work provides important
constraints that should be considered in future ice-sheet
model simulations.
Andersen, J.L, J.C. Newall, R. Blomdin, S.E. Sams, D. Fabel,
A.J. Koesterm, N.L. Lifton et al. (2020). Ice surface changes
during recent glacial cycles along the Jutulstraumen and
Penck Trough ice streams in western Dronning Maud
Land, East Antarctica. Quaternary Science Reviews.
Volume 249.

Zha, J. and Q. Zhuang. (2020). Microbial dormancy and its
impacts on northern temperate and boreal terrestrial
ecosystem carbon budget. Biogeosciences 17: 4591–4610.

The cost of offsetting projected crop yield losses
Investments in agricultural research and development (R&D) will be critical for offsetting the negative impacts of climate
change on the global food system. Professor Tomas Hertel (Agricultural Economics) and co-authors sought to quantify the cost
required to make such an investment effective. They concluded that increased R&D adaptation investments of between $187
billion and $1,384 billion between 2020 and 2040 would be necessary to counter the projected crop yield losses due to climate
change. They noted that while this cost is 16-118% higher than current spending trends, such an investment would offer
considerable benefits in terms of economic returns, food security, and environmental sustainability.
Baldos, U.L.C., K.O. Fugle, and T.W. Hertel. (2020). The research cost of adapting agriculture to climate change: A global analysis
to 2050. Agricultural Economics 51:201-220.
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Peatland carbon accumulation in North America

Would eliminating fossil fuel subsidies actually
help countries meet emissions reduction goals?

It is estimated that peatlands accumulate and hold more
than one-quarter of the planet’s soil carbon, with northern
peatlands accounting for upwards of 85% of this global
stock. Despite their importance as a global carbon sink,
the vulnerability of peatlands to climate warming is
uncertain due to a lack of observational data and
incomplete understanding of peat carbon dynamics. Using
a process‐based biogeochemistry peatland model,
research led by Professor Qianlai Zhuang quantified
carbon accumulation rates and carbon stocks within
North American peatlands over the last 12,000 years in a
first step toward more detailed modeling of peatland
dynamics.

Over a dozen countries explicitly include fossil fuel
subsidy reform as a tactic for lowering emissions under
the Paris Agreement. However, the concrete impact of
this approach is unknown. Professor Dominique van der
Mensbrugghe and Purdue researcher Maksym
Chepeliev (Agricultural Economics) estimated the
impact of eliminating this subsidy on country-specific
emissions reduction goals under several potential future
energy prices. Their results suggest that removing fossil
fuel consumption subsidies could be an effective way to
meet emission reduction targets for an important subset
of countries.

Zhuang, Q., S. Wang, B. Zhao, F. Aires, C. Prigent, Z. Yu, et
al. (2020). Modeling Holocene peatland carbon
accumulation in North America. Journal of Geophysical
Research: Biogeosciences, 125, e2019JG005230.

Chepeliev, M. and D. van der Mensbrugghe. (2020).
Global fossil-fuel subsidy reform and Paris Agreement.
Energy Economics 85: 104598.

Do climate scientists have a responsibility to
promote solutions?
Public concern over human-caused climate change is
growing, but it lags far behind the scientific consensus—
over 97% of scientists agree that climate change is a
pressing issue. A study led by Jackie Getson (Forestry
and Natural Resources) used a survey to examine what
climate scientists and other climate professionals think
is their role in promoting climate change adaptation and
mitigation strategies related to agroecosystems. There
was strong agreement among survey participants that
media, political, and public support is necessary to move
forward with climate change solutions. The findings also
highlight that while climate professionals feel a social
responsibility to provide scientific input to both
policymakers and the public, they believe the
responsibility does not rest solely on their shoulders.

Wildfire caused widespread contamination of
drinking water distribution network
Wildfires are known to contaminate drinking water at the
source, but it was not until the Tubbs Fire (2017) when the
first documented case of wildfire-induced contamination
occurred throughout an entire water distribution network.
As the frequency of wildfires at the wildland–urban
interface grows, so too does the risk of water
contamination and the need for better policies to protect
public health. Postdoctoral researcher Caitlin Proctor
(Environmental and Ecological Engineering) led a case
study that examined the Tubbs Fire and the Camp Fire
(2018) to identify the factors influencing drinking water
quality risks in those communities and subsequent
response and recovery events post-fire.

Getson, J.M., A.E. Sjöstrand, S.P. Church, R. Weiner, J.L.
Hatfield, and L.S. Prokopy. Do scientists have a
responsibility to provide climate change expertise to
mitigation and adaptation strategies? Perspectives from
climate professionals. Public Understanding of Science.
October 2020.

Proctor, C., J. Lee, D. Yu, A.D. Shah, and A.J. Whelton.
(2020). Wildfire caused widespread drinking water
distribution network contamination. AWWA Water Science
e1183.
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NEWEST FACULTY AFFILIATES
Peter Bermel
Electrical Engineering

Yiwei Huang
Horticulture and
Landscape Architecture

Lei Wang
Earth, Atmospheric and
Planetary Sciences

Tara Grillos
Political Science

Erik Otárola-Castillo
Anthropology

Brock Harpur
Entomology

Beth Hall
Indiana State Climate
Office

Marissa Tremblay
Earth, Atmospheric and
Planetary Sciences

PCCRC RESEARCH CONVERSATIONS
A key function of the PCCRC is to bring people together to spark new ideas and collaborations. Due to COVID-19, we
reconfigured our programs and events, moving all of them to an online format. In September, we launched
PCCRC Research Conversations, a real-time virtual webinar series designed introduce the research efforts of center
affiliates to others in our campus community, and to keep conversations going. Hosted by PCCRC director Jeff Dukes,
each hour-long session featured several speakers who shared the research questions driving their work and a few
highlights from their labs. The sessions included time for open conversation with those who logged in to participate.
September 11
Roshi Nateghi,
Industrial Engineering
and Environmental &
Ecological Engineering
Shweta Singh,
Agricultural &
Biological Engineering
and Environmental &
Ecological Engineering
Paul Preckel,
Agricultural Economics
Doug Gotham, State
Utility Forecasting
Group

October 2
Erik Otárola-Castillo,
Anthropology
Yiwei Huang,
Landscape
Architecture
Peter Bermel,
Electrical & Computer
Engineering

October 20

November 13

Faculty in the Purdue
Digital Forestry Initiative

Stacy Lindshield,
Anthropology

Songlin Fei, Brady
Haridman and Jacob
Hosen, Forestry &
Natural Resources

Ellen Wells, Health
Sciences

John Couture,
Entomology and
Forestry & Natural
Resources
Joseph Hupy, Purdue
Polytechnic
Jinha Jung, Civil
Engineering
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Alexander Laskin,
Chemistry

December 4
Marissa Tremblay,
Earth, Atmospheric, &
Planetary Sciences
Brock Harpur,
Entomology
David Yu, Civil
Engineering and
Political Science

FACULTY AFFILIATES BY DEPARTMENT
Aeronautics & Astronautics: James Garrison

Entomology: Grzegorz Buczkowski, John Couture7 and
Brock Harpur

Agronomy: Laura Bowling, Sylvie Brouder, Melba
Crawford1, Richard Grant, Cliff Johnston2, Ronald Turco
and Jeffrey Volenec

Forestry & Natural Resources: Jeffrey Dukes5, Songlin
Fei, Reuben Goforth, Brady Hardiman, Tomas Höök,
Douglass Jacobs, Jingjing Liang, Zhao Ma, Rick Meilan,
Bryan Pijanowski, Linda Prokopy, Guofan Shao, Robert
Swihart and Pat Zollner

Agricultural & Biological Engineering: Keith
Cherkauer, Jane Frankenberger, Margaret Gitau, Sara
McMillan and Shweta Singh

Health Sciences: Jennifer Freeman and Ellen Wells

Agricultural Economics: Joseph Balagtas, Alla Golub,
Thomas Hertel, Paul Preckel, Jacob Ricker-Gilbert, Juan
Sesmero, Gerald (Jerry) Shively, Nathanael Thompson,
Dominique van der Mensbrugghe and Michael
Wetzstein

Health and Kinesiology: David Klenosky
Horticulture & Landscape Architecture: Yiwei Huang
Hospitality and Tourism Management: Jonathan Day

Agricultural Sciences Education and
Communication: Linda Pfeiffer

Industrial Engineering: Hua Cai, David Johnson6 and
Roshanak (Roshi) Nateghi

Anthropology: Michele Buzon, Jennifer Johnson,
Stacy Lindshield, Erik Otarola-Castillo and Laura
Zanotti

Mechanical Engineering: Jay Gore

Biological Sciences: Catherine Searle

Physics and Astronomy: Marc Caffee2

Building & Construction Management: Kirk Alter

Political Science: Tara Grillos, Manjana Milkoreit,
Leigh Raymond and Mark Tilton

Philosophy: Daniel Kelly

Chemistry: Alexander Laskin

Psychological Sciences: Erin Hennes

Civil Engineering: Brandon Boor, Samuel Labi,
Larry Nies, Suresh Rao4, Amisha Shah, Cary Troy and
David Yu6

Statistics: Hao Zhang

Curriculum and Instruction: Daniel Shepardson2

Indiana State Climate Office: Beth Hall

Earth, Atmospheric and Planetary Sciences:
Michael Baldwin, Dan Chavas, Timothy Filley4,
Alexander Gluhovsky3, Matthew Huber, Nathaniel (Nat)
Lifton, Greg Michalski, Gouri Prabhakar, Marissa
Tremblay, Wen-wen Tung, Lei Wang, Lisa Welp and
Qianlai Zhuang4

Faculty Executive Committee: Michael Baldwin,
Laura Bowling, James Garrison, Erin Hennes, Roshi
Nateghi and Shweta Singh

Economics: Timothy Cason

Staf: Jeffrey Dukes, Director; Cindy Fate, Administrative
Assistant; Rose Filley, Managing Director; Melissa
Widhalm, Operations Manager

Visual and Performing Arts: Charles Gick

Electrical Engineering: Peter Bermel
Engineering Education: Alice Pawley
English: Robert Marzec
1joint

appointment in Civil Engineering; 2 joint appointment in Earth, Atmospheric and Planetary Sciences; 3 joint appointment in
Statistics; 4 joint appointment in Agronomy; 5 joint appointment in Biological Sciences; 6 appointment in Political Science, 7 joint
appointment in Forestry and Natural Resources.
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STUDENT FEATURED RESEARCH
More accurate climate change model reveals
bleaker outlook on electricity, water use

adaptation rates were largely explained by variations
in income, race, political leaning, average electric
power consumption, and solar radiation. Armed with
these insights, policymakers can tailor incentive
programs to improve access to renewable energy
technology.

Urban infrastructure systems, and in particular water
and electricity systems, are highly interconnected, yet
infrastructure management and urban planning
decisions are currently made without taking the
interdependencies into account. Renee Obringer
(PhD 2020, Ecological Sciences & Engineering) led a
study that built and tested a new model for predicting
interconnected water and electricity use now and into
the future under various climate change scenarios.
Their results project the Midwestern U.S. will be using
19% more electricity and 7% more water during
summers by 2055.

Bennett, J., A. Baker, E. Johncox, and R. Nateghi.
(2020). Characterizing the Key Predictors of
Renewable Energy Penetration for Sustainable and
Resilient Communities. Journal of Management
Engineering 36(4): 04020016.

Climate change is outpacing the rate of
community forest migration
Climate change has impacted forest ecosystems,
leading to species‐level tree migration. However, the
impacts of climate change on forest communities are
mostly unknown. A study led by Jonathan Knott
(PhD 2020, Forestry and Natural Resources) analyzed
changes to forest communities at three scales:
within‐community changes in species composition,
individual community spatial shifts and changes
across all communities. The researchers found forest
communities have shifted their distributions over the
last three decades, but climate change outpaced the
rate of community migration.

Obringer, R., R. Kumar, and R. Nateghi. (2020).
Managing the water–electricity demand in a changing
climate. Climatic Change 159, 233–252.

What factors will help people make the
transition to renewable energy?
Public policy is instrumental in driving major changes
in energy infrastructure, which will enable cities and
states to transition from fossil fuels to renewables.
Understanding the factors that motivate people to
adopt new technology, therefore, is essential.
Graduate student and 2018 PCCRC Incentive Grant
recipient Jackson Bennett (PhD 2020, Industrial
Engineering) led a study that developed a datacentric framework to predict a community’s
willingness to install residential solar based on
economic, environmental, and social factors. Solar

Knott, J.A., M.A. Jenkins, C.M. Oswalt, and S. Fei.
(2020). Community‐level responses to climate change
in forests of the eastern United States. Global Ecology
and Biogeography 29 (8), 1299-1314.

2020 INCENTIVE AWARD WINNER
Andrea Nebhut is a first-year doctoral student in the Department of
Forestry and Natural Resources. Prior to arriving at Purdue, she
graduated from Trinity University in San Antonio, TX with a BS in
Biology and Environmental Studies. Andrea's research interests
involve the intersection of climate change and plant invasion.
Andrea is currently working with Dr. Jeffrey Dukes on a project
investigating the impact of invader functional group and resource
availability on native forb biomass in California's serpentine
grasslands.
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2020 GRADUATING STUDENTS
Yifei Xu, PhD

Like most graduates this
year, Maria del Rosario
Uribe Diosa presented
her dissertation talk via
Zoom.

Title: Essays on firms' behaviors in the European
Union Emission Trading Scheme
Department: Krannert School of Management
Advisors: Chong Xiang and Dominique van der
Mensbrugghe

Yubo Sun, PhD
Title: An experimentally-validated coupled optothermal-electric model for PV performance and
reliability
Department: Electrical Engineering
Advisor: Peter Bermel

Benjamin Rachunok, PhD
Title: Analytical methods for computing the resilience,
recovery and transformation of communities and their
constituent systems in the age of big data
Department: Industrial Engineering
Advisor: Roshanak Nateghi

Maria del Rosario Uribe Diosa, PhD
Title: Climate, land cover change and the seasonality
of photosynthetic activity and evapotranspiration in
tropical ecosystems
Department: Forestry and Natural Resources
Advisor: Jeff Dukes

Andrea Orton, PhD
Title: Meteorological response to CO2 sequestration
and storage in Antarctica
Department: Earth, Atmospheric and Planetary
Sciences
Advisor: Mike Baldwin

Renee Obringer, PhD
Title: Climate change effects on urban water
resources: An interdisciplinary approach to modeling
urban water supply and demand
Department: Environmental and Ecological
Engineering
Advisor: Roshanak Nateghi

Jake Kastebauer, MS
Title: Plant taxa and pyrolysis temperature controls of
microbial amino sugars in a northern forest soil
Department: Earth, Atmospheric and Planetary
Sciences
Advisor: Tim Filley

Venkata Sai Gargeya Vunnava, PhD
Title: Advancing sustainability assessment
techniques: Mechanistic bottom-up approaches for
material and energy flow mapping via Process
Modeling, Input-Output theory and computational
tools
Department: Agricultural and Biological Engineering
Advisor: Shweta Singh

Youmi Oh, PhD
Title: Quantifying carbon fluxes and isotopic signature
changes across global terrestrial ecosystems
Department: Earth, Atmospheric and Planetary
Sciences
Advisors: Lisa Welp-Smith and Qianlai Zhuang
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The Impact of COVID-19

The COVID-19 lockdowns: a window into the Earth
System

Voluntary measures effective in slowing
transmission of COVID-19 in Tokyo

In an effort to slow the spread of the virus and save lives,
countries around the world enacted lockdowns, border
closures, and social distancing policies. Months of
widespread sheltering orders have dramatically changed
the activity of billions of people in highly disruptive and
highly unpredictable ways—and have created the
conditions for a unique global experiment.

In comparison to countries in Europe and the
Americas, Japan has experienced a low number of
infections and deaths due to COVID-19 despite the
social and physical proximity to China, and intervention
policies that are not as aggressive as other countries.
Such differences in policies and COVID-19 spread
dynamics make Japan an interesting case study for
international comparative analysis.

An international team of researchers, led by Noah
Diffenbaugh (Stanford University professor, former PCCRC
director) and including Thomas Hertel (Agricultural
Economics), explored the potential outcomes arising from
the unprecedented changes in human activity brought on
by the pandemic and outlined research priorities for
understanding their short- and long-term consequences.
What we learn may lead to a deeper understanding of
linkages between human behavior, poverty, environmental
degradation, and climate destabilization and could help
ensure an economically, socially and environmentally
sustainable recovery from the pandemic. It could also help
us come to grips with the looming climate crisis.
The authors propose examining the immediate and longerterm consequences of COVID-19 along two cascading
pathways: 1) energy, emissions, climate, and air quality; and
2) poverty, globalization, food, and biodiversity. To help
elucidate cause and effect and unravel the complex
interactions along these pathways, the authors call for
coordinated studies that bring together multidisciplinary
tools and perspectives. This includes efforts aimed at
gathering different kinds of data and conducting
coordinated model simulation experiments.
Diffenbaugh, N.S., C.B. Field, E.A. Appel, et al. (2020). The
COVID-19 lockdowns: a window into the Earth System. Nat
Rev Earth Environ 1, 470–481.
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Graduate student Takahiro (Taka) Yabe and advisor
Satish Ukkusuri (Civil Engineering) looked at the
changes in human mobility behavior, social contact
rates, and their correlations with the transmissibility of
COVID-19 using mobility data collected from more
than 200K anonymized mobile phone users in Tokyo.
The analysis concludes that by April 15, 2020 (1 week
into a country-wide state of emergency), human
mobility behavior decreased by ~50%, resulting in a
70% reduction of social contacts in Tokyo, showing the
effectiveness of non-compulsory measures.
Furthermore, this reduction in human mobility
correlated with a decrease in the estimated effective
reproduction number of COVID-19 in Tokyo.
Yabe, T., K. Tsubouchi, N. Fujiwara, et al. (2020). Noncompulsory measures sufficiently reduced human
mobility in Tokyo during the COVID-19 epidemic. Sci
Rep 10, 18053.

The latest analysis from the
World Bank Group warns that
the Covid-19 pandemic has
pushed an additional 88
million people into extreme
poverty in 2020.

Is this the perfect time, or the worst time,
to bend the climate change curve?
On March 11, 2020, COVID-19 was declared a pandemic by
the World Health Organization. Countries, states, and
communities around the world are rightly focused on the
urgent task of minimizing the impacts of the pandemic and
thinking about how to plan for an economic recovery—but
what are the implications for efforts to address the climate
change crisis?

Cues for Ethnography in Pandamning
Times: Thinking with Digital Sociality in
the Covid-19 Pandemic
Efforts to control the COVID-19 pandemic, such as
lockdowns, border closures and social distancing,
have increased our reliance on digital media to
maintain personal and professional connections.
Writing in the series, “Dispatches from the
pandemic,” Jennifer Lee Johnson (Anthropology) and
Alder Keleman Saxena (Northern Arizona University)
outline a set of guiding “cues” that anthropologists
might consider in this period of global disruption to
explore the impact of digital media on lives offline. As
environmental anthropologists, Johnson and
Keleman Saxena also draw attention to the
connections between the pandemic and climate
change, noting the important role ethnographers
have in understanding these intersecting global
phenomena and their impacts at the local level.
Keleman Saxena, A. and J.L. Johnson. Cues for
Ethnography in Pandamning Times: Thinking with
Digital Sociality in the Covid-19 Pandemic. May 2020.
Somatosphere.net. http://somatosphere.net/2020/
ethnography-in-pandamning-times.html/.

In a virtual panel hosted by the NYC Purdue Alumni Club
on April 25th, the Purdue Climate Change Research Center
brought together a group of experts from Purdue
University, republicEN and Columbia University for a webbased conversation on the interactions between climate
change and health in the context of the COVID-19
pandemic. Six key takeaways emerged from the
discussion:
The effects of climate change on plants will impact
human health.
Keep talking about climate change, but do so effectively.
The pandemic response is decreasing global emissions—
for now.
Scientists are a trusted resource.
Capable government and competent governance are
important.
There are reasons for optimism.

What a pandemic can teach us about
climate resilience?
In the face of enormous threats—a pandemic or
climate change—will we take collective efforts that
create a global response and strengthen our ability
to adapt? Can we improve our resilience? In an
article for Thomas Reuters Foundation, Professor
Roshanak (Roshi) Nateghi (Industrial Engineering
and Environmental and Ecological Engineering) and
Stefanie M. Falconi (Instituto Limite) emphasize the
crucial role of social cohesion in building resilient
communities. They share examples of how the
scientific community has mobilized knowledge and
resources to act towards the collective good, and
how these actions helped mitigate impacts from the
COVID-19 pandemic.
Falconi, S.M. and R. Nateghi. OPINION: What a
pandemic can teach us about climate resilience. April
17, 2020. Tomas Reuters Foundation News. https://
news.trust.org/item/20200417085745-98kux.

A summary report and video recordings from the panel
discussion are available on the PCCRC website.
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THE INDIANA CLIMATE CHANGE IMPACTS ASSESSMENT
The Indiana Climate Change Impacts
Assessment (IN CCIA) is a collaborative effort
to provide professionals, decision makers, and
the public with information about how climate
change affects state and local interests
throughout Indiana, USA. This assessment
effort has three interrelated goals: (1) analyze and
document the best available climate change impacts
research, (2) develop and maintain a network of
stakeholders and experts, and (3) start a dialog about
climate change throughout Indiana. The project adopted a
process that prioritized stakeholder engagement, reenvisioned traditional dissemination approaches, and that
had limited state government involvement, setting the IN
CCIA apart from most other state climate assessments
(SCAs) in the USA.

climate science to diverse stakeholder groups in the
absence of state-level mandates or direction and attract
public attention over an extended period of time.
Additional papers in the special issue include:

A special issue of the journal Climatic Change (Volume
163, issue 4, December 2020) discusses the results of the
IN CCIA across a range of sectors. In the overview paper,
Melissa Widhalm and Jeff Dukes describe the motivations,
principles, and processes that guided the IN CCIA
development, explore how Indiana’s approach compares
with those of other SCAs, and briefly summarize the
papers presented in the special issue. As interest in SCAs
grows in non-coastal and politically conservative locations,
the IN CCIA serves as one example of how a bottom-up
assessment with limited funding can deliver credible

Projecting Urban Energy Demand in Indiana for 2050
and 2080 (Wachs and Singh 2020)

Impacts of Climate Change on the State of Indiana:
Ensemble Future Projections Based on Statistical
Downscaling (Hamlet et al. 2020)
An Assessment of the Potential Impacts of Climate
Change on the Freshwater Habitats of Indiana
USA (Höök et al. 2020)
An Integrated Assessment of the Potential Impacts of
Climate Change on Indiana Forests (Phillips et al. 2020)
Projected Climate Change Impacts on Indiana’s Energy
Demand and Supply (Raymond et al. 2020)

Implications of Climate Change for Managing Urban
Green Infrastructure in Indiana (Reynolds et al. 2020)
Climate Change Impacts on Human Health at an
Actionable Scale: A State-Level Assessment of Indiana
USA (Filippelli et al. 2020)
Agricultural Impacts of Climate Change in Indiana and
Potential Adaptations (Bowling et al. 2020)

ABOVE: Status of state climate assessments in the U.S. as of 2020.
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One of the most important individual actions you can take to address
climate change is to talk about it with your trusted inner circle. While this
sounds simple enough, most people aren’t doing it. According to the 2020
Yale Climate Opinion Poll, only about one-third of Americans say they
discuss the topic at least occasionally. Instead, people sidestep climate
change discussions because they feel uncertain about the facts or
uncomfortable broaching a potentially controversial topic. That’s why in
June 2020, the PCCRC partnered with Purdue Extension and the Indiana
State Climate Office on a six-part virtual training series designed to
familiarize Indiana educators and professionals with foundational
knowledge about climate change.

Talking Confidently About Climate Change In Indiana and Beyond provided practical information and strategies to
help people feel more confident engaging in conversations. Over 450 participants logged in to learn how human
activities cause global warming, ways Indiana is affected, solutions to this urgent problem, and tips for navigating
tough conversations. Recordings from this series are available at https://ag.purdue.edu/climate/climatetraining2020/.

BUILDING A CLIMATE CHANGE EDUCATION
FRAMEWORK FOR INDIANA’S K-12 TEACHERS
While few topics are more familiar than weather and climate, climate
change is a stubbornly challenging subject to teach. Among the top
reasons why are: a lack of state approved climate-change related
academic standards, little formal training in climate science, and limited
professional development opportunities. To overcome these challenges,
educators often adopt an “incremental infusion” model in which climate
change concepts are integrated into the existing curriculum rather than
taught as a separate area to cover.
In the fall of 2020, the Purdue Climate Change Research Center partnered with the Indiana Department of
Education (IDOE) and Purdue Science's K-12 Outreach to curate resources that both assist educators with teaching
climate change and intersect with existing Indiana Academic Standards for science. To guide this process, the team
used published work of professors Dan Shepardson (Curriculum and Instruction and Earth, Atmospheric and Planetary
Sciences) and Andrew Hirsch (Physics) that outlines five critical climate change topics every student should learn and
every adult should understand. During a two-day virtual workshop, IDOE and Purdue staff worked with Indiana
educators to identify relevant state academic standards and associated learning resources aligned with the five climate
change concepts to create an efficient and accessible education framework from which teachers could pull materials.
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INFORMING POLICY
In September 2020, the Commodity Futures Trading
Commission’s (CFTC) Climate-Related Market Risk
Subcommittee of the Market Risk Advisory Committee
released a report entitled, “Managing Climate Risk in
the U.S. Financial System.” The central message of the
report is that U.S. financial regulators must recognize
climate change poses serious emerging risks to the U.S.
financial system, and they should move urgently and
decisively to measure, understand, and address these
risks.
The authors, including PCCRC Director Jeff Dukes, note
that achieving this goal calls for strengthening regulators’
capabilities, expertise, and data and tools to better
monitor, analyze, and quantify climate risks. They
highlight the important role of the private sector to
ensure that financial institutions and market participants
do the same. They also call for policy and regulatory
choices that are flexible, open-ended, and adaptable to
new information about climate change and its risks, based on close and iterative dialogue with the private sector. The
report provides 53 specific recommendations to mitigate the risks to financial markets posed by climate change.
CFTC Commissioner Rostin Behnam, noting recent extreme weather events from the severe wildfires of the West to the
devastating Midwest derecho and damaging Gulf Coast hurricanes, said, “This trend—which is increasingly becoming
our new normal—will likely continue to worsen in frequency and intensity as a result of a changing climate.”
Behnam continued, “Beyond their physical devastation and tragic loss of human life and livelihood, escalating weather
events also pose significant challenges to our financial system and our ability to sustain long-term economic growth.
Now, with this report in hand, policymakers, regulators, and stakeholders can begin the process of taking thoughtful and
intentional steps toward building a climate-resilient financial system that prepares our country for the decades to come.”

At the Indiana Statehouse
On January 7, 2020, PCCRC Director Jeff Dukes was the
guest speaker at the Indiana Legislative Rural Caucus
luncheon. Dukes presented a talk, “Water Resources in
Indiana: Impacts of Climate Change,” to a full room. A
discussion with legislators followed the presentation.
Later in the year, on September 16, Dukes gave
testimony to the Indiana Legislature’s Agriculture and
Natural Resources Summer Study Committee on the
prospects for incentivizing additional carbon storage in
Indiana’s forests and agricultural soils as part of a
proposed state-run carbon credit program.

14

The Purdue Climate Change Research Center (PCCRC) is
a faculty-led, university-based research center on the
campus of Purdue University. The PCCRC provides
science-based, non-partisan, and collaborative analysis to
support real-world decision making from the local to the
global scales. A hub for people who want to work across
disciplines on issues related to Earth’s changing climate,
the PCCRC serves to connect researchers, support
collaborative projects, and share findings and expertise
with stakeholders.

Purdue Climate Change Research Center
Gerald D. and Edna E. Mann Hall, Suite 105
203 S Martin Jischke Drive
West Lafayette, IN 47907
Phone: 765-494-5146; Fax: 496-9322
Web: www.purdue.edu/climate
Email: pccrc@purdue.edu
Social: @PurdueCCRC

Purdue University sits on the traditional homelands of the
Woodland People, including the Bodéwadmik
(Potawatomi), Lenape (Delaware), Myaamia (Miami), and
Shawnee People. We honor these indigenous
communities.

Cover: Photo (istockphoto) from Chicago, IL shows how
the region’s highways were nearly deserted in spring 2020
as travel restrictions and sheltering orders were enacted
at the start of the COVID-19 pandemic.

