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MESSAGE FROM THE DIRECTOR
Every year, I am impressed and excited by the
progress being made by our aﬃliates that is
chronicled in the pages of our annual report. In this
issue, we are pleased to introduce our readers to
work that spans the globe, covering an impressively
diverse set of topics. Whether from the
departments of Earth, Atmospheric, and Planetary
Sciences or Civil Engineering, Forestry and Natural
Resources or Political Science, PCCRC faculty, students, and staﬀ collaborate and share their
knowledge to help build a better future for people everywhere.
In the pages that follow, you’ll read examples of the discoveries made in this past year with the goal
of laying the scientific foundation we need to understand our risks, reduce vulnerabilities, and
enable innovative solutions to climate change. PCCRC aﬃliates carry out this work from native
communities in Alaska to the ice fields of Antarctica, work with farmers from the Midwest to
Malawi, and interact with policymakers from Indiana and around the world. The breadth and depth
of this work is inspiring, as are the eﬀorts made to make sure that research results reach the people
who need it.
This year, our snapshot of Purdue’s climate change-related research results and work in progress is
organized into broad topical groupings, e.g., agriculture, forests and trees, and infrastructure. Much
of this research does not fit neatly into a single category—that is the nature of the climate change
challenge—and there is considerable overlap between and among groupings. Recognition of the
need for multi- and interdisciplinary approaches to climate change research led to the establishment
of the PCCRC fourteen years ago as a place to foster conversations and collaborations across
traditional academic boundaries. You can read about work led by Songlin Fei and a team of foresters,
statisticians and ecologists tracking how tree ranges shift over time, work led by Mark Hastak on
energy grid resilience and carried out by a cross-disciplinary group of economists and engineers, and
work on science-policy interactions, such as Manjana Milkoreit’s study of how serious games can be
used to help negotiators better understand climate change tipping points and global temperature
goals.
Climate change is a grand challenge particularly well suited to the mission of a university.
Institutions like Purdue are tasked with expanding the frontiers of knowledge and with preparing
our citizens to build an ever-brighter future. The forward-looking work of PCCRC aﬃliates not only
builds understanding of how the climate has changed and will change in the future, but also what we
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and future generations can do to adapt to and minimize these changes. Our center’s role is to help
these researchers be more eﬀective in conducting research, training students, and sharing the new
knowledge with the people who will benefit from it. These eﬀorts appear throughout the report, and
the center continues to look for exciting, eﬀective new ways to support our researchers.
As the state’s land grant university, Purdue has a special responsibility to develop knowledge that
improves the lives of Hoosiers, Americans, and citizens of the world, and as Earth’s climate continues
to change, the value and urgency of our aﬃliates’ work becomes ever clearer. And the importance of
broadly communicating this work increases as some politicians and interest groups continue to
mislead the public about the causes and expected trajectory of our changing climate.
Happily, our center continues to grow, increasing our capacity to take on this work. We are now
nearing 90 faculty aﬃliates across 27 departments, with many additional graduate students,
postdocs, and staﬀ members involved in a variety of ways. Many of these aﬃliates are participating in
the PCCRC-led Indiana Climate Change Impacts Assessment, an eﬀort to evaluate the current state of
the science and the latest observational data to answer the question: what will climate change mean
for Indiana? This project is producing the most comprehensive, detailed analysis of how Indiana’s
climate is expected to change, and how those changes will impact crucial sectors of our economy.
These results are being made available in a series of reports as they are completed. You can find the
reports at IndianaClimate.org.
I hope that this report gives you a sense of the inspiring, dedicated and creative group of researchers
working for the benefit of us all. Throughout the year, we provide timely updates on the latest climate
change-related research, news, and events on campus through our recently updated website
(www.purdue.edu/climate) and our social media accounts. For the latest posts from the PCCRC’s
Facebook, Twitter, and Instagram accounts, find and follow us at @PurdueCCRC.
In the meantime, thank you for picking up this year’s report, and for your interest in the PCCRC.
Jeﬀrey S. Dukes

Professor and Director
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FORESTS AND TREES
U.S. trees shift west as the climate changes
Climate change impacts on forest
ecosystems are diﬃcult to measure
because they can be species-specific and
influenced by other, non-climatic,
factors such as successional processes,
wildfires, and pathogens. Using 30 years
of field survey data and innovative
statistical analyses, a research team led
by professor Songlin Fei (Forestry and
Natural Resources) made a surprising
discovery—tree species with diﬀerent
traits and evolutionary histories have
divergent responses to climate change.
The researchers also found that changing
rainfall patterns had a stronger nearterm impact on shifting tree ranges than
did rising temperatures. During the 30year study period, rainfall totals across
the U.S. have changed—and rainfall
patterns have changed, too. The
Southeast now experiences significantly
less rain annually, while the Great Plains
gets more than its historical average.

The research team, which includes
scientists from North Carolina State and
the USDA Forest Service Southern
Research Station, found that since 1980
roughly three-quarters of the tree
species surveyed have been making an
unexpected turn westward. The
angiosperm species—deciduous trees
that include white oaks, sugar maples,
and American hollies—have shifted their
population center to the west at a rate of
15 kilometers per decade. By contrast,
gymnosperm trees—the evergreen
needle species—have shifted northward
at a rate of 11 kilometers per decade.
Most of the broad-leaf, deciduous
species are following water availability in
moving westward, with at least 20% of
the observed change attributed directly
to changing rainfall patterns. These
results are not predictions of the future;
these data reveal the impact of climate
change happening on the ground now.
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This study also highlights the potential
cascading eﬀects of climate change—if
angiosperms and gymnosperms
continue to move in divergent
directions, what are the consequences
for other plants and animals that depend
on mixed-species forest systems for
survival?

Discover Magazine
named Fei’s study
analyzing the
movement of tree
species in response to
climate change as one
of its top 100 scientific
stories of the year.

Earlier springs raise the risk of freeze
damage
Anticipated consequences of climate change in temperate
regions include early spring warmup punctuated by
intermittent hard freezes. Early warm weather encourages
plants to bloom sooner than expected, and accelerates leaf
flush (appearance of leaves) in perennial trees before the risk
of frost damage has ended. Professor John Couture
(Entomology and Forestry and Natural Resources) and
colleagues at the University of Wisconsin conducted an
experiment to examine how the interplay of springtime freeze
damage and genetic variation within a hardwood species
(aspen) influences tree growth, phytochemistry, and
interactions with an insect herbivore (aphids). The acute
effects of freezing events ranged from defoliation to tree
death. Surviving trees suffered reduced growth and altered
biomass distribution. Reflushed leaves on these trees had
lower mass per area, lower lignin concentrations, higher
nitrogen concentrations, altered chemical defense profiles,
and supported faster aphid population growth. Many of these
effects varied among different plant genotypes and were

related to herbivore performance. The study suggests that a
single damaging spring freeze event can significantly alter
tree-insect interactions through effects on plant growth and
chemistry. And the differential responses of various
genotypes to freeze damage suggest that more frequent
spring freeze events could influence natural selection,
favoring trees with greater freeze hardiness, and more
resistance or tolerance to aphids following damage.

Tree type and fire intensity influence soil carbon storage in forest ecosystems
Fire is a major ecosystem disturbance that can temporarily
shift a forest from being a net carbon sink to a large source of
atmospheric CO2 and aerosols, aﬀecting the global carbon
cycle and climate. Although much is known about the
impacts of forest fires to the atmosphere, there is less
information about how fires aﬀect carbon storage in forest
soils. One particular area of active research seeks to better
understand how carbon-rich pyrogenic organic matter
(PyOM)—the solid by-product from incomplete combustion
of biomass—aﬀects soil carbon dynamics.

maple (RM) wood and associated PyOM produced at 200,
300, 450, and 600°C in soil from a northern temperate forest
for 10 months. The wood and PyOM was derived from
seedlings grown under artificially enriched 13C-labeled CO2 to
incorporate an isotope “tracer” into the plant material. This
allowed the team to measure exactly the fate of the trees’
carbon distinct from the soil carbon. They found that the
addition of wood and PyOM from both kinds of trees
suppressed microbial decay of the original soil organic carbon
by as much as 40% with JP showing the greatest suppressive
eﬀect (meaning, more carbon is stored in the soil). Fire
temperature also plays an important role, with the PyOM
produced at 300°C inducing the greatest suppression of
microbial decay for both tree types. These results suggest
that future changes in the dominant tree types in fire prone
systems could significantly alter soil carbon stability through
the distinct chemical properties of the particular PyOM that
is deposited in the soil.

To address this knowledge gap, postdoctoral researcher
Christy Gibson (Ph.D. 2017) and professor Timothy Filley

(Earth, Atmospheric and Planetary Sciences and Agronomy)
studied how soil organic carbon dynamics are aﬀected by
diﬀerent types of PyOM (derived from diﬀerent trees
common to boreal-temperate ecosystems) and by PyOM
produced from diﬀerent fire intensities. In a laboratory
experiment, the researchers incubated jack pine (JP) or red
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Higher levels of carbon dioxide and ozone change leaf chemistry
Tree leaf chemistry plays a critical role in
many ecosystem processes including how
plants protect against insect invasions,
how the nitrogen concentration in leaves
aﬀects insect growth, and how leaves
decompose and add nutrients to the soil
or atmosphere. We know that elevated
concentrations of atmospheric carbon
dioxide (CO2) and ozone (O3) aﬀect many
aspects of plant phytochemistry,
physiology, and growth, but our
knowledge of how tree leaf chemistry
responds to these changing
concentrations is limited.
Professor John Couture (Entomology and
Forestry & Natural Resources) and
colleagues investigated the independent
and interactive eﬀects of elevated levels
of CO2 and O3 on the leaf trait profiles of

two tree species important to earlysuccessional, northern temperate
forests: aspen and paper birch. Their 3year long experiment, conducted at the
Aspen FACE (Free-Air Carbon dioxide
and ozone Enrichment) research facility
in Rhinelander, WI, analyzed changes in
leaf chemistry from trees exposed to air
enriched with the levels of CO2 and O3
expected to occur by mid-century. These
concentrations of CO2 and O3 altered
the phytochemistry of these important
tree species, which will influence
multiple ecosystem processes and
ultimately change forest structure and
function in future environments. Some
of the findings in this study contrast
with those from earlier studies at the
Aspen FACE research site, indicating that

plant physiological responses to elevated
CO2 and O3 may shift over decadal time
spans. The researchers also emphasize
the need for continued multi-species and
multi-factor experiments to better
understand how forest ecosystems
respond to global environmental change.

Modification of lignin in hybrid poplar trees
Lignin is a structural component of cell
walls that forms a physical barrier
against insects and pathogens and
helps prevent vascular collapse when
the plant is water stressed. During
biofuel production, however, lignin can
be problematic in that it impedes access
to cellulose. Scientists have found that
plants, including woody feedstocks like
poplar trees, can be genetically
modified to improve biofuel processing
eﬃciency. Modification of lignin,
however, may have unintended eﬀects
related to how a plant protects against
insect attacks and how it influences
arthropod biodiversity. Few studies
have assessed these eﬀects.
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Professor Rick Meilan (Forestry and
Natural Resources) and colleagues from
the University of Wisconsin evaluated
field-grown, lignin-modified hybrid
poplar (Populus tremula × P. alba) over
a three-year period. The potential
consequences they looked for include
altered: 1) mechanical resistance
because of structurally weakened
lignin, 2) chemical resistance traits due
to resource tradeoﬀs, and 3) arthropod
community density or structure. Their
study demonstrated that the lignin
modifications did not negatively aﬀect
insect resistance traits or arthropod
community response.

INFRASTRUCTURE
Towards a resilient power grid: a framework that integrates the growing risks of
severe-weather induced outages
Power outages caused by severe weather events cost billions
of dollars in economic losses each year. It is estimated that
these outages have cost the U.S. economy an inflationadjusted annual average of $20 billion to $55 billion during
the period of 2003-2012. However, current federal- and statelevel risk and reliability metrics and standards do not
consider the impact of severe weather on electric power
service, and have no eﬀective mechanisms for assessing and
regulating how utilities prepare and respond to these
damaging extreme weather events.

The core framework developed in this project will improve
regional electricity sector resilience, but it can also be applied
to other sectors including renewable energy power generation
and water utilities.

To address this gap, a new research project led by professors
Markand Hastak (Civil Engineering), Roshanak Nateghi
(Industrial Engineering), and Wally Tyner (Agricultural
Economics) and postdoctoral research fellow Sayanti
Mukherjee, is developing a risk-based decision support
system to help state utility commissions systematically
account and plan for severe weather-induced power outage
risks. This system will transform the regulatory decisionmaking process and enhance the overall security of the grid.

Professor Roshanak Nateghi in her office.

A renewable alternative for utilities
The U.S. Energy Information Administration estimates that
out of 310 gigawatts of U.S. coal-fired electricity generating
capacity, 60 gigawatts will be retired by 2020. An aging
power supply coupled with a shift in the relative prices of coal
and natural gas, and more stringent emissions standards
account for these decommissions. Replacing coal plants with
renewable energy sources (e.g. solar and wind) could have
multiple benefits, including better local air quality and
reduced greenhouse gas emissions, but transition to
renewables on a large scale will take time. A potential
stopgap measure includes retrofitting existing coal-fired
power plants to burn a mixture of coal with biomass such as
wood pellets. In some cases, extending the life of coal power
plants through co-firing could be an important option when
the state of alternative electricity technologies is rapidly
developing.

Co-firing wood pellets with coal is extensively used
throughout the European Union (EU), largely driven by
mandates to reduce greenhouse gas emissions under the EU
Renewable Energy Directive. Graduate student Sarah
Stutzman and colleagues from the Department of Agricultural
Economics, including professor Michael Wetzstein, developed
a model to calculate the optimal time to retrofit a coal-fired
power plant to burn a mixture of coal and biomass and then
to ultimately replace the plant. The researchers then analyzed
the impact of key policies on the outcomes. They found that
that policies aimed at reducing retrofitting costs have limited
impact on encouraging earlier adoption or extending the
operating period of the retrofitted plant. They also report
that while reducing retrofit costs extends the time the plant
is operational, once the technology is installed, it does not
quicken the decision to install new technology.
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CO2 AND PLANTS
Plants take up more carbon once acclimated to warmer temperatures
By burning fossil fuels, humans are driving up levels of carbon
dioxide (CO2) in the atmosphere, which in turn is raising global
temperatures. A portion of these carbon emissions are
absorbed by plants—plants absorb CO2 from the air, combine
it with water and light and through the process of
photosynthesis, produce the carbohydrates they need to grow.
As the only land-based “carbon sinks,” it is critically important
to understand how global warming and exposure to sudden
increases in temperatures will aﬀect the rates at which plants
absorb carbon.

The team also studied how plants, once acclimated to a new,
higher temperature, reacted to a few minutes at diﬀerent
extreme temperature bursts (57-122 degrees F)—variable
temperature extremes are a projected impact of future climate
change. The experiments showed that acclimated plants
increased their carbon uptake, even when exposed to higher
temperatures. While this is good news, Smith cautions that
many other factors will be at play in a changing climate.
Reduced water availability or fewer plants on the planet would
likely negatively aﬀect carbon uptake.

To refine our understanding of temperature eﬀects on plant
carbon uptake, adjunct professor Nick Smith (Ph.D. 2016, now
assistant professor at Texas Tech University) and professor Jeﬀ
Dukes (Forestry and Natural Resources and Biological
Sciences) studied the way 22 plant species—a variety of
annuals and perennials, tropical and non-tropical species, and
plants using diﬀerent photosynthetic pathways—“acclimated”
to temperatures from 59-95 degrees Fahrenheit. Their
findings show that the plants that acclimated to higher
temperatures were able to speed up both photosynthetic
processes that pull carbon dioxide from the atmosphere and
respiratory processes that release carbon dioxide back to the
atmosphere with the net eﬀect being an increase in carbon
uptake in these plants.

Elevated CO2 and higher temperatures negatively impact photosynthesis
If plants need CO2 to grow, doesn’t more CO2 mean more plant
growth? A recent experiment modeling the eﬀects of elevated
atmospheric CO2 on plants shows that it’s not that simple—
and that you cannot look at just one eﬀect in isolation to
determine the impact on global crop production. Graduate
student Peng Zhu working with Purdue professors Qianlai
Zhuang (Agronomy and Earth, Atmospheric and Planetary
Sciences) and Lisa Welp (Earth, Atmospheric and Planetary
Sciences), and an international team of collaborators, set out
to test the eﬀects of both increased CO2 and warmer
temperatures on crops.

physiology could mean some plants will use water more
eﬃciently, but it will also have its own climate eﬀects,
resulting in less rainfall in downwind regions and more local
warming. This role that plants play in rainfall recycling over
land is often overlooked, but it is an important determinant of
regional precipitation patterns. Plant evapotranspiration also
acts like an air conditioner, keeping the air around plants
cooler. This study concluded that while a few areas could see
improved plant growth, including parts of Canada, most of
Madagascar, and the southern tip of India, crops in other
regions on the planet would suﬀer. Overall, the net
CO2 “fertilization eﬀect” will be overestimated from smallscale manipulation experiments unless large-scale vegetationclimate feedback eﬀects are taken into account.

The researchers found that although increased carbon dioxide
and warmer temperatures generally improve photosynthesis,
the pores on plant leaves (stomata) narrow in these
conditions, reducing the amount of moisture plants release
into the air (evapotranspiration). This change in plant
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Rising CO2 leading to changes in land plant photosynthesis
Climate change and rising levels of CO2 in the atmosphere are
altering the behavior of land plants in ways that influence
how much they grow relative to how much water they need
for growth. Researchers from the Scripps Institution of
Oceanography and professor Lisa Welp (Earth, Atmospheric
and Planetary Sciences) were able to detect these changes
occurring in plants by analyzing the long-term measurements
of the isotopic composition of atmospheric CO2 collected
from the Mauna Loa and the South Pole Observatories.

atmosphere, a plant can aﬀord to have smaller or fewer
stomata, thus allowing more photosynthesis for the same
amount of water. This study provides a new method for
measuring this eﬀect because as a leaf becomes more eﬃcient
at using water, this also influences how it takes up the
diﬀerent carbon isotopes in CO2.
The long-term global changes detected in the relative
amounts of the two main isotopes of carbon, carbon-12 and
carbon-13 imply that plants have increased their water use
eﬃciency in proportion to the rise in atmospheric CO2 over
the past few decades. While the full implications remain to be
explored, the results clarify how plants help oﬀset a portion
of human-induced climate change by removing CO2 from the
atmosphere. These results suggest that plants are able to
remove more CO2 in water-stressed environments than they
otherwise would be able to.

Previous studies have shown that plants behave diﬀerently
when they are exposed to higher atmospheric CO2 levels
because CO2 influences the behavior of stomata, the
microscopic holes in leaves that allow a leaf to take up CO2
from the air. These holes also allow water to evaporate from
the leaf, which must be replenished by water supplied to the
roots to avoid drying out the plant. With more CO2 in the

Greenhouse gas emissions from agricultural soils may be much larger than
previously thought
Global estimates indicate that up to one-third of anthropogenic
greenhouse gas emissions come from agriculture. Agricultural
soils contribute to the global GHG budget large emissions of
carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4),
but under certain conditions, soils can also serve as natural
“sinks” for carbon while also limiting nitrogen-based emissions.
The amount of GHGs that is released varies across diﬀerent
regions, and even within a field, depending on soil
characteristics and agricultural practices (e.g., crop type,
fertilizer use, and soil management). This heterogeneity makes
measuring agricultural emissions diﬃcult, but good
measurements are essential in eﬀorts that seek to use
agricultural soils to help mitigate GHG emissions while also
supporting food production.

particles, and any available moisture. Although NH3 is not a
GHG, it is released from agricultural fields into the atmosphere
where it’s converted to aerosol pollution (haze) and it also falls
back down to the ground, entering rivers and near shore
coastal systems where it contributes to harmful algal blooms
and “dead zones.”
Professors Rich Grant (Agronomy), Cliﬀ Johnston (Agronomy
and Earth, Atmospheric and Planetary Sciences) and graduate
student Cheng-Hsien Lin have developed an analytical approach
integrating a suite of ‘open path' measurement technologies
with micrometeorological data and mathematical models to
improve measurements of GHG emissions (and NH3) from
agricultural fields. In experiments conducted at Purdue’s
Agronomy Center for Research and Education, the team found
that chamber measurement methods dramatically
underestimate GHG emissions, by a factor of approximately 10
times. With this technology, the researchers observed much
greater N2O and NH3 emissions that they estimate represent as
much as 30% of the applied nitrogen fertilizer over a growing
season.

To measure fluxes of N2O, CO2 and CH4, researchers have
traditionally used chamber measurement methods, however
these systems can be labor intensive, expensive, and they only
cover small areas with typically one measurement per week.
These methods also disturb the soil and alter the microclimate
of the area being measured. For some ‘sticky’ gases, like
ammonia (NH3), chamber methods cannot be used at all
because NH3 will bind to the surfaces of the chamber, soil
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Quantification of Urban Greenhouse Gas Emissions:

The Indianapolis Flux Experiment
currently account for approximately 70% of global GHG
emissions to the atmosphere, are excellent test beds for
advancing these technologies. The objective of INFLUX is to
improve emission inventory data quality by investigating,
assessing, and improving the performance of emissions
measurement approaches with high spatial and temporal
resolution (Davis et al., 2017).

Those responsible for implementing eﬀorts to reduce
greenhouse gases (GHG) need more timely and accurate
emissions data to guide their activities. But measuring GHG
emissions poses significant technical and scientific
challenges. During the 2016 Conference of the Parties
(COP21) to the United Nations Framework Convention on
Climate Change in Paris, 162 nations submitted emission
reduction goals in the form of Nationally Determined
Contributions (NDCs). The U.S. NDC states that, “the United
States intends to achieve an economy-wide target of reducing
its greenhouse gas emissions by 26–28 percent below its
2005 level in 2025 and to make best eﬀorts to reduce its
emissions by 28 percent.” Other developed nations have put
forth NDCs of similar magnitude. To judge progress toward
these NDCs, and determine whether they are ultimately
attained, will require measurements to a particular degree of
certainty. How much certainty will be required is currently
not specified. However, for emission reduction claims to be
credible, uncertainties that are a fraction of target levels will
be desired.

Indianapolis was chosen because of its moderate size, relative
isolation from other strong emissions sources, and location
in a landscape of flat terrain with minimal impact on its
meteorology. In addition, Indianapolis was already the site
for development of urban-scale, spatially and temporally
resolved emissions data products that bridged the gap in
temporal and geospatial scales between atmospheric
observing methods and more traditional inventory data and
reports. These features made the challenge of measuring
GHG emission fluxes in Indianapolis tractable relative to
other urban settings.
A special feature issue of the scientific journal Elementa
includes 14 articles describing on-going measurement science
research aimed at improving GHG emission flux
quantification methods within Indianapolis and the
surrounding region. INFLUX is the prototype for the
National Institute of Standards and Technology’s Urban GHG
Measurements Testbed System that includes two additional
test beds: The South Coast Air Basin of Southern California,
and the U.S. Northeast Corridor stretching from the
Washington, DC to Boston. The special issue is available on
the web here: https://bit.ly/2GE6fXQ.

Cities and metropolitan areas are major contributors to a
nation’s total GHG emissions inventory. Therefore,
measurements that better quantify urban emissions can
greatly increase the credibility of U.S. GHG emissions data.
Prior to 2010, most atmospheric greenhouse gas
measurement capabilities were focused on continental and
global scales. In 2010, the Indianapolis Flux Experiment
(INFLUX) began under the leadership of PCCRC founding
director and professor Paul Shepson (Chemistry and Earth,
Atmospheric and Planetary Sciences). INFLUX is focused on
developing and demonstrating urban-scale GHG flux
measurement capabilities. Urban environments, which

—James Whetstone, Special Programs Oﬃce, NIST
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CHANGES IN THE ATMOSPHERE
The Indianapolis Flux Experiment (INFLUX) is a multiinstitutional collaborative eﬀort aimed at developing,
improving and evaluating techniques to quantify greenhouse
gas (GHG) emissions. Because cities are major sources of
GHG, future attempts at carbon mitigation strategies will
likely rely on reducing GHG from cities. This will require the
ability to quantify and verify emission reductions.

As air flows across urban areas, it picks up carbon dioxide and
(CO2) and methane (CH4) emissions from point sources such
as power plants, cars, and natural gas leaks, as depicted in the
schematic below (graphic; below, middle). Flying downwind
of the city at multiple altitudes and perpendicular to the
prevailing wind direction produces a picture of the urban
CO2 and CH4 plume. Using an airborne mass-balance
approach (urban enhancement = downwind-background) the
Shepson group calculates the emission rate of GHGs from
urban areas. An example mass balance flight path is shown
below (graphic; below, right).

Professor Paul Shepson’s group has developed the capability
to routinely measure the fluxes of GHGs from the Airborne
Laboratory for Atmospheric Research, an instrumented
Beechcraft BE76 Duchess aircraft (photo; below, left).

The Purdue AirSense Project
Despite years of progress, air pollution remains a problem in the
U.S. and climate change is expected to reduce air quality even
more. With funding from the Purdue Instructional Innovation
Program, professors Brandon Boor (Civil Engineering) and Greg
Michalski (Earth, Atmospheric and Planetary Sciences) are
creating a central air quality monitoring station for the Purdue
campus at the Agronomy Center for Research and Education
(ACRE).
Boor and Michalski are monitoring climate- and health-relevant
pollutants, such as particulate matter (PM2.5, PM10, and ultra
fine particles <100nm), ozone, and nitrogen oxides. All of the
data will be streamed in real time to a website for use by
students and the broader West Lafayette community. Boor and
Michalski are also creating a network of low-cost air quality
sensors that will be deployed around campus to extend the
capabilities of the project. Combined, these resources will give
students access to and instruction on state-of-the-art air quality
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instrumentation and emerging sensor technologies, as well as
opportunities to learn about real-time data analytics.

Fine and ultra fine particles are much smaller than the width of a human hair,
with ultra-fine s posing the greatest risk to human health. Image adapted from
PM10 and PM2.5 size illustrations, EPA.

WEATHER EXTREMES
Severe thunderstorms are expected to occur more often in a warmer climate
Severe thunderstorms and their associated hazards, such as
damaging wind gusts, large hail, tornadoes and flash
flooding.pose a significant threat to life and property and
remain a prominent source of weather-related losses in the
United States. While the risk for weather disasters certainly
increases as the population grows and people move into
previously less populated disaster-prone areas, a warming
global climate is also contributing to the rise in this risk.

beyond that of previous studies to 30 years for both the
historical and future periods. The results indicate that by the
end of the 21st century, days with severe thunderstorms
become more frequent. Likewise, stronger storms also increase
in frequency during the spring and summer seasons. The study
also suggests that the severe weather season will lengthen,
overall, by nearly a month.
Importantly, this study used a unique analysis method which
allowed the team to compare their high-resolution simulations
of severe thunderstorms to those of the more traditional, and
less expensive, approach of looking at large-scale
environmental conditions favorable for severe thunderstorms
directly from the output of global climate models.

PCCRC postdoctoral researcher Kimberly Hoogewind and
professors Mike Baldwin (Earth, Atmospheric and Planetary
Sciences) and Jeﬀ Trapp (University of Illinois) examined how
climate change may impact the frequency, severity, and
seasonality of severe thunderstorms. Using a high-resolution
dynamical downscaling approach, their work produced 60 years
of high-resolution (4-km) regional climate simulations with
hourly output for the entire contiguous United States. The
historical simulations covered the period 1971–2000 and the
future period simulations were completed for 2071–2100 under
a high climate change scenario (RCP8.5).

While environmental conditions in general are shown to govern
the timing and location of severe thunderstorms, they do not
account for whether or not storms will be realized within such
favorable environments. In this new analysis, the results
indicate that storms are not being initiated as frequently in the
future given the presence of favorable conditions. For example,
the probability of severe thunderstorms declines during
summer for much of the central U.S., despite significant
increases in the frequency of favorable conditions. These
additional insights are the motivation for using the highresolution dynamical downscaling approach, despite the
computational expense.

The computational resources needed to produce these highresolution simulations is expensive and, as such, previous work
in this area has been limited to shorter simulation times
(generally on the order of ~10–20 years) and confined to the
most active severe weather months in the spring to early
summer. This work pushed the boundaries by simulating the
entire annual cycle and extending the duration of simulation
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Tropical cyclone wind-pressure relationship
Better understanding hurricanes and tropical cyclones will help
us make better decisions about the risks of these hazards to
people, buildings, and infrastructure. New research led by
professor Dan Chavas (Earth, Atmospheric and Planetary
Sciences) suggests that our current system for categorizing
hurricanes is problematic—both in terms of our physical
understanding of hurricanes, and when communicating the
potential impacts of these storms to the public.

most destructive hurricane that year—but in terms of
maximum wind speed it might not have even been classified as
a hurricane. A look at Sandy’s central pressure deficit, however,
would have indicated its potential to cause a lot of damage.
Chavas’ work goes a long way in improving our understanding
of hurricanes and associated hazard risks (e.g., storm surge,
heavy rainfall, inland flooding, and high winds) in both the
historical record and in computer model simulations of present
and future climate states.

The relationship between two common measures of tropical
cyclone intensity— central pressure deficit and maximum wind
speed— is a long-standing problem in tropical meteorology
that has been approximated experimentally yet lacks physical
understanding. New research from Chavas and colleagues Kevin
Reed (Stony Brook University) and John Knaﬀ (Colorado State
University) solved this problem and in doing so, provided the
theory needed to improve interpretation of real-time hurricane
observations (storm intensity and size).
Their findings provide the basis for recent research showing
that the central pressure deficit measurement is a better
predictor of hurricane damage than the hurricane’s maximum
wind speed. Hurricane Sandy is a recent example that
highlights the diﬀerence between these two measurements of a
hurricane’s intensity. In 2012, Sandy was the deadliest and

Evidence disproving tropical 'thermostat' theory
New research findings show that as the world warmed millions
of years ago, conditions in the tropics may have gotten too hot
for some organisms to survive. This refutes the long-standing
notion that as the Earth warmed in the past, temperatures in
the tropics were strictly limited, and essentially regulated by an
internal earth “thermostat.” Getting this issue right is of great
importance because the tropics and subtropics now comprise
half of Earth's surface area, greater than half of the planet’s
biodiversity, and well as over half of the human population.

period that occurred 56 million years ago and is considered the
warmest period during Earth’s past 100 million years. During
that time, global temperatures rapidly warmed by 9 degrees
Fahrenheit, from an already steamy baseline temperature, and
the tropics also warmed by about 5 degrees Fahrenheit.
The researchers found that the high temperatures and the high
rate of change in temperatures resulted in widespread dead
zones in the tropics during the PETM. Given that the current
rates of carbon emissions and warming are estimated to exceed
those of the PETM by ~10 times, the findings suggest that
tropical oceans will again experience warming and significant
biotic change over the coming centuries.

The work, conducted by professor Matthew Huber (Earth,
Atmospheric and Planetary Sciences) and an international team
of scientists, combined climate modeling with geological
records from the Paleocene-Eocene Thermal Maximum (PETM)
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Climate change will bring months of extremely hot days to Indiana
Climate change is already a factor in a number of extreme
events, from hurricanes in the Atlantic to droughts and
resulting wildfires in the west. In Indiana, climate change will
mostly aﬀect extreme temperatures, precipitation extremes
that aﬀect stormwater, and annual peak flows that determine
river flooding. The first report from the Indiana Climate
Change Impacts Assessment (IN CCIA) describes historical
climate trends from more than a century of data and provides
future projections that detail the ways in which the climate
will continue to change. A key finding from the report
indicates that the number of extremely hot days (days above

95°F) per year will rise significantly in all areas of the state.
The expected changes are shown in the figures below.
Why does this matter? Extreme heat raises the likelihood of
heat-related illnesses such as heat exhaustion and heat
stroke, which can lead to increased hospitalizations and
medical costs. Children and the elderly are especially
vulnerable. Extreme heat also reduces crop yields,
counteracting the benefits of a longer growing season. More
details about climate change impacts in Indiana are available
at www.indianaclimate.org.

Medium Emissions Scenario

Extreme Heat

2020s

2050s

2080s

Annual Number of Days with
Maximum Temperature > 95ºF
1915 - 2013

High Emissions Scenario
2020s

2050s

2080s

Adapted from Hamlet et al. (in review)
Future periods are 30-year averages

13

Why cities can be hotter or colder than their surroundings
When natural landscapes are replaced with the stuﬀ of cities
—pavement, buildings, cars, and concentrated human
activity—a phenomenon known as the urban heat island
(UHI) eﬀect makes the city a lot warmer than the rural areas
surrounding it. A lesser known phenomenon, the urban cool
island (UCI) eﬀect, has recently been discovered, raising
questions about our understanding of the causes of rural-tourban temperature gradients. To create eﬀective strategies
for mitigation and adaptation, we need to understand these
diﬀering eﬀects and what’s causing them.
A new international study led by PCCRC alum, Vimal Mishra
(associate professor at Indian Institute of Technology
Gandhinagar) showed for the first time that agriculture and
irrigation are the two main drivers of both UHI and UCI
eﬀects in India. The research team, which included graduate
student Jonathan Buzan and professor Matthew Huber (Earth,
Atmospheric and Planetary Sciences), and collaborators from
UFZ-Helmholtz Centre for Environmental Research and
Duke University, coupled land surface and climate models
with temperature data from 89 cities in India to explore how
land-use decisions aﬀect local and regional climate patterns.

Their results were surprising-- more than 60 percent of these
urban areas in India experience a day time cooling eﬀect. This
eﬀect occurs when agricultural areas around cities have
already harvested their crops, or when they don’t irrigate. IN
both cases, the fields dry up, leaving more water to evaporate
from the cities which has a local cooling eﬀect. In areas that
are extensively irrigated, nearby cities experience the higher
temperatures expected with the UHI eﬀect. Despite day-time
cooling in some of India’s urban centers, however, nearly all
of them experienced warming at night, and the eﬀects of
night-time warming were especially intense in the semi-arid
western region of India. The study also found that
atmospheric aerosols over cities are partly responsible for
day-time cooling in urban areas, but to a lesser extent than
agriculture and irrigation. Taken together, these findings will
help decision makers with future planning as urbanization
and irrigation are both expected to increase in the coming
decades.
BELOW: Aerial view of the city of Jaipur, one of the cities
included in this study. Jaipur is part of an urban renewal
and retrofitting program led by the Government of India.

14

WATER

Climate change as a long-term stressor
for the fisheries of the Great Lakes of
North America
The Laurentian Great Lakes of North America form the
largest group of freshwater ecosystems on Earth and contain
nearly 20% of the planet’s surface freshwater. These 5 lakes
provide important services to surrounding communities
including drinking water, fisheries, hydropower, and
recreational opportunities. Historically, fish populations in
large lakes have been adversely aﬀected by human-caused
stressors such as overfishing, eutrophication, and invasive
species. Now, climate change has emerged as an additional,
and compounding, stressor to fish populations and fisheries
in these large lakes. Yet, because climate change is seen as a
long-term, future stressor, it is not prioritized by managers
and researchers. A new study led by research assistant
professor Paris Collingsworth and professor Tomas Höök
(Forestry and Natural Resources and Illinois-Indiana Sea
Grant) with colleagues from the USGS, National Wildlife
Federation, the NOAA Great Lakes Environmental Research
Laboratory, Ohio State University and Michigan State
University explored the impacts of climate change on the
fisheries of the Great Lakes. Their findings show climate

change has great potential to directly and indirectly impact
fish populations, their habitats, and species interactions, but
note that some changes may already be underway (e.g.,
winter warming may have contributed to failed yellow perch
populations in Lake Erie during the past 4 years). The
authors call for an expanded monitoring and research
program to help keep the valuable Great Lakes fisheries
sustainable in the face of continued human-driven changes.

The neglected Indo-Gangetic Plains low-level jet and its importance for moisture
transport and precipitation during the peak summer monsoon
Monsoons are continental-scale atmospheric circulations
that deliver water to billions of people. The Ganges and
Brahmaputra river systems for instance, are predominantly
sourced from the heavy summer rains falling on the
Himalayan Mountains during the summer Indo-Asian
Monsoon (IAM). Changes in the magnitude, timing, and
extent of the IAM can cause dramatic societal, agricultural,
and economic impacts in India and the surrounding countries
making it critically important to reliably model these systems
to project the future state of the region’s climate. However,
accurately simulating the IAM using atmospheric general
circulation models (AGCMs) is limited by the ability of these
models to capture regional-scale circulation. Recent work by
graduate student Paul Acosta and professor Matthew Huber

(Earth, Atmospheric and Planetary Sciences) focused on
improving the representation of the IAM using high
resolution modeling techniques. Their study found that an
easterly, low-level barrier jet along the Indo-Gangetic Plain is
the primary moisture transport mechanism for the
northeastern branch of the IAM. This feature is not observed
in lower resolution analyses, which means that more than
half of the models currently used do not capture this feature.
Addressing how precipitation in the Himalayas will behave in
the future is beyond the scope of this study, but the results
show a model-data mismatch across the IAM region and
suggests that this is an area of research that should be
addressed using high-resolution models.
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COMMUNITY WELL-BEING

Stories of leadership and strength in Utqiagvik, Alaska
For nearly a decade, professors Laura Zanotti (Anthropology) and
Courtney Carothers (University of Alaska) have been working to
provide a detailed ethnographic picture of the ways in which
Alaska Native communities are responding to global challenges
like climate change and globalization while at the same time
retaining their core indigenous values and practices. As part of
their overall research eﬀort, Zanotti and Carothers partnered with
the community of Utqiagvik, Alaska to collaboratively design a
project to document and share community members’ stories about
living well in Barrow, with a particular emphasis on leadership,
empowerment, and strength. Histories and stories of leadership
and strength, while known locally, are not readily visible in history
books or easily accessible.
The project explored women’s and men’s involvement in
subsistence practices and how diﬀerent generations know about
and use their local environment. It also included an eﬀort to
document how professional careers, goals, and aspirations have
changed over time and what other types of activities and
organizations women and men participate in within their
community. Throughout the project, Zanotti and Carothers were
guided by community-based norms, standards, and worldviews.
Furthermore, they focused on how to create reciprocal
relationships that meaningfully reverberate across diﬀerent scales
(community, researcher-participant, and academic) in order to
better study well-being in times of change. Stories from the
community and more details about the project, including best
practices for researchers, are available at the website
leadershipandstrength.com.
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“I’ve always had the blessings of being able
to go out on the lands and waters for time to
heal and that’s always important to give you
the renewal to keep going with the issues
that we face. I’ve always had the gift of
people sharing good foods from our lands
and waters and consuming them with our
families is also very important for the healing
because there are some battles we win in
protecting our lands and waters, and there
are many more that we lose. But if we share
the blessings of the harvest within the
generations, the desire to bring that
continued life occurs across generations.”
—Community member, Leadership and Strength Project

POLITICS & POLICY
Pushing (and installing) the right buttons: how a cognitive and cultural evolutionary
perspective on social norms can help address climate change
Years of research conducted by social psychologists working
on understanding how people process and respond to climate
change information have centered on understanding the
emotional and social nature of climate change denial, or the
ways in which the challenges of climate change make up a
perfect storm, eluding the grasp of much of our intuitive
moral psychology. Professor Daniel Kelly (Philosophy) argues
that attempts to leverage interdisciplinary research in the
human sciences to address the challenges of climate change
will be most eﬀective if that research is organized in the
larger framework of cultural evolution and, more specifically,
focused on the psychology and transmission dynamics of
social norms.
Kelly argues progress can be made by continuing to reorient
the debate from its focus on individual decisions to more
engagement with the acquisition, compliance, punishment,
and evolution of social norms, the oft unwritten rules that
govern social behavior in a group that indicate what is
allowed, forbidden, or required. This approach holds that
human intelligence and problem-solving abilities are best
understood as features of social institutions rather than any
one of their individual members, of the “collective brain” of
the group rather than the minds of the people that make
them up. Kelly shows that norms and informal institutions
can be appreciated as crucial mediators between people and
policy makers—voting constituencies and those who
shape formal institutions and regulatory infrastructure.

Dan Kelly was awarded a
fellowship at Stanford University’s
Center for Advanced Study in the
Behavioral Sciences. Kelly will spend
the 2018-19 academic year in
residence at Stanford working on a
project exploring humans’ deep
psychological interdependence and
the intertwining strands of human
biological, cultural, and moral nature.

An example he uses to illustrate the point is the success of
the Regional Greenhouse Gas Initiative (RGGI). A
cooperative eﬀort among 9 northeastern states, RGGI is the
first mandatory market-based program in the United States
to reduce greenhouse gas emissions from power plants. In
this instance, a “normative” reframing of the issue from a
“right to pollute” to one emphasizing “public benefits”
allowed for the policy to gain constituent support as well as
support by elected oﬃcials, and ultimately become law.
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Make it personal: attack the scientist and scare the consumer
Denying climate change science has long been seen as the
main impediment to the development of climate change and
energy policies. In the U.S., climate change “skepticism” can be
traced back to misinformation campaigns from the 1990s
calling into question the certainty of climate science. Recently,
however, new research suggests that climate policy opponents
are shifting their messaging away from proclaiming the
uncertainty of climate science toward the potential costs and
benefits of a particular policy solution.

framing strategies emerging. Denialism remains an active part
of the framing strategy of climate policy opponents, however,
the emphasis on scientific “uncertainty” is being replaced by
more extreme framing measures that attack the integrity of
climate scientists and their supporters. A second emerging
framing strategy focused on tactics to scare the consumer,
emphasizing negative impacts and government “overreach.”
For instance, policy design frames that focus on the economic
impacts of climate policy highlighted the impact to individual
consumers rather than emphasizing harm to industry or
national economies. New policy design frames are also
stressing climate policies as unfair exercises of central
government power.

Graduate student Heather Cann and professor Leigh Raymond
(Political Science) applied a qualitative content analysis to 340
documents from conservative think tank the Heartland
Institute to test whether certain policy frames have become
more common among leading opponents of climate policy in
the United States. Their study found two new important

Leigh Raymond’s Reclaiming the Atmospheric Commons won
the Lynton Keith Caldwell Prize. This award, given to the best book
on environmental science and policy published in the past three
years, is sponsored by the American Political Science Association.

Pop-cultural mobilization: Deploying Game of Thrones to shift US climate change politics
Why has the HBO TV series Game of Thrones (GOT) become a
metaphor for action on climate change? And what does this
tell us about the complex connections between popular culture
and politics? To answer these questions, professor Manjana
Milkoreit (Political Science) analyzed 55 political commentaries
linking GOT and climate change. Challenging long-standing
notions that pop-culture narratives have inherent, self-evident
meaning for their audiences, Milkoreit finds instead the active
and deliberate appropriation of the GOT stories for a specific
political purpose—action on climate change. In a new paper
published in the International Journal of Politics, Culture, and
Society, she introduces the concept of pop-cultural

mobilization to characterize and study this phenomenon.
Milkoreit notes that “Humans are storytellers," and that GOT
oﬀers a wealth of storytelling material with which to build
awareness and understanding, make climate change more
accessible, and generate positive emotions and fun to create
conversations about climate action. While all but one of the
commentaries analyzed in this study supported climate action,
the interpretive openness of pop cultural mobilization does
potentially allow for political opponents to make use of the
same pop-cultural material to promote diﬀerent policy
agendas.
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COP23 marked the 10th year of our engagement in the United
Nations Framework Convention on Climate Change (UNFCCC)
As an observer to the UNFCCC Conference of
the Parties (COP) since 2007, the PCCRC has
frequently sent a delegation to the
international climate negotiations with the
overarching goal of better understanding the
challenges and opportunities presented in the
global negotiation process.

on mechanisms to assess whether collectively countries’
actions are on track to meet the global goals of the
Agreement. Much work remains to be done to design the
processes for evaluating implementation of the Agreement,
and Purdue professor Manjana Milkoreit (Political Science) has
a new research project underway exploring one of these
potential assessment mechanisms—the Global Stocktake.
Milkoreit’s project, "How to Design the Global Stocktake?
Making or Breaking the International Climate Regime" aims
to develop a framework for assessing forthcoming design
proposals for the Global Stocktake with a view to
eﬀectiveness, and establishing strong science-policy
interactions. She was joined in Bonn by graduate student
Kate Haapala, who attended COP23 to conduct short surveys
and interview study participants.

This year, a team of five Purdue researchers joined thousands
of others for the 23rd COP at the World Conference Centre in
Bonn, Germany, the seat of the Climate Change Secretariat.
The Conference, convened under the Presidency of Fiji, took
place from 6 to 17 November. Much excitement surrounded
COP23, seen by many as a transitional meeting, paving the
way towards next year’s COP24 when countries aim to finalize
the rulebook supporting full implementation of the Paris
Agreement.

In a related project, Milkoreit and colleagues from Purdue,
Utrecht University, and Glasgow Caledonian University, are
conducting research to develop a game-based sciencediplomacy engagement process that will support delegates by
providing timely decision support on two connected issues:
climate tipping points and global temperature goals (e.g., Paris
Agreement’s 2°C.) At COP23, the research team explored
negotiation parties’ information and learning needs, which
has since been used to inform the game design process.
Joining Milkoreit in Bonn for this work was Purdue professor
Jason Reed (Libraries) and graduate student Roberta Weiner.

The Paris Agreement, a treaty developed under the UNFCCC
at COP21, sets an international framework to strengthen the
global response to climate change. The Agreement establishes
an ambitious goal of limiting global warming to well below
2oC and to make eﬀorts toward an even stricter limit of 1.5°C.
To meet this goal, rather than impose country-specific
emissions targets, the Paris Agreement instead depends on
voluntary contributions, allowing countries to set their own
mitigation goals. With the focus on voluntary Nationally
Determined Contributions (NDCs), the Agreement depends
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Including gender issues in international
climate change negotiations
Bi Zhao (political science graduate student)
attended COP23 to better understand
collaboration among the international NGOs in
attendance, particularly those involved with
gender climate justice.
In a highly technical, economically-driven process like the
United Nations Framework Convention on Climate Change
(UNFCCC), how do social dimensions, such as human rights
and gender equality, find their entries into the dialogue? With
this question in mind, I came to my first ever UNFCCC
Conference of the Parties (COP23) in Bonn, Germany in
November 2017. My research is focused on gender-related
issues in climate change. Therefore, besides following the
negotiations among the national delegates, I also attended
the daily caucus at the Women and Gender Constituency
(WGC) at UNFCCC, the various gender/human rights related
side events, and I interviewed experts and practitioners from
diﬀerent women’s groups.

urban settings. Usha Nair from India explained how UNFCCC
COP enabled her organization, All India Women’s Conference,
to form partnerships with other groups, especially those from
the global north, and bring the practical climate policy and
adaptation strategies back home to implement at the local
level. Gotelind Alber, one of the co-founders of the WGC and
the key person who brought indigenous people into the
UNFCCC, told me that, throughout the years, the gender
related side events at the annual COP meetings have moved
from simply raising awareness, to showcasing a deeper
understanding of the integration of gender in climate change,
such as national policy implementation.

The narrative of gender equality is under the backdrop of
integrating human rights into climate change and climate
policies at the UNFCCC. Overall, the negotiations related to
human rights are still moving forward very slowly. The
discussions are not yet at a level of detail that would create
space to include proposals related to the integration of rights
principles throughout the implementation of the Paris
Agreement. For the most part, the discussions are still
addressing overarching principles and structure. By the end of
the first week at COP23, the atmosphere at the WGC caucus
was gloomy because the Parties were moving very slowly in
finalizing the text of the Gender Action Plan, which is a
concrete plan for integrating gender into all policy making.
Some representatives of women groups at the WGC
commented that gender-related passages are often casualties
in the closed-door negotiations.

Nevertheless, even with such robust national and local level
implementation of gender-related climate change policies, the
advocacy groups still express concerns about the challenges
for women in the UNFCCC process. For example, the
stereotype of women being vulnerable may fit in the
discussion of climate change adaptation, but such
stereotyping does not assume women as agents of change,
and thus they remain rather irrelevant in the discussion of
mitigation. Furthermore, the women and groups I talked to
expressed frustration that the current narrative or discourse
is still highly masculine, and that many people still fail to see
the linkages between women and climate change. They view
such dominant normative structure as the root cause for the
diﬃculty of mainstreaming women and gender concerns.
While at the same time, they are reflecting on the question:
do women want to be mainstreamed into such an already
“polluted stream” (referring to the male-dominant norm)?

In contrast to the slow negotiation among the national
delegates, women and gender groups around the world have
already been involved in various advocacy and practices of
gender-responsive policies at the grass-root level. Lisa
Goldner from GenderCC told me about their project, Gender
into Urban Climate Change Initiative, which tries to find
relevant entry points for gender-related climate policy in

By the time I came home, news came that the Gender Action
Plan was adopted by the COP. Adopted text is always good
news. Yet how exactly the plan is going to be followed
through and carried out remains a question for all.
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AGRICULTURE
Looking beyond individual field sites to answer big questions about nutrient
management
Farm fields treated with synthetic
nitrogen fertilizer are the largest source
of nitrous oxide (N2O), a powerful
greenhouse gas that’s roughly 300
times more potent than CO2.
Improving the nitrogen-use eﬃciency
in agriculture and managing
agricultural runoﬀ could help mitigate
further warming of our climate,
improve air and water quality, while
also achieving farming goals. A new,
multi-state, public-private partnership
aims to do just that.
The research eﬀort, led at Purdue by
Agronomy professors Sylvie Brouder
and Jeﬀ Volenec, will review, update,
and improve the recommendations that
farmers get based on the “4Rs”
program—applying the right fertilizer,
at the right rate, at the right time, and
in the right place. Although these basic
principles are applied to farms all over
the globe, how they are used locally
varies widely depending on field- and
site-specific characteristics such as soil
type, cropping system, management
techniques and climate.

The research team, which includes
collaborators from the Environmental
Defense Fund, International Plant
Nutrition Institute, The Fertilizer
Institute, Iowa State Univ., Univ. of
Minnesota, Univ. Of Illinois., Univ. of
Missouri, USDA-ARS, and Agri-Food
Canada, will measure the impact of the
4R program on crop yield, soil health,
nutrient removal with grain, nutrient
losses with leaching, and gaseous
nitrogen losses across a network of
coordinated studies in the major corn
producing area of North America.
The eight sites included in this study
span a broad geographic scope, but
generally cover the heavily tile-drained
North American Corn Belt. The
consistent comparison across all sites
includes a current, common farmer
nutrient management practice
compared to a more advanced 4R
management system. The team’s
networked approach also allows
researchers to leverage existing
investments in research sites across the
Corn Belt to better understand the

What are the 4Rs?
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interactions among biological, chemical
and physical processes regulating
nitrogen in agro-ecological systems.
This knowledge is critical to
understanding and predicting the
impact of best management practices
on the amount of nitrogen getting into
plants and the amount being lost to the
environment.

Sylvie Brouder was
awarded the distinction of
fellow from the American
Association for the
Advancement of Science
for her distinguished
contributions to the field
of plant nutrition and
agroecology

Useful to Usable (U2U) project ends on a high note
In April 2017, after six successful years
conducting research and outreach to
enhance the usability and up-take of
climate-based information within the
agricultural community, the U2U project
came to a close. This interdisciplinary
team from nine Midwestern universities,
led by professor Linda Prokopy (Forestry
and Natural Resources), developed five
climate-based tools that have been used
to support decisions on over 15.5 million
acres of farmland across the Midwestern
United States. The U2U tools were shown
to have increased the likelihood that
famers and farm advisors would use
climate information to inform decisionmaking, and the tools improved the
quality of advice provide by crop advisors.
Although U2U has concluded, the tools
remain operational through a

partnership with the Midwestern and
High Plains Regional Climate Centers.
Additionally, the team’s novel physical
and social science research has been
published in more than 55 peer-reviewed
journal articles, with their most recent
work highlighted in a special issue of the
journal Climate Risk Management (2017,
volume 15). Featured articles include
analysis from the Purdue Agro-Climate
dataset, a high resolution gridded dataset
developed by graduate student Xing Liu
and professor Dev Niyogi (Agronomy) to
support crop modeling research in the
Midwest, and an analysis of climate
change risk communication during the
2012 Midwestern drought lead by
postdoctoral researcher Sarah Church and
Linda Prokopy.

The U2U team received the 2017 Indiana
Governor's Award for Environmental
Excellence, an annual recognition of
people and projects that have
demonstrated a measurable positive
impact on Indiana’s environment.

Are Midwestern US farmers adapting to climate change?
The eﬀects of climate change on
agriculture, particularly on crop
production, depend on a combination of
factors. Crop production is reliant on
predictable temperature and specific
timing and amounts of rainfall, which
leaves this sector vulnerable to the
expected increases in temperatures,
increases in weather extremes, and
changing precipitation patterns. In
addition because these agricultural
systems are human-managed, they are
also dependent on the choices people
make in terms of preparing for the
impacts of climate change.
While research on farmers’ views and
responses to climate change has been
done, few studies have focused on
Midwestern U.S. farmers’ risk perception,
attitudes about climate change adaptation

or risk management strategies they are
implementing. To address this knowledge
gap, Amber Saylor Mase (Ph.D. 2014,
Forestry and Natural Resources; now
evaluation specialist at the University of
Wisconsin, Madison) examined which
weather and climate adaptation strategies
Midwestern U.S. corn farmers are
implementing, and to what degree
farmers’ climate change beliefs,
perceptions of weather variability,
perceived risk from weather/climate,
innovativeness and adaptation attitudes
influence their adaptation behaviors.
Mase and collaborators professors Linda
Prokopy (Forestry and Natural Resources)
and Ben Gramig (University of Illinois)
analyzed a survey of nearly 5000 corn
farmers and found that 64% of
Midwestern U.S. corn farmers are
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managing weather and climate risks by
implementing in- field conservation
practices, 59% by purchasing additional
crop insurance, and 43% are utilizing new
technology. just 10% of U.S. corn farmers
are diversifying into other forms of
production, and 14% were planning to or
considering quitting farming as a response
to weather/climate risks. The most
important factor in adaptation behavior
was farmers’ level of concern with on-farm
risks, such as drought, extreme rainfall,
insects and disease. This finding is
consistent with general arguments that
the U.S. crop insurance program may
eﬀectively subsidize inaction on the part
of many farmers. U.S. farmers are not
implementing longer-term modifications
to farming that may be required
depending on the severity of future
climate change impacts.

How do African farm households respond to changes in current and past weather?
In the coming decades, climate change will
bring higher temperatures, less precipitation
and more rainfall variability to countries in subSaharan Africa. The changing weather patterns
will have a major impact on rain-fed
agriculture, which will affect the welfare of
hundreds of millions of people in countries
where the majority of the population are
smaller holder farmers.

diﬃcult to make major changes in production decisions. With
this in mind, professors Juan Sesmero and Jacob Ricker-Gilbert
(Agricultural Economics) and Aaron Cook (The Pennsylvania
State University) set out to study how Malawian farmers are
adapting to changing weather patterns and determine the
resulting impact of those adaptations on their net income.
Previous studies have focused on the adoption of relatively
drastic changes in farming practices such as irrigation,
building water harvesting schemes, and soil conservation
measures such as terracing or planting trees. However, given
the limited resources of most farmers in Malawi, Sesmero and
Ricker-Gilbert chose to focus on the role that more subtle
mechanisms—such as adjusting the amount of fertilizer and
reallocating their time investment in alternative income
sources—play in farmer decision making in response to
changing weather over time.

Malawi is already experiencing these impacts—shorter
growing seasons, soaring temperatures, and greater rainfall
variability. In addition, the majority of the country’s rural
population is engaged in subsistence agriculture, making them
particularly vulnerable to adverse changes in climatic
conditions. At the same time, their limited resources make it
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Their work suggests that historical trends towards hotter and
drier weather in Malawi induce farmers to increase their
reliance on low-value maize cultivation, possibly in an eﬀort
to ensure their own food security while forgoing other,
potentially more lucrative opportunities elsewhere. This is
particularly the case for the poor—households with more
assets are more likely to diversify out of maize cultivation. In
addition, and perhaps more importantly, the poorest fifth of
farmer households derive a much higher share of their total
income (20%) working as agricultural laborers (ganyu) on
other people’s farms, compared to the richest fifth of
households who earn only 5% of their income from working
as ganyu.
The relative dependence on maize production and agricultural
wage income leaves the poorest households in Malawi doubly
vulnerable to worsening weather patterns through the direct
negative production impacts on their own farms, and through
the likely reductions in agricultural labor opportunities on
other farms, which themselves are negatively aﬀected by
worsening weather. The research results point to a “climateinduced” poverty trap that locks poor farmer households in
Malawi into low-value maize cultivation from season to

season. The challenge of creating policies that can alleviate
this poverty trap, along with the hardships associated with
being stuck in this situation, highlight the need for
investment in higher-quality heat- and drought-resistant
maize varieties, and longer-term strategies that focus on
helping a significant number of smallholder farmers move
out of agriculture and into non-farm sources of livelihood.

Why rainfall can aﬀect children’s growth in Nepal and Uganda
Persistent malnutrition among young children severely
hinders physical and cognitive development and greatly
increases the risk and severity of illness, further deteriorating
aﬀected children’s nutritional status. Evidence-based
agricultural policy making in pursuit of improving nutrition
requires a better understanding of the mechanisms leading to
nutrition improvement. Isolating and clearly identifying
causal pathways is a challenge, however, because many
potential determinants of child health and nutrition are
hidden or covary. Recent work from professor Gerald Shively
(Agricultural Economics) investigates how agricultural
performance, rainfall, and the economic and physical
environments in which children reside relate to their linear
growth and weight gain.

Nepal and Uganda are emblematic of nutrition shortcomings
in South Asia and Sub-Saharan Africa, and face familiar
development challenges, including chronic and widespread
food insecurity, poor infrastructure, and weak governance.
Shively found that height and weight outcomes are positively
correlated with rainfall prior to birth, during the first year,
and during agricultural growing seasons preceding child
measurement. Nutrition sensitivity to rainfall is greater in
Nepal, where rainfall is lower on average and wider ranging,
than in Uganda. Health and transport infrastructure help to
buﬀer children from the deleterious nutritional eﬀects of
precipitation shortfalls, underscoring the role of broadly
based economic development in promoting child nutrition.
Shively’s work points to the need for agricultural adaptation
to low rainfall, as well as broadly based economic
development, including continued investments in health and
transport infrastructure, to help improve child nutrition.

Shively combined data on linear growth [height-for-age zscore] and wasting [weight-for-height z-score ] from children
below the age of 5 years in Nepal and Uganda with rainfall
data and other information to measure these connections.
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Climate change impacts on agriculture shows higher social cost of carbon
The social cost of carbon (SCC) is an important economic
concept that’s used by policymakers to weigh the value of
climate change policies guiding energy regulations and other
eﬀorts that reduce greenhouse gas emissions. In simple terms,
the SCC represents the economic damage caused by a ton of
carbon dioxide emissions or its equivalent—damages like
decreasing agricultural yields, increased flooding, property
damage, lower worker productivity, and harm to human health.
But the SCC is outdated and underestimated. Updated estimates
for the agricultural sector more than double the economy-wide
social cost of carbon, according to a new analysis by researchers
at the University of California, Davis, and Purdue. Agriculture is
a particularly important sector for climate change damages
because it is directly aﬀected by climate change, it is also a
source of greenhouse gases, and it has critical implications for
future food security and social welfare.

consequences of those yield losses in order to estimate the social
cost of carbon.
The work reveals far more adverse agricultural impacts than
currently represented in the integrated assessment models used
for calculating the social cost of carbon. The authors noted that
because agriculture is a small part of the global economy, it was
surprising to see the social cost of carbon for the whole economy
actually double—and they are

Thomas Hertel was
awarded the
distinction of fellow
from the American
Association for the
Advancement of
Science for
outstanding
contributions to the
quantitative analysis
of global food,
environment, climate
and international trade issues.

The research team, including professor Thomas Hertel and
research assistant professor Uris Baldos (Agricultural
Economics) analyzed more than a thousand published estimates
of how crop yields from four global staples — wheat, rice, corn,
and soybean — respond to changing climate conditions. The
study found that higher temperatures have a negative eﬀect on
yields of all crops in almost all locations. For example,
temperature increases of 2 degrees Celsius (3.6 degrees
Fahrenheit) result in average yield losses of 11 percent for corn
and 26 percent for wheat. The study modeled the economic

Impact of sustainable irrigation water withdrawls
Excessive groundwater extraction for irrigation in areas of slow
recharge (the process in which water enters an aquifer) is the
main cause of groundwater depletion in regions all over the
world including India, Northeastern China, Mexico, the Middle
East and Northern Africa as well as the Midwest, South and
Western U.S. Facing growing water demand, many of these
regions will increasingly rely on unsustainable freshwater
withdrawals—straining our ability to ensure food security and
continued economic growth. New research by postdoctoral

research associate Jing Liu (Agricultural Economics) and
collaborators at Purdue and the University of New Hampshire
explored how unsustainable water use at the local level is shaped
by large-scale underlying drivers such as changing population,
aﬄuence, technology, and climate. The research team then
analyzed two potential policy adaptations, and their economic
implications. They find that pursuing sustainable irrigation may
erode other development and environmental goals due to higher
food prices and cropland expansion.
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The benefits of cover cropping
A new grant awarded to professors Sylvie Brouder, Jeﬀ
Volenec and Ron Turco (Agronomy) and Indrajeet Chaubey

underexploited resource niches in existing Midwest farms to
provide additional income to farmers without displacing or
reducing yields of existing food crops, while also increasing
the eﬃciency of water and fertilizer use, and enabling
environmental co-benefits like reduced greenhouse gas
emissions, improved water quality, erosion and flood control,
and improved soil health.

(Agricultural & Biological Engineering) will fund a study to
develop cover and/or double cropping systems specifically for
production of biofuels without concomitant reduction in food
and feed production. The team will investigate the
eﬀectiveness of using cover and mulch cropping systems in

The PCCRC provides funding through a Seed Grant Program to
help start new research, education, or engagement eﬀorts.
With a modest investment of between $5,000-10,000 per
project, our faculty have published 23 peer-reviewed articles,
submitted $7 million in grant proposals to external agencies,
and received ~$1.2 million in grant awards since 2015.

SEED GRANT PROGRAM

Seed Grant Project Highlight: Crop advisors need to hear about climate change
Crop advisors are a trusted and influential intermediary
between researchers and farmers. These influential crop
advisors are conservation entrepreneurs who synthesize,
filter, and translate information from multiple sources and
communicate tailored advice to their clients. They can
influence adoption rates of conservation practices as a
response to environmental changes such as climate change.
However, agricultural trade publications, a primary source of
information for crop advisors have not included discussion of
how climate change will aﬀect agricultural production or how
to respond appropriately. This lack of discussion about climate
change in agricultural trade publications may create
maladaptive behaviors and increase food insecurity.

role in mitigating the eﬀects of climate change on agriculture.
The researchers found that advisors who received an article
which discussed the advantages of cover crops as a response
to climate change were more likely to recommend the practice
as a climate change adaptation measure than those who
received the same information but with no climate frame or
weather extreme frame. The take-home message? We need to
increase discussion of how conservation practices can also be
eﬀective at increasing climate change adaptive capacity of
farming operations. The center awarded a $7,000 seed grant
to professors Linda Prokopy (Forestry and Natural Resources)
and Erin Hennes (Psychology) for this project.

To test the eﬀect of how the lack of climate change
discussions may be influencing the likelihood crop advisors
recommend conservation practices, postdoctoral researchers
Ajay Singh and Sarah Church conducted a framing experiment,
presenting crop advisors with one of three articles discussing
the advantages and disadvantages of cover crops. Cover crops
are an important conservation practice that can reduce
erosion, fix atmospheric nitrogen, reduce nitrogen leaching,
and improve soil health, but they also may play an important

This purple weed known as henbit is being used as a
cover crop in a field of corn stover.
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ENGAGEMENT

Led by the PCCRC, the Indiana Climate Change Impacts Assessment
(IN CCIA) is a statewide eﬀort that brings the best available climate
change research together into a series of reports designed to help
Hoosiers better understand climate change-related risks so they can
prepare for challenges and capitalize on opportunities.

An early look at how climate change
will impact Indiana's future energy use

With participation from experts and stakeholders representing more
than 50 organizations across the state, this collaborative eﬀort has
increased the dialogue about climate change risks throughout the
state while fostering a network of Hoosiers ready to increase their
resilience to changing weather patterns.

New research led by postdoctoral researcher Sayanti
Mukherjee (pictured above) and professor Roshanak
Nateghi (Industrial Engineering) finds that while climate
change will increase energy consumption in Indiana’s
commercial sector, it will likely lead to reduced residential
energy use. The study projects a 5 percent increase for the
average commercial building’s energy consumption in
Indiana by the year 2100, and a mean decease of 3.5
percent for the average residential households’ energy
demand. The main reason for this decline is that air
conditioning use is only 2 percent of energy consumption
for residential households. In fact, the majority of
residential energy, about about 74 percent, is used for
heating. In contrast, the overall energy demand in the
commercial sector is expected to increase under future
warming scenarios mostly because the increased space
cooling required during hot summer months will likely
outpace the reduced heating needs during the more
temperate winter months.

2017 Highlights
Completed an extensive research study on Indiana’s
future climate, hydrology and crop production
under two climate change scenarios—providing the
scientific basis for the IN CCIA reports.
Coordinated nine expert working groups that are
tasked with developing sector specific technical
reports for the IN CCIA, including hosting a daylong meeting with assessment contributors at
Purdue’s Martell Forest.
Organized a 40-person stakeholder review panel
that provided input on draft reports from the IN
CCIA working groups.
Participated in 10 events with community groups
and professional organizations interested in
understanding the ways in which climate change
aﬀects Indiana.

The majority of existing energy-economy models do not
account for climate variability and change, so Mukherjee
and Nateghi constructed a multi-paradigm framework to
show how it could be done, and Indiana was their first case
study. They note, however, that their projections could be
underestimating the potential influence of climate change
because they are based only on the expected rise in
temperature, not relative humidity. In future work, the
researchers will use a more sophisticated “dynamically
downscaled” climate model from the PCCRC to more
accurately predict the impacts of climate change on energy
consumption.

Co-sponsored the second annual Indiana Climate
Leadership Summit—a day-long gathering of
mayors and city staﬀ to discuss strategies for
emissions reductions and climate change
adaptation.
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Indiana’s Climate Crossroads
The 2017 Indiana State Fair included an
exhibit to help visitors better understand the
causes and impacts of climate change. The
exhibit, created by the PCCRC and the
Department of Agricultural Communications
Design team, included examples of what
cities and communities across the state are
doing to mitigate and adapt to our changing
climate, and examples of Purdue’s research
eﬀorts in these areas. Highlights from the
exhibit are included here.

include increased heat-related illnesses (heat
stroke, dehydration), more hospital trips and
deaths. Lyme disease transmissions will
increase as earlier springs allow ticks to
emerge more quickly and reproduce for a
longer time throughout the year. More heavy
rainfall events will increase storm and sewer
overflows into lakes and rivers, polluting
drinking water and recreation spaces. The
growing season will be longer—for crops, but
also for weeds and pests.

Human actions are causing climate
change – can we choose a diﬀerent
future?

What is causing these changes?
Heat-trapping gases play a vital role in our
existence. Light and heat from the sun come
through the atmosphere and warm up the
planet. Heat-trapping gases insulate Earth
from the freezing cold of outer space,
sustaining life. One of the most important
heat-trapping gases is carbon dioxide (CO2),
which we release into the atmosphere when
we burn fossil fuels (coal, oil, and natural gas)
to generate electricity, power our cars, and
heat our buildings. But levels of CO2 have
gotten too high, climbing 40 percent over the
last century. As we release more heattrapping gases into the atmosphere, the
Earth warms up in response (global warming)
and this warming is disrupting our weather
patterns (climate change).

Earth’s climate is changing at an alarming
rate, around the world and in our own
backyard. Ninety-seven percent of the world’s
scientists agree, climate change is resulting in
harmful impacts on our communities, our
health, and our weather.
How will climate change aﬀect Hoosiers?
Indiana scientists estimate our state will
warm by 5.5℉ – 10.5℉. While a few degrees
of temperature change might sound small,
it’s not. Like our bodies, the average
temperature of the Earth is stable, moving up
or down by only a few tenths of a degree. Just
a full degree or two of long-term average
temperature change translates to dramatic
shifts in our weather. In comparison, during
the last Ice Age, global temperatures were
only 7oF below today’s temperatures. Impacts

Indiana has started down the right path
Cities like Carmel, Indianapolis, Fort Wayne,
and West Lafayette are moving forward to
reduce emissions in a variety of ways. Indiana
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farmers are also making changes; e.g., across
the state, farmers have eliminated tillage on
40% of corn and soybean fields. No-till
farming, as it’s called, reduces heat-trapping
gases by leaving crop residue on top of the
soil and not disturbing the ground. No-till
also protects our soil and improves water
quality.
How can I move my community forward?
To meaningfully address climate change we
must take action at local, state and federal
levels to reduce our dependence on fossil
fuels. Call your representatives. Ask what
they’re doing to protect Hoosiers from
climate change and share with them your
vision of the future.
Your daily activities can make a diﬀerence!
You can reduce your emissions by driving less
and using less electricity. Food choices also
can make a diﬀerence -reducing food waste
and eating fewer calories from meat (red
meat, in particular) are two more ways you
can help slow climate change.
Why does CO2 get the most attention?
CO2 accounts for over 80% of all U.S. heattrapping emissions. It also sticks around a
long time (thousands of years) - the
emissions we release today set the climate
our children and grandchildren will inherit.

2017 PCCRC DISTINGUISHED LECTURE
member of the faculty of Purdue University, where he was a
University Faculty Scholar and served as Interim Director of
the Purdue Climate Change Research Center (PCCRC).
Professor Diﬀenbaugh’s lecture, presented on March 24,
2017, focused on his groups’s eﬀorts to measure the influence
of observed global warming on the probability of historically
unprecedented extreme climate events such as heat waves,
droughts, floods, and severe storms. Although trends in the
extremes of the seasonal- and daily-scale distributions of
climate records have been analyzed for many years,
quantifying the contribution of observed global warming to
individual events that are unprecedented in the observed
record is a scientific challenge. Diﬀenbaugh described a
framework for leveraging observations and large climate
model ensembles to quantify the influence of observed global
warming on the probability of unprecedented extreme events
—noting the particular influence global warming has on
altering the probability of the physical conditions that are
responsible for the extreme event. A reception with students,
faculty and staﬀ followed the lecture.

Each year the PCCRC brings outstanding scholars and other
thought leaders to campus to catalyze lively, university-wide
discussion of climate change and to encourage Purdue’s
creative potential in this area. This year we were pleased to
welcome professor Noah Diﬀenbaugh to present the 2017
PCCRC Distinguished Lecture.
Diﬀenbaugh is a Professor in the School of Earth, Energy and
Environmental Sciences and a Senior Fellow at the Woods
Institute for the Environment at Stanford University. He
studies the climate system, including impacts on agriculture,
water resources, and human health. He is currently Editor-inChief of Geophysical Research Letters. He has served as an
IPCC Lead Author, and has provided scientific expertise to
the White House, the Governor of California, and U.S.
Congressional oﬃces. Before moving to Stanford, he was a

AN IDEAS LAB: AGRICULTURE IN A CHANGING CLIMATE
The Purdue College of Agriculture and the Purdue Climate
Change Research Center hosted a half-day “ideas lab” to
generate innovative research ideas and connect diverse sets
of researchers to address interdisciplinary agricultural
challenges in a changing climate. The potential for science,
technology, economics, and policy to transform modern and
traditional agricultural practices to slow climate change
(mitigate) and to produce more food in a new climate (adapt)
were explored.
Three speakers framed these challenges in three short talks:
Thomas Hertel (Agricultural Economics), Sylvie Brouder
(Agronomy) and Mitchell Tuinstra (Plant Breeding and
Genetics). Following the talks, brainstorming exercises
helped define new and novel research directions and
participants coalesced into teams to pursue them.
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TIPPING POINT: Talking Climate and
Carnivores over a Cold One
The PCCRC partnered with Wolf Park to create a monthly
summertime series of talks on climate change. The program,
“Tipping Point: Talking Climate and Carnivores Over a Cold
One,” was kicked oﬀ by Jeﬀ Dukes, PCCRC director, on May
25, and it ran through August. The series was designed to
present a variety of topics related to climate change and to
leave plenty of time for a conversation between Purdue
researchers and the audience. Each speaker was encouraged

to focus their presentation on how climate change is expected
to impact the environment in Indiana, including humans and
wildlife. The casual format was designed to give people an
opportunity to ask candid questions about the topic of
climate change in a relaxed environment.
Presentations
The Nature of Climate Change: How plants and ecosystems will
aﬀect and respond to the changing climate— by Jeﬀ Dukes
(Forestry and Natural Resources)
Talking Climate Change Down on the Farm— by Linda Prokopy,
(Forestry and Natural Resources)
The Anatomy of Climate Change Misinformation— by Paul
Shepson, (Chemistry and Earth, Atmospheric, and Planetary
Sciences)
The Deadly Combination of Heat and Humidity— by Matthew
Huber (Earth, Atmospheric, and Planetary Sciences)

INDIANA CLIMATE LEADERSHIP SUMMIT
The 2nd Annual Climate Leadership Summit took place on
September 13, 2017, in Indianapolis. Earth Charter Indiana
convened city leaders to discuss green jobs, renewable energy,
public health, and youth engagement among many other
important topics. A proud supporter of the summit, the

PCCRC also provided participants with an early look at the
results from the Indiana Climate Change Impacts
Assessment, including projected temperature increases the
state can expect in the coming decades.

CLIMATE SCIENCE DAY ON CAPITOL HILL
Since 2011, climate scientists from across the country have
traveled to Washington, D.C. for Climate Science Day. This
annual event, organized by a dozen scientific professional
societies and research organizations, provides a non-partisan
opportunity for scientists of many disciplines to build
relationships and provide members of Congress access to the
best possible climate science information. The focus is not on
pressing for a particular policy or funding level, but on building
relationships. PCCRC director Jeﬀ Dukes has been participating
in these annual events, visiting with members of Indiana’s
congressional delegation since 2014.
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Newest faculty aﬃliates
Brandon Boor, Civil Engineering, studies the
dynamics of airborne particles ranging from a few
nanometers (e.g. freshly nucleated aerosol) to tens
of microns (larger biological particles such as
bacteria and pollen) in size.

John Couture, Entomology, examines the influence of
environmental change on plant and insect ecology,
across multiple levels of biological organization, to
better understand how ecosystems will function in
future environments

Grzegorz Buczkowski, Entomology, focuses on the
ecology, behavior, and genetics of ants, with
emphasis on urban and invasive pest species.

Daniel Kelly, Philosophy, has research interests at the
intersection of the philosophy of mind, human
cognitive and cultural evolution, and moral theory.

Dan Chavas, Earth, Atmospheric and Planetary
Sciences, studies the physics and impacts of extreme
weather in our atmosphere, including hurricanes and
tornadoes, and their dependence on climate.

David Klenosky, Health and Kinesiology, studies the
factors influencing decision making and behavior in
recreation, tourism and related settings.

Faculty aﬃliates by department
Aeronautics & Astronautics: James Garrison

Economics: Timothy Cason

Agronomy: Laura Bowling, Sylvie Brouder, Melba Crawford1, Richard
Grant, Cliff Johnston2, Dev Niyogi2, Ronald Turco, and Jeffrey
Volenec

English: Robert Marzec
Entomology: Grzegorz Buczkowski, John Couture 7

5

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

Agricultural & Biological Engineering: Indrajeet Chaubey2, Keith
Cherkauer, Jane Frankenberger, Margaret Gitau, Sara McMillan, and
Shweta Singh
Agricultural Economics: Joseph Balagtas, Otto Doering, Alla Golub,
Thomas Hertel, Paul Preckel, Jacob Ricker-Gilbert, Juan Sesmero,
Gerald (Jerry) Shively, Nathanael Thompson, Wally Tyner, Dominique
van der Mensbrugghe, and Michael Wetzstein

Health Sciences: Jennifer Freeman and James McGlothlin
Health and Kinesiology: David Klenosky
Hospitality and Tourism Management: Jonathan Day

Agricultural Sciences Education and Communication: Linda Pfeiffer
Anthropology: Jennifer Johnson and Laura Zanotti

Industrial Engineering: Hua Cai, David Johnson6, and Roshanak
Nateghi

Building & Construction Management: Kirk Alter

Mechanical Engineering: Jay Gore

Communication: Natalie Lambert

Philosophy: Daniel Kelly

Chemistry: Paul Shepson2

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

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

Psychological Sciences: Erin Hennes

Curriculum and Instruction: Dan Shepardson 2

Faculty Executive Committee: Michael Baldwin, Laura Bowling, Otto
Doering, James Garrison, Shweta Singh, and Qianlai Zhuang

Earth, Atmospheric and Planetary Sciences: Ernest Agee, Michael
Baldwin, Marc Caffee, Dan Chavas, Timothy Filley 4, Alexander
Gluhovsky3, Jon Harbor, Harshvardhan, Matthew Huber, Nathaniel
(Nat) Lifton, Greg Michalski, Wen-wen Tung, Lisa Welp, and Qianlai
Zhuang4

Staff: Jeffrey Dukes, Director; Cindy Fate, Administrative Assistant; Rose
Filley, Managing Director; Kimberly Hoogewind, Postdoctoral Researcher;
Melissa Widhalm, Operations Manager; Jinwoong Yoo, Postdoctoral
Researcher

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 joint appointment in Political Science, 7 joint appointment in Forestry and
Natural Resources.
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