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Everyone believes 
we can do better, 
so let’s �nd ways 
to do better 
through science.

Ken Klabunde, chemist
Kansas State University

Photo by Larry Schwarm, Emporia State University
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• asking questions

• gathering data

• being open to new answers

• creating a process for change

• communicating what we know

Science is:

We are addressing the question:

     Can we do better?

The National Science Foundation supports research that 
brings Kansas scientists together to solve complex 
issues of climate and energy. The Kansas Experimental 
Program to Stimulate Competitive Research (EPSCoR) is a 
five-year project that began in 2009, with matching funds 
from the Kansas Board of Regents, the Kansas Technology 
Enterprise Corporation, Kansas State University, the 
University of Kansas, and Wichita State University.

This exhibit was designed and produced by Flint Hills Design 
in collaboration with Kauffman Museum.

John Harrington, Professor of Geography, Kansas State University

Nanotechnology for Renewable Energy group, making up nearly half of the Kansas NSF EPSCoR team.

Haskell Indian 
Nations University
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Experimental Program to Stimulate Competitive Research

Solving these problems takes time. 

Solving these problems takes working 
together because these issues are 
complex and interconnected. 

Finding the answers will help our 
grandchildren live in a better world.

With funding from the National Science 
Foundation, Kansas scientists are working 
together to address the grand challenges 
of renewable energy and potential climate 
change through a project called 
Kansas NSF EPSCoR.

EPSCoR
KANSAS

We’re solving
problems together

Our planet faces 
big challenges
• Will there be enough fresh water?

• Will we have enough food to eat?

• Will there be enough energy?

• Can we help develop cost-effective 
renewable energy supplies?

!
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Kansas EPSCoR includes the BACC:FLUD group 
which is studying Biofuels And Climate 
Change: Farmers’ Land Use Decisions.

BACC:FLUD scientists survey Kansas farmers about 
their choices on growing “biofuel” crops (feedstock 
for renewable energy production). They interview 
farmers about how they use their land and compare 
that with information collected with satellite remote 
sensing technology. The scientists spend time talking 
with farmers about the many factors that in�uence 
their decisions.

To understand the complex choices Kansas farmers 
must make, the land use scientists are focusing on:

• availability of water
• perceptions of sustainability with respect to 

water and soil productivity
• loss in surface water quality due to change in 

land use (Conservation Research Program and 
similar government programs)

• social networks and farmers’ values and histories
• government policies that promote or restrain 

certain land uses (for example, corn subsidies)
• economic factors such as food crop prices and 

biofuel crop prices.

land cover mapping

D
ana Peterson
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rDana Peterson serves as a Geographic Information Systems Coordinator for 

Kansas EPSCoR. She works with other scientists at the Kansas Biological 

Survey to develop geographic data.

Dana uses images acquired by satellites that are more than 400 
miles above the earth’s surface. From those satellite images she 
develops geographic data depicting vegetation types like forests 
and grasslands and crop types like corn, soybean, and wheat.

Mapping irrigated lands is part of a land use/land cover (LULC) database 

developed as part of Kansas EPSCOR. The LULC time-series will show 

dominant crop types and irrigation status for the years 2000-2013. 

EPSCoR research combines knowledge about land use and land cover with 

climate, soil, topography and other geographic information to help us 

understand how Kansas farmers make decisions about their farms.

you can learn more about land cover mapping with the large flip book on the table!

terracing in South Central Kansas, 2008

grasslands of the Flint Hills region, 2005

cropland of Eastern Kansas, 2005
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Joe Aistrup, Political Science, K-State

Jason Bergtold, Agricultural Economics, K-State

J. Christopher Brown, Geography, KU

Marcellus Caldas, Geography, K-State

Dietrich Earnhart, Economics, KU

Steve Egbert, Geography/Kansas Applied Remote Sensing, KU

Johannes Feddema, Geography, KU

Jane Gibson, Anthropology, KU

Russell Graves, Agricultural Economics, K-State

Eric Hanley, Sociology, KU

Nathan Hendricks, Agricultural Economics, K-State

Jude Kastens, Kansas Applied Remote Sensing, KU 

László Kulcsár, Sociology, Anthropology and Social Work, K-State

Eunmok Lee, Kansas Applied Remote Sensing, KU

Joane Nagel, Sociology, KU

Dana Peterson, Kansas Applied Remote Sensing, KU 

Je�rey Peterson, Agricultural Economics, K-State

Val Smith, Ecology & Evolutionary Biology, KU

Belinda Sturm, Civil, Environmental, and Architectural Engineering, KU

Stacey White, Architecture, Design & Planning, KU

Scientists study the natural and human world. 
Some focus on experiments that result in

quantitative information—data presented in 
numbers. Others do studies that seek

qualitative information—data told in words. 

Combining quantitative and qualitative research helps scientists 
make better predictions about land use and the impact on water. 
We all discover more about our world when scientists ask different 
questions and search for answers in different ways.

Kansas EPSCoR research includes scientists from many different 
fields of study. They also represent different Kansas universities. 
Together they are learning how farmers make decisions to grow 
biofuel crops and their responses to climate change. 

How many kinds of scientists can you �nd 
                                               in the BACC:FLUD group

qualitative analysis
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Graduate Research Assistant, University of Kansas

M.A., anthropology, University of Kansas

B.A., anthropology, Rollins College (2007)

BJ Gray is a doctoral student in the Department of 

Anthropology at the University of Kansas. Originally 

from Orlando, Florida, BJ has always been interested in 

agriculture and the plains region. 

He is studying how technology influences farmers’ 

decision-making and how the diminishing water 

resources in western Kansas affect agriculture and 

communities. Kansas is a fantastic state in which to do 

this research because the landscape, water availability, and types of farming 

change from one side of the state to the other, providing BJ with an opportunity 

to compare decision-making in different contexts.
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resource usage and 
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name

education

bio

qualitative analysis

BJ
 G

ra
y

a
n

th
ro

p
o

lo
g

is
t Benjamin J. (BJ) Gray

Graduate Research Assistant, University of Kansas

M.A., anthropology, University of Kansas

B.A., anthropology, Rollins College (2007)

BJ Gray is a doctoral student in the Department of 

Anthropology at the University of Kansas. Originally 
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Dana Peterson serves as a Geographic Information Systems Coordinator for 

Kansas EPSCoR. She works with other scientists at the Kansas Biological 

Survey to develop geographic data.

Dana uses images acquired by satellites that are more than 400 
miles above the earth’s surface. From those satellite images she 
develops geographic data depicting vegetation types like forests 
and grasslands and crop types like corn, soybean, and wheat.

Mapping irrigated lands is part of a land use/land cover (LULC) database 

developed as part of Kansas EPSCOR. The LULC time-series will show 

dominant crop types and irrigation status for the years 2000-2013. 

EPSCoR research combines knowledge about land use and land cover with 

climate, soil, topography and other geographic information to help us 

understand how Kansas farmers make decisions about their farms.

you can learn more about land cover mapping with the large flip book on the table!

terracing in South Central Kansas, 2008

grasslands of the Flint Hills region, 2005

cropland of Eastern Kansas, 2005
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Thunder is good, 
thunder is impressive; 
but it is lightning that 
does the work.

 Mark Twain, Letter, 8/28/1908
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The Kansas studies are important because they are larger in scale 
than previous U.S. research, and because they provide more detail 
than previous global studies. Research by Kansas EPSCoR has shown 
that irrigating agricultural crops will cool surface temperatures 
during warmer months. Thus irrigation could be concealing 
evidence of climate warming in our state. Since irrigation water 
comes from a limited ground water supply, EPSCoR research will 

provide information to predict how summer temperatures could 
rise when irrigation slows down.

Now Kansas EPSCoR are using computer modeling to 
extend our understanding of climate changes. The 

EPSCoR team is comparing irrigated areas with an 
area that hasn’t been irrigated. They are finding 
that as temperatures are lowered in the 
irrigation area, precipitation increases 
downstream.

A deeper understanding of the interaction of 
climate and farming practices will help mitigate 
the impact of climate changes.

“By understanding how drought, 

changes in weather patterns, changes 

in climate affect cropping systems, we 

will help buffer the Kansas economy and 

agricultural community to changes in weather or 

climate”

Kansas EPSCoR scientists are collecting local 
data on surface temperature and irrigation 
practices across Kansas. They are looking 
for broader climate trends, what the trends 
mean, and their impact on future decisions. 

Climate
       and our future

noun 

efforts to decrease 
the impact, lessen 
the force, or make 
something 
less severe

mitigation
            mit-i-gey-shun 

climatology
[klahy-muh-tol-uh-jee]

noun
the science that deals with 
the phenomena of climates  
or climatic conditions.
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extreme weather in early 2011.
The number and severity of tornadoes and 
severe storms put climate scientists in the media 
spotlight, including John Harrington.

As a synoptic climatologist, John examines the 
factors behind weather events and their impact 
on humans. He commented that, 

“The fact that this is happening all in one year 
and in a relatively short time frame is 
unusual…. this weather system seems to be 
getting more variable.”

To improve our understanding of climate change in relation to 
Kansas farmlands, Kansas EPSCoR researchers are asking:
• What factors influencing agriculture, resources, and biodiversity are 

sensitive to climate change?

• How could changes in climate intensify or relieve stress on agriculture, 
resources and biodiversity?

EPSCoR scientists are working together to:

• analyze past climate change and extreme events as well as crop yield data

• use crop measurement and remote sensing methods to assess changes in 
land cover and land use

• create crop simulation models to predict the impacts of climate variability.

Palmer Drought Severity Index for Kansas

extreme drought

severe drought

moderate drought

unusual moist spell

very moist spell

extremely moist

Data were obtained  from the National Climatic Data Center

This research 

will provide 

valuable 

information for 

understanding 

the adaptations 

famers will 

make regarding 

land use, water 

resources, and 

biofuel crops.

climate
science

Climate scientists have been collecting data 
over the last century documenting an 
increase in average temperature for most 
measurement points across the country. This 
means that many of the plants and animals 
once familiar to a speci�c region are shifting 
further North as the climate of their native 
region changes.

cottonwoods 
Will 

futuregrow here in the

The cottonwood became the o�cial 
state tree of Kansas in 1937. 

Can you imagine Kansas without 
the cottonwood tree?

Plant Hardiness Zone Map

USDA Plant Hardiness Zone Map

The Kansas studies are important because they are larger in scale 
than previous U.S. research, and because they provide more detail 
than previous global studies. Research by Kansas EPSCoR has shown 
that irrigating agricultural crops will cool surface temperatures 
during warmer months. Thus irrigation could be concealing 
evidence of climate warming in our state. Since irrigation water 
comes from a limited ground water supply, EPSCoR research will 

provide information to predict how summer temperatures could 
rise when irrigation slows down.

Now Kansas EPSCoR are using computer modeling to 
extend our understanding of climate changes. The 

EPSCoR team is comparing irrigated areas with an 
area that hasn’t been irrigated. They are finding 
that as temperatures are lowered in the 
irrigation area, precipitation increases 
downstream.

A deeper understanding of the interaction of 
climate and farming practices will help mitigate 
the impact of climate changes.

“By understanding how drought, 

changes in weather patterns, changes 

in climate affect cropping systems, we 

will help buffer the Kansas economy and 

agricultural community to changes in weather or 

climate”

Kansas EPSCoR scientists are collecting local 
data on surface temperature and irrigation 
practices across Kansas. They are looking 
for broader climate trends, what the trends 
mean, and their impact on future decisions. 
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no-till farming

Dr. Charles W. Rice    
University Distinguished Professor of soil microbiology, Kansas State University

Ph.D., soil microbiology, University of Kentucky (1983)

M.S., soil science, University of Kentucky (1980)

B.S., geography & natural environmental systems, Northern Illinois University (1977)

Rice is a member of the United Nations’ Intergovernmental Panel on Climate 

Change that received the Nobel Peace Prize in 2007. 

Rice’s research has been supported by grants from 

the U.S. departments of Agriculture and Energy, 

National Science Foundation and others. He is 

director of the Consortium for Agricultural Soils 

Mitigation of Greenhouse Gases. In addition to his 

involvement in research and teaching in soil 

microbiology at K-State, Rice has been active with 

the Soil Science Society of America, where he is 

president-elect. He currently serves on the National Academies Board on Agriculture 

and the U.S. Department of Agriculture’s Agricultural Air Quality Task Force. He 

chairs the Commission on Soils, Food Security and Public Health of the International 

Union of Soil Sciences. He is a Fellow of the Soil Science Society of America, 

American Society of Agronomy and the American Association for the Advancement 

of Science.

soil microbial ecology

carbon and nitrogen 
cycling in terrestrial 
ecosystems

soil quality
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Dr. Chuck Rice, Professor 
of Agronomy, Kansas State 

University, studying a soil 
sample. This sample is one 

of thousands taken each 
year by Dr. Rice and his 

team of researchers as they 
study the effects of irrigation 

on climate change.

Photo by Dan Donnert

climatology
[klahy-muh-tol-uh-jee]

noun
the science that deals with 
the phenomena of climates  
or climatic conditions.
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extreme weather in early 2011.
The number and severity of tornadoes and 
severe storms put climate scientists in the media 
spotlight, including John Harrington.

As a synoptic climatologist, John examines the 
factors behind weather events and their impact 
on humans. He commented that, 

“The fact that this is happening all in one year 
and in a relatively short time frame is 
unusual…. this weather system seems to be 
getting more variable.”

To improve our understanding of climate change in relation to 
Kansas farmlands, Kansas EPSCoR researchers are asking:
• What factors influencing agriculture, resources, and biodiversity are 

sensitive to climate change?

• How could changes in climate intensify or relieve stress on agriculture, 
resources and biodiversity?

EPSCoR scientists are working together to:

• analyze past climate change and extreme events as well as crop yield data

• use crop measurement and remote sensing methods to assess changes in 
land cover and land use

• create crop simulation models to predict the impacts of climate variability.
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M.S., soil science, University of Kentucky (1980)

B.S., geography & natural environmental systems, Northern Illinois University (1977)

Rice is a member of the United Nations’ Intergovernmental Panel on Climate 

Change that received the Nobel Peace Prize in 2007. 

Rice’s research has been supported by grants from 

the U.S. departments of Agriculture and Energy, 

National Science Foundation and others. He is 

director of the Consortium for Agricultural Soils 

Mitigation of Greenhouse Gases. In addition to his 

involvement in research and teaching in soil 

microbiology at K-State, Rice has been active with 

the Soil Science Society of America, where he is 

president-elect. He currently serves on the National Academies Board on Agriculture 

and the U.S. Department of Agriculture’s Agricultural Air Quality Task Force. He 

chairs the Commission on Soils, Food Security and Public Health of the International 
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Dr. Chuck Rice, Professor 
of Agronomy, Kansas State 

University, studying a soil 
sample. This sample is one 

of thousands taken each 
year by Dr. Rice and his 

team of researchers as they 
study the effects of irrigation 

on climate change.

Photo by Dan Donnert
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Judy Wu, physicist, 
University of Kansas
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Every year, 
we use the 
equivalent
of one hours 
worth of
the sun’s 
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Every year, we use the 
equivalent of one 
hour’s worth of the 
sun’s energy. Imagine 

what we could do if we 
could collect even a 

small portion of that clean, 
renewable resource. That’s 

the challenge that Kansas 
scientists are working to solve.

“The sun's energy is 
the singular solution 
for our increasing 
energy needs.”
Judy Wu
University Distinguished Professor 
of Physics and Astronomy, KU

Kansas EPSCoR researchers developed the 
first protein-based solar cell. MspA is an 
inexpensive bacterial protein that grows 
easily in sunlight. When mixed with other 
ingredients, MspA collects solar energy in 
a process similar to photosynthesis in 
plants. It becomes a solar cell when light 
is converted to electrons and electricity.

The goal is to “grow” this solar cell 
anywhere there is sunlight. Growing our 
own energy means we can reduce 
manufacturing and shipping costs. MspA 
solar cells are truly “green” energy.

Growing our 
           own energy

Stefan Bossman, professor 
of chemistry at Kansas 
State University whose 
group is exploring protein 
based solar cells

Photo by Dave Mayes
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scientists are working to solve.
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the singular solution 
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Judy Wu
University Distinguished Professor 
of Physics and Astronomy, KU
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first protein-based solar cell. MspA is an 
inexpensive bacterial protein that grows 
easily in sunlight. When mixed with other 
ingredients, MspA collects solar energy in 
a process similar to photosynthesis in 
plants. It becomes a solar cell when light 
is converted to electrons and electricity.

The goal is to “grow” this solar cell 
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of chemistry at Kansas 
State University whose 
group is exploring protein 
based solar cells
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Graduate students Rose Emergo, Los Baños, Philippines (left) and Hua Zhao, 
Harbin City, China, research nanotechnology at the University of Kansas.

Photo by Mike Yoder

We are using up many of the earth’s 
energy resources. Solar energy offers 
impressive potential to help solve this 
problem. Kansas EPSCoR scientists say 
that the next generation of solar energy 
capture depends on nanotechnology.

How do explore something you can’t see? 
In the last one hundred years physicists have been 
studying particles that are too small to be seen by the 
naked eye. Now Kansas EPSCoR researchers are 
applying that knowledge to nanotechnology for 
renewable energy. 

The team is working with nanocomposite materials for 
high-performance, low cost conductors for solar cells. 
Because Kansas has abundant resources for solar 
energy, innovations in nanotechnology can have a high 
impact on the economy of Kansas.
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Ken is researching better ways to get 
hydrogen fuel from water using solar power. 

In the past, efforts to use solar energy to split 
water into hydrogen and oxygen produced 

only very low yields of hydrogen. Ken’s team 
is experimenting with nanoscale chemistry 

techniques to gain more active sites per unit. 
More sites would increase the energy output. 
His team is also working to use visible as well 
as ultra-violet light energy of the solar system.

A Kansas EPSCoR goal is to apply this 
nanotechnology research to real-world 

energy challenges. The Klabunde Group 
foresees a time when small, localized 

hydrogen generators will provide heat and 
electricity for homes and businesses. On-site 

energy production will utilize renewable solar 
power and eliminate the need to transport 

large volumes of fuel.
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Ken is researching better ways to get 
hydrogen fuel from water using solar power. 
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only very low yields of hydrogen. Ken’s team 
is experimenting with nanoscale chemistry 

techniques to gain more active sites per unit. 
More sites would increase the energy output. 
His team is also working to use visible as well 
as ultra-violet light energy of the solar system.
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rXiuzhui “Susan” Sun

University Distinguished Professor of grain science and industry, Kansas State University

Ph.D., agricultural and biological engineering, University of Illinois, Champaign-Urbana (1993)

M.S., agricultural engineering, Northeast Agricultural University, China (1986)

B.S., agricultural engineering, Northeast Agricultural University, China (1982)

Dr. Sun is a team leader for the Kansas EPSCoR 

scientists working on biomass utilization by materials 

design. She founded and continues to lead the 

Bio-Materials & Technology Laboratory at K-State and 

is also co-director of the Center for Biobased 

Polymers by Design.

Sun’s research focuses on how plant and grain 

molecules can be used to create materials that are 

safer, more durable, and environmentally friendly. Her 

work has resulted in eight patents, with more 

pending. She’s also helped create a soy-based, 

formaldehyde-free adhesive that’s water resistant, 

and a biodegradable container that’s used to hold 

nutritional supplements for cattle.

I have always felt so rewarded that any of the technologies 
developed from my laboratory have commercial values that improve 
our environment and make the world a better place.

- Susan Sun

biobased materials 
process engineering

rheology and phase 
transition of biopolymers

biobased adhesives 

biodegradable plastics

structure and functional 
properties of 
biomacromolecules

biomaterials at nanoscale

research interests

name

education

bio

Photo by Dave Mayes
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B.S., agricultural engineering, Northeast Agricultural University, China (1982)

Dr. Sun is a team leader for the Kansas EPSCoR 

scientists working on biomass utilization by materials 

design. She founded and continues to lead the 

Bio-Materials & Technology Laboratory at K-State and 

is also co-director of the Center for Biobased 

Polymers by Design.

Sun’s research focuses on how plant and grain 

molecules can be used to create materials that are 

safer, more durable, and environmentally friendly. Her 

work has resulted in eight patents, with more 

pending. She’s also helped create a soy-based, 

formaldehyde-free adhesive that’s water resistant, 

and a biodegradable container that’s used to hold 

nutritional supplements for cattle.
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developed from my laboratory have commercial values that improve 
our environment and make the world a better place.
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We don’t 
have a 
single 

brain to 
waste.

“
Dr. Michael S. Brown,

Nobel Prize winner
for medicine
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what humankind actually requires is a 
climate change – a cultural climate change, 
a change in our thinking and our actions

STEM workers investigate big problems, generate 
new solutions, and increase American 
competitiveness in the world.

Pathways works with the Haskell Environmental 
Research Studies (HERS) Center to train Native 
American students to investigate climate change 
and energy development on Native lands. Native 
American reservations are research sites for 
gathering data to help solve the climate 
challenge.

Climate change is altering the landscapes and 
lifeways of many Native communities. Kansas 
EPSCoR created the Pathways program to expand 
the Native American science and technology 
workforce. Pathways is one step to build the 
next generation of STEM leaders.
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Kansas is leading the way in climate and energy research. If you’re inspired, 
you can study at one of these Kansas schools.

University of Kansas
Kansas State University
Wichita State University
Bethel College
Newman University
Bethany College
Fort Hays State University
Friends University
Johnson County Community College
McPherson College
Butler County Community College
Hesston College
Baker University
Benedictine College
Central Christian College
Emporia State University
Haskell Indian Nations University
Kansas Wesleyan University
Manhattan Christian College
MidAmerica Nazarene University
Ottawa University
Pittsburg State University
Southwestern College
Sterling College
Tabor College
University of Saint Mary
Washburn University

New paths to STEM

You can study science too!You can study science too!

Thinking about a future in science? What does 
it take to prepare for a science career?

Science, technology, engineering and mathematics need our best 
and brightest students. The STEM pathway is open to everyone, 
including students from populations that are underrepresented in 
the STEM workforce today.

STEM students: ask questions • pursue data collection • 
collaborate with others • solve problems

Big Discoveries in Kansas
Jetmore – Pluto
Garden City – Cattle Pens
Goodland – Helicopter

- Dan Wildcat - Red Alert
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Dr. Daniel Wildcat
Professor of American Indian Studies, Haskell Indian Nations University

Ph.D., interdisciplinary studies, University of Missouri at Kansas City (2006)

M.A., sociology, University of Kansas (1986)

B.A., sociology, University of Kansas (1978)

Dr. Wildcat is a Yuchi member of the Muscogee 

Nation of Oklahoma. In addition to teaching, he serves 

as co-director of the Haskell Environmental Research 

Studies Center, which he founded with colleagues 

from the Center for Hazardous Substance Research at 

Kansas State University.

Known for his commitment to environmental defense and cultural diversity, 

Wildcat has been honored by the Kansas City organization “The Future Is Now” 

with the Heart Peace Award. His book, Red Alert! Saving the Planet with 

Indigenous Knowledge, was published in 2009.

American Indian and Alaska Native wisdom is a cooperative 
construction built on generations of attentive interaction between 
humans and the diversity of life found in the unique ecosystems 
and environments we call home.

- Dan Wildcat, Red Alert
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Unit 1  Side A

• asking questions
• gathering data
• being open to new answers
• creating a process for change
• communicating what we know

Science is:

“We are addressing the question:
               Can we do better?”

The National Science Foundation supports 
research that brings Kansas scientists 
together to solve complex issues of climate 
and energy. The Kansas Experimental Program to 
Stimulate Competitive Research (EPSCoR) is a 
�ve-year project that began in 2009, with 
matching funds from the Kansas Board of 
Regents, the Kansas Technology Enterprise 
Corporation, Kansas State University, the 
University of Kansas, and Wichita State University.

John Harrington, geographer
Kansas State University

Climate & Energy Central

Intro/ice core data mural
KM/FHD cr 3/28/12
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what does it mean

Are we in uncharted territory?
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Polar ice contains a record of hundreds of 
thousands of years of past climate. Every year 
layers of snow fall over the ice sheets in Greenland and 
Antarctica. Each layer of snow is different in chemistry and 
texture because of temperature variation and atmospheric 
differences such as amounts of wind-blown dust.

Scientists can recover this climate history. Using a specially 
built drill, they bore deep into the thick ice sheet and pull up 
samples of ice cores. Each ice core provides a detailed 
timeline of past climates that can be compared to other cores 
to reconstruct an uninterrupted climate graph.

Ice core samples from Vostok in Antarctica provide data 
for this graph. 

This graph contains one measure of earth’s 
climate history based on Antarctic ice core data.

The blue line traces increases and decreases in 
temperature over the past 420,000 years. Small 
annual changes are dwarfed by long, cyclical 
patterns, including four ice ages.

The red line shows variations in atmospheric 
carbon dioxide concentrations. 

Increases and decreases of CO2 are related to 
temperatures. The climate record from the 
ancient past helps scientists understand climate 
patterns today.

what does this mean
Carbon dioxide in the atmosphere 
is rising rapidly...

Global CO2 concentrations are higher today than at 
any time in the past. Atmospheric carbon dioxide has 
risen sharply in the last 150 years. This rise corresponds 
to the global use of fossil fuels for energy. 

what is di�erent now
Ice cores provide detailed evidence about climate in the past. Climate 
scientists combine ice core data with information from other natural 
recorders such as tree rings, coral, cave rocks, and sea sediments. From 
scientifically gathered data, researchers create computer models of the 
climate system. Predictions are based on mathematical calculations that 
require supercomputers to handle the thousands of data points and 
multiple time steps involved.

The climate puzzle poses significant, basic questions for scientists:
• Will planetary temperatures continue to rise?
• Will CO2 amounts alter climate patterns in totally new ways?
• What will happen in Kansas?
• What human actions will have an impact on the climate of the future?

how do w
e know

Vostok Ice Core Deuterium Data for 420,000 Years
---------------------------------------------------------------------
              World Data Center for Paleoclimatology, Boulder
                                and 
                   NOAA Paleoclimatology Program
--------------------------------------------------------------------- 
NAME OF DATA SET: Vostok Ice Core Data for 420,000 Years
LAST UPDATE: 11/2001 (Original Receipt by WDC Paleo).
CONTRIBUTOR: Jean Robert Petit, LGGE-CNRS. 

Petit, J.R., et al., 2001, 
Vostok Ice Core Data for 420,000 Years, IGBP PAGES/World Data Center 
for Paleoclimatology Data Contribution Series #2001-076.  
NOAA/NGDC Paleoclimatology Program, Boulder CO, USA. 

GEOGRAPHIC REGION: Antarctica
PERIOD OF RECORD: 0-422 KYrBP
DESCRIPTION: Vostok Ice Core Data for 420,000 Years

Files content: Deuterium and reconstructed temperature

Column 1 -Depth (m)

Column 2 -Ice Age (GT4) 

Column 3 -Deuterium content in ‰ SMOW (Standard Mean Ocean Sea Water). 
Deuterium measurements have been performed on three adjacent cores 3G, 
4G and 5G (see Figure 1 of Jouzel et al., 1996). It combines results 
successively published in Jouzel et al. (1987, 1993 and 1996). 

Column 4 -Temperature difference with regard to the mean recent time 
value (i.e. corresponding departure from -438 ‰ mean deuterium value) 
Deuterium data is from core 3G between 138 and 2083 meters below 
surface (mbs) (with one long missing section between 312 and 320 mbs), 
from core 4G between 8 and 138 mbs and between 1920 and 2546 mbs and 
from core 5G between 2504 and 2757 mbs.
 
Ash layers help to make link between cores. No correction was applied 
for 3G and 4G core taken as reference depth. For 5G samples, a value of 
3.41 m have been added to the depth measured in the field below depth 
of 2500 m. Deuterium values (column 3) have been measured on ice 
samples of length comprised between 0.5 and 2 m (down to 2080 m) then 
every 1 m. Data was re-interpolated on 1m intervals afterwards. The ice 
recovery is 85% or higher. Measurement accuracy is of ± 0.5‰ SMOW (1 
s). From the surface down to 7 m a constant value (derived from surface 
and pits samples) of -438.0‰ is reported.
 
The temperature change indicated in column 4 (temperature above the 
inversion). This temperature is calculated using a 
deuterium/temperature gradient of 9‰/°C after accounting for the 
isotopic change of sea-water. No correction for the influence of the 
geographical position of the ice was applied.

 

This photograph shows a section of the GISP2 ice 
core from 1837-1838 meters in which annual layers 
are clearly visible. The appearance of layers results from 
differences in the size of snow crystals deposited in winter versus 
summer and resulting variations in the abundance and size of air 
bubbles trapped in the ice. Counting such layers has been used (in 
combination with other techniques) to reliably determine the age of the 
ice. This ice was formed ~16250 years ago during the final stages of 
the last ice age and approximately 38 years are represented here. By 
analyzing the ice and the gases trapped within, scientists are able to 
learn about past climate conditions.

This image was produced at the National Ice Core Laboratory by 
employees of the USGS with funding from the NSF, and consequently is in 
the public domain. It was kindly provided by Eric Cravens, Assistant 
Curator, National Ice Core Laboratory.

This is a featured picture in the Wikimedia Commons, which means that 
members of the community have identified it as one of the finest images 
on the English Wikipedia. This image was selected as picture of 
the day on the English Wikipedia for August 9, 2007.

Mauna Loa CO2
Monthly mean atmospheric carbon dioxide at 
Mauna Loa Observatory, Hawaii

The carbon dioxide data (red curve), measured as the mole fraction in 
dry air on Mauna Loa constitute the longest record of direct 
measurements of CO2 in the atmosphere. They were started by C. David 
Keeling of the Scripps Institution of Oceanography in March of 1958 at 
a facility of the National Oceanic and Atmospheric Administration 
[Keeling, 1976]. NOAA started its own CO2 measurements in May of 1974, 
and they have run in parallel with those made by Scripps since then 
[Thoning, 1989]. The black curve represents the seasonally corrected 
data.

Data are reported as a dry mole fraction defined as the number of 
molecules of carbon dioxide divided by the number of molecules of dry 
air multiplied by one million (ppm). 

http://www.esrl.noaa.gov/gmd/ccgg/trends/

Ice Core Graph Banner: 240” wide x 86“ high,  cr 3/29/2012, Scale: 1” = 10”

Global Temperatures
Global Land-Ocean Temperature 1880-2010

The annual mean (black) and the five-year mean (red) indicate average 
surface temperatures for 130 years. James Hansen of NASA’s Goddard 
Institute for Space Studies and other scientists have noted the 
temperature increase in the past 30 years. This rise is similar to the 
warming rate predicted in 1980s global climate model simulations.

Hansen’s group also noted that warming is larger in the Western 
Equatorial Pacific than in the Eastern Equatorial Pacific over the 
past century. They suggest that this may have increased the likelihood 
of El Niño events. An El Niño event occurs when warm surface waters in 
the West Pacific slosh eastward toward South America and thereby alter 
weather patterns in another part of the globe.

http://data.giss.nasa.gov/gistemp/graphs_v3/
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1,000 Years of Temperature
Millennial Northern Hemisphere Temperature 
Reconstructions

Temperature changes from AD 1000 to 1999 have been reconstructed from 
tree ring, marine coral, ice core and historical records (blue), 
instrumental data (red). A smoother version of the series (black) and 
two standard error limits (gray shaded) are also shown. Despite the 
uncertainties of data reconstruction, Michael Mann and his colleagues 
(1999) concluded that the 1990s were likely to have been the warmest 
decade of the past millennium for at least the Northern Hemisphere.

The United Nation’s Intergovernmental Panel on Climate Change has 
distributed this temperature reconstruction. Climatologist Jerry 
Mahlman named Mann’s work the “hockey stick graph” because of the 
sharp upward movement in global temperatures in the last half of the 
20th century. 

http://www.ipcc.ch/ipccreports/tar/wg1/fig2-20.htm

Ocean Warming
Ocean Heat Compared to 
Land/Atmospheric/Ice Heating

The oceans cover 70% of the Earth’s surface. Their extent and depth 
make oceans the world’s largest solar energy collector and energy 
storage system. Scientists have improved the ocean monitoring system. 
Now, ocean heat content may be the most accurate and reliable measure 
for analyzing and projecting climate change.

John A. Church and his team have analyzed global temperature changes 
from 1961 to 2008. They found “Ocean warming (90% of the total of the 
Earth’s energy increase) continues through to the end of the record, 
in agreement with continued greenhouse gas forcing.”

Heat absorbed by the ocean doesn’t disappear. Heat energy melts ice 
shelves, evaporates water, or directly reheats the atmosphere. Thus 
ocean heat content can warm the planet for decades.

http://www.agu.org/journals/gl/gl1118/2011GL048794/
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