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Abstract

The University of North Dakota (UND) has implemented the Communicating Climate Change program funded by the 
National Aeronautics and Space Administration (NASA) Global Climate Change Education program. Funding provid-
ed summer internships for regional undergraduates to learn the fundamentals of climate change and to complete re-
search using GIS data and weather modeling. The 2010 internship participants were primarily from non-research-
intensive universities with a wide array of majors, and included both women and Native American students. Pre/
post-assessment activities demonstrated significant increases in their understanding of how climate and environment  influ-
ence one another. The second year of this program involves the development of middle school level curriculum to com-
plement the undergraduate produced webcasts. The educational module consisting of the web casts, curriculum, and 
inquiry-based activities will be disseminated via the Internet and the Dakota Science Center (DSC) PowerOn! Rural Sci-
ence, Technology, Engineering, and Mathematics (STEM) K-12 Educational Outreach program which serves rural schools.  
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Introduction 

The Upper Midwest region is lagging behind other regions 
of the country in offering undergraduate education opportuni-
ties in studying climate change. The Communicating Climate 
Change project provided undergraduates with an opportunity 
to learn about climate plus the fundamentals of climate change 
and climate change impacts as well as the opportunity to com-
plete a research project using NASA observational and model 
data during a summer internship at UND. An integral part of 
the learning process included training in modern media technol-
ogy (webcasts) and the production of a webcast to share their 
investigations of climate change using NASA data. During the 
second year, graduate students enrolled in the Teaching and 
Learning Department at UND will develop middle school level 
curriculum to accompany the webcasts. Middle school educa-

tors will fine-tune the curriculum and design capstone projects at 
a summer workshop. The curriculum will be used by these edu-
cators and incorporated into the DSC PowerOn! program. This 
report on the Communicating Climate Change project shows a 
successful interdisciplinary collaboration of Geography, Earth 
System Science and Atmospheric Science.

Rationale
The UND Communicating Climate Change project proposes 

to fill the current gap in Upper Midwest climate education by 
providing research and outreach opportunities to undergradu-
ate students from around the region and sustaining that outreach 
through existing educational frameworks. A survey of resource 
and community managers from North Dakota (Romsdahl 2009) 
showed that many individuals in a position to make change are 
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overwhelmed by climate change reports and are unclear on how 
to proceed. A subset of the respondents felt that climate change 
was over-hyped and that no adjustments needed to be made in 
this region. Discussions with undergraduate students at UND re-
flect the same confusion and doubt. Dissemination of the facts, 
powered by the youth of STEM fields, is a crucial need in the 
Upper Midwest.

Project Development
The NASA Global Climate Change Education project is 

based on the recommendations of the National Research Coun-
cil report entitled Earth Science and Applications from Space: 
National Imperatives for the Next Decade and Beyond (National 
Research Council of the National Academies 2007). The study 
specifies that the acquisition of knowledge about the Earth sys-
tem and the use of Earth observation data are equally impor-
tant in meeting the complex challenges of global change. The 
NASA Global Climate Change Education project is centered on 
the improvement of global climate change and earth system sci-
ence education at the K-12 and undergraduate levels. The UND 
Communicating Climate Change program was funded under the 
NASA Global Climate Change Education project. Funding pro-
vided the following: summer internships for regional undergrad-
uates to learn the fundamentals of climate change and to com-
plete research using GIS data and weather modeling; a graduate 
research assistant position for the development of curriculum; a 
teacher workshop; and module teaching materials.

Project Results
The 10 internship participants were primarily from non-re-

search-intensive universities with a wide array of majors, and in-
cluded both women and Native American students. The summer 
undergraduate internship began on May 19, 2010 and ended on 
July 13, 2010. During the first three weeks, Dr. Andrei Kirilenko 
taught the basics of climate change and Mr. Fred Remer taught 
the basics of media production. Interns practiced storyboard 
techniques and presentation strategies by creating a trial webcast 
during the first three weeks. The interns used Windows Movie 
Maker editing software and had access to studio time at Aero-
Space Network (ASN), the distance-learning arm of the UND 
College of Aerospace. A team of ASN professional camera op-
erators and technicians provided high-end production assistance 
to each intern research group, helping the interns perform jobs 
in front of and behind the camera. Building on this acquired skill 
set, each team of interns created a webcast to share their research 
with a middle school-aged audience (http://people.aero.und.
edu/~gretchen/gcce_ccc/ and/or http://www.youtube.com/user/
GCCEUND). Dr. Mullendore and Mr. Remer evaluated prelimi-
nary drafts of the webcasts in order to make recommendations 
prior to the final edit. Editing of the final production was done 
by the interns with the ASN team assisting with problems that 
arose. Dr. Laura Munski presented the webcasts to educators 
at the North Dakota Northeast Education Services Cooperative 
Winter In-Service: GPS in the 21st Century Grant Program. The 

educators in attendance gave the webcasts their approval and 
encouraged the additional development of high school level cur-
riculum.

The interns took numerous field trips, including visiting the 
local National Weather Service office, touring the University 
of North Dakota Atmospheric Science Research Aircraft, and 
a special tour of the United States Geological Society Earth 
Resources Observation and Science Center located near Sioux 
Falls, South Dakota. Interns were shown how Landsat data is 
processed and archived at the center. Every Friday throughout 
the internship the students were provided with a presentation 
by Dr. Munski regarding the regional historic, cultural and geo-
graphic landscape with a list of suggested excursions for the in-
terns to consider. The interns took regional excursions as well as 
international excursions to Manitoba, Canada. 

The basics of a scientific notebook and journaling were 
taught by Dr. Munski during the first week of the internship. 
The interns kept a scientific notebook of their research and were 
given the last hour of each day to journal. The journals were col-
lected after the third week to determine research interests and for 
the ongoing qualitative assessment of the program. 

The students were assigned to one of four research tracks. 
Dr. Gretchen Mullendore led the research team that studied land 
use change using Landsat data. Dr. Andrea Kirilenko led the re-
search team that used NASA Goddard Institute for Space Stud-
ies (GISS) data to look at projected climate variability. Mr. Fred 
Remer led the research team that studied surface temperature 
trends using MODIS and surface observations. Ms. Andrea Neu-
mann, a UND Department of Atmospheric Sciences graduate 
student, led the research team that used AMSR-E data to study 
surface ice cover change over time. The interns had five weeks 
to conduct their research, create a presentation, produce a web 
cast, and compile additional resources to be used for curriculum 
development. The interns gave a public presentation of their re-
search on July 13, 2010. Dr. Mullendore and Mr. Remer used a 
dress rehearsal to evaluate the content of the presentations and 
to prepare the interns for questions from the audience. Dr. Mun-
ski evaluated interns on audience eye contact, facial expression, 
natural hand gestures, posture, enthusiasm, vocalized pauses, 
topic clarification to the audience, time frame, completeness of 
content, and maintaining audience attention. By presenting to 
the Greater Grand Forks community, the interns gained expe-
rience talking about their research and communicating climate 
change in a live setting. 

Graduate students from the UND Department of Atmospher-
ic Sciences mentored the interns and were available during the 
last hour of each day to answer their questions. Mr. Dan Koller 
helped teach the media classes and mentored the interns with 
production of advanced graphics for their presentations and web 
casts. Ms. Andrea Neumann taught the interns the basics of sat-
ellite operations. Undergraduate Ms. Erin Bertschi assisted with 
editing and studio filming for the web casts. 

Dr. Munski led the assessment and evaluation of the Com-
municating Climate Change program. The qualitative final as-
sessment showed that the mentoring aspect of the program 
bolstered the interns’ self confidence and their consideration of 
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a graduate level degree. The Undergraduate Research Student 
Self-Assessment (http://www.colorado.edu/eer/research/under-
gradfaqs.html) tool was used. This on-line survey instrument is 
designed to assess student outcomes of undergraduate research 
using both multi-choice and open-ended items. Pre/post-assess-
ment demonstrated significant increases in their understanding 
of how climate and environment influence one another. Selected 
results from the assessment show that: 100 percent reported 
moderate-great gains in “Confidence in my ability to contribute 
to science”; 60 percent cited great gains in “Understanding what 
everyday research work is like”; 50 percent reported “Extremely 
more likely” to enroll in a graduate program and one student 
commented, “My experience showed me that graduate school is 
something that is obtainable”. 

Future Plans
Dr. Mary Baker, UND Department of Teaching and Learn-

ing will be working with a graduate research assistant for one 
semester to develop curriculum for the web casts. A one-week 
in-school curriculum will accompany each web cast with ad-
ditional curriculum options for both out-of-school and summer 
school programming. Students will apply their acquired skill set 
to a capstone research project that will require the use of geospa-
tial technology including satellite imagery, aerial photos, maps, 
data layering, data representation, and field data collection. The 
capstone projects will allow students to apply their newly-ac-
quired skills to local and regional research questions. Students 
will study the geographic theme of human-environment interac-

tion regarding the effect of climatic trends on land management, 
the movement of population, and the influence of the energy in-
dustry on land use over time. The landscape of North Dakota has 
been influenced by the development of infrastructure to support 
the energy industry and by climatic precipitation trends. Tenta-
tively three main capstone research tracks are under develop-
ment: water basin management, habitat management and energy 
industrial land-use. Each track will provide students with an op-
portunity to expand their knowledge of how the variability of 
climate trends, human energy needs and agricultural demands 
influence this region. The context of these tracks are explained 
below. 

Water basin management
The 1944 Flood Control Act led to the construction of the 

Garrison Dam which was completed in the early 1950’s. The 
purpose of the dam is to generate hydroelectric power, regulate 
the water flow of the Missouri River for barge traffic and serve 
as a water management tool. The Garrison Diversion project 
was initially intended to divert water from the Missouri River 
Basin to the Red River Basin for drought relief and to irrigate 
agricultural land. Construction began in the 1940’s with only 
120 miles of canals and a few pumping stations being complet-
ed. The scope of the project has changed due to financial and en-
vironmental concerns. Twenty-eight counties are included in the 
project and have representation on the water management board 
of the Garrison Diversion Conservancy District. (Figure 1). 

Students will use historic maps, aerial photos, climate trend 
data and stream flow measurements to study the effect of the 

Figure 1: Garrison Diversion (Garrison Diversion Conservancy District).
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Garrison Dam on the Missouri River Basin. Students will also 
study how the implementation of Garrison Diversion Conser-
vancy District water management plans have influenced the 
landscape over time. There are two branches to this capstone re-
search track: human-environment interaction and climate trend 
variability. 

To study water basin management is to study human-envi-
ronment interaction. The history of every community along the 
Red River includes flooding. The Red River Basin has a drain-
age area of 17, 250 square miles (Figure 2). The principal river 
of the basin is the Red River which begins at the confluence 
of the Ottertail and Bois de Sioux Rivers at Wahpeton, North 
Dakota, and Breckenridge, Minnesota. The Red River mean-
ders northerly nearly 555 river miles to Lake Winnipeg in the 
province of Manitoba, Canada (North Dakota State Water Com-
mission 1993). The drop in elevation from Wahpeton to Lake 
Winnipeg is only 233 feet (Krenz & Leitch 1993). The U. S. 
tributaries of the Red River include the Rabbit, Ottertail, Buf-
falo, Wild Rice, Marsh, Red Lake, Grand Marais Creek, Snake, 
Two Rivers North Branch, Two Rivers South Branch, Joe, Ro-
seau, Sheyenne, Maple, Rush, Elm, Goose, Turtle, Forest, Park, 

Tongue, and Pembina Rivers. The Canadian tributaries include 
the La Salle, Seine, Rat, Roseau, Marais, Pembina, and Assini-
boine Rivers. The Red River flows through the bed of glacial 
Lake Agassiz which has a mainly flat topography. During sea-
sonal high water, the Red River leaves the river bed and spreads 
overland (North Dakota State Water Commission 1993). There 
are four lakes in Canada that are remnants of Lake Agassiz: 
Lake Winnipeg, Lake Winnipegosis, Lake Manitoba, and Lake 
Nipigon. Lake of the Woods, shared by Canada and the United 
States, is also a remnant of Lake Agassiz. The Upper and Lower 
Red Lakes are remnants of Lake Agassiz in the United States 
(Krenz & Leitch 1993). 

The Minnesota source of the Red River is the Ottertail River 
which drains to the south through Elbow, Many Point, Round, 
Height of Land, Little Pine, Pine, and Rush Lakes to Ottertail 
Lake. The Ottertail River travels 42 miles west of Ottertail Lake 
to its junction with the Bois de Sioux at Breckenridge, Minne-
sota. Traverse and Wilkin Counties are the drainage basin area 
of the Bois de Sioux River as it flows north to Breckenridge 
(U.S. Geological Survey 1896). 

The secondary river of the Red River Basin is the Sheyenne 
River. The Sheyenne River Basin covers 16 counties. The prin-

cipal tributaries are Baldhill Creek, with a drainage 
area of 730 square miles, the Maple River with a drain-
age area of 1572 square miles, and the Rush River with 
a drainage area of 236 square miles. The meandering 
Sheyenne River travels 506 river miles before its 
confluence with the Red River of the North at Fargo, 
North Dakota. (U.S. Army Corps of Engineers, 1968). 
The Sheyenne River has one flood control dam, Lake 
Ashtabula, located north of Valley City, North Dakota. 
The Lake Ashtabula reservoir has a maximum storage 
of 116,300 acre-feet (North Dakota State Water Com-
mission 1993). 

Devils Lake is the largest natural lake in North Da-
kota, with a drainage area of 3580 square miles (North 
Dakota State Water Commission 1993). The Devils 
Lake Basin is a subbasin of the Red River Basin and is 
usually a closed basin. The water level of Devils Lake 
has been rising since the 1940s and has risen more than 
25 feet since 1993. Devils Lake began flowing along 
the 6–mile journey through the Jerusalem Outlet into 
Stump Lake in 1999. For the first time in 180 years, 
Stump Lake became Stump Bay in September of 
2007, when its elevation equaled that of Devils Lake 
at 1447.15 feet above sea level. Stump Bay drains into 
the Sheyenne River when it reaches 1459 feet above 
sea level (Bonham 2007).

Flooding has been experienced in each of the five 
major hydrologic subdivisions of North Dakota (Fig-
ure 3). The Souris River originates in Saskatchewan, 
Canada; passes through the state of North Dakota; 
heading toward its confluence with the Assiniboine 
River in Manitoba, Canada. Saskatchewan construct-
ed the Rafferty Dam and the Alameda Dam to man-

Figure 2: Red River Basin map (Red River Basin Commission).
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age the water flow of the Souris River. North Dakota has four 
major water management systems: the Sheyenne River Flood 
Control Project, the Southwest Pipeline Project, the Souris River 
Flood Control Project, and the Garrison Diversion. Water flow 
is regulated using 14 reservoirs: Ashtabula, Bowman-Haley, 
Camel Hump, Crown Butte, Darling, Des Lacs, Homme, Ilo, 
Jim, LaMoure, Oahe, Patterson, Pipestem and Sakakawea. Nu-
merous low-head dams are supervised by county water boards 
(North Dakota State Water Commission 1993).

Students will use historic maps, aerial photos, climate trend 
data and stream flow measurements to study the effect of climate 
variability on the movement of human population and water ba-
sin management both regional and international.

Habitat management
The North Dakota Game and Fish Department collaborates 

with the United States Fish and Wildlife Service and sportsman 
organizations, such as Ducks Unlimited to facilitate habitat res-
toration, habitat maintenance and to provide public access to 
private land through the use of cost-share programs. The overall 
management program is the Conservation Private Land Open 
to Sportsmen (PLOTS) which has eight sub-programs: Habi-
tat PLOT - a 10-20 year land rental contract; Food PLOT – a 
short term contract to produce wildlife food; Private Forest 
Conservation – a multi-year rental contract; Conservation Re-
serve Program – cost-sharing habitat restoration; Wetlands Re-
serve Program - cost-sharing habitat restoration; Working Lands 
Program – farm and ranch land management is evaluated and 
a value assigned for a rental agreement; Waterfowl Rest Area 
Access – rental agreement of grains fields and small sloughs 
near waterfowl staging areas; and Tree Planting Cost-Sharing 

– financial assistance for tree planting (North Dakota Game and 
Fish Department, 2010). This capstone research tract will have 
four branches: the influence of climatic trends on PLOTS par-
ticipation, the influence of external factors such as the commod-
ity market on PLOTS participation, the relationship of climate 
on habitat restoration, and the effect of PLOTS participation on 
land use over time. 

The energy industry
The Great Plains Synfuels Plant is the only commercial coal 

gasification project in the United States and is located north of 
Beulah, North Dakota. Lignite is transformed into natural gas 
with agricultural fertilizers, petrochemicals, rare gases and car-
bon dioxide produced as byproducts. Federally mandated land 
reclamation is a major part of the process and will be a capstone 
land use research track. 

Energy industry infrastructure continues to change the land-
scape of North Dakota. The state has four coal mining opera-
tions, six lignite-based electric generating stations, one subbi-
tuminous-based electric generating station, one ethanol-based 
electric generating station, and nine wind farms (Basin Electric 
2010). The regional energy industry infrastructure will provide a 
variety of capstone research projects with a focus on human-en-
vironment interaction: coal/oil exploration, extraction and trans-
portation; wind farm construction; and pipeline construction and 
maintenance. The Enbridge North Dakota Pipeline System is a 
950-mile crude oil pipeline that transverses North Dakota. 

It consists of a 330-mile pipeline used to collect crude oil 
from the Williston Basin (located in eastern Montana and west-
ern North Dakota) and a 620-mile main transportation line that 
connects to the Minnesota pipeline system and the Canadian 

Figure 3: North Dakota’s five major hydrologic subdivisions.
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pipeline in Saskatchewan (Enbridge 2011). It is one of nine 
crude oil pipelines (Figure 4). The TransCanada Corporation 
Bison Pipeline project transports natural gas from Wyoming 
through Montana to Morton County, North Dakota (TransCana-
da, 2011). North Dakota has seven natural gas pipelines (Figure 
5) including the TransCanada Corporation Bison Pipeline called 
the Northern Border Pipeline in North Dakota.

Students will review publications of the North Dakota In-
dustrial Commission and the United States Geological Survey 
to discover sources of collected field data, satellite imagery, and 
historic maps that can be applied to their energy industry cap-
stone research projects. 

The UND Communicating Climate Change webcast teach-
ing modules will become part of the DSC PowerOn! program. 
The UND Colleges of Education and Human Development, Arts 
and Sciences, Aerospace Sciences and the School of Engineer-
ing and Mines, in association with DSC and the UND SUNRISE 
research initiative have established a multi-dimensional learn-
ing model called PowerOn! that engages students more fully in 
STEM fields. The PowerOn! program includes university stu-
dent service learning, pre-service teacher training, teacher work-
shops, curriculum development, after-school programs, commu-
nity events and summer camps. To maximize student interest, 
the STEM modules are inquiry-based. Modules utilize both case 
studies and capstone projects so that students make a connec-
tion between their newly acquired knowledge and the applica-
tion of such knowledge by STEM professionals. The Power-On! 
inquiry-based instruction modules are grounded in the educa-

tional paradigm of progressivism and support constructivist ap-
proaches to teaching; the belief that human beings are social by 
nature and learn best when they are interacting with others while 
doing activities that are based on real life situations. PowerOn! 
is the outreach education mechanism by which the Dakota Sci-
ence Center takes STEM modules to rural schools.

Conclusion
The NASA Global Climate Change Education program; 

Communicating Climate Change project has inspired 10 under-
graduate students to investigate graduate level education oppor-
tunities. Limiting the number of interns allowed for personal-
ized instruction and team research fostered shared learning. This 
combination proved successful in overcoming the initial appre-
hensions of the students toward upper level research. 

The state of North Dakota provides satellite imagery com-
puter software to all the schools of the state. The development of 
middle-school aged curricula that incorporates satellite imagery 
will facilitate training students to use geospatial technology. Ap-
plication of newly-acquired skills to a set of capstone research 
tracks showcases the importance of the skill set to the student. 
Designing the curricula as a module allows greater dissemina-
tion both locally, as part of the DSC PowerOn! program and 
through the NASA Global Climate Change Education program 
web site.

Figure 4: North Dakota crude oil pipelines (North Dakota Pipeline Authority).
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