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Winter is coming to an end. As one season ends and another begins, we often find
ourselves in a reflective mood. For many students our classrooms are the first time they
have been exposed to the wonder that is Earth science. If you can reflect back, when
did you first become enamored with our geo-world of rocks, volcanoes, oceans, and
earthquakes?
One of my most vivid memories of learning about the Earth was in my 8th grade Earth
science classroom, where the entire 8th grade created a corrugated-cardboard topographic
profile of the Texas landscape from Orange to El Paso (that’s roughly 800 miles across
the Lone Star State). Each class of each teacher was assigned a particular section and each
student within that class a subsection of that terrain. Part of the assignment was not only
creating the model but becoming an expert about a multitude of aspects of that subsection. While I do not remember the specifics beyond that, the sheer scale and variety of
topography fascinated me as I and my classmates walked from room to room and viewed
the classes’ completed sections. The project resonated with me, but more so, the one
who assigned it. My teacher was Mrs. Bella Hooks, Earth science extraordinaire. Wildly
passionate about her subject, her walls were a gallery of learning about rocks, minerals,
and weather. Just being in her classroom infused one with an appreciation of our fair
planet. Mrs. Hooks sparked enthusiasm in all who walked through her doors, and she
made sure that her students were well versed in all things Earth science before they left her
classroom in May. I was fortunate to have her as a teacher, but even more so as a mentor
and colleague almost 20 years later, when I, too, joined the ranks of 8th grade Science
(integrated, but mostly Earth science) teachers in that very same school. As my department
chair and fellow grade-level teacher, Bella was my geo-guru. She took me under her wing,
stayed after school to model lessons for me and reignited a love of Earth science once
again. She also supported the beginnings of my classroom rock collection.
During my tenure in 8th grade, I came across an email call for grades 8-12 teachers interested in participating in a professional development cohort to teach the new Texas Earth
& Space Science course developed as a part of the 4x4 remodel of the high school graduation plan. I applied and was a part of the TXESS (Texas Earth & Space Science) Revolution
for two different two-year cohorts, and became a “Distinguished Teacher Leader” in
that grant-funded program steered by the Texas Regional Collaboratives for Excellence
in Science and Mathematics Education and the Jackson School of Geosciences at the
University of Texas at Austin. I met amazing Earth science leaders, including Dr. Kathy
Ellins and Dr. Eleanour Snow, whose passion for bringing Earth science education to the
forefront in K-12, especially in high schools, was infectious. My involvement with TXESS
Revolution led to my pursuit of an M.S. in Geosciences through the TIG (Teachers in
Geosciences) program at Mississippi State University, where I was blessed to have amazing
professors, including highly regarded geoscience education advocates, Dr. Karen McNeal
and Dr. Renee Clary. My end of program field course to Western Washington State and all
of its volcanic wonder inspired me to integrate Earth science in whatever lesson I was able.
After six years at the middle school level, I found myself accepting an assignment at a
brand new high school, where after one year, I founded the astronomy course, and after
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a second year, the new Earth & Space Science course. As a result of relationships built in
the TXESS Revolution cohort, I was asked by Dr. Ellins to serve as a curriculum developer
and pilot teacher on another project, the DIG (Diversity and Innovation in Geosciences)
Texas Blueprints (serc.carleton.edu/dig_blueprints/index.html). I, along with my fellow
teammates, vetted resources and created units and then blueprints for teaching high
school Earth & Space science. My students were (mostly) eager participants in each new
lesson, lab, or resource I piloted in my class. This project led to presentations at GSA and
AGU and even more connections made, including one with a NESTA Past President, Dr.
Mike Passow. He later recruited me to pursue leadership in NESTA. Seven years after I
first met her at TXESS Revolution professional development, Dr. Snow invited me to pilot
the first OnRamps Geoscience course offered by the OnRamps dual-enrollment program
at UT Austin at my school. My students were able to earn college credit along with high
school credit based on a body of work, rather than a single exam. With each opportunity,
my passion for Earth science education and my desire to share this with others has grown
exponentially. I am fortunate to have had inspiring teachers, mentors, and colleagues in
my professional Earth science education experience. I am equally fortunate to be able to
serve in my current capacity as NESTA President and to continue sharing my passion for
all things Earth science with others.
I encourage you to also reflect back on your own experience and discover what inspired
you to wear the title of Earth Science educator. When you do, I hope you will consider
sharing this not only with the new teacher down the hall, but also with us.
Cheers,
Belinda Jacobs
NESTA President 2018-2020

From the Executive Director
I hope you had a fantastic fall conference season! We were kept busy with sessions at the
NSTA area conferences as well as at the annual GSA and AGU meetings. It was great to
meet many of you in person. We are now gearing up for our sessions at the NSTA National
Conference in St. Louis, Missouri April 11 to 14, 2019. For a complete listing of all our
sponsored sessions plus additional sessions given by our members go to serc.carleton.edu/
nesta/prof-dev/NSTA_National_2019.html. Check out some of the highlights below:
n

Dr. Theresa Damiani—American Geophysical Union-NESTA Lecture:
Finding Our Way—The Science Behind Today’s GPS Revolution
2:00 – 3:00 p.m. • Friday, April 12
Ferrara Theatre, America’s Center Convention Complex
Abstract. Getting from place to place is a daily activity for most people. Now, many
of us use the U.S. Global Positioning System (GPS) through our smartphone, car,
or other navigation device to do that. But that capability has only been widely available in the last two decades, before which paper maps and compasses were used for
thousands of years. So what sparked this massive technological leap forward? The
combination of very precise positions from satellites (GPS) available anywhere on
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NESTA
Coordinators

Earth, miniaturized computing, and up-to-date maps. This talk explores the science
of GPS and mapping, how it allows us to quickly and easily find our way through
the world, and the sometimes, unexpected ways in which it is revolutionizing our
society. And, as positioning science and technology continues to evolve, how it
enables a not-too-distant future of autonomous vehicles and smart cities.

Conference Logistics
Coordinator
Howard Dimmick
dimmick@esteacher.org
Merchandise Coordinator
Howard Dimmick
dimmick@esteacher.org

n

Procedures Manual
Coordinator
Parker Pennington IV
p.o.pennington@gmail.com
Rock Raffle Coordinators
Parker Pennington IV
p.o.pennington@gmail.com
Share-a-thon Coordinator
Dr. Carla McAuliffe
Carla_McAuliffe@terc.edu

NESTA Share-a-Thons: Join NESTA members and other education specialists as they
share their favorite NGSS-congruent classroom activities. Our Share-a-Thons are very
popular. We give out door prizes!
l

NESTA and NOAA Ocean, Climate, and Weather Share-a-Thon
12:30 – 1:30 p.m. • Friday, April 12
Annex, America’s Convention Center Complex

l

NESTA and NSTA Aerospace Education Advisory Board Space Science Share-a-Thon
8:00 – 9:00 a.m. • Saturday, April 13, Hall 1
America’s Convention Center Complex

l

NESTA Earth System Science Share-a-Thon
11:00 a.m. – 12:00 p.m. • Saturday, April 13
Annex, America’s Convention Center Complex

Volunteer Coordinator
Joe Monaco
MonacoJ@aol.com
Webpage Coordinator
Jack Hentz
hentz@aaps.k12.mi.us

n

NESTA Rock, Mineral, and Fossil Raffle: Win one or more display- and classroomquality rock, mineral, and fossil specimens, as well as other Earth science-related
materials! Don’t miss out on the fun and excitement!
3:30 – 4:30 p.m. • Saturday, April 13
Annex, America’s Convention Center Complex

n

NESTA Friends of Earth Science Reception: We honor excellence in Earth science
education at our reception. NESTA gives out a number of awards in conjunction with
our partners. We honor NESTA fellows, service, appreciation, and lifetime achievement
awards. The American Geosciences Institute gives out the Edward C. Roy, Jr. Award for
excellence in K-8 Earth Science teaching. The American Meteorological Society recognizes its teacher program participants. NOAA Planet Stewards recognizes its program
participants. We recognize NAGT’s Outstanding Earth Science Teacher awardees. Enjoy
free hors d’oeuvres and a cash bar. Come see old friends and meet new ones!

E-News Editor
Tina Harte
tina.r.harte@nasa.gov

6:30 – 8:00 p.m. • Saturday, April 13
Crystal Ballroom, Marriott St. Louis Grand
We look forward to seeing you in St. Louis! Have a wonderful spring semester!
Sincerely,
Dr. Carla McAuliffe
Executive Director, NESTA
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25 Years Ago in TES

T

wenty Five years ago,
in 1994, TES was
in its eleventh year of
publication. The focus
of the 1994 Winter issue
was “Oceanic Fossils”,
and fittingly, the cover
featured a photomicrograph of a the oral
surface of a form of
Conodont found in
Nevada. The issue
led off with a 3-page
article about Extinctions and Evolutionary
Trends. The second article was an in depth discussion of Exceptional Fossil
Localities in America, Europe and Australia. The next article explored
Microfossils. The subsequent article explored coccolithoporids (microscopic
algae based on CaCO3). Next was a 3-page article about the hidden world
of Conodonts. The next included article was titled “Was it always so cold at
the South Pole?” Another article was about the Pterosaurs found in Niobrara
Chalk deposits. And finally, there was an article dealing with the use of
Manipulatives in the Earth Science Classroom.
By Tom Ervin

NESTA Friends of Earth
Science Reception
Saturday, April 13
6:30 - 8:00 PM
Crystal Ballroom, Marriott St. Louis
Grand

At the reception we recognize excellence in
Earth Science teaching through awards from
NESTA and our partners.
Come see old friends and meet new ones!
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It’s
Elementary!

Sand Slides
Dieuwertje Kast, Rita Barakat, and Dena Deck
Young Scientists Program, University of Southern
California

S

and Slides is an authentic, inquiry-driven,
and hands-on, learning experience for all
ages that consists of taking sand from around the
world, preparing microscope slides with the sand
on it, and trying to identify the various biogenic/
abiogenic components of the sand as part of a
geoscience lesson. This lesson can be implemented
in a formal classroom setting with elementary
school students, but it also has potential to be
scaled up for high school geology classes and
beyond.
The title, Sand Slides, is likely not an intuitive indicator of what exactly this lesson entails. However,
the concept is surprisingly simple. By using sand
samples from various locations around the world
(some familiar to the students, others far and
exotic), students prepare their own microscope
“samples” of different kinds of sand and make
detailed qualitative observations about what they
see in their particular samples.

Access the Sand Slides Lesson Plan (serc.carleton.edu/
download/files/273995/sand_slides_lesson_plan.pdf) and the
Sand Slides Data Collection Chart (serc.carleton.edu/download/files/273996/sand_slides_data_collection_chart.pdf)

Figure 1. 4th grade students prepare their slides, sand, and plates.
Photo credit: USC Young Scientists Program.

This lesson introduces students to the distinction between living and nonliving matter, and the roles each
of these play in maintaining a healthy ecosystem and supporting life on our planet. It targets a fourth-grade,
level audience, and is congruent with the Next Generation Science Standards (NGSS) for that grade level
(Table 1).
Sand Slides represents a fun and creative way to introduce elementary school students to fundamental
aspects of earth science, specifically those that are pertinent to living organisms and nonliving materials
found in the environment.
Students discover that sand is created from many different components. Students learn about the unique
geological features of sand from different parts of the world, and why/how these sand samples acquired
these specific features. For example, they can see the pores produced by air bubbles in igneous sand grains,
appreciate the diversity of creatures that compose coral-based sand, and make predictions about the origins
of dune sand (Figure 2, Figure 3).

© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Figure 2. 4th grade student Samantha Duran from the USC Young Scientists
Program (YSP) at Foshay Learning Center in Ms. Mabry’s class inspects the
sand particles on her microscope slide.
Photo credit: Claire Chatinover and USC YSP.

Page 7

Figure 3. 4th grade student Christopher
Magaña from the USC Young Scientists
Program (YSP) at Foshay Learning Center in
Ms. Mabry’s class uses his hand lens to check
out his sand slide.

Photo credit: Claire Chatinover and USC YSP.
Through this, they gain an enhanced appreciation for the
geological diversity that exists on our planet. In addition to the
geographical aspects of the lesson, students also learn what the
terms “abiogenic” and “biogenic” mean in the context of sand, and how sand can contain living (biogenic)
and nonliving (abiogenic) matter. Sand Slides demonstrates that students already have their own internal
concept of what sand is, where it comes from and what it is made of, making this activity a natural and relatable method for introducing students to Earth science.
It is easy to engage students in this lesson by encouraging them to relate their experiences with sand (say, a
fun trip to the beach!) with what they observe during the
lesson activity.

In addition to providing students with a hands-on
opportunity for understanding living versus nonliving
matter in the environment, this lesson also incorporates interdisciplinary concepts related to geography
and biodiversity around the globe. Students cultivate a
greater appreciation for this diversity through the course
of the lesson. The central theme of the lesson is to differentiate between matter that is abiogenic, or nonliving,
and biogenic, or living, and encourage students to
hypothesize why and how these contrasting types of
matter made it into their sand samples, based on the
geographic location the sand originated from.
Figure 4. Sand Slides Lesson Plan.

© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Figure 5. Sand Slides Data Collection table.

We have successfully implemented this lesson in
dozens of K-5 classrooms in underserved communities, reinforcing our belief that availability of
lesson materials and affordability of resources
are top priorities when conveying science to
students. We advocate that in order for science to
be communicable, it needs to be accessible. One
of our goals in providing students with interactive, inquiry-based lessons such as this one is to
encourage students to take science beyond the
classroom, and teach their friends and family
using resources that are available in their own
communities. With this lesson in particular,
students experience the process of creating their
sand slide piece by piece, learn to properly use
microscopes, and examine their sample in a group
setting with their classmates. At the end of the
lesson, they have the opportunity to bring their
sand slide home with them to continue their independent science exploration.

In past iterations of this lesson, many students
have expressed great enthusiasm about the
process of making their sand slides. They demonstrate an incredible breadth of creative thinking when making observations and hypotheses about the
abiogenic and biogenic origins of their sand samples. One student commented that they thought the lesson
was “very memorable” because it allowed them to “see other parts of the world through their sand slides”.
Another student said that they would “never think of sand the same way again” and that they were excited to
return to the beach “to look for the living and nonliving things” in the sand.

Figure 6. One completed sand slide from Ensenada Grande,
LaPaz, Mexico. Photo credit: USC Young Scientists Program.

Table 1. Grade 4 performance expectation, science and engineering
practice, disciplinary core idea, and crosscutting concepts congruent with
Sand Slides
Performance Expectation

4-ESS1-1. Identify evidence from patterns in rock formations and fossils in rock layers to
support an explanation for changes in a landscape over time.

Science and Engineering Practices
• Identify the evidence that supports particular points in an explanation.

Disciplinary Core Idea
• Local, regional, and global patterns of rock reveal changes over time due to Earth forces.

Cross-Cutting Concepts
• Patterns can be used as evidence to support an explanation.
• Science assumes consistent patterns in natural systems.

© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Resources
To collect sand samples from different locations, ask your students to bring them back with them
from vacation. Emphasize that they should clearly identify where and when they collected their
sand. In addition, the International Sand Collectors Society (sandcollectors.org/) may be of help
in trading samples. We used the following resources to help students identify components in
their sand.
Common components of Abiogenic Sand:
manoa.hawaii.edu/exploringourfluidearth/sites/default/files/M1U5-Table5.7.%20Common%20
components%20of%20abiogenic%20sand.pdf
Common components of Biogenic Sand:
manoa.hawaii.edu/exploringourfluidearth/sites/default/files/M1U5-Table5.8.%20Common%20
components%20of%20biogenic%20sand.pdf

About the Authors
Dieuwertje Kast (DJ Kast) is the STEM Programs Manager for the University of Southern California’s
(USC) Joint Educational Project. She coordinates supplemental science lessons for K-5 across six schools
through the Wonderkids and Young Scientists Programs. She also teaches college prep science classes to
high school students through USC’s Neighborhood Academic Initiative. DJ is currently a doctoral student
focusing on Teacher Education in Multicultural Societies in STEM at USC. Her mission is to level the playing
field for underserved students in STEM. She can be reached at dkast@usc.edu.
Dena Deck is program design collaborator and lead instructor in the Ernest E. Just Marine Science
Program for Middle School minority students and an educational advisor and master teacher in
professional development for inner city Charter School district teachers. She helped establish research
sites for NOAA’s LiMPETS sand crab program. Dena works in direct classroom education, field immersion,
citizen science, and environmental activism, and she finds new ways—including the use of music and
art—to educate and inspire others to learn about the ocean and the aquatic biosphere. She can be
reached at denadeck@yahoo.com.
Rita Barakat is a third-year Neuroscience Graduate Student and NSF Graduate Research Fellow,
interested in studying language networks in the brain using functional Magnetic Resonance Imaging
(fMRI) technology. She is also a program assistant and site coordinator for the Young Scientists Program
(YSP) at the University of Southern California, an informal STEM education program that aims to increase
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grades kindergarten through twelfth, as part of YSP and other outreach programs. She can be reached at
rbarakat@usc.edu.
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TODAY’S TECHNOLOGY
Twitter in the Classroom?
By John-Henry Cottrell, NESTA Twitter Coordinator

S

ocial media has changed the landscape of teacher interaction. So you tried Facebook and possibly
Instagram, but have you given Twitter a shot? Twitter is different from other platforms. All items
posted are public, your feed displays in order of time written (this makes information new and quick),
and you follow anyone you like not waiting for permissions. This makes the platform perfect for realtime updates of events/news and sharing of new research and information in general. No longer do we
need to wait for organizations to give news on an event. Now you can hear it directly from the people on
the ground, many of which are scientists. On Twitter you can follow only the information that you are
interested in like real-time information on earthquakes and volcanos, or information you didn’t know
you wanted to know but really need to know like current research on how dinosaur bony tails evolved into
bludgeoning devices.

NESTA Twitter Page - Setup for Your Classroom
Tweets: Our personal Tweets and reTweets focus on classroom teaching ideas and current research in
the geosciences, astronomy, hydrology, meteorology, climatology, paleontology, & oceanography. We
follow over 1500 credible organizations and scientists, so you don’t need to filter through their feeds and
thousands of Tweets. Our Tweets consist of online FREE interactive tools, current Earth Science news,
diagrams / graphs / maps to help explain complex issues, and opportunities for Professional Development.
Likes: Our Likes focus on classroom activities and teaching strategies. These come directly from teachers
in the classroom or from Professional Development programs. Keep abreast of other’s ideas and how they
are tackling issues differently. Also, Twitter is a good way to find like-minded teachers and build relationships to help tackle those larger issues in the classroom.
Lists: We currently have 36 easy-to-navigate Lists with over 2500 organizations, scientists, and teachers
organized into specific topics or groups of contacts. Want to see Tweets about specific topics, like
Oceanography or High School Science teachers? Click a List topic and only the most current Tweets about
that specific topic will show. These are put together to help select information you are directly teaching
so that it fits your schedule and needs. Do you have difficult subject-related questions you would like
answered? Our Lists are full of experts in their field. Write a personal Tweet to them to get your answer, or
possibly set up a videocast with a scientist in your classroom!

© 2019 National Earth Science Teachers Association. All Rights Reserved.

Volume XXXV, Issue 1

Moments: Our 10 Moments fall into three categories: 1) collection of best Tweets for an event, 2) collection
of teacher-created ideas for the classroom, and 3) collection of interactive tools for specific Earth science
topics. For Hawaii’s Kilauea Volcanism & Earthquakes, we scoured through an endless number of Tweets and
selected the best for use in the classroom--to help explain the event and also key moments/videos. Our collections contain the best ideas from the classroom. These are the best Tweets from our “Likes” page. Our goal is
to celebrate great teaching ideas. Our collection of FREE interactive online tools aide in curriculum development and support current information that is interactive and fun.
Follow us on Twitter @NESTA_US

© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Arctic Happenings –
Global Impacts of the Melting Greenland
Ice Sheet and Melting Sea Ice
Margaret Holzer, Chatham High School, Chatham, New Jersey and
Asa Rennermalm, Department of Geography, Rutgers, The State University of New Jersey,
Piscataway, New Jersey

Abstract
In the Arctic region, global climate change is quickly transforming the environment.
Melting of the Greenland ice sheet and loss of Arctic Ocean sea ice are two processes that
have increased dramatically since the late 20th century. Here, we present a four-part educational module focused on these two processes designed for upper middle school, high
school and undergraduate students. Through this investigative module students learn critical science skills as they collect, analyze and draw conclusions from data and engage with
some of the most urgent environmental questions of our time. Finally, they are challenged
to think about how these changes are affecting their lives and the lives of others around
the globe. All the digital materials for this module are freely available online and include
rich video and data resources plus step-by-step instructions.

Introduction
Global, near-surface, air temperatures have risen fast since the beginning of the 20th century, but
the Arctic region stands out as one of the places with the most rapid increase. Here, air temperatures are now 3.5°C higher than in the early 1900s (Richter-Menge, Overland, & Mathis, 2016), and
has together with other climate changes transformed the Arctic environment. Two of the most noteworthy changes are the rapid loss of the Greenland ice sheet mass and the shrinking Arctic Ocean
sea ice cover. September sea ice extent is 40% less today (2007-2010) than it was 20-30 years ago
(Stroeve et al., 2012), and Greenland ice sheet mass balance has catapulted from a net zero between
1960 and 1991 to a decrease of -16±2.8 Gt water equivalent per year in the 1991-2015 period (van
den Broeke et al., 2016). Both these changes may influence the global climate system in a variety of
ways. Loss of the white reflective sea ice cover (high albedo) reveals a dark ocean (low albedo) that
readily absorbs more solar radiation and subsequently warms the lower atmosphere. Through this
process, sea ice loss has been connected to more persistent and extreme weather in the mid-latitudes
(Overland et al., 2016). Greenland ice sheet mass loss, in turn, may influence marine environments
(Arrigo, Dijken, Castelao, Luo, & Rennermalm, 2017) and raise global sea levels (Clark, Church,
Gregory, & Payne, 2015). Already, Greenland ice sheet mass loss has contributed 0.59±0.16 mm
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(1992-2011) of the global mean sea level rise of 3.2±0.4 (1993-2012, derived from satellite altimetry)
(Clark et al., 2015), which is about 18% of the total increase.
The net Greenland ice sheet mass loss is primarily the result of two processes, calving of icebergs
where the ice sheet is in direct contact with the ocean, and surface mass balance. In the mid-20th
century, snow adding to Greenland’s surface mass balance was almost offset by surface melting
running off to the ocean in the summer. However, this changed in the late 20th century when
meltwater runoff surpassed snow accumulation and resulted in increasingly negative mass balance
(van den Broeke et al., 2016). Thus, ice sheet meltwater runoff is a critical process to understanding
Greenland ice sheet influence on global sea levels. Ice melting can be stimulated by above-freezing
air temperatures (Hock, 2005) because they move in concert with the many of the actual forcings.
Those forcings are a complex interaction of large-scale atmospheric circulation (Mcleod & Mote,
2016), meltwater refreezing (Machguth et al., 2016), ice sheet hydrology, and surface energy balance
(Rennermalm et al., 2013) all influencing melting. For example, the darkening of the ice sheet
surface, i.e. lowered albedo, which has been documented since the early 2000s (Stroeve, Box, Wang,
Schaaf, & Barrett, 2013) has resulted in a greater uptake of solar radiation driving some of the
increased contributions to global sea levels.

Building Awareness
These dramatic changes found in the Arctic should be alarming to people living everywhere on
Earth. However, connecting people, including students, to a far-away location is sometimes difficult unless there is something meeting their interest at a location. For example, polar bears and
penguins are the interest-grabbers for the polar regions; however, to sustain interest, a personal
connection beyond polar bears and penguins is needed. In the case of students, this can be done by
identifying climate phenomena that connects the lives of students to the Arctic, but also engages
them in the climate mechanisms at work in the Arctic. For instance, students near a coastal location
are interested in sea level rise; students living elsewhere are interested in climate system feedbacks
related to surface warming and increased temperatures and stronger storms. Building off these
connections, this multi-part module with four activities assists students with integrating numerous
climate change factors, including those which will impact them during their lifetime. Each activity
within this 5-E (engage, explore, explain, elaborate, evaluate) module effectively blends disciplinary core ideas, science and engineering practices, and crosscutting concepts to assist learners
with making sense of phenomena affecting their lives as prescribed by A Framework for K-12 Science
Education (National Research Council, 2012, p. 218). In addition, students develop their modeling,
data analysis, and spatial skills as they create and analyze a model of the Greenland ice sheet using
data from current research. Table 1 provides an overview of the activity sequence in this module and
appropriate connections to the Next Generation Science Standards (NGSS, 2013). Visit the module
website (ahrl.rutgers.edu/greenland-lessons) to download teaching material and video resources.

Activity 1: My Burning Feet!
To introduce students to the climate mechanisms at play in the Arctic, this “engage” activity
about surface albedo connects student understanding of solar energy interactions with various
surfaces in their location to solar energy interactions with the Greenland ice sheet. It opens
with groups of students seeking to answer the question “Why do my feet burn more when
walking barefoot on some surfaces and not others?” They create the protocol that employs
easily obtainable infrared thermometers to collect the data; however, they need to be mindful
of their data collection technique to ensure they collect quality data that can be compared
across groups. Once the data has been collected and shared in the class, students seek patterns
in the data, and ultimately define the term “albedo” and relate it their data. This activity ends
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Table 1: Greenland Ice Sheet - From Warming Climate to Sea Level Rise Module Overview
Activity

Activity Question(s)

1. My Burning Feet! (Engage)

Why do my feet burn more when walking barefoot on
some surfaces and not others?

NGSS Components
(Grades 6-8 & 9-12)
SEP: Planning & Carrying Out Investigations
DCI: PS4.A & PS4.B
CCC: Patterns

2. From burning feet to the Greenland Ice
Sheet: Examining model estimates of
Greenland ice sheet mass loss, its drivers,
and its impact on global sea levels (Explore
& Explain)

What is causing the Greenland ice sheet to melt? How
will this affect global sea level rise?

3. Should I Move Inland? What About Others
Around the World - Should They Move to
Higher Ground? (Elaborate)

How will sea level rise affect me, the people I know, and
people around the world?

SEP: Analyzing and Interpreting Data
DCI: ESS2.D
CCC: Cause & Effect
SEP: Analyzing and Interpreting Data
DCI: ESS3.D
CCC: Cause & Effect

4. How Does Melting Arctic Ice (sea ice & ice
sheets) Impact the Climate Where I live?
(Evaluate)

Do both melting sea ice and melting ice sheet contribute
to sea level rise? What are the connections to this
melting on the weather and climate on the mid-latitudes
or where I live? What evidence supports this claim?

SEP: Engaging in Argument from Evidence
DCI: ESS2.A & ESS2.C
CCC: Cause & Effect & Stability & Change

Figure 1. NASA Earth Observatory
image by Robert Simmon based
on data from CERES satellite.
(earthobservatory.nasa.gov/IOTD/view.
php?id=84499)

with an interpretation of global images of surface albedo such as those found on the NASA
Earth Observatory web site (see Figure 1 and earthobservatory.nasa.gov/) and a discussion
about how and why albedo varies around the globe.

Activity 2: From Burning Feet to the Greenland Ice Sheet: Examining
model estimates of Greenland ice sheet mass loss, its drivers, and its
impacts on global sea levels
Over the next few class periods students explore Greenland ice sheet datasets using the
public domain software, ImageJ (imagej.nih.gov/ij/). With ImageJ, the user can model and
analyze spatial data (see Figure 2). Here, the students create and interpret models of spatial
data to explain the connections between changing surface albedo and the surface hydrology
of Greenland ice sheet. The activity contains all the necessary background information
for students and the teacher, including the data, the metadata, definitions, and additional
software needs (word processing and spreadsheet software). The data is taken from Modele
Atmospherique Regional (MAR), a widely used regional climate model that simulates
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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atmosphere-land mass and energy
exchanges over Greenland (Fettweis, 2007;
Fettweis et al., 2013). This activity uses
MAR version 3.5.2 with boundary forcings from the global National Centers
for Environmental Prediction/National
Center for Atmospheric Research (NCEP/
NCAR) reanalysis model. In should be
noted that although MAR compares well
with similar models, no model perfectly
captures the true conditions (Fettweis et al.,
2016). In fact, a complete understanding
of the actual surface mass balance components are challenging since ground and
satellite observations are sparse and has
mostly started in the latter part of the
20th century (Rennermalm et al., 2013).
Regardless, comparisons with MAR 3.5.2
and existing observations give confidence
in using MAR, but it should be noted that
it overestimate albedo in the melting zone
and has a slight cold bias, particularly in
the summer months. (Fettweis et al., 2016).
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Figure 2. Screenshot of Image J software, and Greenland surface data.
(Figure provided by the authors).

Step by step instructions and screenshots
are included throughout the activity to
assist students while they navigate the
use of the software. The activity contains
seven steps which begins with two steps
that orient students to the software as they
explore the types of surfaces and elevation on Greenland. Next, students import
MAR data for albedo and above freezing
temperatures and compare values across
the ice sheet over time. They continue
this effort by importing and assessing
snowfall values over time (See Figure 3).
Students then create transects, profiles, and
animations to model changes in the data
over time. Following this step, the data
Figure 3. Screenshot of a comparison of snowfall (left) and runoff data (right). (Figure provided by
is imported into a spreadsheet program
the authors). The color bars show the average annual water equivalent (2005-2016) of snowfall or
runoff in units of km3/year.
where students make scatterplots, add
trendlines, and assess the resulting correlation coefficient. In the final step, they use
the data from ImageJ to estimate sea level rise resulting from the melting of the ice sheet and
compare it to the current projected values. They use the products of this activity to create an
evidence-based argument for the melting ice and its resultant impact on global sea level rise.
From the successful completion of this activity, students gain numerous scientific skills related
to modeling, data analysis, and developing arguments from evidence.
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Activity 3: Should I Move Inland? What About Others Around the World –
Should They Move to Higher Ground?
Once students have made the connection between the melting Greenland ice sheet and global
sea level rise, they elaborate on the impacts of sea level rise on coastal communities in the United
States and around the world. After learning how to manipulate sea level rise mapping tools from
the National Oceanic and Atmospheric Administration (NOAA), pairs of students use these tools
to compare the impacts on the populations and infrastructure at various coastal locations around
the United States. They create a report from the viewpoint of a federal government scientist and
share their findings with the class. After all the presentations have been made, students discuss
the variation in vulnerabilities found around the country. Identifying solutions for sea level rise
is complicated since there are so many facets to the issue such as economic implications, social
implications, and political implications. A class discussion organized around all the possible
decision-making factors and possible solutions assists students with understanding how to address
complicated issues. In the final component of this activity, students venture out of the boundaries
of the United States to explore how sea level rise will impact our neighbors in different countries.

Activity 4: How Does Melting Arctic Ice (Sea Ice and Ice Sheets) Impact
the Climate Where I live?
In this final activity of this module the focus shifts from the melting Greenland ice sheet to melting
sea ice in the Arctic. Students apply what they learned from previous parts of this module to a new
scenario as the teacher evaluates their understanding of the core ideas related to melting Arctic ice
(sea ice and ice sheet). It opens with a demonstration designed to dispel the conception that melting
sea ice will cause sea levels to rise. A clear glass is filled with ice and water and students are asked
what will happen to the water level if the ice were to melt. After the ice melts, students recognize
that the water level did not change, but are then challenged to identify the effects of melting Arctic
sea ice. They brainstorm the cause-effect relationships between sea ice and our climate system while
considering the associated climate feedbacks as sea ice dwindles, including the impacts on midlatitude weather and climate. Next, pairs of students seek datasets such as those suggested in the
activity to support their claims. These datasets may include raw data, graphs, images, animations,
and models. To close the module, students report their findings to their classmates during a discussion on the complexity of the climate system that includes the far-reaching effects of melting sea ice
and melting ice sheets.

From the Arctic to Our Backyards
Additional resources are available online to support this module, including an annotated
PowerPoint presentation, videos and selected weblinks. The four high-quality videos were created
to help students connect to the Arctic region and the people who collected the data in this module.
Each video is about 3 minutes long and contains stunning footage from Greenland and introduces
four scientists who explain their background and research methods. By completing this module
students learn that what happens in the Arctic does not stay in the Arctic, and that we are all vulnerable to the changes occurring there. With scientific understanding of our climate system they are
better prepared to discuss measures to mitigate the effects of climate change as well as ways to
adapt to the effects of climate change.
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Where is This Chunk of Earth Moving?
Using the Positional Technologies of Geodesy
to Explore Science
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Abstract
Most students are leveraging geodesy every day through GPS technology embedded in
commonly used devices: smartphones, cars, cameras, health trackers, computers, and many
others. High-precision GPS used by researchers can measure rates of motion of tectonic
plates and volcanoes at millimeter precision providing timely updates for ongoing assessment of natural hazards. GPS is one of many geodetic techniques utilized in the field of
geodesy - the study of the size, shape, and mass of the Earth and changes with time (SERC,
2017). Geodesy is the science of how Earth is changing now, providing measurements on
human relatable temporal and spatial scales.
This article provides an overview of geodesy and briefly describes the current applications
of geodesy to Earth sciences. It describes online tools to find, download, and analyze data
for the classroom, identifies freely-available data-rich educational resources aligned to
Next Generation Science Standards that leverage modern geodetic data for secondary to
introductory college students, and provides examples of selected lessons for the classroom.

Refer to the “What is
Geodesy?” infographic for
a brief introduction useful
for students: (unavco.
org/education/outreach/
infographics/infographics.
html).

Introduction
Most students have smart phones that use the Global Positioning System (GPS) to determine location. Students have come to rely on this “location” feature and often don’t realize that they are
leveraging geodesy. GPS1 technology is also used to conduct scientific investigations. High-precision
GPS used by researchers can measure rates of motion of tectonic plates and volcanoes at millimeter
precision providing timely updates for ongoing assessment of natural hazards. GPS is one of many
geodetic techniques utilized in the field of geodesy – the study of the size, shape, and mass of the
Earth and changes with time (SERC, 2017).
1 Throughout we use GPS for simplification. GPS is the United States satellite navigation system. Global coverage is referred to as Global
Navigation Satellite System (GNSS) of which the U.S. GPS network is a part.
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Geodesy is the science of how Earth is changing now, providing measurements on human, relatable, temporal and spatial scales. Rather than students trying to imagine how much the Atlantic
Ocean has opened over the past 100 million years, students can look at the data and determine
that the Atlantic Ocean is an inch wider than it was about this time last year. Geodesy and GPS
are inherently data rich, are applied in multiple disciplines (earth sciences, atmospheric sciences,
environmental sciences, hydrology, cryosphere, and engineering), and encourage system-thinking.
These aspects of geodesy provide strong linkages to the Next Generation Science Standards
(NGSS) Science and Engineering Best Practices and Cross-cutting Concepts, are relevant to many
Disciplinary Core Ideas and Performance Expectations, and support foundational concepts taught
in introductory-level college science courses (NRC, 2013) (See Tables 1 & 2).
This article provides an overview of geodesy, briefly describes the current applications of geodesy to
Earth sciences, geodetic data and tools available for educators, and describes freely-available datarich lessons and materials for the classroom aligned to the NGSS that leverage modern geodetic
data for secondary to introductory college students.

Applications of Geodesy Across Earth System Science
Surveying has been the primary application of geodesy throughout history. Advances in GPS and
other geodetic instruments, as well as rapid improvements in communication and networking technologies over the past two decades, have transformed our ability to measure and track the changing
shape of our Earth to millimeter precision. Geodesy is more than just GPS. The geodetic toolbox
of techniques also includes borehole geophysics tools such as strainmeters, tiltmeters and geodetic
imaging (radar, LiDAR and gravity). Geodetic techniques and instruments are now used in scientific
research beyond plate motion.
Figure 1. What GPS can tell
us about Earth. GPS is helpful
for more than just navigation.
Explore how scientists can
use GPS to measure snow
depth, sea level, and more with
this infographic available for
educational use. Created by Beth
Bartel and Daniel Zietlow with
assistance from Gene Malowany.
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Currently, the GPS constellation has more than 30 satellites allowing continuous monitoring by
GPS instruments permanently deployed around the globe. These permanent stations continuously
collect data, which is made available to researchers, educators, and the public (See Figure 1). In
past decades before the full constellation of satellites was deployed and permanent GPS stations
installed, researchers had to go out to a field site each year to deploy temporary instruments to
collect data.
Some recent socially relevant discoveries and applications include:
n

Improving the development of risk models of earthquakes at and within plate boundaries,
through new models of global plate motions and strain

n

Contributing to earthquake early warning systems through the collection of real-time GPS
data to more rapidly estimate earthquake magnitude and tsunami heights

n

Identifying and tracking Episodic Tremor and Slip (ETS) near subduction zones. ETS is more
common than earthquakes in some areas of the world, accounting for frequent changes in
direction of Earth motions between punctuated large earthquakes in those regions.

n

Detecting and better understanding subsurface activity within volcanoes

n

Measuring mass changes of Earth’s ice sheets in Greenland and Antarctica resulting in
changes in Earth’s local gravity

n

Detecting land surface changes in landslide zones, stream-bed changes, wildfire-denuded
slope changes, fault scarps, geomorphic change, and vegetation characteristics through the
use of 3-dimensional imaging with laser and radar technologies

n

Gathering data about soil moisture, atmospheric water vapor content, snow depth, and
vegetation cover

n

Monitoring drought and other groundwater changes

n

Measuring sea level rise through tide gauge systems

This list of science applications is not comprehensive and continues to grow as new science and
novel approaches to analyzing geodetic data are developed. To learn about more scientific discoveries using geodetic technologies, short articles are available as supplementary reading for students:
n

Science Snapshots (unavco.org/science/science.html)

n

Highlights (unavco.org/highlights/highlights.html)

n

As the Earth Turns newsfeed (unavco.org/science/news/news.html )

Geodetic Data and Tools Available for Educators
Geodetic data is collected and archived by multiple organizations. UNAVCO, one of the providers of
geodetic data and support, is a non-profit organization funded by the National Science Foundation
(NSF) and National Aeronautics and Space Administration (NASA) to support scientists in their
collection and use of geodetic data for research and education. These networks consist of instrumentation located around the world (Figure 2). The Plate Boundary Observatory (PBO) is a network
of geodetic instrumentation, including GPS, designed to monitor surface motions in Alaska and
western United States. PBO is operated by UNAVCO as part of the NSF-funded EarthScope Project,
which explores the North American continent to better understand the materials it is made of,
how it was assembled, and how it works, and offers GPS data covering the past decade or longer.
Data from two additional GPS/GNSS networks, the Continuously Operating Caribbean GPS
Network (COCONet) and Trans-boundary, Land and Atmosphere Long-term Observational and
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Collaborative Network (TLALOCNet), are also available through UNAVCO. Data collected
through these geodetic networks are transferred via telecommunications to centrally
located servers. The data are processed, archived, and made available for use. Users,
including educators, can download the data or products created from the data. The
geodetic data, resources, and tools are available for educators.
GPS data that is ready to use in educational settings are available from thousands
of permanent GPS stations from multiple data providers, such as UNAVCO,
the United States Geological Survey, Nevada Geodetic Laboratory, and Pacific
Northwest Geodetic Array. UNAVCO manages three networks across western North
American, Alaska, and the Caribbean (PBO, COCONet, and TLALOCNet). Data from
individual GPS stations are offered as spreadsheet-friendly files, as images of time-series
graphs, and through online interfaces that display velocity vectors.
Spreadsheet-friendly GPS data. Time-series data provide the daily average change of the GPS
station’s position in three directions: north-south, east-west, and vertical up-down. This data
can be downloaded into a spreadsheet program, graphed as a time series plot, and studied
for more than 2000 GPS stations available through the UNAVCO GPS networks. Long-term
average GPS velocities are also available as a single file and can be plotted onto maps.
Map-based, graphical interfaces of GPS data. Vectors showing the velocity of individual GPS
stations are viewable on interactive web-based maps, UNAVCO Velocity Viewer (unavco.org/
software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html) and GeoMapApp
(geomapapp.org/). The GPS Velocity Viewer allows exploration of geodetic velocities determined by GPS data. By displaying the station labels, students can find details about individual
GPS stations including downloadable GPS data and the station’s pre-plotted time series graph.
Additional geophysics layers of plate boundaries, earthquakes, volcanoes, and faults can be
added to the map. GeoMapApp is a data exploration and visualization computer-based application developed by the Lamont-Doherty Earth Observatory of Columbia University, is free to the
public, and offers geodetic velocity data from UNAVCO and other data providers.
Geodetic imaging uses radar and laser data for tracking centimeter-scale motions at Earth’s surface
over several square meters to hundreds of square kilometers. These remote sensing data include
3-dimensional imagery that are also available and relatively easy for students to use.
Geodetic Imaging data. OpenTopography provides classroom-usable high-resolution (meter to
sub-meter scale) topography of 3-dimensional imaging of Earth’s surface, collected through
airborne and land-based LiDAR. These images can be imported into Google Earth as kmz
shaded relief images or downloaded as point cloud data (which can be used for 3-D printing).
UNAVCO has developed instructional tutorials for GPS and LiDAR data, including YouTube
step-by-step walkthroughs for accessing, downloading, and importing the imagery.

Lessons and Materials for the Classroom
Most students are leveraging geodesy every day through GPS technology embedded in commonly
used devices: smartphones, cars, cameras, health trackers, computers, and many other devices.
This familiarity with the technology provides an opportunity to segue from a familiar navigational experience of a GPS-enhanced mapping application to the scientific applications recorded
by permanently installed high-precision GPS and other geodetic techniques. In collaboration with
master teachers and college faculty, UNAVCO has developed learning materials and has led teacher
professional development workshops for over ten years, focusing on providing examples of geodetic
applications. This broad suite of contextualized educational resources is available on UNAVCO’s
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Figure 3. A learning sequence of classroom activities from UNAVCO that allows students
to discover plate tectonic motions within the context of GPS data collected from worldwide
networks. Combined with earthquake, volcanic, and other Earth science data, jigsaw-strategy
and problem-based-learning, modules explore multiple lines of scientific evidence leading to a
connection between the theory of plate tectonics to current motion of the tectonic plates.

website: lesson modules and activities, handson demonstrations, animations, teacher guides,
tutorials, web-based data exploration tools, and
online interactives. Module and activity lessons
feature best-practice approaches that use studentcentered inquiry-based teaching methods,
data-rich explorations of an Earth science topic,
and math and computational skills, (Figure 3)
(NRC, 2012). As shown in Tables 1 and 2, the
UNAVCO geodesy learning sequence falls within
the fundamental concepts students should
know on Earth-related topics from the Earth
Science Literacy Principles (Earth Science Literacy
Initiative, 2009). The learning resources are threedimensionally aligned to NGSS and support
many NGSS performance expectations.

Turning plate tectonics into a theme of discovery
rather than a historical, fait accompli, the
UNAVCO geodesy learning sequence guides
learners through data-rich activities to discover
the types of plate boundaries and motions. One suggested sequence of activities begins with
“Measuring plate motion with GPS: Iceland” (unavco.org/education/resources/modules-andactivities/gps-measuring-plate-motion/gps-measuring-plate-motion.html). This activity begins with
a demonstration on how GPS works as a satellite and ground system. The lesson guides students
to learn how to interpret GPS time series graphs, applying math skills to calculate the horizontal
components of velocity, then draw the components as velocity vectors on a map and add the vectors
to create a total horizontal velocity vector. They apply their observational skills to discover that the
Mid-Atlantic Ridge is rifting Iceland, extend their understanding by exploring motion vectors in the
context of global plate tectonics, and complete their activity through an assessment.
In the activity, “Exploring plate motion in California with GPS” (unavco.org/education/resources/
modules-and-activities/gps-california-plate-motion/gps-california-plate-motion.html), students
learn how to find GPS time series plots on the UNAVCO website, then follow, analyze, and interpret
data from multiple GPS stations in California. Students develop explanations of the relative transform motion between the plates in the San Andreas fault zone then expand their interpretation
skills by detecting and measuring the magnitude of a recent earthquake in GPS time series plots.
The modules, “Detecting Cascadia’s Changing Shape with GPS” (unavco.org/education/resources/
modules-and-activities/cascadia-changing-shape/cascadia-changing-shape.html) and “Taking the
pulse of Yellowstone’s “breathing” volcano: Problem-based learning in America’s first national park”
(unavco.org/education/resources/modules-and-activities/gps-yellowstone/gps-yellowstone.html)
present multiple lines of evidence to explore subduction and hotspots, respectively. Instructors can
choose components or the complete suite of visual, animations, hands-on, and data-investigations.
Two streamlined activities “Exploring tectonic motions using GPS velocity maps” (unavco.org/
education/resources/modules-and-activities/exploring-tectonic-motions/exploring-tectonicmotions.html), “Visualizing relationships with data: Exploring plate boundaries with earthquakes,
volcanoes, and GPS data” (unavco.org/education/resources/modules-and-activities/visualizing-relationships-with-data/visualizing-relationships-with-data.html), provide students with opportunities
to apply cross-cutting concepts of patterns, scale, and stability & change to analyze and interpret
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multiple types of Earth science data displayed on maps in the UNAVCO Velocity Viewer or printed
posters. To view examples of curricular sequences that integrate GPS-focused data activities with
other geophysical data sources, such as earthquake and volcano data, two units from the Diversity
& Innovations in Geoscience (DIG) Texas Blueprints in their Dynamic Earth, Plate Tectonic
Processes (serc.carleton.edu/
dig_blueprints/units/tectonics.
Table 1. Geodesy connections to Earth Science Big Ideas and Literacy Principles
html) and “Plate Tectonics: Earth
Theme
Earth Science Big Idea & Literacy Principle
in Motion” (serc.carleton.edu/
dig_blueprints/units/earth_
A. Scientific inquiry /
E-1. Earth scientists use repeatable observations and testable ideas to understand
beneath.html) combine many
active research
and explain our planet.
of the UNAVCO activities with
B. Complex systems
E-3. Earth is a complex system of interacting rock, water, air, and life.
lessons available from other projects to create complete curricular
C. Continuous change
E-4. Earth is continuously changing.
units. Additional teaching mateD. Human interactions
E-8. Natural hazards pose risks to humans.
rials from the GEodesy Tools for
Societal Issues (GETSI) project
(serc.carleton.edu/getsi/index.
Table 2. Geodesy Connections to the Next Generation Science Standards / UNAVCO
html), led by UNAVCO, feature
Secondary Education Resource alignment to NGSS
geodetic data and quantitaPerformance Expectations
tive skills applied to societally
MS-ESS2-2: Construct an explanation based on evidence for how geoscience processes
have changed Earth’s surface at varying time and spatial scales.
important issues (climate change,
natural hazards, water resources,
MS-ESS2-3: Analyze and interpret data on the distribution of fossils and rocks, continental
environmental management).
shapes, and seafloor structures to provide evidence of the past plate motions.
While the learning activities
HS-ESS1-5: Evaluate evidence of the past and current movements of continental and
are geared toward college-level
oceanic crust and the theory of plate tectonics to explain the ages of crustal rocks.
instruction, many ancillary mateScience and Engineering Practices
rials provide supplements to
• Analyzing and interpreting data
secondary-level instruction.
• Using mathematics and computational thinking

Videos, animations, and handson demonstrations available
from UNAVCO and others
provide engaging resources to
enhance classroom activities. For
example, the NASA YouTube,
Looking Down a Well: A Brief
History of Geodesy (youtube.
com/watch?v=_Cj1vgmXr5M),
provides a basic understanding
of geodesy. Hands-on demonstrations, such as Science with Flubber:
Glacial Isostasy (unavco.org/education/outreach/demonstrations/
science-with-flubber-glaciers/
science-with-flubber-glaciers.html),
are an effective way for learners to
experience geoscience processes
and the geodetic techniques used
to measure these processes.

• Constructing explanations (for science) and designing solutions (for engineering)

Disciplinary Core Idea
• ESS2.B: Plate Tectonics and Large-Scale System Interactions: Plate tectonics is
the unifying theory that explains the past and current movements of the rocks at
Earth’s surface and provides a framework for understanding its geologic history. Plate
movements are responsible for most continental and ocean-floor features and for the
distribution of most rocks and minerals within Earth’s crust. Maps of ancient land and
water patterns, based on investigations of rocks and fossils, make clear how Earth’s
plates have moved great distances, collided, and spread apart. [Grade 8]
• ESS3.B: Natural Hazards: Mapping the history of natural hazards in a region,
combined with an understanding of related geologic forces can help forecast the
locations and likelihoods of future events. [Grade 8]
• ESS3.B: Natural Hazards: Natural hazards and other geological events have shaped
the course of human history by destroying buildings and cities, eroding land, changing
the course of rivers, and reducing the amount of arable land. [Grade 12]

Cross-Cutting Concepts

© 2019 National Earth Science Teachers Association. All Rights Reserved.

• Patterns: Graphs, charts, and images can be used to identify patterns in data. (MS-ESS3-2)
• Scale, proportion, and quantity: Time, space, and energy phenomena can be observed at
various scales using models to study systems that are too large or too small. (MS-ESS2-2)
• Stability and change: Change and rates of change can be quantified and modeled over
very short or very long periods of time. Some system changes are irreversible
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Summary
GPS as a commonly used technology provides a connection to the broader application of geodesy to
the Earth sciences. Advances in geodetic, networking, and communication technologies have led to
societally relevant Earth science discoveries. The long-term installation of GPS sites throughout the
Americas as part of the PBO, COCONet, and TLALOCNet observatory networks provide students
unprecedented access to ready to use GPS data. Data available through Open Topography provide
students with three-dimensional imaging of Earth’s surface. A broad suite of educational resources
support NGSS goals by providing GPS datasets in an Earth Science context which students can use
to analyze and interpret data. The variety of resources available online for free provide educators
and their students a range of learning experiences from in-depth investigations to brief highlights
of geodesy and geodetic applications to explore our changing planet.
This work was conducted with support from the National Science Foundation and National
Aeronautics and Space Administration under NSF Award EAR-1261833.
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Phenomena-Based Student Investigations
with NASA Earth Observations

Liz Burck, Senior Science Education Specialist and
Cassie Soeffing, Senior Science Educator, Institute for Global Environmental Strategies (IGES)

Abstract
Incorporating NASA satellite data in a student-centered classroom investigation promotes
authentic research and allows students to engage in the practices of science. To encourage
teachers at all grade levels to include NASA data in the classroom, the Institute for Global
Environmental Strategies (IGES) has created an introductory guide to finding and using
NASA datasets and imagery. The resource, Quick Start Guide to Finding Data/Imagery
for Student Investigations, provides topical examples of Earth science data along with the
links to online data sources that allow students to investigate related phenomena.
To demonstrate the use of the guide as well as the applicability of NASA data to a middle
school science classroom, this article uses the Next Generation Science Standards (NGSS)
aligned phenomenon of hurricanes. The extremely active 2017 Atlantic hurricane season
provided constant reminders of the powerful forces, repeated patterns and devastating
impacts of these natural hazards. From overhead, NASA Earth-observing satellites
monitored each hurricane, collecting a continuous stream of related data. The visually
compelling images and abundance of data gathered by those satellites are available for
download and use at no cost. Investigating hurricanes through NASA images and data not
only engages students in the practices of science but leads to a better understanding of
Earth as an integrated system.

Introduction
Many events in nature are seasonal, including one of Earth’s most powerful weather events: hurricanes. The Atlantic hurricane season runs from June 1 through November 30 and peaks in late
summer. The 2017 season, the seventh most active since records began in 1851, produced hurricanes that were extraordinary in their frequency, destruction, and economic impacts. (NOAA, 2017)
n

Hurricane Harvey first made landfall on August 25, battering the Houston, Texas region. The
hurricane delivered an estimated 33 trillion gallons of water (the equivalent of a cube 3.1
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miles wide and high) to the area. Harvey’s rains, floods, and 130 mph winds impacted more
than 13 million people.
n

Hurricane Irma brought 185 mph winds to the Caribbean. Striking the Florida Keys on
September 10, Irma destroyed 25% of the homes there.

n

Hurricane Maria made landfall in Puerto Rico on September 20, with peak wind speeds of
175 mph. The island sustained widespread loss of both power and running water.

n

Hurricane Nate, with 85-90 mph winds, made landfall on October 7 in Mississippi after
forcing 92% of US Gulf of Mexico oil production to be temporarily taken offline.

NASA satellites monitored the life cycle of each hurricane, allowing both scientists and
citizens to view and follow these incredible weather events. NASA satellites collected
extensive data on surface wind speed, cloud height, rainfall rate, air temperature, air
moisture, sea surface temperature and aerosols. Each of those data measurements was
processed, visualized and analyzed by NASA scientists, and all of that data is freely
available to the public (Figure 1).
Because of the high level of interest in these events, hurricanes also provide an excellent
learning opportunity for educators and students alike. The following article provides
background and approaches for bringing the science of hurricanes, along with incredible NASA imagery and data, into the classroom.

Hurricanes as Anchoring Phenomenon
Hurricanes both captivate and frighten humans. Because they are fairly common,
Figure 1. The Global Precipitation
students have undoubtedly seen images and pictures of their appearance and read or heard
Measurement (GPM) Radar
reports of their impacts. Those images and reports prompt questions. Answering those quesshows intense bands of rain from
Hurricane Harvey.
tions requires multi-level investigations. Together, these components comprise the qualities of an
Photo Credit: Hal Pierce (SSAI/NASA GSFC).
anchoring phenomenon: hurricanes are engaging, observable, questionable and investigable. The
study of hurricanes allows for the combination of investigative strategies and instructional activities. Incorporating NASA data allows
Table 1. Middle School Performance Expectation, SEP, DCI, and CCC
students to conduct authentic research
related to Hurricanes
and engage in the practices of science.
Performance Expectation – Earth and Human Activity

Hurricanes are a natural hazard phenomenon included in the Next Generation
Science Standards (NGSS) in the middle
school Earth and Space Sciences (ESS)
domain. The targeted Performance
Expectation (PE), MS-ESS3-2, is shown
in Table 1. Each of the three related
dimensions (SEP, DCI, CCC) is listed
below the PE. Using these NGSS standards along with the NASA tools found
in the Quick Start Guide to Finding
Data/Imagery for Student Investigations
(sites.google.com/strategies.org/k12datapaths) described below will allows
you to create a multi-investigative unit
using hurricanes as the foundational
phenomenon.
© 2019 National Earth Science Teachers Association. All Rights Reserved.

MS-ESS3-2: Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to mitigate their effects.

Science and Engineering Practices
• Analyze and interpret data to determine similarities and differences in findings.

Disciplinary Core Idea
• MS-ESS3.B: Mapping the history of natural hazards in a region, combined with
an understanding of related geologic forces, can help forecast the locations and
likelihoods of future events.

Cross-Cutting Concepts
• Patterns: Graphs, charts, and images can be used to identify patterns in data.
Connections to Engineering, Technology, and Applications of Science:
• Influence of Science, Engineering, and Technology on Society and the Natural World
• The uses of technologies and any limitations on their use are driven by individual
or societal needs, desires, and values; by the findings of scientific research; and by
differences in such factors as climate, natural resources, and economic conditions.
Thus, technology use varies from region to region and over time.
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Student engagement with this phenomenon begins with observing and discussing NASA satellite images of hurricanes. Many captivating introductory videos and stills are found by searching
for “hurricanes” on NASA Earth Observatory (earthobservatory.nasa.gov/). From those images,
students should generate investigative questions and continue with the Claim® Evidence®
Reasoning framework (Reiser, 2012).
Science begins with a question. After viewing the hurricane images, student questions might
include:
n

How does sea surface temperature influence hurricanes?

n

How does warm ocean water help form clouds?

n

Where do hurricanes get their energy?

n

Why does the Atlantic hurricane season peak in late summer?

Students can begin answering those questions by using sources listed in the Quick Start Guide.
Data related to their questions can be accessed, visualized, graphed, and analyzed. Based on that
analysis, students develop a claim about the phenomenon using the data they gathered as evidence.
Finally, students explain both the key science ideas behind their claim and how their evidence
supports that claim. Teachers can extend the investigation by asking students to engage in two
related science and engineering practices: 1) developing and using models to predict future storm
recurrences, and 2) designing solutions for managing and/or mitigating the effects of hurricanes.

Using the Quick Start Guide to Finding Data/Imagery for
Student Investigations
With an abundance of NASA data available to students, the initial challenge is finding the relevant
source at the appropriate level. A resource created by the Institute for Global Environmental
Strategies (IGES), entitled Quick Start Guide to Finding Data/Imagery for Student Investigations,
will do both. The guide is available online at (sites.google.com/strategies.org/k12datapaths).
The guide is broken down into three columns: the first column
describes examples of data from the NASA focus area topics, the
second column lists suggestions for investigable phenomena
within those topic areas and connects to the NGSS content and
practices, and the third column features seven online sources
of data visualization which are bulleted to indicate applicability to the data example and phenomena. For example, NASA
collects data on precipitation (column one) that can be used to
investigate natural hazards and disasters such as severe storms
(column two). Precipitation data is found in five of the seven
online sources (column three).
This article features three Quick Start Guide sources, NASA
Earth Observations (NEO), Precipitation Measurement
Missions (PMM), and NASA Worldview. Each provides a gateway
to precipitation data visualizations. The phenomenon of precipitation can be investigated as a scaffolded activity that builds toward an understanding of natural
hazards/severe storms, such as hurricanes.

Figure 2. The Educator Toolkit features NASA resources for grades K-12 that
can support and frame student investigations with NASA data and content.
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Figure 3. The NASA Quick Start
Guide to Finding Data/Imagery
for Student Investigations.

NASA Earth Observations (NEO)
NEO’s mission is to make global satellite imagery, particularly imagery
featuring climate and environmental changes, as accessible as possible.
To access NEO imagery, go to: neo.sci.gsfc.nasa.gov.
What it displays: Over 50 different global datasets are represented with
daily, weekly, and monthly snapshots, and images are available in a
variety of formats including JPEG, PNG, Google Earth, and GeoTIFF.
One such dataset, sea surface temperature, is directly related to
hurricanes.
Why this tool is relevant to a student investigation of hurricanes: Many of
the questions generated by students at the beginning of their investigation of hurricanes, such as “Where do hurricanes get their energy?” or
“Why does the hurricane season peak in late summer?” can be answered
through research into one underlying variable- sea surface temperature.

Using NEO to investigate Hurricane Harvey
Because hurricanes are fueled by warm ocean water, data on sea surface temperature is especially significant.
Sea surface temperature is the temperature of the top millimeter of the ocean’s surface- the ocean’s skin. Slight
changes in that temperature can have enormous impacts on hurricanes. Use the steps outlined below to explore
the sea surface temperatures recorded in the Atlantic and Gulf regions before, during, and after Hurricane
Harvey. To access NEO imagery, go to: http://neo.sci.gsfc.nasa.gov.
© 2019 National Earth Science Teachers Association. All Rights Reserved.

Figure 4. NASA Earth
Observations (NEO).
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Follow these steps to access data on Sea Surface Temperature:
Ocean → Sea Surface Temperature 2002+ (MODIS)
Select Year → 2017
View by date: → 8 day → August 13-20 → Add to Analysis
View by date: → 8 day → August 21-28 → Add to Analysis
Analyze
Analysis Option allows you to select an area
Draw a box from the coast of Texas towards Africa
Keep the Mode to Basic Exploration and File size to 0.1 degrees → Launch Analysis
The Analysis Tool displays the image dates you selected, in the order you selected them. Explore the following:
Want to know more
about NASA NEO? Start
with NEO Analysis in
10 Easy Steps: bit.ly/
NEO_Analysis

Click:
Click:
Click:
Click:

→ Data Probe and move within the image to see the values.
→ Plot transect and draw a line from right to left representing the path of Harvey.
→ Distance and draw a line from right to left to calculate the distance across an area.
→ Outline region to draw a polygon area, then choose Scatter or Histogram to see a plot of these
values.

Precipitation Measurement Missions (PMM)
Two separate but related missions make up the Precipitation Measurement Missions – the Global
Precipitation Measurement (GPM) mission (2014 to present) and its predecessor the Tropical
Rainfall Measurement Mission (TRMM) (1997-2015). The GPM mission, with its international
network of satellites, provides global measurements of rain and snow allowing for improved
forecasting of high-impact natural hazard events such as hurricanes. To access the PMM data visualization tools, go to: pmm.nasa.gov/data-access/global-viewer.
What it displays: The data displayed will provide students with
general information regarding global precipitation (any product
formed by the condensation of water vapor that falls quickly out
of a cloud). The GPM Global Precipitation Viewer is valued for its
display of global precipitation estimates of rain and snow in nearreal time (from as recent as the past 30 minutes, previous 24 hours
and past 7 days). Hurricane Harvey was active in late August of 2017
and outside the range of the viewer’s current data display. However,
the Global Precipitation Viewer serves as a valuable resource for
examining precipitation visualizations and discussing current
precipitation events.

Figure 5. Precipitation
Measurement Missions Global
Precipitation Viewer.

Why this tool is relevant to a student investigation of hurricanes: The
PPM site is a valuable resource for middle school students seeking
answers to general hurricane-related questions as well as sources of evidence to support their claims
about hurricanes. Standard images of hurricanes feature a swirl of clouds; images of the aftermath
of a hurricane’s landfall prominently feature water. Students may ask: “Where did the clouds come
from?” “Where did all of that water come from?” By providing background and insights into the
roles of both atmospheric and hydrologic systems in the formation and strength of hurricanes,
PMM data visualizations can lead to answers of those and other related questions.
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NASA Worldview
This tool from NASA’s Earth Observing System Data and
Information System (EOSDIS) provides the capability
to interactively browse global, full-resolution satellite
imagery in near-real time. Imagery is generally available
within three hours of satellite observation. To access
NASA Worldview go to: worldview.earthdata.nasa.gov.
Note: The Worldview site opens to a link that provides a
tour of the site features; it is highly recommended that
new users complete the tour.
What it displays: NASA Worldview displays full-resolution
satellite images that essentially show the entire Earth as it looks “right now.” The data related to
the image can be downloaded. Many topics are catalogued under two general categories (Hazards
and Disasters, and Science Disciplines) and can be perused using the “Add Layers” link in the left
margin. For example, images and data related to hurricanes can be found under the Hazards and
Disasters category in the topic areas of Severe Storms and Floods, and also under the category of
Science Disciplines in the topic areas of Atmosphere and Oceans.
Why this tool is relevant to a student investigation of hurricanes: Data is available in near-real time.
Students will be able to analyze, look for patterns and make predictions using data and tools that
support unique science investigations.

Using NASA Worldview to investigate Hurricane Harvey
After touring the Worldview site features, follow these steps to get started:
Center the map view to include the Texas coast and the Gulf of Mexico to the west coast of Africa.
Set the Timeline to August 13, 2017. Hurricane Harvey made landfall on August 27.
Start by adding layers related to Sea Surface Temperature (SST)
Add layers → Hazards and Disasters à Severe Storms
Scroll through the list and select → Sea Surface Temperature (SST) → Terra/MODIS
This example uses 8 Day, Mid Infrared, 4km SST data. MODIS (Moderate Resolution Imaging
Spectroradiometer) is an instrument onboard both the Terra and Aqua satellites. The mid-IR channels are
especially useful in high water vapor.
Add layers → Categories → Severe Storms → Precipitation Rate → IMERG → Rain Rate (Early).
IMERG is the Integrated Multi-satellitE Retrievals for the GPM data product. It is produced using data from
the satellites in the GPM Constellation.
Make this the only visible layer.
Want to know the value of a particular location? Mouse over and look at the layers, they dynamically
change in the legend.
Multiple layers may be added to the research area. Layers can be made visible by clicking the ‘eyeshaped‘ button to the left of the layer description.
j
k
l
m

Add layers
Select the date (year, month, day)
Layer visibility
Export layer to view in GoogleEarth
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Many layers have extended information that is important to view with the “I” button. The temporal
coverage may not include your specific timeframe, in which case, the viewer will not display the layer.
To see an animated series of imagery for comparison, follow these steps:
1.	 Use the buttons above and below the year, month and day to select your start date.
2.	 Click the animation button.
3.	 Choose how fast the animation should run by sliding left or right the frames-per second slider.
4.	 Click the play button.
5.	 Click to create an animated gif that you can download and save for presentations.

Extension: Using NASA Worldview data visualizations in other online tools: NASA Worldview
visualizations can be exported to both GoogleEarth and ArcGIS. Each of these two online tools
provides a uniquely different view of the original data.

Exporting to GoogleEarth
Why export to GoogleEarth? GoogleEarth is easy to use and presents the world in a 3D format. Layers from
NASA Worldview can be exported and saved in a .kmz format.
• Click the camera icon → drag a box around the research area → Resolution: 5km → Format: KMZ →
Download. Files are named using the following format: nasa-worldview-(image date).kmz
• Keep track of where the file is saved
• Open GoogleEarth → File → Open → find your file. GoogleEarth provides a spatial dimension to the
investigation.

Exporting to ArcGIS Online
Why export to ArcGIS Online? Students will be able to explore, create and use their interactive web-based maps
to reveal patterns, answers, and relationships and summarize the data.
Layers from NASA Worldview can be exported and saved in a .kmz format.
• Click the camera icon → drag a box around the research area → Resolution: 5km → Format: KMZ →
Download. Files are saved in the following format: nasa-worldview-(image date).kmz
• Log in to www.arcgis.com (either a public or an organization account is required, both of which are free.)
• Click Content up top, → click Add Item -- From my computer, → Browse to the .kmz file on your
computer and click it, → Give it a title and tag, i.e., Hurricane Harvey. Click Add Item.
• From the next screen, select Open in Map Viewer
• ArcGIS has additional data layers for investigations e.g. oil wells, transportation, population density, etc.

The ArcGIS for Schools Bundle is available at no cost for instructional use to individual US K–12
schools, school districts, and states direct from E. Beyond the United States, the bundle is available
to schools worldwide through network of international distributors. Every public, private, home
school, and youth-serving club is eligible (arcg.is/2pfOE0P).
A public account is another way to access ArcGIS Online. These accounts are not associated with
an organization and offer a limited set of functionalities. A public account allows you to use and
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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create maps and share your maps and apps with others.
Public accounts are for noncommercial use only (arcg.
is/2BRbiPC).

Additional Tools
Online Resources: KEY FEATURES is a separate resource
developed by IGES to accompany the Quick Start Guide.
Image shots from seven online sources of Earth science
data tools are shown, with the key features of the site
highlighted. These are Google Earth Engine: Time Lapses,
Precipitation Measurement Missions, NASA Earth
Observations (NEO), The GLOBE Program: Visualization
System and Advanced Data Access Tool (ADAT), MY
NASA DATA, NASA Worldview, and ESRI Change
Matters. The downloadable resource is available at bit.
ly/2BI0whe.
Figure 7. NASA Online Resources Key Features (bit.ly/2yTjJes).
NASA Wavelength – science.nasa.gov/wavelength – is a
digital library of resources developed through funding of
the NASA Science Mission Directorate (SMD). Search by Topic, Grade and
Lessons. There are several hurricane event-based lessons using MYNASA
DATA in Wavelength (mynasadata.larc.nasa.gov).

One of the most-used is Hurricanes as Heat Engines (mynasadata.larc.
nasa.gov/lesson-plans/hurricanes-heat-engines) which guides students
through an examination of sea surface temperature data exploring how
hurricanes extract heat energy from the ocean surface. Use the keyword
“hurricanes” in MYNASA DATA to bring up other resources..
Hurricanes: An Environment of Concern (http://bit.ly/2Dw4Cqw/) investigates the potential for future deadly and damaging hurricanes to impact
the Gulf Coast area.

Conclusion

Figure 8. NASA Wavelength

Hurricanes are just one example of an anchoring phenomenon that can be investigated using NASA
data. Middle school students can construct fundamental explanations of the science of hurricanes
by using that data as part of their evidence and reasoning.
Constructing explanations using evidence and reasoning is one of the most important scientific
practices a student can learn. Teachers play an essential role in developing that scientific practice. Teachers guide students through the Claim-Evidence-Reasoning process by introducing the
phenomenon, providing a source of authentic and grade-appropriate data, and offering guidance
on both selecting and incorporating evidentiary data in their explanations. The Quick Start Guide
is a valuable resource for teaching students to use evidence and reasoning in constructing explanations. It lists many Earth science phenomena being studied by NASA, provides links to sources of
that data, and makes connections to NGSS.
Using NASA data visualizations provides a pathway rich with multiple investigative opportunities.
Frequent use of the Quick Start Guide- and the world of NASA data it opens up- will allow students
to engage in the practices of science while developing a better understanding of Earth as an integrated system.
© 2019 National Earth Science Teachers Association. All Rights Reserved.
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Christa McAuliffe Fellowship,
and served as an Einstein
Distinguished Educator Fellow
at NASA Headquarters. She
can be reached at cassie_
soeffing@strategies.org

This work builds on the 2013 Educators Guide to NASA Earth Science Data and Images that IGES
created under NASA Cooperative Agreement: NNX09AQ09A. The 16-page booklet illustrates
sample data sources as well as firsthand accounts of how these are being used in the classroom or
informal education settings. (strategies.org/products/images-and-data-quick-start-guide/)
Please share your thoughts and how you’ve used the Quick Start Guide with us here: bit.ly/
qs-guide
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Data Resources
Change Matters Viewer - esri.com/software/landsat-imagery/viewer
ESRI (Environmental Systems Research Institute), ArcGIS Online esri.com/software/arcgis/arcgisonline
Google Earth Engine Time Lapses – earthengine.google.com/timelapse
MY NASA DATA – mynasadata.larc.nasa.gov
NASA Earth Observations (NEO) – neo.sci.gsfc.nasa.gov/
Aerosol – neo.sci.gsfc.nasa.gov/view.php?datasetId=MYDAL2_M_AER_OD
NASA PMM Data Visualization Tools – pmm.nasa.gov/data-access/visualization
NASA Worldview – worldview.earthdata.nasa.gov
The GLOBE Program, Visualization and Advanced Data Access Tool – globe.gov/globe-data

© 2019 National Earth Science Teachers Association. All Rights Reserved.

Volume XXXV, Issue 1
Page 18

Page 35

The Earth Scientist

National Earth Science
Teachers Association Events
at the 2019 NSTA National
Conference in St. Louis
We have a number of exciting sessions! To find our sessions, enter NESTA as the
keyword when searching events online at NSTA’s session browser for the conference. On
Friday, April 12 and Saturday, April 13, we have a series of sessions all in the Annex of
the America's Center Convention Complex. Don’t miss out on our Share-a-Thons and the
events below.
www.nestanet.org
Friday, April 12
2:00 – 3:00 p.m. AGU-NESTA Sponsored Lecture: Dr. Theresa Damiani
Finding Our Way: The Science Behind Today's GPS Revolution
Getting from place to place is a daily activity for most people. Now,
many of us use the U.S. Global Positioning System (GPS) through
our smartphone, car, or other navigation device to do that. This talk
explores the science of GPS and mapping, how it allows us to
quickly and easily find our way through the world, and the
sometimes, unexpected ways in which it is revolutionizing our
society.
Ferrara Theatre, America's Center Convention Complex

Saturday, April 13

3:30 – 4:30 p.m. NESTA’s exciting Rock, Mineral, and Fossil Raffle!
Annex, America's Center Convention Complex
6:30 – 8:00 p.m. NESTA Friends of Earth Science Reception
Crystal Ballroom, Marriott St. Louis Grand

NESTA gratefully acknowledges the following organizations and projects as partners:
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Abstract Submission Deadline
Extended to March 13!
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HighAdventure
Science
Exploring evidence,
models, and uncertainty
related to questions
facing scientists today

has.concord.org
Free online resources bring contemporary science into middle and high school classrooms.
Topics include climate change, freshwater availability, the search for life in space, air quality,
land management, and energy choices.
Packed with real-world data, Earth systems models, and scientific argumentation, the modules
directly address NGSS Crosscutting Concepts and Science and Engineering Practices.
High-Adventure Science is funded by the National Science Foundation (grants DRL-0929774 and DRL-1220756).
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Geoscience Videos for Your Classroom

FREE FOR TEACHERS TO USE! Engage your students in learning about the Earth and inspire our next generation with UNAVCO
videos. Explore our full suite of videos on the UNAVCO YouTube channel.

ANIMATIONS and EDUCATION
Learn about what geodesy actually
is, as well as geodesy's application in
our everyday lives.

FIELD and DATA VIDEOS

Explore science research locations
around the world and science
results.

CAREERS and INTERNSHIPS
Learn about future careers and
internships in Earth science.

®

Tales from an
Uncertain
World

What Other
Assorted
Disasters
Can Teach Us
About Climate
Change

Tales from an Uncertain World
What Other Assorted Disasters Can Teach Us About Climate Change
by L. S. Gardiner
“Given the advancing state of climatic disruption, humans are going
to spend a lot of the foreseeable future dealing with disaster. This
fascinating volume provides some memorable examples of how we’ve
done so in the past, and as such helps concentrate our thinking on the
necessary task of limiting the damage that’s coming our way.”
—Bill McKibben, author, Radio Free Vermont
192 pages . $19.95 paperback original

L. S. G A R D I N E R

IOWA where great writing begins

University of Iowa Press . order toll-free 800.621.2736
uipress.uiowa.edu
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Every Week is
!
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In this issue you will find a copy of the poster celebrating AGI’s 2018 Earth Science Week which
is held mid-October each year. The theme was “Earth as Inspiration” which emphasizes artistic
expression as a unique, powerful opportunity for geoscience education and understanding in
the 21st century.
NESTA supports and promotes Earth Science Week. Each year we create a Teaching Resources
collection around the theme and hold our annual members meeting at the end of the week
(serc.carleton.edu/nesta/resources/earth_science_week_2018.html).
You can still order last year’s Earth Science Week toolkit for just
the cost of shipping (store.americangeosciences.org/catalog/
product/view/id/187/s/2017-earth-science-week-kit-earth-andhuman-activity-1/category/8/) or pick one up in St. Louis at the
NSTA National Convention. The 2019 theme for Earth Science
is “Geoscience is for Everyone”. Join us next fall as we celebrate
Earth Science Week, but remember, at NESTA every week is
Earth Science Week!

National Earth Science Teachers Association
nestanet.org
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oceanservice.noaa.gov/education/planet-stewards/
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Watch . Explore . Discover

Browse our library of 265+ videos

oceantoday.noaa.gov

HANDS-ON DEMONSTRATIONS
AND ACTIVITIES
FREE FOR TEACHERS TO USE!
Engage your students with UNAVCO hands-on
demonstrations and classroom activities of Earth
processes. Each demo and activity uses geodesy as an
approach to understand the changing face of our planet.

Spur inquiry with easy demos of
Earth processes: sinking glaciers,
expanding volcanoes, tsunami
early warning, and more!
Search:
UNAVCO demonstrations

Lorem ipsum

Explore plate tectonics,
earthquakes, and volcanoes
with learning activities perfect
for K-12 classrooms.
Search:
UNAVCO modules & activities

®
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Advertising in the NESTA Quarterly Journal, The Earth Scientist
NESTA will accept advertisements that are relevant to Earth and space science education. A limited number of
spaces for advertisements are available in each issue.

Artwork
We accept electronic ad files in the following formats: high-res PDF, TIFF or high-res JPEG. Files must have a
minimum resolution of 300 dpi. Ads can be in color.
Issue
Submission Deadline
Publication Date

Advertising Rates
Full-page
Half-page
Quarter-page
Eighth-page

7.5” w × 10” h
7.25” w × 4.75” h
3.625”w × 4.75”h
3.625”w × 2.375”h

$500
$250
$125
$75

Submission Deadlines for Advertisements

Spring

January 15

March 1

Summer

April 15

June 1

Fall

July 15

September 1

October 31

January 1

Winter

Submission dates, shown in the table to the right,
are the latest possible dates by which ads can be
accepted for a given issue. Advertisers are advised
to submit their ads well in advance of these
dates, to ensure any problems with the ads can
be addressed prior to issue preparation. The TES
Editor is responsible for decisions regarding the
appropriateness of advertisements in TES.

For further information contact
Dr. Carla McAuliffe, Executive Director –
Carla_McAuliffe@terc.edu

NESTA Membership Dues Structure
NESTA Membership

Student membership

includes access to the online version
of The Earth Scientist (current and
past), E-News, special e-mailings,
access to member-only sections of the
website, and full voting privileges.
• One year - $40
• Two years - $80
• Three years - $120

We are now offering up to two sequential free years of NESTA membership
for students at the undergraduate
university level who are studying to
become teachers or scientists in the
Earth and space sciences, environmental sciences, or related disciplines.
For more details, go to https://www.
nestanet.org/cms/user/register/
student.

Supporting membership
$100 - $249/year
Sustaining membership
$250/year and up

Domestic Library Rate
includes print copies of The Earth
Scientist only, and does not include
NESTA membership.
• One year - $70

Windows to the Universe
Educator Membership
provides access to special capabilities
and services on NESTA’s premier Earth
and Space Science Education website
available at http://windows2universe.
org, available for only $15/year for
NESTA members (50% off the nonNESTA rate).
• One year - $15
• Two years - $30
• Three years - $45

© 2019 National Earth Science Teachers Association. All Rights Reserved.

Volume XXXV, Issue 1

Page 43

The Earth Scientist (TES)
MANUSCRIPT GUIDELINES
NESTA encourages articles that provide exemplary state-of-the-art tested classroom activities and background science content
relevant to K-12 classroom Earth and Space Science teachers.
n Original material only; references must be properly cited according to APA style manual
n Clean and concise writing style, spell checked and grammar checked
n Demonstrates clear classroom relevance

Format Specifications
•
•
•
•

•

•
•
•
•

Manuscripts should be submitted electronically – Microsoft Word (PC or Mac)
Length of manuscript should not exceed 2000 words.
All submissions must include a summary/abstract.
Photos and graphs: may not be embedded, but must be submitted as separate files, of excellent quality and in PDF, EPS,
TIFF or JPEG format. 300 dpi minimum resolution. Color or black and white are both accepted.
– References to photo/chart placement may be made in the body of the article identified with some marker: <Figure 1
here> or [Figure 1 in this area].
Website screen shots: If you wish to include “screen shots” within your article, please also supply the direct link to the site,
so TES can go online and grab the same screen shots at as high a resolution as possible. Note: When used, screen shots will
produce a poorer image than a digital photograph, thus their inclusion in your article will produce an image that will look
less crisp and bitmapped.
Figures should be numbered and include captions (Figure 1. XYZ.).
Captions, labeled with a clear reference to their respective photo/chart/image, must be submitted in a separate file, or they
may be placed at the end of the manuscript where they can easily be removed and manipulated by the editor.
If using pictures with people, a signed model release will be required for EACH individual whose face is recognizable.
Each article must include: author(s) names, the school/organizations, mailing address, home and work phone numbers
(which will not be published), and e-mail addresses.

Review
Manuscripts are to be submitted to the Editor, via the email address at the bottom of the page. Manuscripts are reviewed
by the Editor for content and language. The Editor is responsible for final decisions on the publication of each manuscript.
Articles will then be submitted to our Article Reviewers. Manuscripts may be accepted as is, returned for minor or major revisions, or declined, based on the decision of the Editor. The Editor reserves the right to edit the manuscript for typographical
or language usage errors.

Page Charges
A fee of $100 per page is charged to authors who have institutional, industrial, or grant funds available to pay publication
costs. Page charges include Open Access, so that the article will be made available to anyone on the NESTA website. The
author may also post the formatted and published article, in PDF form, on their own website, on other third-party website
article repositories, and circulate their article via electronic means such as email. Authors are urged to assist in defraying costs
of publication to the extent their resources permit, but payment of page charges is not required from authors. Payment of
page charges has no bearing on the decision to accept or reject a manuscript.

Copyright Transfer Waiver
The lead author of the article shall submit a signed NESTA Copyright Transfer Waiver. When completed AND signed it
should be sent to the Editor as a PDF attachment via e-mail. We cannot begin the production process until this signed
waiver has been received. Please help us to expedite the publication of your paper with your immediate compliance. If
you have any questions, please e-mail the NESTA contact listed below.

Submission Deadlines
Issue

Submission Deadline

Publication Date

Spring
Summer
Fall
Winter

November 1
February 1
May 1
August 1

March 1
June 1
September 1
January 1
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Dr. Carla McAuliffe, Executive Director –
Carla_McAuliffe@terc.edu
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This map shows the velocities of Global Positioning System (GPS) stations of the Western United States. These velocities
show how the surface of the Earth is changing over time as a result of plate tectonics. The Plate Boundary Observatory is
a network of more than 1,200 geophysical instruments, including GPS instruments, throughout the United States and is
part of the North American Plate Boundary Observatory managed by UNAVCO on behalf of the National Science Foundation
(NSF). Credit: UNAVCO.

