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OUR HISTORY
On January 28, 1986, the seven crew members of the Space Shuttle Challenger/STS-51L “Teacher
in Space” mission set out to broaden educational horizons and advance scientific knowledge.
Their mission exemplified man’s noblest and most wondrous qualities – to explore, discover, and
teach. To the nation’s shock and sorrow, their Space Shuttle exploded 73 seconds after liftoff.
In the aftermath of the Challenger accident, the crew’s
families came together, firmly committed to the belief
that they must carry on the spirit of their loved ones by
continuing the Challenger crew’s educational mission.
In April 1986, they created Challenger Center for Space
Science Education (Challenger Center).
They envisioned a place where children, teachers and
citizens alike could touch the future, manipulate equipment,
conduct experiments, solve problems, and work togetherimmersing themselves in space-like surroundings. The
goal: to spark youth interest and joy in science, technology,
engineering and math; a spark that could change their
lives and better our world. The result – the creation of the
Challenger Learning Center.
A trip to one of more than 40 Challenger Learning Centers
brings classroom lessons to life. It’s a trip into space. The
simulated environment is created with computer technology,
real science data, hands-on activities and standards-aligned
content. Complete with Mission Control and the orbiting
Space Station, students becomes astronauts, scientists, engineers, researchers and more as
they all share the thrill of discovery.
Our students of the universe will change the world. Thank you for joining us on this mission!

To learn more about Challenger Center, visit www.challenger.org

WHAT TO EXPECT
THE DAY OF YOUR MISSION
Students should have their mission assignments finalized when they arrive at the Challenger
Learning Center. There are 9 teams used during the Earth Odyssey mission. Each team needs
two members – one will work in Mission Control and the other on the Space Station. Earth
Odyssey mission teams include:

•
•
•
•
•

Atmosphere (ATMO)
Communications (COMS)
Ocean
Satellite (SAT)
Geology (GEO)

•
•
•
•

Biology (BIO)
Space Weather (SW)
Cryology (CRYO)
Energy (NRG)

When students arrive at the Challenger Learning Center, a short briefing is held in which the
students learn about the Challenger STS 51-L crew, and are given an overview of their mission
and learn about their assignments. Students then split into the two groups with one member of
each team represented in each group. Half of the students move to Mission Control while their
team counterparts are transported to the Space Station.
Once situated, the Earth Odyssey mission begins. Students follow instructions at their work
stations to conduct research, collect data, send messages and work as a team. At the mission’s
halfway point, the partners exchange places with the group in Mission Control being transported
to the Space Station and the group in the Space Station moving to Mission Control. This
exchange allows for every student to experience both of the Center’s learning environments.

About Earth Odyssey
During the Earth Odyssey mission, students take on the role of Earth scientists and
engineers to better understand our changing planet. Students will work as both Mission
Controllers and Astronauts in low Earth orbit focusing on four major topics:
•

The relationship between our sun’s energy and the Earth.

•

The relationship carbon dioxide and other aerosols have had and continue to have
on our climate.

•

The water cycle and how it interacts with all of the spheres on Earth.

•

How remote sensing has enabled us to observe our dynamic planets in ways that
would otherwise be impossible.

Students work together to accomplish two main goals – to collect Earth science data and
to physically build a new Earth Observing Satellite.

COMMON CORE & NEXT
GENERATION SCIENCE
STANDARDS (NGSS)
Challenger Center’s educational pedagogy promotes scientific literacy by encouraging exploration and
inquiry and exciting young people about knowledge and learning. Using our interdisciplinary, inquirybased approach that incorporates national educational standards, Challenger Center strives to:
•
•
•
•
•
•

Increase student interest in science, technology, engineering and math.
Give abstract concepts concrete meaning.
Help students develop realistic processes of team work, communication, critical thinking and
problem solving.
Increase student autonomy and responsibility for their learning.
Encourage students to develop positive perspectives about learning.
Increase student commitment to learning.

Challenger Center programs are designed to reflect academic standards and support the work being
completed in the classroom. The mission should not be seen as a one-off activity, but rather it should be
viewed as another way to engage students and support the current curriculum.

Standards Alignment
The Importance
of the Sun

NGSS

MS-ESS1-1 (Develop and
use a model of the Earth-sunmoon system to describe the
cyclic patterns of lunar phases,
eclipses of the sun and moon,
and seasons)
MS-ETS1-1 (Define the criteria
and constraints of a design
problem with sufficient precision
to ensure a successful solution,
taking into account relevant
scientific principles and
potential impacts on people and
the natural environment that
may limit possible solutions)

RST.6-8.1 (Cite specific textual
evidence to support analysis of
science and technical texts)

Common Core

RST.6-8.7 (Integrate,
quantitative or technical
information expressed in words
in a text with a version of that
information expressed visually)
MP.2 (Reason abstractly and
quantitatively)
WHST.6-8.7 (Conduct short
research projects to answer a
question, including a selfgenerating question, drawing
on several sources and
generating additional related,
focused questions that allow for
multiple avenues of exploration)

Earth’s Atmosphere
& Carbon Dioxide
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)
MS-ESS3-5 (Ask questions to
clarify evidence of the factors
that have caused the rise in
global temperatures over the
past century)

The Water Cycle
MS-ESS2-4 (Develop a model
to describe the cycling of water
through Earth’s system driven
by energy from the sun and the
force of gravity)
MS-ESS2-6 (Develop and
use a model to describe how
unequal heating and rotation
of the Earth cause patterns
of atmospheric and oceanic
circulation that determine
regional climates)

Remote Sensing &
Communications
MS-ESS3-4 (Construct an
argument supported by
evidence for how increases
in human population and percapita consumption of natural
resources impact Earth’s
systems)
MS-ESS3-5 (Ask questions to
clarify evidence of the factors
that have caused the rise in
global temperatures over the
past century)

MS-ESS3-5 (Ask questions to
clarify evidence of the factors
that have caused the rise in
global temperatures over the
past century)
6.EE.B.6 (Use variables to
represent numbers and write
expressions when solving a
real-world or mathematical
problem; understand that a
variable can represent an
unknown number, or depending
on the purpose at hand, any
number in a specified set)
RST.6-8.1 (Cite specific textual
evidence to support analysis of
science and technical texts)
RST.6-8.7 (Integrate,
quantitative or technical
information expressed in words
in a text with a version of that
information expressed visually)
MP.2 (Reason abstractly and
quantitatively)

SL.8.5 (Include multimedia
components and visual display
in presentations to clarify claims
and findings and emphasize
salient points)
MP.2 (Reason abstractly and
quantitatively)
RST.6-8.1 (Cite specific textual
evidence to support analysis of
science and technical texts)

RST.6-8.1 (Cite specific textual
evidence to support analysis of
science and technical texts)
WHST.6-8.1 (Write arguments
focused on discipline content)
WHST.6-8.9 (Draw evidence
from informational texts to
support analysis, reflection and
research)

THE IMPORTANCE
OF THE SUN

THE IMPORTANCE OF THE SUN
INTRODUCTION
In this lesson, students will investigate the development and use of solar power. They will
examine the role of the sun as a source of energy for our lives. This lesson will also cover the
potential energy inherent in the sun’s daily output and include activities to enhance student
understanding of our daily connection to the sun.

LESSON OVERVIEW
Grade Level & Subject: Grades 5 – 8, Science
Length: 45 minutes – 1 hour
Objectives
After completing this lesson, students will be able to:
• Explain the importance of the sun for life on earth and space.
• Hypothesize solutions for harnessing the sun’s energy in space.
• Relate the energy use of living objects to the sun.
• Discuss an object’s ability to absorb vs. reflect heat (albedo).

Key Questions
•
•
•

How has solar power played a significant role in human life for all of human history?
How does the Earth absorb and reflect solar energy?
Why would solar energy be advantageous on a space station?

Standards
•
•

MS-SS1-1 (RST.6-8.1, RST.6-8.7, MP.2)
MS-ETS1-1 (WHST.6-8.7)

Materials Needed
•
•
•
•
•
•

SUN Reproducible 1: Degrees of the Sun
SUN Reproducible 2: Zucchini Flower Earth
SUN Reproducible 3: Zucchini Flower Space
SUN Reproducible 4: Light Bulb
SUN Reproducible 5: Earth’s Energy Budget
SUN Reproducible 6: Solar Energy Cartoon
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Background Information: Teacher Knowledge
From solar ovens to solar panels, solar energy has been harnessed by humans since the
beginnings of human history. As far back as the fifth century, humans were constructing homes
and buildings to maximize the sun’s energy.
With the exception of a few organisms that feed off of Earth’s geothermal heat, all life on our
planet relies on photosynthesis to survive. Sunlight travels through space and helps plants to
grow which starts the food chain. Creating this sunlight fueled chain in space is one of the most
important challenges facing NASA right now. In a space station, the amount of food you have
dictates how long you can stay in space. Plants not only have the potential to create sustainable
food sources but recycle CO2 into oxygen. Plants in space come with certain challenges, but
advances in hydroponics help solve issues such as carrying heavy water into space.
When solar energy encounters the Earth, some of it reflects back into space while the rest of it
is absorbed by the Earth and slowly radiates. By maintaining a balance of energy in and energy
out, the surface temperature of Earth is regulated. This balance is known as Earth’s Energy
Budget. If more energy comes in than goes out, the Earth will warm. If more energy leaves the
Earth than comes in, the Earth will cool.
The type of surface that sunlight hits makes a big difference on whether that sunlight is absorbed
or reflected. Lightly colored surfaces such as snow and ice are much more efficient at reflecting
light back into space. Darker surfaces like asphalt or sand are less efficient and absorb sun
energy. The reflectivity of an object is referred to as its albedo.
Unlike various forms of conventional energy like coal, oil, or natural gas, solar energy is
renewable. Though a variety of technologies have been developed to take advantage of solar
energy in recent years, solar power accounts for less than one percent of electricity use in the
U.S. However, given the abundance of solar energy and its popular appeal, this resource is
likely to play a prominent role in our energy future.

Resources
Solar Energy and The History of Solar – Department of Energy
www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
Solar Energy Basics – National Renewable Energy Laboratory
http://www.nrel.gov/learning/re_solar.html
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LESSON STEPS
Teacher Preparation
To prepare for Activity One, print out the image of the sun found in SUN Reproducible 1: Degrees
of the Sun and place it in the middle of a bulletin board. Cut out the individual images and have
them accessible. Ensure students have access to five notecards each (or fewer if you split
students into groups, see instructions below).
To prepare for Activity Two, either project or print out enough copies of SUN Reproducible 2:
Zuchinni Flower Earth, SUN Reproducible 3: Zuchinni Flower Space, and SUN Reproducible 4:
Light Bulb for every student to be able to see.
To prepare for Activity Three, ensure you have one copy of SUN Reproducible 5: Earth’s Energy
Budget for every student.
OPTIONAL ACTIVITY: To prepare for Activity Four, either project or print enough copies of SUN
Reproducible 6: Solar Energy Cartoon for every student to be able to see.

Warm-up: Why Is the Sun So Important?
Begin this lesson by discussing with your class the role of the sun and its importance to
life on Earth. Here are a few possible options to start class discussion:

What is the sun?
The sun is a star that is the source of light and heat for the planets in our solar system

What are some of the reasons that the Earth needs the sun?
Life on Earth would not exist without the heat and light provided by the sun. The sun’s gravity
also helps keep the Earth in orbit, causes weather and plays a role in ocean tides.
Share the following facts
In terms of energy generated, burning all the coal, oil, gas, and wood on Earth would only
equal a few days of energy output by the sun.
The total amount of energy humans have derived from burning fossil fuels since the start of
civilization is less than all of the energy provided by the sun in just 30 days.
When sunlight reaches Earth, some of its heat is absorbed into the Earth and some of it is
reflected back into space. Certain surfaces like ice and snow reflect much more heat into
space than other surfaces like ocean or asphalt. The reflectivity of a surface is known as its
albedo.
Ask the following question.

Ice and snow help reflect sunlight into space and keep the Earth cool. What
do you think would happen to the Earth’s temperature if a large portion of
ice, such as the ice in the arctic, were to melt?
Less light would reflect into space and the Earth’s temperature could increase.
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Activity One: Degrees of the Sun
Print out the image of SUN Reproducible 1: Degrees of the Sun. Put it in the center of a
bulletin board. Now cut out the individual images from Reproducible 1. Put the images
on the bulletin board in the order they are shown on the reproducible (grass, cow eating
grass, hamburger, eating a hamburger, playing soccer) to form a “ray” from the sun.
Explain this sequential process of sun energy to students.
Hand each student five notecards and ask them to create their own “rays” that could
come from the sun. When students finish, have them sit quitely at their desks, or if the
student next to them is finished they may discuss their “rays” with one another. After the
majority of the class is done, select a few students to come up to the front of the class
and pin their “ray” to the bulletin board. Have them explain their reasoning behind each
step.
Compare and contrast the different paths students chose with the example as well as
with other students. Involve the entire class in this discussion.

Activity Two: Sunshine in Space
Show students SUN Reproducible 2: Zuchinni Flower Earth. Ask students what it takes
for this zuchinni flower to grow.
Water, sunlight, soil.
Now show students SUN Reproducible 3. Zuchinni Flower Space. This zuchinni flower
was grown on the International Space Station. Ask students to discuss why growing
plants/food in space would be challenging.
Sunlight:
Space stations orbit the Earth every 90 minutes, meaning that the day is only 45 minutes long
followed by 45 minutes of night.
Water:
One zuchinni plant needs about 15 gallons of water per week for eight weeks. This is 120
gallons for a single plant. This means you need to carry over 1,000 lbs of water into space to get
a single plant to start producing fruit.
Soil:
Plants need nutrients like nitrogen to flourish. Nutrients are heavy and hard to get into space.
Show students SUN Reproducible 4: Light Bulb. Ask students how we power light bulbs
on Earth. Follow up by having the students brainstorm how the same light bulb could be
powered in space.
Solar Panels could be used to power light bulbs.
Ask them why other forms of energy would be difficult to harness in space.
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All other forms of fuel are heavy and will run out. In space, there are no clouds to block the sun.

Activity Three: Earth’s Energy Budget
Give students a copy of SUN Reproducible 5: Earth’s Energy Budget. Ask them to fill out
the worksheet.
After completeing the worksheet. Have the students enagage in a dialogue with one
another in groups of two or three. Walk around the room to observe and notice some of
the answers students are discussing. After a few minutes, bring the class back together
and lead a classwide discussion. Here are a few example discussion questions:

What would happen if Earth’s energy budget went out of balance?
What factors could cause the Earth to warm?
What factors would cause the Earth to cool?
Why is it important to try to maintain Earth’s energy budget?

Activity Four: (OPTIONAL) Solar Efficiency Discussion
Show students the solar energy cartoon from SUN Reproducible 6: Solar Energy Cartoon.
If possible, use an interactive whiteboard (SMART Board) or an overhead projector so
you can highlight possible points of interest based on student responses. Here are some
sample questions to guide the class discussion:

What is the artist of the cartoon trying to convey?
That energy from the sun is an ever present and powerful resource and people need to
consider using the sun as an alternative to looking for more fossil fuels.

What are the potential benefits of solar energy compared to traditional
energy sources like fossil fuels?
Solar energy is a clean, renewable resource.

What are potential disadvantages of solar energy?
You need to use resources like coal and fuel to create solar technology like solar panels and
batteries. Solar energy is not strong enough to power things like airplanes.

What are some of the key characteristics of the photograph? What stands
out to you? How does this photo relate to what we have discussed so far?
Answers will vary depending on student response.

SUN 5

Earth Odyssey – The Importance of the Sun

SUN Reproducible 1: Degrees of the Sun
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SUN Reproducible 1: Degrees of the Sun
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SUN Reproducible 2: Zucchini Flower Earth
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SUN Reproducible 3: Zucchini Flower Space
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SUN Reproducible 4: Light Bulb
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Name_________________________________________________ Date__________________
Look at the image below. Observe and make notes of the different outputs for the sun’s energy
and its overall role in Earth’s energy budget. After discussing and analyzing the image below,
please answer the accompanying questions.

“Earths Radiation Budget Facts”. Atmospheric Science Data Center – NASA. Modified on December 16th, 2013

SUN Reproducible 5: Earth’s Energy Budget
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Name_________________________________________________ Date__________________
Write down the different answers from throughout today’s class discussion. On several questions,
make sure to answer them by analyzing the included image.
What percentage of solar energy is
absorbed by the Earth’s surface?

How much of the sun’s energy is
“bounced” automatically back into
space?

What percentage of energy goes into Earth’s energy budget? What percentage goes out
of Earth’s energy budget?

What do you think would happen to the temperature on Earth if more solar energy was
absorbed by the Earth then left it? Explain your reasoning.

SUN Reproducible 5: Earth’s Energy Budget
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Cartoon Credit: “Solar Cartoon.” Michael Shellenberger. The Breakthrough Institute. 2011.
With permission from Roy Tandberg.

SUN Reproducible 6: Solar Energy Cartoon
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Name_________________________________________________ Date__________________
Look at the image below. Observe and make notes of the different outputs for the sun’s energy
and its overall role in Earth’s energy budget. After discussing and analyzing the image below,
please answer the accompanying questions.

“Earths Radiation Budget Facts”. Atmospheric Science Data Center – NASA. Modified on December 16th, 2013

Answer Key – SUN Reproducible 5: Earth’s Energy Budget
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Name_________________________________________________ Date__________________
Write down the different answers from throughout today’s class discussion. On several questions
make sure to answer them by analyzing the image on the back of this sheet.
What percentage of solar energy is
absorbed by the Earth’s Surface?

51%

How much of the sun’s energy is
“bounced” automatically back into
space?

30%

What percentage of energy goes into Earth’s energy budget? What percentage goes out
of Earth’s energy budget?

100% goes in, 100% goes out

What do you think would happen to the temperature on Earth if more solar energy was
absorbed by the Earth then left it? Explain your reasoning.

The temperature on Earth would rise because
more stored energy means more heat.
Answer Key – SUN Reproducible 5: Earth’s Energy Budget
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EARTH’S ATMOSPHERE &
CARBON DIOXIDE
INTRODUCTION
In this lesson, students will learn about the atmosphere of the Earth. They will examine the
individual layers and then consider how Carbon Dioxide (CO2) has interacted with our
atmosphere and consider its interaction with temperature over time.

LESSON OVERVIEW
Grade Level & Subject: Grades 5 – 8, Science
Length: 45 minutes – 1 hour.
Objectives
After completing this lesson, students will be able to:
• Explain the layers of the atmosphere and how they contribute to global temperature.
• Identify a correlation between global temperature and CO2.
• Compare and contrast the different layers within the atmosphere.
• Predict future CO2 atmospheric levels.

Key Questions
•
•
•
•

What is the greenhouse effect and what is its role in the Earth’s global temperature?
Is there a correlation between global temperature and CO2?
Can students understand that CO2 levels have been rising since 1965?
Can students predict what CO2 levels might look like in the future?

Standards
•
•

MS-ESS3-2 (6.EE.B.6, RST.6-8.1, RST.6-8.7)
MS-ESS3-5 (MP.2, RST.6-8.1)

Materials Needed
•
•
•
•
•
•
•

ATMO Reproducible 1: Layers of the Atmosphere
ATMO Reproducible 2: Troposphere
ATMO Reproducible 3: Stratosphere
ATMO Reproducible 4: Mesosphere
ATMO Reproducible 5: Thermosphere
ATMO Reproducible 6: Exosphere
ATMO Reproducible 7: CO2 Dataset
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Background Information: Teacher Knowledge
Almost all life depends on the gases contained in the atmosphere. This
combination of gases includes nitrogen (78%), oxygen (21%), and trace
amounts of other gases such as CO2 (.0037%).
When sunlight reaches our planet, the atmosphere regulates the heat
produced from it. Without an atmosphere, the temperature of our planet
would be similar to that of the moon, with days being as hot as 230F
(110C) and nights being as cold as -290F (-179C). The gases in our
atmosphere that contribute to this temperature regulation are referred
to as greenhouse gases. Without greenhouse gases, life as we know it
would not exist on the Earth.
Just as taking away greenhouse gases affects climate, adding more
affects climate as well. By increasing CO2 levels, more heat becomes
trapped on earth and the Earth’s average temperature rises. As an
example, look at the planets Mercury and Venus. Venus is nearly twice
the distance from the sun than Mercury. However, Venus, with its super
thick CO2 atmosphere, is significantly hotter at all times than Mercury,
which has negligible atmosphere.
Gravity holds our atmosphere in place, with heavier elements such
as nitrogen and oxygen staying close to the surface and thinning
significantly as altitude increases. Where those elements concentrate
has helped scientists define atmospheric layers. Virtually all life exists in
the lower layer, the troposphere, but bacterial life has been detected as
high up in the middle thermosphere.
The boundary of space, known as the Karman line begins in the
thermosphere at 62 miles (100 kms). However, trace elements of our
atmosphere can be found as high as 10,000 km. Spacecraft like the
International Space Station are in space, but still technically in the
atmosphere, and due to this experience some atmospheric effects.
Astronauts and scientists living at such a high altitude must survive in
an environment where the atmosphere is too thin to support breathable
oxygen or regulate temperature.

Resources
Layers of the Atmosphere
https://www.youtube.com/watch?v=3CerJbZ-dm0
The Albedo Effect
https://www.youtube.com/watch?v=lw8OpmHyal8
CO2 Over Time
http://www.gapminder.org/videos/gapmindervideos/gapcast-10energy/#.U35n7_ldVIE
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LESSON STEPS
Teacher Preparation
To prepare for Activity One, ensure there are enough copies of ATMO Reproducible 1: Layers of
the Atmosphere for every student or it is displayed in a way for the entire class to see at once.
Have a copy of ATMO Reproducible 2: Troposphere, ATMO Reproducible 3: Stratosphere, ATMO
Reproducible 4: Mesosphere, ATMO Reproducible 5: Thermosphere and ATMO Reproducible
6: Exosphere printed and ready.
To prepare for Activity Two, ensure each student has a copy of ATMO Reproducible 7: C02
Dataset (Includes 3 pages: A blank graph, a page with graph points to plot and a student work
sheet).

Warm-up: Why is the atmosphere important?
Begin this lesson by discussing with your class the role of the atmosphere and carbon
dioxide (CO2) and their importance to life on earth. Ask the following questions (Show
this video if resources permit).

What is the atmosphere?
The atmosphere are the gases that surround our planet, including the oxygen we breathe.

What are greenhouse gases?
Greenhouse gases are gases that contribute to warming our planet. Without greenhouse
gases our planet would be too hot to sustain life during the day and too cool to sustain life
during the night.

What are some ways CO2 is added into the atmosphere?
Natural producers such as volcanos and wildfires, man-made producers such as burning
fossil fuel for energy.

Share the following facts
When more greenhouse gases enter the atmosphere, average temperatures on Earth also
rise.
The atmosphere is thickest near the ground and thins as altitude rises.
Space is considered to start at an elevation of 100 km miles above sea level; this invisible
line is called the Karman line.
The atmosphere is 80% nitrogen and about 19% oxygen. If the atmosphere was 100%
oxygen it would be very unstable and dangerous.

ATMO 3

Earth Odyssey – Earth’s Atmosphere & Carbon Dioxide

Activity One: Layers of the Atmosphere.
Ensure students have enough copies of ATMO Reproducible 1: Layers of the Atmosphere
or project the image to the entire classroom. Hand out copies of ATMO Reproducible 2:
Troposphere, ATMO Reproducible 3: Stratosphere, ATMO Reproducible 4: Mesosphere,
ATMO Reproducible 5: Thermosphere and ATMO Reproducible 6: Exosphere. Have
students break up into groups, read the paragraph about their layer of the atmosphere
and answer the questions below the descriptions. Have one student present their groups’
answers.

Activity Two: CO2 in the Atmosphere Over Time
Give each student all three pages of ATMO Reproducible 7: CO2. Have students plot the
data from the dataset page onto the empty graph and use this information to answer the
questions on the worksheet. Feel free to discuss answers afterward.
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ATMO Reproducible 1: Layers of the Atmosphere
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Known as the lower atmosphere, almost all weather occurs in the troposphere. The troposphere
begins at the Earth’s surface and extends up to an altitude of 12 miles (20 km) high. As you
climb up through the troposphere, the air becomes thinner and the air gets cooler. Average
temperatures are around 62°F (17°C) at the bottom of the troposphere and -60°F (-51°C) at the
top of the troposphere. About 80% of the atmosphere on Earth lies in the troposphere. Because
of the warm temperatures and thick oxygen rich atmosphere, 99.99% of life on the surface of
Earth exists in the troposphere including bacteria, plants and animals. The thick atmosphere lets
turbine airplanes, hot air balloons and helicopters fly freely through most of the troposphere.
1) What altitude range does the troposphere occupy?

2) What temperature range occurs in the troposphere?

3) What percentage of the total atmosphere is in the troposphere?

4) Is life found in this layer? What kinds of life?

5) What kinds of human flight happen in in the troposphere?

ATMO Reproducible 2: Troposphere
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Starting at 12 miles (20 km) and extending up to 31 miles (50 km) the stratosphere is sometimes
called the middle atmosphere. Temperatures actually rise as you climb up the stratosphere
with temperatures averaging -60°F (-51°C) at the bottom and 5°F (-15°C) at the top. This is
because oxygen molecules absorb sun radiation as they rise in elevation. Only about 19% of the
atmosphere on the planet exists in the stratosphere. Because the atmosphere is so thin, only
a few species of bird and bacteria can live in the stratosphere. Conditions are unfit for human
survival without life support. Commercial airliners fly at the bottom of this layer and some military
aircraft fly closer to the top of this layer. The thin atmosphere helps to save fuel and lets jets
pass through it more easily than they do closer to the surface.
1) What altitude range does the stratosphere occupy?

2) What temperature range occurs in the stratosphere?

3) What percentage of the total atmosphere is in the stratosphere?

4) Is life found in this layer? What kinds of life?

5) What kinds of human flight happen in in the stratosphere?

ATMO Reproducible 3: Stratosphere
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Starting at around 31 miles (50 km) above the Earth’s surface and extending to 53 miles (85km)
the mesosphere, along with the stratosphere, is sometimes called the middle atmosphere.
Average temperatures are around 5°F (-15°C) at the bottom of the mesosphere and can be
as cold as -90°F (-160°C) at the top. The atmosphere is extremely thin here, making up less
than 1% of Earth’s total atmosphere. Because there is so little oxygen to breathe and it is so
cold, only limited life-like bacteria can survive here. Humans cannot survive in the mesosphere
without special life support equipment. The atmosphere in the mesosphere is too thin for the
wings on aircraft to fly and too thick for spacecraft to orbit. For this reason, no regular human
flight happens in this layer, and we understand the least about the layer of this atmosphere.
1) What altitude range does the mesosphere occupy?

2) What temperature range occurs in the mesosphere?

3) What percentage of the total atmosphere is in the mesosphere?

4) Is life found in this layer? What kinds of life?

5) What kinds of human flight happen in in the mesosphere?

ATMO Reproducible 4: Mesosphere
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Sometimes called the upper atmosphere, the exosphere is an extreme place. It begins at an
altitude of 53 miles (85 km) and extends all the way up to 431 miles (600 km). Space begins in
this layer at 100 km. Less than 1% of Earth’s total atmosphere makes up this layer. As you rise in
height, the thermosphere thins and air molecules become more exposed to solar radiation. This
causes a huge difference in temperatures with temperatures of -90°F (-160°C) at the bottom and
3,600°F (2,000°C) at the top. Despite these harsh conditions, bacteria have been found living in
this layer. In this layer of the atmosphere, humans pilot spacecraft like space stations and space
shuttles.
1) What altitude range does the thermosphere occupy?

2) What temperature range occurs in the thermosphere?

3) What percentage of the total atmosphere is in the thermosphere?

4) Is life found in this layer?

5) What kinds of human flight happen in in the thermosphere?

ATMO Reproducible 5: Thermosphere
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The final layer of the atmosphere, the exosphere, is known as the boundary of space. It begins
around 431 miles (600 km) and extends up to 6,200 miles (10,000 km). Temperatures vary
wildly in this layer of the atmosphere. Molecules that are exposed to direct sunlight can reach
several thousand degrees Celsius, but if they are in the dark (such as if the Earth is blocking the
sunlight) they can drop to nearly -400°C. However, even in the sunlight, the exosphere would
feel very cold to us because there is very little air for heat to actually conduct. Less than .0001%
of the Earth’s total atmosphere can be found in the exosphere. As of today, no life has been
found in the exosphere. The exosphere is so far away from Earth that the only human flight that
has happened here are when people have been traveling to the moon.
2) What altitude range does the thermosphere occupy?

2) What temperature range occurs in the thermosphere?

3) What percentage of the total atmosphere is in the thermosphere?

4) Is life found in this layer?

5) What kinds of human flight happen in in the thermosphere?

ATMO Reproducible 6: Exosphere
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Name_________________________________________________ Date__________________

CO2 Dataset - Information
Average Annual CO2 in Earth’s
atmosphere (parts per million)

ATMO Reproducible 7: CO2 Dataset

1965

320.04

1967

322.16

1969

324.62

1971

326.32

1973

329.68

1975

331.08

1977

333.78

1979

336.78

1981

340.10

1983

343.03

1985

346.04

1987

349.16

1989

353.07

1991

355.57

1993

357.07

1995

360.80

1997

363.71

1999

368.33

2001

371.13

2003

375.77

2005

379.80

2007

383.76

2009

387.37

2011

391.63

2013

396.48

2023

450.00
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Name_________________________________________________ Date__________________

450
445
440
435
430
425
420
415

Annual Average CO2 Emission (ppmy)

410
405
400
395
390
385
380
375
370
365
360
355
350
345
340
335
330
325
320

2023

.......

2013

2011

2009

2007

2005

2003

2001

1999

1997

1995

1993

1991

1989

1987

1985

1983

1981

1979

1977

1975

1973

1971

1969

1967

1965

315

Year

ATMO Reproducible 7: CO2 Dataset
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Name_________________________________________________ Date__________________
Notice the different trends over the last few years. Utilize your graph and the dataset to help
answer the questions below.
Global temperature averages have risen during years where CO2 concentrations
have been 350 ppm (parts per million) or higher. What was the last year when CO2
concentrations were lower than this?

Based on what you have seen in CO2 trends, what do you predict CO2 parts per million
in the atmosphere may be in 2023? Why do you predict this? Plot your prediction on the
graph.

What effect on the global climate do you think rising CO2 levels could have? Explain your
reasoning.

ATMO Reproducible 7: CO2 Dataset
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Name_________________________________________________ Date__________________

CO2 Dataset - Information
Average Annual CO2 in Earth’s
atmosphere (parts per million)

Answer Key – ATMO Reproducible 7: CO2 Dataset

1965

320.04

1967

322.16

1969

324.62

1971

326.32

1973

329.68

1975

331.08

1977

333.78

1979

336.78

1981

340.10

1983

343.03

1985

346.04

1987

349.16

1989

353.07

1991

355.57

1993

357.07

1995

360.80

1997

363.71

1999

368.33

2001

371.13

2003

375.77

2005

379.80

2007

383.76

2009

387.37

2011

391.63

2013

396.48

2023

450.00
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Name_________________________________________________ Date__________________

450
445
440
435
430
425
420
415

Annual Average CO2 Emission (ppmy)

410
405
400
395
390
385
380
375
370
365
360
355
350
345
340
335
330
325
320

2023

.......

2013

2011

2009

2007

2005

2003

2001

1999

1997

1995

1993

1991

1989

1987

1985

1983

1981

1979

1977

1975

1973

1971

1969

1967

1965

315

Year

Answer Key – ATMO Reproducible 7: CO2 Dataset
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Name_________________________________________________ Date__________________
Notice the different trends over the last few years. Utilize your graph and the dataset to help
answer the questions below.
Global temperature averages have risen during years where CO2 concentrations
have been 350 ppm (parts per million) or higher. What was the last year when CO2
concentrations were lower than this?

1987

Based on what you have seen in CO2 trends, what do you predict CO2 parts per million
in the atmosphere may be in 2023? Why do you predict this? Plot your prediction on the
graph.

440 or greater. CO2 rates have increased
yearly at an increasing speed.

What effect on the global climate do you think rising CO2 levels could have? Explain your
reasoning.

Average temperatures may continue to rise. This will occur
because of the albedo effect and because CO2 is a greenhouse
gas that keeps more energy reflected and trapped in the
Earth’s atmosphere
Answer Key – ATMO Reproducible 7: CO2 Dataset
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THE WATER CYCLE
INTRODUCTION
In this lesson, students will investigate the water cycle on Earth. They will examine the role of
water in our lives.

LESSON OVERVIEW
Grade Level & Subject: Grades 5 – 8, Science
Length: 30 to 45 minutes
Objectives
After completing this lesson, students will be able to:
• Explain how water moves through the water cycle.
• Discuss the relationship between global quantities of usable and unusable water.
• Describe the importance of recycling water.

Key Questions
•
•
•
•

What does the life of a drop of water look like?
How much of the water on Earth is available for drinking?
How are conserving water and humanity’s survival related?
Why is preserving and conserving water an important idea?

Standards
•
•
•

MS-ESS2-4
MS-ESS2-6 (SL.8.5)
MS-ESS3-5 (MP.2, RST.6-8.1)

Materials Needed
•
•
•
•

WATER Reproducible 1: Graph
WATER Reproducible 2: Water Cycle
WATER Reproducible 3: Water Cycle Questions
WATER Reproducible 4: Fresh Water

WATER 1
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Background Information: Teacher Knowledge
Water is found almost everywhere on Earth, from high in the atmosphere (as water vapor) to
low in the atmosphere (precipitation, droplets in clouds) to mountain snowcaps and glaciers
(solid) to running liquid water on the land, ocean and underground. Energy from the sun and
the force of gravity drive the continual cycling of water among these reservoirs. Sunlight causes
evaporation and propels oceanic and atmospheric circulation, which transports water around
the globe. Gravity causes precipitation to fall from clouds and water to flow downward on the
land through watersheds.
Life as we know it depends on water. Astrobiologists examine the cosmos for signs of water in
hopes of it leading them to the potential for life. Just as water recycles itself on earth, astronauts
must too recycle water in space. Every drop of water in liquid, solid or gaseous form is attempted
to be recycled to make the space station as sustainable as possible. However, space stations
can’t recycle water as efficiently as the Earth and huge bags of water must be brought up during
resupply missions.
Of all of the water on the Earth,
•
•
•
•
•
•

97.2% is undrinkable salty ocean water.
2.38% is locked in ice caps/glaciers and not easily accessible.
0.397% is fresh ground water.
0.022% is surface water. This is drinkable water in lakes, rivers, streams and ponds.
0.0001% is fresh water in the atmosphere.
Less than 1% of the water on the planet is drinkable.

Resources
Water on the International Space Station
http://science1.nasa.gov/science-news/science-at-nasa/2000/ast02nov_1/
The Water Cycle
https://www.youtube.com/watch?v=9e1ccP2P0Fk

WATER 2
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LESSON STEPS
Teacher Preparation
To prepare for the warm-up, ensure you have one copy of WATER Reproducible 1: Graph for
every student.
To prepare for Activity One, make sure you can play this video on the water cycle for the class.
If not, ensure students have access to or can see WATER Reproducible 2: Water Cycle. Also
make sure students have a copy of WATER Reproducible 3: Water Cycle Questions.
To prepare for Activity Two, ensure students still have WATER Reproducible 1: Graph.
To prepare for Activity Three, ensure students have a copy of WATER Reproducible 4: Fresh
Water.

Warm-up: How is Water on Earth Distributed?
Give each student a copy of WATER Reproducible 1: Table. Tell them that water on Earth
can be found in oceans, ice caps/glaciers, ground water (water beneath the Earth’s
surface) surface water (lakes, rivers, ponds) and in the atmosphere. Using the top grid,
explain to the students that there are 100 squares, representing all of the water on Earth
(100% of the water). Ask the students to fill in each square with either an O, I, G, S, or
A (oceans, ice caps/glaciers, ground water, surface water and atmosphere) so that the
entire grid is filled to represent how much water each of these categories makes up on
Earth.
For example, if a student thinks that 15% percent of water on Earth is found in the
atmosphere, they would put 15 A’s in the grid. If they think oceans take up 60% of Earth’s
total water, they would fill in 60 boxes on the grid. Have students keep their filled out top
grid, they will be utilizing the bottom soon.

WATER 3
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Activity One: The Water Cycle
Hand out enough copies of WATER Reproducible 2: The Water Cycle for everyone to
see, display the image or preferably show this video on the water cycle from NASA.
Regardless of how you display this concept, narrate the image/video to follow the path of
a water molecule. One possible narration is written below.
The sun evaporates surface water from oceans, lakes, rivers and other water on the surface.
This water forms clouds and some of it rains back onto the ground and eventually flows back
into open water. Some water is absorbed into the ground becoming ground water. Once this
water is absorbed deeply enough, it will enter the underground water table of the Earth. This
water will eventually find its way back to the surface and the whole cycle will repeat. This
cycle can sometimes take a long time, with water staying underground for millions of years
at a time.
Now hand out copies of WATER Reproducible #3: Water Cycle Questions. Students may
work together in small groups as multiple answers are acceptable to each question.
Students may struggle with question 3, be prepared to speak about the differences of
the water cycle on Earth and the water cycle on a space station. Have groups share their
answers.

Activity Two: Warm-Up Analysis
Have students take out WATER Reproducible 1: Water Percentages. They will be using
the grid on the bottom. Write the following numbers on a board that everyone can see.

Ocean 97.2%
Ice Caps/Glaciers 2.38%
Surface Water (lakes, rivers, streams, ponds) 0.022%
Atmosphere .00001%
Ask students to fill in the boxes with these new values. They may need to create smaller
boxes inside of the existing boxes for the smaller values. Discuss how their guesses
were different from this real world data. Were they surprised? Ask them what percentage
of the water shown is salt water and what is fresh water.

WATER 4
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Activity Three: Fresh Water Percentages
Give each student a copy of WATER Reproducible 4: Fresh Water Percentages. Each
student will fill out the worksheet.
Guide the students in a dialogue about the scarcity of drinkable water. Some sample
discussion points include:

Is there less drinking water in the world then you thought?
What types of things do you think could happen if the world does not
conserve drinking water?
What are some steps that people can take to help preserve fresh water?

WATER 5
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O
I
G
S
A

=
=
=
=
=

Ocean
Ice Caps/Glaciers
Ground Water
Surface Water (lakes, rivers, streams, ponds)
Atmosphere

WATER Reproducible 1: Graph

WATER 6

Earth Odyssey – The Water Cycle

WATER Reproducible 2: Water Cycle
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Name_________________________________________________ Date__________________

1) You are at home and turn on the faucet to get a glass of water. What steps does a molecule
of water need to take in order to go from the ocean into your glass?

2) You are on a farm and there is no running water. To get water for yourself you have to use a
hand pump to draw water from ground water. How did the water get from the ocean into the
ground?

3) Imagine you are in a space station orbiting high above the Earth. How do you think the water
cycle would change as compared to on Earth?

WATER Reproducible 3: Water Cycle Questions
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Name_________________________________________________ Date__________________

Oceans

97.2% of total water

Ice Caps/Glaciers

2.38%

Ground Water

0.397%

Surface Water (e.g., lakes,
rivers, streams, ponds)

0.022%

Atmosphere

0.001%

Add up the percentage of water available for drinking water.
Ground water .

.

.

.

.

.

___________

Surface Water .

.

.

.

.

.

___________

TOTAL.

.

.

.

.

.

___________

Now add ice caps/glaciers.

.

.

___________

.

.

GRAND TOTAL .

.

.

.

.

. ___________

This activity courtesy of the Environmental Protection Agency

WATER Reproducible 4: Fresh Water
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O

O

O

O

O

O

I

Ocean
Ice Caps/Glaciers
Ground Water
Surface Water (lakes, rivers, streams, ponds)
Atmosphere

Answer Key – WATER Reproducible 1: Graph
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Name_________________________________________________ Date__________________

1) You are at home and turn on the faucet to get a glass of water. What steps does a molecule
of water need to take in order to go from the ocean into your glass?

There are several ways this could happen. Ocean evaporation to
stream to water filtration plant to pipe to faucet is just one.

2) You are on a farm and there is no running water. To get water for yourself you have to use a
hand pump to draw water from ground water. How did the water get from the ocean into the
ground?

There are several ways this could happen; evaporation to ground
absorption is just one.

3) Imagine you are in a space station orbiting high above the Earth. How do you think the water
cycle would change as compared to on Earth?

There is no sun to evaporate water like there is on Earth. There
is no ground water. All recycling must be done with machines to
simulate Earth’s natural recycling system. NASA has a good blog
post about the differences.

Answer Key – WATER Reproducible 3: Water Cycle
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Name_________________________________________________ Date__________________

Oceans

97.2% of total water

Ice Caps/Glaciers

2.38%

Ground Water

0.397%

Surface Water (e.g., lakes,
rivers, streams, ponds)

0.022%

Atmosphere

0.001%

Add up the percentage of water available for drinking water.
Ground water .

.

.

.

.

.

0.397%
___________

Surface Water .

.

.

.

.

.

0.022%
___________

TOTAL.

.

.

.

.

.

0.0617%
___________

Now add ice caps/glaciers.

.

.

2.38%
___________

.

.

GRAND TOTAL .

.

.

.

.

2.4417%
. ___________

REMEMBER: Only a small percentage of water is suitable for humans to drink. Not all of the
water in the ground and in lakes and rivers is easy to reach or clean enough to drink. Ice caps
and glaciers are certainly hard to use for humans, plants and animals. Some work is being
done to take the salt out of the ocean water (desalinate the water), but that is an expensive
process.
This activity courtesy of the Environmental Protection Agency

Answer Key – WATER Reproducible 4: Fresh Water
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REMOTE SENSING &
COMMUNICATIONS
INTRODUCTION
In this lesson, students will learn how satellites are used to collect information about Earth. They
will also explore the value of communications in relationship to technology.

LESSON OVERVIEW
Grade Level & Subject: Grades 5 – 8, Science
Length: 45 minutes
Objectives
After completing this lesson, students will be able to:
• Explain the importance of satellites in observing Earth.
• Understand the benefit of longitudinal observation of earth’s systems.
• Understand the importance of effective communication.

Key Questions
•
•
•

What is an artificial satellite?
What is remote sensing?
Why is good communication essential when working on complex projects?

Standards
•
•

MS-ESS3-4 (RST.6-8.1, WHST.6-8.1, WHST.6-8.9)
MS-ESS3-5 (RST.6-8.1)

Materials Needed
•
•
•
•
•
•
•

RS Reproducible 1: Buoy Data
RS Reproducible 2: Mount St. Helens
RS Reproducible 3: Thailand + Worksheet
RS Reproducible 4: China + Worksheet
RS Reproducible 5: Brazil + Worksheet
RS Reproducible 6: Paper Glider Activity
Blank Sheets of 8½ by 11 paper

RS 1
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Background Information: Teacher Knowledge
In 1957 Sputnik was launched by the Soviet Union into an elliptical low earth orbit, becoming the
first artificial satellite. Since then, over 2,000 other satellites have been put into orbits around the
Earth, moon and beyond to collect data.
Most satellites serve one or more functions, including:
•
•
•
•
•

Communications
Navigation
Weather Forecasting
Environmental Monitoring
Defense/Intelligence Gathering

Satellites acquire information about objects or events without ever physically interacting with
them, a process referred to as remote sensing. Satellites can either take real pictures or collect
data which scientists put together into data maps to help us understand things like global
temperatures or how much oxygen phytoplankton are giving off globally.
Satellites that specifically orbit the Earth and collect information about it are referred to as Earth
Observing Satellites (EOS). These satellites use a variety of scientific instruments to collect
data about systems of the Earth. This includes monitoring ocean patterns, deforestation rates,
plankton growth rates, sea ice patterns and much more. This network allows scientists to observe
the intricate ways that the spheres of the Earth interact with each other.
The data sent back to Earth is meaningless without human analysis and communication.
Working with any spacecraft, from an earth observing satellite to a manned moon mission,
requires advanced communication between software, hardware and a diverse group of
people. Communication failure between any of these three components at any level could be
catastrophic to the mission. On December 11, 1998, NASA launched the Mars Climate Orbiter
to collect information on the Martian atmosphere. As it was heading to the planet, one piece
of software that had been programmed in metric units spoke to another piece of software
programmed in imperial units and the spacecraft ended up more than 100 kilometers off course.
The spacecraft ended up far too close to Mars and burned up upon entering the atmosphere.
This one communication mistake led to years of work being lost in an instant.

Resources
What is remote sensing?
https://www.youtube.com/watch?v=xIsUP1Ds5Pg
How are data maps made?
https://www.youtube.com/watch?v=YP0et8l_bvY
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LESSON STEPS
Teacher Preparation
To prepare for Warm-up, make sure students will be able to see both RS Reproducible 1: Buoy
Data and RS Reproducible 2: Mount St. Helens either through print outs or projection.
To prepare for Activity One, either ensure each student has access to a computer with internet
or there are printed copies of RS Reproducible 3: Thailand, RS Reproducible 4: China and RS
Reproducible 5: Brazil.
Regardless of internet accessibility, ensure that the questions associated with RS Reproducible
3: Thailand, RS Reproducible 4: China Urbanization and RS Reproducible 5: Brazil are available
for students to use.
To prepare for Activity Two make sure there are enough copies of RS Reproducible 10: Paper
Glider Activity for half of your class and enough 8½ by 11 inch sheets of blank paper.

Warm-up: What is a satellite?
Begin by showing students RS Reproducible 1: Buoy Data. Ask them what they think
they are looking at. Where do they think this information is coming from?
Tell them that it came from a buoy in the ocean and is collecting data through a process
called remote sensing. Show them this video if resources permit. Otherwise share the
following:
Remote sensing is any kind of technique that does not involve touching used to study an
object.
Remote sensing can be on buoys, airplanes, submarines or even on spacecraft like satellites.
Ask the classroom:

If you were a fisherman, why would having up-to-date information about the
sea be useful?
Knowing the weather and water conditions would make fishing easier and safer.

What would it mean if there was suddenly a drastic increase in wave height
and wind speed and a sudden drop in pressure?
A storm may be coming.
The impact humans and nature have on our planet can be difficult to measure from the ground.
The perspective that satellites provide enable us to see large changes over time. Show students
RS Reproducible 2: Mount St. Helens. Let them know that they are looking at remote sensing
data from a satellite taken taken one year apart. The red shows plant life. Ask students what
they observe between year one (image on the left) and year two (image on the right). What
theories can they come up with to explain the differences?
Let them know that this was Mount St. Helens, a massive volcano in the U.S. that erupted.
After the explosion, 24 square miles were buried under as much as 600 ft. (91m) of debris.

RS 3
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Activity One: Satellite Image Analysis
Partner each student with another student. If you have computers with access to the
internet, have one third of the pairs of students visit this address (Thailand Flood), the
second third visit this address (China Urbanization), and the last third visit this address
(Brazil Deforestation). If students do not have internet access, then provide color copies
of RS Reproducible 3: Thailand, RS Reproducible 4: China and RS Reproducible 5: Brazil
Have each pair of students work through their corresponding worksheet.
Have students discuss what they observed.

Why was remote sensing helpful? What sort of perspective were they able to
get from their images?

Activity Two: Paper Glider Activity
Give half of the students in your classroom RS Reproducible 6: Paper Glider Activity.
The other half should each have access to a few blank pieces of 8½ by 11 paper. Each
student with RS Reproducible 6: Paper Glider Activity should pair up with a student with
a blank piece of paper. Students with instructions will read their instructions, but not be
able to touch the folding paper. Students with paper will not be able to manipulate or look
at instructions. Feel free to have students face away from each other. Give students ten
minutes to complete their airplanes. *Note the importance of this activity comes from
recognizing the complexity of the task, not necessarily completing it.
Paper Glider Debrief: Ask students the following questions.

What were some of the difficulties you encountered?
How do you think you could have improved your communications strategy?
Imagine if the person you were reading instructions to was far away in a
space station. What steps would you take to ensure they could follow your
directions clearly?

RS 4
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Station 41049
NDBC
Location: 27.500N 63W
Conditions as of:
Tue, 7 Jul 2009 20:50:00 UTC
Winds: S (190°) at 9.7 kt gusting to 11.7 kt
Significant Wave Height: 3.3 ft
Dominant Wave Period: 9 sec
Atmospheric Pressure: 30.07 in and falling
Air Temperature: 81.7 F
Dew Point: 75.6 F
Water Temperature: 82.0 F

RS Reproducible 1: Buoy Data
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RS Reproducible 2: Mount St. Helens
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RS Reproducible 3: Thailand
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Ayutthaya, Thailand Flood
The images you are looking at are images of Ayutthaya, Thailand during a major flood in 2011.
1) What major changes do you see between July and October?

2) Look at the rivers in these two images, compare and contrast what you see. Where is more
flooding evident?

3) In the images from October, the ground appears much darker on the right side of the image.
Why do you think the ground is darker?

4) What sort of impact do you think this flood had on the people who live in Ayutthaya?

5) After looking at these two images, what questions do you have about the images and the
information they provide?

RS Reproducible 3: Thailand Worksheet

RS 8

Earth Odyssey – Remote Sensing & Communications

RS Reproducible 4: China
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North Kunming, China Urbanization
The images you are looking at are images of North Kunming, China between 1999 and 2012.
1) Look at the land surrounding the river flowing through the center of the image taken in 1999.
What are three changes that you notice between 1999 and 2012?

2) How do you think the water from the river might be different in1999 than it was in 2012?

3) For a community to produce its own food, it needs farm land. Do you think this community
could produce more food for itself in 1999 or 2012?

4) Why do you think a community would build so much in such a short amount of time?

RS Reproducible 4: China Worksheet
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Rondonia, Brazil Deforestation
The images you are looking at are all satellite images of the rainforest in Rondonia, Brazil
between 1975 and 2001.
1) What do you think happened to the green rainforest between 1975 and 2001?

2) What impact do you think the loss of forest might have on the wildlife living in the forest?

3) What do you think a map of this area might look like in 2020 if this pattern repeats?

4) What consequences, if any, do you think continued deforestation would have on the Earth?

RS Reproducible 5: Brazil Worksheet
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RS Reproducible 6: Paper Glider Activity
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Ayutthaya, Thailand Flood
The images you are looking at are images of Ayutthaya, Thailand during a major flood in 2011.
1) What major changes do you see between July and October?

Water has covered approximately ½ of the satellite image. Much
of the city is at least partially underwater.
2) Look at the rivers in these two images, compare and contrast what you see. Where is more
flooding evident?

Answers will vary. Flooding is concentrated by the river’s initial
location.
3) In the images from October, the ground appears much darker on the right side of the image.
Why do you think the ground is darker?

The ground is wet or the water is deeper because it is harder to
see through, and less light is reflected.
4) What sort of impact do you think this flood had on the people who live in Ayutthaya?

Destruction of property, loss of life, roads closed, no power.

5) After looking at these two images, what questions do you have about the images and the
information they provide?

Answers will vary.

Answer Key – RS Reproducible 3: Thailand Worksheet
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North Kunming, China Urbanization
The images you are looking at are images of North Kunming, China between 1999 and 2012.
1) Look at the land surrounding the river flowing through the center of the image taken in 1999.
What are three changes that you notice between 1999 and 2012?

New bridges, buildings where farmland/grassland used to be,
many new roads.

2) How do you think the water from the river might be different in1999 than it was in 2012?

Much more waste will end up in this river, making it more likely to
be polluted.

3) For a community to produce its own food, it needs farm land. Do you think this community
could produce more food for itself in 1999 or 2012?

The 1999 community would be able to produce more food for
itself.

4) Why do you think a community would build so much in such a short amount of time?

More births, more jobs, more access to money, more access to
resources, etc.

Answer Key – RS Reproducible 4: China Worksheet
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Rondonia, Brazil Deforestation
The images you are looking at are all satellite images of the rainforest in Rondonia, Brazil
between 1975 and 2001.
1) What do you think happened to the green rainforest between 1975 and 2001?

Humans cut down the forest.

2) What impact do you think the loss of forest might have on the wildlife living in the forest?

Wildlife either has to move or it won’t have enough resources to
live and will die.

3) What do you think a map of this area might look like in 2020 if this pattern repeats?

Wildlife either has to move or it won’t have enough resources to
survive and will die.

4) What consequences, if any, do you think continued deforestation would have on the Earth?

Less food for wildlife, more CO2 in the atmosphere, less oxygen
in the atmosphere, more erosion, etc.

Answer Key – RS Reproducible 5: Brazil Worksheet
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