
LESSON 9: What is happening in the world to cause the sharp rise in carbon dioxide?
PREVIOUS LESSON We carried out an investigation and figured out that gas can be trapped in ice. We found out about how scientists use ice core samples from locations on Earth

that have very old ice to determine the amounts of carbon dioxide in the air over time. We focused on carbon dioxide and examined carbon dioxide data from
ice cores dating back 800,000 years. We noticed that carbon dioxide naturally fluctuates up and down, but the current levels are outside of the normal high
range for carbon dioxide.

THIS LESSON

INVESTIGATION

1 day

 

In this lesson, we zoom into the last 200 years of Earth’s history to understand what led to a rapid increase in
CO2 emissions that is outside the normal pattern for CO2 historically. We watch a visualization and read about
key innovations in human history that have transformed the types of energy used to power our communities.
We figure out that, as population grows and energy consumption rises, human activity contributes to the rapid
rise in CO2.

NEXT LESSON We will burn a sample of fossil fuel and examine fossil fuel molecules. We will observe that, as the fuel loses mass, CO2 and water vapor are produced. We will
model Earth’s carbon system and trace carbon atoms once stored in fuels, as they burn and enter the atmosphere. We will figure out that photosynthesis cannot
take up CO2 at the same rate that burning fuels puts CO2 in the atmosphere. We will create an initial cause-and-effect diagram to link burning fossil fuels to the
droughts and floods from the anchor.

BUILDING TOWARD NGSS

MS-ESS3-1, MS-ESS3-3, MS-ESS3-
4, MS-ESS3-5, MS-ETS1-2

WHAT STUDENTS WILL DO

9.A Integrate qualitative and quantitative scientific information in written text with visual displays of atmospheric carbon dioxide levels, energy
consumption, and human population levels to determine a correlation between human activities and CO  emissions over time.

WHAT STUDENTS WILL FIGURE OUT

Large deposits of mineral resources (such as “fossil fuels”) are used to power our communities and transportation networks, and this use has
increased over time.
Population growth increases consumption of resources (per-capita consumption of fossil fuels).
A growing population that consumes large amounts of mineral resources is correlated with the rapid increases in CO  in Earth’s atmosphere.
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Lesson 9 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 7 min IDENTIFY WHEN THE PROBLEM STARTED
Identify and zoom in on the approximate dates during which CO  rapidly increased.

A-B Model Ideas list, markers

2 8 min INITIAL IDEAS ABOUT WHAT IS CAUSING THE RISE
Notice and wonder about what was happening in the world at the time when CO  started to increase
rapidly.

C Global CO2 Emissions video

3 15 min NEW ENERGY SOURCES
Read about major changes in energy sources in recent centuries.

D-E Two Centuries of Innovation, Graph of Energy
Sources Over Time

4 10 min CONNECTING ENERGY USE, POPULATION, AND PER-CAPITA CONSUMPTION
Students integrate ideas about how human population growth alongside increases in per-capita
consumption led to a rapid increase of CO  in the atmosphere.

F-G Graph of Energy Sources Over Time, Population
Growth and CO2 Emissions Graphs

5 3 min UPDATE PROGRESS TRACKER
Add new ideas to the Progress Tracker.

H Model Ideas list, markers

6 2 min NAVIGATION
Problematize the connection between fossil fuels and CO  emissions.

I

End of day 1
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Lesson 9 • Materials List
per student per group per class

Lesson materials science notebook
Two Centuries of Innovation
Graph of Energy Sources Over Time
Population Growth and CO2 Emissions Graphs

Model Ideas list
markers
Global CO2 Emissions video

Materials preparation (15 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

Ensure that slide D can be projected onto a white board or chart paper so that the class can add key ideas and annotations to the graphs during the Building Understandings Discussion.
Alternatively, this graph can be printed and projected using a document camera with students adding annotations to the paper graph directly.

Ensure you can play the Global Emissions video at www.teachersopensciedfieldtest.org/droughtsfloods .

file:///tmp/www.teachersopensciedfieldtest.org/droughtsfloods


Lesson 9 • Where We Are Going and NOT Going
Where We Are Going

In this lesson, students will focus on obtaining information about human populations and human activity that is correlated to the rise of CO  emissions in the atmosphere. The lesson is
focused on helping students see connections between major energy innovations in the 1700, 1800, and 1900s that led to the increased production of atmospheric CO  from the burning of
fossil fuels. Alongside these innovations was the rapid growth of human populations. As food became more readily available and in steady supply and medical innovation improved the quality
and lengths of lives, the human population began to grow rapidly. The basic conceptual formula to explain the rapid growth of CO  on the graphs is that, as the human population grew and
there was an increase in consumption per person, the total fuel needs increased, as well as the CO  that resulted from the use of the fuel.

Where We Are NOT Going

The relationship between fossil fuel consumption for energy needs and CO  emissions is a causal relationship, but, in this lesson, students will focus on establishing a correlation between the
two. It is OK if students start to identify this as a causal relationship but avoid confirming the causal relationship until after they have completed day 1 of Lesson 10.

The population growth on the graph is exponential growth, which is something students learn about in 8th grade math. If your students understand exponential growth, you can consider
including this concept in this lesson.
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7 min

8 min

LEARNING PLAN for LESSON 9
1 · IDENTIFY WHEN THE PROBLEM STARTED
MATERIALS: science notebook, Model Ideas list, markers

Reconsider the CO  graph and update Progress Trackers. Display slide A. Say, Let’s think
back to what we figured out last time. What did we see last class when we looked at CO  over
a long time and what were we curious about? Take a moment to update your Progress
Tracker with what we figured out about CO  in the atmosphere over time.

Give students about 3-4 minutes to update their Progress Trackers. Ask a few students
to share their ideas. Students should respond with something along the lines of: CO  was
really much higher now than in the past, and it was going up super fast. Add at least one big
idea to the Model Ideas list.

Zoom into the dates where CO  concentration increased rapidly. Display slide B. This is
a graph of CO  emissions since 1751. Have a quick conversation with students about
what is specifically happening in the graph on or around those dates. Ask:

When did the rise start? (It started in the mid-1800s.)
What does the data show after that point? (It gets steeper and steeper, and
really shoots up around 1950.)
What do we know about this time period? What was happening in the world?
(Students may mention machines, cars, more people, Industrial Revolution.)

2 · INITIAL IDEAS ABOUT WHAT IS CAUSING THE RISE
MATERIALS: science notebook, Global CO2 Emissions video

Draw out initial ideas about what is causing the rise in CO  in recent centuries. Display slide C. Say, Using past atmospheric data, scientists
have created a visualization of where CO  was produced between the 1700s and today. We will watch this twice. Pay close attention to where the
CO  is coming from and how this changes over time.✱

Play the Global CO  Emissions video at www.teachersopensciedfieldtest.org/droughtsfloods . Play through it twice for students to notice new
spatial patterns emerging. It is not important for students to know the country names, but you can help them identify continents and
specific countries (e.g., England, United States, etc.) if they are struggling with this.

Ask students what patterns they noticed in the video. These might include:
CO  really increased in England in the late 1700s.
Then it spread to Europe and the northeastern US in the early to mid-1800s.
In the late 1800s, CO  emissions spread across the US and other places, like Japan and China.

Ask students, What do we know about what was happening in places like England and the US between the 1700s and today that might be
connected to the rise in CO ? Students might share initial ideas about:

major events (e.g., the American Revolution, U.S. settlements in the West),
inventions, such as steam engines, engines, and cars/trains/airplanes, and
building factories and making more goods.

✱ ATTENDING TO EQUITY

Universal Design for Learning: Students
engage with data and information in this
lesson using multiple forms of media.
Students begin with a simple line graph then
use a time-lapse animated video to begin to
identify when changes in CO  were
happening. This is followed by a reading with
text and images to understand what was
happening in the world when carbon dioxide
was rising. Finally, they use other graphs to
connect energy use and population growth.
Providing multiple forms of media to
represent the information provides more
access for the diverse learners in your
classroom.
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15 min

ADDITIONAL
GUIDANCE

Students might have varying levels of prior ideas depending on whether they have learned about the first and
second Industrial Revolutions. It is possible that students may not have experienced an in-depth American
history course yet but will have ideas from various American history and world history units from elementary
grades. Connect with the social studies teachers in your schools to find out if or when this content area is taught
in your school district. However, even if students haven’t learned about the Industrial Revolution, they will know
general time periods in history, such as the time period for the American Revolution, the American Civil War,
and several students may know generally when certain inventions came about, such as the inventions of the
lightbulb, trains, cars, planes, and electronics.

3 · NEW ENERGY SOURCES
MATERIALS: Two Centuries of Innovation, Graph of Energy Sources Over Time

Introduce students to major inventions that changed energy use
in the world. Say, OK, so we know CO  was rising in the last couple of
centuries and really started to spike around 1950. Let’s get some
information about what was happening in the world when this was
going on.

Students individually read. Pass out 1 copy of Two Centuries of
Innovation to each student. There is also a full-color version of the
reading in the student edition. Ask students to either read quietly
or in partners. They should highlight or mark up the text in places
where they think something is connected to the rise in CO . Give
students a few minutes to read through the text. Return to the
graph on slide B if students find this useful as they read.

Project and annotate the graph of energy sources. When students
finish reading and marking up the text, display slide D onto a
whiteboard or space on which you and your students can add
details with a dry erase marker. Pass out 1 copy of Graph of Energy
Sources Over Time to each student, which is the same graph, for
students to write on. This is a graph of energy sources used by the
world since the 1800s.

Say, This graph shows what energy sources people used during this time. Let’s use the information from the text to figure out what human activities
were happening during this time that CO  was rising. We figured out that the rise started in the 1800s but really shot up in the 1950s. Let’s combine
information about changes in energy sources from the text and plot those events onto the graph.

Do an example together, such as the rise of coal use in the 1700 and 1800s. Then, ask students to work in pairs or groups of three to plot
major events that might be related to the energy sources shown on the graph.✱ Give students a few minutes to work on this. They can add
whatever notes and annotations they feel are helpful to explain the changes in the energy sources over time.

✱ SUPPORTING STUDENTS IN
ENGAGING IN OBTAINING,
EVALUATING, AND COMMUNICATING
INFORMATION

Use this moment to help students integrate
words, graphs, and pictures from the text
onto the graph of energy consumption. This
work helps support students in the following
element: Critically read scientific texts
adapted for classroom use to determine the
central ideas and/or obtain scientific and/or
technical information to describe patterns in
and/or evidence about the natural and
designed world(s).

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING CAUSE AND
EFFECT

The focus in this discussion is to understand
that burning fossil fuels appears to be
correlated to the rise in CO . A causal
relationship will be established in the next
lesson.
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Facilitate a Building Understandings Discussion. Use a dry erase marker to plot major human activities onto the graph to help students
make connections between these activities and energy consumption over time.

KEY IDEAS Purpose: To provide students an opportunity to make connections with human activities related to energy
resources and the rise of CO  in the atmosphere.

Look for/listen for:
Changing energy sources is connected with increased consumption on the graph.
Coal increased first in the 1800s, followed by oil and gas in the 1900s.
Coal, oil, and natural gas are called fossil fuels because they have carbon in them that turns into CO
when “burned” for fuel.

Suggested prompts Sample student responses Follow-up questions

What happened in the 1700s that might be
connected to the rise in CO ?

People started to use steam engines. And how are steam engines connected to
CO ?

Steam engines used coal, and when coal
burned for energy, it produced carbon
dioxide.

OK, let’s plot that onto the graph.

What about in the 1800s—what was
happening at that time?

Coal was being used a lot!

We discovered oil and started using it for
lighting and fuel.

What about the 1900s? We started using oil to make fuel for our cars. And how do oil and natural gas connect to
CO ?

I’m not quite sure, but when we burn it for
fuel, it puts off CO .

OK, maybe we could test that idea next
class?✱

Considering adding “fossil fuels” to the word wall along with any additional words encountered in the reading.

Problematize the idea that we have been using fossil fuels for a long time. Display slide E. Once the graph with the timeline and/or
annotations is complete, problematize it by saying, Didn’t the reading say people used coal a long time ago? How long have we been using it? If
we’ve been using this kind of fossil fuel for a long time, then why has the consumption graph gone up so fast since the 1800s and especially since
1950? Listen for ideas like:

We are using more of it now.
We now have cars and planes, so we need more of it.
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10 min4 · CONNECTING ENERGY USE, POPULATION, AND PER-CAPITA CONSUMPTION
MATERIALS: Graph of Energy Sources Over Time, Population Growth and CO2 Emissions Graphs

Investigate population growth and consumption. Build on students’ ideas by saying something like, OK, so we think people might have
something to do with this growth. Let’s look across the data and see if there is a pattern between the CO  emissions and population.

Handout Population Growth and CO2 Emissions Graphs and ask students to also have their annotated version of Graph of Energy Sources Over
Time available. Display slide F. Give students a few minutes to look across the three graphs and jot down some noticings onto each one.✱
Then have students share their noticings with a partner before sharing as a whole class.

Add new understandings about how human activity and CO  emissions might be connected. Ask students to share their noticings as a class.

Suggested prompts Sample student responses

What pattern do you notice across the graphs? As population goes up, CO  emissions go up and/or energy
consumption goes up.

Why do you think CO  is going up? Because we are using more energy to power our homes and cars and
stuff.

And how is the energy graph related to the CO  graph? The energy we use puts carbon dioxide into the air. The more we use,
the more CO  is put into the air.

Construct a simple equation to pull together ideas about population growth with energy consumption.✱ Display slide G. Ask students, If
we could write an equation to explain how more people and more energy per person would be related to CO  in the atmosphere, what would it look
like?

Students should suggest ideas about multiplying the number of people by how much energy they need leading to greater use of fossil fuels
and CO  emissions. Sample equations might be:

More people x more energy use per person = greater use of fossil fuels = high CO  into the atmosphere.
Number of people x energy use per person = total energy used in the world. Total energy x CO  emitted per type = total CO
emissions.

Introduce students to “per-capita consumption.” Say, We have a word that we use to
describe how much stuff people use every day. We call it per-capita consumption. The “per-
capita” means per person. It is all the stuff (energy, food, goods) that a person consumes every
day or year. Can someone describe examples of what that might look like in your daily life?

Listen for students to suggest:
How much electricity we use each day, like our electricity bills.
How much we buy each day, like food or other stuff.
How much water we use each day.

Give students an opportunity to describe what it might mean for them. It could be how
much food they consume or electricity or gasoline. Add “per-capita consumption” to the
Word Wall.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING CAUSE AND
EFFECT

This is an opportunity for students to focus
on the patterns in three data sets that show
a correlation between the rise of CO  in the
atmosphere with a rise in human population
and energy consumption from fossil fuels.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY

This is an additional opportunity to develop
another crosscutting concept by developing
a conceptual equation for population growth
and per capita consumption resulting in a
greater magnitude of CO  emissions. This
relationship thinking supports the
development of Scale, Proportion, and
Quantity, and in particular, using the element
of: Proportional relationships among
different types of quantities provide
information about the magnitude of
properties and processes. In this example,
the proportional relationship between the
number of people and the average energy
needs per person can help to explain the
magnitude of CO  rise on the graph.
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3 min

ASSESSMENT
OPPORTUNITY

Building towards: 9.A Integrate qualitative and quantitative scientific information in written text with visual
displays of atmospheric carbon dioxide levels, energy consumption, and human population levels to determine
a correlation between human activities and CO  emissions.

What to look for/listen for:
Student ideas about the pattern in each individual graph. This pattern shows slightly increasing levels in
population, energy consumption, and CO  emissions in the 1700s and 1800s, with a steep rise
starting in the mid-1900s.
Student ideas about a correlation in the patterns across the three graphs. The graphs follow a similar
trend.
Student ideas about how a growing population that consumes large amounts of mineral resources is
correlated with the rapid increases in CO  in Earth’s atmosphere.

What to do: If students struggle to compare the three graphs, consider chunking the graphs into time periods
and focusing on specific time periods, asking incremental questions like:

How would you describe the change in population from 1800 to 1900?
What about 1900 to 2000?
Would that same description fit the energy consumption graph (or CO  graph)?
Why do you think they might follow a similar pattern? How could they be connected to one another?

5 · UPDATE PROGRESS TRACKER
MATERIALS: science notebook, Model Ideas list, markers

Add ideas to the Progress Tracker. Display slide H. Students started the class with their
Progress Trackers, adding ideas about the patterns in CO  emissions over time. Give
them a few minutes to write down any additional details about how and why they think
CO  emissions are sharply rising based on the new information they have analyzed.

Ask one or two students to share their ideas, and add these ideas to the Model Ideas list.
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2 min6 · NAVIGATION
MATERIALS: None

Wonder about the connection between fossil fuels and CO . Display slide I. Say, So, we figured out that, as populations grow, their
consumption of energy increases. And this increase is correlated to the rise of CO . But how is it that this dead plant and animal matter from so long
ago can become an energy source for us? What is in the fossil fuels that we use for energy? And exactly what is the connection between fossil fuels
and CO  in the atmosphere? Have students do a Turn and Talk with a partner for a minute and then share some ideas with the whole class.

Accept all student ideas.
Some students may bring forward an idea from the reading that there is carbon in coal (and other fossil fuels) and that, when it is
burned, it puts off CO .

Additional Lesson 9 Teacher Guidance

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

Constructing an equation for how population and per-capita consumption result in greater magnitude of CO
emissions provides an opportunity to build in deeper mathematics understanding around this standard:

CCSS.MATH.CONTENT.7.EE.B.4: Use variables to represent quantities in a real-world or mathematical problem,
and construct simple equations and inequalities to solve problems by reasoning about the quantities.

This step in the lesson can be quantified for students by integrating simple numbers to represent the equation.
For example, start with the classroom and say: If our classroom is made of only 5 students (population) and we
consume x amount of energy each year with y amount of CO  emissions released, then our total CO  emissions would
be z.

The equation could be 5 times x times y = z

Then ask, how might this equation change if our population doubled? Tripled? Importantly, the 5 would change,
but also the total z (CO  emissions).

2
2

2

2

2

2 2

2


