Carbon Travels—Then and Now
Overview
In this lesson inspired by the “Carbon Travels” game at STEM Earth
Central (umassk12.net/earth/resources.html), students play the role
of carbon atoms to learn about the carbon cycle and how it is
changing. The game helps them to create two carbon cycle
diagrams—visual models of the cycle before and after the Industrial
Revolution. They reflect on the game and how scientists believe
humans are impacting this critical Earth system. Numerous Enrich /
Extend activities are listed to help you meet the needs of all learners,
including ideas for student projects and a detailed reading titled
“The Fast and Slooow Carbon Cycles” that is appropriate for high
school chemistry classes and other more advanced students.

Guiding Questions
• How is the carbon cycle changing due to human activities?
• How are changes in the carbon cycle altering
Earth’s climate and other systems?

Subjects: Science, Social
Studies, Writing, Speaking &
Listening, Environmental
Education, Art
Grades: 4 – 12
Duration: 45 – 90 minutes;
can be done in 2 class periods
Vocabulary
• Atmosphere
• Carbon cycle
• Carbon dioxide
• Detritus
• Dissolved
• Industrial Revolution
• Lithosphere
• Reservoir
• Sediment
• Tectonic

• How can we help restore balance to the carbon cycle?

Objectives
•

Students will participate in
two simulations of the
carbon cycle: before and
after the Industrial
Revolution.

•

Students will create two
models of the carbon cycle
representing how it has
changed since the Industrial
Revolution.

•

Students will create written
explanations of their
models to demonstrate
their learning.

•

Students will explain how
human activities have been
changing the carbon cycle
orally and in writing.
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Next Generation Science Standards + Common Core State Standards

ELA

Performance
Expectations

HS-ESS2-6: Develop a quantitative model to describe the cycling
of carbon among the hydrosphere, atmosphere,
geosphere, and biosphere.
HS-PS1-2: Construct and revise an explanation for the outcome of
a simple chemical reaction based on the outermost
electron states of atoms, trends in the periodic table,
and knowledge of the patterns of chemical properties.
HS-ESS2-7: Construct an argument based on evidence about the
simultaneous coevolution of Earth’s systems and life
on Earth.
HS-ESS3-6: Use a computational representation to illustrate the
relationships among Earth systems and how those
relationships are being modified due to human
activity.
MS-ESS3-5: Ask questions to clarify evidence of the factors that
have caused the rise in global temperatures over the
past century.
MS-PS1-4. Develop a model that predicts and describes changes
in particle motion, temperature, and state of a pure
substance when thermal energy is added or removed.

Crosscutting
Concepts

• Stability and Change
• Systems and System Models

Science & Engineering
Practices

•
•
•
•
•
•
•

Disciplinary Core Ideas

ESS2.B: Plate Tectonics and Large-Scale System Interactions
ESS3.C: Human Impacts on Earth Systems
ESS2.D: Weather and Climate
ESS3.D: Global Climate Change

Writing

4, 10

Speaking & Listening

1, 2

Language Standards

1, 2, 3, 6

Writing Standards
Science & Technical Subjects

California’s
Environmental
Principles and
Concepts

Asking Questions and Defining Problems
Analyzing and Interpreting Data
Developing and Using Models
Using Mathematics and Computational Thinking
Constructing Explanations and Designing Solutions
Engaging in Argument from Evidence
Obtaining, Evaluating, and Communicating Information

4, 7, 10

Principle II—People Influence Natural Systems
The long-term functioning and health of terrestrial, freshwater, coastal and marine
ecosystems are influenced by their relationships with human society.
Concept A. Direct and indirect changes to natural systems due to the growth of human
populations and their consumption rates influence the geographic extent, composition,
biological diversity, and viability of natural systems.
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Teacher Background
Review “The Fast and Slooow Carbon Cycles” at the end of the
lesson for background on the various aspects of the carbon cycle.
Note that it is described as two cycles that work together (fast and
slow carbon cycles). Human uses of fossil fuels are moving carbon
atoms out of the slow carbon cycle into the fast cycle.

Materials + Preparation
•

Make double-sided copies of the carbon reservoir station
sheets that follow the lesson plan so one side of each is
pre-Industrial Revolution and the other is post-Industrial
Revolution.

•

“Carbon Travels!” handout (found after station sheets) for
each student

•

8 dice, one for each carbon reservoir station

•

Draw a simple carbon cycle diagram on the board, or
prepare to show one or
more with a data projector, such as those found on these excellent websites:
▪ Khan Academy: khanacademy.org/science/biology/ecology/biogeochemical-cycles/a/thecarbon-cycle
▪ Max Plank Society: mpg.de/19314/carbon_cycle

•

Write these questions on the board for the opening activity:
▪ “What are the bubbles made of?”
▪

“What is the chemical process that is occurring?”

▪

“What happens to the gas once it leaves the glass?”

•

Optional: Colored pencils, markers, or crayons

•

Optional: Make your own carbon cycle diagram using the “Carbon Travels” handout ahead of time
to show students as a model before they start the game.

•

Optional: Watch videos such as those below as additional background. You could also share one or
more of them with your students and discuss them during the “Explain” portion of the lesson (or
as an extension).
▪ “Earth's Carbon Cycle” video from BAESI and Green Ninja Academy:
youtube.com/watch?v=0yD9sIzbRN8
▪

“The Carbon Cycle” by Nathaniel Manning. TEDEd: ed.ted.com/lessons/the-carbon-cyclenathaniel-manning

▪

“How Carbon Dioxide Travels Around The Globe.” Fascinating, swirling animation from
NASA: npr.org/sections/thetwo-way/2014/11/19/365197982/watch-how-carbon-dioxidetravels-around-the-globe

▪

“The Carbon Cycle” from Khan Academy:
khanacademy.org/science/biology/ecology/biogeochemical-cycles/v/carbon-cycle

▪

“The Carbon Cycle” by Mike Weintraub: youtube.com/watch?v=nzImo8kSXiU
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▪

“The Carbon Cycle or The Circle of Life” by Melissa Landeen:
youtube.com/watch?v=4vJ_1ojjlxw

▪

“The Carbon Cycle 3D Animation,” which provides more detail on the chemistry involved:
youtube.com/watch?v=d70iDxBtnas

Teaching Suggestions in the 5E Model
Engage
1. Open a can of sparking water and pour it into a clear glass. Ask students to think about the
phenomenon they are observing and ask these questions which are written on the board:
•

“What are the bubbles made of?”

•

“What is the chemical process that is occurring?”

•

“What happens to the gas once it leaves the glass?”

2. Give the students a moment to think, then ask them to turn to a neighbor and discuss their ideas.
After 30 seconds or a minute, ask the students to share their ideas with the class, and discuss how
the gas is carbon dioxide that was carbonic acid when it was dissolved in the water. Tell students
that today you will be exploring how carbon can transform and move, and why that is so
important for life on Earth.
3. Ask students an essential question to start them thinking about systems, such as “How do parts
shape systems?" Give students an example of a system they know well, such as your classroom,
and ask them to quickly brainstorm different parts of it with a partner. Then the partners can
share their ideas for the parts of your classroom system, such as the teacher, the different
students, the desks, the clock, the whiteboard, the computers, the pencils, etc.
4. Tell students that today they will be playing a game to learn about an important system of our
planet Earth called the carbon cycle and how it is different now than it used to be.

Explore
5. Pass out the “Carbon
Travels!” handout and
briefly tell students that to
play the game they will be
moving among 8 stations,
which represent important
reservoirs where carbon is
found in Earth’s system:
•

Atmosphere

•

Terrestrial Life

•

Soil/Detritus (dead
things that were
once alive)

•

Surface Ocean

•

Marine Life

“Carbon Travels—Then and Now” Lesson Plan

“Terrestrial Life”: One of the reservoirs of carbon
Photo by Nikitabuida - Freepik.com:
freepik.com/free-photo/exotic-parrot-jungle_1170163.htm
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•

Intermediate/Deep Ocean

•

Ocean Sediment

•

Fossil Fuel Deposits

6. Before students begin:
•

Ask them to read the directions at each station carefully. They will each roll the die and
move to a new station indicated by the die, noting that some of the stations have similar
names.

•

Demonstrate how students will create a diagram of the carbon reservoirs they visit on the
“Carbon Travels!” handout:
▪

As they travel from one reservoir to another, they will draw an arrow from the
station they are leaving to the station they are going to. These arrows represent
the changes that affect the material as it moves through the carbon cycle.

▪

When they visit a reservoir, they will make a tally mark in the “Visits” space for
that reservoir on the handout. Consider demonstrating for students how they can
simply draw a vertical line for each visit, then cross out the first four lines with a
diagonal 5th line to more easily count the visits at the end of the activity.

▪

If they stay at a reservoir after they roll, they should add a tally mark and draw an
arrow that loops back on itself. They should do this for each round they stay at a
reservoir.

7. Direct students to start at the station of their choice, spreading out around the room.
8. Circulate through the room, answering questions—and asking them—to help students complete
the project and better understand the carbon cycle. They can then complete the questions on the
handout.
9. Give students a warning five minutes before they will have to stop working. At that time, direct
them to finish with the carbon reservoir they are on and answer the questions on the handout if
they have not yet done so.

Explain
10. Discuss the reservoirs of carbon in the carbon cycle with students, and how the cycle is one of the
most important systems of our planet—essential for life on Earth. Concepts that should be
explained by you and/or the students include:
o Carbon is an element that is never destroyed or created, it just
moves between different forms:
▪ Carbon dioxide in the atmosphere
▪ In life forms (trees, marine life, animals, etc.)
▪ Dissolved carbon dioxide in the ocean
▪ Compressed into fossil fuels, etc. (You could
ask students to come up with what forms
carbo n takes.)
o Review the processes that move carbon through the carbon
cycle:
▪

Chemical and biological processes:
• Photosynthesis

Model of a carbon atom
pixabay.com/illustrations/carbon-hydrogen-atom-molecule-2222968

“Carbon Travels—Then and Now” Lesson Plan

5

Bay Area E-STEM Institute – BAESI.org

•
•
•
•
•
•
▪

Respiration
Combustion
Dissolving gaseous carbon dioxide into water, where it becomes carbonic
acid
Moving from solution of carbonic acid to become carbon dioxide in the air
(the process observed when bubbles rise through soda)
Death and decay
Weathering of rock (chemical; increased by physical movement):
skepticalscience.com/print.php?n=1959

Physical processes:
• Water currents
• Settling to the ocean floor or to the ground

11. Ask students to think about why dice were included in the simulation and then share their ideas.
(It’s to simulate the element of chance for carbon atoms; they have no choice where they go in
the carbon cycle—and even whether they exist or not as nonliving things.)
12. Ask students to think about how the carbon cycle has changed since the Industrial Revolution,
which started in the 1700s, when people started burning fossil fuels like oil, coal, and natural gas
for energy. Ask them to discuss their ideas with a neighbor, jotting them down in their science
notebooks.
13. If class time permits (on the second day of class), flip over the station sheets and do a second
version of the game which simulates the carbon cycle after the Industrial Revolution. They should
record their data on “The Carbon Cycle AFTER the Industrial Revolution” handout (found at the
end of the lesson).
14. Close the lesson with a class discussion about the game and questions on the handout, having
students do a “Think, Pair, Share” about what they learned about the carbon cycle by playing the
game and creating the diagrams. You might also ask some students to share their diagram models
with a document camera and/or data projector.
15. Have students reflect on why carbon dioxide has been building up in the atmosphere since the
dawn of the Industrial Revolution. Discuss their ideas as a class and/or have students add them to
their diagrams.

Extend / Enrich
•

Students can recreate their second carbon cycle diagram (today’s world, which includes fossil fuel
burning) on large pieces of paper, adding:
o Labeled arrows of varying thicknesses to indicate the processes involved in
moving/transforming the carbon between the reservoirs, as well as their importance in the
carbon cycle
o Illustrations
o Color, using color pencils, markers, and/or crayons, etc.
Completed artwork can be displayed around the classroom or in the hallway to help educate other
students and the rest of the school community about the carbon cycle and how scientists believe
humans are playing a significant role in it.

•

Ask students to read some or all of “The Fast and Slooow Carbon Cycles” reading at the end of
the lesson for background on the various aspects of the carbon cycle. Ask students to explain
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orally and/or in writing how human activities have been moving carbon atoms out of the slow
carbon cycle into the fast cycle.
•

Play the “The Carbon Cycle Role-Play” with your class from the California Academy of Sciences:
calacademy.org/educators/lesson-plans/carbon-cycle-role-play

•

Play “The Carbon Dioxide Game” from Green Teacher magazine; it’s fun, can be played outside,
and only takes about 20 minutes: greenteacher.com/the-carbon-dioxide-game

•

Share one or more books about the carbon cycle with younger students, such as The Carbon Cycle
on the StoryJumper website: storyjumper.com/book/index/19435538/The-Carbon-Cycle.

•

For younger children (or if you have limited time), you can omit the first round of the game.

•

Have students explore the chemistry of rock weathering. An explanation with models:
skepticalscience.com/print.php?n=1959

•

Give students more examples of choices of types of models other than 2-dimension visual
diagrams. For example, students could choose to create:
o 3-D models or dioramas with labels and/or annotations on the important elements of the
carbon cycle and the latest quantitative data about how much carbon is contained in each
of the reservoirs, as well as how much is flowing between them on an annual basis.
o A short video showing how the carbon cycle has changed since the Industrial Revolution
and/or how changes in temperature and/or moisture as a result of those changes are
affecting life on Earth.
o A computer simulation showing how the carbon cycle and/or temperatures or other
quantifiable changes are likely to occur in the future.
o Graph(s) of scientific data available on the web or collected themselves, with a written
explanation of the methodology and significance of the research.
o A play or skit which explains the changes in the carbon cycle in a humorous way.

•

Completed student models can be displayed in your school and in your local community to
educate others about changes in the carbon cycle, ocean chemistry, living systems, etc.

•

Take students on a field study to explore an area being impacted by climate change. For example,
you might meet with people who harvest shellfish about how they are being impacted by ocean
acidification, and/or meet with coastal community leaders about how they are preparing for rising
seas and stronger storms due to climate change. Have students reflect on their experiences and
how they might take action to help address the challenges in science notebooks or field journals.

•

Students can visit the California Energy Commission’s Cal-Adapt website at cal-adapt.org and find
specific temperature forecasts based on differing amounts of carbon being added by humans. For
example, they could see that the average temperature in August is expected to rise by 10°F
between 2000 and 2100 under one scenario, but only 3°F if humans emit less carbon dioxide from
their use of fossil fuels. They can analyze the problem and write about what humans can do to
help restore balance to the carbon cycle.

“Carbon Travels—Then and Now” Lesson Plan
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Evaluate
16. Review completed student diagrams and written reflections.
17. Lead a discussion about the guiding questions of the lesson and record student participation:

• How is the carbon cycle changing due to human activities?
• How are changes in the carbon cycle altering Earth’s climate and other systems?
• How can we help restore balance to the carbon cycle?
Students can also reflect on these questions in writing.

Expand Knowledge + Skills
Carbon Cycle
• Outstanding videos listed at the end of the Materials section, such as:

o Nathaniel Manning’s “The Carbon Cycle” from TEDEd, which includes an inspiring call to
action at the end. Questions are also listed: ed.ted.com/lessons/the-carbon-cyclenathaniel-manning

o “Earth's Carbon Cycle” from BAESI and Green Ninja Academy:
youtube.com/watch?v=0yD9sIzbRN8
o “How Carbon Dioxide Travels Around The Globe.” Fascinating, swirling animation from
NASA: npr.org/sections/thetwo-way/2014/11/19/365197982/watch-how-carbon-dioxidetravels-around-the-globe
•

Encyclopædia Britannica article about the Carbon Cycle with excellent visuals:
britannica.com/science/carbon-cycle

•

“The Carbon Cycle” from NASA that was adapted into the reading at the end of the lesson:
earthobservatory.nasa.gov/Features/CarbonCycle

“Carbon Travels—Then and Now” Lesson Plan
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•

“Carbon Cycle-animated forest.gif.” Animated model of the fast carbon cycle in a forest:
https://en.wikipedia.org/wiki/File:Carbon_Cycle-animated_forest.gif

•

“Scientists Just Created a Bacteria That Eats CO2 to Reduce Greenhouse Gases.” Discover:
discovermagazine.com/environment/scientists-just-created-a-bacteria-that-eats-co2-to-reducegreenhouse-gases

Lessons / Units

•

“High School Three-Course Model.” 2016 Science Framework for California Public Schools:
cde.ca.gov/ci/sc/cf/documents/scifwchapter7.pdf

•

“Pika Models + Climate Change” lesson plan to relate the concepts to their impacts on the
charismatic American pika: baesi.org/pika-models-climate-change-lesson-plan

•

“The Greenhouse Effect on Natural Systems.” California Education and the Environment Initiative:
californiaeei.org/curriculum/unit?unitid=66

•

“Think, Pair, Share” cooperative learning strategy details: teachervision.com/group-work/thinkpair-share-cooperative-learning-strategy

Standards

•

More examples of what NGSS looks like for high school students can be found in Chapter 7 of the
2016 Science Framework for California Public Schools:
cde.ca.gov/ci/sc/cf/documents/scifwchapter7.pdf

•

More information about the Next Generation Science Standards, including a link to
the Framework for K-12 Science Education to which this lesson was aligned, can be found at
nextgenscience.org/framework-k%E2%80%9312-science-education.

•

More information about the Common Core State Standards and links to the complete documents:
corestandards.org

Appreciation + Thanks
Thank you for using Bay Area E-STEM Institute resources and
helping to inspire the next generation of thinkers and scientists!
We also greatly appreciate the support of the National Science
Foundation, San José State University, and NASA.
We welcome your questions or comments.
Lesson plan and supporting resources written, designed, and produced by
Rick Reynolds, M.S.Ed.
Founder, Engaging Every Student
rick@engagingeverystudent.com
Edited by Ellen Metzger, Ph.D.
Bay Area E-STEM Institute (BAESI)
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The Fast and Slooow Carbon Cycles
Adapted from NASA Earth Observatory: earthobservatory.nasa.gov/features/CarbonCycle

Carbon is the backbone of life on Earth. Our bodies—and those of plants and other living things—are
made of carbon, we eat carbon, and our civilization is built on carbon, from our buildings to most of
our transportation system. It is also entwined with perhaps the most serious challenge facing us
today: the global climate crisis.
Forged in the heart of aging stars, carbon is one of the most common elements in the Universe. (Only
hydrogen, helium, and oxygen are more abundant.) Most of Earth’s carbon—about 65,500 billion
metric tons—is stored in rocks.
The rest of Earth’s carbon is in the ocean, atmosphere, plants, soil, and fossil fuels. Carbon flows
between each of these reservoirs in an exchange called the carbon cycle, which has “slow” and “fast”
components. If a change shifts carbon out of one reservoir, it puts more carbon in the other
reservoirs. Changes that put carbon gases into the atmosphere result in warmer temperatures on
Earth, because they act like an insulting “blanket” that slows the rate that heat is lost to space.

This diagram shows the “fast” carbon cycle: the movement of carbon between land, atmosphere, and oceans.
Yellow numbers are natural fluxes, and red are human contributions in gigatons of carbon per year. White
numbers indicate stored carbon. Adapted from U.S. Dept. of Energy: commons.wikimedia.org/wiki/File:Carbon_cycle.jpg
“Carbon Travels—Then and Now” Lesson Plan
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Over the long term, the carbon cycle seems to maintain a balance that prevents all of Earth’s carbon
from entering the atmosphere (as is the case on Venus, where average surface temperatures are 864
degrees Fahrenheit (462 degrees Celsius)), or from being stored entirely in rocks. This balance helps
keep Earth’s temperature relatively stable over long periods of time. However, over shorter time
periods—up to 100,000 years—the temperature of Earth can vary. And, in fact, Earth swings between
ice ages and warmer interglacial periods on these time scales. Parts of the carbon cycle may even
amplify these short-term temperature changes.

The Slow Carbon Cycle
Through a series of chemical reactions and tectonic activity (volcanoes at the boundaries in Earth’s
plates), carbon moves between rocks, soil, ocean, and atmosphere in the slow carbon cycle over 100–
200 million years. On average, 10–100 million metric tons of carbon move through the slow carbon
cycle every year.
The movement of carbon from the
atmosphere (air) to the lithosphere (rocks)
begins with rain. Carbon dioxide (CO2)
combines with water to form carbonic acid—
a weak acid that falls to the surface in rain.
The acid dissolves rocks—a process called
chemical weathering—and releases calcium,
magnesium, potassium, or sodium ions.
Rivers carry the ions to the ocean.
In the ocean, the calcium ions combine with
bicarbonate ions to form calcium carbonate,
the active ingredient in antacids. (It’s also
the chalky white chemical compound that
dries on your faucet if you live in an area
with hard water).

“The geological aspects and processes of the carbonate
silicate cycle, within the long-term carbon cycle”
John Garret, Creative Commons: skepticalscience.com/print.php?n=1959

In the modern ocean, most of the calcium
carbonate is made by shell-building
(calcifying) organisms (such as corals) and
zooplankton. After the organisms die, they
sink to the seafloor. Over time, layers of
shells and sediment are cemented together
and turn to rock, storing the carbon into
stone—limestone and the metamorphic
rocks it can turn into under intense heat and
pressure, such as marble.
Carbon locked up in stone can be
stored for millions—or even hundreds
Limestone cliffs like these in France are made
primarily
of calcium carbonate formed from the
of millions—of years. About 80
shells and skeletons of marine organisms.
percent of carbon-containing rock is
pixabay.com/photos/france-normandy-coast-beach-rocky-2460876
currently made this way.
“Carbon Travels—Then and Now” Lesson Plan
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The remaining 20 percent of carbon in rock is from living things (organic carbon) embedded in layers
of mud. Heat and pressure can compress the mud and carbon over millions of years, forming
sedimentary rock such as shale. In special cases, when dead plant matter builds up faster than it can
decay, layers of organic carbon become oil, coal, or natural gas instead of sedimentary rock, like
shale.
When volcanoes erupt, they vent carbon
dioxide to the atmosphere and cover the
land with fresh silicate rock to begin the
cycle again. Volcanoes currently emit
between 130 and 380 million metric tons
of carbon dioxide per year. For
comparison, humans emit about 30
billion tons of carbon dioxide per year—
100–300 times more than volcanoes—by
burning fossil fuels.
Chemistry regulates this dance between
ocean, land, and atmosphere. If carbon
dioxide rises in the atmosphere because
Volcanoes emit significant amounts of carbon from rocks, but
of an increase in volcanic activity, for
humans are emitting many times more by burning fossil fuels.
example, temperatures rise, leading to
Pixabay: pixabay.com/photos/new-zealand-volcano-crater-3018634
more rain, which dissolves more rock,
creating more ions that will eventually deposit more carbon on
the ocean floor. It takes a few hundred thousand years to
rebalance the slow carbon cycle through chemical weathering.
The ocean is a slightly faster component of the slow
carbon cycle. At the surface, where air meets water,
carbon dioxide gas dissolves in and ventilates out of
the ocean in a steady exchange with the
atmosphere. Once in the ocean, carbon dioxide gas
reacts with water molecules to release hydrogen,
making the ocean more acidic. The hydrogen reacts
with carbonate from rock weathering to produce
bicarbonate ions.
Before the industrial age, the ocean vented carbon
Carbon dioxide, shell building, and ocean acidification
dioxide to the atmosphere in balance with the
Adapted from Wikimedia Commons
carbon the ocean received during rock weathering.
However, since carbon concentrations in the
atmosphere have increased, the ocean now takes more carbon from the atmosphere than it releases.
Over thousands of years, the ocean will absorb up to 85 percent of the extra carbon people have put
into the atmosphere by burning fossil fuels, but the process is slow because it is tied to the
movement of water from the ocean’s surface to its depths. In the meantime, winds, currents, and
temperature control the rate at which the ocean takes carbon dioxide from the atmosphere.
“Carbon Travels—Then and Now” Lesson Plan
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The Fast Carbon Cycle
The fast carbon cycle is largely the movement of carbon through life forms on Earth, or the
biosphere. Between 1,000 to 100,000 million metric tons of carbon move through the fast carbon
cycle every year.
Carbon plays an essential role in biology because of its ability to form many bonds—up to four per
atom—in a seemingly endless variety of complex organic molecules. Many organic molecules contain
carbon atoms that have formed strong bonds to other carbon atoms, combining into long chains and
rings. Such carbon chains and rings are the basis of living cells. For instance, DNA is made of two
intertwined molecules built around a carbon chain.
The bonds in the long carbon chains contain a lot of energy. When the chains break apart, the stored
energy is released. This energy makes carbon molecules an excellent source of fuel for all living
things.
During photosynthesis, plants absorb carbon dioxide
and sunlight to create food—glucose and other sugars—
for building plant structures. This process forms the
foundation of the fast (biological) carbon cycle (and
ecosystem food webs).
Plants and phytoplankton (microscopic plant-like
organisms in water) are the main components of the
fast carbon cycle. They take carbon dioxide from the
atmosphere by absorbing it into their cells. Using energy
from the Sun, they combine carbon dioxide (CO2) and
water to form sugar (CH2O) and oxygen. The chemical
reaction can be written:

Diagram of plant respiration at the cellular level
Adapted from P.J. Sellers et al., 1992:
earthobservatory.nasa.gov/features/CarbonCycle

CO2 + H2O + energy = CH2O + O2
Four things can happen to move carbon from a plant and
return it to the atmosphere, but all involve the same
chemical reaction. Plants break down the sugar to get the
energy they need to grow. Animals (including people) eat
the plants or phytoplankton, and break down the plant
sugar to get energy. Plants and plankton die and decay
(are eaten by bacteria) at the end of the growing season.
Or fire consumes plants. In each case, oxygen combines
with sugar to release water, carbon dioxide, and energy.
The basic chemical reaction looks like this:

CH2O + O2 = CO2 + H2O + energy

“Carbon Travels—Then and Now” Lesson Plan
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In all four processes, the carbon dioxide released in the
reaction usually ends up in the atmosphere. The fast
carbon cycle is so tightly tied to plant life that the
growing season can be seen by the way carbon dioxide
fluctuates in the atmosphere. In the Northern
Hemisphere winter, when few land plants are growing
and many are decaying, atmospheric carbon dioxide
concentrations climb. During the spring, when plants
begin growing again, concentrations drop. It is as if the
Earth is breathing.
This cycle peaks in August, with about 2 parts per million
of carbon dioxide drawn out of the atmosphere. In the
fall and winter, as vegetation dies back in the northern
hemisphere, decomposition and respiration returns
carbon dioxide to the atmosphere.

Changes in the Carbon Cycle
Left unperturbed, the fast and slow carbon cycles
maintain a relatively steady concentration of carbon in
the atmosphere, land, plants, and ocean. But when
anything changes the amount of carbon in one reservoir,
the effect ripples through the others.
In Earth’s past, the carbon cycle has changed in response
to climate change. Variations in Earth’s orbit alter the
amount of energy Earth receives from the Sun and leads
to a cycle of ice ages and warm periods like Earth’s
current climate. Ice ages developed when Northern
Hemisphere summers cooled and ice built up on land,
which in turn slowed the carbon cycle. Meanwhile, a
number of factors including cooler temperatures and
increased phytoplankton growth may have increased the
amount of carbon the ocean took out of the atmosphere.
The drop in atmospheric carbon caused additional
cooling. Similarly, at the end of the last Ice Age, 10,000
years ago, carbon dioxide in the atmosphere rose
dramatically as temperatures warmed.

The ebb and flow of the fast carbon cycle is visible in
the changing seasons. The graph above shows the
difference in carbon dioxide levels from the previous
month, with the long-term trend removed. The maps
show the amount of carbon consumed by plants
(green) and oceans (blue) in Aug. and Dec., 2010.
As the large land masses of the Northern Hemisphere
green in the spring and summer, they draw carbon
out of the atmosphere.
NASA: earthobservatory.nasa.gov/features/CarbonCycle

Today, changes in the carbon cycle are happening
because of people. We change the carbon cycle by
burning fossil fuels and clearing land. When we clear
forests or fill wetlands, we remove a dense growth of
plants that had stored carbon in wood, stems, and
leaves—biomass. By removing a forest or wetland, we
eliminate plants that would otherwise take carbon out
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of the atmosphere as they grow. We tend to replace the dense growth with crops or pasture, which
store less carbon. We also expose soil that vents carbon from decayed plant matter into the
atmosphere. Humans are currently emitting about a billion tons of carbon per year into the
atmosphere through land use changes.
Without human interference, the carbon in fossil fuels
would leak into the atmosphere through volcanic activity
over millions of years in the slow carbon cycle. By
burning coal, oil, and natural gas, we accelerate the
process, releasing vast amounts of carbon into the
atmosphere every year—that took millions of years to
accumulate. By doing so, we move the carbon from the
slow cycle to the fast cycle.
Emissions of carbon dioxide by humanity (primarily from
the burning of fossil fuels, with a contribution from
Burning natural gas and other fossil fuels is the
cement production) have been growing steadily since
primary source of increased CO2 in the atmosphere.
the onset of the industrial revolution. About half of
pixabay.com/photos/flame-gas-gas-flame-blue-hot-ring-580342
these emissions are removed by the fast carbon cycle
each year; the rest remain in the atmosphere. In 2018,
humans released a record-high 33.1 gigatons of carbon dioxide into the atmosphere (International
Energy Agency: iea.org/geco/emissions). Methane concentrations have risen from 715 parts per
billion in 1750 to 1,866 parts per billion in 2019, the highest concentration in at least 650,000 years.
Since the beginning of the Industrial Revolution, when people first started burning fossil fuels, carbon
dioxide concentrations in the atmosphere have risen from about 280 parts per million to 410 parts
per million in 2019, a 68 percent increase. This means that for every million molecules in the
atmosphere, 410 of them are now carbon dioxide—the highest concentration in two million years.

Effects of Changing the Carbon Cycle
All of this extra carbon needs to go somewhere. So far, land plants and the ocean have taken up
about 55 percent of the extra carbon people have put into the atmosphere, while about 45 percent
has stayed in the atmosphere. Eventually, the land and oceans will take up most of the extra carbon
dioxide, but as much as 20 percent may remain in the atmosphere for many thousands of years.
The changes in the carbon cycle impact each
reservoir. Excess carbon in the atmosphere
warms the planet and helps plants on land grow
more. Excess carbon in the ocean makes the
water more acidic, putting marine life in
danger.

Atmosphere
It is significant that so much carbon dioxide
stays in the atmosphere, because CO2 is the
most important gas for controlling Earth’s
“Carbon Travels—Then and Now” Lesson Plan
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temperature. Carbon dioxide, methane, and halocarbons are greenhouse gases that absorb a wide
range of energy—including infrared energy (heat) emitted by the Earth—and then re-emit it. The reemitted energy travels out in all directions, but some returns to Earth, where it heats the surface.
Without greenhouse gases, Earth would be a frozen -18 degrees Celsius (0 degrees Fahrenheit). With
too many greenhouse gases, Earth would be like broiling Venus.

Rising concentrations of carbon dioxide and methane are warming the atmosphere. The increased
temperature results in higher evaporation rates and a wetter atmosphere, which leads to a vicious cycle
of further warming. Wikimedia Commons: commons.wikimedia.org/wiki/File:Greenhouse-effect-t2.svg

Because scientists know which wavelengths of energy each greenhouse gas absorbs, and the
concentration of the gases in the atmosphere, they can calculate how much each gas contributes to
warming the planet:
• Carbon dioxide causes about 20 percent of Earth’s greenhouse effect
• Water vapor accounts for about 50 percent; and
• Clouds account for 25 percent.
• The rest is caused by small particles (aerosols) and minor greenhouse gases like methane.
Water vapor concentrations in the air are controlled by Earth’s temperature. Warmer temperatures
evaporate more water from the oceans, expand air masses, and lead to higher humidity. Cooling
causes water vapor to condense and fall out as rain, sleet, or snow.
While carbon dioxide contributes less to the overall greenhouse effect than water vapor, scientists
have found that carbon dioxide is the gas that sets the temperature of the planet. It remains a gas at
a wider range of atmospheric temperatures than water, providing the initial greenhouse heating
needed to maintain water vapor concentrations. When carbon dioxide concentrations drop, Earth
cools, some water vapor falls out of the atmosphere, and the greenhouse warming caused by water
vapor drops. Likewise, when carbon dioxide concentrations rise, air temperatures go up, and more
water vapor evaporates into the atmosphere—which then amplifies greenhouse heating. Carbon
dioxide controls the amount of water vapor in the atmosphere and thus the size of the greenhouse
effect.
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Rising carbon dioxide concentrations are
already causing the planet to heat up. At
the same time that greenhouse gases
have been increasing, average global
temperatures have risen 0.8 degrees
Celsius (1.4 degrees Fahrenheit) since
1880, with the Arctic and Antarctic
warming considerably more, leading to
more ice melt and more warming.
This rise in temperature isn’t all the
warming we will see based on current
carbon dioxide concentrations.
Greenhouse warming doesn’t happen
right away, because the ocean soaks up
heat. This means that Earth’s
temperature will increase at least another
0.6 degrees Celsius (1 degree Fahrenheit)
because of carbon dioxide already in the
atmosphere. The degree to which
temperatures go up beyond that depends
in part on how much more carbon humans
release into the atmosphere.

Ocean

Some of the excess CO2
emitted by human activity
dissolves in the ocean,
becoming carbonic acid.
This is making the oceans
more acidic, in addition to
becoming warmer due to
the buildup of CO2
in the atmosphere.

Graph of carbon dioxide concentration and temperature from
1958 to 2019. With the seasonal cycle removed, the atmospheric
carbon dioxide concentration measured at Mauna Loa Volcano,
Hawaii, shows a steady increase since 1957. At the same time,
global average temperatures are rising as a result of heat
trapped by the additional CO2 and increased water vapor
concentration. Wikimedia Commons:

commons.wikimedia.org/wiki/File:Mauna_Loa_CO2_monthly_mean_concentration.svg
About 30
percent of the
carbon dioxide that people have put into the atmosphere has diffused
into the ocean through direct chemical exchange. Dissolving carbon
dioxide in the ocean creates carbonic acid, which increases the acidity of
the water. Since 1750, the pH of the ocean’s surface has dropped by 0.1.
“This might not seem like much of a difference, but the relationship
between pH and acidity is not direct. Each decrease of one pH unit is a
ten-fold increase in acidity” (“Understanding the Science of Ocean and
Coastal Acidification.” EPA: epa.gov/ocean-acidification/understandingscience-ocean-and-coastal-acidification). Therefore, the ocean today is
25–30% more acidic than it was during preindustrial times.

Ocean acidification affects marine animals like zooplankton and coral in
two ways:
• Carbonic acid reacts with carbonate ions in the water to form
bicarbonate. However, those same carbonate ions are what shellbuilding animals like coral need to create calcium carbonate shells.
With less carbonate available, the animals need to expend more
energy to build their shells. As a result, the shells end up being
thinner and more fragile.
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•

Second, more acidic water better
dissolves calcium carbonate. In the
long run, this reaction will allow the
ocean to soak up excess carbon
dioxide because more acidic water
will dissolve more rock, release more
carbonate ions, and increase the
ocean’s capacity to absorb carbon
dioxide. In the meantime, though,
more acidic water can dissolve the
carbonate shells of marine
“CO2 dissolves in seawater to form carbonic acid (H2CO3),
organisms, making them pitted and
which
can be broken down into hydrogen and carbonate ions.
weak.

More CO2 means more hydrogen ions, which decreases
carbonate ion levels because some of the additional hydrogen
ions combine with carbonate ions (CO32-) to form bicarbonate
(HCO3-). This means there is less carbonate available for
calcifying organisms to build their shells with, resulting in their
shells beginning to dissolve.”

Warmer oceans—a product of the
greenhouse effect—also slows the growth
of phytoplankton, which prefer cooler,
nutrient-rich waters. This could limit the
Wikimedia Commons:
ocean’s ability to take carbon from the
commons.wikimedia.org/wiki/File:Effect_of_Ocean_Acidification_on_Calcification.svg
atmosphere through the fast carbon cycle
(“Warming Ocean Slows Phytoplankton
Growth.” NASA Earth Observatory: earthobservatory.nasa.gov/images/7187/warming-ocean-slowsphytoplankton-growth). On the other hand, carbon dioxide is essential for plant and phytoplankton
growth. An increase in carbon dioxide could increase growth by fertilizing those few species of
phytoplankton and ocean plants (like sea grasses) that take carbon dioxide directly from the water.
However, most species are not helped by the increased availability of carbon dioxide.

Land
Plants on land have taken up approximately 25 percent of the carbon
dioxide that humans have put into the atmosphere. The amount of
carbon that plants take up varies greatly from year to year, but in
general, the world’s plants have increased the amount of carbon
dioxide they absorb since 1960. Only some of this increase occurred as
a direct result of fossil fuel emissions.
With more atmospheric carbon dioxide available to convert to plant
matter in photosynthesis, plants were able to grow more. This
increased growth is referred to as carbon fertilization. Models predict
that plants might grow anywhere from 12 to 76 percent more if
atmospheric carbon dioxide is doubled, as long as nothing else, like
water shortages, limits their growth. However, scientists don’t yet
know how much carbon dioxide is increasing plant growth in the real
world, because plants need
Changes in land cover—forests converted to fields and fields converted to
more than carbon dioxide to
forests—have a corresponding effect on the carbon cycle. In some developed
grow.
countries, many farms were abandoned in the early 1900s and the land
reverted to forest. As a result, carbon was drawn out of the atmosphere and
stored in trees on land. Pixabay: pixabay.com/photos/france-landscape-scenic-cattle-166740
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Plants also need water, sunlight, and nutrients, especially nitrogen. If a plant doesn’t have one of
these things, it won’t grow regardless of how abundant the other necessities are. There is a limit to
how much carbon plants can take out of the atmosphere, and that limit varies from region to region.
So far, it appears that carbon dioxide fertilization increases plant growth until the plant reaches a
limit in the amount of water or nitrogen available.
Some of the changes in carbon absorption are
the result of land use decisions. In the tropics,
forests are being cleared rapidly for human uses,
often through fire. This releases significant
amounts of carbon dioxide, accounting for
about 10 percent of all human CO2 emissions.
However, agriculture has become more
intensive, so we can grow more food on less
land. In the Northern Hemisphere, some
abandoned farmland is reverting to forest, and
these forests store much more carbon, both in
wood and soil, than crops would. In many
places, we prevent plant carbon from entering
the atmosphere by extinguishing wildfires. This
allows woody material (which stores carbon) to
build up, although we have also been seeing an
Many tropical rainforests are being cleared by fire for
increase in the number and size of forest fires in
human uses, especially the production of palm oil.
recent years, which releases more CO2. Our
Pixabay: pixabay.com/photos/fire-forest-fire-children-fear-4429478
land-use decisions are greatly impacting the
ability of plants to absorb human-released
carbon (“What is the Relationship Between Deforestation and Climate Change?” Rainforest Alliance:
rainforest-alliance.org/articles/relationship-between-deforestation-climate-change.)

The biggest changes in the land carbon cycle are likely to come because of climate change. Carbon
dioxide increases temperatures, extending the growing season and increasing humidity. Both factors
have led to some additional plant growth. However, warmer temperatures also stress plants. With a
longer, warmer growing season, plants need more water to survive. Scientists are already seeing
evidence that plants in the Northern Hemisphere slow their growth in the summer because of warm
temperatures and water shortages.
Dry, water-stressed plants are also more susceptible to fire and insects when growing seasons
become longer. In the far north, where an increase in temperature has the greatest impact, the
forests have already started to burn more, releasing carbon from the plants and the soil into the
atmosphere. Tropical forests may also be extremely susceptible to drying. With less water, tropical
trees slow their growth and take up less carbon, or die and release their stored carbon to the
atmosphere.
The warming caused by rising greenhouse gases may also “bake” the soil, accelerating the rate at
which carbon seeps out in some places. This is of particular concern in the far north, where frozen
soil—permafrost—is thawing. Permafrost contains rich deposits of carbon from plant matter that has
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accumulated for thousands of years because the cold slows decay. When the soil warms, the organic
matter decays and carbon—in the form of methane and carbon dioxide—seeps into the atmosphere.
Current research estimates that permafrost in the Northern Hemisphere holds 1,672 billion tons of
organic carbon. If just 10 percent of this permafrost were to thaw, it could release enough extra
carbon dioxide to the atmosphere to raise temperatures an additional 0.7 degrees Celsius (1.3
degrees Fahrenheit) by 2100.

Studying the Carbon Cycle
Many of the questions scientists still need
to answer about the carbon cycle revolve
around how it is changing. The atmosphere
now contains more carbon than at any time
in at least two million years. Each reservoir
of the cycle is changing as this carbon
makes its way through the cycle.
What will those changes look like? What will
happen to plants as temperatures increase
and climate changes? Will they remove
more carbon from the atmosphere than
they put back? Will they become less
productive? How much extra carbon will
melting permafrost put into the
atmosphere, and how much will that
amplify warming? Will ocean circulation or
warming change the rate at which the
ocean takes up carbon? Will ocean life
become less productive? How much will the
ocean acidify, and what effects will that
have?

Satellite images of deforestation and regrowth in
Washington State. Time series of satellite data allow
scientists to monitor changes in forest cover.
Deforestation can release carbon dioxide into the
atmosphere, while forest regrowth removes CO2. This
pair of false-color images shows clear cutting and
forest regrowth between 1984 and 2010 in
Washington State. Dark green corresponds to mature
forests, red indicates freshly cut areas, and light green
indicates relatively new growth.

Scientific observations, such as the satellite images
shown to the right, measurements of carbon dioxide
and methane in the atmosphere, and vegetation
height and structure, can help answer these
questions. It is critical that we understand how the
fast and slow global carbon cycles are changing, so
we can gauge the impact we are having and how the
changing carbon cycles are altering our climate.

(NASA image by Robert Simmon, using Landsat data from the USGS
Global Visualization Viewer):
earthobservatory.nasa.gov/features/CarbonCycle/page6.php

We also observe changes in the carbon cycle through the food we eat, the electricity in our homes,
the fuel for our transportation, and the weather over our heads. We are a part of the carbon cycle,
and our decisions ripple across the cycle. As we come to understand our role in the cycle, the we are
empowered to control our personal impact and understand how our actions can change the cycle and
the livability of our planet, now and in the future.
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Atmosphere
BEFORE the Industrial Revolution

Photo by Onlyyouqj - Freepik.com

You are paired with two oxygen atoms; you are in carbon dioxide,
or CO2!
If you roll a:
• 1: Stay in the Atmosphere 1 turn, then roll again.
• 2 or 3: Become part of Terrestrial Life. A plant has taken
you up as part of photosynthesis and synthesized you into
sugar or a longer carbon chain.
• 4, 5, or 6: Go into the Surface
in the ocean waters.
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Atmosphere
AFTER the Industrial Revolution

Photo by Onlyyouqj - Freepik.com

You are paired with two oxygen atoms; you are in carbon dioxide,
or CO2!
If you roll a:
• 1: Stay in the Atmosphere 1 turn, then roll again.
• 2 or 3: Become part of Terrestrial Life. A plant has taken
you up as part of photosynthesis and synthesized you into
sugar or a longer carbon chain.
• 4, 5, or 6: Go into the Surface
in the ocean waters.
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Terrestrial Life
BEFORE the Industrial Revolution

Photo by Nikitabuida - Freepik.com

You are part of a carbon chain: cellulose in a tree trunk, sugar in
fruit, or muscle in an animal, for instance.
If you roll a:
• 1 or 2: Go to the Atmosphere. You’ve been converted by
respiration into CO2.
• 3, 4, 5, or 6: Go into the Soil/Detritus. The organism you
were a part of died, and now it’s on the ground decaying. But
carbon never dies!
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Terrestrial Life
AFTER the Industrial Revolution

Photo by Nikitabuida - Freepik.com

You are part of a carbon chain: cellulose in a tree trunk, sugar in
fruit, or muscle in an animal, for instance.
If you roll a:
• 1 or 2: Go to the Atmosphere. You’ve been converted by
respiration into CO2.
• 3: You’re wood or other material that has been burned
(combustion) by humans as part of changing land use. Go to
the Atmosphere.
• 4, 5, or 6: Go into the Soil/Detritus. The organism you
were a part of died, and now it’s on the ground decaying. But
carbon never dies!
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Soil/Detritus
BEFORE the Industrial Revolution

Photo by Montypeter - Freepik.com

You are part of a carbon chain, such as cellulose in a fallen leaf.
If you roll a:
• 1, 2, 3, or 4: Stay in the Soil/Detritus 1 turn, then roll
again.
o If you roll 1 twice in a row, you are carried down to the
Surface Ocean by a stream.
o If you roll 4 five times in a row, you become a fossil fuel.
• 5 or 6: Go into the Atmosphere. The carbon chain you are
a part of decayed fully and became carbon dioxide (CO2).
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Soil/Detritus
AFTER the Industrial Revolution

Photo by Montypeter - Freepik.com

You are part of a carbon chain, such as cellulose in a fallen leaf.
If you roll a:
• 1, 2, 3, or 4: Stay in the Soil/Detritus 1 turn, then roll
again.
o If you roll 1 twice in a row, you are carried down to the
Surface Ocean by a stream.
o If you roll 4 five times in a row, you become a fossil fuel.
• 5 or 6: Go into the Atmosphere. The carbon chain you are
a part of decayed fully and became carbon dioxide (CO2).
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Surface Ocean
BEFORE the Industrial Revolution

Photo by Bedneyimages - Freepik.com

You are carbon dioxide dissolved in the surface waters of the ocean.
If you roll a:
• 1: Stay where you are in the Surface
roll again.

Ocean one turn, then

• 2 or 3: Go to the Atmosphere. You are coming out of
solution to be carbon dioxide gas.
• 4 or 5: Go into the Intermediate/Deep
carried along by water currents.

Ocean. You are

• 6: Become part of Marine Life. Algae have taken you up out
of the water through photosynthesis, and synthesized you into a
carbon chain.
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Surface Ocean
AFTER the Industrial Revolution

Photo by Bedneyimages - Freepik.com

You are carbon dioxide dissolved in the surface waters of the ocean.
If you roll a:
• 1: Stay where you are in the Surface
roll again.

Ocean one turn, then

• 2 or 3: Go to the Atmosphere. You are coming out of
solution to be carbon dioxide gas.
• 4 or 5: Go into the Intermediate/Deep
carried along by water currents.

Ocean. You are

• 6: Become part of Marine Life. Algae have taken you up out
of the water through photosynthesis, and synthesized you into a
carbon chain.
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Intermediate/
Deep Ocean
BEFORE the Industrial Revolution

Photo by G Schouten de Jel – FreeImages.com

You are carbon dioxide dissolved in the deeper waters of the
ocean.
If you roll a:
• 1, 2, 3, or 4: Stay where you are 1 turn, then roll again.
Note: If you roll 1 twice in a row, you become part of Ocean

Sediment. You’ve settled to the bottom of the ocean!
• 5 or 6: Go into the Surface
by water currents.
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Intermediate/
Deep Ocean
AFTER the Industrial Revolution

Photo by G Schouten de Jel – FreeImages.com

You are carbon dioxide dissolved in the deeper waters of the
ocean.
If you roll a:
• 1, 2, 3, or 4: Stay where you are 1 turn, then roll again.
Note: If you roll 1 twice in a row, you become part of Ocean

Sediment. You’ve settled to the bottom of the ocean!
• 5 or 6: Go into the Surface
by water currents.
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Marine Life
BEFORE the Industrial Revolution

Photo by LuqueStock – Freepik.com

You are part of a carbon chain in algae, or maybe a marine
mammal, fish, coral or reptile!
If you roll a:
• 1, 2, 3, 4, or 5: Go to Surface Ocean. You’ve been exhaled
by marine life, converted to carbon dioxide gas in respiration.
• 6: Go to the Intermediate/Deep Ocean. The organism
you were a part of died, and the carbon that made it up is now
drifting downwards in the ocean. Carbon never dies!
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Marine Life
AFTER the Industrial Revolution

Photo by LuqueStock – Freepik.com

You are part of a carbon chain in algae, or maybe a marine
mammal, fish, coral or reptile!
If you roll a:
• 1, 2, 3, 4, or 5: Go to Surface Ocean. You’ve been exhaled
by marine life, converted to carbon dioxide gas in respiration.
• 6: Go to the Intermediate/Deep Ocean. The organism
you were a part of died, and the carbon that made it up is now
drifting downwards in the ocean. Carbon never dies!
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Ocean Sediment
BEFORE the Industrial Revolution

Sediment visible from space in the Gulf of Mexico
Photo by Jeff Schmaltz –NASA Earth Observatory: https://earthobservatory.nasa.gov/IOTD/view.php?id=41237

You can roll the die, but you’re not going anywhere anytime soon!
You are sediment, and will eventually become sedimentary rock.
If you roll a:
• 1 five times in a row, after 10 million years you become

Fossil Fuel.
• 6 five times in a row, after 10 million years you are released
into the Atmosphere by a volcano as carbon dioxide gas.
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Ocean Sediment
AFTER the Industrial Revolution

Sediment visible from space in the Gulf of Mexico
Photo by Jeff Schmaltz –NASA Earth Observatory: https://earthobservatory.nasa.gov/IOTD/view.php?id=41237

You can roll the die, but you’re not going anywhere anytime soon!
You are sediment, and will eventually become sedimentary rock.
If you roll a:
• 1 five times in a row, after 10 million years you become

Fossil Fuel Deposits.
• 6 five times in a row, after 10 million years you are released
into the Atmosphere by a volcano as carbon dioxide gas.
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Fossil Fuel Deposits
BEFORE the Industrial Revolution

Coastal exposure of Point Aconi Coal Seam, Nova Scotia, Canada
Photo by M.C. Rygel – Wikimedia Commons:
https://en.wikipedia.org/wiki/Coal#/media/File:Sydney_Mines_Point_Aconi_Seam_038.JPG

You are part of a carbon chain in oil, coal or natural gas.
You can roll the die, but you’re not going anywhere! You are
ancient plants compressed and transformed into fossil fuel, and
you are under many layers of rock for now.…
Stay in Fossil Fuel Deposits for the rest of this part of the
game (before the Industrial Revolution).
We feel bad for you, so in the next round, you can start in the
carbon reservoir of your choice!
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Fossil Fuel Deposits
AFTER the Industrial Revolution

Coastal exposure of Point Aconi Coal Seam, Nova Scotia, Canada
Photo by M.C. Rygel – Wikimedia Commons:
https://en.wikipedia.org/wiki/Coal#/media/File:Sydney_Mines_Point_Aconi_Seam_038.JPG

You are part of a carbon chain in oil, coal, or natural gas.
If you roll a:
• 1, 2, 3, or 4: Stay in the Fossil Fuel Deposits for 1 turn.
You have not been extracted from underneath the rocks. Roll
again.
• 5 or 6: Go to the Atmosphere. You’ve been burned in a car
or power plant and converted into carbon dioxide gas!
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Name: ______________________________

Period: ____

Date: ______________________

Carbon Travels!
Your Challenge
•
•
•

Play the role of a carbon atom as you travel through 8 different carbon reservoirs (storage
places) in Earth’s carbon cycle.
Create a diagram of Earth’s carbon cycle on the next page using the directions below.
Use it and the information below to help you answer the questions at the end of the handout.

Creating a Carbon Cycle Diagram
•
•
•

•

Read the directions at each station carefully. Roll the die and move to a new station indicated
by the die. NOTE: Some of the stations have similar names.
When you visit a reservoir, make a tally mark in the “Visits” space for that reservoir on the
handout.
As you travel from one reservoir to another, draw an arrow from the station you are leaving
to the station you are going to. These arrows represent the changes that affect the material as
it moves through the carbon cycle.
If you stay at a reservoir after you roll, add a tally mark and draw an arrow that loops back on
itself. Do this for each round you stay at a reservoir.

Model showing storage and flows of carbon in gigatons
commons.wikimedia.org/wiki/File:Carbon_cycle-cute_diagram.svg
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Name: ______________________________

Period: ____

Date: ______________________

The Carbon Cycle
BEFORE the Industrial Revolution (before 1700)
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Name: ______________________________

Period: ____

Date: ______________________

The Carbon Cycle
AFTER the Industrial Revolution (1700s to present)
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Name: ______________________________

Period: ____

Date: ______________________

Think About the Carbon Cycle!
1. What was it like being a carbon atom?
_____________________________________________________________________________
_____________________________________________________________________________
2. Label the arrows on your “Carbon Cycle” diagram to describe the processes that moved your
carbon atom from one reservoir to another. (burning of fossil fuels, rain, volcano eruption, etc.)
3. Did you get “stuck” in the carbon cycle? _______ If so, where? _________________________
Did others in the class get stuck in the same place(s)? _______
Why might a carbon atom get “stuck” there?
_____________________________________________________________________________
_____________________________________________________________________________
4. How did the game carbon cycle change after the Industrial Revolution?
_____________________________________________________________________________
_____________________________________________________________________________
5. Based on the scientific information in the game and/or other data you have learned, how do
scientists believe humans are changing Earth’s system? Please include specific examples.
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
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