Carbon on the Move 
By becoming a carbon atom, students learn how carbon cycles through biological and physical systems. Group work and class discussions allow students to better understand global carbon pools, quantities, fluxes, and residence time—with an emphasis on how human activities can affect the cycle.

	Subjects
Biology, Environmental Science, Chemistry, Earth Science

Concepts (from PLT Conceptual Framework)
2.1 Organisms are interdependent, and depend on nonliving components of the Earth.
3.1 In biological systems, energy flows and materials continually cycle in predictable and measurable patterns.
4.3 When the Earth is studied as an interacting ecological system, every action, regardless of its scale, affects the biosphere in some way.
5.4 Ecosystems change over time through patterns of growth and succession. They are also affected by other phenomena such as disease, insects, fire, weather, climate, and human intervention.

Skills
Identifying Relationships and Patterns, Determining Cause and Effects 

Materials
8 dice; illustrated station signs (one per station, available for download at [insert link]); station cards (one per station); copies of all student pages; large paper for group diagrams; markers

Time Considerations
Part A: One 50-minute class period
Part B: One 50-minute class period

Related Activities in Other PLT Guides
Climate Change and Forests (Focus on Forests module); The Global Climate (PreK-8 Guide)

Objectives
Students will explain why the carbon cycle is important to all living organisms. 
Students will describe and diagram the components of the carbon cycle, including carbon pools and fluxes.
Students will explain the effects of releasing carbon stored in fossil fuels on the cycle and predict how these effects may impact other systems.

Assessment
Ask students to draw a carbon cycle diagram, labeling the major pools and fluxes, to assess their understanding of the carbon cycle.

Have students write a summary of what they learned during the carbon cycle game and subsequent group work and discussion. Ask them to address the following: What is the biological carbon cycle, and how does it differ from the geological carbon cycle? What are potential effects of releasing carbon stored in geological pools?








Background 
[Needs Expert Review and still need to include common misconceptions about carbon cycle.]
Carbon, often called the building block of life, continuously cycles through all plants, animals, soils, rocks, oceans, and the atmosphere. Carbon is found everywhere on Earth, and it undergoes chemical reactions and changes form as it moves. For example, carbon  
· resides in the atmosphere as carbon dioxide; 
· dissolves in water to become carbonic acid;  
· provides the structure of plants as cellulose;
· [bookmark: _GoBack]provides energy that organisms use to live as starch and sugar;
· resides in every living plant and animal, in the soil, and in the oceans;  
· becomes calcium carbonate to form coral reefs and marine animal shells;  and 
· transforms to calcite in limestone, for example at the limestone tops of the Himalayan mountains there are fossilized marine organisms
In addition, when fossilized carbon is burned as fuel, we use it to power machines, turn on lights, and fly to space. The carbon in fossilized carbon is also commonly used as the feedstock for the fertilizer that grows our food, plastics that keep hospital supplies sterile, and even the packaging that keeps vegetables fresh.

The carbon cycle refers to the movement of carbon, in its various forms, from one pool to another. A carbon pool is any place where carbon can be found, such as plants or the atmosphere. Carbon pools can also be called stocks or reservoirs. A carbon flux is the process by which carbon moves from one pool to another, such as photosynthesis or combustion. When a pool absorbs more carbon than it releases, it is a carbon sink. The ocean and soil/detritus are examples of carbon sinks. Forests can also be carbon sinks. Alternatively, when a pool releases more carbon than it absorbs, it is a carbon source. Because fossil fuels cannot be created as fast as we are extracting and combusting them, they are considered a carbon source. 

Carbon flows through biological, physical, and geological systems with different processes and at different timescales. In the biological system, carbon cycles through living organisms, land, water, and the atmosphere by processes including photosynthesis, respiration, and decomposition. Different quantities of carbon reside in each pool, and the carbon moves at different rates between the pools. Some of these processes occur very quickly, while others can take hundreds to thousands of years. For example, some carbon atoms may cycle daily through plant photosynthesis and respiration, while other atoms may be trapped in a tree trunk for hundreds of years through carbon sequestration. Carbon sequestration is the process by which trees, grasses, and other plants take up atmospheric carbon dioxide during photosynthesis and store the carbon in biomass (USFS, 2012).  The deep ocean and soils represent very large carbon pools, where carbon can stay for long periods of time. The exchange of carbon between the atmosphere and plants, along with the exchange between the atmosphere and the surface ocean, occurs continuously. The amount of carbon flowing through the biological system is fairly stable and is considered to be “in balance.” 

The geological carbon cycle occurs over millions of year and includes processes such as rock formation, large-scale land shifts (plate tectonics), weathering, dissolution, volcanic eruptions, and fossilization. Fossil fuels—petroleum, natural gas, and coal—are created as layers of rock, soil, and sediment cover the remains of dead plants and animals. As this organic matter becomes compacted, pressure and heat turn the carbon into long chains of hydrocarbons. Without human intervention, the carbon would mostly remain trapped far beneath Earth’s surface—making fossil fuels a long-term carbon sink. Limestone is another long-term carbon sink. Limestone forms when ocean sediments, containing the shells of marine animals, are compressed and buried under the ocean floor. 



The Global Carbon Cycle, with units in Gigatons of carbon (GtC). Flux and accumulation rates are annual in units of GtC/year. [Add credit]

Extracting and releasing carbon that is locked in fossil fuels adds more carbon to the biological carbon cycle. As atmospheric carbon increases, most scientists agree that the average global temperature will also increase. This happens because carbon dioxide, along with other greenhouse gases like methane, nitrous oxide, and water vapor, trap heat in Earth’s atmosphere. This process is known as the greenhouse effect. Oceans can also be affected by increased levels of atmospheric carbon. As the amount of carbon dissolved in ocean waters increases, the water’s pH changes and becomes more acidic. Continued ocean acidification can affect the health of marine organisms, especially those that build shells containing calcium carbonate, such as coral reefs, clams, and oysters. 

As all systems on Earth interact and influence one another, scientists around the globe are researching the potential impacts of changes to average global temperature and ocean water pH. These impacts can be far reaching and involve changes to weather patterns, sea levels, ecosystems and habitat ranges, and plant and animal populations. In addition, experts, engineers, policy makers, and communities are working to develop strategies and solutions to reduce carbon in the atmosphere. Some example strategies include planting and growing more trees to capture more carbon, keeping carbon stored in wood products, capturing carbon and pumping it in the ground, reducing our dependence on fossil fuels, and increasing energy efficiency.

Getting Ready
Make one copy of the station cards. 

Make copies of the “Carbon Cycle Score Card” and “Mapping Carbon” student pages (1 for each student).

Set up eight stations and one die. The station signs should be visible from any place in the room, and the die should be placed on a table or desk. Students need enough space between classroom furniture to gather at each station and move between them.


Doing the Activity
Part A
1. To introduce the topic of the carbon cycle, ask students to brainstorm what they already know about carbon and to provide examples of places carbon can be found. If needed, remind students that carbon is an atom on the periodic table, is the fourth most abundant element, and can be found in different forms everywhere we look. You might find these discussion questions helpful:
a. Is there a fixed amount of carbon on the planet? Yes. Like water, there is a finite amount of carbon on the planet. Also like water, there is a lot of carbon around and it moves through different states and pools. 
b. Do you have any carbon in you? Yes, in the carbohydrates, proteins, enzymes, and tissues of your body. 
c. How is photosynthesis related to the carbon cycle? During photosynthesis, plants convert carbon dioxide and water into sugar in the presence of sunlight. Carbon moves from where to where? Atmosphere to sugar in plant cells. Then what? It is either converted to energy in the process of respiration or stored as starch or cellulose—this process, where carbon is removed from the atmosphere and stored in biomass, is known as sequestration.

2. Explain to students that they are about to play a game where they become a carbon atom and move through the carbon cycle. 
a. The purpose of the game is to help them better understand the variety of places that carbon can be found and how it moves from location to location. 
b. While carbon cycles geologically over millions of years, the game only focuses on the biological component of the carbon cycle that happens on a much shorter timeframe. In this cycle, carbon moves between different pools such as living organisms, land, water, and the atmosphere. 
c. Make sure students understand the terms carbon pool, carbon flux, carbon cycle, and carbon sequestration.

3. Give each student a copy of the “Carbon Cycle Score Card” student page and provide instructions for how they should use this worksheet to record their journey through the carbon cycle.
a. Students should write their first station on the first row in the table, roll the die, read the outcome from the card at their station, write down their destination, and move to that station.
b. Even if they stay at the same location, they should write down the station name and what happened.

4. Form eight equal groups, and send one group to each station. Students will complete eight rounds and record their journey through the carbon cycle.

5. When everyone finishes, discuss the following questions as a class: 
a. Who visited the most pools? Who visited the least? Did anyone get stuck in one station or between two stations? Why do you think that happened? 
Point out that there are many different ways to enter and leave a carbon pool. The time carbon atoms spend in each pool varies. For example, some atoms might cycle very quickly between the atmosphere and forests through photosynthesis and respiration, while others may get sequestered in a tree for hundreds of years.

Part B
1. Remind students that the game focused on the biological portion of the carbon cycle. Ask students if there are other places that carbon is stored and other ways that carbon flows? Carbon is also stored in rocks, fossil fuels, and in sediments on the ocean floor and includes fluxes like weathering, compaction, and volcanic eruptions. 

2. Introduce the geological portion of the carbon cycle, including how fossil fuels are created. Carbon atoms in the geological portion of the cycle will be stuck for millions of years. Ask students to imagine how long it takes for carbon to move from ocean and terrestrial sediment to rock and fossils. Discuss how carbon is naturally released in small amounts from these pools over very long periods of time. When fossil fuels are burned for energy, however, large amounts of carbon are released into the atmosphere in a relatively short time period.

3. Show the class the global carbon diagram (in Background Information and available for download at [insert link]). 
a. Point out the major carbon pools and fluxes, and also mention the pools that were included in the game that are missing (animals, wood products, marine life). 
b. Reinforce that the amount of carbon flowing through the biological portion of the cycle is fairly stable and some of the carbon moves daily from atmosphere to plants or oceans and back to atmosphere. 
3. Explain that our use of fossil fuels has added carbon to the atmosphere that had been locked in fossils for millions of years. This “old” carbon is changing the balance of carbon in the atmosphere. 

4. Discuss potential effects of releasing additional carbon to the system.

5. Form groups of 4-5 students and give each student a copy of the “Mapping Carbon” student page. Explain to students that they will work together to draw a carbon cycle that includes both biological and geological components. 

6. When the groups finish, ask each group to share their group diagram and report their responses until all the new ideas have surfaced.
a. How might each pool be affected by increased amounts of carbon dioxide in the atmosphere? Carbon in the atmosphere will act like a blanket and heat the planet; an ocean with more carbon is more acidic; acidic ocean may alter coral reefs and other organisms.
b. According to your diagram, how is carbon removed from the atmosphere? Forests through photosynthesis; Ocean through dissolving
c. How could we manage these pools to remove more carbon from the atmosphere? Plant more trees; grow trees longer; make more things out of wood; let the ocean absorb more carbon. What might be the limitations of managing these pools to remove more carbon from the atmosphere? The amount of land on which trees will grow; wood will eventually decay; a warmer ocean will hold less carbon.

This unit continues to focus on the biological portion of the carbon cycle and the ways trees and wood products can be used to remove carbon dioxide from the atmosphere or prevent future emissions. A variety of other classroom activities and programs can be used to explore other strategies for reducing atmospheric carbon dioxide. See the Resources listed below. 

Enrichment
Ask students to conduct research to learn about carbon neutral energy sources. Why is using biomass, such as wood or corn, to produce energy considered carbon neutral? What factors determine neutrality? How could land-use changes impact biomass carbon neutrality?

Have students investigate how technology might be used to capture carbon from the atmosphere. For example, people around the world are working to capture carbon in trees and wood products, to remove carbon from the atmosphere and store it underground, and to reduce the amount of carbon that we add to the atmosphere by saving energy and reducing our dependence on fossil fuels. Ask students to write a report explaining one technological solution and to discuss its advantages and disadvantages. 

Resources and Links
GLOBE Carbon Cycle, University of New Hampshire. This education unit focuses on bringing cutting edge research and research techniques in the field of terrestrial ecosystem carbon cycling into secondary classrooms. It includes several activities to help students understand the carbon cycle, including a “choose your own adventure story.” http://globecarboncycle.unh.edu/index.shtml 	

Harrison, John A. 2003. "The Carbon Cycle: What Goes Around Comes Around." Visionlearning Vol. EAS-2(3). http://www.visionlearning.com/library/module_viewer.php?mid=95 

Media Connections
Steroids and Baseball Video. “Steroids, baseball, and climate change” is a two minutes video that uses steroids in baseball as an analogy to carbon dioxide in climate and provides reflective comments on the purpose and value of the video. University Corporation for Atmospheric Research (UCAR). Video by Noah Besser, produced by UCAR Communications for AtmosNews: NCAR & UCAR Science. https://www2.ucar.edu/atmosnews/attribution/steroids-baseball-climate-change

DRAFT ACTIVITY FOR PLT SECONDARY MODULE: SOUTHERN FORESTS AND CLIMATE CHANGE
FOR MORE INFO, SEE: WWW.PINEMAP.ORG/EDUCATION/SECONDARY
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Atmosphere
1. You continue to circulate through the atmosphere. Stay at Atmosphere. 
2. In a forest, a pine tree needle absorbs and uses carbon dioxide during photosynthesis. Go to Forest. 
3. In a forest, a pine tree needle absorbs and uses carbon dioxide during photosynthesis. Go to Forest. 
4. In a forest, a pine tree needle absorbs and uses carbon dioxide during photosynthesis. Go to Forest. 
5. Near the East coast, you dissolve into the waters of the Atlantic Ocean. Go to Surface Ocean. 
6. Near the East coast, you dissolve into the waters of the Atlantic Ocean. Go to Surface Ocean.
Station Cards

					7

Forest
1. Through respiration, a tree uses your sugar molecule for energy. Go to Atmosphere. 
2. The pine cone where you have been stored is eaten by an Eastern fox squirrel. Go to Animals. 
3. You become sequestered in a tree’s trunk.  After several years, your tree gets cut down. Go to Wood Products.  
4. You become sequestered in a tree’s trunk.  After several years, your tree gets cut down. Go to Wood Products.  
5. A windstorm damages the branch where you have been stored. The branch falls to the forest floor and begins to break down. Go to Soil.
6. A fire moves through the forest and burns the tree where you have been stored. Go to Atmosphere.
Station Cards

Soil (with Decomposing Material)
1. As the organic matter decomposes, you become carbon dioxide through soil respiration. Go to Atmosphere. 
2. As the organic matter decomposes, you become carbon dioxide through soil respiration. Go to Atmosphere. 
3. An insect eats the rotting material where you are located. Go to Animal. 
4. An insect eats the rotting material where you are located. Go to Animal. 
5. You become buried in layers of leaf litter and soil. Stay at Soil.  
6. You become buried in layers of leaf litter and soil. Stay at Soil.
Station Cards


Animals
1. A bird eats you for dinner. Stay at Animal.  
2. You are stored in animal fat cells. Stay at Animal. 
3. You get released as carbon dioxide during respiration. Go to Atmosphere.
4. You get released as carbon dioxide during respiration. Go to Atmosphere.
5. When the animal produces waste, you find yourself on the forest floor in a pile of poop. Go to Soil. 
6. The animal dies and begins to break down on the forest floor. Go to Soil.

Wood Products
1. The lumber where you are sequestered is used to build a house. Stay at Wood Products. 
2. The lumber where you are sequestered is used to build a house. Stay at Wood Products. 
3. The lumber where you are sequestered is used to build a house. Stay at Wood Products. 
4. After many years, the lumber gets thrown in a pile of old wood and begins to rot and break down. Go to Soil.
5. You are eaten by termites. Go to Animals. 
6. After many years, the lumber where you are sequestered gets burned for firewood. Go to Atmosphere.

Surface Ocean
1. Through wave action, you mix with air and come out of the water—leaving solution as carbon dioxide gas. Go to Atmosphere. 
2. Through wave action, you mix with air and come out of the water—leaving solution as carbon dioxide gas. Go to Atmosphere.
3. You continue mixing in water near the surface of the ocean. Stay at Surface Ocean. 
4. Water currents and ocean mixing send you deeper within the ocean. Go to Deep Ocean. 
5. An algae plant takes you in during photosynthesis. Go to Marine Life. 
6. An algae plant takes you in during photosynthesis. Go to Marine Life.

Deep Ocean
1. Ocean mixing and water currents send you toward the surface. Go to Surface Ocean. 
2. Ocean mixing and water currents send you toward the surface. Go to Surface Ocean. 
3. Ocean mixing and water currents send you toward the surface. Go to Surface Ocean. 
4. Water currents send you deeper within the ocean. Stay at Deep Ocean.
5. Water currents send you deeper within the ocean. Stay at Deep Ocean.
6. Water currents send you deeper within the ocean. Stay at Deep Ocean.

Marine Life
1. You are eaten by tiny marine animal, called zooplankton. Stay at Marine Life.
2. You are eaten by tiny marine animal, called zooplankton. Stay at Marine Life. 
3. You are exhaled through respiration. Go to Surface Ocean. 
4. You are exhaled through respiration. Go to Surface Ocean. 
5. The organism you are part of dies. You break down and sink through the waters of the Atlantic Ocean. Go to Deep Ocean. 
6. The organism you are part of dies. You break down and sink through the waters of the Atlantic Ocean. Go to Deep Ocean. 



Atmosphere
Carbon in Carbon Dioxide 




Forest
Carbon in Sugar, Starch, or Cellulose in a Tree 



Soil (with Decomposing Material) 
Carbon in Molecules in Dead limbs, Leaves, Dead creatures, Feces


Animals
Carbon in Cellular Molecules 




Wood Products
Carbon in Cellulose in Lumber 




Surface Ocean
Carbon in Dissolved Carbon Dioxide



Deep Ocean
Carbon in Dissolved Carbon Dioxide



Marine Life
Carbon in Molecules in Plants or Animals in the Ocean

Carbon Cycle Score Card

Name:

Instructions: 
Imagine you are a carbon atom starting in one of many places that carbon is found. Your starting location is written on the first line for round 1, read the short description, and then roll the die. Follow the instructions for the number you roll, which may tell you to move to another station or may tell you to stay where you are. Repeat this process 8 times and record what happens during each round in the table below. Make sure to record what happens, even if you have to stay at one station for more than one turn. 


	Round
	Starting Location
 (Carbon Pool)
	What happened?                          (Carbon Flux)
	Ending Location 
(Carbon Pool)

	Example
	Atmosphere
	Photosynthesis
	Forest

	1
	


	
	

	2
	


	
	

	3
	


	
	

	4
	


	
	

	5
	


	
	

	6
	


	
	

	7
	


	
	

	8
	


	
	


Student Page
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Mapping Carbon

Group Members:___________________________________________________________________________

1. Using the large sheet of paper and markers, create a carbon cycle that combines the cycle that each group member experienced during the game. Use ovals or circles to represent the carbon pools in the game. Use arrows to show how you moved from pool to pool, and label each arrow with the flux that took you to the next pool. 

For example, one or more students in your group probably went from the atmosphere to the forest through photosynthesis. This means you would draw one oval labeled “atmosphere” and one oval labeled “forests.” Then you would add an arrow labeled “photosynthesis” going from the atmosphere to the forest.

Fluxes that you may have experienced during the game include: 

Breaks Down
Burns (Combustion)
Dissolves
Eaten (Consumption)
Leaves Solution
Ocean Mixing/Circulation
Photosynthesis 
Respiration (Plant, Soil, Animal)
Sequestration 
Waste Production


Example Carbon Cycle Diagram
 (
Atmosphere
Surface Ocean
Animals
Forests
Wood Products
Soil
 
(with Decomposing Material)
Marine Life
Deep Ocean
Photosynthesis
)
2. If needed, add additional arrows to represent any potential pathways (fluxes) between pools that are not currently on your diagram. This diagram represents the biological part of the carbon cycle. 

3. Add new pools and fluxes to your group diagram to represent the geological part of the carbon cycle. Make sure to include all the pools and fluxes listed below. 
Pools: Fossil Fuels, Ocean Sediments, Limestone
Fluxes: Heat and Compression, Burning (Combustion), Weathering, Rock Formation, Sinking


4. How might each pool be affected by increased amounts of carbon dioxide in the atmosphere?






5. According to your diagram, how is carbon removed from the atmosphere? List the pools and the fluxes below.  






6. How could we manage these pools to remove more carbon from the atmosphere? What might be the limitations of managing these pools to remove more carbon from the atmosphere?
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