Fifth Grade: Air and the Carbon Cycle
	Background - What does the teacher need to know before teaching this lesson?  
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What is the Earth System?[footnoteRef:1],[footnoteRef:2] [1:  http://eschooltoday.com/earth-system/what-is-earth-system.html]  [2:  https://www.csun.edu/science/books/sourcebook/chapters/8-organizing/files/earth-systems-interactions.html] 

The Earth is made up of a series of components – the hydrosphere, atmosphere, lithosphere, and biosphere. These function as systems that are constantly interacting and adjusting to both internal and external factors. It is the continuous alterations to these cycles that produce the environmental conditions that we experience.
· The hydrosphere contains all of the solid, liquid and gaseous water on Earth, extending from the depths of the sea to the upper reaches of the troposphere where water is found.  Ninety-seven percent of the hydrosphere is found in salty oceans, and the remainder is found as vapor or droplets in the atmosphere and as liquid in ground water, lakes, rivers, glaciers and snowfields. 
· The atmosphere contains all of the Earth’s air and is divided into troposphere, stratosphere, mesosphere, thermosphere and ionosphere.
· The lithosphere (geosphere) consists of the core, mantle and crust of the Earth.
· The biosphere is the collection of all Earth’s life forms, distributed in major life zones known as biomes:  tundra, boreal forest, temperate deciduous forest, temperate grassland, desert, savannah, tropical rainforest, chaparral, freshwater, and marine.

What is the carbon cycle?[footnoteRef:3] [3:  http://teeic.indianaffairs.gov/er/carbon/carboninfo/cycle/] 

The carbon cycle is the circulation and transformation of carbon back and forth between living things and the environment. Carbon is an element, something that cannot be broken down into a simpler substance. Other examples of elements are oxygen, nitrogen, calcium, iron, and hydrogen. Carbon compounds are present in living things like plants and animals and in nonliving things like rocks and soil. Carbon compounds can exist as solids (such as diamonds or coal), liquids (such as crude oil), or gases (such as carbon dioxide). Carbon is often referred to as the "building block of life" because living things are based on carbon and carbon compounds.

What is air?[footnoteRef:4] [4:  http://eo.ucar.edu/kids/sky/air1.htm] 

Air is a mixture of different gases that covers the Earth in a layer over 400 miles high. This layer is called the atmosphere. It contains roughly 78% nitrogen, 21% oxygen, and smaller amounts of argon, hydrogen, carbon dioxide, and others.

Why is air important?
Air is needed by almost all the living things living on Earth. Most plants and animals take in air, use the oxygen in it and give out another gas, carbon dioxide. This process is called respiration. Air also protects life on Earth by absorbing harmful ultraviolet solar radiation and reducing temperature extremes between day and night

What is air pollution?[footnoteRef:5] [5:  http://eschooltoday.com/pollution/air-pollution/what-is-air-pollution.html] 

Air pollution is caused by the accumulation of one or more chemicals or substances in the air in high enough concentrations to harm humans, other animals, vegetation, or materials.  Air pollution consists of chemicals or particles in the air that can harm the health of humans, animals, and plants. It also damages buildings. Pollutants in the air take many forms. They can be gases, solid particles, or liquid droplets. (National Geographic)

What causes air pollution?
Air pollution can result from both human and natural actions. Natural events that pollute the air include forest fires, volcanic eruptions, wind erosion, pollen dispersal, evaporation of organic compounds and natural radioactivity. Pollution from natural occurrences is not very often. Human activities that result in air pollution include emissions from industries and manufacturing activities, burning fossil fuels, and household and farming chemicals. For instance, common causes of air pollution are emissions from industrial facilities and electric utilities, motor vehicle exhaust, gasoline vapors, chemical solvents, roadway dust, and smoke. 

What are pollutants and emissions?[footnoteRef:6] [6:  https://www3.epa.gov/airquality/emissns.html] 

Pollutants are unwanted chemicals or other materials found in the air, at high enough concentrations to endanger the environment and people’s health. Emissions are discharges of a pollutant from a particular source (e.g., a factory) or group of sources (e.g., vehicles) into the air. Processes such as fossil fuel burning in industry, motor vehicles and buildings emit pollutants that cause local and regional pollution. These pollutants include particulate matter (PM), ground-level ozone (O3), nitrogen oxides (NOx), sulphur oxides (SOx), volatile organic compounds (VOCs) and carbon monoxide (CO). 

What is smog?[footnoteRef:7] [7:  http://www.epa.vic.gov.au/air/aq4kids/smog.asp] 

[bookmark: top]Smoke and fog together create smog. The term smog was first coined during the 1950s when it was used to describe a mixture of smoke and fog experienced in London. Major cities along the west coast of America were also experiencing a different type of air pollution. Smog occurs when emissions from industry, motor vehicles, incinerators, open burning and other sources accumulate under certain climatic conditions. 

Why is air pollution such a serious problem?
Air pollution can cause many health problems such as burning eyes, cancer, birth defects, brain damage, or even death. Air pollution can also damage the environment and property such as food crops, trees, lakes and buildings.

What is the difference between weather and climate?[footnoteRef:8] [8:  http://www.nasa.gov/audience/forstudents/5-8/features/nasa-knows/what-is-climate-change-58.html] 

Weather is the short-term changes we see in temperature, clouds, precipitation, humidity and wind in a region or a city. Weather can vary greatly from one day to the next, or even within the same day. In the morning, the weather may be cloudy and cool. But by afternoon it may be sunny and warm. The climate of a region or city is its weather averaged over many years. This is usually different for different seasons. For example, a region or city may tend to be warm and humid during summer. But it may tend to be cold and snowy during winter. The climate of a city, region or the entire planet changes very slowly. These changes take place on the scale of tens, hundreds and thousands of years.

What is the difference between "climate change" and "global warming"?[footnoteRef:9] [9:  https://www.climate.gov/news-features/climate-qa/whats-difference-between-global-warming-and-climate-change] 

"Global warming" refers to the long-term increase in Earth's average temperature. "Climate change" refers to any long-term change in Earth's climate, or in the climate of a region or city. This includes warming, cooling and changes besides temperature.

What causes climate change?
Global warming occurs when carbon dioxide (CO2) and other air pollutants, such as methane (CH4) and nitrous oxide (N2O), collect in the atmosphere and absorb sunlight and solar radiation that have bounced off the earth’s surface. Normally, this radiation would escape into space—but these pollutants, which can last for years to centuries in the atmosphere, trap the heat and cause the planet to get hotter.

What are some of the impacts of climate change?[footnoteRef:10] [10:  https://www.nrdc.org/stories/global-warming-101] 

· Melting glaciers, early snowmelt, and severe droughts will cause more dramatic water shortages and increase the risk of wildfires in the American West.
· Rising sea levels will lead to coastal flooding on the Eastern Seaboard, especially in Florida, and in other areas such as the Gulf of Mexico.
· Forests, farms, and cities will face troublesome new pests, heat waves, heavy downpours, and increased flooding. All those factors will damage or destroy agriculture and fisheries.
· Disruption of habitats such as coral reefs and Alpine meadows could drive many plant and animal species to extinction.
· Allergies, asthma, and infectious disease outbreaks will become more common due to increased growth of pollen-producing ragweed, higher levels of air pollution, and the spread of conditions favorable to pathogens and mosquitoes.

What can I do to help reduce air pollution and greenhouse gas emissions?[footnoteRef:11] [11:  http://des.nh.gov/organization/divisions/air/tsb/ams/aqmdp/share.htm] 

Every time we drive to school, use our heater or air conditioner, clean our windows, or even style our hair, we make choices that affect air pollution. These steps, as well as many others, are things we all can do to help reduce both air pollution and greenhouse gas emissions:
· Conserve energy – remember to turn off lights, computers, and electric appliances when not in use.
· Use energy efficient light bulbs and appliances.
· Participate in your local utility’s energy conservation programs.
· Limit driving by carpooling, using public transportation, biking and walking.
· Combine errands for fewer trips, etc.
· Turn off your ignition if you’re waiting more than 10 seconds.  Do not idle.


	Further readings

	
The carbon cycle: http://earthobservatory.nasa.gov/Features/CarbonCycle/
The Incredible Carbon Journey http://www3.epa.gov/airnow/teachers/rb_carboncycle_activity.pdf
Air pollution: http://www.nrdc.org/air/
Ways to reduce air pollution: http://www.vcapcd.org/pubs/Factsheets/50WaysfactSheet.pdf
Today's climate change: https://19january2017snapshot.epa.gov/climatechange_.html



	Standards - What standards are being met by teaching this lesson?

	
· K-12 Integrated Environmental and Sustainability Learning Standards (See Appendix Table 1)
· California Education and the Environment Initiative (See Appendix Table 2)
· Next Generation Science Standards (See Appendix Table 3)
· Common Core State Standards (See Appendix Table 4)




	Necessary supplies - What supplies will you need to teach the class?

	
· Regular size (8/0) pony beads in the following colors: green (biosphere), blue (hydrosphere), clear (atmosphere) and black (lithosphere). For a class of 25 students, you’ll need approximately 150 of each color. Place each color of beads in an empty 8 oz plastic bottle or other reusable plastic container to prevent spillage during the activity. 
· Signs for four stations (lithosphere, atmosphere, hydrosphere, and biosphere)
· Use the dice templates to create five large dice from boxes measuring approximately 4 inches square. Each die goes with a specific station and represents the different pathways carbon may take from that station. The Carbon Cycle Table tells you what labels to put on each face of the dice.
· White pipe cleaners, two per student.
· Copies of the student page.
· Internet access

Find the signs, dice templates, and student page at https://www3.epa.gov/airnow/teachers/rb_carboncycle_activity.pdf




	Do Now - (Written on board/projector) What quick independent activity will students engage in as soon as they arrive in class that will review past learning or preview the day’s learning? (5-10 min)

	
Review the concept of the greenhouse effect and the relationship between temperature and the level of carbon dioxide in the atmosphere. (See PowerPoint.) Alternatively, show EPA's Greenhouse Effect video (https://www.youtube.com/watch?v=VYMjSule0Bw).




	Objective for the Day – (Written on board/projector) What skill are you going to teach and what should the students be able to do by the end of the class to demonstrate what they have learned?

	
Students will
· Develop a better understanding of the carbon cycle
· Compare pre-industrial and post-industrial carbon cycles
· Understand the greenhouse effect

Key Words:
Atmosphere
Biosphere
Carbon cycle
Greenhouse effect
Hydrosphere
Lithosphere


	Purpose – Why is it important for students to learn this skill? Explain why today’s lesson matters. 	

	
Students will learn about the carbon cycle and the greenhouse effect in order to understand the basics of climate science. 




	Teaching the Skill – How will you teach this skill to students? What will the examples and the modeling look like? How will you ensure that all students are actively participating in the lesson?

	
Pre-Activity
	
Either before the lesson, ask students to look up the definitions and research key terms: lithosphere, hydrosphere, atmosphere, and biosphere or review the Do Now PowerPoint in class.


	Step 1:
	The Incredible Carbon Journey[footnoteRef:12] [40-50 minutes]  [12:  Project WET, The Incredible Carbon Journey,   https://www3.epa.gov/airnow/teachers/rb_carboncycle_activity.pdf] 


Instructions and materials: https://www3.epa.gov/airnow/teachers/rb_carboncycle_activity.pdf

Part One: Pre-Industrial Carbon Cycle

Each student will begin at one station chosen by the student or teacher. There can be more than one student at each section.


	Step 2:
	
Each Student will be given one pipe cleaner. Have the student twist a knot or small loop onto one end of the pipe cleaner.


	Step 3:
	
Tell the students they will represent carbon atoms in the carbon cycle. They will travel around the Earth following the journey of a carbon atom in the pre-industrial world--before we began burnings lots of fossil fuels.


	Step 4:
	
When given the signal by the teacher, each student will place on bead from their station on the pipe cleaner.


	Step 5:
	
Each student rolls the cube at their station. This will tell the student where they need to go. The Student will then move to the next station. In some cases, they may stay where they are. If the cube says "STAY," the student should go to the back of the line for that cube and wait to roll the cube, they should take a bead from that station and put it on their pipe cleaner.


	Step 6:
	
Each time the student moves to another station, they do the same thing: roll the cube, take a bead, and move to the next station (or go the end of the line repeat).


	Step 7:
	
Students will move from station to station for at least 10 minutes or long enough for students to begin stacking up in the lithosphere line. This may take up to 15 minutes.


	Step 8:
	
When most students have visited the lithosphere several times, ask them to stop. Wherever students are in line, they should take a bead from that line without rolling the cube and then sit down. This is the end of round one.

Ask students to record their journeys in their student pages. Ask the student what color beads they have on their pipe cleaner and what happened to them during their trip. Did they see any patterns? For instance did they stay at any place more than once? Did anyone go back and forth between two stations (for example, biosphere and atmosphere)? What may explain this?
Instruct the students to make a bracelet out of their pipe cleaner by twisting the end through the loop on the other end.

Instructor Note: After round one, many students will have a high portion of black beads on their pipe cleaners. This represents coal, natural gas, oil--all the carbon molecules in the lithosphere.
Deposits of carbon have accumulated over time from the remains of plans and animals. Over millions of years, these deposits have become transformed into fossil fuels.

Ask students to make a hypothesis about what will happen in round two, when we start burning fossil fuels.


	Step 9:
	
Part Two: Industrial Carbon Cycle

Announce to the students that we are moving into the industrial Age, around 1750. Now, the world has started to use fossil fuels as an energy source. The burning of fossil fuels, such as coal, gas, and oil, releases carbon into the atmosphere. This is the beginning of Round 2. 

Give each student a new pipe cleaner. Remind them to twist a loop into the pipe cleaner before proceeding.


	Step 10:
	
Exchange the Pre-Industrial Lithosphere (L1) cube for the Post-Industrial Lithosphere cube (L2).


	Step 11:
	
Have students pick a station at which to begin their journey.


	Step 12:
	
Again, students pick up a bead from their station and roll the cube. they will move around the room again for at least 10 minutes or long enough for students to begin stacking up in the atmosphere. This may take up to 15 minutes.


	Step 13:
	
When most students have visited the atmosphere several times, stop Round 2. Wherever students are in line, they should take a bead from that line without rolling the cube and then sit down.

Ask students to record their journeys on their student pages. Ask the students what kinds of beads they have on their pipe cleaner and what happened to them in their trip/journey. How did this second round compare with their first journey through the carbon cycle? Did anyone find themselves "stuck" in one place? What may explain this?

Instructor Note: Although the amount of carbon in the atmosphere has increased significantly over the past 150 years, it's important to emphasize to students that the amount of carbon on the earth has not changed. Carbon has simply move from on place to another.

Although you cannot predict exactly what combinations of beads your students will put on their pipe cleaners, you can be fairly certain that after the second round, more of the beads will be from the atmosphere. This represents the build-up of carbon dioxide in the atmosphere that is a direct result of the burning of fossil fuels.

This activity works best if, for the longest lines, you facilitate students taking their beads in line before they arrive at the cube. If you have volunteers, station them along the longest lines of students and have them distribute beads while the students wait their turn to roll the cube. It may also help to have two cubes for each station to minimize the wait time.




	Take Home/Homework – An activity for the students to take home and perform.  Optional: Have the students return the next day with proof of completion of the activity.

	
Have students graph the numbers of visits for each of the four spheres in the pre-industrial and post-industrial cycles. The next day, create a class graph that incorporates the data from everyone's journeys in the pre-industrial and post-industrial cycles. 






Appendix of Tables

Appendix Table 1: K-12 Integrated Environmental and Sustainability Learning Standards

	Standard 1: Ecological, Social, and Economic Systems

	· Students develop knowledge of the interconnections and interdependency of ecological, social and economic systems.  They demonstrate understanding of how the health of these systems determines the sustainability of natural and human communities at local, regional, national, and global levels.

	Standard 2:  The Natural and Build Environment

	· Students engage in inquiry and systems thinking and use information gained through learning experiences in, about, and for the environment to understand the structure, components, and processes of natural and human-built environments.

	Standard 3: Sustainability and Civic Responsibility

	· Students develop and apply the knowledge, perspective, vision, skills, and habits of mind necessary to make personal and collective decisions and take actions that promote sustainability.




Appendix Table 2: California Education and the Environment Initiative

	Principle III: Natural Systems Change in Ways that People Benefit from and can Influence

	· Natural systems proceed through cycles that humans depend upon, benefit from, and can alter.

	Concept C: Students need to know that human practices can alter the cycles and processes that operate within natural systems.

	Principle IV: There are no Permanent or Impermeable Boundaries that Prevent Matter from Flowing Between Systems

	· The  exchange  of  matter  between  natural  systems  and  human  societies  affects  the  long-term functioning  of both.

	Concept A: Students need to know that the effects of human activities on natural systems are directly related to the quantities of resources consumed and to the quantity and characteristics of the resulting byproducts.




Appendix Table 3:  Next Generation Science Standards

	Earth and Human Activity

	· 5-ESS3-1: Obtain and combine information about ways individual communities use science ideas to protect the Earth’s resources and environment.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Obtaining, Evaluating, and Communicating Information: 
Obtaining, evaluating, and communicating information in 3–5 builds on K–2 experiences and progresses to evaluate the merit and accuracy of ideas and methods. Obtain and combine information from books and other reliable media to explain phenomena.
	ESS3.C: Human Impacts on Earth Systems: Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect Earth’s resources and environments.
	Systems and System Models: A system can be described in terms of its components and their interactions. 

Connections to Nature of Science: Science findings are limited to questions that can be answered with empirical evidence.

	Matter and Its Interactions

	· 5-PS1-1: Develop a model to describe that matter is made of particles too small to be seen.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models: Modeling in 3–5 builds on K–2 experiences and progresses to building and revising simple models and using models to represent events and design solutions. Use models to describe phenomena.
	PS1.A: Structure and Properties of Matter: Matter of any type can be subdivided into particles that are too small to see, but even then the matter still exists and can be detected by other means. 
	Scale, Proportion, and Quantity: Natural objects exist from the very small to the immensely large.

	Earth's Systems

	· 5-ESS2-1: Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere interact.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Developing and Using Models: Modeling in 3–5 builds on K–2 experiences and progresses to building and revising simple models and using models to represent events and design solutions. Develop a model using an example to describe a scientific principle.
	ESS2.A: Earth Materials and Systems: Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the landforms to determine patterns of weather.
	Systems and System Models: A system can be described in terms of its components and their interactions.



Appendix Table 4: Common Core State Standards

	Mathematics

	Mathematical Practices

	Reason abstractly and quantitatively
· CCSS.Math.Practice.MP2: Mathematically proficient students make sense of quantities and their relationships in problem situations.

	Model with mathematics 
· CCSS.Math.Practice.MP4: Mathematically proficient students can apply the mathematics they know to solve problems arising in everyday life, society, and the workplace.

	Measurement and Data

	Geometric measurement: understand concepts of volume
· CCSS.Math.Content.5.MD.C.3: Recognize volume as an attribute of solid figures and understand concepts of volume measurement.

	English Language Arts 

	Reading: Informational Text

	Key Ideas and Details 
· CCSS.ELA-Literacy.RI.5.2: Determine two or more main ideas of a text and explain how they are supported by key details; summarize the text.

	Integration of Knowledge and Ideas 
· CCSS.ELA-Literacy.RI.5.7: Draw on information from multiple print or digital sources, demonstrating the ability to locate an answer to a question quickly or to solve a problem efficiently.

	Writing 

	Research to Build and Present Knowledge 
· CCSS.ELA-Literacy.W.5.8: Recall relevant information from experiences or gather relevant information from print and digital sources; summarize or paraphrase information in notes and finished work, and provide a list of sources.

	Speaking and Listening

	Presentation of Knowledge and Ideas
· CCSS.ELA-Literacy.SL.5.4: Report on a topic or text or present an opinion, sequencing ideas logically and using appropriate facts and relevant, descriptive details to support main ideas or themes; speak clearly at an understandable pace.
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