	Background- What does the teacher need to know before teaching this lesson? 




Fifth Grade: Climate change and carbon footprint 
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What is the difference between weather and climate?[footnoteRef:1] [1:  http://oceanservice.noaa.gov/facts/weather_climate.html] 

Weather reflects short-term conditions of the atmosphere while climate is the average daily weather for an extended period of time at a certain location. 

What types of weather are there?[footnoteRef:2] [2:  http://www.weatherwizkids.com] 

There are a number of different types of weather conditions: clouds, rain, hail, sleet, snow, fog, dust storm, hurricane, tornado, wind, lightening, thunderstorm, and sun.

What climate regions are there?
There  are  six  main  climate  regions:  tropical  rainy,  dry,  temperate  marine,  temperate  continental,  polar,  and  highlands.

What factors affect weather?[footnoteRef:3] [3:  http://science.jrank.org/pages/7332/Weather.html] 

Weather conditions are determined by six major factors: air temperature, air pressure, humidity of the air, amount and kind of cloud cover, amount and kind of precipitation, and speed and direction of the wind.

What factors affect climate?[footnoteRef:4] [4:  http://www.classzone.com/books/earth_science/terc/content/investigations/es2101/es2101page02.cfm] 

There are different factors that affect climate around the world. It is the varying influence of these factors that lead to different parts of the Earth experiencing differing climates. The most important natural factors are: distance from the sea, ocean currents, direction of prevailing winds, shape of the land, distance from the equator, vegetation, and the El Niño phenomenon.  Human activity, such as altering the surface of the land and the composition of the atmosphere, affects the natural flows of energy and materials around the planet and consequently are altering the climate.

What is the difference between global warming and climate change?[footnoteRef:5] [5:  https://www.climate.gov/news-features/climate-qa/whats-difference-between-global-warming-and-climate-change] 

"Global warming" describes an average temperature increase of the Earth over time.  "Climate change" describes how weather patterns will be affected around the globe.  These changes could be manifested in changes in climate averages as well as changes in extremes of temperatures and precipitation.  It is likely that the changes will vary depending on what region you are in.

What factors cause climate change?[footnoteRef:6] [6:  https://19january2017snapshot.epa.gov/climate-change-science/causes-climate-change_.html] 

The Earth’s climate varies over times scales from months through to centuries and beyond. Factors that affect the climate over time-scales from hundreds to millions of years include natural and human factors. Natural factors are: energy output from the sun; variation in the earth’s orbit and the orientation of its axis, volcanic and meteorite activity; plate tectonics (movement of the continents); and the greenhouse effect of water vapor and other trace gases.  
Human climate drivers include heat-trapping emissions from burning  fossil fuels (coal, gas and oil) in power plants and cars; cutting down and burning forests; pollution particles (aerosols); black carbon pollution (soot); and changes in land use that change how much the Earth’s surface reflects the sun’s energy back into space (planetary albedo).

What is the greenhouse effect? 
The "greenhouse effect" is the effect of atmospheric gases – greenhouse gases like water vapor, carbon dioxide, methane, nitrous oxide, and ozone – absorbing energy from the sun and earth and "trapping" it near the Earth's surface, warming the Earth to a temperature range that is hospitable for life.

What are the effects of increased greenhouse gas levels?[footnoteRef:7] [7:  http://whatsyourimpact.org/effects-increased-greenhouse-gas-levels] 

The effects of increased greenhouse gas levels include global warming, ocean acidification, smog pollution, ozone depletion, and changes to plant growth and nutrition levels. Rising global temperatures are leading to changes such as rising sea-levels, melting glaciers, changes in precipitation patterns, and the loss of wildlife habitats. With increasing levels of greenhouse gases being added daily, the greenhouse effect is now enhanced to the point where too much heat is being kept in the Earth's atmosphere. The heat trapped by carbon dioxide and other greenhouse gases has increased surface temperatures by 0.75°C (1.4°F) over the last 100 years.

What are the sources of greenhouse gas emissions?[footnoteRef:8]  [8:  https://www3.epa.gov/climatechange/ghgemissions/sources.html] 

The primary sources of greenhouse gas emissions in the United States are:
· Electricity production (30% of 2014 greenhouse gas emissions) 
· Transportation (26% of 2014 greenhouse gas emissions) 
· Industry (21% of 2014 greenhouse gas emissions) 
· Commercial and Residential (12% of 2014 greenhouse gas emissions)     
· Agriculture (9% of 2014 greenhouse gas emissions) 
· Land Use and Forestry (offset of 11% of 2014 greenhouse gas emissions) 

What is a carbon footprint?[footnoteRef:9] [9:  Http://timeforchange.org/what-is-a-carbon-footprint-definition] 

A carbon footprint refers to the total amount of greenhouse gases produced to directly and indirectly support human activities, usually expressed in equivalent tons of carbon dioxide (CO2).Your carbon footprint is the sum of all emissions of CO2 (carbon dioxide), which were induced by your activities in a given time frame. Usually a carbon footprint is calculated for the time period of a year.

How you can do to reduce your footprint?[footnoteRef:10] [10:  http://www.globalstewards.org/reduce-carbon-footprint.htm] 

One person can make a difference. Taking small action steps will help reduce your carbon footprint on the earth. If everyone takes the same steps you do, collectively we can all have a major impact on global climate change. Here are few ways:
· Change a light. 
· Drive less. 
· Recycle more and buy recycled.
· Check your tires.
· Use less hot water.
· Avoid products with a lot of packaging.
· Adjust your thermostat.
· Plant a tree.
· Turn off electronic devices when not in use.
 

	Further readings 

	
Climate vs. Weather: https://www.epa.gov/climate-indicators/weather-climate
Climate regions: https://www.nationalgeographic.org/encyclopedia/climate/
Global climate change: http://climate.nasa.gov/faq/
Causes of Climate Change: 
https://19january2017snapshot.epa.gov/climate-change-science/causes-climate-change_.html 
How You Can Stop Global Warming: https://www.nrdc.org/stories/how-you-can-stop-global-warming






	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?

	
· A copy of the  “Calculate your Carbon Footprint” worksheet for each student
· Internet Access
· PowerPoint
· Calculator (if there are limited supplies of computers)
· Two Glasses
· Ice Cubes (2)
· Heat lamp (or alternatively, aluminum foil)
· Marker and sticky note or piece of paper
· Blackboard/whiteboard




	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? 

	
Introduction (15 minutes)

1. Take out the two glasses of water. Mark the first class "Pre-Industrial" and the second glass "Post Industrial" (post 1800). Place an ice cube in each glass. For the second glass, place a heat lamp over it, or place it in the sun and insulate it with aluminum foil. Explain that this represents the release of excess carbon into the atmosphere that intensifies the green house effect. Ask students to make predictions about what they think will happen.

2. Go through the concepts in the “Climate as History” PowerPoint (attached). The use of fossil fuels is relatively new in the history of our planet, which is billions of years old. The widespread use of coal and oil began in the mid 19th century and was a human innovation that allowed for faster travel, via the railroads and then cars, planes, and other forms of modern transport, as providing a fuel source for heating, lighting and nearly all activities that require electricity. 

Before the use of fossil fuels, many lights were heated using whale oil and biomass (wood predominantly) heated homes, but these resources were depleted quickly and replaced by more efficient and abundant fuels. The use of fossil fuels provided a relatively cheap and abundant fuel that power societies for the past 250 years. However, just like older sources of energy like whale oil and wood burning, fossil fuels have drawbacks, primarily the release of carbon dioxide and other pollutants into the atmosphere that cause climate change.

But, if human use of fossil fuels and the subsequent release of carbon into the atmosphere is in part driving current climate change, human action can also mitigate it by altering our behavior! Moreover, the ingenuity of humans has already put us on a path of new, renewable energy sources like wind and solar that do not produce GHG.

3. Use  NASA’s “Climate Change Machine,” http://climatekids.nasa.gov/time-machine/ demonstrate the evidence of climate change sea ice decreasing, potential sea level rise, historic increase in CO2, and increasing global average temperature. Emphasize that climate is part of history and that human action is part of that history. Therefore, if human use of fossil fuels and the subsequent release of carbon into the atmosphere is in part driving current climate change, human action can also mitigate it!  




	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?

	
Today you will learn …

· How our changing climate has changed in the past and why
· How to calculate your carbon footprint 
· To identify activities that are most carbon intensive
· Ways in which to reduce your carbon footprint

Key words:
Greenhouse effect
Fossil fuels
Pollution
Carbon footprint 

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

	
· Discover the connection between their actions and effects on the environment 
· Have students consider ways to they can take positive action to reduce their carbon footprint
· If it is understood that climate change is largely human driven, then humans can also solve the problem




	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?

	Step 1:
	What is Your Carbon Footprint Activity[footnoteRef:11] (35-40 minutes) [11:  Activity is adopted from “An inconvenient truth in the classroom,” National Wildlife Federation, pp 43-44 https://www.nwf.org/~/media/PDFs/Eco-schools/AITInTheClassroom7_08.ashx
] 


Before proceeding, make sure students understand the concept of the greenhouse effect (see energy lesson power point for grade 5). 

Brainstorm with students the ways in which human activity emits greenhouse gases like carbon dioxide. There are many answers here and as many as possible should be accepted. Make sure to note that the burning of fossil fuels, to power our homes and cars, are the primary human factor driving climate change because they release carbon dioxide. Fossil fuels have a very large carbon footprint. 


	Step 2:

	
Ask students: What is a carbon footprint? A carbon footprint is a measurement of much carbon dioxide, a greenhouse gas, a person emits or releases over a given period of time, like a day, week, month, year, or even lifetime.

Tell students they are going to learn how to calculate their carbon footprint. Hand out the “Calculate your Carbon Footprint” worksheet. Have students fill out the questionnaires to the best of their ability. (If there are not enough computers, you can break students into groups and have them fill out the worksheets using averages and then calculating their average carbon footprint.)


	Step 3:
	
Encourage students to go to The Greens’ “Zero Footprint calculator” website and calculate their carbon footprint for the year. www.meetthegreens.org./features/carbon-calculator.html


	Step 4:
	
Discuss as a class which of their activities use the most carbons and which use the least. Using a blackboard/whiteboard, rank the activities as a class on their carbon intensiveness.


	Step 5: 
	
What can we do to help?[footnoteRef:12]  (10-15 minutes) [12:   http://climatekids.nasa.gov/how-to-help] 


Discuss as a class, ask the students:

Can I help nature to help us? 
· We can all take notice of our environment. We can learn how our planet works. We can learn how to live on it without making a mess of it. We can help to keep it magnificent for ourselves, our children and grandchildren, and other living things besides us. 
· You can help by growing your own vegetables and fruits. You can help by planting a tree. Your new plants and trees will help to remove the greenhouse gas CO2 from the air. 
How can I reduce my "carbon footprint"? 
· Swap old incandescent light bulbs for the new compact fluorescent lights (CFLs). They use only 25% as much electricity to give the same light. They last ten times longer.
· Turn off lights, TVs, computers, when you do not need them.
· Unplug! Any electronic gadget you can turn on with a remote (TV, DVD player, Nintendo, Xbox) uses power even when it is "off." 
· Turn up the thermostat on the air conditioning when it's hot. Use fans if you're still hot. They use much less power.
· Turn down the thermostat on the heating when it's cold. Sweaters, blankets, and socks are good for you and better for the planet.
· Walk or ride your bike instead of taking a car everywhere. Even a 2-mile car trip puts 2 pounds of CO2 into the atmosphere! If you must ride, carpool.
How can I reduce my trash pile? 
· Ask your parents to buy reusable grocery bags. Help them to remember to get them out of the car and take them into the store.
· Recycle everything you can. 
· Shop thrift stores. "BYOM." Bring your own mug.
· Drink tap water—filtered, if you like—instead of bottled water. Carry your drinking water in a reusable bottle. Plastic water bottles are an environmental disaster!
· Use fewer containers. Buy the product that uses less packaging material. 
Do I need to save water too? 
· As many more regions are hit by drought, obtaining safe drinking water will become even a more serious problem. The sooner we start conserving water, the better off we all will be. 
How can I make a real difference?
· You can choose a "green career." You can help to solve climate change problems and challenges. These are the exciting careers of the future. They range from designing satellites for NASA to fixing wind-energy generators to planning drought-tolerant landscapes for homes and parks. 



	Closure – Discuss the day’s activity and lesson plan with the class.  (5 minutes)

	
Ask the students to think back to the ice cube experiment at the beginning of the lesson. What does it tell us about the release of excess carbon into the atmosphere?

Important thing to remember is that humans played a large role in creating this problem and therefore we have the ability to solve it! If everyone commits to reducing their own carbon footprint, together we can leave a healthier Earth for future generations. 




	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 come up with a list of 5 examples on how they can reduce their carbon footprint and reasoning behind their examples.

Suggest them to explore EPA’s Think Like a Scientist “https://archive.epa.gov/climatechange/kids/scientists/index.html and/or "Be Part of the Solution"  https://archive.epa.gov/climatechange/kids/solutions/index.html




	Additional Resources

	
“Climate Bingo” http://climatekids.nasa.gov/magic/printPDF/?num=1
“Carbon’s Travels” http://climatekids.nasa.gov/menu/carbons-travels/ 
 “Climate Change Basics” (2:50 min video) https://www.youtube.com/watch?v=ScX29WBJI3w 
“Carbon Footprint Calculator” https://www3.epa.gov/carbon-footprint-calculator/







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 I: People Depend on Natural Systems

	· The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.

	Concept A: Students need to know that the goods produced by natural systems are essential to human life and to the functioning of our economies and cultures.

	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 societies.

	Concept B: Students need to know that methods used to extract, harvest, transport, and consume natural resources influence the geographic extent, composition, biological diversity, and viability of natural systems.

	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 A: Students need to know that natural systems proceed through cycles and processes that are required for their functioning.
	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.

	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 societies.

	Concept B: Students need to know that methods used to extract, harvest, transport, and consume natural resources influence the geographic extent, composition, biological diversity, and viability of 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 B: Students need to know that the byproducts of human activity are not readily prevented from entering natural systems and may be beneficial, neutral, or detrimental in their effect.




Appendix Table 3:  Next Generation Science Standards

	Earth and Human Activity

	· 4-ESS3-1: Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the 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.A: Natural Resources: Energy and fuels that humans use are derived from natural sources, and their use affects the environment in multiple ways. Some resources are renewable over time, and others are not.
	Cause and Effect: Cause and effect relationships are routinely identified and used to explain change. 

Interdependence of Science, Engineering, and Technology: Knowledge of relevant scientific concepts and research findings is important in engineering. 

Influence of Engineering, Technology, and Science on Society and the Natural World: Over time, people’s needs and wants change, as do their demands for new and improved technologies.

	· 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.

	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.

	English Language Arts 

	Reading: Informational Text

	Key Ideas and Details 
· CCSS.ELA-Literacy.RI.5.3: Explain the relationships or interactions between two or more individuals, events, ideas, or concepts in a historical, scientific, or technical text based on specific information in 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

	[bookmark: CCSS.ELA-Literacy.W.5.2]Text Types and Purposes
· CCSS.ELA-Literacy.W.5.2: Write informative/explanatory texts to examine a topic and convey ideas and information clearly.

	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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