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

	[image: Description: http://www.fun-facts.org.uk/images/earth-weather.jpg]
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 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 climate regions are there?
There  are  six  main  climate  regions:  tropical  rainy,  dry,  temperate  marine,  temperate  continental,  polar,  and  highlands.

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-aq/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/
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?

	
· 2 clear 2 Liter bottles
· 2 thermometers
· Small amount of modeling clay, or something like it (a handful should be a good amount)
· Lamp
· Water
· 1 packet of Alka-Seltzer (or something like it)
Practice:
· Handout
· Internet access
· Projector




	Do it 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? 

	
It’s Gas, Man” Exercise[footnoteRef:11] (10 minutes) [11:  Adapted from the Education.com experiment: https://www.education.com/download-pdf/activity/18206/] 


As the students enter the classroom/start the lesson, you are going to set up the experiment.  As you set up the experiment, describe to the students what you are doing.  

1. First, fill each of the bottles half way with water.  In one of the bottles, put a thermometer into the air (the gas) and then hold the thermometer in place with clay (also seal the top of the bottle with the clay as you do this).  
2. In the second bottle, drop the seltzer tablets into the water.  Explain to the students that when the tablets dissolve, they are emitting carbon dioxide.  Now, put a thermometer in the air in this bottle and seal the top with the clay.  Be sure that you can read the thermometers from inside the bottles.
3. Read the temperature of the air in both bottles and record it on the board.  
4. Now explain to the students that you are going to put the bottles about 1 foot away from a bright, hot light.  Ask them what they think will happen to the air in the bottles.  Have them make a hypothesis about the temperature of the bottles – will they get hotter or colder?  Will they be the same temperature, or will one bottle be warmer than another?  Why?
5. Have the students write down their hypotheses.  Turn on the light and leave the bottles alone for 1 hour (the rest of the lesson).




	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 what the greenhouse effect is
· Explain how greenhouse gases affect climate

Keywords:
Atmosphere 
Climate
Greenhouse gases
Greenhouse effect
Climate change
Causes of climate change 


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

	
To understand the underlying mechanisms and scientific concepts that affect the earth’s climate


	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:
	
“Greenhouse gases” discussion (10 minutes)

Today we are going to talk about the greenhouse effect and global climate.  What is a greenhouse? A house made of glass that you can grow plants in, even in the winter
The glass traps the heat of the sun in the house, giving warmth for the plants to grow.

How do greenhouses relate to global climate? The earth is part of a giant greenhouse!  Instead of glass, the earth is surrounded by an atmosphere full of different gases.  Some of these gases trap some of the energy from the sun, allowing the temperature of the earth to rise.  

What gases are in the earth’s atmosphere?  Ask the students to list what they think is in the air they breathe.  The main components of the earth’s atmosphere are nitrogen gas (78%) and oxygen gas (21%).  Other smaller components are carbon dioxide, water vapor, and other gases.   Those other smaller gases, like carbon dioxide and water vapor, are the greenhouse gases, which trap heat close to the earth.  A greenhouse gas is a gas that traps heat.


	Step 2:
	
Which is warmer? Handout (10 minutes)

Give the handout (attached) to the students and ask them to write which planet is the warmest and which is the coolest.  Have them discuss in groups and give a reason why they made their choices.  Also have them include why this could affect where humans live.


	Step 3:
	
Which is warmer?  Discussion (10 minutes)

As a class, share your answers.  Then give the students the real answers.  The moon is the coldest, with an average surface temperature of -64 degrees F.  Venus is the warmest with a surface temperature of 872 degrees F.  Earth’s average surface temperature is 59 degrees F.  Why is this?  It’s because of the greenhouse effect!  The moon has little to no atmosphere, and so there aren’t gases to keep it warm.  Venus has a thick atmosphere with a lot of carbon dioxide, a very common greenhouse gas, and therefore a lot of the sun’s energy stays close to Venus, raising the temperature.  Earth is right in-between, with some atmosphere and just the right amount of greenhouse gases.  This way some of the heat is trapped so we can stay warm and live here, but not too much heat is trapped.  

Then, discuss with the students: What are some other variables that can affect the temperature of these planets?  Would they all have the same temperature if they all had the same atmosphere?  They would be similar, but not the same, because they are different distances from the sun.  However, they are still close to the same distance from the sun, and this change in distance does not account for the differences in temperature.


	Step 4:
	“Greenhouse gases” discussion (cont.) (15-20 minutes)

In the past 200 years, there has been an increase in the amount of greenhouse gases in our atmosphere, especially carbon dioxide!  How do you think that the increase in carbon dioxide in the atmosphere affects the earth? Right – the temperature of earth should increase with an increase in carbon dioxide!  

How do you think that affects animals that migrate?  How about animals that live in a lake?  What about trees?  Why are these different living things affected differently?  Some of them are able to move around, like those that migrate, so they can change where they live so that the temperature is right for them!  What about organisms that can’t move?  They aren’t so lucky – they either can adapt to handle the changes, or they won’t make it.  Normally, adaptation can take a long time to happen (1000s of years!).  

Why do you think there has been an increase in greenhouse gases in the last 200 years?  Reasons include:
· More people
· More cars, airplanes
· More industry
· More manufacturing
· More livestock (methane gas)
· Less forests (trees “breathe” in carbon dioxide)

What can you do to help decrease the amount of greenhouse gases that you give off?  Brainstorm as a class, and write on the board.  If there is time, have the class create a poster with drawings of their ideas.  Good ideas include:
· Carpooling/taking the bus to school
· Using reusable containers to pack your lunch
· Biking instead of driving to places nearby
· Plant a tree in your backyard
· Conserve water and electricity
· Reuse items instead of throwing them away
· Donate things that you are done using (old books, games)




	Practice - What will it look like when you give the students the chance to practice on their own?  What activity will students complete? Remember, you are gradually releasing responsibility to the students over the course of the lesson. Students should ultimately be practicing the day’s objective independently. They might start by working in pairs or groups or with some helpful resources before working on their own. (5-10 minutes)

	
Now revisit your hypotheses about the bottles – look at the hypotheses that you wrote down and see if you want to change them from what we learned.  Then, go back and look at the bottles.  Record the temperature of both bottles – the one with the Alka-Seltzer and the one without.  What happened?  Compare what happened to your hypotheses.  Why were they the same or different?

The bottle with the Alka-Seltzer has carbon dioxide in the air.  This is a greenhouse gas, which traps heat better than regular air.  That is why the air in the bottle with the seltzer saw a greater increase in temperature.  




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

	
To reiterate what you have talked about and lead into a discussion about how the greenhouse effect and climate interact, show the Climate Minute – the Greenhouse Effect video (1.4 min) (published by John P. Resiman) https://www.youtube.com/watch?v=Hi3ERes0h84 




	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. (5 minutes)

	 
Have students go online and look at NASA’s Climate Kids webpage.  Have them go to the Climate Time Machine (http://climatekids.nasa.gov/time-machine/)  Assign ¼ of the class each of the four topics on that page: Sea Ice, Sea Level, Carbon Emissions, and Average Global Temperature.  Have the students look around the webpage and then write a paragraph about their interpretations of the data.  When they turn in the assignment, have them discuss with the other students with the same dataset.  Once they have talked about what they see happening, have them split off into different groups.  These new groups should have one student from each topic.  Have the students discuss together how the different data are connected to each other.  




	Additional resources

	[bookmark: _GoBack]NASA’s “Carbon’s Travels” 
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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.




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: 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.

	Engineering Design

	· 3-5-ETS1-1: Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost.

	Science and Engineering Practices
	Disciplinary Core Ideas
	Crosscutting Concepts

	Asking Questions and Defining Problems: Define a simple design problem that can be solved through the development of an object, tool, process, or system and includes several criteria for success and constraints on materials, time, or cost.
	ETS1.A: Defining and Delimiting Engineering Problems: Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets the specified criteria for success or how well each takes the constraints into account.
	Influence of Science, Engineering, and Technology on Society and the Natural World: People’s needs and wants change over time, as do their demands for new and improved technologies.




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.

	Use appropriate tools strategically
· CCSS.Math.Practice.MP.5: Mathematically proficient students consider the available tools when solving a mathematical problem.

	English Language Arts 

	Reading: Informational Text

	Integration of Knowledge and Ideas 
· CCSS.ELA-Literacy.RI.4.7: Interpret information presented visually, orally, or quantitatively (e.g., in charts, graphs, diagrams, time lines, animations, or interactive elements on Web pages) and explain how the information contributes to an understanding of the text in which it appears.

	Writing

	Research to Build and Present Knowledge 
· CCSS.ELA-Literacy.W.4.7: Conduct short research projects that build knowledge through investigation of different aspects of a topic.
· CCSS.ELA-Literacy.W.4.8: Recall relevant information from experiences or gather relevant information from print and digital sources; take notes and categorize information, and provide a list of sources.

	Speaking and Listening

	Comprehension and Collaboration
· CCSS.ELA-Literacy.SL.4.3: Identify the reasons and evidence a speaker provides to support particular points.

	Presentation of Knowledge and Ideas
· CCSS.ELA-Literacy.SL.4.4: Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or themes; speak clearly at an understandable pace.
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Planet: Earth
Atmosphere:
  Nitrogen (78%)
  Oxygen (21%)
  Carbon Dioxide (<1%)
  Water vapor (<1%)
Planet: Venus
Atmosphere:	
   Carbon dioxide (96.5%)
   Nitrogen (3.5%)
Planet: Moon
Atmosphere:	
   Little to no atmosphere

image1.jpeg




image2.png




image3.png




image4.png




