Greenhouse Gases Unit
Activity Plan

Teachers can choose to do these activities as a unit, or to do different activities within the unit independently, since each activity has its own activity plan.  In this way, teachers have the option to customize the unit to their student’s skill level.
Overview: 
Activity 1:  Layers of the Atmosphere

Lesson Summary:  Students will create a hanging model that represents the layers of the atmosphere.  The model will incorporate student’s knowledge of the concentration of gases, temperature, and size of each layer.  

Activity 2:  Introduction to Global Warming


Lesson Summary:  In this activity, the students will perform a short hands-on 
demonstration of global warming and the greenhouse effect.  Students will then relate 
what they saw in the demonstration to what occurs on the planet and answer the 
questions on the Global Warming in a Jar Worksheet.
Activity 3:  Air Quality Activity


Lesson Summary:  Students will model their own contribution to pollution using food coloring and a cup of water.  This is a quick, simple activity with a strong take home message.

Activity 4:  Where in the World? Global Emissions of Greenhouse Gases


Lesson Summary:  In this activity, students will be broken up into 7 groups, each representing a different continent (The Ozone hole will be specifically addressed by whatever group is assigned Antarctica).  Each group will be responsible for making a color coded map of their continent that shows the areas of highest concentration of greenhouse gas emissions..  Specific information identifying the areas of highest emissions, like country, state, city, etc., will be presented to the class with the map.  
Activity 5:  The Big Picture 

Lesson Summary: In this activity, students will have to incorporate all the concepts addressed in this unit.  Each student will construct a 3-dimensional model of the earth, on which they will identify the areas of high greenhouse gas emission, and layers of the atmosphere, including the Ozone hole.  
Layers of the Atmosphere
Lesson Summary: Students will create a hanging model that represents the layers of the atmosphere.  The model will incorporate student’s knowledge of the concentration of gases, temperature, and size of each layer.  


Subject: 
Science: Earth and Space Science 
Grade Level: 

Target Grade: 7  

Upper Bound: 8

Lower Bound: 6

Time Required: One class period.

Materials: 

Paper plates/cardboard


Glue


Markers/paint


Packing peanuts/cotton balls


String/wire

Lesson Plan: 
1) Begin by asking the students what happens as you go farther up in the sky.  See if they know anything about layers, air pressure, or temperature.  Discuss what they know and how they found out.

2) Tell them that there are five different layers to the atmosphere, their job is to find the four layers, find definitions for them, and draw them.  If students are having troubles direct them to the helpful websites, listed at the end of this activity plan. 
3) Once the students have had time to look up the information ask some basic questions, where the weather takes place, which layer is warmest, what other sub-layers are in the layers.

4) Ask them if they found any information on the types of gases that are in the atmosphere layers.  If not present Nitrogen, Oxygen, Argon, and Water Vapor, and Carbon Dioxide.  Give them the chart with the percentage of gases that are present in the atmosphere.  

5) Have them choose a number of packing peanuts or cotton balls to use and find out how many would equal that percentage. 

6) Once they have figured out how many of each gas they should us they can glue the pieces on to the different layers.  Once the pieces on the layers have dried have them put the plates together in order of the layers so they can see what happens to the number of molecules in the air as we go up in altitude.  Why does this happen?

7) Hang the projects from the ceiling so they have a visual idea of the ascending layers and the molecules lessening in numbers with altitude.  

8) Assessment: Have them draw a picture of the layers and label each layer.  Also include the major gases that are in our atmosphere.  

Assessment:
Students should be able to answer the question:
What are the main gases that make up the atmosphere and how do they differ depending on what layer they are in?  
AND 
· Explain the chemical composition of the atmosphere in terms of Nitrogen, Oxygen, Argon, Water Vapor, and Carbon Dioxide.

· Describe the atmosphere in terms of layers, air pressure, and temperature changes.

Vocabulary / Definitions: 

· Air Pressure: is the force exerted on you by the weight of tiny particles of air, and as the number of molecules of air around you decreases, the air pressure decreases.

· Altitude: the vertical elevation of an object above a surface

· Atmosphere: the mass of air surrounding the earth

· Mesosphere: the part of the earth's atmosphere between the stratosphere and the thermosphere in which temperature decreases with altitude to the atmosphere's absolute minimum of about -112°F (-80°C)

· Molecules: the smallest particle of a substance that retains all the properties of the substance and is composed of one or more atoms

· Stratosphere: the part of the earth's atmosphere which extends from about 7 miles (11 kilometers) above the surface to 31 miles (50 kilometers) and in which temperature increases gradually to about 32° Fahrenheit (0° C) and clouds rarely form

· Thermosphere: the part of the earth's atmosphere that begins at about 50 miles (80 kilometers) above the earth's surface, extends to outer space, and is characterized by steadily increasing temperature with height

· Troposphere: the lowest densest part of the earth's atmosphere in which most weather changes occur and temperature generally decreases rapidly with altitude and which extends from the surface to the bottom of the stratosphere

· Water Vapor: Water in a gaseous form.  


Useful Websites:
· http://www.windows.ucar.edu/tour/link=/earth/Atmosphere/layers.html&edu=high
· http://www.niwa.cri.nz/edu/students/layers
· http://mediatheek.thinkquest.nl/~ll125/en/atmos.htm
· http://forces.si.edu/atmosphere/pdf/Atmo-Activity-1.pdf

	TABLE 1 

	Average Temperature Readings at Various Altitudes 

	Altitude (km) 
	Temp (oC) 
	Altitude (km) 
	Temp (oC) 

	0 
	15 
	52 
	-2 

	5 
	-18 
	55 
	-7 

	10 
	-49 
	60 
	-17 

	12 
	-56 
	65 
	-33 

	20 
	-56 
	70 
	-54 

	25 
	-51 
	75 
	-65 

	30 
	-46 
	80 
	-79 

	35 
	-37 
	84 
	-86 

	40 
	-22 
	92 
	-86 

	45 
	-8 
	95 
	-81 

	48 
	-2 
	100 
	-72 


QUESTIONS
1. What is the basis for dividing the atmosphere into four layers?

2. Does the temperature increase or decrease with altitude in the:

troposphere? _____________ stratosphere? ________________

mesosphere? _____________ thermosphere? _______________

3. What is the approximate height and temperature of the:

tropopause: 
_______________ 

_____________

stratopause: 
_______________ 

_____________

mesopause:
 _______________

_____________

4. What causes the temperature to increase with height through the stratosphere, and

decrease with height through the mesosphere?

5. What causes the temperature to decrease with height in the troposphere?
	Connections

	Activity Plan, Science 6
	Global Warming in a Jar


Lesson Summary: In this activity, the students will perform a short hands-on demonstration of global warming and the greenhouse effect.  Students will then relate what they saw in the demonstration to what occurs on the planet and answer the questions on the Global Warming in a Jar Worksheet.  


Subject: 

Science: Earth and Space Science 
Grade Level: 

Target Grade: 7  

Upper Bound: 8

Lower Bound: 6

Time Required: One class period.

Materials:

· 2 small thermometers per group
· 1 large glass jar per group
· a watch or clock
· a sunlamp or access to a sunny area
· Global Warming in a Jar Worksheet
Lesson Plan: 
· Divide the class into groups of 3 students.  Two students in each group should be designated the temperature readers, and one student should be the recorder.
· Distribute the materials to each group; each group will receive 2 thermometers, a glass jar, a watch, and access to a sun lamp if you are not performing this activity outside on a sunny day.
· First, each group should place their 2 thermometers under the sun lamp or in a sunny area for about 3 minutes to allow the thermometers to reach a stable temperature.  Be sure to designate the thermometers as #1 and #2.  
· After these three minutes, the students should observe the temperature reading on each thermometer and record this temperature and the time on their Global Warming in a Jar Worksheet.
· Next, place a large glass jar over thermometer #1, making sure that the jar does not cast a shadow onto either of the thermometers.  The thermometer may stand against the inside of the jar.
· Every minute, for the next ten minutes, students are to observe and record the temperature and time on their worksheet.  
· Before the students go on to answer the questions on the worksheet, it may be a good idea to introduce the greenhouse effect and the background concepts.
· Students may then answer the questions on the Global Warming in a Jar Worksheet. 
Assessment: Students are to complete the questions on the Global Warming in a Jar Worksheet.  Possible discussion topics after the completion of this activity include the following: As the relationship between global warming and pollution is still unknown, hypothesize what you think pollution has to do with the atmosphere and how this affects global warming?  How could we introduce the effect of pollution in the jar?  How do you think this would change our results?

Background & Concepts for Teachers:
· The air over the exposed thermometer is always moving; as it gets warm it is replaced by cooler air.  Because the air in the jar cannot circulate, this air stays in the sunlight and gets warmer and warmer. 
· A similar trapping of heat happens in the Earth's atmosphere.  Sunlight passes through the atmosphere and warms the Earth's surface.  The heat radiating from the surface is trapped by greenhouse gases. 
· Without an atmosphere, the Earth's temperature would average about 0° F.  This warming due to heat-trapping gasses is called the "Greenhouse Effect."  Both the atmosphere and the jar allow light to enter, but then trap that energy when it is converted to heat. 
· The Greenhouse Effect and Global Warming are two different things.  The Greenhouse Effect allows the temperature on Earth to remain at a level high enough to sustain life.  It is when too much heat is trapped in the atmosphere that the problem of Global Warming presents itself.
Vocabulary / Definitions: 

· The Greenhouse Effect: the process by which an atmosphere warms a planet.
· Global Warming: an average increase in the Earth's temperature, which in turn causes changes in climate.  A warmer Earth may lead to changes in rainfall patterns, a rise in sea level, and a wide range of impacts on plants, wildlife, and humans. 

References:
· http://sln.fi.edu/tfi/activity/earth/earth-5.html
· http://www.epa.gov/globalwarming/kids/gw.html
	Connections

	Worksheet,
Science 6
	Student Name: ___________________________

Teacher: ________________________________


Date: ___________


Use the following table to record the temperatures you observed on the thermometers and the time each observation was made.

	Observation #
	Time
	Thermometer #1
	Thermometer #2

	0
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	


1. Describe what happened to the temperature reading on each thermometer over the 10 minute time interval.  Did one thermometer indicate a quicker rise in temperature?  Did either of the thermometers indicate a drop in temperature?

2. Which thermometer showed a greater rise in temperature?  Why do you think one thermometer showed a different temperature reading than the other?

3. Using what you know about the Greenhouse Effect, how do you think the jar and the thermometer inside relate to what is happening on our planet?
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Air Quality Activity

Lesson Summary: Students will model their own contribution to pollution using food coloring and a cup of water.  The purpose of this demonstration is to make students aware of the air pollution they create every day.
Subject:  Science: Earth and Space Science
Grade Level:

Target Grade: 7  

Upper Bound: 8

Lower Bound: 6
Time Required: One Class Period

Materials needed: 


Plastic cups


Blue, red, green, and yellow food coloring
Lesson Plan
· The cup of clean water represents unpolluted air. Students should add drops of food coloring to their cups to represent the different types of air pollutants caused by everyday activities. 
· Each of your students begins the demonstration with a cup of clean water representing unpolluted air.
· During the demonstration, the teacher will read them 6 everyday activities. Each of the activities generates one or more of the pollutants listed below. When students recognize an activity that they have participated in, they should add a drop of food coloring to their cups to represent the pollutant or pollutants created by that activity.
· At the end of the demonstration, their cups of colored water provide a striking visual reminder of each student's contribution to air pollution.
Color Key

Blue—pollutants from consumer products and paints (VOCs)

Green—pollutants from lawn, garden, and construction machinery (CO, NO2, PM10, SO2, and VOCs)

Red—pollutants from cars and trucks (CO, NO2, PM10, SO2, and VOCs)

Yellow—pollutants from power plants and industrial processes (CO, NO2, PM10, SO2, and VOCs)

Procedure 
If a student participated in the activity during the past 24 hours, he/she should add one drop of the appropriate color of food coloring to your cup of water. 

1. You showered and got ready for school. Add one drop of blue and one drop of yellow food coloring to your cup if this activity applies to you.

Blue—VOCs emitted by soap, shampoo, deodorant, hair spray, perfume, and fingernail polish.

Yellow—CO, NO2, PM10, and SO2 emitted by combustion used to heat the water for the shower. Remember, electric water heaters often depend on combustion too, because a lot of power plants burn fossil fuels to generate electricity.

2. You put on your favorite shirt, which your mom had dry-cleaned for you.

Add one drop of yellow food coloring to your cup if this activity applies to you.

Yellow—VOCs emitted by the dry-cleaning process.

3. Coming to school, you took the bus or rode in a car. Add one drop of red food coloring to your cup if this activity applies to you.
Red—CO, NO2, PM10, SO2, and VOCs emitted by the engine in your school bus or

car.

4. At lunchtime, you bought lunch in the cafeteria. Add one drop of yellow food coloring to your cup if this activity applies to you.
Yellow—CO, NO2, PM10, SO2, and VOCs emitted by cooking lunch, Styrofoam trays,

and plastic utensils.

5. Going home, you took the bus or rode in a car. Add one drop of red food coloring to your cup if this activity applies to you.

Red—CO, NO2, PM10, SO2, and VOCs emitted by the engine in your school bus or

car.

6. You mowed the lawn with a gasoline-powered lawnmower. Add one drop of green food coloring to your cup if this activity applies to you.

Green—CO, NO2, PM10, SO2, and VOCs emitted by your lawnmower's engine.

Discussion

Ask your students the following questions:

Look inside your cups. If the air pollution around you were this apparent, would you want to breathe the air?

What other sources of air pollution, beyond those mentioned in this demonstration, could you think of as being produced in a single day?

What could you do to reduce the number of pollutants released each day?

 If you have a container large enough, ask your students to pour their water into it, and then ask them to comment on the combined effect of each individual's pollution. 
Vocabulary: 

Particulate matter (PM10)—Particulate matter consists of airborne solids less than 10 micrometers in diameter. These tiny particles are easily inhaled into the lungs, where they can cause damage to lung tissue. Diesel fumes from busses and trucks are a source of airborne particulate matter. 
Sulfur dioxide (SO2)—Sulfur dioxide is a toxic gas with a pungent odour. Electric power plants fuelled by coal or oil are the primary source of sulfur dioxide pollution. Sulfur dioxide emissions can cause respiratory diseases and are a key factor in acid rain formation.

Nitrogen dioxide (NO2)—Nitrogen dioxide is a toxic, reddish brown gas by product of the combustion of fossil fuels (e.g., coal, diesel fuel, and gasoline). Nitrogen dioxide can irritate airways and increase susceptibility to respiratory diseases. It is also a factor in the formation of acid rain.

Carbon monoxide (CO)—Carbon monoxide is a colourless, odourless toxic gas. Motor vehicles are the primary source of carbon monoxide pollution. CO is highly toxic. At low concentrations it causes drowsiness and headache; it is lethal in high concentrations..

Volatile organic compounds (VOCs)—Volatile organic compounds are toxic gases made of carbon, hydrogen, oxygen, and other atoms that form gases easily. They are found in nature as well as in glue, paint, gasoline, tobacco smoke, and clothes that have been dry-cleaned. VOCs form ground level ozone, a main component of smog.

	

	Activity Plan
	Where in the World? 

Global Greenhouse Gas Emissions


Lesson Summary: In this activity, students will be broken up into 7 groups, each representing a different continent (The Ozone hole will be specifically addressed by whatever group is assigned Antarctica).  Each group will be responsible for making a color coded map of their continent that shows the areas of highest concentration of greenhouse gas emissions..  Specific information identifying the areas of highest emissions, like country, state, city, etc., will be presented to the class with the map.  .  


Subject: 
Science: Earth and Space Science

Social Studies: Science Technology and Society, Global Connections

Grade Level: 

· Target Grade: 7  

· Upper Bound: 8

· Lower Bound: 6

Time Required: One class period.

Materials:

· poster board

· markers

· glue

· construction paper

· scissors

Lesson Plan: 
· After going over the PowerPoint slides, the teacher should emphasize to students that air pollution is not something that just the United States needs to worry about.  

· The teacher should break students up into seven different groups.  Each group will be assigned to represent one of the following countries: North America, South America (and Central America), Europe, Asia, Africa, Australia, and Antarctica (Ozone Hole).

· Students are responsible for doing research and creating a group poster to go along with their presentation.  One full class period will be set aside for students to do their research and visual aid, but students might need to do more research on their own time outside of class.  The websites listed below are a good starting point for students to find the necessary information.  

· Students will be provided with materials to create a poster visual aid.  Each group’s poster should include important information that they discovered while doing research.  Pictures, tables, and graphs are encouraged. 

· Each group will be required to present a map of their country that somehow shows the areas of highest greenhouse gas emissions, as well as the source of those emissions, and the concentration of gases emitted if the information is available.  If the source of emissions is associated with a  city (ie area of high population density) demographics that might have some correlation, such as population, population density, etc. should be included in the presentation.  

· Each group should also come up with at least one method by which each country could reduce their respective concentrations of greenhouse gas emissions

· After each group has presented, the teacher can open the floor for more discussion.  Each group can share which ideas to fight air pollution.  To finish the lesson, each student should complete the Discussion worksheets.

Assessment: Students can be graded as a group based on the visual aid and information presented.  Students can be evaluated individually based on participation.

Background & Concepts for Teachers:
· The top five carbon dioxide emitting countries are: United States, China, Russia, India, and Japan.  
Vocabulary / Definitions: 

· Fossil fuel: fuel consisting of the remains of organisms preserved in rocks in the earth's crust with high carbon and hydrogen content.
· Ozone: An unstable, poisonous form of oxygen that is formed naturally in the ozone layer from atmospheric oxygen by electric discharge or exposure to ultraviolet radiation.  It is also produced in the lower atmosphere by the photochemical reaction of certain pollutants.

References:
· http://cdiac.ornl.gov/ 
· http://www.esrl.noaa.gov/gmd/index.html

· http://www.arb.ca.gov/research/health/fs/fs1/fs1.htm

· http://edugreen.teri.res.in/explore/air/major.htm
· http://www.cleanairworld.org/topicList.asp
Useful websites for research:

· http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/4303.php 
· http://www.eia.doe.gov/emeu/cabs/index.html

· http://www.epa.gov/climatechange/emissions/index.html#inv  

· http://www.eea.europa.eu/publications/environmental_issue_report_2003_36

· http://weber.ucsd.edu/~jkohara/Current%20Trends%20in%20Green%20House%20Gas%20emissions%20in.ppt

· http://soer.deat.gov.za/themes.aspx?m=172

Discussion Worksheet

1. What are the major sources of air pollution in most countries (cars, factories, etc.)? 

2. How does air pollution affect different parts of the environment?

3. Did you learn any new ways to help reduce air pollution?  If so, what are they?

The Big Picture 

Lesson Summary: In this activity, students will have to incorporate all the concepts addressed thus far in this unit.  Each student will construct a 3-dimensional model of the earth, on which they will identify the areas of high greenhouse gas emission, and layers of the atmosphere, including the Ozone hole.    .  


Subject: 
Science: Earth and Space Science

Social Studies: Science Technology and Society, Global Connections

Grade Level: 

· Target Grade: 7  

· Upper Bound: 8

· Lower Bound: 6

Time Required: One class period.

Materials:

Styrofoam ball
Poster board

Markers

Glue

Scissors

Any material that can be used to represent any other component of the model (let them be creative!)

Lesson Plan: 
· Students will take a styrofoam ball, cut it in half (or buy it halved), and glue it to poster board so that one half of the globe is on each side of the poster board
· On this model, students should identify in some way:

· Layers of the atmosphere showing size and temperature variation within each

· The naturally occurring gases in the atmosphere, showing where the highest concentration of gases are and the percentages of each accurately

· The greenhouse gases in the atmosphere (remember-these are also naturally occurring – just in a harmful percentage)

· Each continent and the areas of highest global emission within 

· The Ozone Hole
