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Unit Plan Title

	“Learning about Climate Change by becoming a Climatologist”


Unit Introduction

I am the Director of a Challenger Learning Center. Currently, there are 48 Learning Centers that use the power of simulation as a teaching tool for both students and the general public. Participants on our space missions using our Mission Control and Spacecraft simulators perform the functions done by real scientists, engineers, and astronauts. Our ultimate goal is to create a scientifically literate population that can survive and thrive in a 21st Century world increasingly driven by scientific information and technology. Our vision for the future is a world where students develop skills in decision making, teamwork, problem solving, and communication, and pursue STEM-related careers. 
	In the very near future our organization plans to offer a new mission to complement our current mission simulations to a Comet, the Moon, and Mars. This new mission scenario will involve a spacecraft in low-Earth orbit with activities based upon a climate change curriculum. Many resources are being developed to help prepare both students and teachers for the new mission scenario, and my plan for this final project is to develop a unit of climate change lessons that teachers can use with their students that aligns with, and can prepare students and teachers for, the mission. The new mission and these lessons will be designed for students in grades 7 – 10, who are currently taking an Earth Science curriculum. At our Center we run a science-related day camp during the summer and I hope to incorporate activities from these lessons into our activities for these kids; therefore, the lessons will include many inquiry-based hands-on activities.
My climate change unit incorporates the following fundamental or enduring understandings:
		- The field of climate change demonstrates the nature of science in general.
		- The principles governing the climate system of Earth can be understood through the application 					of systematic scientific studies.
		- Scientific claims relating to climate change are established based upon evidence.
		- Climate change science involves uncertainties because existing knowledge can be challenged 					and changed by new observations. 
		- Climate change science is complex.  
		- Climate change science is understandable.
Some essential questions addressed in the unit plan include:
		1) What is climate and what makes it work?
		2) Are weather and climate related?  
		3) What causes climate change?
		4) What are the effects of climate change?
		5) Can global climate change affect regions?
		6) Can regional climate change affect things globally?
		7) Can we learn from past climate change?
		8) Is climate and climate change understandable?
		9) Does climate change matter?

	Parents and the popular media can provide students with misconceptions about climate change science and students often have trouble connecting and differentiating scientific concepts involving global warming, pollution, ozone depletion, greenhouse effect, etc. I address and help clarify these concerns within my unit plan lessons. 
	It is assumed that the students using these lessons will already have some familiarity with Earth Science, including an understanding of the basic processes involving the Earth’s lithosphere, hydrosphere, atmosphere, and biosphere. Students should have completed a prior unit on weather. (For our summer campers I envision that activities from these lessons will follow our projects and activities (geology, weather) involving the Earth’s “spheres” and precede our activities comparing and contrasting the planets of the Solar System.) It is assumed that students will have access to computers with the appropriate software and the other materials and resources used in the lessons. It is also assumed that each lesson will be about 45-60 minutes in length.
	The overall unit uses several of the “principles” outlined in the Climate Literacy and Energy Awareness Network (CLEAN) website (http://www.cleanet.org/clean/literacy/index.html).

The CLEAN website offers a framework for teaching the science behind climate change issues by using climate literacy and energy awareness principles. Clean outlines seven Essential Principles of Climate Literacy:
1. The Sun is the primary source of energy for Earth's climate system.
2. Climate is regulated by complex interactions among components of the Earth system.
3. Life on Earth depends on, is shaped by, and affects climate.
4. Climate varies over space and time through both natural and man-made processes.
5. Our understanding of the climate system is improved through observations, theoretical studies, and modeling.
6. Human activities are impacting the climate system.
7. Climate change will have consequences for the Earth system and human lives.
CLEAN includes a Guiding Principle for Informed Climate Decisions and a Principle for Energy Awareness
Climate Decisions: Humans can take actions to reduce climate change and its impacts.
Energy Awareness: Being aware of the role of energy in the Earth system and human society allows us to take actions to conserve, prepare, and make informed energy choices.

For the unit the students assume the role of scientists (climatologists) as they work through the lessons. The lessons go into more depth on the science and climate relating to the hydrosphere/cryosphere but incorporate information from other Earth systems. As the CLEAN website points out, “Just because a process is "complex" does not mean that it needs to be complicated. Teaching these basic climate science topics may be best handled by an approach that allows depth over breadth. If students are able to address a single topic with sufficient depth, they can come to an understanding about nuances like feedback loops.” 
	
In the first lesson students are introduced to work done by climatologists and how it is similar and different from the work done by meteorologists. The lesson uses the introductory component of the AMNH course involving weather vs. climate. By the end of the lesson students are able to conceptualize the difference between weather and climate. However, before the specific weather vs. climate activities begin the instructor will use a couple of activities to pre-assess the students’ knowledge as it pertains to climate change in general. In the main activities for the lesson students work in small groups and compare daily weather reports for specific cities across the nation to the corresponding regional climate information for the cities chosen. (Essential Questions: 1, 2, 3, 4).

	In the second lesson of the unit students assume the roles of climatologists and use hands-on experiments to learn about the role albedo plays in Earth’s overall energy budget. This lesson uses components from the first three segments of the AMNH course: “How Does Climate Work?”, “What Causes Climate to Change?”, and “How Does the Climate System Respond to Input?”. In the lesson students discover how different materials and different areas of the Earth reflect or absorb the Sun’s energy, and how seasonal and orbital cycles can affect the amount of energy the Earth receives. Students are introduced to the CLEAN essential principle #1 (The Sun is the primary source of energy for the Earth’s climate system). They learn that the Earth’s energy budget is balanced when the Earth emits the same amount of energy that it absorbs. The lesson allows students to discover that the Earth’s systems are interconnected with the introduction of the concepts of drivers and feedbacks. (CLEAN principle #2: Climate is regulated by complex interactions among the different components of the Earth’s systems.) (Essential Questions: 1, 3, 5, 6, 8).

Continuing to work as climatologists, students in the third lesson work in small groups examining simulated ice core samples. The students gather data from the “historical” ice core samples, analyze the data for patterns and trends, and make inferences related to climate change. This lesson builds on the prior AMNH course segments and also incorporates ideas from the “What Can We Learn from the Past?” section of the AMNH course. This lesson incorporates CLEAN principle #4 (Climate varies over space and time through natural and man-made processes) and principle #5 (Our understanding of the climate system is improved through observations, theoretical studies, and modeling). (Essential Questions: 4, 7, 8, 9)
	
In the fourth lesson students create graphs using NASA data and then analyze their graphs making inferences about climate changes in the Earth’s northern polar region. This lesson deals with making climate science understandable and also the uncertainties related to science. How can data be represented in ways to make it more understandable? How much data is enough in order to make scientific conclusions? Should scientific conclusions be based on evidence or common sense? This lesson and the subsequent (optional) lesson build upon the previous AMNH course sections and adds ideas from the section on “How Do We Bring Together Modeling, Theory, and Observation to Understand Cause and Effect” (CLEAN principles #2, #4, #5) (Essential Questions: 4, 5, 6, 8)
	
In the optional fifth lesson students will either continue working with the simulated ice core samples used in Lesson 4, or will work with a simple climate change empirical modeling program (BSCS). 
http://carbonconnections.bscs.org/curriculum/unit-03/ecm-full/
http://carbonconnections.bscs.org/curriculum/
Using the BSCS model students will work in small groups as climatologists studying other systems besides the cryosphere. This lesson will reinforce what they have learned about drivers, feedbacks, and climate complexity, as well as demonstrate how climatologists must work together using data, observations, and studies from a variety of scientific fields. CLEAN principle #6 (Human activities are impacting the climate system) will be a theme of this lesson as the students discover the importance of anthropogenic variables relating to climate change. (Essential Questions: 3, 4, 5, 6, 8, 9)

	In the sixth lesson students will use the following website
http://www.epa.gov/climatechange/kids/expeditions/index.html  as both an assessment of what they have learned so far, and to learn about CLEAN principle #7 (Climate change will have consequences for the Earth system and human lives). This lesson will reinforce the essential ideas of the entire unit especially those relating to global climate change, regional climate change, and anthropogenic variables involved with climate change. This lesson touches on ideas found in the “What are the Potential Consequences, Risks, and Uncertainties of Climate Change?” of the AMNH course. Students will consider the question: What, if anything, can be done about climate change? (Essential Questions: 1, 3, 4, 5, 6, 7, 8, 9)


Unit Define Learners

The lessons are designed for students in grades 7 – 10, who are currently enrolled in an Earth Science curriculum. (Our summer campers tend to be younger students but they have an aptitude for math and science.) 


Unit Standards

Content Standards:
A) Science as Inquiry - Students should develop:
          - Abilities necessary to do scientific inquiry
          - Understandings about scientific inquiry
(Turn students into scientists and make science inquiry both real and relevant)
B) Physical Science - Students should develop an understanding of:
          - Structures and properties of matter
          - Motions and forces
          - Interactions of energy and matter
C) Life Science – Students should develop an understanding of:
          - Structure and function in living systems
          - Reproduction and heredity
          - Regulation and behavior
          - Populations and ecosystems
          - Diversity and adaptations of organisms
D) Earth and Space Science - Students should develop an understanding of:
          - Structure of the Earth System
          - Earth History
          - Energy in the Earth system
          - Geochemical cycles
          - Earth in the Solar System
E) Science and Technology - Students should develop:
          - Technological Design
          - Understandings about science and technology
F) Science in Personal and Social Perspectives - Students should develop an understanding of:
          - Natural resources
          - Personal Health
          - Populations
          - Environmental quality
          - Natural Hazards
          - Science and technology in local, national, and global challenges
G) History and Nature of Science - Students should develop an understanding of:
          - Science as a human endeavor
          - Nature of scientific knowledge
          - Historical Perspectives
         

Unit Topic

	See the “Unit Introduction” and the “Lesson Topic” section in each individual lesson for additional information.


Unit Curriculum Links

	It is assumed that the students using these lessons will already have some familiarity with Earth Science, including an understanding of the basic processes involving the Earth’s lithosphere, hydrosphere, atmosphere, and biosphere. It is assumed that students using the lessons in this unit have already completed a unit (or lesson) pertaining to weather, and its fundamental components
See the “Lesson Curriculum Links” section in each individual lesson for additional information.


Unit Objectives

After completing this unit students will be able to demonstrate skills, behaviors, values, and attitudes relating to the following fundamental or enduring understandings:
	- The field of climate change demonstrates the nature of science in general.
	- The principles governing the climate system of Earth can be understood through the application 					of systematic scientific studies.
	- Scientific claims relating to climate change are established based upon evidence.
	- Climate change science involves uncertainties because existing knowledge can be challenged 					and changed by new observations. 
	- Climate change science is complex.  
	- Climate change science is understandable.

After completing this unit students will be able to demonstrate a better understanding of the following essential questions:
	1) What is climate and what makes it work?
	2) Are weather and climate related?  
	3) What causes climate change?
	4) What are the effects of climate change?
	5) Can global climate change affect regions?
	6) Can regional climate change affect things globally?
	7) Can we learn from past climate change?
	8) Is climate and climate change understandable?
	9) Does climate change matter?

See the “Objectives” section in each individual lesson for additional information.

Unit Materials
It is assumed that an average public school science department, or informal educational facility, would have most if not all of the required materials needed for this unit. Computers with Internet connectivity are required for the unit. 

See “Materials” section of each individual lesson for additional information.


Unit Time

The unit should take about 5-6 days to complete assuming that 45 – 60 minutes are allocated for each lesson


Unit Scope and Sequence

Lesson 1 Title

“Climate is what you expect. Weather is what you get.”


Lesson Introduction

In the first lesson students will be introduced to work done by climatologists and how it is similar and different from the work done by meteorologists, and students will be able to conceptualize the difference between weather and climate. The students will perform the work done by real meteorologists and climatologists, using real time data from the Internet which should engage the students and bring a real-world connection right into the lesson. After studying the data, students should be able to construct the concept that weather changes every day and that climate is the average weather in a location over a long period of time. Before the specific weather vs. climate activities begin the instructor will use a couple of activities to pre-assess the students’ knowledge as it pertains to climate change in general. In the main activities for the lesson students work in small groups and compare daily weather reports for specific cities across the nation to the corresponding regional climate information for the cities chosen. In this lesson the students will be introduced to the following fundamental or enduring understandings:
	- The field of climate change demonstrates the nature of science in general. 
	- Climate change science is complex.  
	- Climate change science is understandable.
The students will address the following essential questions:
1) What is climate and what makes it work?
	2) Are weather and climate related?  
3) What causes climate change?
	4) What are the effects of climate change?
	
	
Lesson Standards

Content Standards:
A) Science as Inquiry - Students should develop:
          - Abilities necessary to do scientific inquiry
          - Understandings about scientific inquiry
(Turn students into scientists and make science inquiry both real and relevant)
B) Physical Science - Students should develop an understanding of:
          - Interactions of energy and matter
D) Earth and Space Science - Students should develop an understanding of:
          - Energy in the Earth system
          - Geochemical cycles
E) Science and Technology - Students should develop:
          - Understandings about science and technology
F) Science in Personal and Social Perspectives - Students should develop an understanding of:
          - Natural resources
          - Natural Hazards
          - Science and technology in local, national, and global challenges
G) History and Nature of Science - Students should develop an understanding of:
          - Historical Perspectives
         

Lesson Topic

	This lesson relates to the introductory section of the AMNH Climate Change course concerning the differences between weather and climate, and the associated misconceptions many students have with the two concepts. The lesson was constructed using parts of the following website links: 
http://www.nasa.gov/pdf/462950main_RW5-GlobalClimateChange_508.pdf
http://www.k12science.org/curriculum/weatherproj/Core_Lessons/lesson3weather_and_climate.html


Lesson Curriculum Links

It is assumed that the students using this first lesson have already completed a unit (or lesson) pertaining to weather. This lesson should be used as the first lesson in the unit. During the week before this lesson the students should be collecting weather data for a variety of cities around the world. The cities should have weather data on the Weather Underground website (http://www.wunderground.com/?MR=1) as well as climate data on the World Climate website (http://www.worldclimate.com/). 


Lesson Objectives
After completing this lesson, students will be able to: 
Describe the difference between weather and climate and how they are related
Describe situations where one might use climate rather than weather data 
Understand better that climate change is a complex subject
Recognize some of the causes and effects of climate change
		Understand better how the field of climate change demonstrates the nature of science in general
		Recognize that climate change science is complex
Demonstrate through discussion and journaling how climate change science can be understandable
Demonstrate an understanding of the lesson’s essential questions


Lesson Materials
Small maps and/or atlases 
Journals (or student lab books where all written work done by the students is maintained)
Data collected from the weather website for the previous week (see “Lesson Curriculum Links” section)


Lesson Scope and Sequence

Activity 1 – (10 minutes) – “Hook”

1. Students will watch the following video:
http://climatechangeeducation.org/videos/youtube/britney_spears_planet_warming.html
1. After watching the video the students should use their journals to answers some of the following questions:
What key words/phrases do you notice in the video?
What key images do you notice in the video?
What are the good things about the video?
What are the bad things about the video?
Do you have any questions after watching the video?

Activity 2 – (10 minutes) – This Activity can be eliminated if time is limited. 

If used kinesthetically a large area will be needed to allow the students to walk several steps forward and/or several steps backward; a large room or hallway, cafeteria, playground, or gym would be suitable for this activity. This activity provides an informal pre-assessment of student attitudes and understanding of some factors affecting global climate change, setting the stage for discussions about facts, opinions, and inferences. 

1. The instructor should ask the students to stand shoulder to shoulder in a straight line.
1. The instructor should read each statement below and ask the students if they agree or disagree with the statement. 
a. Human activity is the only cause of climate change. 
b. Increased global temperatures may result in the flooding of many cities. 
c. Greenhouse gases are always bad for the environment. 
d. The Polar Regions will always be frozen and icy. 
e. An increase in the carbon dioxide level of the atmosphere is heating the planet.
f. If we were able to stop all CO2 emissions, Earth’s average temperature would decrease immediately. 
g. Current global warming can be fully explained by natural cycles in the Earth system.
h. A small temperature increase may have a great effect on life on Earth.
1. If the students agree with the statement, they should take one step forward. If they disagree with the statement, they should take one step backward. Students must either agree or disagree with each statement; they may not remain in place. 
1. The instructor should ask the students to discuss their movements. (Do they disagree with each other? Or agree with each other? Ask students for possible reasons for their responses. Did they answer honestly or did they follow the lead of others. Did they answer as their parents/friends would have answered?)

Activity 3) – (10 minutes)

1. The instructor should quickly review the weather variables that the students studied in their previous unit.
1. The instructor should tell the students that they will be collecting precipitation and temperature data only. 
1. The instructor should divide the students into small groups and assign each group a city.
1. Students should check the map if they are unfamiliar with the location/region of the city they have been assigned. 
1. Each group should use “The Weather Underground” site (http://www.wunderground.com/?MR=1) to record the temperature and precipitation for the city that day and add it to the information that the class has gathered in their journals for the cities during the previous week.

Activity 4) – (10 minutes)

1. For their assigned cities, each group should record in their journals answers to the following questions: 
Which day had the most precipitation? The least? 
Did the weather report change every day? Every hour? 
Which day had the highest temperature? The lowest? 
1. The instructor should direct students to go to the climate information site for the region in which their city is located and look at that data. After each group has had a chance to access the information, the instructor should lead a whole group discussion, using questions such as: 
What kind of information is given in the climate description? 
How is it different from the weather report? 
When we look out the classroom window, are we looking at climate or weather? 

Activity 5) – (20 Minutes) - This Activity can be assigned as homework if time is limited

1. Students should record answers to the following questions in their journals: 
Would they use climate or weather data to:
Advise their grandparents on where to retire. 
Find a place to live where it is warm enough to swim all year.  
Plan what to wear the next day. 
Plan an outdoor activity two days from now. 
Plan next summer's vacation to a faraway place

1. Students should record in their journals answers to the following questions:
How are weather and climate alike and how they are different?
What is the difference between weather and climate?
What do you think the following statements mean?
       		Use climate shopping for clothes, but dress for weather
       		Climate is what you expect; weather is what you get


Lesson Supplementary Materials

No additional materials are needed for the lesson; however, other resources relating to weather that could be used for additional lessons can be found on the CIESE website:
http://www.k12science.org/curriculum/weatherproj/index.html


Lesson Assessment of Students

The main assessment of the students should be done by the instructor while the students are working in their groups. The instructor can ask questions for understanding as he or she circulates around the room. The instructor should randomly check individual journals at this time. The journals can also be checked at the end of the day (if not used for homework) and at the end of the unit. 

The unit rubric (See”Unit Assessment of Students” section) can be used by the instructor for any of the individual lessons.


Evaluation of the Lesson

A lesson pertaining to climate vs. weather is often used as a first lesson to “kick off” a unit on climate change. I think this lesson has an exciting “hook” to introduce climate change as a follow-up to the previous unit on weather. The lesson allows the instructor to pre-assess the students in regard to their understanding of climate change, and to uncover any misconceptions students might have relating to weather, climate, and climate change. The lesson’s activities, both hands-on website work and discussions allow the student to gain an understanding of the overall lesson’s objectives and essential questions. At the end of the lesson the students should be able to demonstrate the differences between climate and weather and how they are related, and they should be eager to begin learning more about climate change. 

=========================================================================================

Lesson 2 Title

	“All About Albedo”


Lesson Introduction

	In the second lesson of the unit students assume the roles of climatologists and use hands-on experiments to learn about the role albedo plays in Earth’s overall energy budget. In the lesson students discover how different materials and different areas of the Earth reflect or absorb the Sun’s energy, and how seasonal and orbital cycles can affect the amount of energy the Earth receives. Students are introduced to the CLEAN essential principle #1 (The Sun is the primary source of energy for the Earth’s climate system). They learn that the Earth’s energy budget is balanced when the Earth emits the same amount of energy that it absorbs. The lesson allows students to discover that the Earth’s systems are interconnected with the introduction of the concepts of drivers and feedbacks. (CLEAN principle #2: Climate is regulated by complex interactions among the different components of the Earth’s systems.) 
In this lesson students will be dealing with the following fundamental or enduring understandings:
- The field of climate change demonstrates the nature of science in general.
	- The principles governing the climate system of Earth can be understood through the application 					of systematic scientific studies.
- Climate change science is understandable.
The students will address the following essential questions:
1) What is climate and what makes it work? 
	3) What causes climate change?
	5) Can global climate change affect regions?
	6) Can regional climate change affect things globally?
	8) Is climate and climate change understandable?


Lesson Standards

Content Standards:
A) Science as Inquiry - Students should develop:
          - Abilities necessary to do scientific inquiry
          - Understandings about scientific inquiry
(Turn students into scientists and make science inquiry both real and relevant)
B) Physical Science - Students should develop an understanding of:
          - Structures and properties of matter
          - Motions and forces
          - Interactions of energy and matter
D) Earth and Space Science - Students should develop an understanding of:
          - Structure of the Earth System
          - Earth History
          - Energy in the Earth system
          - Geochemical cycles
          - Earth in the Solar System
E) Science and Technology - Students should develop:
          - Understandings about science and technology


Lesson Topic

This lesson uses components from the first three segments of the AMNH course: “How Does Climate Work?”, “What Causes Climate to Change?”, and “How Does the Climate System Respond to Input?”. In this lesson students learn about albedo and the ice albedo feedback effect as it relates to snow and ice, and the likely results of reduced snow and ice cover on global temperatures. A feedback effect or feedback loop is a loop within a system that continually increases (“positive feedback”) or decreases (“negative feedback”) the effects of the system. On Earth surfaces, solar energy that is absorbed is later emitted toward its surroundings as heat. In the case of the ground or ocean, much of that energy is emitted into the atmosphere and surface ice, warming the atmosphere or melting the ice. A change in the albedo measurement of the surface can cause rapid climate changes. A small increase in atmospheric temperature can cause snow cover and ice to form later in the year, resulting in a lower albedo as dark soils and ocean waters are exposed to the sun’s energy. As ice on the surface of the ground and ocean melt, the overall surface albedo (ground or ocean and ice combined) lowers, causing more energy to be absorbed, and continuing the feedback loop. 
The amount of energy retained by the Earth is strongly dependant on the albedo of Earth surfaces. Just as some clouds reflect solar energy into space, so do light-colored land and ice surfaces. The term albedo defines the percentage of solar energy reflected back by a surface, and this surface albedo effect strongly influences the absorption of sunlight. Forests, grasslands, ocean surfaces, ice caps, deserts, and cities all absorb, reflect, and radiate solar energy differently. The albedo of a water surface depends on the angle at which the sunlight strikes it and whether the surface is smooth or rough. Sunlight falling on a white glacier surface strongly reflects back into space, resulting in minimal heating of the surface and the lower atmosphere. Sunlight falling on a dark soil or rock is strongly absorbed, and contributes to significant heating of the Earth’s surface and the lower atmosphere. Understanding local, regional, and global albedo effects is critical to predicting global climate change. Light colored ice and snow are very weakly absorptive, reflecting 80-90% of incoming solar energy. Dark-colored land surfaces, are strongly absorptive and contribute to warming, reflecting only 10-20% of the incoming solar energy. If global temperatures increase, snow and ice cover may shrink. The exposed darker surfaces underneath may absorb more solar radiation, causing further warming, resulting in a positive feedback cycle. Currently glaciers cover about 10% of the Earth’s land surface. In most areas of the world, mountain glaciers are melting. Between 1961 and 1998 small glaciers lost an average of 7 meters of ice thickness. Glaciers in mountainous areas near the equator have been particularly hard-hit. According to global climate models, all of the glaciers in Glacier National Park in Montana will be gone by the year 2030. Snow and ice cover near the North Pole is currently decreasing at approximately 0.4% per year. Arctic sea ice has been decreasing at about 2.9% per decade. Since 1974, seven ice shelves, most in Antarctica have retreated by a total of approximately 13,500 square kilometers. The average albedo of Earth as a whole is 30%. 
This lesson was constructed using parts of the following websites:
http://eo.ucar.edu/educators/ClimateDiscovery/ESS_lesson4_10.19.05.pdf
http://www.arcticclimatemodeling.org/lessons/acmp/acmp_912_ClimateChange_UnderstandingAlbedo.pdf


Lesson Curriculum Links

It is assumed that students will have completed a lesson on the differences of weather and climate (Lesson 1 of the unit) before starting this lesson concentrating on one of the fundamental drivers of climate and climate change. In the subsequent lessons the students will continue working as climatologists as they begin to learn about the effects of climate change.  


Lesson Objectives

	After completing this lesson, students will be able to:
		Describe how the color of materials on the Earth’s surface affects the energy reflected or absorbed
		Use a model to simulate the albedo of the Earth
		Draw conclusions and make inferences from a model
		Formulate a hypothesis about global warming based upon the ice albedo feedback effect
		Understand how a reduction in snow and ice cover affects global temperatures
		Understand better how the field of climate change demonstrates the nature of science in general
Understand better how the principles governing the climate system of Earth can be understood through the application of systematic scientific studies.
Demonstrate through modeling albedo how climate change science can be understandable
Demonstrate an understanding of the lesson’s essential questions


Lesson Materials
Desk lamp with at least a 60-watt bulb
Black construction paper
White construction paper
Thermometers (2 for each group of students)
Scissors
Tape
Stapler
Journals (or student lab books where all written work done by the students is maintained)


Lesson Scope and Sequence

Students know that wearing dark clothing can result in a person feeling warmer than if they wore the same clothing in a lighter color. They may not understand that this knowledge is because of a property of all materials called albedo. Materials that are lighter in color have a higher albedo than the same materials with a darker color. Black jeans have a low albedo; they reflect very little solar energy. White jeans have a high albedo; they reflect a large amount of solar energy. 

Activity 1) – (10 minutes) 

1. The instructor should lead a whole class discussion introducing albedo. Students will have an understanding of albedo from the clothing example used above. The instructor should discuss with the students how sunlight is absorbed and transformed into heat energy. (The instructor could ask students what they think might happen if the Earth was wearing a white or black tee-shirt.) The instructor could show the students pictures of the Earth taken from space (See Windows to the Universe www.windows.ucar.edu for images). 
1. What colors do they see? 
1. Which are the lightest colors? 
1. Which are the darkest? 
1. Where do they expect that most sunlight will be absorbed? 
1. Where do they expect that the least sunlight will be absorbed?
1. What has a higher albedo – ice or open-ocean? (Ice) 
The instructor should introduce the concept of a feedback loop by asking students how they think Acrtic albedo would change if the snow and ice cover decreased little by little each year. 
1. Will the Arctic Ocean’s albedo change over time if the ocean remains ice-free for a longer period of time each year? (Yes.) 
1. Will the albedo in that region increase or decrease? (Decrease) 
1. What does this mean for the amount of solar energy absorbed into the Arctic Ocean? (It will increase) 

Activity 2) – (30 minutes) 

1. The instructor should divide the students into groups of 2-4. 
1. Using the black construction paper the students should create a 10 centimeter by 10 centimeter “pocket” with by folding the construction paper and stapling two edges of each folded square. 
1. Students should repeat the procedure making a white construction paper “pocket”.
1. Students should place the bulb of one thermometer into the pocket of the black construction paper and attach it securely with tape and place the bulb of the other thermometer into the white construction paper pocket and attach it securely with tape too. (Be sure that the thermometers are right side up and can be read.)
1. Place the unlit lamp directly above (25 – 30 centimeters) the thermometers so that they are equidistant from the light source.
1. The students should make a prediction about how the temperature of each thermometer will change once the light is turned on.
1. How will the temperature of each thermometer change over time? 
1. Which will get warmer? 
1. Which will rise fastest? 
1. After waiting about two minutes each group should record the temperatures on their thermometers to get a baseline reading (The thermometers should be nearly identical in temperature) 
1. Once the initial readings have been taken the students in each group should turn on their light sources and record the temperatures on the thermometers every two minutes for at least ten minutes. (The thermometers should not be disturbed nor shaded from the light source as the readings are taken.)
1. The students should tabulate their readings in their journals.


Activity 3) – (10 minutes) (Optional Activity if time is limited)

1. With their knowledge from the previous week’s lesson on weather have the students design a model, using the materials from the previous activity, to represent seasonal changes (differences in insolation). (The distance the pocket is away from the light could change the intensity of the light hitting the pocket.)  
1. The instructor should have students repeat the procedure above using their new model. 


Activity 4) – (10 minutes) (Could be used as homework assignment if time is limited)
	
1. The instructor should lead a whole group discussion about the model used for this lesson. 
1. How well does it represent the real world (For example, would either ice or the land surface ever get to the temperatures they recorded?)
1. Were the students surprised by the results or did they confirm their hypotheses?

1. The instructor should have each group record answers in their journals for the following questions:
1. Which thermometer registered the warmest temperature?
1. Which thermometer registered the fastest rise in temperature?
1. Based on your analysis of data, which surface has a higher albedo, ice or open-ocean? 
1. If an increase of 1 degree in global temperatures causes the Arctic Ocean to remain ice free for two additional weeks each year, how will it affect the ocean’s albedo? Why? 
1. If the ocean’s albedo decreases, how will this affect ocean temperatures and ice formation in the winter? 


Lesson Supplementary Materials

Instead of using “pockets” made from black and white construction paper the instructor could substitute real images taken from space (use images of ice sheets or glaciers for the white pocket and images of dark land areas for the black pocket.)

Possible Extension Activity: Milankovitch Cycles
Using the hands-on apparatus in this lesson, students might want to design ways it could be used to model Earth’s orbital eccentricity, obliquity, and precession.


Lesson Assessment of Students

The main assessment of the students should be done by the instructor while the students are working in their groups. The instructor can ask questions for understanding as he or she circulates around the room. The instructor should randomly check individual journals at this time. The journals can also be checked at the end of the day (if not used for homework) and at the end of the unit. The unit rubric (see “Unit Assessment of Students” section) can be used by the instructor for any individual lesson too.


Lesson Evaluation

This lesson deals with albedo, a term most likely unknown to most students, in a way that connects with their prior knowledge of the reflectivity and absorption qualities of light and dark clothes. This effective analogy allows them to make hypotheses about albedo before starting the hands-on experiments. This lesson strongly reinforces the first CLEAN principle concerning the Sun as the fundamental source of energy for the Earth’s climate system. It allows students to recognize that drivers can force climate to change without being affected by the climate change in any direct way. I think the hands-on model is an effective way to introduce students to the idea of a feedback loop. With a good understanding of at least one driver, and its related forcing and feedback, students will be better able to comprehend how complexities and uncertainties can result when multiple processes involving drivers, forcings, and feedbacks interconnect. At the end of the lesson the students should be able to demonstrate a good understanding of the role albedo plays in climate and climate change, and the students should be able to recognize the importance of the scientific method and scientific studies in learning about and understanding climate change.   

============================================================================================


Lesson 3 Title

“Ice Cores – Past Climate Change”
	

Lesson Introduction

	In this third lesson students will work in small groups assuming the roles of climatologists examining simulated ice core samples. The students will gather data from these “historical” records, analyze the data for patterns and trends, and make inferences related to climate change. This lesson will incorporate CLEAN principle #4 (Climate varies over space and time through natural and man-made processes) and principle #5 (Our understanding of the climate system is improved through observations, theoretical studies, and modeling). In the lesson students will work with the following fundamental or enduring understandings:
- The field of climate change demonstrates the nature of science in general.
	- The principles governing the climate system of Earth can be understood through the application 					of systematic scientific studies.
	- Scientific claims relating to climate change are established based upon evidence.
	- Climate change science involves uncertainties because existing knowledge can be challenged 					and changed by new observations. 
	- Climate change science is understandable.
The students will address the following essential questions:
	4) What are the effects of climate change?
	7) Can we learn from past climate change?
	8) Is climate and climate change understandable?
	9) Does climate change matter?


Lesson Standards

Content Standards:
A) Science as Inquiry - Students should develop:
          - Abilities necessary to do scientific inquiry
          - Understandings about scientific inquiry
(Turn students into scientists and make science inquiry both real and relevant)
B) Physical Science - Students should develop an understanding of:
          - Structures and properties of matter
D) Earth and Space Science - Students should develop an understanding of:
          - Structure of the Earth System
          - Earth History
          - Energy in the Earth system
          - Geochemical cycles
E) Science and Technology - Students should develop:
          - Understandings about science and technology
F) Science in Personal and Social Perspectives - Students should develop an understanding of:
          - Environmental quality
          - Natural Hazards
          - Science and technology in local, national, and global challenges
G) History and Nature of Science - Students should develop an understanding of:
          - Science as a human endeavor
          - Nature of scientific knowledge
          - Historical Perspectives
         

Lesson Topic

This lesson builds on the prior AMNH course segments and also incorporates ideas from the “What Can We Learn from the Past?” section of the AMNH course. Scientists agree that Earth’s climate has changed and continues to change over time. One way to learn about these changes is through the study of glacial ice cores. Ice cores create a layered historical record of the climate over time. By performing physical and chemical tests on ice cores, scientists can create a snapshot of the Earth at single points in time. Atmospheric gases, from hundreds to thousands of years ago, are trapped as small bubbles within the ice. Measurements of gases, including carbon dioxide, paint a picture of the atmosphere at the time the gases were trapped. By studying ice cores from Antarctica and Greenland scientists have learned that Earth’s climate was affected by changes in solar radiation, Earth’s orbit, and greenhouse gas levels. Snow layering and volcanic ash layers are both visible in ice cores. These materials create time markers and can be used to help determine the age of the ice. The cores reveal that climate change can happen rather suddenly, in tens of years, and not necessarily needing millions or even thousands of years. Ice cores also suggest that temperature and carbon dioxide are linked and that the current carbon dioxide level of the atmosphere is the highest it has been in at least 600,000 years. Ice cores also help scientists understand Earth’s linked systems and the complexity inherent in climate science. Scientists also have learned that over the last 650,000 years, Earth has had several cycles of glacial advance and glacial retreat. Many climate changes in the past have resulted from minor changes in Earth’s orbit that affected the amount of solar radiation received by the Earth. However, in the last 100 years, the average global temperature has risen by about 0.83°C (1.5°F). This rate is greater than any rate observed in the past 1,300 years. During this same time period, humans started to burn increasing amounts of fossil fuels to power new industries during the Industrial Revolution. Gases released from the burning of fuels, like carbon dioxide, play a key role in trapping the sun’s energy through the greenhouse effect.
	This lesson was constructed using parts of the following website:
http://www.nasa.gov/pdf/462950main_RW5-GlobalClimateChange_508.pdf


Lesson Curriculum Links

	This third lesson will allow students to build upon their knowledge of climate, and climate change, obtained from the previous lessons. The students, again acting as climatologists, will continue to go into greater depth in their studies regarding climate and climate change in the Polar Regions. Having learned about some of the causes or drivers of climate change students will now investigate some of the effects, both globally and regionally. In this lesson students will directly handle simulated historical climate data and make inferences from their hands-on investigations. In the following lesson students will have the opportunity to more fully analyze some of the data climatologists have collected from a variety of sources. This lesson will also introduce the idea that humans can influence climate change.


Lesson Objectives

After completing this lesson, students will be able to:
Make observations and gather data about simulated ice core samples
Make inferences based upon data collected from simulated ice core samples 
Analyze historical climate data to identify trends, patterns and outliers
Understand better how the field of climate change demonstrates the nature of science in general
Understand how the principles governing the climate system of Earth can be understood through the
application of systematic scientific studies
Understand better how scientific claims relating to climate change are established based upon evidence
Understand better that climate change science involves uncertainties because existing knowledge can be
challenged and changed by new observations 
Understand better that climate change science is complex but understandable
Demonstrate an understanding of the lessons essential questions


Lesson Materials

To prepare the ice cores the instructor will need:
One package of food coloring – various colors
One 1-L bottle of tonic water
One bottle of white vinegar
Small amounts of various dusty, insoluble materials (possible materials: ashes, cat litter, dirt, coffee grounds)
One 100 ml plastic graduated cylinder for each group of students. Note: If the diameter of the tube is too large, students will not be able to cut the ice core
Freezer with enough space to store cylinders upright 

For each student group:
Prepared ice core
Device to measure pH (Universal pH paper or indicator solution)
Metric ruler
Balance
Shallow pans
Five clear plastic cups (one cup for every layer of ice)
Tray or disposable plate
Plastic knife or other utensil to separate ice core layers
Markers
Journals (or student lab books where all written work done by the students is maintained)


Teacher Preparation

1. For each group of three or four students the instructor should create an ice core sample that has three to five layers. To ensure the samples are frozen solid, allow samples to remain in the freezer overnight between adding layers.
2. The ice core samples should be frozen in 100 ml graduated cylinders or similar containers. The cylinders must remain upright until frozen solid.
  a. Gather the materials listed in the Materials section. To minimize the risk of breaking the cylinder, the instructor   should not use a glass graduated cylinder. The instructor should not seal the top of the cylinder - a cylinder should allow for space above the final layer of the ice core.
  b. Measure about 100 ml of tap water into a cup or beaker.
  c. The instructor should add a small amount of solid material, two drops of food coloring, and stir vigorously until the solid particles are suspended.
  d. The instructor should pour between 10 and 20 ml of the mixture into each cylinder - the exact amount is not important, but roughly the same amount should be added to each cylinder.
  e. Allow samples to freeze overnight.
  f. The instructor should repeat the steps above, increasing the amount of solid material and pH in each layer added on top of the others. 
  g. To vary the pH for each layer, the instructor should decrease the volume of tap water and increase the volume of tonic water. For the top layer or two, the instructor should replace tonic water with increasing amounts of white vinegar. The table below lists some suggested amounts of liquids to mix. 
Each ice core layer should have a unique color, composition, and thickness. The color variation will make it much easier for students to identify individual layers. The varying composition and thickness simulates different amounts of precipitation, levels of pollution and the amount of dissolved CO2. It can also represent ash from volcanic eruptions. You may represent industrialization by adding a greater mass of solid materials to upper layers or early volcanic activity by adding a greater mass of solid materials to bottom layers.
h. Ice core samples not being used immediately can be stored in a cooler with an ice pack for several hours. The samples will remain frozen enough for any classes meeting later in the day.

 (
LAYERS
AMOUNT OF VINEGAR
AMOUNT OF TONIC WATER
AMOUNT OF TAP WATER
1
0 ml
0 ml
100 ml
2
0ml
40ml
60ml
3
0 ml
75 ml
25 ml
4
40 ml
0 ml
60 ml
5
80 ml
0 ml
20 ml
)

















Lesson Scope and Sequence

	In this lesson students will work in small groups assuming the roles of climatologists examining simulated ice core samples. The students will gather data from the “historical” ice core samples, analyze the data for patterns and trends, and make inferences related to climate change. 

Activity 1) – (5 Minutes)

1. Students should answer the following questions in their journals:
1.  The age of the ice core is measured from oldest layer (bottom) to youngest layer (top). Where would you expect to see the most dirt and particles in this sample? Why?
1. When carbon dioxide from the atmosphere combines with precipitation it may become carbonic acid. Carbonic acid lowers the pH and may be recorded in ice layers. When scientists find lower levels of pH in ice core samples, this may indicate an increase in carbon dioxide in the atmosphere. Where would you expect to find the lowest pH in this sample? Why?

Activity 2) – (30 Minutes)

	The instructor should divide the students into 5 or 6 small groups and each group should get a core sample.
1. Students should carefully remove the ice core from the container. To loosen the ice core, students can run warm water over the outside of the cylinder. 
1. Place the ice core on a tray.
1. Students should draw a picture of the ice core sample in their journals. In the drawing, the students should record the colors observed from the oldest layer on the bottom to the youngest layer on the top. 
1. Students should record the thickness of each layer in centimeters.
1. The students should carefully use the plastic knife to gently separate each layer. On their drawings the students should number the layers to match the age of the layer, with the oldest layer starting at “1”. 
1. The students should record the color of each layer in their journals. 
1. The students should number the plastic cups “1” through “5”, (or to the number of layers in the core). 
1. Students should record the mass of each plastic cup.
1. The students should place each ice core layer into the corresponding numbered cup, and record the mass of each cup with an ice sample. 
1. Using this information the students should calculate and record the mass of each ice core layer.
1. The students should melt each ice core sample by gently swirling the cup, or carefully placing the cup in a shallow pan of warm water.
1. The students should use a clean graduated cylinder to measure the volume of the melted ice and record it.
1. The students should determine the pH of each layer and record it.
1. The students should determine a way to measure and record the mass of the solid particles in each layer.


 (
LAYER
COLOR
MASS OF CUP
MASS OF CUP AND ICE LAYER
MASS OF ICE LAYER
VOLUME OF MELTED ICE LAYER
pH
1
2
3
4
5
)



















Activity 3) – (10 minutes)

Once all students have completed the activity, the instructor should lead a full class discussion about the students’ observations while doing the lab. The instructor should use the following questions for the discussion. Students can record answers/notes in their journals:
a. Which layer in the ice core represents the oldest layer? (The bottom layer represents the oldest layer.)
b. Which layer in the ice core represents the youngest layer? (The top layer represents the youngest layer.)
c. How is Earth’s climate recorded within the layers of glacial ice? (The air bubbles in the ice trap the ancient atmosphere. The analysis of the gases provides clues to ancient climates. The thickness of each layer represents the amount of precipitation and the particulates store information about volcanic activity as well as pollution)
d. How does the work you did in your activity compare to the work real climatologists do when they study ice core samples?
e. How did the ice layers change over time? What can you infer about climate change based upon your observations and measurements?

Activity 4) – (15 minutes) – Optional Activity or Homework Activity if time is limited.

1. Students should watch the following video:
http://www.youtube.com/watch?v=rDYqlTsZfgw&feature=PlayList&p=D7BEC5371B22BD D9&index=422

1. Students should record answers to the following questions in their journals based on what they have learned in this lesson and seen in the video clip:
1. What tools and evidence do scientists use to study climate change?
1. What human activities do you think contribute to climate change?
1. What can humans do to slow down or even stop climate change?


Lesson Supplementary Materials

Optional Lesson/Activity: 
Climate researchers often use mathematical models to understand how global changes such as increasing greenhouse gases or decreasing glacial ice might affect Earth. The Very Simple Climate Model (http://www.windows.ucar.edu/tour/link=/earth/climate/cli_model.html)
 is a simple model, focusing on the primary relationship between carbon dioxide emission, carbon dioxide concentration and average global temperature. There are many other factors influencing climate such as wind patterns, precipitation, and location of the carbon dioxide in the atmosphere, other greenhouse gases, ocean influence and the reflection of the sun’s energy. The model predicts how Earth’s climate is likely to change in the future. Students should use the model to identify relationships between carbon dioxide production and average global climate temperature. 


Lesson Assessment of Students

The main assessment of the students should be done by the instructor while the students are working in their groups. The instructor can ask questions for understanding as he or she circulates around the room. The instructor should randomly check individual journals at this time. The journals can also be checked at the end of the day (if not used for homework) and at the end of the unit. 
The unit rubric can be used by the instructor for any individual lesson too.


Lesson Evaluation

Although this lesson requires a good deal of preparation, it gives the students a great experience in authentic learning – they do the work that actual climatologists do. Even more importantly it is a good illustration of how much scientific information and knowledge can be gained through systematic scientific studies involving artifacts that may be millions of years old. Students should gain a real appreciation of how complex climate systems are (atmospheric gases trapped within hydrosphere ice cores) but at the same time how these systems, and therefore climate change, can be understandable. Students should have no problem recognizing CLEAN principle #4 (climate varies over space and time). The lesson also gives students a scientific rationale to begin thinking about how climate change is real and that it may really matter to them. Students should begin to see science can be used to answer any questions or misperceptions they may have had prior to the unit. 

 ===========================================================================================

Lesson 4 Title

	“Ice Today, Gone Tomorrow”


Lesson Introduction

	In this fourth lesson students will reinforce their understanding of the Hydrosphere and the role it plays in regulating climate by creating graphs using NASA data and then analyzing their graphs making inferences about climate changes in the Earth’s northern Polar Region. This lesson will deal with making climate science understandable and also the uncertainties related to science. How can data be represented in ways to make it more understandable? How much data is enough in order to make scientific conclusions? Should scientific conclusions be based on evidence or common sense? (CLEAN principles #2, #4, #5) 
	In the lesson students will work with the following fundamental or enduring understandings:
		- The field of climate change demonstrates the nature of science in general.
		- Scientific claims relating to climate change are established based upon evidence.
		- Climate change science involves uncertainties because existing knowledge can be challenged 					and changed by new observations. 
		- Climate change science is complex.  
		- Climate change science is understandable.
The students will address the following essential questions:
	Can data be represented in ways that make it more understandable?
	4) What are the effects of climate change?
	5) Can global climate change affect regions?
	6) Can regional climate change affect things globally?
	8) Is climate and climate change understandable?
	

Lesson Standards

Content Standards:
A) Science as Inquiry - Students should develop:
          - Abilities necessary to do scientific inquiry
          - Understandings about scientific inquiry
(Turn students into scientists and make science inquiry both real and relevant)
B) Physical Science - Students should develop an understanding of:
          - Structures and properties of matter
          - Motions and forces
          - Interactions of energy and matter
D) Earth and Space Science - Students should develop an understanding of:
          - Energy in the Earth system
          - Geochemical cycles
E) Science and Technology - Students should develop:
          - Understandings about science and technology
F) Science in Personal and Social Perspectives - Students should develop an understanding of:
          - Natural resources
          - Environmental quality
          - Science and technology in local, national, and global challenges
G) History and Nature of Science - Students should develop an understanding of:
          - Science as a human endeavor
          - Nature of scientific knowledge
          - Historical Perspectives
         

Lesson Topic

This lesson and the subsequent (optional) lesson build upon the previous AMNH course sections and adds ideas from the section on “How Do We Bring Together Modeling, Theory, and Observation to Understand Cause and Effect” (CLEAN principles #2, #4, #5) In this lesson the instructor will train students to create and analyze graphs using NASA data. Students will make observations, judgments, and conclusions about polar climate change based upon the graphs they create.
A land ice sheet is the layer of ice covering extensive regions of the world, notably Antarctica and Greenland. Ice sheets form from the accumulation of thousands or millions of years of snowfall, followed by compression of the snow as the weight of new snow presses down on the previous years’ fall. Climate scientists are interested in ice sheets because they lock away fresh water that would otherwise be added to the oceans and raise global sea level. If all the ice in Antarctica melted, sea level would rise by about 200 feet, flooding large inhabited regions of the world. Even a small change in the volume of ice sheets would have catastrophic consequences for low-lying areas. Ice sheets also can be used to look at past climate (see lesson 3). For example, scientists can look at ice cores for the history of atmospheric CO2 concentration over several hundred thousand years, and can also see the dust spikes corresponding to large volcanic eruptions.
Sea ice forms at the ocean surface once the surface temperature drops to the freezing point during fall and winter. When sea ice forms much of the salt is expelled from the ice crystal structure, but the ice still ends up being slightly salty (about 1% salt, compared with about 3.5% salt in the ocean). This is distinct from the ice of land ice sheets, which originally formed from snow falling on land, and so are completely fresh. Sea ice can be up to 20 feet thick, and is thickest in areas where the ice is “land-fast” and stays there year-round. The formation of sea ice plays a major role in ocean circulation. As sea ice forms in the Antarctic and Arctic, the salt that is rejected from the ice is added to the underlying ocean, making it denser. The water then falls down to the ocean abyss, where it can move towards the equator. Dense, cold water from Antarctica can be traced along the sea bed all the way to the northern hemisphere. This “bottom” water is replaced by the pole-ward flow of warmer upper-ocean waters, in what has been called “The Great Conveyor Belt”. This is a major mechanism by which heat is moved from the equator to the poles, making the Earth habitable over a much larger region than would otherwise be possible. Sea ice is also a great reflector (see lesson 2): when ice is present most of the heat in sunlight bounces off the ice/snow and returns to space, whereas ice-free water absorbs most of the heat. Ice is also a great insulator: when ice is present, the rate of exchange of heat and gases (e.g., CO2) between the atmosphere and the ocean is greatly reduced. Thus, sea ice plays an important role in modeling how the ocean and atmosphere might change in the future.


Lesson Curriculum Links

	For this lesson students should be familiar with Microsoft Excel, global coordinate (latitude/longitude) systems, creating graphs from data sets, and Earth Science in general. This lesson will allow students to build upon their knowledge of climate, and climate change, obtained from the previous lessons. The students, again acting as climatologists, will continue to go into greater depth in their studies regarding climate and climate change in the Polar Regions. In this lesson students will handle real-time climate data collected within just the last couple of decades and they will make inferences about today’s climate from the graphs they produce from the data. In a subsequent (optional) lesson students will learn how they can make projections about future climate change by using modeling systems. 


Lesson Objectives

After completing this lesson, students will be able to:
Appreciate better the role the Hydrosphere plays in regulating the Earth’s climate
Manipulate NASA data in Excel spreadsheets in order to produce graphs
Identify relationships among the parameters represented in the graphs they create
Make judgments, inferences, and/or conclusions based upon the evidence presented in their graphs
Understand better how the field of climate change demonstrates the nature of science in general
Understand better how scientific claims relating to climate change are established based upon evidence
Understand better that climate change science involves uncertainties because existing knowledge can be
 challenged and changed by new observations 
Understand better that climate change science is complex but understandable
Demonstrate an understanding of the lesson’s essential questions


Lesson Materials
Journals (or student lab books where all written work done by the students is maintained)

My NASA Data:
http://mynasadata.larc.nasa.gov/index.html

How to save NASA data and incorporate it into Microsoft Excel graphs:
http://mynasadata.larc.nasa.gov/excel.html


Lesson Scope and Sequence

	In this lesson students will create graphs using NASA data and then analyze their graphs making inferences about climate changes in the Earth’s northern polar region. This lesson will deal with making climate science understandable and also the uncertainties related to science. 

Activity 1) - (15 minutes)
          
1. Before separating the students into small groups for the lesson activities the instructor can show one or more of the video clips listed below and then should model the basic procedure the students should follow for Activity 2. 

http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=MYD28M#
(SST for 2002 – 2009)

http://www.youtube.com/watch?v=Y3dYhC_AlYw

Activity 2) – (25 minutes)

1. Students should be divided into small groups with 3-4 students per group.  The students should repeat the procedure modeled by the instructor for creating the graphs from the NASA data.
1. Students should visit the Live Access Server link (http://mynasadata.larc.nasa.gov/las/servlets/dataset) 
to access the NASA data for each of the three parameters below:
a. Cryosphere, Monthly Snow Ice Amount (ISCCP)
b. Oceans, Weekly Sea Surface Temperature (MSCCT)
c. Atmosphere, Atmospheric Temperature, Monthly Near-Surface Air Temperature (ISCCP)
For each of the three data sets, students should:
Select View: Time Series, Select Output: ASCII text file. 
For the time series (line plots), use the full time range available, and select coordinates (1.2 W, 78.8 N) or somewhere of interest in the Arctic Circle
Click Next to view output and be sure pop-up blockers are turned off. 

1. Students should import the three text data files and graph each data set in Excel to make a line plot. Use the following procedure: 
1. After choosing and opening the microset of interest on the MY NASA DATA Data Access page, click File: Save As in your web browser menu. A browse window should appear. Rename the file or keep the default name, but keep it in its plain text format. Click Save to download the file.
1. Step 2:  Open a blank Excel spreadsheet - (After launching Excel, a blank spreadsheet should appear. Otherwise, click the New icon button or select File: New to generate a blank spreadsheet)
1. Import the microset data into the Excel spreadsheet – (Under the Data menu, select Get External Data: Import Text File. A Browse window should open. Select the text file corresponding to the downloaded MY NASA DATA microset that you would like to view. Click Import.)
1. Follow the Text Import Wizard – (The MY NASA DATA microsets are tab delimited. The wizard should detect this structure. Simply click Finish, and put the data in the existing worksheet.)
1. Analyze your microset using Excel tools 

1. Students should add a “trend line” to each of their graphs, re-analyze them, and update their conclusions if necessary.

Activity 3) – (15 minutes)

1. Each student group should analyze each of their graphs and write a short conclusion about any relationship the see among the amount of sea ice, sea surface temperature, near surface air temperature. How do the amount of sea ice and sea surface temperature compare? How do the amount of sea ice and near surface air temperature compare? How do the sea surface temperature and near surface air temperature compare?

Activity 4) – (10 minutes) – Optional homework assignment if time is limited

1. The instructor should lead a full class discussion focused on the following questions:
1. Was it difficult to interpret the graphs at first? Why or why not?
1. Was the addition of a “trend line” useful? Why or why not?
1. Is the amount of sea ice affected more by surface sea temperatures or surface air temperatures?
1. Do any of the graphs/data seem to contradict common sense?
1. Do you think ice melt can affect the global water cycle? How?
1. Do you think ice melt can affect the biosphere, lithosphere, & atmosphere too? How?
1. Do you think the amount of sea ice will affect animals and humans in the future?
1. Do your graphs indicate any possible benefits for animals and humans in the future?
1. Based on the trends exhibited in your graphs what will they look like in 5 years? 25 years?
1. What is missing from your data/graphs/conclusions? What additional information would you like to have?


Lesson Supplementary Materials

Lesson 5): Model Lesson (Optional Extension)
	
In this lesson students will either continue working with the simulated ice core samples used in Lesson 3, or will work with a simple climate change empirical modeling program (BSCS). Using the BSCS model students will work in small groups as climatologists studying other systems besides the cryosphere. This lesson will reinforce what they have learned about drivers, feedbacks, and climate complexity, as well as demonstrate how climatologists must work together using data, observations, and studies from a variety of scientific fields. CLEAN principle #6 (Human activities are impacting the climate system) will be a theme of this lesson as the students discover the importance of anthropogenic variables relating to climate change. (Essential Questions: 3, 4, 5, 6, 8, 9)
http://carbonconnections.bscs.org/curriculum/unit-03/ecm-full/
http://carbonconnections.bscs.org/curriculum/

Extension Project:
Using photo manipulation software, like “ImageJ”, students can stack the 11 images from the website below and create a “time-elapse” movie of Arctic sea ice change

http://earthobservatory.nasa.gov/Features/WorldOfChange/sea_ice.php
(11 photographs of summer sea ice extent for years 1999 – 2010)

Additional websites:
http://earthobservatory.nasa.gov/
NASA Earth Observatory
http://neo.sci.gsfc.nasa.gov/Search.html
NASA Earth Observations
http://visibleearth.nasa.gov/
NASA - Visible Earth
http://www.youtube.com/watch?v=neXB1XzMu7Y


Lesson Assessment of Students

The main assessment of the students should be done by the instructor while the students are working in their groups. The instructor can ask questions for understanding as he or she circulates around the room. The instructor should randomly check individual journals at this time. The journals can also be checked at the end of the day (if not used for homework) and at the end of the unit. 
The unit rubric can be used by the instructor for any individual lesson too.


Lesson Evaluation

	This lesson is a good way for students to gain an appreciation of data representation. When looking at the raw data as a column of numbers it is quite difficult to make any sense of it. Once students have created their graphs the data is much easier to understand; however in this lesson it may still be difficult for students to make inferences from their graphs, especially before they add a trend line. Students will be able to understand how global warming can have a substantial effect on a local region – northern Polar Region. Students should also gain an appreciation that limited data (covering a decade or two) can introduce uncertainties.

=========================================================================================

Lesson 6 Title

	“Does Climate Change Matter”


Lesson Introduction

In this last lesson of the unit students will use the following website
http://www.epa.gov/climatechange/kids/expeditions/index.html  
as both an assessment of what they have learned so far, and to learn about CLEAN principle #7 (Climate change will have consequences for the Earth system and human lives). This lesson will reinforce the essential ideas of the entire unit especially those relating to global climate change, regional climate change, and anthropogenic variables involved with climate change. Students will consider the question: What, if anything, can be done about climate change? 
In the lesson students will work with the following fundamental or enduring understandings:
		- The field of climate change demonstrates the nature of science in general.
		- Climate change science involves uncertainties because existing knowledge can be challenged 					and changed by new observations. 
		- Climate change science is complex.  
		- Climate change science is understandable.
The students will address the following essential questions:
		1) What is climate and what makes it work?
		3) What causes climate change?
		4) What are the effects of climate change?
		5) Can global climate change affect regions?
		6) Can regional climate change affect things globally?
	
		7) Can we learn from past climate change?
		8) Is climate and climate change understandable?
		9) Does climate change matter?

	

Lesson Standards
C) Life Science – Students should develop an understanding of:
          - Regulation and behavior
          - Populations and ecosystems
          - Diversity and adaptations of organisms
D) Earth and Space Science - Students should develop an understanding of:
          - Energy in the Earth system
          - Geochemical cycles
F) Science in Personal and Social Perspectives - Students should develop an understanding of:
          - Natural resources
          - Personal Health
          - Populations
          - Environmental quality
          - Natural Hazards
          - Science and technology in local, national, and global challenges


Lesson Topic

This last lesson of the unit functions as both an overall assessment of what the students have learned so far, and as a reinforcement of CLEAN principle #7 (Climate change will have consequences for the Earth system and human lives). The lesson will end with a final activity that uses the CLEAN Guiding Principle for Informed Climate Decisions and Principle for Energy Awareness. By realizing that they can take actions to reduce climate change and its impacts by learning how to conserve, and make informed energy choices, the students should discover that climate change matters.


Lesson Curriculum Links

	This lesson is the final lesson of the unit and is essentially a review of the general principles, enduring understandings, and essential questions used throughout all the lessons.


Lesson Objectives

After completing this lesson, students will be able to:
1. Understand better that climate change science involves uncertainties because existing knowledge can be challenged and changed by new observations 
1. Understand better that climate change science is complex but understandable
1. Demonstrate an understanding of the lesson’s essential questions
1. Understand that climate change matters!


Lesson Materials

http://www.epa.gov/climatechange/kids/expeditions/index.html  

Journals (or student lab books where all written work done by the students is maintained)



Lesson Scope and Sequence

	In this lesson students will use the website http://www.epa.gov/climatechange/kids/expeditions/index.html  to reinforce all the enduring understandings and essential questions relating to the unit. The lesson is a good review of the material covered (uncovered?) in the unit, and emphasizes how global warming can have different climate change effects in different regions of the Earth. 


Activity 1) - (60 minutes)
          
1) The instructor should allow the students to “Take a Climate Change Expedition” on the website: http://www.epa.gov/climatechange/kids/expeditions/index.html
2) As students “travel” around the globe they should collect their “passport stamps” on the “tracking sheet”, and record their impressions of their journey and any notes/questions they have about any of the new material they discover on their journey.
3) After finishing the expedition activity, the instructor may want to show the Britney Spears parody video again:
http://climatechangeeducation.org/videos/youtube/britney_spears_planet_warming.html
Students may want to discuss/compare their original journal notes about the video to what they think about climate change now, at the end of the unit. 

Activity 2) – Homework assignment

1) Students should answer the following questions in their journals:
Based on everything you have experienced and learned during the unit do you think climate change matters? What do you think we should do about climate change? 

Lesson Supplementary Materials

The lesson is part of this website:
http://www.epa.gov/climatechange/kids/index.html
that contains other great activities for students.


Lesson Assessment of Students

Journals

As the students travel on their “expedition” instructor should walk among the students and assess the students’ understanding by asking questions of the students and answering any questions they might have.


Lesson Evaluation

	Although this final lesson may seem at first glance to be better suited for younger middle school students it does contain a great deal of climate change information and presents in a way that will engage all students. The website does a great job at showing how global climate change can affect regions differently. The section on Arctic Sea Ice presents the students with a great review for this unit, making references to albedo and the feedback loop. The website covers many topics that are not included in this unit and will reinforce to students the idea that climate change is complex.
 
=========================================================================================

	

Unit Supplementary Materials

See “Supplementary Materials” section of each lesson for more information.

Additional websites:
NCAR Kids’ Crossing: Living in the Greenhouse http://eo.ucar.edu/kids/green

http://www.youngvoicesonclimatechange.com


Unit Assessment of Students

Journals (or student lab books where all written work done by the students is maintained)

Unit Rubric:
	
UNIT
RUBRIC
	
Beginning
1
	
Developing
2
	
Accomplished
3
	
Exemplary
4
	
Score

	SCIENTIFIC PROCEDURES 
AND 
REASONING
	
Did not use tools or technologies appropriately to gather and analyze data
	
Attempted to use tools and technologies appropriately to gather and analyze data but use was inaccurate or incomplete
	
Effectively used tools and technologies to gather and analyze data with only minor errors
	
Accurately and proficiently used tools and technologies to gather and analyze data
	

	STRATEGIES
	
No evidence of a strategy or procedure used.
No evidence of scientific reasoning used.
Many errors in the process of investigation.

	
Used a strategy or procedure that was somewhat useful.
Some evidence of scientific reasoning used.
Some errors in the process of investigation.
	
Used a strategy or procedure that was useful enough to finish the task.
Used effective scientific reasoning.
Just minor errors in the process of investigation.
	
Used a strategy or procedure (and revised it if necessary) to finish the task correctly.
Used effective, refined, and complex scientific reasoning.
No errors in the process of investigation.
	

	SCIENTIFIC COMMUNICATION
USING DATA
	
No understandable explanations given to instructor’s questions.
Incorrect use of scientific words, symbols, graphs, etc.)
No data recorded or acceptable conclusions formulated.

	
Incomplete explanations given to instructor’s questions.
Some incorrect use of scientific words, symbols, graphs, etc.)
Some data recorded and only partially support conclusions formulated.

	
Clear explanations given to instructor’s questions.
Only minor incorrect use of scientific words, symbols, graphs, etc.)
Most data recorded and was used appropriately to support conclusions formulated.

	
Clear and effective explanations given to instructor’s questions.
Correctly used scientific words, symbols, graphs, etc.)
All data recorded and was used appropriately to support conclusions formulated, and to raise new and scientifically accurate questions.
	

	SCIENTIFIC CONCEPTS AND RELATED CONTENT
	
No use or inappropriate use of scientific terminology.
No mention or inappropriate references to scientific concepts and principles.
Very little or no understanding of new concepts and/or materials used.

	
Some use of appropriate scientific terminology.
Minimal mention or some references to scientific concepts and principles.
Some understanding of new concepts and/or materials used.

	
Appropriate use of scientific terminology.
Provided evidence of understanding references to scientific concepts and principles.
Good understanding of new concepts and/or materials used.

	
Precise and appropriate use of scientific terminology.
Provided evidence of in-depth and sophisticated understanding of references to scientific concepts and principles.
Fully understood new concepts and/or materials and used them to make other connections or extend thinking.

	




Unit Evaluation of the Lessons
	
See the “Evaluation of the Lesson” section in each individual lesson.


Unit Conclusion

	This unit on climate change should fit nicely into our current Challenger Center summer camp curriculum, but these materials will also be offered to schools as part of our new climate change-based Earth mission which should come on line in the next year or so. I would not necessarily envision many potential challenges in teaching this unit to the students who attend our Center; however, there are Challenger Centers located in other sections of the country that may face resistance from the public because of the new mission’s and this unit’s subject matter. 
	The Climate Change course was the second AMNH online course I have taken (the first was “The Solar System”) and once again I am appreciative of how the course helped to clarify and structure for me the “big picture” of climate change. Instead of a mind full of mush I feel more confident that I can make more reasoned and sensible judgments and arguments in regard to climate change. I believe that I can exhibit the skills, behaviors, values, attitudes, and knowledge reflected in my unit’s essential questions and enduring understandings.


