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3LESSoN 1 | Why aRe floodS and dRoughtS haPPening moRe often?

lesson 1: Why are floods and droughts happening more 
often?

exploring Some interesting Phenomena

1.  Set up two Notice and Wonder charts with the headings “Porterville, CA” 

and “Vicksburg, MS.”

What i notice What i wonder

2.  Record what you notice and wonder about each community.

3.  After each video, share some of your noticings and wonderings with the 

whole class.

4.  Discuss ideas for what it would be like to live in one of these communities.

identify patterns in headlines about floods and droughts in  
small groups.

This map shows locations that have had droughts and floods in just the past few years. Brown 

markers represent a location that has experienced a drought, while green marks a location of a 

flood.

5.  Individually read the headlines assigned to your group.

6.  Discuss and group similar headlines together. (It may be helpful to 

highlight similar words.)

In your notebook

With your class

With your group
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7.  Add a label for the patterns you are seeing and record on a sticky note.

8.  Add the patterns that you recorded on sticky notes to the class T-chart.

home learning

9.  Talk to members of your family and/or community and find out:

• Has our community experienced anything like this?

• Have you or your family lived in or traveled to a community that 

experienced anything like this?

• Has a member of your family or community experienced anything  

like this?

• Bring these stories back to our next class!

Share our water stories.

In addition to Porterville and Vicksburg, we analyzed headlines for other places that are 

experiencing something similar. our own community may be experiencing some problems, too.

10.  Share your “headlines” from your own stories and think about where they 

fit in relation to the other stories and headlines we’ve already seen.

discuss patterns in headlines about floods and droughts as a class.

11.  Discuss patterns that your group noticed in the headlines.

• What is similar and different between the drought-related headlines 

and flood-related headlines?

• What is happening in these stories that is “not normal?” What is the 

“new normal?”

• What did we find in our headlines that could be contributing to our 

new normal?

developing and Comparing initial models

12.  Discuss what we need to include in our models:

• What things (components) might we include to 

explain how a drought or flood happens?

• How can water move from place to place? What 

are some processes we might want to include in 

our models?

Home learning

With your class

With your class

With your class
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13.  Individually develop an initial model to explain:

• What is causing the temperatures to increase?

• How can increased temperatures lead to both droughts AND floods?

14.  Record any questions that come to mind as you are developing your 

model.

15.  Share your initial models and explanations with the group. Together, keep 

track of the similarities in your models by placing a (✓) next to those items. 

In each other’s models, mark the differences or areas where the group is 

less certain by placing a (?) next to those items. As you listen, think about 

the following:

• How did your partner explain how a small change in temperature leads 

to large changes in other parts of the system?

• What cause did your partner identify that led to an effect of 

temperature going up?

• Did they explain how or why that caused an increase in temperature?

initial Consensus model discussion

16.  Develop a whole group record of what we agree on and where we have 

competing ideas across the initial models.

• What do we all seem to agree on?

• What do we disagree on?

• What are some new ideas that we may want to consider?

individually ask questions.

17.  Look back at:

• your Notice and Wonder chart from the video,

• the patterns from the headlines, and

• your initial models and our classroom consensus models.

18.  Choose one or two questions to share with your class, and write each 

question on a sticky note. Write the question in dark marker and large 

enough for others to read. Be sure to think about both parts of the model.

19.  Be prepared to post your questions to our Driving Question Board (DQB).

In your notebook

With a partner

With your class

On your own
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Build the driving Question Board.

20.  Bring your sticky notes with your questions on them, your science 

notebook, and a chair to our Scientists Circle.

21.  Review these steps for forming the DQB:

a. The first student reads his or her question aloud to the class, then 

posts it on the DQB near the part of the model to which the question 

most relates.

b. Students should raise their hand if any of their questions relate to the 

question that was just read aloud.

c. The first student selects the next student whose hand is raised.

d. The second student reads his or her question, says why or how it 

relates, and posts it near the question it most relates to on the DQB.

e. The student selects the next student to share a related question or a 

new question.

f. We will continue until everyone has at least 1 question on the DQB.

22.  organize questions into similar categories or groups.

Brainstorm ideas for data and information we need.

23.  Focus on one category of questions.

24.  Brainstorm data and information that could help answer these questions.

25.  Write your ideas down in your science notebook and be prepared to share 

them with your class.

26.  Share your ideas for data and information we need and help your class 

build a list for each category of questions.

With your class

With your group

With your class
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lesson 2: What would we normally expect for these 
places and how do we know it’s really changing?

navigation

1.  Look at the Driving Question Board (DQB) and Ideas for Investigation. Are 

there any additional ideas you want to add? Put those into your science 

notebook.

Where is water on earth?

2.  Record all of the places on Earth that you think water can be found. 

Consider:

• What areas on the ground can you find water?

• What areas in the air can you find water?

• What areas below the ground can you find water?

3.  Share your ideas as a class and work with your class to develop an Earth’s 

Water System Model. 

our Community

4.  What is happening in our community? Consider:

• What is normal for us?

• How would we know that something is not normal? What would we 

expect to see?

data We need and Why

5.  In your science notebook, create a three-column table like this:

data Why

6.  Add a list of data we might need to investigate our community and 

determine if things are normal here or not. Consider:

• What kind of data would we want to look at and why?

• What information would the data provide us?

In your notebook

On your own

With your class

With your class

In your notebook

LESSoN 2 |  What Would We noRmally eXPeCt foR theSe PlaCeS  
and hoW do We KnoW it’S Really Changing?
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7.  Share your ideas for data and your reasoning behind why this is important. 

 

 

8.  Now add “Predictions” to the third column of the chart and consider what 

we would see in the data to show whether temperature and precipitation 

are normal or not normal for our community.

introduce the data and the data sources.

9.  Read about the first three data sources in About the Data. Consider where 

the data comes from and what it means. Complete question 1 on your 

handout.

use the i2 strategy to analyze and interpret data.

10.  Look at long-term local data in part 2 of your handout.

• This is data from the last 125 years.

• What do you notice about the graphs?

11.  With your group record on your handout:

• “What I see” statements—what observations can you make about the 

data? What do you see in the data?

• “What it means” statements—what initial ideas do you have about 

what these data mean?

What else might we need?

12.  Consider these ideas:

• Is there any data from today that you want to look at closer? If so, what 

is it?

• What else could help us figure out what is normal or not normal for us?

Share information about the data.

13.  How did you interpret the graphs of long-term data? Share your ideas with 

your class. 

 

With your class

In your notebook

On your own

With your group

Home learning

With your class
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14.  Look at short-term local data that your teacher projects.

• Notice how this data is similar and/or different from the long-term data 

we reviewed.

• Share WIS and WIM statements with your class.

15.  With your group record on your handout:

• “What I see” statements—what patterns do you see in the data?

• “What it means” statements—what initial ideas do you have about 

what these patterns mean?

making Sense of all local data

16.  Share your WIS and WIM statements from all the data with the whole class.

Ways to communicate our findings with one another:

• our group saw that, too, and we also want to add…

• We saw that pattern, but we have a different interpretation…

• We are still confused about _____. Did anyone else have a question 

about what that means?

expand our case sites.

17.  Explore one more case site in depth. You will use a StoryMap at https://arcg.

is/08qrG8 to explore the following:

• a map,

• a video about the place,

• a short paragraph about the place, and

• 4-5 graphs with precipitation, temperature, PDSI, and 1-2 additional 

graphs.

18.  Read about your team’s case site and watch the video of the case site. Work 

with your group to divide up the data sets among the group members.

19.  Use the I2 strategy to analyze one data set for your group’s assigned case site.

Consensus Building across our data

20.  Set up a new entry in your Progress Tracker with the lesson question:

What would we normally expect for these places and how do we know it’s 
really changing?

With your group

With your class

With your group

On your own

LESSoN 2 |  What Would We noRmally eXPeCt foR theSe PlaCeS  
and hoW do We KnoW it’S Really Changing?
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21.  Share claims and evidence about your case site.

• Keep notes in your science notebook about all case sites.

• Add to your Progress Tracker to answer the lesson question.

• Focus on similarities and differences between your site and the other 

sites investigated.

22.  Come to consensus:

• What similarities did we hear across sites?

• What differences did we hear across sites?

• What do you need to add to your Progress Tracker?

next Steps

23.  What should we investigate next to help us understand this problem? 

Consider:

• What do we already know about rising temperatures and how they can 

affect Earth’s water system?

• Could we plan an investigation to test to see how temperature affects 

evaporation?

• How could the same change in temperature cause wet places and dry 

places? What would we need to do?

Scientists Circle

With your class
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lesson 3: how would increased temperatures 
affect evaporation?

taking Stock and Brainstorming how to test our ideas

1.  Discuss with your partner:

• What do you think causes evaporation?

• What is happening at a particle scale when water evaporates? What 

causes the particles to do what they do during evaporation?

• Using these ideas, what do you predict will happen with evaporation in 

warmer temperatures? Why?

2.  Share your ideas with the class.

3.  We think temperature is related to evaporation. We may predict that an 

increase in temperature is causing a change in evaporation.

• What investigations can we do (or have you done before) where we 

could gather evidence to see if an increase in temperature affects 

evaporation?

Collaboratively plan the temperature and evaporation lab.

4.  Get a copy of Temperature and Evaporation Investigation Planning from your 

teacher. Write the investigative question on your planning sheet.

5.  Review the lab setup that your teacher shared.

• How can we use this setup to study things happening at the large scale 

in the real world?

• What are the parts of this setup that map to things in the real world?

6.  Compare the bottle setup to the real-world and record your thinking on 

your handout.

7.  Now that you know our procedures, which places do our bottles map to? 

Which do they not map to?

8.  Think about the sensor we are going to use.

• How could we use this tool to answer our question about temperature 

and evaporation?

• What exactly does humidity measure?

With a partner

With your class

With your class
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9.  Turn and talk with a partner about the following questions:

• What is the one thing we would want to change to see if it has had an 

effect on evaporation?

• What data are we collecting to see if the one thing we’ve changed 

matters?

• How would we know if our one change has had an effect? What are we 

comparing to each other?

10.  Be ready to share your thinking with your class and complete your lab 

planning sheet.

Conduct the temperature and evaporation lab.

11.  open up to a new page in your science notebook.

12.  Draw a data table in your science notebook:

Start  
(0 min)

2 min 4 min 6 min final  
(8 min)

Change

temp

humidity

13.  Look at the Group Humidity and Temperature Lab instructions with your 

class. Ask your teacher any questions you have about the lab. 

 

14.  obtain the materials you need and follow the instructions to set up your lab.

15.  Conduct the lab.

• Remember to record your data in your science notebook.

• Calculate the change in temperature and humidity.

• Average your data with the other group with your same condition.

• Post your data to the class data table using sticky notes.

• Follow your teacher’s instructions to clean up your lab station.

analyze the temperature and evaporation lab for patterns.

16.  With your partner, compare the average temperature and humidity 

level change in the unheated bottles with the average temperature and 

humidity level change in the heated bottles. What patterns do you notice?

With a partner

In your notebook

With your class

With your group

With your group
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17.  Consider these questions:

• our question was whether increased temperature affects evaporation. 

What can we conclude now?

• What patterns did we notice that surprised us or that we weren’t 

expecting?

18.  Discuss with your partner:

• How are these small-scale bottles useful for investigating large-scale 

systems?

• What are important differences and limitations?

19.  Be prepared to share with your class.

tracing Water vapor visualizations

We have a NASA visualization that shows what happens to water vapor over a period of time. 

This visualization is made using satellite data and data from weather stations on the surface. It is 

only for 1 month, June of 2014.

20.  Discuss the following with your class:

• What should we pay attention to that might be different from the 

bottles?

• Do you have any concerns about using this new data for what we’re 

trying to understand?

21.  Take a moment to look over our questions on the Driving Question Board.

• Do we have any other questions on our DQB that might also be 

answered when examining water vapor using this new data source?

22.  As your teacher plays the first visualization, make noticings of what you 

observe. You do not need to record these noticings in your notebook, but 

be prepared to share them with a partner or your class.

23.  You will watch the visualization again. What do you want to pay attention 

to in connection to the drought and flood locations?

24.  Watch the visualization again and share new noticings.

25.  Discuss with your class:

• What patterns are we noticing?

• Based on where there is water vapor, where would we predict 

precipitation to occur on the map?

• Do our predictions line up with what we observed about data for our 

flood or drought story locations?

With your class

With a partner

With your class
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26.  View the second visualization that adds ocean temperature data. What new 

noticings can you make?

27.  Discuss with your class:

• What do you notice about this new visualization?

• What do we think could be happening over here on the West Coast?

• What new ideas do we have about the flood and drought locations?

Conclusions: temperature and evaporation

28.  In your Progress Tracker, update what you figured out to our question 

about how increased temperature affects evaporation. 

 

29.  Share your thinking to this question:

• Does our data support a causal relationship between increased 

temperatures and increased evaporation? 

30.  Work with your class to update the class model. Think about:

• What can we conclude about the effects of an increase in temperature 

on evaporation?

• There is more water vapor in the atmosphere overall, but precipitation 

does not fall evenly. What new information might we want to add on 

the precipitation side of our model?

navigation

We have updated our model to show the effect of temperature on both evaporation and 

precipitation. Could other changes also be happening to our system?

31.  Brainstorm with your class: What other sources of water do these 

communities use that may be important to investigate further? 

 

32.  Talk with your partner: Could increased temperature affect these sources as 

well? What do you predict?

In your notebook

Turn and talk

With your class

With your class

Turn and talk
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lesson 4: are rising temperatures affecting anything 
else in earth’s water system?

obtain information about earth’s water system components.

our question: Is a small rise in temperature affecting other components of the water system, 

and if so, how?

1.  Think about and discuss with your class:

• As we read, what are some helpful things we could look for in the text 

and the data to help us answer this question? 

2.  Read about your component of the water system and complete the 

obtaining Information checklist as you read. 

3.  Gather in a group with students who read the same text.

• Compare your notes.

• Integrate any new information into your checklist.

• Write a summary conclusion about your component.

Consensus discussion

4.  Share with your class.

• What did the scientists claim was happening and did their data support 

this claim?

• How did scientists’ claims match or not match our initial predictions?

5.  Draw conclusions with your class.

• How are changes to Earth’s resources, like water, impacting 

communities we’ve looked at?

• How are these different water problems connected to each other?

update your Progress tracker.

Take some individual time to capture what we have figured out about our question: Is a small 

rise in temperature affecting other components of the water system, and if so, how?

With your class

On your own

With your group

With your group

With your class



16 eaRth’S ReSouRCeS and human imPaCt

6.  Go to your Progress Tracker section and draw a line below your last entry.

• What question were we trying to figure out?

• Record what you’ve figured out and how you learned it.

navigation

7.  Share with a partner.

• How has your understanding of the problem changed since the first 

lesson? Any lingering confusions?

• How is the small rise in temperature affecting more than just droughts 

and floods?

On your own

Turn and talk
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lesson 5: how are rising temperatures changing water 
stories in these communities?

What have we figured out?

1.  Consider:

• How are rising temperatures changing water stories in these 

communities?

• Have your ideas about droughts and floods changed or stayed the 

same since the beginning of the unit? Why or why not?

develop a cause-and-effect diagram.

2.  Using the Model Ideas lists the class has developed, create a cause-and-

effect diagram to represent how rising temperatures can cause droughts 

and floods.

Planning for our explanations

3.  What would our explanations include?

• Who is our audience?

• What is our purpose?

• What key model ideas would we need to use?

4.  Consider options for communicating with the audience:

• Write a headline for the site and give a news story that includes a 

scientific explanation of one community’s water story.

• Create an infographic that communicates how and why water is 

changing in the community.

• other ideas?

5.  Use Initial Water Story Explanation or blank paper to draft your initial 

explanation for one community.

6.  Refer to column 1 on Peer Feedback Instructions to make sure you include 

important elements of a scientific explanation.

With your class

With your class

With your class

Writing in science



18 eaRth’S ReSouRCeS and human imPaCt

instructions for Providing Peer feedback

7.  Read the second column of Peer Feedback Instructions and underline and 

circle places in the explanation that provide either science ideas and 

reasoning or evidence.

8.  Refer to Peer Feedback Guidelines for guidance on how to provide useful 

feedback. Here are some examples:

examples of productive feedback examples of  
unproductive  
feedback

“Your explanation said that less snow means less 

water for the community. I think you should add 

details about why snow matters to this community 

and how they use the water source.”

“I like your 

explanation.”

“Your explanation provides really clear patterns from 

the data for the community, but it doesn’t explain 

how temperature and precipitation are related, and 

why that matters for this community.”

“I agree with 

everything you 

said.”

Revise your explanation.

9.  Read through the feedback and revise your explanation. Follow these 

guidelines:

• Read the feedback carefully. Ask someone else to help you understand 

it, if necessary.

• Decide if you agree or disagree with the feedback and reflect on why 

you agree or disagree.

• Revise your work to address the feedback.

10.  Turn in both your first draft and your revised explanation when complete.

exit ticket

11.  Think about:

• on a scale of 4 (totally independent) to 1 (need lots of help with this), 

how are you feeling right now about writing a scientific explanation? 

Briefly explain what makes you feel that way and what help you could 

use as you develop this practice?

12.  Write your response on the bottom or back of your explanation.

With a partner

Writing in science

On your own
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lesson 6: how are rising temperatures connected to two 
seemingly different phenomena?

navigation and Celebration

1.  Discuss the following questions:

• How has your understanding of the problems of droughts and floods 

changed?

• What are some big takeaways for you so far in our study of this 

problem?

Be ready to share your ideas with the class.

Revisit the alaskan headline.

2.  

Read the headline with your class. Do you think this headline could be related 

to the other case sites we have learned about?

3.  Set up a chart to record the claims and data we might need to explain if the 

claims in Alaska are related to the other case sites. 

 

4.  Discuss the following question:

• What does the headline claim is happening in Alaska?

• What data would we need to determine if the changes in Alaska are 

due to temperature increases and precipitation changes?

Be ready to share your ideas with the class.

Turn and talk

With your class

In your notebook

Turn and talk



20 eaRth’S ReSouRCeS and human imPaCt

listen to the alaskan whaler claims.

5.  Using your chart, record the claims you hear the whaler making and any 

data sources you think we need to look at as the video is playing.

Be ready to share your claims and any potential data we might need with your 

class.

6.  With a partner, discuss the following questions:

• What were the claims from the Alaskan whaler that we can add to our 

chart?

• What data would we need to look at to investigate these claims?

Be ready to share your ideas with the class.

7.  Do we think these changes in Northern Alaska are also related to the claims 

made in the headline? 

investigate new graphs from alaska.

8.  Look over the handouts with your teacher. Ask any questions you may have 

about the task.

9.  Work with your group to read the wildfire handout and look at the data. 

Record your noticings, along with any connections between the graphs 

and the claims on your handout.

Begin alaska assessment.

10.  Listen carefully as your teacher goes over part 1 and part 2 of the 

assessment. Ask any questions you may have.

11.  Begin the assessment. Use the following to help guide your answers:

Part 1

• Determine if there are any connections between the headline claims 

and the whaler claims.

• Use your data from yesterday’s note-taking page to help you support 

your answer.

Part 2

• Compare the Alaskan claims and your case site. Are they related 

phenomena or not?

• Use your data from your news article and your note-taking page to help 

support your answer.

In your notebook

Turn and talk

With your class

With your class
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think about future projections.

11.  Turn and talk to a partner about the following questions:

• What trends did we notice on our graphs?

• Do you think this trend in data will continue to head in the same 

direction in the future?

Be ready to share your ideas with the class.

Revisit the driving Question Board and consensus model.

12.  With a partner, use DQB Check-In to revisit the Driving Question Board 

(DQB). Mark which questions we have fully answered, partially answered, 

and not answered yet by placing a checkmark in the appropriate column.

Be ready to share which questions we have made progress on with the class.

13.  What trends did we notice on our graphs?

14.  Do you think this trend in data will continue to head in the same direction 

in the future? 

Work with your teacher to revisit your initial model.

15.  Add any new questions, ideas for investigation, or data we might need to 

the class charts.

developing new Questions

We have several ideas about what is causing the temperature of the air to 

increase and cause our climate to change.

16.  What new questions do we have about what is happening for air 

temperatures to increase?

17.  Record your new questions on a sticky note to share with the class!

Be ready to add our new questions to the Driving Question Board.

Turn and talk

With a partner

Turn and talk

With your class

With your class
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lesson 7: are there any changes in the air that could be 
related to rising temperatures?

navigation

1.  Share with your partner: What do you know about what makes up the air?

2.  Be prepared to share your ideas with your class to record a list of what 

makes up the air.

3.  Record a list of what you already know about what makes up the air.

4.  Examine the pie chart. Compare with your initial ideas. What do you notice 

is similar or different from what you were thinking?

Building understandings discussion about Parts per million

5.  Examine the data table showing both percent and “parts per million.” 

Discuss with your partner: What does the unit “parts per million” mean  

as a measure of gases in the air? Be prepared to share your thinking with 

the class.

Data source: UCAR

6.  Practice writing one gas as a fraction using a parts per million 

measurement.

7.  Share how you would turn the fraction into a percent. 

 

With a partner

With your class

With a partner

With your class
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analyze changes in composition of cases in the air.

8.  The question we are trying to answer is: Are there any changes in the air 

that could be related to rising temperatures? What additional data do we 

need to answer this question? 

9.  Complete step 1 on your handout. Annotate the graphs with your 

noticings. You can write directly on the graph. Add wonderings, too. 

10.  Share your annotations with a partner or small group and add additional 

notes.

11.  Complete step 2, calculating the percent change for each gas over time.

12.  Complete step 3, drawing initial conclusions from the data.

Building understandings discussion and add to the dQB

13.  Share your conclusions with your class. Sort the gases into the different 

categories.

not really changing Changing a little Changing a lot

14.  In your own words, share what you’ve learned about the concentration of 

gases in the atmosphere.

15.  Write new questions for the DQB. Post and organize these questions.

navigation

16.  What ideas do you have about how changes to carbon dioxide and 

methane could be related to or causing temperatures to rise?

With your class

On your own

With a partner

With your class

With your class
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lesson 8: are changes in carbon dioxide and methane 
related to or causing temperatures to increase?

navigation

1.  Share with your partner:

• What ideas do you already have about what happens when things 

warm up?

• Could any of those ideas be useful for explaining how the atmosphere 

is warming up and whether the gases have anything to do with that?

2.  Be ready to share your ideas with your class.

3.  Share ideas with your class that you have about how we could simulate 

adding energy to the molecules? 

investigate and model molecular motion.

4.  observe the motion of your molecules as your teacher demonstrates. 

Predict molecular motion.

5.  Share which molecules you think will move the most when they receive 

energy.

6.  Be ready to share your ideas and reasoning with your class.

describe molecular motion from the interactive.

7.  Describe on your handout how each molecule moves when it encounters 

energy.

8.  Describe all the ways each molecule moves when energy is added to it. 

Record this on your handout.

Share your observations.

9.  Share what you noticed happened to the molecules.

10.  Categorize the motion of these molecules into two groups: 1) Molecules 

that wiggle a lot and 2) Molecules that Do NoT wiggle much.

With a partner

With your class

With your group

With a partner

Writing in science

With your class
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navigation

11.  What do you think we’ll see when the energy reaches the molecules? What 

do we predict happens to the energy next? Be sure to give a reason for 

your prediction.

use an interactive to understand more about gases in the 
atmosphere.

12.  Complete the analogy map with your classmates.

13.  Predict which molecules will interact more with energy.

14.  Use the interactive, https://phet.colorado.edu/sims/html/molecules-and-

light/latest/molecules-and-light_en.html?openSciEd, to figure out what 

happens to the energy after it makes a GHG molecule wiggle.

discuss observations from the interactive.

15.  Share observations from the interactive.

16.  Contribute to a Building Understandings Discussion with your classmates. 

Read about gases.

17.  Read the article and summarize the main ideas with your partner.

18.  Think about how you would develop a model to show how gases in the 

atmosphere respond to energy.

19.  Be ready to share your ideas with your class to make a list of ideas that will 

help us answer our lesson question.

list ideas that might help answer our question.

20.  Share your ideas that might help us answer the question: Are changes 

in carbon dioxide and methane related to or causing temperatures to 

increase?

With a partner

With your class

With your class

With a partner

With your class

LESSoN 8 |  aRe ChangeS in CaRBon dioXide and methane Related to  
oR CauSing temPeRatuReS to inCReaSe?
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update your Progress tracker.

21.  our question: Are changes in carbon dioxide and methane related to or 

causing temperatures to increase? Go to your Progress Tracker section and 

draw a line below your last entry.

• What question were we trying to figure out?

• Record what you’ve figured out and how you learned it.

navigation

22.  Share your ideas about questions you have about increasing GHGs in our 

atmosphere.

23.  What can we do to answer your questions?

On your own

With your class
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 in the atmoSPheRe  

PaRt of noRmal CyCleS that eaRth goeS thRough?

lesson 9: are the changes in the amount of Co
2
 in the 

atmosphere part of normal cycles that earth goes 
through?

navigation

1.  Discuss these questions:

• What did we figure out about the gases in the atmosphere?

• How do greenhouse gases affect the temperature on Earth?

2.  Brainstorm:

• Where could you go on Earth today to find snow or ice that lasts from 

one year to the next?

What might we find in layers of ice?

3.  Take a moment to think: We know things about fossils, and when they lived 

can be figured out by analyzing rock layers.

4.  If you could sample layers of ice or snow from one or more of these areas 

on Earth, what do you think you might find in these layers that could 

provide data about what Earth was like long ago?

What do you notice in ice cubes?

5.  Look at an ice cube and make observations. What are some things you 

notice about it?

6.  Watch the short video clip of carbonated water being poured.

• What do you notice about carbonated water?

• What do you know about carbonated water?

ice Cubes made with Carbonated Water

7.  Look closely at ice cubes made of carbonated water.

8.  Turn and talk with a partner:

• What are some things you notice?

• How is this ice cube different from the other one made from non-

carbonated water?

• How does it compare to what you saw with the carbonated water?

With your class

With a partner

With your class

With your class

Scientists Circle
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make predictions.

9.  What do you predict we will see happen in each of the baggies of ice 

cubes?

• What do you think will happen in each of these baggie setups?

• Why do you think this?

how do scientists use ice samples today?

10.  Set up a page in your science notebook titled “Ice Core Sampling” and 

make a Notice and Wonder chart. As you watch the video clips, record what 

you observe and any questions you have.

analyzing ice Core data

11.  Carbon dioxide levels over time can be obtained from ice core data. 

Analyze the graphs of carbon dioxide levels in the atmosphere and 

consider:

• Is the change in the amounts of carbon dioxide a normal change?

• Has this been happening over time?

• or is this not normal?

With a partner

With your class

With a partner
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lesson 10: What is happening in the world to cause the 
sharp rise in Co

2
?

What did we figure out last time?

1.  Take a moment to summarize what we figured out last time related to 

normal cycles of Co
2
 in the atmosphere. Add your ideas to your Progress 

Tracker.

Climate.gov

let’s zoom in and take a closer look...

2.  As you look over the following graph, think about:

• When did the rise start?

• What does the data show after  

that point?

• What do we know about this time  

period? What was happening in  

the world?

With your class

With your class

Data Source: Global Carbon Project; Carbon 

Dioxide Information Analysis Centre (CDIAC)
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Where is the Co
2
 coming from?

3.  Watch a visualization showing where Co
2
 is coming from, and take notes in 

your science notebook about what you notice. Consider:

• Where is it coming from?

• Why there?

Changes in energy Consumption over time

4.  Read through Powering our World. Mark any places on the text where there 

are ideas or events that you think might be related to the changes in Co
2
.

5.  Annotate the graph on Examining Data Over Time to show human activities 

that have led to changes in the types of energy sources that people used 

over time.

Data Source: our World in Data

6.  Share your noticings with the class and create a shared annotated graph.

humans and fossil fuels

7.  Discuss the following questions:

• How long have people been using fossil fuels?

• Why have they been going up so fast since the 1800s and especially 

since 1950?

What patterns do we notice now?

8.  Use Population, CO
2
 Levels, and Fuel Consumption to look at other patterns in 

population and Co
2
 over time.

In your notebook

On your own

With your class

On your own
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• First, look at each individual graph and make annotations of patterns in 

the graph.

• Then, look across the three graphs to notice similarities and/or 

differences in the data.

9.  If we had to write a formula to say how these things seem to be related, 

what might we do? 

update Progress trackers.

10.  Add a new idea to your Progress Tracker for our lesson question: What is 

happening in the world to cause the sharp rise in carbon dioxide? 

navigation

11.  Think about and share your ideas on:

• How is it that this dead plant and animal matter from so long ago can 

become an energy source for us?

• What is in the fossil fuels that we use for energy?

navigation and Preparing for demonstration

12.  Discuss with your class:

• What do we know about fossil fuels?

• How do we get energy from fossil fuels?

• What do fossil fuels react with to produce energy?

• What else do they produce?

13.  Consider the following general chemical reaction for the combustion of 

fossil fuels:

(reactants)    (products)

Fossil fuel + oxygen (o
2
) → ??

• Is burning fossil fuel causing a rise in Co
2
 in our atmosphere?

• What questions can you ask and answer to get evidence to answer the 

question above?

With your class

In your notebook

With your class

With your class
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14.  Predict the results of reacting a fossil fuel with oxygen gas. Use the 

following questions to help you with your prediction.

• What happens to the atoms and molecules of the fuel and o
2
?

• What products do we get?

15.  Prepare a clean page in your notebook for recording data from the 

demonstration.

• Make a two-column chart in your notebook with the headings “Before” 

and “After.”

Burning fuel demonstration

16.  What measurements and observations do you need 

to make with the following setup? 

 

 

17.  Record initial observations and measurements. 

 

 

18.  Watch the demonstration and record measurements and observations as 

your teacher directs. 

 

19.  Participate with the class as you discuss the results of the demonstration.

• Is this sufficient evidence to know the products of a reaction of any 

fossil fuel and oxygen?

• What additional questions can you ask?

20.  Participate in another demonstration of burning 

fossil fuel. This demonstration will burn methanol 

fuel gel.

• Do you think you will get similar results with this 

setup or different results?

21.  Are you convinced that Co
2
 and H

2
o are products of burning fossil fuels?

• What additional questions can you ask?

In your notebook

With your class

In your notebook

Scientists Circle

With your class

Scientists Circle

With your class
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examining the Reactants and Products

We can now add to our equation:

 (reactants)  (products)

 Fossil fuel + oxygen (o
2
) → Co

2
 + H

2
o

22.  Discuss the following questions with your class.

• What did we learn about the atoms that make up products in a 

chemical reaction from the Bath Bombs Unit?

• How can we use what we know about atoms in a chemical reaction and 

what we figured out to be products of the reaction to help us predict 

what fossil fuels are made of?

23.  Jot down what atoms you think make up fossil fuels. 

 

24.  Examine the molecule cards for fuels and sugars. Look for similarities and 

differences between the two groups of molecules.

• Participate in a class discussion of your observations.

Building understandings

25.  Participate in a class discussion about what you have figured out so far in 

this lesson. Consider questions such as:

• Why is extra Co
2
 (from burning fossil fuels) in the atmosphere a 

problem?

• Where did the carbon in the Co
2
 come from?

• Where did the fossil fuel come from?

• Where is the carbon from fossil fuel now?

26.  Continue to work with your class to add two new model ideas to the Model 

Ideas list. Add these ideas to your Progress Tracker. 

 

27.  Prepare for the next class by considering these questions:

• What things burn fossil fuels?

• Is there any way to remove the extra Co
2
 from the atmosphere?

• Are their natural processes that remove Co
2
 from the atmosphere?

With your class

On your own

With your group

With your class

In your notebook

With your class

LESSoN 10 | What iS haPPening in the WoRld to CauSe the ShaRP RiSe in Co
2
?
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lesson 11: Why could burning fossil fuels create a 
problem for Co

2
 in the atmosphere?

navigation

1.  Brainstorm with your partner:

• What things do you know about that give off Co
2
?

• What things do you know about that take in Co
2
?

Review and modify the earth’s Carbon System model.

System models show important system parts and how the parts interact. These models 

are useful to explain something that is happening or changing in the system and to make 

predictions about what could happen.

2.  obtain an Earth’s Carbon System Model from your teacher.

3.  Examine the carbon system model. Think about:

• What parts of this model seem familiar to us?

• Where do you notice different molecules that have carbon in them?

• Where do you see carbon moving between places?

• What parts of this model are new or different from what we’ve talked 

about?

4.  Think about the new things you learned about that are not represented in 

this model.

5.  Pick a new color to represent “changes humans make for energy needs.” 

Color the key with the new color.

6.  Change the model to show

• new parts if you want to add any,

• processes that humans do that move carbon into our out of the 

atmosphere, and

• processes that humans do that move carbon from underground.

7.  Let’s use our model to predict what could be happening in the system 

to cause carbon dioxide to increase in the atmosphere. What are some of 

our ideas?

Turn and talk

With your class

With a partner

With your class
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Carbon dice game

8.  Listen as your teacher explains the game.

• Stations represent locations where there’s a lot of carbon.

• You are carbon atoms that will move through the system.

• You will roll the dice and move to different locations based on the 

number you rolled. When you move, it represents a carbon atom 

moving along an arrow in our model.

9.  Round 1 of the game is the carbon system when fossil fuels were locked 

underground. Some of you will be locked in place.

10.  Round 2 of the game is the carbon system when people started to use 

fossil fuels for energy.

11.  Make observations during rounds 1 and 2.

12.  Return your dice to your teacher when complete.

Carbon dice game discussion

13.  Discuss the following:

• How did carbon move through the system before combustion of  

fossil fuels?

• What changed when we added combustion?

• Why do we think this change happened?

noticings: Rates of Carbon moving in/out of atmosphere

Scientists measure and estimate rates of Co
2
 given off and taken in from the atmosphere. Below 

are estimates of how many gigatons (1 billion tons) of Co
2
 are given off or taken in each year.

14.  Examine the rates. What do you notice?

Process in Carbon System gigatons Carbon Per year

Photosynthesis 121 GtC/year

Cellular respiration by plants, 

animals, and decomposers/soil

119 GtC/year

Combustion of fossil fuels 10.5 GtC/year

With your class

With your class

With your class
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Building understandings discussion

15.  Discuss with your class:

• What do you notice about the rates of the natural processes of 

photosynthesis and cellular respiration?

• What do you notice about the rates of processes putting Co
2
 into 

the atmosphere compared to the process taking Co
2
 out of the 

atmosphere?

• What is the difference between Co
2
 going into and out of the 

atmosphere?

• What can we conclude from our simulation with dice and these rates?

add new model ideas.

16.  Work with your class to summarize what you figured out using the rates of 

each process in our Earth’s Carbon System Model.

17.  Add ideas to your Model Ideas list.

navigation

18.  Look at the rates on our carbon system model. Using these numbers, 

explain what is causing a buildup of Co
2
 in the atmosphere.

• Include the rates in your response to help you make comparisons.

With your class

With your class

On your own
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lesson 12: how are changes to earth’s carbon system 
impacting earth’s water system?

Review our cause-and-effect diagram from lesson 5.

1.  In your partner pairs, review the diagram to explain how an increase in 

temperatures can lead to an increase in droughts and floods for some 

communities.

2.  Go from box to box to explain the causal chain.

Compare and update models.

3.  Work with your group to update your models showing the connection 

between fossil fuel use and our increases in temperatures.

• Complete your diagram boxes with your group. Start with the “fossil 

fuel use” box and work your way over to the “increases in temperatures” 

box. Explain how each box is connected in your groups.

• Discuss how each box is supported by a model idea(s). Write that model 

idea(s) number under the box.

• After the boxes from “fossil fuel use” to “increases in temperatures” 

have been constructed and supported with model ideas, determine 

which model ideas support our Lesson 5 model by adding in the model 

ideas numbers.

develop a consensus model.

4.  Work with your class to determine what fossil fuel use causes to happen and 

how that would cause changes to different community water resources.

5.  Make sure to trace each added box in our diagram back to our science ideas.

6.  Complete the diagram with your class.

discuss social media claims.

Read the tweet above.

Turn and talk

With your group

With your class

Turn and talk
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7.  Turn and talk with your partner about the following questions:

• What does this person claim climate change is doing?

• What other claims are being made in this tweet?

Be ready to share your ideas with the class.

8.  Work with your class to identify the claims being made in the tweet. 

 

 

9.  Look at the claims on our Tweet Claims chart. Turn and talk to your partner 

about the following questions:

• Which claims match our understanding?

• Which claims need to be clarified and explained?

Be ready to share your ideas with the class.

Clarify the claims based upon evidence.

10.  Look at the claims that we have identified as needing clarification. Turn and 

talk to your partner about the following question:

• How would you clarify these claims using our science ideas?

Be ready to share your ideas with the class.

11.  Work with your class to complete the Tweet Claims chart. 

 

Reflect on past experiences with misinformation.

12.  Turn and talk with your partner about the following questions:

• Have you encountered another tweet or a different social media 

post about global warming or climate change that may not be fully 

accurate?

• Did you correct the inaccuracies, either in your head or on the social 

media platform? What was the inaccuracy?

Be ready to share your ideas with the class.

With your class

Turn and talk

Turn and talk

With your class

Turn and talk
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Complete an assessment.

13.  Read the tweet and assess the claims being made.

• Break down the tweet into individual claims, just like we did as a 

class.

• Determine which claims match our science ideas.

• Determine which claims do not match our science ideas.

• If you are unsure if a claim does or does not match our science ideas, 

place it in the “does not match” section.

• Pick 2 claims to rewrite so that they are scientifically accurate.

• Explain how our evidence and model ideas support the newly 

rewritten claim.

14.  Return your assessment to your teacher when you are finished.

navigation

15.  Turn and talk to a partner about the following questions:

• Do you think this carbon dioxide imbalance is going to stay the same or 

get worse?

• In our group tweet, we saw that someone mentioned trees as a way 

to help with the carbon dioxide imbalance. What ideas do you think 

would help with this carbon dioxide imbalance?

Be ready to share your ideas with the class.

16.  Add any new questions you have about the carbon imbalance or any 

solutions to our carbon imbalance to the Driving Question Board.

home learning

17.  Take a piece of paper home and record any ideas you can think of to help 

with the carbon dioxide imbalance problem.

Turn and talk

Writing in science

Home learning
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lesson 13: Why is solving the climate change problem 
so challenging?

find the source of the carbon dioxide imbalance.

1.  Examine your class’s Earth’s Carbon System Model. Discuss with your class: 

What problem did we discover by looking at this model? 

 

2.  Discuss with your partner:

• What area of our model is causing this imbalance?

• What makes the most sense to cut or limit to fix this carbon imbalance?

3.  Share your ideas with your class. 

 

Simple Carbon model

4.  Make observations of the Simple Carbon Model simulation.

5.  Make a prediction: Our current emissions are set at 10.5 gigatons per year. 

What would we expect to happen if we pressed play on this simulation to all  

3 lines?

6.  observe the projected data and share your noticings with your class.

7.  Use this data as your “baseline data” for comparison.

8.  Work with your partner or small group to test different emission rates. 

For each simulation run you will need to:

a. record different emission rate scenarios you want to test in the first  

two columns,

b. make predictions for Co
2
 concentration and temperature, and

c. record observations of the graphed data after you run the simulation.

9.  once you complete the simulation runs, answer the questions at the 

bottom.

With your class

Turn and talk

With your class

With your class

With a partner
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Cutting emissions observations

10.  Discuss with your class:

• What observations did you make about cutting carbon emissions to the 

following levels?

eliminating all emissions

cutting emissions in half

• What other observations did you make?

• What needs to be done to limit the increase of global temperatures?

Brainstorm how we might be contributing and what we can do 
about it.

11.  Share with your class:

• What are some solutions you have heard your family or friends are 

doing or have tried to do to reduce carbon emissions?

• What are some of the things that we might be doing at home that we 

could make changes to?

home learning

12.  Gather information about your home energy, transportation, and food use 

using Home Carbon Audit.

With your class

With your class

Home learning
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lesson 14: What things can people do to reduce carbon 
dioxide going into the atmosphere?

navigation

1.  What did we figure out in the previous class about carbon emissions and 

what we can do about it? 

Calculate your carbon emissions (footprint).

2.  Locate the Home Carbon Audit handout that you did as home learning. Use 

this to help you enter your information.

3.  Go to the Carbon Emissions Calculator website at https://ei.lehigh.edu/

learners/cc/carboncalc.html .

4.  Enter your data for each question.

5.  Record your emissions score on a sticky note.

6.  Post to the class’s Carbon Scoreboard. Remember to:

• post it anonymously,

• place it from least (on the left side) to greatest (on the right side), and

• place your score near similar scores.

Calculate class average.

7.  Talk about what you notice and look for the following:

• Range of scores

• Trends in scores

8.  Discuss how to calculate the average score.

9.  Calculate the average score and be prepared to share.

10.  Share your calculations and observations of the data.

11.  Discuss:

• What actions tend to make your scores go up quickly?

• What do these numbers mean for the problem we are trying to solve?

• How well are we doing right now on the solutions we thought could be 

helpful and easy to do?

With your class

On your own

With your group

With your class
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Compare Co
2
 emissions for the average american.

Data Source: The World Bank.

12.  Look at the data and turn and talk about:

• What do you notice about the range—highs and lows?

• What do you notice about the overall trends?

• How does the most recent average compare to our class average?

13.  Share with your class.

Carbon Reduction Priorities list

14.  Return to your carbon footprint.

15.  Identify the actions you entered with the highest impact. Think about 

whether you can change these things and, if so, by how much.

16.  Look for other things you are willing to change. Select 2-4 changes to make.

17.  Recalculate your footprint and post to the Carbon Scoreboard. Remember to:

• post it anonymously,

• place it from least (on the left side) to greatest (on the right side), and

• place your score near similar scores.

18.  Calculate the new class average score with new carbon savings.

With a partner

On your own
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Building understandings discussion and Carbon Calculation Savings

19.  Discuss the impact of changing everyday habits.

• What kinds of changes do you want to make?

Do they lead to big or small impacts on carbon?

Are they realistic for you and your family?

• What actions are not realistic?

• How could these changes benefit your family in other ways beyond 

carbon reduction?

• Why are each of your changes different from each other? Is this 

important?

20.  Think about how your individual actions matter in relationship to others’ 

actions:

• How much did our class save per person?

• What if we could get more people to make changes?

How many people? Family? School? Town?

21.  Work with your class to decide what percent is realistic.

22.  Pick a percent you think is realistic. Pick a population (school, community, 

church community, sports team, family) and calculate the carbon savings 

you can achieve if you can convince a certain percent of them to change 

some of their daily habits. Check your number with a partner and be 

prepared to share with the class.

23.  What do these numbers mean for the problem we are trying to solve? 

Discuss with your class:

• What other important things can you summarize from these numbers 

with respect to the problem we are trying to solve?

• What assumptions did we make about our numbers?

• What is the importance of having larger numbers of people making 

these changes?

• When you look back at the data, at what scale do you think the biggest 

impact can be made, and why?

navigation

24.  Complete an Exit Ticket:

• What other solutions could we consider that will reduce carbon on a 

larger scale?

Scientists Circle

With a partner

Scientists Circle

On your own
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lesson 15: how can large-scale solutions work to 
reduce carbon in the atmosphere?

define criteria for analyzing solutions.

1.  Share with the class possible large-scale solutions for reducing carbon 

dioxide in the atmosphere. 

 

2.  Discuss with a partner what our solutions would need to do to be 

successful and what the main goal of the carbon imbalance solutions 

would be.

3.  Share what criteria you propose for analyzing our large-scale solutions.

4.  Share what kinds of data would be needed for us to determine if a solution 

would reduce the amount of carbon dioxide released into the atmosphere.

gather initial data on solutions.

5.  With your class, choose 12 solutions out of 16 that you would like to 

investigate. 

 

6.  Read through your solutions and share with your group what you read.

7.  With your group, determine which three solutions best fit the class criteria 

for solving the problem.

initial Solution Proposals

8.  With your group, revisit the discussion you had with your group at the end 

of the previous class:

• Remind yourselves about the solutions you analyzed and your top 

three suggestions.

• Be ready to share with the class your reasoning behind the top three 

suggestions.

9.  Share the top solutions that your group agreed would best meet our 

criteria of reducing the amount of carbon dioxide in the atmosphere.

10.  As groups are sharing, listen carefully so that you can connect your 

thinking.

Scientists Circle

With a partner

With your class

With your class

With your group

With your group

With your class
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11.  Work with your class to record a list of proposed solutions and why you 

think they will work.

identifying the Constraints

12.  Work with your class to set up the Carbon Reduction Solution Matrix.

13.  Write down the problem you are trying to solve. Look back at the class’s 

Defining the Problem chart you completed in the previous class period.

14.  Write down the criteria your class agreed upon.

15.  Look at your Proposed Solutions chart. Record the solutions that your class 

wants to evaluate.

16.  Brainstorm constraints, or limitations, that you think there would be to 

doing these different solutions. 

17.  Discuss with your class which constraints you want to use.

18.  Record the constraints on your Carbon Reduction Solution Matrix. 

Reanalyze solutions with new constraints.

19.  When you evaluate the solutions against the criteria and constraints, use 

dots, or circles, to show how well it meets the criteria and constraints. Use a 

scale of 1 to 5 dots.

• 1 dot or circle means it doesn’t meet it well.

• 5 dots or circles means it meets it very well.

20.  You will work with a new group to revisit the solution you evaluated in 

our last class. With this new group, you will fill in the matrix for the three 

solutions you evaluated. The groups are as follows:

• Group A - everyone who evaluated solutions #1-3

• Group B - everyone who evaluated solutions #4-6

• Group C - everyone who evaluated solutions #7-9

• Group D - everyone who evaluated solutions #10-12

21.  Evaluate the solutions with the criteria and constraints.

22.  Keep your Carbon Reduction Solution Matrix handout and the Carbon 

Solution Cards in a safe place, like your science notebook, for the next  

class period.

With your class

With your group

With your class

With your class

With your group
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Consensus discussion to Categorize Solutions

23.  Return to your original group.

24.  Each person in your group should share

• which solutions they evaluated,

• the rating for this solution as to how well it meets the criteria and 

constraints, and

• the reason your jigsaw group rated each solution the way you did.

25.  Work with your class to decide: How realistic are the different solutions for 

us to implement?

26.  Categorize solutions into one of three decisions:

likely solutions not sure not good solutions

update Progress trackers.

27.  Turn to the Progress Tracker section in your notebook:

• draw a line before your last entry;

• write down what question we were trying to figure out;

• record what you’ve figured out and how you learned it.

examine the impact of solutions on earth’s systems.

28.  Look at the Earth’s Systems Model that we developed in Lesson 11 and 

decide where our “likely solutions” would have an impact.

29.  Discuss who would be responsible for implementing our “likely solutions.”

With your group

Scientists Circle

In your notebook

With your class
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lesson 16: how are these solutions working in  
our communities?

What are we wondering about?

1.  Think, then share: What were we wondering about last time? 

 

Community Resilience

2.  What does the word “resilience” mean?

• For individuals?

• For a community?

obtaining and evaluating Community Resilience Plans

3.  Before your group reads through the text, consider the following:

• What information do we hope to gain from reading it?

• What will it help us figure out?

4.  Use a close reading protocol and your handout, Evaluating Community 

Solutions:

• Read once for understanding to see what the reading is about.

• Read a second time to highlight a few key ideas that help answer the 

questions you had.

• Summarize the key idea(s) in your own words, in diagrams, or both.

• Jot down new questions that this raises for you.

Come to agreement: how do these solutions work?

5.  Across each community resilience plan, add solutions to the Carbon System 

Model to show how they work and who is doing them.

• Add solutions with sticky notes.

• If the solution is already represented, add a + sign to the sticky note.

With your class

With your class

With your group

With your class
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does our community have a plan?

6.  Consider your own community:

• Does your community have a similar plan? Could you evaluate it?

• or, using the ideas you have learned, could you develop a plan for your 

community?

Home learning

LESSoN 16 |  hoW aRe theSe SolutionS WoRKing in ouR CommunitieS?
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lesson 17: What solutions work best for our school or 
community?

navigation

1.  Last time, we wondered about our own community. Why would it be 

important for our community to have a plan?

2.  Should we make a community plan or school plan?

• What could be easier or more difficult about each option?

• What do we want to do?

develop a Criteria Checklist for what the plan needs to do.

3.  Think back to the resilience plans you’ve seen.

• What did you notice about the plans we’ve already seen?

• How do you think those places decided what to include in their plans?

• Who was the audience, and what did the authors try to communicate 

to the audience?

4.  Based on what you saw in the examples, what do you think needs to be in 

a community resilience plan to make it effective? 

 

5.  Work with your class to develop a Criteria Checklist. This checklist will 

include:

• What an effective community resilience plan does (criteria)

• What your plan should include to meet the criteria (checklist)

What an effective plan does 
(criteria)

What our plan should include 
(checklist)

6.  In thinking about solutions consider the following questions:

• What were the different kinds of solutions we saw in the example 

resilience plans?

• What solutions make sense for our community given the changes we 

are experiencing?

With your class

With your class

Turn and talk

With your class
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• What can we do for long-term carbon rebalancing? What can we do for 

changes happening right now?

• Can everyone participate in these solutions? Who can and who can’t?

Come to consensus on changes in your community.

7.  Brainstorm with a partner:

• What changes in our community have we already established?

• What evidence did we have to support that these changes are 

occurring?

8.  The Climate Explorer is a new tool that shows projections of temperature 

and precipitation based on trends in the past.

9.  Set up your science notebooks to make new noticings of projections from 

this tool.

10.  Make observations from the Climate Explorer together as a whole class. 

Record observations in your science notebook.

11.  Share your observations from the Climate Explorer with the class.

• What did you notice in projections about temperature?

• What did you notice in projections about precipitation?

• What, if anything, should we change or add to the first part of our 

criteria checklist?

12.  In the next class, we’ll think about how these problems affect people in our 

community.

• Who do you think could be affected the most?

• Who is most vulnerable to these changes?

navigation

13.  obtain a copy of Community Resilience Plan: Project Planning Sheet.

14.  Think about: What has our class concluded about the future changes to 

temperature and precipitation our community is facing or will face? What 

evidence do we have now to support this?

15.  Record your thinking in Part 1 of your handout.

Turn and talk

In your notebook

Scientists Circle

Turn and talk

On your own
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think about community members.

16.  Discuss with your class:

• Who in our community may be more directly impacted?

• Who may be more vulnerable to the problems?

develop your community resilience plan.

17.  We’ve already investigated a lot of solutions for carbon. We saw that 

communities were including these solutions in their plans, but they were 

also including other solutions to prepare or adapt to change. What were 

some of the solutions we’ve seen?

18.  observe the new Water Solution Cards. Ask your teacher if you have 

questions about them.

19.  Review the class Criteria Checklist. This is what your plan needs to do.

20.  Discuss and write up your plan. Each group member records a plan.

• Part 1: Review and make any edits.

• Part 2: Review the Community Member chart. Agree on the 

stakeholders you want to target and their concerns.

• Part 3: Look through your science notebook and class models. Agree on 

the most important science ideas and evidence to communicate.

• Part 4: Agree on 2-3 Carbon Solutions and 2-3 Water Solutions to 

include. Make a short, but convincing, argument for why each solution 

will work for your community and the stakeholders you identified in 

Part 2.

21.  Choose a Project option and share your choice with the teacher.

interview community members.

Gather more information:

22.  Share your mix of solutions with a family member, neighbor, or someone 

from your community.

23.  Ask them what questions they would have if the community wanted to do 

these things.

24.  Record the questions. Bring them back to your group.

With your class

With your class

With your group

Home learning
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exit ticket: Self-assessment

I need a lot of help I feel totally  

independent

25.  Using the scale shown above, how are you feeling right now about  

your plan?

26.  Briefly explain what makes you feel that way and what extra help you  

could use.

evaluate each other’s plans by asking questions.

27.  Evaluate another person’s plan in two ways:

• Take the stance of a community member who is skeptical of the need 

for a plan or the solutions being proposed. Ask questions to challenge 

the plan.

• Take the position of a thought partner to offer suggestions to help the 

plan better meet the class’s agreed upon Criteria Checklist.

make your final product.

28.  Work with your group to develop your resilience plan using the format you 

selected.

29.  Take advantage of the different expertise each member in your group 

brings.

goal: Make your final product

use feedback to make improvements:

Think about the questions your classmates and teacher asked. Adjust 

your plan to answer these questions.

30.  Review the class Criteria Checklist.

• Where does your plan meet the criteria?

31.  Review the teacher and peer feedback.

• Did you make adjustments to your plan using the feedback? Where  

and how?

On your own

On your own

With your group
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Communicating our Plans

32.  What next steps should we take to share our plans with others?

• Who do we want to see our plans?

• How can we make sure they see them?

• Do we want them to give us feedback to improve them even more?

Share learning on an individual assessment.

Your community is debating which solution to invest in. They are requesting suggestions from 

community members.

33.  To make a convincing suggestion you need to:

• explain the most pressing change, or problem, that needs to be  

solved, and,

• argue for the solution you are recommending is the best option.

navigation

34.  Take a look at the DQB. What progress do you feel you’ve made in 

answering the very first question you asked?

35.  Come prepared to share as we reflect on the DQB next class.

With your class

On your own

On your own
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lesson 18: What can we explain now, and what 
questions do we still have?

evaluate our dQB questions.

1.  Turn and talk with a partner. Discuss which questions you think we’ve 

answered on our DQB. Mark any questions you think the class has 

answered on Reviewing Our Driving Question Board with the following 

symbols:

• We did not answer this question or any parts of it yet: o or ?

• our class answered some parts of this question, or I think I could 

answer some parts of this question: ✓

• our class answered this question, or using the ideas we have 

developed, I could now answer this question: ✓✓

2.  Pick three questions and write an answer to them on your handout.

3.  Take your handout and 10 sticky dots over to the DQB.

4.  Place your sticky dots on the sticky notes that match questions you think 

we’ve made progress on.

5.  once you have placed your 10 dots, move to the Scientists Circle.

6.  As you are waiting for others to place their sticky dots:

• Finish writing answers to the three questions you chose.

• Notice and wonder about which questions have the most sticky dots.

Revisit our driving Question Board.

7.  As a class, discuss the answers to the questions that have the most 

sticky dots.

• Which questions have we made the most progress on?

• What have we figured out?

• What can we say now about the big question on our DQB: How do 

changes in Earth’s system impact our communities and what can we do 

about it?

With a partner

On your own

Scientists Circle
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add to your Progress tracker.

During your time revisiting the DQB, new ideas that you want to include on your Progress 

Tracker may have surfaced. Add an entry to your Progress Tracker that either reflects upon our 

big unit question or another question that came up for you when we evaluated the DQB.

8.  Write the big question we’ve been working on in the left column: How 

do changes in Earth’s system impact our communities and what can we do 

about it?

9.  What have you figured out about this question?

Celebrate our science learning.

10.  on a piece of scrap paper, write a tweet with your own hashtags. The tweet 

may share:

• a big idea you learned in this unit or school year that will always be  

with you,

• a challenge you faced in this unit or school year that you overcame, or

• a rewarding thing about this unit or school year that you want to share.

11.  Crumple up the paper into a “snowball.”

12.  When everyone is ready, toss the snowball in the air.

13.  Pick up a new snowball and be prepared to share.

Build a new dQB of unanswered or new questions.

14.  Think about: What questions did we pose this year that we didn’t answer, but 

we want to carry forward into future science learning?

15.  Write 1-2 new questions. Write questions that went unanswered in previous 

units and/or new questions that came up for you about phenomena you 

have observed in the world and want to explain.

16.  Post your questions to a new DQB.

17.  Cluster the questions by unit or phenomena.

18.  Brainstorm how you can go about answering your questions on your own 

or in a future science class.

On your own

Scientists Circle

Scientists Circle
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about the data

The following data may appear with your case site. This reference provides you with information 

about the data, including who collects it, how it is collected and organized, and what it is used 

for. Most of the data is gathered from the National oceanic and Atmospheric Administration 

(NoAA), a government agency that uses land-based weather stations to gather and track 

weather and climate data across the United States.

total annual Precipitation (all sites)

This is a measurement that adds together all 

precipitation for each day during a year. Data is 

collected by rain gauges or other tools used to collect 

precipitation. These instruments are located at weather 

stations all over the US. Frozen precipitation, like 

snow, is converted to “snow water equivalent,” which 

is how much liquid water is in the snow. For example, 

30 inches of light, fluffy snow might only be 2-4 inches 

of water.

average annual temperature (all sites)

Temperature data come from weather stations placed all over the US. Sensors collect the 

highest and lowest temperature of the day at each station for the entire month. Those data 

are then used to calculate the station’s monthly averages, and then all monthly averages are 

averaged again to create the Average Annual Temperature for a site.

A land-based weather station.  

Source: NoAA
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Palmer drought Severity index (all sites)

The Palmer Drought Severity Index (PDSI) is a 

combination of temperature and precipitation data to 

estimate relative dryness in a place. It also includes the 

available water content in the soil. It is a standardized 

index that spans from a score of -10 (very dry) to +10 

(very wet). Most places stay within -4 to +4, but some 

places will show more extreme dryness or wetness. one 

drawback to the PDSI score is that it does not account for 

water that comes from melting snow or ice.

groundwater Supply estimate (Porterville only)

Groundwater supplies can change during the years and 

also over the years, so close monitoring is important. In 

order to measure the amount of water in the ground, a 

person typically uses a shallow well (a hole dug into the 

ground to reach the water) and places a measuring tape 

into the well to determine the level of the water. Below 

is a cross-section image in which the groundwater is 

located under the surface. Home owners drill wells into 

the ground until they reach the water source, and then 

they pump it to the surface.

NoAA

USGS

Person using a well to measure the distance 

to the groundwater supply.
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Snow Water equivalent (yakima only)

This is a measurement of how much 

liquid water is stored in a snowpack, 

and it is especially helpful for places 

that receive high amounts of snow in 

the winter. As more and more snow 

accumulates throughout the winter, 

it compresses on itself and becomes 

more and more packed together. This 

is how “snowpack” gets its name. As 

air temperatures warm into the spring 

and summer, snowpack slowly melts 

and the water drains off the land into 

creeks, rivers, and lakes. This slowly 

melting snow can sometimes take 

months to completely melt away and 

drain into the water systems.

Palmer drought Severity map (navajo nation only)

The Palmer Drought Severity Index 

(PDSI) can also be made into a map that 

shows which parts of a place have higher 

or lower readings on the index. Darker 

browns indicate places that are receiving 

negative scores on the index, meaning 

they are in drought conditions. Darker 

greens indicate places that are receiving 

positive scores on the index, meaning 

they are in wetter conditions.

The Navajo Nation is a large section of the 

United States Southwest, and different 

parts of the Navajo Nation have different 

PDSI scores. By analyzing the data on 

a map, we can see which parts of the 

Navajo Nation are experiencing drought 

conditions and which parts are not.

NASA Earth observatory images by Lauren Dauphin using 

data from NASA’s Drought Severity Assessment Tool (DSET).

PDSI map of the Navajo Nation. Source: NoAA.



60 eaRth’S ReSouRCeS and human imPaCt

Storm events (vicksburg, Boston, and Windom only)

Storm events are measured in multiple ways, such as by 

collecting rainfall totals, recording water levels on flood 

gauges placed on rivers, or monitoring streamflow rates 

(how much and how fast water is flowing in a stream or 

river).

For these towns, the only storm events included in the 

data set are: Heavy Precipitation (Rain), Heavy Snowfall, 

Flood events, and Flash Flood events. Flood events can 

happen over longer periods of time while flash floods 

are very quick events. For Boston, the data also includes 

coastal floods and storm surges. These occur when water 

from the ocean floods onto the land.

Sea level and tides (Boston only)

Sea level is measured by a set of instruments that is 

mounted to docks or piers. The instruments are able to 

measure the distance between this fixed point and the 

water levels. Tides, sea levels, and ocean currents are 

also measured by buoy systems anchored offshore.

As tides come in and out, the instruments provide 

accurate readings of the rising and falling tides. But 

they also record long-term data for the constant levels 

of water at the point. When this data is combined over 

time, it allows scientists to monitor rising ocean water.

NoAA

Instruments that measure sea levels and 

tides. Source: NoAA.

USGS hydrologic technicians Alec 

MacDonald and Rogelio Hernandez 

measure floodwaters caused by Hurricane 

Harvey. Photo by Cassi Crow, USGS.
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Changes to Snowpack

Snowpack

This data measures trends in mountain snowpack in the western United States.

Background

Claim: With warmer temperatures, more precipitation will fall as rain rather than snow in most 

areas. This will cause there to be less snowpack. Higher temperatures in the spring can cause 

snow to melt earlier, too.

Temperature and precipitation affect snowpack. Snowpack is the amount or thickness of 

snow that builds up on the ground. Mountain snowpack plays a key role in the water cycle in 

western North America. It stores water in the winter when the snow falls and melts in spring 

and summer. Millions of people in the West depend on the melting of mountain snowpack for 

power, farming, and drinking water.

about the data

Scientists have measured snowpack since the early 

1900s. A long time ago, scientists measured snow by 

hand. Since 1980, measurements at some locations 

have been collected with automated instruments. 

This data is from about 700 sites in the western 

United States.

Sources:

Reading adapted from Environmental Protection 

Agency Climate Change Indicators: https://www.epa.

gov/climate-indicators/climate-change-indicators-

snowpack

This information is provided by scientists and 

researchers at the Environmental Protection Agency 

and the U.S. Department of Agriculture. Both are 

United States government departments.
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Data source: USDA Natural Resources Conservation Service
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Changes to groundwater

groundwater

This data describes how much water is stored under the surface.

Background

Claim: Changes in air temperature do not directly affect groundwater. Warmer air temperatures 

can cause less precipitation so that groundwater does not refill as quickly as it’s pumped.

Groundwater is the water that exists under the ground. Water can seep deep underground. 

Gravity pulls the water down through sand, soil, and rock, and the water fills the spaces 

between solid particles. The water eventually reaches a layer of rock where it cannot seep any 

farther. When there is precipitation, the water will slowly seep into the ground and refill the 

groundwater. An aquifer is another word we use to talk about groundwater. Some aquifers 

are named, such as the High Plains Aquifer (shown on the map). The High Plains Aquifer is also 

known as the ogallala Aquifer, and is the largest in the United States.

People get groundwater by drilling wells and pumping the water to the surface. Groundwater 

is an important backup water source when precipitation is lower than normal or when there is 

not a water supply at the surface. When there is not enough water at the surface, people pump 

groundwater to meet their needs. Farmers depend a lot on groundwater when precipitation is 

not enough or not happening at the right time for their crops.

about the data

This data shows trends in the areas where there 

is more groundwater than normal (green) and 

less groundwater than normal (brown). This 

data is measured by satellites and by measuring 

water pumped in different locations (noted 

with little dots). Red dots mean more water is 

being pumped and yellow means water is being 

pumped, but only a little.

Sources:

This data is provided by scientists and 

researchers at the U.S. Geological Survey and 

NASA. Both are United States government 

departments.

Erin Murray, Idaho Water Science Center. Public domain.
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Climate.gov
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Changes to glaciers and land ice

glaciers

This data describes how glaciers around the world have changed over time.

Background

Claim: Warmer temperatures cause glaciers and ice 

sheets to lose more water to melting than is added 

from new snow.

A glacier is a large mass of snow and ice that has built 

up over many years. In the United States, glaciers can 

be found in the Rocky Mountains, the Sierra Nevadas, 

the Cascades, and throughout Alaska. A glacier flows 

like a river, only much more slowly. In the mountains, 

glaciers get new snow added to them, which slowly 

turns into ice. A glacier loses ice because the ice melts 

and breaks off. When the melting and breaking off 

of ice is balanced by new snow added, the amount 

of water in the glacier stays about the same. When 

a glacier melts, it adds water to the oceans. When a 

lot of ice melts, this can cause sea levels to rise. The 

same kinds of changes occur on a much larger scale 

with the giant ice sheets that cover Greenland and 

Antarctica.

In many areas, glaciers provide communities with a 

source of drinking water as ice melts and flows into 

streams and then lakes.

about the data

This data is from long-term data collected at glaciers 

around the world. Scientists collect measurements 

to determine how much ice is in a glacier. A negative 

amount means that a glacier has lost ice. A positive amount means the glacier has gained ice. 

(Post, 1958; Nolan, 2003). The graph shows 40 glaciers around the world. These glaciers have 

been measured consistently since the 1970s. Some have been measured since the 1940s. Data 

from these glaciers have been averaged together to show changes over time.
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Sources:

Reading adapted from Environmental Protection Agency Climate Change Indicators: https://

www.epa.gov/climate-indicators/climate-change-indicators-glaciers

This information is provided by scientists and researchers at the Environmental Protection 

Agency and the U.S. Geological Survey. Both are United States government departments. 

Worldwide data is gathered by World Glacier Monitoring Service, a group of scientists from 

countries around the world.
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Changes to Sea level

Sea level

This data describes how sea level has changed over time.

Background

Claim: As the temperature changes, so 

does sea level. With warmer temperatures, 

ice on land melts and adds water to the 

ocean.

Changing sea levels can affect people who 

live near the coast. Rising sea level comes 

into low wetlands and dry land, erodes 

shorelines, and causes flooding. Higher sea 

level also makes homes and buildings more 

vulnerable to damage from storms.

about the data

This data shows trends in sea level based on measurements from tide gauges and satellites that 

orbit Earth. Tide gauges measure sea level at points along the coast. Satellites measure overall 

sea level over most of the ocean surface. Tide gauges have collected data for more than 100 

years. Satellites have collected data since the early 1990s. The graph below shows the overall 

change in sea level.

Sources:

Reading adapted from Environmental Protection Agency Climate Change Indicators: https://

www.epa.gov/cli mate-indicators/climate-change-indicators-sea-level

This information is provided by scientists and researchers at the Environmental Protection 

Agency and the National oceanic and Atmospheric Administration. Both are United States 

government departments.

USFWS
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US EPA using data sources CSIRo (2017) and NoAA (2021) non-commercial use only
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Changes to Streamflow

Streamflow

This data describes trends in the amount and timing of water carried by streams.

Background

Claim: Warmer temperatures can cause snow 

to melt faster and earlier in the year. Warmer 

temperatures cause some places to get more 

precipitation and other places to get less 

precipitation.

Streamflow measures the water in rivers and 

streams. Streams are an important resource 

for people and the environment. Changes in 

streamflow can affect drinking water and the 

water for watering crops, making electricity, and 

other needs. Many plants and animals depend 

on streamflow, too.

Streamflow naturally changes over the course 

of a year. Rivers and streams have their highest 

flow when snow melts in the spring and their lowest flow in late summer. Very high flows can 

cause damaging floods. Low flows can harm living things and mean less water for people to use. 

The timing of high flow is important because it affects how people store water in lakes to meet 

needs later in the year.

about the data

Scientists use devices called stream gauges to measure streamflow. Stream gauges measure the 

water all of the time. This data is from 192 stream gauges on streams and rivers that do not have 

a lot of changes made to the streams and rivers by people, like dams or canals.

• The first map shows changes in the average amount of streamflow across the year.

• The second map shows trends in the timing of winter and spring runoff.

Sources:

Reading adapted from Environmental Protection Agency Climate Change Indicators: https://

www.epa.gov/cli mate-indicators/climate-change-indicators-streamflow

This information is provided by scientists and researchers at the Environmental Protection 

Agency and the U.S. Geological Survey. Both are United States government departments.

ChangeS to StReamfloW

U.S. Geological Survey
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US EPA using US Geological Survey data source non-commercial use only

US EPA using US Geological Survey data source non-commercial use only
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Peer feedback guidelines 
giving feedback to Peers
This tool was inspired by the Sticky Note Feedback resource originally developed by Ambitious 

Science Teaching at https://ambitiousscienceteaching.org/sticky-note-student-feedback/.

feedback needs to be specific and actionable.

That means it needs to be related to science ideas and have your own suggestions for 

improvement.

Examples of productive feedback:

• “Your explanation said that the precipitation is getting heavier for this community. I think 

you should add details about what data supports that finding.”

• “Your explanation said that the community doesn’t have water to pump from the ground 

anymore. I think you should add details about what is causing them to have less water than 

before.”

• “Your explanation said that the flooding is not getting worse. I disagree with your 

explanation because I noticed that in the last five years, this place has had more floods and 

more rain than in years before.”

Examples of unproductive feedback that do not help other students improve:

• “I like your explanation.”

• “I agree with everything you said.”

how to give feedback

Your feedback should give ideas for specific changes or additions the person or group can make. 

Use the sentence starters below if you need help writing feedback.

• I like how you ___________. It would be more complete if you added ___________.

• I see you’re thinking about ___________. Do you think you should add ___________?

• The explanation said that ___________. I disagree because ___________. I think you 

should change ___________.

• I agree that ______________________. I think you should add more evidence from the 

______________________ investigation.

• I agree/disagree with your explanation that ___________. However, I do not think the 

___________ (evidence) you used matches your explanation.
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Receiving feedback from Peers
The purpose of feedback is to get ideas from your peers about things you might improve or 

change to make your work more clear, more accurate, or better supported by evidence that you 

have collected. It can also help you to communicate your ideas more effectively to others.

When you receive feedback, you should take these steps:

• Read the feedback carefully. Ask someone else to help you understand it, if necessary.

• Decide if you agree or disagree with the feedback and reflect on why you agree or disagree.

• Revise your work to address the feedback.
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What Causes Wildfires?

Wildfires can have a variety of causes, such as fires started 

by humans and lightning strikes. In Alaska, the majority of 

the fires are started by humans and tend to occur closer 

to communities, where the fires are put out more quickly. 

However, lightning strikes have also been occurring more 

frequently than in previous years. Lightning strikes can 

happen in many places, including areas that are further from 

communities. Because of this, fires started by lightning strikes 

normally burn many more acres. Wildfires start when “fuel” on 

the ground (dead wood, shrubs, grasses) is ignited, and the fire 

spreads from that location. Conditions like drier vegetation and 

higher temperatures aid wildfires in spreading. The drier 

and warmer the land, the easier it is for wildfires to spread.

Surprisingly, wildfires in Alaska are not uncommon. Each 

year an average of 550 wildfires occur. Wildfires happen 

every year during their wildfire season, which generally 

goes from April 1st to August 31st. Not all wildfires are bad, 

and some help to return nutrients to the soil and spur new 

plant growth.

However, in the past few decades, the wildfire season has 

lengthened, with fires burning before and after the normal 

fire season dates.

And while Alaska is used to major fires (a million acres 

or more) occurring in some years, these large fires are 

happening more frequently now. These larger, more 

frequent, and more intense fires are posing a challenge to 

the firefighters and to the land that many people rely on 

for their way of life.

Consider these questions with your group:

What could be contributing to larger and more frequent 

wildfires?

How could lightning be increasing in a region known for its arctic climate?

Credit: Rachel Loehman, USGS. Public 

domain.

AICC/Alaska Fire Service

Data source: Alaska Interagency  

Coordination Center
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transcript: alaskan Whaler interview

the transcript below comes from the Alaskan Whaler Interview.

00:02 Narrator: Whales have always been a crucial food source in this harsh and isolated 

environment and even today food that’s shipped into grocery stores can be wildly expensive 

so the ability to hunt really matters here that’s why indigenous communities in Utqiaġvik and 

across the arctic fought hard for the right to keep their subsistence whale hunt when most 

commercial whaling was banned a few decades ago.

00:24 Gordon says they use every part of the whale and they share the food throughout the 

community to be part of a crew providing this food was and is a major source of pride.

00:34 Gordon Brower: The whale brings on a festival of its own. And everybody gets new 

garments and clothing and, and sometimes people get married and other things happen. And 

it feels good because a whale means so much. Because there’s the widows, there’s the ill, there’s 

the children, there’s the ability to make food manageable for a large community. It makes me 

feel good that I’m doing a service for my community.

1:09 Narrator: The whales hunted here are mostly bowheads, which can grow up to 60 feet long 

and weigh 100 tons. Gordon learned how to hunt whales as a child and he says a big part of that 

education involved learning about sea ice.

1:24 Gordon Brower: our camps were sometimes 15 miles out offshore. We would live offshore 

for up to a month trying to harvest these marine mammals.

1:34 Narrator: They’d bring food and shelter but they didn’t need to bring fresh water because 

they could get that from the ice itself. As sea ice gets older, it squeezes the salt out. So if you 

have ice that’s five or ten years old you can melt it and drink it.

1:48 Gordon Brower: You don’t see that anymore, and now you gotta bring your own water from 

shore to your camp offshore, because you’re not seeing these glaciated type ice that develop 

over long periods of time that are salt free.

2:03 In the 70s you had multi-year ice all the way up to maybe 1980s. And to me that’s a vivid 

memory because that’s when I was very active as a young person. Then from the 80s to the 90s 

another era of change in the ice, and then from the 90s to today a much more accelerated pace.
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alaska graphs

Number of Fires Per Year Graph

AICC/Alaska Fire Service

Acres Burned Graph

Data source: Alaska Interagency Coordination Center
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Precipitation Data Graph

NoAA/National Centers for Environmental Information

Average Annual Temperature Graph

NoAA/National Centers for Environmental Information
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Sea Ice Age and Amount Graph

Data Source: Walter Meier National Snow and Ice Data Center

May-July 2019 Precipitation Map

NoAA/National Centers for Environmental Information
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tips for using tuva
Tuva is a graphing and data analysis platform. You may have used Tuva in other units. It is a way 

to create, analyze, and annotate your own graphs.

how to look at fuel Consumption over time

For this lesson you, if you are using Tuva, you will want to look at different information over time. 

To make a graph to show data over time, you will want to put “time” on the x-axis.

instructions image from tuva

1. If you are starting from 

a blank graph, take a 

moment to notice the 

different functions.

2. You will want to make a 

line graph for this activity. 

From the top menu bar, 

click on “Line” and then 

choose “Line Graph by 

Category.”
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instructions image from tuva

3. Now you will move 

the data the appropriate 

axis. To make a graph to 

show data over time, you 

will want to put “Year” 

on the x-axis. You’ll move 

“Consumption” to the 

numerical axis on the left 

side (the y-axis). Finally, tell 

the system to code all the 

data by “Source” using the 

space on the right-most 

section of the graph titled 

“color by attribute here.”

4. Now you have a 

line graph with data 

showing how much fuel 

is consumed per year and 

per source of fuel.

how to look at Population growth and Co
2
 emissions over time

For this lesson you, if you are using Tuva, you will want to look at different information over time. 

To make a graph to show data over time, you will want to put “time” on the x-axis.

instructions image from tuva

1. If you are starting from 

a blank graph, take a 

moment to notice the 

different functions.
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instructions image from tuva

2. You will want to make a 

dot graph for this activity. 

By default, it should be on 

“Dot” in the top menu. You 

will also need to click on 

the Settings “wheel” in the 

top menu and turn on the 

“Dual Axis.” Then click the 

X in the settings menu to 

close it out.

3. Now you will move 

the data the appropriate 

axis. To make a graph 

to show data over time, 

you will want to put 

“Year” on the x-axis. You’ll 

move “Population” to the 

numerical axis on the left 

side (the y-axis).

4. A second axis will 

appear on the right side of 

the graph. Move “Annual 

Co
2
 Emissions” to the 

second axis.

5. optional: Tell the system 

to code all the data by 

different types of fossil 

fuels. Use the space on 

the right-most section of 

the graph titled “color by 

attribute here.”
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Project options

Different presentation options for your climate resilience plan are below. This list is meant to help you think of ways to present 

your information, and you also may think of a way that is NoT on this list. Check with your teacher if you would like to explore 

a project option that is not listed below. If you choose a digital option, make sure that you can access at least 1 digital resource 

on your device that can help you assemble your project.

Project options Project details materials for a paper-
based project

materials and apps 
for a digital project

Poster Create a poster to be 

displayed in a public place in 

your school or community.

chart paper, poster board, or 

regular copy paper

pencils

colored pencils or markers

make drawings or print/

cutout photographs

Computer

Apps to consider:

• Google Slides

• Google Docs

• Google Draw

• Microsoft Word

• Microsoft oneNote

• Microsoft Powerpoint

• Keynote

• Notability

• Piktochart

• Adobe Spark or other 

Adobe software

• Animaker

For a Website: Google 

Sites

For a Commercial, 

Newscast, Podcast:

• phone or computer to 

record video or audio

• editing software 

(optional)

• additional apps: 

iMovie, Flipgrid, Clips, 

GarageBand, Anchor, 

Quicktime

There may also be free 

templates and printables 

you can edit, download, 

and use from the web.

infographic or brochure Create an infographic or 

brochure to be passed out 

or shared with others.

School or community 
newspaper article

Write a newspaper article 

about the carbon solution 

and why it is needed.

Website Create an informative 

website for people to get 

more information.

Community resilience app Design an app to educate 

and prepare others with 

your plan.

Series of tweets Craft a series of informative 

tweets others would read to 

learn more about the plan.

Presentation to a target 
audience

Prepare a presentation with 

talking points and graphics 

for a group at your school, 

the school board, or a 

community group.

Commercial or newscast Film a commercial to air 

during a popular TV show or 

a newscast.

No paper option available

Podcast Record an informative 

podcast.
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Water Solution Cards Sources
The table below shows the sources used to compile information for the Water Solution Cards.

Card Source(s)

Water Solution #1 - 

Stormwater Parks

Puget Sound Regional Council (2021). Stormwater parks 

for water quality and human health central puget sound 

stormwater parks - summary of interviews. Retrieved from: 

https://www.psrc.org/sites/default/files/stormwater-parks-

interviews-summary.pdf

Water Solution #2 -  

Rain Gardens

United States Environmental Protection Agency (2021). Soak up 

the rain: rain gardens. Retrieved from: https://www.epa.gov/

soakuptherain/soak-rain-rain-gardens

Water Solution #3 - 

Rainwater Harvesting

office of Energy Efficiency and Renewable Energy (2021). Water-

efficient technology opportunity: rainwater harvesting systems. 

Retrieved from: https://www.energy.gov/eere/femp/water-

efficient-technology-opportunity-rainwater-harvesting-systems

Water Solution #4 -  

Green Roofs

United States Environmental Protection Agency (2018). 

Estimating the environmental effects of green roofs a case 

study in Kansas City, Missouri. Retrieved from: https://www.

epa.gov/sites/default/files/2018-09/documents/greenroofs_

casestudy_kansascity.pdf

Water Solution #5 -  

Tree Canopy

Center for Watershed Protection (2015). Urban tree canopy. 

Retrieved from: https://www.cwp.org/urban-tree-canopy/

United States Environmental Protection Agency (2021). 

What is green infrastructure? Retrieved from: https://

www.epa.gov/green-infrastructure/what-green-

infrastructure#Urbantreecanopy

Water Solution #6 -  

Reduce our Everyday 

Water Use

Chesapeake Bay Program (2021). Water conservation strategies. 

Retrieved from: https://www.baybackpack.com/action-projects/

school-water-conservation-strategies/water-conservation-

strategies

Water Solution #7 -  

Coastal Wetlands

National Park Service (Accessed 2021). Restoring wetlands. 

Retrieved from: https://www.nps.gov/subjects/wetlands/

restoring-wetlands.htm
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Card Source(s)

Water Solution #8 -  

Native Plants

United States Department of Agriculture, US Forest Service 

(Accessed 2021) Native gardening. Retrieved from: https://

www.fs.fed.us/wildflowers/Native_Plant_Materials/Native_

Gardening/index.shtml

Water Solution #9 -  

Cool Roofs

US Department of Energy (Accessed 2021). Cool roofs. Retrieved 

from: https://www.energy.gov/energysaver/cool-roofs

Water Solution #10 - 

Drought Resistant Crops

Esther Ngumbi, Inter Press Service News Agency (2019). 

Becoming drought resilient: why African farmers must consider 

drought tolerant crops. Retrieved from: http://www.ipsnews.

net/2019/03/becoming-drought-resilient-why-african-farmers-

must-consider-drought-tolerant-crops/?utm_source=rss&utm_

medium=rss&utm_campaign=becoming-drought-resilient-

why-african-farmers-must-consider-drought-tolerant-crops

Good, Keith. University of Illinois (2019). Drought-tolerant corn 

in the U.S., new report from USDA’s Economic Research Service. 

Retrieved from: https://farmpolicynews.illinois.edu/2019/01/

drought-tolerant-corn-in-the-u-s-new-report-from-usdas-

economic-research-service/

Held, Elizabeth. Food Insight (2016). Biotech benefits: drought- 

and salinity-resistant crops. Retrieved from: https://foodinsight.

org/biotech-benefits-drought-and-salinity-resistant-crops/

Water Solution #11 -  

Prairie Strips

Iowa State University (2021). USDA Farm Service Agency 

supports evaluation of prairie strips. Retrieved from: https://

www.nrem.iastate.edu/resear ch/STRIPS/usda-farm-service-

agency-supports-evaluation-prairie-strips

United States Department of Agriculture Farm Service Agency 

Conservation Reserve Program (2019). Clean Lakes, Estuaries 

and Rivers (CLEAR) initiative prairie strip practice (CP-43). 

Retrieved from https://www.nrem.iastate.edu/research/STRIPS/

usda-farm-service-agency-supports-evaluati on-prairie-strips

United States Department of Agriculture - Natural Resources 

Conservation Service Iowa (Accessed 2021). Iowa farmer 

tests new conservation practice. Retrieved from: https://

www.nrcs.usda.gov/wps/portal/nrcs/ia/newsroom/features/

STELPRDB1143858/
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Card Source(s)

Water Solution #12 -  

Cover Cropping

U.S. Department of Agriculture Northeast Climate Hub 

(Accessed 2021). Cover cropping to improve climate resilience. 

Retrieved from: https://www.climatehubs.usda.gov/sites/

default/files/CoverCropsFactsheet_Feb2019_web508.pdf

Water Solution #13 -  

Water Banking

Colorado River District (2021). Water banking option. Retrieved 

from: https://www.coloradoriverdistrict.org/water-banking/

Gies, Erica. Yale Environment 360 (2015). Water in the bank: one 

solution for drought-stricken California. Retrieved from: https://

e360.yale.edu/features/water_in_the_bank_one_solution_for_

drought-stricken_california

Horton, Michelle. Stanford Water in the West (2021). Using 

floodwaters to weather droughts. Retrieved from: https://

waterinthewest.stanford.edu/news-events/news-insights/using-

floodwaters-weather-droughts

Water Solution #14 - 

Improved Stormwater 

Systems

Chicago Metropolitan Agency for Planning (Accessed 2021). 

Stormwater and flooding. Retrieved from: https://www.cmap.

illinois.gov/programs/water/stormwater

Metropolitan Planning Council (2021). Steady streams 

establishing dedicated funding for stormwater 

management. Retrieved from: https://www. 

metroplanning.org/steadystreams/default.aspx?utm_

source=%2Fsteadystreams&amp%3Bamp%3Bamp%3Butm_

medium=web&amp%3Bamp%3 Bamp%3Butm_

campaign=redirect

Water Solution #15 -  

Dirty Cars

Seaman, Greg. Earth Easy (2012). The 5 best ways to save water 

during a drought. Retrieved from: https://learn.eartheasy.com/

articles/the-5-best-ways-to-save-water-during-a-drought/
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Reading: Changes to groundwater
The water cycle describes how water moves above, on, and through the Earth. But, in fact, much 

more water is “in storage” at any one time than is actually moving through the cycle. By storage, 

we mean water that is locked up in its present state for a relatively long period of time. Short-

term storage might be days or weeks for water in a lake, but it could be thousands of years for 

deep groundwater storage or even longer for water stored in an ice cap or glacier. In the grand 

scheme of things, this water is still part of the water cycle.

Groundwater is a very important source of freshwater for human communities. Groundwater 

contains over 1,000 times more freshwater than rivers and lakes combined.

Changes to groundwater

In simplest terms groundwater is what its name implies: water in the ground that fully saturates 

pores or cracks in soils and rocks. Water underlies the Earth’s surface almost everywhere – 

beneath oceans, hills, valleys, mountains, lakes, and deserts. It is not always easy to get to or 

clean enough for use without treatment, but it exists essentially everywhere if you dig deep 

enough. Groundwater may occur close to the surface or it may lie many hundreds of feet below. 

And not all groundwater is the same age. Water at very shallow depths could be just a few hours 

old, whereas water at great depth may have been there for several thousands years.

The map shows a satellite-based estimate of the change in the amount of water stored in 

aquifers per year across the United States from 2003-2012. Areas where the storage rate 

increased are shades of blue while areas where the water storage decreased are shades of 

brown. The dots indicate water use by people. Increases and decreases in the amount of water 

stored in U.S. aquifers is influenced both by the rate of recharge from snowmelt and rainfall as 

well as demand from pumping and natural draws.

Climate.gov
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The water stored in the ground can be compared to money kept in a bank account. If you 

withdraw money at a faster rate than you deposit new money you will eventually start having 

account-supply problems. Pumping water out of the ground faster than it is replenished over 

the long-term causes similar problems. The volume of groundwater in storage is decreasing in 

many areas of the United States in response to pumping. Groundwater depletion is primarily 

caused by sustained groundwater pumping.

Questions for discussion

• How is the amount of groundwater changing? What are different reasons for why it might be 

changing?

• Think about how groundwater refills. Based on what you read, what problems are 

happening between how groundwater refills compared to how people use it?

text adapted from the following sources:

USGS Water Science School:

• Groundwater Basics: https://www.usgs.gov/mission-areas/water-resources/science/

groundwater-basics

• Groundwater decline and depletion: https://www.usgs.gov/special-topics/water-science-

school/science/groundwater-decline-and-depletion

NoAA

• Groundwater declines across US South over past decade: https://www.climate.gov/news-

features/featured-images/groundwater-declines-across-us-south-over-past-decade
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Reading: What is air?
The air around us is a mixture of different types of gases. The molecules that make up those 

gases are too small for us to see. But there are other pieces of matter in the air that are bigger 

than a single molecule. These include things like dust, ash, spores, pollen, and pollution.

Most of the gas in the air is either oxygen or 

nitrogen. A smaller amount of it is carbon 

dioxide, water, and argon. Water in gas form is 

often called water vapor. The amount of water 

vapor in the air is referred to as humidity.

Humidity probes can help us measure changes 

in the amount of water vapor in the air. They 

often report the amount of water vapor in 

the air as something called relative humidity. 

Relative humidity is reported as a percentage 

from 0 to 100 percent. A relative humidity 

reading of 100 percent means the air has 

reached the maximum amount of water vapor 

it can hold. It doesn’t mean that the air is only 

made of water vapor molecules.

The humidity probe to the right is shown 

measuring a relative humidity of 39 percent 

in air that is 19.5°C. This shows that the water 

vapor in the air is about halfway between the 

minimum and maximum amounts that air can 

possibly hold at this temperature.

Substance gas by volume

Nitrogen Around 78%

oxygen Around 21%

Argon About 1%

Carbon dioxide Less than 1%

Water From 0% to around 6%

other substances Less than 1%
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Reading: glaciers and Water Supply

Changes to glaciers

Even though you’ve maybe never seen a glacier or 

massive extents of ice, they are a big item when we talk 

about the world’s water supply. Almost 10 percent of the 

world’s land mass is currently covered with glaciers and 

ice caps, mostly in places like Greenland and Antarctica. 

Glaciers contain 70 percent of the world’s freshwater, too. 

Glaciers are important features in Earth’s water cycle and 

affect the volume, variability, and water quality of runoff 

in areas where they occur. Glacial ice can be very old—in 

some Canadian Arctic ice caps, ice at the base is over 

100,000 years old.

In a way, glaciers are just frozen rivers of ice flowing downhill. Glaciers begin life as snowflakes. 

When the snowfall in an area far exceeds the melting that occurs during summer, glaciers start 

to form. The weight of the snow compresses the fallen snow into ice. These “rivers” of ice are 

tremendously heavy, and if they are on land that has a downhill slope, the whole ice patch starts 

to slowly grind its way downhill. These glaciers can vary greatly in size, from a football-field sized 

patch to an ice patch a hundred miles (161 kilometers) long.

Temperature and precipitation determine how much snow a glacier receives and how fast it 

melts. Glaciers tend to gain more snow and ice during the winters. Glaciers lose more ice than 

they gain in summers. During a cool year with lots of precipitation glaciers gain more snow than 

they lose. During warm years without precipitation, glaciers lose more snow and ice to melting 

than they receive.

In some parts of the world, like the Himalayan mountains in Asia, people depend greatly on 

freshwater that melts from glaciers. It is estimated that 1.5 billion people depend on this source 

of water for drinking and household use, for farming, and for generating electricity for their 

communities.

Glaciers exist today in the United States, too. Tens of thousands of them are in Alaska. During the 

current warmer climate today, glaciers are shrinking at a rate we can easily measure on a yearly 

scale.

Questions for discussion

• How is the amount of glacier water changing as temperatures warm up?

• Think about what you’ve learned about changes to glaciers. How might these changes affect 

water supplies for people?
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text adapted from the following sources:

USGS Water Science School:

• Ice, Snow, and Glaciers and the Water Cycle: https://www.usgs.gov/special-topics/water-

science-school/science/ice-snow-and-glaciers-and-water-cycle

• Glaciers and Ice caps: https://www.usgs.gov/special-topics/water-science-school/science/

glaciers-and-icecaps
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Reading: gases that vibrate
Many years ago, Eunice Foote was trying to answer some of the 

same questions you have been asking. She was curious about 

the gases in the atmosphere and their role in the temperature 

of the atmosphere. Foote used glass cylinders filled with 

different gases and placed the cylinders in the sunlight and 

recorded the temperature. She discovered that some of the 

cylinders of gas warmed up more than others. Can you guess 

which ones?

Foote reported the following in 1856: “The highest effect of the sun’s rays I have found to be in 

carbonic acid gas.” Carbonic acid gas is what we know now as carbon dioxide. She was the first 

to conclude that “An atmosphere of that gas would give to our earth a high temperature. . . .” 

Eunice Foote’s contribution often goes unnoticed. As a woman, she was not allowed to present 

her work at science conferences or publish like male scientists. It was a few years later that John 

Tyndall published a paper identifying the gases responsible for warming our atmosphere. He is 

often given credit for this discovery, even though Eunice Foote was first to make these claims.

Eunice Foote concluded that carbon dioxide causes our atmosphere to warm. How does carbon 

dioxide do that? What makes carbon dioxide so special? Water vapor and methane also cause 

the air to warm. Gases like these absorb energy. The atoms in the molecules of these gases can 

move within the molecule—they vibrate. Because of their structure, these gases vibrate when 

energy is transferred to the molecule. once they start to vibrate, they release that energy back 

into the atmosphere in all directions. Most of the energy from Earth’s warmed surface goes 

into space, but the energy released from 

these gases causes the atmosphere to 

warm because they send some energy 

back to Earth. This process is called the 

greenhouse effect.

Gases that absorb and release energy in 

the atmosphere are called greenhouse 
gases (GHGs). Three of the most important 

greenhouse gases include water vapor 

(H
2
o), carbon dioxide (Co

2
), and methane 

(CH
4
). We would not be able to survive on 

Earth if we didn’t have greenhouse gases—

it would be too cold! These gases help 

to warm our planet. So, they are not bad 

gases—they are necessary for life on Earth!

A very important GHG is water vapor. 

Have you ever thought about why we are 

not worried about water vapor building 

up in the atmosphere? The amount 
original science experiments by Eunice Foote, American Journal of 

Science (1857)
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of water vapor in the atmosphere stays about the same, though it’s going up a little as the 

temperatures get warmer. If the amount of water gets too high, the water cycle takes care of it. 

Water condenses and falls as precipitation. However, we know that some GHGs are increasing 

in our atmosphere—carbon dioxide and methane, for example. They cannot fall out of the 

atmosphere as precipitation like water vapor can.
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Reading: Powering our World
What was happening in the world when Co

2
 started going up again?

1600s and earlier

Before the 1700s, people mostly used trees to build homes and provide heat and fuel for 

everyday life, like cooking. But people used coal for this purpose, too. There is evidence that coal 

was used in China 3,000 years ago, by Romans in Europe 2,000 years ago, and by the Hopi tribe 

in North America 1,000 years ago. By the late 1600s, wood from forests was used up in many 

places, and people started to use coal as a major energy source for daily life.

1700s

In the 1700s, the world’s energy use began to drastically change. Coal is a hard black rock 

formed from the leftover carbon from ancient trees and animals that have been buried in the 

ground for millions of years. It is known as a “fossil fuel” because it is the remains of ancient 

living things that can be used as a fuel for heat and light. Early on, coal could be easily extracted 

from the ground in shallow mines.

In 1712, in England, Thomas Newcomen invented an engine that could run off of steam 

produced by burning coal and heating water. In the late 1700s, an improved version of the 

steam engine was patented by James Watts. When burned, coal gives off heat, but also gases 

(including Co
2
).

1800s

The steam engine began to transform the world. It powered ships, railroads, and factories. The 

use of the steam engine began in England but quickly spread to the rest of Europe and North 

America in the early 1800s. Coal continued to be the main fuel source for these engines for most 

of the 1800s. Coal also became the main fuel to produce electricity to homes.

oil and natural gas were also used in the mid-1800s to make kerosene for lamps. Eventually, 

oil was refined into gasoline, too. oil and natural gas come from the same source as coal—the 

remains of living things that died and were buried for millions of years.

1900s

In the early 1900s, cars were produced on large scales. In 1900, there were only about 8,000 

cars in the US. By 1920, there were millions of cars on the road! Cars were quickly adopted in the 

US because of the ease and speed of traveling long distances. Initial car designs ran on steam 

and electricity, but eventually, gasoline became the most used fuel. Today there are about 275 

million cars in the US alone and almost all use gasoline. Since 1950, oil and natural gas have been 

the energy sources for powering transportation, heating homes, and producing electricity.
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