
LESSON 12: Why is solving the climate change problem so challenging?
PREVIOUS LESSON We developed and supported a causal model between fossil fuel use and changing water resources. We reviewed a tweet regarding climate change and its

impacts and broke down the tweet into individual claims. We clarified the tweeted information as a class. Then, as an individual assessment, we examined
claims made in another tweet and used science ideas and evidence to clarify and refute the claims made.

THIS LESSON

PROBLEMATIZING

2 days

  

We determine that the problem of increasing temperatures is due to the carbon dioxide imbalance in the
atmosphere, which is being caused by combustion of fossil fuels. We use a simulation that projects temperature
and atmospheric carbon into the year 2100 and discover that emissions would have to be reduced by 9 gigatons
to maintain current global temperatures, which is almost taking them down to close to 1-2 gigatons total. We
discuss possible solutions to the problem, such as eliminating fossil fuels, and determine that dramatic changes
all at once may not be practical. We define our criteria for a successful solution as reducing the amount of
carbon dioxide in the atmosphere, and begin to look at other solutions to determine how well they meet the
criteria.

NEXT LESSON We will use a design matrix to organize the different solutions for reducing carbon dioxide in the atmosphere that we evaluated last class. From our evaluations
we determine our constraints for the solutions in trying to meet the criteria of reducing the imbalance of carbon in the air. We reevaluate each solution using our
constraints and decide that multiple solutions would need to be implemented to meet our criteria.

BUILDING TOWARD NGSS

MS-ESS3-1, MS-ESS3-3, MS-ESS3-
4, MS-ESS3-5, MS-ETS1-2

WHAT STUDENTS WILL DO

12.A Use the carbon dioxide model simulation to generate data and test ideas about different emissions rates scenarios to determine how to reach
carbon dioxide equilibrium in the atmosphere.

12.B Ask questions about potential solutions that arise from careful observation of the carbon dioxide emissions level simulation and the impact of
the solutions on projected global temperature increases over time.

WHAT STUDENTS WILL FIGURE OUT

Our carbon imbalance in our atmosphere is due to human combustion of fossil fuels.
We release an estimated 10.5 gigatons of carbon dioxide per year from human combustion.
Simply cutting emissions in half will not half the temperature increase.
To reach carbon dioxide emissions equilibrium, emissions would need to be cut by 9 gigatons per year.
Any reduction in emissions helps to slow the global temperature increase.
Emission reduction ideas have economic and social consequences.



Lesson 12 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 5 min REVISIT EARTH’S CARBON SYSTEM MODEL
Look back at Earth’s Carbon System Model and initially determine how to solve the carbon imbalance.

A Earth’s Carbon System Model, Defining
the Problem chart

2 7 min INTRODUCE UCAR SIMPLE CLIMATE MODEL
Introduce the climate model and explain the different features and variables to manipulate.

UCAR Simple Climate Model
simulation, computer and projector

3 15 min USE SIMULATION TO TEST IDEAS ON CARBON EMISSION SCENARIOS
Use UCAR Simple Climate Model Observation Tracker and the UCAR Simple Climate Model to test cutting carbon
emissions to different amounts and determine the effects of cutting those emissions on temperature and atmospheric
carbon dioxide concentrations.

B-C UCAR Simple Climate Model
Observation Tracker, UCAR Simple
Climate Model, computer or device

4 10 min DISCUSS SIMULATION RESULTS
Use the findings recorded on UCAR Simple Climate Model Observation Tracker to determine the changes that need to
occur to carbon dioxide levels in the atmosphere.

D UCAR Simple Climate Model
Observation Tracker

5 8 min MAKE RECOMMENDATIONS FOR EMISSION SOLUTIONS AND ASSIGN HOME LEARNING
Develop initial ideas to reduce emissions and limit the increase of global temperatures. Assign the home learning
activity.

E-F

End of day 1

6 15 min DISCUSS POTENTIAL SOLUTIONS
Discuss potential solutions and determine the consequences of implementing each of the solutions.

sticky notes, markers, Driving Question
Board

7 10 min CONSIDER OTHER SOLUTIONS AND DEFINE CRITERIA
Consider other potential solutions at different scales and define the criteria for analyzing these solutions.

G Defining the Problem chart, markers

8 20 min GATHER INITIAL DATA ON SOLUTIONS
Look through potential solutions in groups and determine which solutions best meet the criteria of the problem.

H-I Solutions Card Deck

End of day 2



Lesson 12 • Materials List
per student per group per class

Lesson materials UCAR Simple Climate Model Observation Tracker
science notebook
sticky notes
markers

UCAR Simple Climate Model
computer or device
Solutions Card Deck

Earth’s Carbon System Model
Defining the Problem chart
UCAR Simple Climate Model simulation
computer and projector
Driving Question Board
markers

Materials preparation (25 minutes)
Review teacher guide, slides, and teacher references or keys (if applicable).

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available.

For day 1:

Test out the UCAR Simple Climate Model at https://scied.ucar.edu/interactive/simple-climate-model to make sure that it is
compatible with your browser.
Create a chart titled “Defining the Problem”;

Label the first row “Problem we are trying to solve.”
Label the second row “Criteria.”
Label the third row “Constraints.”

For day 2:
Determine if your students have had interest in any other carbon reduction solutions not included in Solutions Card Deck. If you decide that
additional solution cards need to be made to match additional student interests, Solution Cards Information can be used to learn how to
make new solution cards.

https://scied.ucar.edu/interactive/simple-climate-model


Lesson 12 • Where We Are Going and NOT Going
Where We Are Going

Students will revisit the Earth’s Carbon System Model to identify that the cause of the carbon dioxide imbalance is human combustion of fossil fuels (ESS3.D). In using the UCAR Simple Climate
Model to test their theories on the needed rate of carbon dioxide emissions cuts that need to be made to reduce global temperatures, students realize that the increase in human activity has
reached a point that requires an emissions cut of over half to reach equilibrium, which aligns with the ideas that, as our consumption increases, so do our negative impacts on Earth (ESS3.C.).
Students come to realize that our current emissions rate will increase the temperatures above the recommended limit and that our human activities will need to be altered or engineered so
that the increase does not occur at this level. Ideally this increase is eliminated (ESS3.C.). While potential solutions to the problems are being discussed, students begin to understand that
some of these solutions will have dramatic societal impacts on jobs, industry, and ways of life (human behavior, decisions, and activities from ESS3.D). With this realization, students look at a
myriad of solutions that could possibly slow the temperature increase and begin to analyze the solutions against the class-generated criteria (ESS3.D).

Where We Are NOT Going

While students do consider some societal impacts, the societal impacts of the individual solutions presented on the solution cards will not be discussed in depth until Lesson 13 (ESS3.D).
Further, human behavior and considering the likelihood of adoption by others is going to occur within Lesson 15 (ESS3.D).

During this lesson, students begin to think about different solutions and their impact on our problem. However, students will not get a chance to develop constraints to further identify the
solutions that would work best for their community. This will be done in Lesson 13.



5 min

LEARNING PLAN for LESSON 12
1 · REVISIT EARTH’S CARBON SYSTEM MODEL
MATERIALS: Earth’s Carbon System Model, Defining the Problem chart

Say, Last class we looked at the Earth’s Carbon System Model. We made connections between these changes in the carbon system, the increases in
global temperatures, and the changes in our water system. We know that we need to help prevent further changes to our water system, or our case
sites will only experience worse events. As we work to determine how to solve the problem, we first need to identify the big problem that we need to
solve. What problem did we discover by looking at this model?✱

Elicit responses from students. Students should identify that we have more carbon entering the atmosphere than is being taken out. Ask
students to explain, in their own words, what problem this extra carbon in the atmosphere is causing. Students will state that the carbon in
the atmosphere is causing an increase in global temperatures, which is affecting the water resources that communities depend on.

Restate and verify with students that we are putting too much carbon dioxide in our atmosphere, causing an imbalance of carbon dioxide
and enhancing our natural greenhouse effect. Explain to students that, as they start to determine solutions that are actionable, we need to
document our thinking and record how those solutions are solving this problem. Add this to the first row of the Defining the Problem chart to
be referenced later in the lesson.

Say, We have identified that we have too much atmospheric carbon dioxide, and that imbalance is causing temperatures to increase. Let’s look back
at our model and think about what area of carbon production is causing this carbon dioxide imbalance.

Project slide A. Allow students to turn and talk about the questions on the slide.
What area of our model is causing this imbalance?
What makes the most sense to cut or limit to fix this carbon imbalance?

Discuss the cause of the carbon imbalance. Bring students back together and discuss the questions as a class. As the imbalance is being
discussed, point out the area of imbalance on the model. Example prompts and responses are below.

Suggested prompts Sample student responses

Looking at our model, what area seems to be causing this imbalance? The unbalanced part seems to be coming from combustion of fossil
fuels.

The respiration and photosynthesis seem to almost cancel each other
out; the part that isn’t cancelled out is the combustion area.

Point out this imbalance on the Earth’s Carbon System Model as
students are referencing combustion, respiration, and photosynthesis.

Thinking about this imbalance on our model, what makes the most
sense to cut or limit to fix our carbon imbalance?

The imbalance is the combustion, so we should either cut or limit that
area of the model.

We probably need to cut or limit our use of fossil fuels.

We have a lot of the carbon taken out by photosynthesis. We need to
stop cutting trees or plant more trees.

✱ SUPPORTING STUDENTS IN
ENGAGING IN ASKING QUESTIONS
AND DEFINING PROBLEMS

Uee this opportunity to reinforce with
students how to define a (design) problem.
Students will have experience with defining
problems from the Palm Oil Unit but can
apply their understanding in this new
context. Allow students time to recognize
the complexity of the problem and to realize
that, if it was easy to solve, it wouldn’t be
much of a problem.



Identify potential impacts of decreasing carbon emissions. Speculate with students what limits to combustion we might need to happen to
solve the imbalance in our carbon system and maintain current temperatures. Example prompts and responses are below.

Suggested prompts Sample student responses

One solution we have identified is the need to cut or limit our
combustion of fossil fuels. How much do you think we would have to
cut to see a change in our global temperatures and our carbon
imbalance?

I think we need to cut it all out. Just stop using it.

Maybe we could cut it in half, and that would help the imbalance.

If we cut it, any amount will be better than it is now.

I’m not sure how much we would have to cut to solve our problem with
the imbalance, but maybe a small cut would help temperatures not to
increase.

Accept all other speculative responses.

Since carbon is what contributes to warming, how might reducing the
amount of carbon emissions affect the amount of carbon in our
atmosphere?

There would be less carbon in the atmosphere.

The amount of carbon could possibly still increase unless something is
pulling it out.

Accept all other speculative responses.

Do you think that if we reduce carbon emissions through combustion
then the temperatures would also start to go down?

It makes sense that, the less carbon we use, the less the temperatures
would be.

It may make the temperatures go down.

The temperatures might stay the same.

The temperatures might still increase but not as much.

It may depend on how much carbon emissions we cut.

The carbon stays in the air for a long time, so maybe the
temperatures just wouldn’t rise as fast.

The temperatures might stay warm if the carbon is still in the
atmosphere, even if we stop emitting all the extra carbon.

I think we have to cut it to 0 to see the temperatures decreasing.

Say, We seem to have different ideas about what would help our carbon imbalance and what might help reduce global temperatures. If we are going
to help stop temperatures from rising even more, we will need to better understand what needs to happen to our emissions. We do have a simulation
that exists that might help us see what happens to the temperatures and the amount of carbon dioxide in the air if we cut our carbon emissions. We
can use this to test out some of our ideas.



7 min

Data after the baseline test is completed

ADDITIONAL
GUIDANCE

The simulation presented to students shows that a simple decrease in carbon emissions will not be enough to
counter the effects of climate change. The simulation also shows that even cutting emissions in half still leads
to increasing temperatures.

The CarbonTIME project at Michigan State University has found that students may struggle with this
idea conceptually and that it may be counter to what students believe. To support conceptual
understanding, focus on the math of the different fluxes in the Earth’s Carbon System Model, which, if
added up, would indicate that emissions of carbon dioxide from combustion need to be less than 2
GtC/yr for natural processes to keep up. (Note: This is a very simple carbon system model without the
inclusion of oceans and other components/processes. The limitations of the simple model can be an
opportunity for rich discussion with your students.)
Through this figuring out process, students will determine that the carbon emissions problem is larger
than they may have once thought or believed. The simulation will complicate the problem for
students and cause students to realize that emissions will need to be cut drastically. The purpose of
this lesson is to “problematize” for students without disheartening them. If students seem shocked or
concerned, explain to students that we can use the findings from the simulation to help figure out
what to do about the problem and how we can be part of the solution. Emphasize that the problem is
solvable, and our goal is to figure out what will work best for us and our community.

2 · INTRODUCE UCAR SIMPLE CLIMATE MODEL
MATERIALS: UCAR Simple Climate Model simulation, computer and projector

Project the UCAR Simple Climate Model simulation (found at https://scied.ucar.
edu/interactive/simple-climate-model ) for students to view. Explain to
students that this simulation shows data for carbon emissions, carbon dioxide
concentration in the atmosphere, and the temperature over the past 55 years.
The graph starts in 1960, and the data is accurate up until 2015, where the model
simulation begins to estimate the impacts of changing carbon emissions through
the year 2100. When play is pressed on the model, the simulation will fill in the
data using their mathematical model to show what is projected to happen up
until the year 2100.✱

Establish what each line on the graph means. Ask students about what each line
represents. Students should identify that the blue line represents carbon
emissions, the black line represents the amount of CO  in the air, and the red line
represents temperature. Ask students what, if any trends they notice. Students
should identify that, as the amount of carbon emissions increase, so do the
temperatures along with the CO  concentrations.

Explain the recommended temperature limit. Point out the red line at the top of
the graph. Explain that this red line represents the recommended temperature
limit. This recommended temperature limit is the limit to which we believe the
planet can warm without facing potentially dangerous impacts of climate
change.

Say, Our current emissions are set at 10.5 gigatons per year on this simulation. What
would we expect to happen if we pressed play on this simulation to all 3 lines?✱

✱ ATTENDING TO EQUITY

If you have students who may struggle with
making sense of all three graphed variables
at once, turn off one of the variables, such a
temperature. Focus students on the
relationship between two variables that they
know about (e.g., emissions and CO
concentration in atmosphere). Then click off
emissions and turn on two other variables
(e.g., CO concentration and temperature).
Discuss this known relationship and how it
appears when graphed. When students are
ready, turn on all three variables.

✱ SUPPORTING STUDENTS IN
ENGAGING IN USING MATHEMATICAL
AND COMPUTATIONAL THINKING

As students work with the UCAR Simple
Climate Model, use this opportunity to
reinforce their understanding of proportional
relationships between CO  in the
atmosphere and temperature change. It is
only when CO  concentration in the
atmosphere starts to decline that students
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https://scied.ucar.edu/interactive/simple-climate-model


Allow students to speculate over what might occur if the emission rates were to hold constant at 10.5 GtC/yr for the next 2100 years. Accept
all ideas from students. Potential responses could include the following:✱

The temperatures will continue to increase.
The temperatures will stay the same.
The carbon emissions line will stay the same.
The carbon dioxide concentration line will stay the same.
The carbon dioxide concentration line will go up.

Establish a baseline for the comparison of changing emission data. Run the simulation for students. Point out after the simulation has run
that the blue area reflects the graph area we started with before the simulation began, and the white area of the graph reflects the data
generated by the simulation. After the simulation has run, discuss the results.

Suggested prompts Sample student responses

What do we notice about carbon emissions as we run the simulation? The carbon emissions line stayed the same.

Why do you think that it stayed the same? Because we didn’t change it. We kept it the same.

Does that seem in-line with what we think will happen in the future? Possibly. Maybe we can keep emissions to the same point in the
future.

We learned that, when population goes up, emissions keep going up,
and the graphs all show everything is mainly increasing over time.

The emissions will just keep increasing as other countries start to use
more fossil fuels. The emissions should keep going up.

Maybe we can cut emissions so that the line starts to go down.

What effects did the current emission rate have on the other two lines? The concentration kept going up, even though we have kept our
emissions the same.

The temperature line and the emission line went up together.

The temperature continued to increase.

The temperatures passed the recommended limit around 2075.

The temperature went up more than the carbon dioxide concentration
rate in the beginning. It’s like a little carbon dioxide has a big effect on
the temps, like we saw in Lessons 6 and 7.

Say, Interesting. We had taken some guesses on what could possibly help with the carbon dioxide imbalance problem. We said we might cut it to 0 or
cut it a bit, and that might help to reduce our carbon dioxide imbalance and maybe have an effect on the temperature. Let’s use our ideas to test
some scenarios about cutting emissions.

will observe a mirroring decline in
temperature, which is another indicator of a
causal relationship that students should have
established in Lesson Set 2.

✱ SUPPORTING STUDENTS IN
ENGAGING IN PLANNING AND
CARRYING OUT INVESTIGATIONS

In this activity, there is an opportunity to
reinforce with students that they can use
computer models to “run experiments” and
generate data. Your students have developed
this practice previously in the Palm Oil Unit. If
your students need additional reinforcement
with this practice, focus them on what
represents the independent variable in the
computer model (i.e., carbon emissions
because you can “Select an emissions rate”),
and what represents their dependent
variables (i.e., CO  concentration and
temperature).

2



15 min

10 min

3 · USE SIMULATION TO TEST IDEAS ON CARBON EMISSION SCENARIOS
MATERIALS: UCAR Simple Climate Model Observation Tracker, UCAR Simple Climate Model, computer or device

Explain partner work with the simulation. Project slide B. Distribute 1 copy of UCAR Simple Climate
Model Observation Tracker to each student. Explain that in a moment they will get to test out the
impact of cutting their emissions by using the simulation in partner pairs. Students will record their
ideas about how much carbon dioxide should be cut in the first two columns and what they think the
outcome will be in the third column under “predictions.” The fourth column will include their
observations about what happened after they have run the simulation. Tell students that two very
common potential solutions that are given by people have already been added to the chart for them
to test, but they will get to come up with the other potential changes to emissions on their own.

Project the baseline for student observations. Project slide C. Explain to students that, as they work, a
screenshot of the simulation will be displayed, showing the effects on temperature and CO
concentrations if the current emissions rate stays the same. Tell students that this can serve as a
comparison for their predictions and observations of other carbon emission scenarios.

Begin simulation work. Divide the class into partner pairs or groups of three and allow students to
conduct the simulation. Alternatively, students can work individually on their own device. Have
students work through each scenario and record their predictions and observations. As students work
on their simulation, circulate to answer any question students may have.

4 · DISCUSS SIMULATION RESULTS
MATERIALS: UCAR Simple Climate Model Observation Tracker

Discuss findings from the simulation. Display slide D. Lead a class discussion using the prompts on the slide to identify the changes
to emissions needed to reduce, stabilize, or decrease global temperatures by the reduction of emission rates. Example prompts and

responses are below.

KEY IDEAS Purpose of this discussion: Identify that a slight change in cutting emissions will not be enough to decrease
temperatures before reaching the recommended temperature limit by 2100.

Listen for these ideas:
Cutting emissions in half will not cut atmospheric carbon dioxide levels in half.
For temperatures to remain constant, emissions need to be at 1.6 gigatons of carbon per year.
This means we need to cut roughly 9 GtC/yr to keep temperatures from increasing.
Any carbon emission levels above 1.6 GtC/yr will result in increasing temperatures and worsening
water resource changes.
If emissions are decreased to any rate below our current rate, we see less warming occurring over
time.
Any emissions at 8 GtC/yr or below will help keep temperatures below the recommended
temperature limit by 2100 (the end of the simulation), but the temperatures are still increasing.

✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING STABILITY
AND CHANGE

Introduce the idea of “equilibrium” in the
context of keeping CO  concentrations in the
atmosphere stable by balancing the amount
of CO  that enters the atmosphere with that
amount of CO  taken out of the atmosphere.
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ADDITIONAL
GUIDANCE

The UCAR Simple Climate Model simulation uses data from 2015 and estimates that emissions need to be
reduced by 8.9 GtC/yr. For the simplicity of figuring percentages for the impact of solutions on the carbon
imbalance used in Lesson 13, we are using the figure of 9 GtC/yr. It is important to note that this 10.5 GtC/yr
figure for the combustion emissions flux is an estimate of the levels in 2015 and that carbon emissions have
likely increased since this time, meaning that the imbalance is most likely greater than the data used in the
simulation. From the math in the class’s Earth’s Carbon System Model, students may have calculated that
anything less than 2 GtC/yr would be OK, which is close to the 1.6 estimate in the UCAR simulation.

ASSESSMENT
OPPORTUNITY

Building towards: 12.A Use the carbon dioxide model simulation to generate data and test ideas about different
emissions rates scenarios to determine how to reach carbon dioxide equilibrium in the atmosphere.

What to look for/listen for: Listen for students to determine that, even by cutting emissions in half, the global
temperature will still increase. Students should identify that a cut of 9 GtC/yr will need to be made to emissions
to reach carbon dioxide equilibrium in the atmosphere.

What to do: If students do not recognize that the rate needs to be cut by 9 GtC/yr, ask students if anyone was
able to cut emissions to a point where the temperatures remained steady. Students should identify that this
rate is at 1.6 GtC/yr. Ask students what the difference is between the starting rate and the cut rate. Students
should identify that it is roughly 9 GtC/yr. If students argue that the rate is at 8.9 GtC/yr, remind students that
this simulation is using 2015 data, and emissions have since increased. By using the rounded-up 9 GtC/yr
estimate, we can have a number that more closely reflects the actual imbalance and amount needed to reach
carbon dioxide equilibrium in the carbon system.

Suggested prompts Sample student responses Follow-up questions

We all started off with the same condition,
which was eliminating carbon emissions
altogether. What did you notice as you ran
the simulation with emissions set to 0
GtC/yr?

The temperature started to go down.

The atmospheric carbon dioxide and the
temperature both started to go down, but the
temperature decreased faster than the
carbon dioxide.

Why do you think the temperature would go
down?

Is that a realistic goal to have to reduce
emission rates to 0 gigatons of carbon a
year?

Why do you think that the carbon dioxide
decreased less than the temperatures? What
does that tell us about the longevity of
carbon dioxide in the atmosphere?



Suggested prompts Sample student responses Follow-up questions

Some people say that we can’t reduce our
emissions to 0 GtC/yr, that we need some
source of energy. That’s why some people
propose cutting it in half. What observations
did you make when cutting emissions in half?

The emissions fell immediately.

The global temperature and carbon dioxide
still increased, but by less than before we cut
emissions.

Even though we cut emissions in half, the
temperatures were not cut in half.

Do you think cutting emissions in half
tomorrow would be realistic?

What do you think would happen with water
resources if we chose to cut emissions in
half?
Do you think that we would eventually go
over the red line?

Did cutting emissions help temperature
increases, or should we cut more to help
decrease the rise of global temperatures?

Why would cutting emissions in half not cut
the global temperature rise in half? What
does this tell us about how long atmospheric
carbon dioxide hangs around in the
atmosphere?

We all had the chance to try different
emission cut ideas. What did you try, and
what did you notice?

We tried reducing the emissions to 8 gigatons
per year. We kept the temperatures below the
red line until 2100.

What do you think that increase in
temperatures would cause to happen in our
water system? Why?

Should we cut more or less? Is that a realistic
goal?

If our goal is to lessen the impacts of climate
change and, in turn, try to avoid more water
resource changes, what does that mean for
the global temperature change on our graph?

We need to try to limit temperature changes
on the graph.

We need to cut emissions so that the
temperatures stay below the line.

If we need to limit temperature changes,
what should we cut our emissions to?

What does that line mean? Is the red line a
line that represents all water cycle changes
or a tipping point?



Suggested prompts Sample student responses Follow-up questions

Did anyone get the temperatures to remain
stable across the graph?✱

Yes, when I tried 1.6 gigatons per year, the
temperatures and the atmospheric carbon
dioxide didn’t increase but stayed the same.

So, what would that mean for the current
water system changes?

If we have to cut emissions to 1.6 to maintain
the current state of our water system and
keep temperatures constant, how much
carbon dioxide would we be eliminating from
what UCAR says is our current usage of 10.5
gigatons per year?

Why do you think we can still emit 1.6
gigatons per year? What is taking care of
that extra carbon dioxide for us?

Why is 1.6 gigatons per year an equilibrium
point for temperatures? What makes sense
when we look at the numbers on our Earth’s
Carbon System Model as to why we can still
emit carbon dioxide and not have an
increase in temperatures?

If we can’t cut emissions to a rate that
stabilizes the temperatures, is it even worth
trying?

Yes, even a small cut can help keep global
temperatures from increasing as quickly as
compared to the current emission rates.

So, should we just do one small cut, or should
we try to reduce emissions as much as
possible?

Would you say that our carbon dioxide
solution will be as simple as just cutting all
carbon emissions, or is it more complex than
that?

We need to cut carbon emissions, but we
have to cut a lot to keep temperatures
steady.

Carbon emissions need to be reduced, but
maybe we need to reduce it over time.

We need to reduce emissions, but we also
have to think about the changes to the water
cycle and how much we want to avoid some
of the effects of increased temperatures.

We can’t just stop using carbon dioxide. This
is more complicated than I thought.

Even if we cut emissions in half, the
temperature increase isn’t cut in half. We
need to do more to reduce climate change.

So, how much emissions do we cut?

What is the acceptable level of temperature
increase?

How do we cut carbon emissions out to a
level we feel is acceptable?

What should be our goal for emission cuts?

What if we don’t hit that goal?



8 min

Suggested prompts Sample student responses Follow-up questions

What should be our ultimate goal? Cutting carbon emissions to stop climate
change.

Reducing emissions so that the temperatures
don’t increase anymore.

To keep things from getting worse.

So, what would that emissions cut be that
keeps the climate from changing more?

What emissions cuts would we need to try to
achieve to keep our temperatures from
increasing?

Say, Interesting. It seems like this is a complex problem. It sounds like we want to limit emissions, and hopefully get them down to 1.6 gigatons of
carbon per year or below by reducing our emissions by about 9 gigatons per year. Any changes below that 9 gigatons per year would result in
increasing temperatures and more changes to our water system. But it also sounds like we will have to cut a lot of our current emissions, and that is
going to be another complex problem in itself.

5 · MAKE RECOMMENDATIONS FOR EMISSION SOLUTIONS AND ASSIGN HOME LEARNING
MATERIALS: science notebook

Discuss potential solutions to the emissions imbalance problem. Project slide E. Say, We know that this imbalance problem is going to
continue into the future, and we determined we need to find the best solutions for reducing levels of atmospheric carbon dioxide. What do you think
we should do to get us to cut emissions and potentially get us to that equilibrium point, or better?

Elicit student ideas. Accept all student responses. Potential responses could include the following:
Planting a lot of trees to increase the amount of photosynthesis and offset our carbon emissions.
Cut the use of fossil fuels and go to alternative sources of energy.
Create something to pull carbon dioxide out of the atmosphere.
Do a lot of little solutions to help with the imbalance problem.

Project slide F. Assign the home learning before students leave class. Tell students to keep thinking about these ideas and be ready to discuss
them during our next class period.

HOME LEARNING
OPPORTUNITY

Have students open up to a new page in their notebooks. Ask students to think about some of their potential
solutions. Assign students to generate questions they have about the potential solutions and their potential to
offset or reduce our carbon emissions, and record them on this notebook page as home learning.

End of day 1



15 min6 · DISCUSS POTENTIAL SOLUTIONS
MATERIALS: science notebook, sticky notes, markers, Driving Question Board

Recall potential solutions. Begin class by convening in a Scientists Circle to discuss the solutions that students brainstormed at the end of
last class.

Say, Last class we brainstormed some solutions that would help us solve the carbon dioxide imbalance problem that is causing increasing global
temperatures. We know, based upon our simulation, that we should try to cut emissions to the equilibrium point or better, which was a big cut. What
were some of the solutions we were considering that might get us to achieve this goal before temperatures increase past the recommended
temperature limit?

Allow students to respond by listing the different solutions that they brainstormed in the prior class period. As students are listing their
questions, distribute sticky notes and markers to the students so that they can add any new questions they want answered to the Driving
Question Board.

ASSESSMENT
OPPORTUNITY

Building towards: 12.B Ask questions about potential solutions that arise from careful observation of the carbon
dioxide emissions level simulation and the impact of the solutions on projected global temperature increases
over time.

What to look/listen for: Listen for students to ask questions related to the types of solutions that will help
reduce carbon dioxide emission levels and the impact of those solutions on current emission levels.

What to do: Listen to student questions as they are being shared. If students do not develop questions related
to the ability of the solutions to decrease carbon dioxide levels over time and instead ask whether specific
solutions are probable, probe students for their reasoning behind why they are asking about that particular
solution. Ask students why they think that solution would be promising, and what we would need to know
about that solution to evaluate the impact of the solution. Ask students to rephrase that into a question that we
can investigate and add to our Driving Question Board.

Determine potential consequences of enacting those solutions. After students have shared the solutions and posted their questions, lead a
discussion to determine the potential consequences of implementing each solution. If some questions have been developed about these
potential consequences, reference those questions to start this discussion. If potential consequences have not been identified in the
questions, ask students, If we were to implement some of these solutions, how would they affect our way of life? Would they have effects other than
offsetting our carbon dioxide emissions?

Listen for students to suggest these possible consequences:
All technologies need energy and get powered by electricity, so where would we get electricity?
All transportation requires gasoline (mostly), so how would we travel?
A lot of people work in oil, natural gas, and coal industries, so what do they do for work?
A lot of things are made using energy/power, so how does anything “run” without it?

Near the end of the conversation, focus ideas back on the idea of limiting atmospheric carbon. Ask students, even if their proposed solution
could not get us to 0 emissions, if the solution would still help. Guide students to understand that every little bit that was changed in the
simulation aided in slowing the rise of global temperatures.

Example prompts and responses are below.



Suggested prompts Sample student responses Follow-up questions

What were some of the solutions we were
considering?

We could stop using fossil fuels.

We could use alternative energy.

We could all buy electric cars and solar
panels.

What are some of the drawbacks of those
solutions? If we were to implement this
solution, would this change have any effect
on any other part of our lives? Is there
anything that may make them hard to
implement and get down to our equilibrium
point?

If we stop using fossil fuels, then some places
might not have an energy source.

We use energy for a lot of things. How might
that impact the people who live in areas
where they get their energy from fossil fuels?

How might eliminating the fossil fuel industry
impact those who work in the fossil fuel
industry?

Is eliminating fossil fuels tomorrow a realistic
plan? What might be a realistic ask of
people?

Alternative energy may be expensive or hard
to get in some areas.

What types of alternative energy are you
considering? Is it available everywhere?

How are those parts for the renewable
sources of energy made? What has to be
used to make those pieces?

How long do you think it would take to
convert to renewable energy? Is it realistic to
do it overnight?

Do we have a labor force that can care for all
of these facilities? How would we pay for
them to build these facilities?

Some people may not be able to afford the
electric cars and solar panels.

So, is there another option that is more
accessible to people?

Is this a realistic goal over time?

It sounds like we may have some solutions in
mind, but we don’t know if we can implement
them. If we just partially implemented these
ideas, would that help?

Yeah, every little bit helps.

When we cut our emissions, the temperature
rose slower on our simulation.

We can partially implement them, but we
need to be doing as much as we can to limit
the emissions.

Maybe there are other solutions we can also
look at to try and solve our problem.

So, you’re saying that maybe we can’t do one
big solution, but maybe we can do a lot of
solutions?



10 min7 · CONSIDER OTHER SOLUTIONS AND DEFINE CRITERIA
MATERIALS: Defining the Problem chart, markers

Refocus the class on multiple levels of solutions. Say, While some of the solutions we may have thought of seem small, we know that every little
bit of carbon emission reduction helps. Do you think there are other solutions out there worth us exploring that could also help with our carbon
dioxide imbalance, even though they may seem more small-scale or may seem hard to do? What might some of these other solutions be?

Students should respond that there are many other solutions, such as recycling and planting trees. As students develop a broader set of
solutions, point out that some of these solutions may not be reducing emissions, but may be doing other things to help with the carbon
imbalance.

Define the criteria. Project slide G and have the Defining the Problem chart ready to add ideas for criteria. Have students turn and talk about
the questions on the slide.

Some solutions, like planting trees, don’t emit carbon dioxide, so is our solution only focused on devices that reduce carbon dioxide
emissions, or something else to do with carbon dioxide?
If we are also considering solutions, like planting trees, what does our solution really need to do to be successful?
What should be the main goal of our carbon imbalance solutions?

Elicit student responses. Students should respond that the solutions, such as planting trees, are taking carbon dioxide out of the atmosphere
instead of just limiting emissions and that all of the successful design solutions would reduce the amount of carbon dioxide in the
atmosphere.

Say, OK. So, it sounds like we have determined our criteria for a successful design solution. It sounds like our main criteria for our design solutions
would be to reduce the amount of carbon dioxide released into the atmosphere.

Add this criteria to the Defining the Problem chart.

Determine the need for additional data. Ask students, At this point, do you
think we can say what design solution or solutions would best reduce the
amount of carbon dioxide in our atmosphere? If not, what additional data or
information do we need about the solutions?

Allow students to turn and talk first before eliciting ideas as a whole class.

Ask students to share their thinking about additional data and information.
As they share, reference the criteria field on the Defining the Problem
chart. Students should identify that we need to know what the solutions
do to reduce the atmospheric carbon dioxide levels. Tell students that you
have this information about some more commonly discussed solutions
and that you can get more if needed.



20 min8 · GATHER INITIAL DATA ON SOLUTIONS
MATERIALS: Solutions Card Deck

Introduce students to the different solutions they will consider. Display slide H. Explain to students that, in a moment, they will be put into
groups and will learn more about some potential solutions to the problem. Read off the solutions list with students, and allow students to
help narrow down the list from 15 solutions to 12 solutions that they would like to investigate further. It is also possible that you may want to
add a solution that the students feel strongly about, but you may need to wait until Lesson 13 to get this new solution into the mix.

After narrowing down the list to 12 or fewer, group the solutions into groups of 3 or less.

Explain that each student will work in a group of 4 students and will be assigned up to 3 solutions to read about and share with their other
group members.✱ This way, each group will be able to examine up to 12 solutions selected by the class. After each group member has had a
chance to read about their solutions, they will get to share their thoughts about how well each of the solutions meet the class’s criteria.

ADDITIONAL
GUIDANCE

Reading and comprehending information for 3 solutions in 20 minutes could be challenging for many students.
The purpose of this activity is for students to do a first pass on solutions. They will do a “deeper dive” into them
in Lesson 13. Students should have the opportunity to read at least 1 solution of their choice and up to 3
solutions. Adjust group sizes and the number of solutions assigned to each student based on your judgement
about your students’ reading levels and the instructional time you have available. For example, some different
ways to structure this activity could include the following:

Students work in groups of 6 with 2 solutions assigned to each member.
The class narrows to fewer solutions.
Each student takes 1 solution, meets with a partner with the same solution, and the partners share
what they learned with the whole class.

Arrange students in small groups for their initial evaluation pass. Display slide I. Divide students into
groups of 4, and assign each group member a letter A-D. Present group member A with the first set of
solutions from Solutions Card Deck, group member B with the second set of solutions, group member
C with the third set of solutions, and group member D with the fourth set of solutions. Give students
time to read their solutions on their own and share the solutions with their group. If time permits, task
students with determining what their top 3 solutions would be across their whole group to share with
the class tomorrow. At the end of class, either collect the handout, have students store the handouts
in a safe place for the next class period, or assign further home learning. Be certain to emphasize that
students need to keep the solution cards for the next class period.

✱ ATTENDING TO EQUITY

Students will receive up to 12 articles across
their group. These 12 articles will be dissected
in greater detail in Lesson 13 according to
class-defined constraints. If students would
like an extra challenge or to learn more about
different solutions, consider giving those
students an extra solution to research that
was not selected by the class.



Additional Lesson 12 Teacher Guidance
SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
MATH

CCSS.Math.Content.6.RP.A.3: Use ratio and rate reasoning to solve real-world and mathematical problems.

Day 1 of this lesson has students working with carbon emission rates in gigatons of carbon per year. Students
will be testing different emissions rates. The concept of gigaton of carbon per year may not have much
meaning to students, but students can understand comparisons of different rates—for example, comparing half
the rate, or reducing the rate by ⅕—and can think about the magnitude of those rates.

CCSS.Math.Content.7.RP.A.2: Recognize and represent proportional relationships between quantities.

In this lesson students will circle back to their understanding of proportional relationships between
concentration of greenhouse gases (GHGs), namely CO  in the atmosphere, and temperature. Students first
started to develop their understanding of this relationship in Lesson 7 when they recognized that rising GHGs
cause rising temperatures and vice versa. The new element added in this lesson is that students start
interpreting graphed data that represent this relationship. When introducing the UCAR Simple Climate Model to
students, give students an opportunity to make sense of this proportional relationship between CO
concentrations and temperature.

SUPPORTING
STUDENTS IN
MAKING
CONNECTIONS IN
ELA

CCSS.ELA-LITERACY.RST.6-8.2: Determine the central ideas or conclusions of a text; provide an accurate
summary of the text distinct from prior knowledge or opinions.

Students are assigned 1-3 solutions to read about. They are expected to identify the main ideas from the text
about each solution and to communicate those main ideas to members in their small group. Students are
expected to read the texts and start to evaluate solutions based on the class’s agreed-upon criteria and not
based on their own opinions.
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