
Understanding Climate 
Modeling
Lesson Set 2 of 5

Teacher Prep

Age Levels: 9th-12th grade 

Time Commitment: 7–9 days 
(if all activities completed)

Key Vocabulary/Concepts:
factor, climate change, model, 
data, variation, trend, weather, 
climate, carbon dioxide, solar 
activity, volcanic emissions, 
ocean cycles, graph, timeline, 
hindcast, projection, prediction

Materials:
• Internet access
• Student-facing handouts for 

each activity
• Sticky notes

Apps and Software:
• Google Jamboard or  

Google Drawings
• Graphing software (Excel, 

Google Sheets, Vernier 
LoggerPro, or Vernier 
Graphical Analysis)

• The King’s Centre for 
Visualization in Science 
applet Climate Contributions

• The King’s Centre for 
Visualization in Science 
applet Climate Model 
Hindcasting

• University of California 
Museum of Paleontology 
applet Understanding Global 
Change

Introduction
Climate models are one of the most essential tools used by climate 
scientists. Climate models are used to project long-term trends on 
the basis of past data and to better understand the current climate 
system. Although relatively new to science, climate models have 
improved since their infancy with new data and technology. 

       Teacher Goals
1) Provide structured opportunities for students to ask questions that 

drive the learning process.
2) Guide students through analysis of real-world climate data to 

understand how climate scientists generate climate models and 
make projections.

3) Use questioning strategies rather than providing easy answers. 
Note: This is especially important when dealing with students who 
are resistant to the scientific consensus on climate change.

       Student Learning Goals
1) Generate questions to clarify how climate models have changed 

over time and the outcomes of these changes on projecting future 
climate.

2) Use a metaphor to explain the difference between key vocabulary 
such as climate/weather and trend/variation.

3) Create a timeline of climate models to describe how the 
technology used to create the models and our understanding of 
the factors involved in climate have changed over time.

Climate Change Lesson Set Series  
https://ncse.ngo/supporting-teachers/classroom-resources

Lesson Set 1: Scientific Consensus—A Tsunami of Evidence

Lesson Set 2: Understanding Climate Modeling

Lesson Set 3: Back to the Future—Climate Edition

Lesson Set 4: Climate Change in Your Own Backyard 

Lesson Set 5: Climate Super Solutions

CLIMATE CHANGE

CLIMATE CHANGE

https://ditchthattextbook.com/jamboard/
https://www.theedublogger.com/google-drawings/
https://applets.kcvs.ca/ClimateContributions/ClimateContributions.html?showObserved=false
https://applets.kcvs.ca/ClimateModelHindcasting/
https://applets.kcvs.ca/ClimateModelHindcasting/
https://ugc.berkeley.edu/construct-a-model/
https://ugc.berkeley.edu/construct-a-model/
https://ncse.ngo/scientific-consensus
https://ncse.ngo/scientific-consensus
https://ncse.ngo/climate-models
https://ncse.ngo/past-vs-present-climate-change
https://ncse.ngo/local-climate-impacts
https://ncse.ngo/climate-solutions
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      Student Learning Goals (continued)
4) Analyze the factors included in a variety of climate models to evaluate the accuracy of each model.
5) Examine the factors used in various climate models and create a concept map of each model’s system.

Background

        Teacher Knowledge
Nature of Science
It‘s recommended that students work through the NCSE Nature of Science lesson sets at some point 
during the year. However, if this is not possible, be sure to introduce students to FLICC, a framework for 
understanding science denial, prior to presenting this lesson set. Part E: The Characteristics of Science 
Denial in Nature of Science Lesson Set 1: Science is a Way of Knowing is especially valuable. It takes 
students through several examples of FLICC in action while dismantling common misconceptions about 
the COVID-19 pandemic. Learn more about FLICC.

Scientific Concepts:
This lesson set focuses on climate models and our ability to project future climate based on 
models created using hindcasting. Students create definitions of climate and weather and learn 
the different factors involved in climate. To complete this lesson set, a basic knowledge of 
climate science is needed. If a refresher on climate change is necessary, consider checking out the 
Paleontological Research Institute’s Teacher-Friendly Guide to Climate Change or Jeffrey Bennett’s 
online Global Warming Primer before introducing this curriculum to your students.

          Discussion Points
• What is climate? What is weather? How are climate and weather related?
• What is a trend? What is variation? How are trends and variations related?
• What is a model, and how do we use models to project future trends?
• How do scientists develop climate models?
• How have climate models changed over time? Why did they change?
• How accurate are climate models in regards to projecting future climate trends?
• Are video games a good analogy for climate models? If yes, what makes them a good analogy? If not, 

what is a better analogy?

https://ncse.ngo/supporting-teachers/classroom-resources
https://drive.google.com/file/d/1sn3Su-VTLrADvPvyp5x7Q1x2ewu_8uSj/view?usp=sharing
https://ncse.ngo/science-way-knowing
https://crankyuncle.com/a-history-of-flicc-the-5-techniques-of-science-denial/
https://paleontological.s3.amazonaws.com/PDF/TFG-ClimateChange-3rd-Printing-Small.pdf
https://www.globalwarmingprimer.com/
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         Prerequisite Student Knowledge
Before starting the activities below, students should be familiar with the carbon cycle. Students should 
be familiar with the types of natural events and human activities that add carbon to the atmosphere, and 
activities that sequester carbon from the atmosphere.

Core Misconceptions

✘ MISCONCEPTION: “Weather” and “climate” are interchangeable terms.

✔ FACT: Weather and climate are related but different.

✔
FACT: Weather refers to short-term conditions in the atmosphere and fluctuates depending on 
what part of the Earth is being evaluated at any given time; climate refers to the patterns of 
weather over a long period of time in a specific area.   Note: For statistical comparisons, weather 
patterns of thirty years or more are considered the norm when evaluating climate.

✘ MISCONCEPTION: Climate models are unreliable; therefore, climate models can never be 
trusted.   Note: Variation of this misconception: Climate models are unreliable; therefore, all 
climate models are wrong.

✔ FACT: Climate models are built to estimate trends, not predict specific events.

✔
FACT: Climate models are tested for their accuracy against past data through a process called 
hindcasting.

✔
FACT: Climate models have made successful, documented projections of long-term warming and 
specific climate patterns.

✘ MISCONCEPTION: Climate models are too sensitive and their predictions are often flawed.

✔
FACT: Climate models do not predict the climate. They formulate projections based upon a vari-
ety of factors.

✔
FACT: While there are aspects of climate that are challenging to simulate, such as short-term pro-
jections, models are continually being improved and tend to be more conservative than speculative.

✔
FACT: Climate models have made successful, documented projections of long-term warming and 
specific climate patterns.



Understanding Climate Modeling 
(Lesson Set 2 of 5)

4

CLIMATE CHANGE

Teacher Instructions
       Anchoring Phenomenon
Anchor: Game On 
• Start the class by asking students to identify video games they enjoy. Students may include video games 

they play on a console, a phone, or a PC. Ask students to identify both the oldest and most recently 
published video game they have ever played. Ask students to create a list of what makes a “good” video 
game. Elicit graphics as one of the factors

• Next, present students with Madden NFL from 1988 to 2022. Complete an “I Notice/I Wonder” with 
students by asking them to consider what they notice about this set of pictures silently. Allow students 
time to share what they observe. Then ask students to generate questions using the sentence starter 
“I wonder…” Students may notice that the perspective is different between the two games or that the 
more recent version has more detail. 

• Allow students to experience a video game with lower graphics quality than what they are probably 
used to today. Be sure to set expectations for using the website, including a time frame, acceptable 
behavior, and appropriate games, then provide students with the following link: Free 80s Arcade. After 
sufficient time, ask students these questions:
- How do these games compare to your personal gaming experience? What changes have happened to video 

game graphics since the 1980s?
• Show students the video “Madden NFL evolution [1988–2019]” (12:30). Stop after 14 seconds and say, 

“This is the original Madden NFL video game. To create this game, developers had to consider the factors of 
a real-life football game and attempt to include them here, based on the technology available. They included 
players, team colors, and some form of gameplay. The graphics are simple. All the players look alike. The 
stadium is not a unique place. There is some depth to the image, but not much. Let’s watch the next part of 
this video and think about how these factors changed and how that changed the graphics.”

• As you describe these factors to students, create a list of them on your whiteboard or some other place 
where students can see them. 

• Continue the video, Madden NFL evolution [1988–2019]. Stop at the 00:25 mark. Have student’s 
identify one new real-life factor. For example, the uniforms have more detail, the player celebrates the 
touchdown, the depth is more obvious, and the objects are realistically shaded. Ask students to explain 
how this helps the overall quality of the graphics. Create a second list of what is identified.

• Continue the video, Madden NFL evolution [1988–2019]. Stop at the 00:51 mark. Ask students to 
complete a Think-Pair-Share identifying new factors included in these iterations of Madden NFL. 
Ask students to discuss whether this improved the graphics or not. Create a third list of the factors 
identified.

• Continue Madden NFL evolution [1988–2019] from the 10:24 mark. Play until 11:20. Ask students to 
complete another Think-Pair-Share. 
- What factors would need to be included to improve from the earlier versions of Madden to present-day 

Madden?

https://drive.google.com/drive/folders/1At6UKU3arCQu1ngU8NNf-WjbvwnYwRGB?usp=sharing
https://www.free80sarcade.com/
https://youtu.be/vOI2S08iq3w
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       Anchoring Phenomenon (continued)
Anchor: Game On (continued)
• Ask students to consider the following questions:

- What allows video game designers to create graphics that are much more realistic than they could even 
20 years ago?

- What other industries have been able to make similar jumps?

Driving Question Board: Understanding Climate Modeling
• Once students have worked through the Game On activity, direct them to open the Google Jamboard 

Driving Question Board (DQB) for this unit.
 Note: Please make a copy of the template provided before beginning the activity. Google Jamboard is a free 

whiteboard platform for brainstorming group ideas. 
• Ask students to identify different models they have used in class and the circumstances in which a 

scientist might want to use a model.  
Note: it is important to elicit that models can be used to make predictions or understand a system that is 
difficult to visualize.

• Ask students to consider Madden NFL as a model of a football game. The computer system, the 
hardware, and the software work together to create a model. The better the information we include, 
the better the model. 

• Say to the students, “The developers of Madden NFL are attempting to model the experience of playing 
a sport. The game is not the result of random trial-and-error. The developers include factors grounded in 
the real-world experience of playing football that are necessary to generate an accurate model of playing 
football.”

• Explain to students that climate can be modeled in a similar way, and scientists must consider how the 
real world climate system functions in order to create an accurate model. Show students the example 
climate model found in the Teacher Resource Folder. Then direct students to the Driving Question Board.

• If you’re working in-person or without access to digital media, create a physical version of the Driving 
Question Board (which can be displayed prominently in the classroom). Provide students with sticky 
notes to add their questions to the board.

• Organize students into pairs to allow them to have someone to help develop their questions. On the 
class Driving Question Board, have each student pair type or write one or more open-ended questions 
about climate models or climate change on separate sticky notes, along with their initials. Open-ended 
questions require answers beyond yes or no or a single word. If students struggle to think of open-
ended questions, have them consider questions related to the purpose, factors, or technology. Sample 
open-ended questions include:
- What factors are included when creating a climate model?
- How do scientists use climate models?
- What kinds of predictions can we make using climate models?

https://ditchthattextbook.com/jamboard/
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       Anchoring Phenomenon (continued)

Driving Question Board: Understanding Climate Modeling (continued)
• Read a few of the student-generated questions aloud to the class. After class ends, arrange similar 

questions into categories and add subtitles above the sticky notes to help students see the trends in 
their collective thinking each time they return to the board.

• The DQB is meant to guide instruction and should be referenced periodically, such as at the start of a 
class or when transitioning between activities, to highlight what questions have been answered and 
where the storyline is headed next. Not all student-generated questions will be answered. At the end 
of the storyline, teachers may elect to have students research unanswered questions.

           Storyline Activities
Part A: Weather vs. Climate 
• Introduce the lesson by presenting Denver’s 7-Day Weather Forecast. Complete an “I Notice/I Wonder” 

with students by asking them to silently consider what they notice about this forecast. Allow students 
time to share what they observe. Next, ask students to generate questions using the sentence starter 
“I wonder…” Students may notice that this forecast includes a wide range of temperatures and may 
wonder if this is normal for Denver.

• Use the Weather vs. Climate interactive Google slide set. First, students will analyze the 7-day forecast 
they just observed by watching the video "Denver Weather Forecast October 2019" (2:59), the newscast 
from which the original forecast came. Students are then shown the average high and low for that 
same week in October and reflect on the difference between what happens on any given day and the 
overall average.

• Show students the video “Trend and variation” (1:04). The video ends by identifying which factor is 
climate and which is weather. Create classroom definitions for trend and variation with your students. 
Ask students to give examples of variations and trends. Examples may include:
- The trend is how much you grow over time; variation is your height on any given day.
- The trend is your school uniform; variation is a “jeans day” or other casual days.
- The trend is the accounts you follow on social media; variation is when you find something new.

• Show students the NOAA National Center for Environmental Information weather and climate analogy. 
Allow students a moment to define an analogy and describe this analogy. 

• Create an analogy as a class using class schedules as the example. Begin by developing a typical 
weekly class schedule that represents your students’ grade level at your school. Ensure that all core 
classes are included. Ask students to focus on activities that are year-round, not seasonal. For example, 
instead of physical education, if this is a semester-long course, refer to this and other classes like it as 
“specials classes” or other school-specific language that you use.

https://drive.google.com/drive/folders/1GuS4QUitMXKFUBDu-HFG4BPyl1zea-FH?usp=sharing
https://drive.google.com/file/d/17NraGn6oerEe40XirgMuY9HwUVLkdLmZ/view?usp=sharing
https://youtu.be/e0vj-0imOLw
https://www.ncei.noaa.gov/sites/default/files/sites/default/files/infographic-weather-versus-climate-illustrated-with-clothes.png
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           Storyline Activities (continued)
Part A: Weather vs. Climate (continued)
• Once the “typical” week has been created, ask students to generate something they would define 

as their “craziest” week. This week could include after-school activities, tests, pep rallies, special 
assemblies, or other events.

• After identifying which schedule represents climate and which schedule represents weather, ask 
students to create classroom definitions of weather and climate.

• Provide time for students to develop their own weather and climate analogies. Some potential 
analogies include:
- Climate is the class schedule, and the weather is the class you are in at any given time.
- Climate is what you usually eat for dinner every day, and the weather is eating out somewhere special.
- Climate is sleeping in your bedroom every night, and the weather is camping out and sleeping in a 

sleeping bag.
• Teacher Tip: A Google Jamboard called Weather Forecast Notice and Wonder for the 7-Day Forecast 

Notice and Wonder activity described above can be found in the Teacher Resource Folder. Students can 
complete this activity digitally or without computers by observing a projection of the 7-day forecast. 

Part B: The Missing Ingredient
• Introduce the idea that climate is a system and that many different inputs create the output we 

experience. Ask students to reflect on the difference between climate and weather. With students, 
brainstorm a list of various factors that influence climate. It may be helpful to present images of 
different climates to help students brainstorm. Possible student answers include:
- The angle of the sunlight
- The amount of sunlight
- Precipitation
- Topography
- Altitude

• Organize students into small groups and pass out The Missing Ingredient—Interpolating Global Temp 
Student Handout. Provide one data set for each group: Solar Activity, Volcanic Emissions, Ocean Cycles, 
and GHG. Data sets can be found in the folder Part B: Missing Ingredient. Have students graph their data.
- Note: It is possible to provide either the individual data sets, one per group, or provide the spreadsheet All 

Data Sets - Individual Tabs and assign groups of students to utilize a single tab. 
• Once students have successfully created a graph of their data, direct students to  the Temperature 

Anomaly Graph 1900-1990. Identify for students that this data ends in 1990. Based on the information 
from their original graph, students create a projection (a forecast of the future trend based on their 
understanding of the current trend) of the temperature anomaly line to 2021 on the Temperature 
Anomaly Graph 1900-1990. 

https://drive.google.com/drive/folders/1KHajdnYu8UqTp7WQL_HUuYfvTFCffUCB?usp=sharing
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           Storyline Activities (continued)
Part B: The Missing Ingredient (continued)
• Provide students with the opportunity to do a silent Gallery Walk. Students should lay their graphs 

flat, or if space allows, tape them to the wall for other students to observe. Set expectations and allow 
students to freely observe the other graphs and predictions. 

• After sufficient time, students should return to their original groups, receive a copy of the Temperature 
Anomaly Graph 1990-2021, and answer the analysis questions. The most accurate lines should be the 
groups that had the GHG including CO2 data as part of their projections. 

• Next, provide students with The Missing Ingredient—CO2 Emissions Data Set. Students plot a stacked 
graph that accurately represents human carbon emissions from 1760 to the present. 

• Finally, direct students to view Climate Contributions, an interactive applet from The King’s Centre for 
Visualization in Science that displays some of the data they have examined plus additional data.. 

• Direct students to use the Claim-Evidence-Reasoning strategy to answer the following question: What 
do you think is influencing global temperature? Tell them to cite at least three pieces of evidence and be 
sure to connect this to scientific concepts in their reasoning.

Part C: The Evolution of Climate Modeling
• Ask students to define a timeline. Ask them whether this is a type of model and what its purpose is. Ask 

students to create a timeline of these events in gaming history using the events listed below.  
- The first at-home game console
- The first sports video game
- The first first-person racing video game
- The first game that features haptic feedback (e.g., vibrating handlebars during a collision)
- The first 3D video game

• Note: The events above are listed in the correct order. It is important to list them in a different order than the 
one above. Below are the dates of each of the events.
- The first at-home gaming system was the Magnavox Odyssey, released in 1972.
- Later that year, Pong, the first sports video game, was released.
- In 1976, the German video game, Nürburgring 1, became the first first-person racing video game.
- Haptic feedback causing the handlebars to vibrate when the motorcycle crashes was a feature of Moto-

Cross in 1976.
- The first 3D video game was Battlezone, released in 1980.

• Ask students to consider the following questions:  
Note: Students should be brainstorming their answers and may repeat themselves. This is okay! Create a list, 
but do not indicate right or wrong answers.
- What changed over time to allow different types of video games (sport vs. racing) to be developed?
- What changed over time to allow different perspectives (first-person vs. third-person) in video games?
- What changed over time to allow for different perceptions of depth (2D vs. 3D)?

https://applets.kcvs.ca/ClimateContributions/ClimateContributions.html?showObserved=false
https://drive.google.com/drive/folders/12WJ9ujTU4vSWQMNHW3b9WQdP1EzEC7gV?usp=sharing
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           Storyline Activities (continued)
Part C: The Evolution of Climate Modeling (continued)
• Direct students to open up the Climate Models Timeline. Students will need to examine the websites 

listed and determine which events to include in their timeline. Students will include 20 events in their 
timeline and 10 related images. Students should also choose and position five images that work as an 
analogy to represent the progression of the climate models. For example, they may choose to represent 
the progression of climate models using the Madden NFL analogy from the anchor.

• Anchor to Activity–Tying it All Together: Revisit the analogy of computer graphics changing over time. 
Remind students what changed about technology or the factors video game developers considered 
when creating their product. Allow students to reflect on the following questions:
- How did technology change over time?
- How did this influence the climate models?
- What other factors changed over time?

Part D: Future Climate Scenarios  
• Activity 1: Trusting Future Models

- Ask students to create a list of the sources of weather and climate information they trust. For 
example, if they want to know the weather today or tomorrow, who would they trust? Why do they 
trust this source?

- Introduce the Farmers’ Almanac and the Old Farmer’s Almanac. Describe for students what factors 
these sources use to make their forecasts.

- Show the students the forecast charts found in the Trusting Future Models slide set. Ask students to 
complete a Think-Pair-Share to answer the following questions:
º What are the similarities between the graphs?
º What are the differences between the graphs?
º What are the five “Big Takeaways” you think about when you look over the graphs?

- Inform students they will be comparing the reliability of each forecast. To do this, they will analyze 
past data in order to determine how accurate a model is. Students will determine how well each of 
these sources predicted weather events. They will use a data table to record the predictions each 
source made, then input the actual weather that occurred. 

- Using the data table, ask students to fill in the three charts’ forecasts for three different cities. 
Students will then use data from previous years. 

- Next students will add the actual results for each of the chosen cities, then compare and contrast the 
predictions to the actual results. 

- Students will wrap up the lesson by answering the following questions:
º According to the hindcast you created and following a Claim-Evidence-Reasoning format, write a 

paragraph to explain which forecast was the most accurate.
º Which source would you trust when considering the weather for the upcoming winter season? Why is 

this source the most trustworthy? What other data would help you to make a decision?

https://drive.google.com/drive/folders/1LYl2crHOTOOOx7ltptlykINXq4YpGIRJ?usp=sharing
https://www.farmersalmanac.com/
https://www.almanac.com/
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           Storyline Activities (continued)
Part D: Future Climate Scenarios (continued)
• Activity 2: Hindcasting

- Present the students with the video Modeling Our Climate (7:42). As students watch, ask them to 
consider the following questions:
º What factors are included in climate models?
º What advancements in technology help us to create accurate models?
º What are “time steps”? Why can’t we generate a prediction for 10 years from now without them?
º How does this video connect with our activity, The Missing Ingredient?

- Organize students into small groups and allow them to explore The King’s Centre for Visualization in 
Science applet Climate Model Hindcasting. After sufficient time, ask students to reflect on what they 
discovered about the app’s functionality.

- Explain to students that they will be determining the reliability of climate models. To do this, they 
will consider three different aspects: their hindcasts, the factors included, and forecast accuracy. 

- Model for students how to interpret the factors that scientists used for the first climate model. Using 
the Climate Model Hindcasting applet, identify what factors were used, then create the resulting 
system in the Understanding Global Change applet. Provide students with the Hindcasting - Analyzing 
Climate Models_Student Handout. 

- Provide students with copies of the Future Climate Scenarios Understanding Global Change 
Jamboard. Students will create their climate system model using this jamboard then add a 
screenshot of their model to their handout.

- Once students have completed their models, they should answer the analysis questions. Allow time 
to review the questions. 

- Anchor to Activity–Tying it All Together: Provide students with the opportunity to go back to the 
original questions they asked that are listed on the DQB. Give time for students to reflect on what 
their question was, what they learned related to their question, and what new questions they have. 
Prompt students to think about how scientists might learn the answers to these questions or how 
they might go about researching it themselves.

         Extension Activities
Deeper Dive
• Deeper Dive

- High-Adventure Science: What Is the future of Earth’s climate?
- Data Nuggets: Breathing in, Part 2
- Science Education Resource Center at Carleton College: Is Warming Natural or Anthropogenic?

https://youtu.be/SuZHnqxltKo
https://applets.kcvs.ca/ClimateModelHindcasting/
https://authoring.concord.org/sequences/47/sequence_run/6866f4d05a235866e7d1bbf92f123f6e61ba33e9?show_index=true
http://datanuggets.org/2021/03/breathing-in-part-2/
https://serc.carleton.edu/integrate/programs/implementation/northerncolorado/activities/158865.html
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           Online Resources

» Free 80s Arcade

» Video: Madden NFL evolution [1988–2019] (12:30)

» Video: Trend and variation (1:04)

» Video: Modeling Our Climate (7:42)
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