
   

Simple climate model lab  1 

 

    

  

Climate Science  

UW Program on Climate Change  

Author: LuAnne Thompson, 

Stephen Po-Chedley, and Chris 

Terai 

    

Overview 

The Simple climate model lab teaches students about the 

relationship between forcings, feedbacks, and climate sensitivity 

using a simple climate model that can either be run on Excel or on 

the website provided. The simple climate model can be used to 

teach a variety of topics. For this lesson plan, we focus on the 

forming the students’ understanding of how forcing, feedbacks, 

and ocean storage of energy have an effect on global temperatures.  

Focus Questions 

1. Why has the temperature been rising in the last hundred 

years?  

2. Why do wiggles exist in temperature records and what 

determines how wiggly they are?  

3. What is climate sensitivity and what aspect of the Earth’s 

mean temperature does it control?  

4. How do the oceans regulate the Earth’s temperature?  

Performance Expectations 

Students should be able to answer the focus questions.  

Students should look at a temperature record and understand how 

changes in forcing, feedback, climate sensitivity, and heat storage 

affect the temperature evolution.  

Students should look at future projections of temperature and start 

identifying what parts of the model determine the magnitude of 

warming in 2100.   

 

Materials 

Access either to Excel or to the Internet 

(http://atmos.uw.edu/~outreach/simple_model.

php) 

Worksheet provided below 

Lesson Time 

1 fifty minute class period 

Prep Time 

Apart from familiarizing yourself with the simple 

climate model, no preparation time is necessary.  

Standards  

WA State:   

 

 

http://atmos.uw.edu/~outreach/simple_model.php
http://atmos.uw.edu/~outreach/simple_model.php


   

Simple climate model lab  2 

 

Background Information 

For this laboratory, we'll be using a simplified model, but we will 

use the radiative forcing values from the Intergovernmental Panel 

on Climate Change (IPCC). In other words, we account for the 

effects of volcanos, greenhouse gases, and the sun using the same 

data that is used for more advanced climate models.  

Understanding the energy budget at the Earth’s surface can take us 

a long way in understanding recent changes in global mean 

temperatures. The simple climate model is an energy balance model 

that accounts for feedbacks, natural variability, and an ocean to 

help simulate the main components that determine changes in 

global mean temperature.   

When a system is in energy balance (i.e., the energy entering the 

system equals the energy leaving the system), the temperature of 

the system will stay the same. If the system undergoes a positive 

forcing, like an increased intensity of the sun, the system will warm 

up until the excess energy entering the system is balanced by the 

energy leaving the system by longwave cooling. Among many 

things, the amount that the surface warms will depend on the 

storage capacity of the surface, which we will assume is an ocean 

with some depth. We can write this balance in terms of an equation 

Heat storage rate = longwave cooling + radiative forcing                                

[1] 

If we want to include effects from year to year differences in the 

weather, then we add weather noise such that  

Heat storage rate  = longwave cooling + radiative forcing + weather 

[2] 
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When the system is in equilibrium, the heat storage rate will, on 

average, be zero, which means that longwave cooling + radiative 

forcing + weather will be zero. Since weather noise is zero on 

average, the system will be in equilibrium if longwave cooling + 

radiative forcing is zero.  

Now, Eq. 2 can be written in the following form  

                                                          

[3] 

where 

 is the density of sea water (1025 kg m-3), 

cp is the specific heat of sea water (3985 Joules kg-1 oC-1),  

H is the depth of the upper ocean where heat is absorbed ( m), 

T is the temperature change from preindustrial conditions (oC), 

t is time (seconds), 

b is the climate sensitivity (Watts m-2  oC -1), 

R is the radiative forcing from natural and anthropogenic effects 

(Watts m-2), and 

W is the year to year random weather forcing (Watts m-2). 

 

Note that T(t) in Eq. 3 does not just represent longwave cooling. 

Although we have talked about one feedback (the Planck feedback, 

which is basically the increase in longwave cooling with a warmer 

Earth and is always negative) so far, we haven’t included any of the 

r
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other feedbacks in our previous discussion. What we can do, 

however, is to combine the Planck feedback with other feedbacks 

(water vapor, lapse rate, cloud, etc.) under b, which is the climate 

sensitivity in this model.  

We can now track changes in temperature by taking the finite-

difference form of Eq. 3 to look at the changes in temperature from 

year 

                                                        

[4] 

Where  the n superscript is the value at time n where n goes from 

1880 through 2006 in the first sheet.  We can rearrange Eq. 4 to get 

                                                                       

[5] 

This is the equation that is in the spread sheet.  

 

Now if we look at the 20th century global mean temperature record 

in this context, the temperature has been increasing, which means 

that the storage rate is increasing. This also means that the radiative 

forcing has been larger than the longwave cooling (including effects 

from other feedbacks). The rate of the temperature increase then is 

set by both the ocean heat storage capacity and the climate 

sensitivity. The wiggles in the temperature can be understood as 

the combined effect of radiative forcing and weather noise.  By 

doing this experiment, we want the students to look at the 20th 

century temperature series and understand what controls the 
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general trend, the rate of the trend, and the wiggles in the 

temperature.  

The second part of the lab is for the students to make temperature 

projections based on different scenarios, called Representative 

Concentration Pathways (RCPs). The RCPs are meant to serve as 

input for climate models that capture different scenarios of 

changing emissions, concentrations, and land-cover change 

projections. Quoting the Nature article listed below,  

“These scenarios provide plausible descriptions of how the 

future might unfold in several key areas—socioeconomic, 

technological and environmental conditions, emissions of 

greenhouse gases and aerosols, and climate. When applied in 

climate change research, scenarios help to evaluate 

uncertainty about human contributions to climate change, 

the response of the Earth system to human activities, the 

impacts of a range of future climates, and the implications of 

different approaches to mitigation (measures to reduce net 

emissions) and adaptation (actions that facilitate response to 

new climate conditions).”( Moss et al., 2010) 

 For our case, the RCPs will represent forcing inputs for the simple 

climate model.  

Further information about the scenarios can be found at: 

http://www.iiasa.ac.at/web-

apps/tnt/RcpDb/dsd?Action=htmlpage&page=welcome#descript 

Also see the Nature paper (Moss et al., 2010) for more details.  This 

paper should be accessible to the high school students.   

Moss, R. H., et al., 2010; The next generation of scenarios for climate 

change research and assessment, Nature 463, 747-756 (11 February 

2010) | doi:10.1038/nature08823 (pdf is available in dropbox) 

http://www.nature.com/nature/journal/v463/n7282/full/nature08823

.html  

 

And a simpler explaination of the RCPs can be found a Beginners 

Guide to Representative Concentration Pathways by G. P. Wayne 

http://www.skepticalscience.com/rcp.php 

Some more information on Planck feedback and climate sensitivity: 

http://www.iiasa.ac.at/web-apps/tnt/RcpDb/dsd?Action=htmlpage&page=welcome#descript
http://www.iiasa.ac.at/web-apps/tnt/RcpDb/dsd?Action=htmlpage&page=welcome#descript
http://www.nature.com/nature/journal/v463/n7282/full/nature08823.html
http://www.nature.com/nature/journal/v463/n7282/full/nature08823.html
http://www.skepticalscience.com/rcp.php
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http://climatephys.org/2012/06/28/climate-sensitivity-and-the-

linearized-response/ 

 

Prior Knowledge and Learning Assets 

The students should have some familiarity with what climate 

models are and how they can be useful. Knowing some of the 

strengths and weaknesses of current climate models can help them 

start thinking about the strengths and weaknesses of this simple 

climate model. Chapter 15, Pages 309-315 (Kump, Earth System) 

provides an overview of climate models.  

For more information on climate models, see: 

http://www.realclimate.org/index.php/archives/2008/11/faq-on-

climate-models/.   

The IPCC 2013 FAQ 10.1: Climate is Always Changing.  How do we 

Determine the causes of Observed changes?   

(available in pdf in WG1AR5_Chapter10.pdf) 

Evaluation of Atmosphere-Ocean General Circulation Models IPCC 

2007 TS.7: 

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/tssts-4-

1.html.  

If you want a short article about models in general, then the 

following article would be helpful: 

http://earthobservatory.nasa.gov/blogs/earthmatters/2012/06/08/wh

o-says-climate-models-arent-worth-talking-about/.  

Since this lab builds on energy budget, forcing, and feedbacks, the 

students should have covered the energy budget, what constitutes 

energy balance (or equilibrium), what forcings are, and what 

feedbacks are. The students should know the convention of what a 

positive or negative forcing means to increasing or decreasing 

temperatures and what a positive or negative feedback means to 

amplifying or dampening changes in temperature. This lab should 

be viewed as a way of incorporating their existing knowledge into a 

framework where forcings and feedbacks work together to set the 

global mean temperatures.  

It would also help for the students to have some understanding of 

climate sensitivity. Generally speaking, climate sensitivity is the 

http://climatephys.org/2012/06/28/climate-sensitivity-and-the-linearized-response/
http://climatephys.org/2012/06/28/climate-sensitivity-and-the-linearized-response/
http://www.realclimate.org/index.php/archives/2008/11/faq-on-climate-models/
http://www.realclimate.org/index.php/archives/2008/11/faq-on-climate-models/
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/tssts-4-1.html
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/tssts-4-1.html
http://earthobservatory.nasa.gov/blogs/earthmatters/2012/06/08/who-says-climate-models-arent-worth-talking-about/
http://earthobservatory.nasa.gov/blogs/earthmatters/2012/06/08/who-says-climate-models-arent-worth-talking-about/
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measure of how much temperature changes due to a change in 

forcing. Encapsulated by b in Eq. 3-5, it includes the effect of all 

feedback terms.   

If you plan on having the students connect what they find in their 

exercises with the energy balance equation of Eq. 3 and 5, some 

familiarity with equations and rate of change with time would help 

them see how changing H, b, or W will affect changes in 

temperature.  

Anticipated Challenges 

If you plan on using the Excel model and the students are 

unfamiliar with Excel, they may initially have trouble manipulating 

data and creating graphs.  

Understanding Eq. 1-5 and what they represent may be challenging 

for some students. Equations 1-3 are basically energy conservation 

equations, while Eq. 4-5 show how those equations are used to 

drive the simple climate model.  

It would be good to frequently remind students what the forcings 

and climate sensitivity values mean in terms of real world 

phenomena (e.g. -0.5 Wm^-2 may represent cooling from a volcano 

eruption…).  

Note that every time the model is run (every time you hit enter 

while highlighting a parameter value), you will get a different set of 

weather noise, so your temperature time series will look different. 

This indicates the extent to which random weather noise can 

change temperatures.  

 

Assessment Elements 

The students will be evaluated on their answers to the worksheet.  

 

Conducting the Lesson 

Preparation 

Acquaint yourself with the model and go through the worksheet 

beforehand to anticipate any challenges the students may face.  
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Necessary materials 

Worksheet 

Access to computers 

Access to the Internet 

(http://atmos.uw.edu/~outreach/simple_model/controller.php) 

Microsoft Excel (if using Excel) 

Excel information sheet (if using Excel) 

 

Before or at beginning of lab class 

Have the students first take a look at the global mean temperature 

record of the 20th century. Ask them what is going on in the graph. 

What is the general temperature trend? What do we think is 

causing the increasing temperatures? Why isn’t the trend smooth? 

What can cause dips in the temperature? This will have them start 

thinking about external radiative forcings that will play a big part 

in the lab. By doing the lab they will get to see what natural 

forcings and anthropogenic forcings do to global mean 

temperatures.  

 To start talking about climate sensitivity you can now ask the 

students what sets the amount of warming over the 20th century. 

First, the amount of forcing over the past 20th century will be 

important.  So will the strengths of the feedbacks. Finally, the heat 

capacity of the ocean/land/atmosphere will be important in setting 

how much the Earth warms due to some forcing.  

 

In class 

Hand out the worksheet, and if using Excel the worksheet, and let 

students do the lab.  

http://atmos.uw.edu/~outreach/simple_model/controller.php
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Additional documents: 

ClimateModel_Worksheet.docx: Includes answers in maroon 

Online resources on geosciences (some are already listed above) 

On the physics of climate models 

http://physicstoday.org/journals/doc/PHTOAD-ft/vol_60/iss_1/72_1.shtml 

How more knowledge can lead to less uncertainty when improving climate models 

http://www.nature.com/climate/2010/1002/full/climate.2010.06.html 

Good youtube clip that explains how to think about trends and variation: 

http://www.youtube.com/watch?v=e0vj-0imOLw&context=C30a2de3ADOEgsToPDskIAWH9w-JFVOLKD8fYK65Us 

How to understand uncertainty if you start talking about uncertainties (look under Metaphor for Uncertainty) 

http://judithcurry.com/2012/03/12/demon-coal/#more-7620 

 

http://serc.carleton.edu/quantskills/index.html - SERC quantitative skills portal 

http://serc.carleton.edu/introgeo/index.html - SERC geosciences 

http://neo.sci.gsfc.nasa.gov/Search.html - NASA earth observations 

http://phet.colorado.edu/en/simulations/category/new - phET simulations 

 

http://physicstoday.org/journals/doc/PHTOAD-ft/vol_60/iss_1/72_1.shtml
http://www.nature.com/climate/2010/1002/full/climate.2010.06.html
http://www.youtube.com/watch?v=e0vj-0imOLw&context=C30a2de3ADOEgsToPDskIAWH9w-JFVOLKD8fYK65Us
http://judithcurry.com/2012/03/12/demon-coal/#more-7620
http://serc.carleton.edu/quantskills/index.html
http://serc.carleton.edu/introgeo/index.html
http://neo.sci.gsfc.nasa.gov/Search.html
http://phet.colorado.edu/en/simulations/category/new

