






 
 
 
 
 
 
 

Image 1:  The luminosity of Sun is 
constant, and distributed uniformly 
in every direction.  Light spreads 
out proportionally over the distance 
squared, so that at 2 AU, the 
amount of light an object receives 
is a quarter of the amount received 
at 1 AU. 
 

of zero) and radiates with perfect efficiency.  When visible light shines on a planet, it will heat 
up and radiate increasing amounts of energy in the infrared.  At a certain temperature, the planet 
reaches an equilibrium, where the amount of visible light absorbed is balanced by the amount of 
infrared light radiated. 
Students will use a computer interactive to explore the blackbody temperature of a planet before 
considering what contribution greenhouse gases make to the surface temperature.  The 
fundamental rule of a planet’s energy budget, simply stated, is, “What goes in must come out.” 
To calculate blackbody temperature, we will use this information: 

¥ The Sun produces a certain amount of energy (luminosity).  
¥ Energy from the Sun travels outward in every direction.  Since the Sun is a sphere, the 

energy travels outward in a sphere.  See Image 1. 
¥ The planets travel around the Sun on elliptical orbits with the Sun at one focus.  These 

ellipses are nearly circular, so we will use the average distance to simplify the equations.   
¥ The amount of energy received by an object decreases with distance from the Sun.      

¥ The planets are spherical, but only the hemisphere facing the Sun gets exposed to the 
energy.  We will approximate the area that is directly exposed to be a circle.  

¥ All of the energy that hits a planet is either reflected or absorbed.  We know the amount 
reflected, because we can measure the albedo of the planet.  Students will calculate the 
blackbody temperature of a non-reflective, black planet before moving to this step.  

¥ In equilibrium, the amount of infrared light that the planet radiates must be equal to the 
amount of visible light that it absorbs. 

¥ The equilibrium temperature of the planet is the temperature the planet must be to 
balance the equation (what goes in comes out). 

 

 
 

 
 

 

 

 

Image 1 



 
 
 
 
 
 
 
Students should walk away with the understanding that a weak greenhouse effect on a planet 
leads to lower temperatures, and conversely, that a strong greenhouse effect leads to higher 
temperatures.  A student’s planet might support liquid water on the surface if the distance from 
the Sun, atmospheric thickness, and surface temperature are adequate.  Any one of these factors 
could influence whether or not a student is able to create a planet with liquid water on the 
surface.  The interactive may show the planet with liquid or frozen water as a possible scenario 
for the input conditions.  Note that because a planet could have water on the surface does not 
necessarily mean that it does!  You may want to discuss this subtlety with students, and explain 
that the interactive shows only one possible scenario.   

A real planet is more complicated.   Certain areas might be more reflective (clouds, oceans, ice 
etc.), and the albedo can vary over days (cloud patterns), seasons (winter snowfall), or geologic 
time scales (ice ages).  A real planet has surface interactions with the atmosphere that might 
make a predicted temperature higher or lower than this calculation could possibly give.  On 
Earth, for example, if the temperature increases, the amount of snow and ice will decrease in 
some areas, but the amount of cloud coverage would presumably increase.  Both things will 
change our planetary albedo, which factors into the final surface temperature—and that’s just 
one possible change.  This is called a feedback effect—when one small change gives rise to other 
changes in a system.  To factor in all of the potential changes, huge supercomputers running 
almost non-stop are used to predict climate change outcomes.    

Table 1:  Planetary Parameters 
 Venus Earth Mars 

Mass (Earth Masses) 0.815 1 0.107 
Density (kg/m3) 5250 5520 3930 

Radius (Earth Radius) 0.95 1 0.53 
Distance from Sun (AU) 0.723 1 1.524 

Albedo  0.75 0.29 0.16 
Greenhouse Strength  Very Strong Moderate Weak 

Atmospheric Thickness Thick Moderate Thin 
Average Surface Temperature (deg. Celsius) 470 15 -50 

 

With the Students 
1. Take students to the computer room, and instruct them on how to begin building planets. 
2. Walk around the room clarifying any questions students may have. 
 
 
 
 



 
 
 
 
 
 
 
Assessment 
Pre-Activity Assessment 
Ask:  What do you know about the phases of water?  What conditions are necessary on Earth for 
liquid water to exist? 
 
Post-Activity Assessment 
Student Presentation:  Have students share their planet drawings with the class and allow time 
for a gallery walk of the drawings and findings.  Record student ideas about planets on the 
board, or use a corkboard display showing what students learned about planet temperature 
(including vocabulary terms). 
 
Activity Extensions 
NASA’s Astro-Ventures “Design a Planet” interactive allows students to explore factors that 
contribute to a habitable planet.  It is available here:  http://astroventure.arc.nasa.gov/. 
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