














Planet Designer: Kelvin Climb

Eq.2

From these pieces, we can establish a relationship for the amount of energy from the Sun that reaches
a planet and set it equal to the amount emitted by the planet (since the amount of energy

going in must equal what comes out), seen in Eq. 3.

From here, we can calculate the blackbody temperature, “73,” if we know the other variables. The

Eq.3

luminosity of the Sun can be calculated from Eq. 2, given that the blackbody temperature of the Sun
is about 5,800 degrees Kelvin. A planet’s albedo is known from measurements. Note that the radius
of the planet will not affect the blackbody temperature (the radius of the planet will cancel when
solving Eq. 3 for “T}”), since a larger planet absorbs more energy, but also emits more energy from



Planet Designer: Kelvin Climb

its larger surface area. Substituting Eq. 3 into Eq. 2 gives a simplified equation that relates planetary
temperature, solar temperature, and distance from the Sun, seen in Eq. 4.
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This doesn’t give a full picture of a planet’s temperature because greenhouse gases warm up a
planet’s surface by absorbing long wavelength infrared radiation. Students will find that planets are
really chilly without a greenhouse atmosphere.

Here’s where we get to cheat a little. We know the actual average surface temperature of each planet.
We’ve measured it. We use Stefan-Boltzmann’s law to equate the power emitted through black body
radiation to the actual emission by the planet, where “N” is a multiplier, and “7,” is the actual surface
temperature, giving:

Eq. S oT! =N x oT,
4
Eq. 6 T_a =N
1,

The multiplier “N” includes many factors influencing a planet’s temperature, including greenhouse
warming (See Table 1 for “N” values). For simplicity, we will call this the “Greenhouse Strength.” It
is important to note that doubling “N” does not double the amount of greenhouse gases. You might
recall from “Goldilocks and the Three Planets” that Venus has approximately 220,000 times the
amount of CO; as Earth, but “N” is not 220,000 times greater than Earth’s or even close to it.

In the computer interactive students will use during this activity, an “N’’ value is assigned for a strong
and weak Greenhouse Strength, but that isn’t a direct indication of the composition of the
atmosphere. Planetary surface pressure is also based upon the student’s input of atmospheric



Planet Designer: Kelvin Climb

thickness and not from gravity, because the composition of the atmosphere and exact volume of
atmosphere can’t be determined here. However, 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, planetary surface pressure, 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. 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/m’) 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 (N) 106.75 1.62 1.15
Surface Pressure (bars) 90 1 0.007
Average Surface Temperature (Kelvin) 743 288 223

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?
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Post-Activity Assessment
Poster presentation: Have students create posters explaining what the conditions are like on their
planet, and whether life as we know it could be possible.

Discussion: Discuss feedback effects with students, and record student ideas about what would
actually happen to the albedo if a planet’s temperature increased or decreased. Have students
consider the implications of a positive feedback, where an increase or decrease in temperature leads
to a decrease or increase in albedo. Students can consider the “snowball Earth,” where a slight
decrease in temperature leads to increases in ice and snow corresponding with an increased albedo
that feeds the cycle. Another scenario they might consider is a “runaway greenhouse,” where an
increase in temperature leads to snow and ice melt corresponding to a decreased albedo. This could
lead to a long-term research project.

Activity Extensions
“Planet Designer: Retro Planet Red” activity
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