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Three planets, all alike in dignity

In our fair solar system where we lay our scene.

From ancient likeness break to modern differences

Is now the 20 minutes traffic of our Sphere.
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	SCENE I  Introduction
	
	
	

	· This is a show about Earth, Venus, and Mars—and about how studying the climates on all three planets helps us understand the climate on Earth.

· We are focusing on the basics of how climate works naturally on planets so that you can understand the issues of global climate change.

· We chose Earth, Venus, and Mars (EVM) for two reasons.  1) They all started out the same 4.5 Billion years ago, but are very different today.  2)They are all part of the habitable zone.

· On the back screens, you can see a colored band in our solar system showing, where liquid water could exist on a planet’s surface under the right conditions.  (Habitable Zone).  Closer than Venus is too hot for liquid water on surface, further than Mars is too cold.

· Studying each of the planets gives us insights into climate systems on the others. We understand Earth’s climate better today because we have studied Venus and Mars.

	A Tale of Three Planets

Triple wedge cuts of Earth, Venus, and Mars
	Inner solar system showing habitable zone.
	

	· This is Earth.  It definitely has water. Definitely has life.
	Earth
	
	

	· Venus

· Thick cloud layer

· Closer to Sun than Earth

· 800˚ F.

· Way too hot for liquid water on surface


	Venus 
	
	

	· Mars

· Further from Sun than Earth

· Very thin atmosphere 1/200 of Earth’s

· Colder than Earth


	Mars 
	
	

	SCENE II  Albedo
	
	
	

	· The entire story about climate comes down to two things: How much energy (sunlight) goes into a planet and how much energy goes out.

· First, let’s focus on how much sunlight goes onto a planet.

· Black shirt vs white shirt.  Which keeps you cooler in the Summer?  White because it reflects the sunlight.

· Same with planets.

· Back screen shows albedos.  The amount of light reflected from a planet.

· How could Venus have had liquid water 4 Billion years ago?  Partly because the Sun was not as hot back then.  Also because most of the sunlight is reflected by the clouds.  (Scientists not sure if Venus’ albedo was as high (bright) back then.

· Mercury is closer to Sun than Venus, and darker, so it absorbs more sunlight.  So, how come Venus is hotter than Mercury?  Something else must be going on.  As we will see, it is because of Venus’ thick atmosphere of heat trapping gasses.


	Venus with lots of clouds
	Diagram to show relative albedo and sizes of Earth, Venus, and Mars
	

	· Mars is darker so absorbs more light.

· Strong evidence there was once liquid water on surface of Mars but not now.

· Probably because Mars once had a thicker atmosphere.


	Mars with very few clouds
	
	

	· Earth.  Albedo between Venus and Mars.  Because of patchwork of clouds in our atmosphere.


	Earth with clouds
	
	

	· Point North Pole toward visitors.

· I will remove the clouds and look at the North Pole to tell you the story of the delicate balance that albedo is at on Earth and about positive feedback loops.

· This is sea ice in September 1979.

· White ice at the north pole reflects a lot of light, which helps keep things cool. When some of the ice melts, there is more dark water, which absorbs more sunlight and heats things up—causing even more ice to melt making more dark water which absorbs more light.  It’s a viscous circle. This is a called a “positive feedback loop.”

· A small change can multiply into a big difference.


	Earth – Sea Ice September 1979 (layer)
	
	Point North Pole toward visitors

	· Here is Sea Ice in September 2012.  Look how much less.

· This is why people want to understand how these feedback loops work.
	Earth – Sea Ice September 2012 (layer)
	
	

	SCENE III  Diurnal  Temperatures
	
	
	

	· False color map of temperatures on Mars during the day.

· Red is hottest, blue and black is coldest.

· Show where Mars temp range is on temperature color bar.  -200˚ F to about +75˚ F.


	Mars HIGH temperature map.
	
	Here is a map taken by the Thermal Calculated from thermal inertia maps of Mars.  



	· Here are the temperatures at night.

· Mars can drop by over 200˚ F from day to night.


	Mars LOW temperature map (layer) 
	
	

	· Why is there such a difference between day and night?  Because the atmosphere is so thin.  1/200th of Earth’s so it doesn’t hold the heat overnight.

· Just like Colorado in summer.  

· So understanding how climate works on Mars gives us a clue to how it works on part of the Earth.


	Use slider to flip back and forth between previous two maps.
	
	

	· False color map of temperatures on Venus during the day.

· Show range of Venus temperatures on the temp color bar.  700˚F to 900˚F

· Here are the temps at night.  Virtually no difference.

· Because of thick atmosphere with lots of CO2 and other heat trapping gasses.

· Similar to NJ in summer.  If it’s hot in the daytime, it’s hot at night.

· So understanding how climate works on Venus gives us an understanding of parts of Earth.

· It’s almost like Mars and Venus are extreme examples of Earth.


	Venus High and Low temperature maps (layer) flipping back and forth.
	
	This map was made differently from the Mars map.  On Venus, the temperature is almost 100% related to the height of the mountains and valleys on the planet.  So, we took an elevation map and converted it into a temperature map. 

Can talk about how greenhouse gasses work here.

	· Earth during day.

· Show Earth temp range on color bar.

· In a moment will show temps at night.  Watch what happens on land and what happens in the oceans.


	Temperature map of Earth.  Highs for the day.
	
	Earth temp map taken from NOAA satellite data

	· Earth at night.

· Land temps change much more than sea temps.

· Reason: it takes lots more energy to heat up a pot of water than just the empty pot.  Likewise a pot of water holds its heat more than an empty metal pot.

· Also, water in ocean circulates.

· Point out Sahara desert.  Very dry.  Very few clouds.  Large swings of temperature.  Almost like Mars.

· Point out Tibetan Plateau.  Cold in day and cold at night.

· Venus and Mars are sort of like the extreme examples of things you can see on Earth—which is why scientists study those planets to learn about what might happen on Earth in the future. 


	Temperature map of Earth.  Lows for the day (layer).
Flip back and forth between day and night.
	
	

	· By the way, this is a good point to mention the difference between weather and climate.

· On a particular day, it might be hotter or colder at some place of Earth.  That’s the weather.  What it does day to day.

· But overall, the temperatures on Earth are in this range (point to Earth bar on the temperature color bar).  They are never up here (point to higher temps on the color bar.)  The range they stay in is like the climate.

· If this whole range of Earth temperatures started moving up, that would be climate change.  That is what scientists are seeing begin to happen.
	
	
	Point to the temp color bar.

	SCENE IV  Atmospheres
	
	
	

	· We talked about how much energy, or sunlight comes into a planet.  Now let’s talk about how much energy escapes back into space.

· The reason Venus is the hottest planet in the Solar System is because of its thick atmosphere of heat trapping gasses, like CO2. 

· Heat trapping gasses, aka greenhouse gasses, work because incoming sunlight can pass through them to heat up the planet and atmosphere.  But, outgoing infrared radiation (IR) cannot pass through them, so the heat of the planet can’t escape back into space.


	Venus with clouds
	Ground level Venus artist’s illustration
	Looking at Venus from Earth through a normal telescope, we had no idea of what the planet’s surface looked like.

	· Remove the clouds from Venus

· Radar map of surface of Venus.  Dark areas are smooth and light are rough.

· The back screens show an artist’s drawing of the surface of Venus.  See the thick layer of sulfuric acid clouds in the sky?  THAT’s why you can’t see the surface of Venus from space.


	Venus radar image (layer)
	
	

	· Mars with clouds.  The atmosphere on Mars is only 1/200th of Earth’s

· Not much heat trapping gasses.  So IR radiation can escape back into space, which is why the temperature drops so much at night.


	Mars with clouds
	Ground level Mars artist’s illustration
	

	· Remove the clouds from Mars.  Not much difference.

· On the back screens is an artist’s view of the surface of Mars.


	Mars without clouds (layer)
	
	

	· Earth has an atmosphere thicker than Mars, but not as thick as Venus.

· Places with clouds and places without clouds.

· Some heat trapping gasses are good in our atmosphere.  Otherwise it would be much colder than it is.

· Thickness of Earth’s atmosphere on the SOS would be about ¼ inch.  Not much when you think about it.  That’s why we need to protect it.


	Earth with clouds
	Ground level Earth artist’s illustration
	

	· Earth without clouds

· Back screens have artist’s drawing of Earth from the surface.

· Atmospheres are so important to the story of climates on planets.  But where do they come from?  One place is from volcanoes which release gasses from inside the planet out onto the surface.


	Earth without clouds (layer)
	
	Earth would never really look like this from space.  Made from a composite of many images.

	SCENE V  Volcanoes
	
	
	

	· Here is the pattern of volcanoes on one of the planets.  

· They are spread all over the planet. 

· Nobody has ever seen one erupt, but some scientists think they are active today.  But, nobody knows for sure.


	Venus volcano map on white background.
	Picture of Venus volcano
	

	· The planet is Venus.

· The atmosphere on Venus has built up over 4.5 Billion years.  

· CO2  and other heat trapping gasses released from these volcanoes over billions of years keep Venus hot.

· Picture on back screen of a volcano on Venus.


	Venus volcano map on top of Venus image (layer).
	
	

	· Look at the pattern of volcanoes on this planet.

· Lots on one side of the planet, and hardly any on the other.

· This planet, which is only half the size of Earth, has had enough time to cool down in 4.5 billion years.  So it is either solid through and through.  Or, at least the crust is extremely thick.

· So, all of these volcanoes are extinct.


	Mars volcano map on white.
	Picture of Olympus Mons


	

	· This planet is Mars.

· Mars may have had a thicker atmosphere in the past.  Thick enough to support liquid water on the surface.  (Maybe even life?????)

· But, Mars’ smaller size means less gravity, so most of the atmosphere it once had has probably escaped into space.

· Because it has cooled so much, Mars no longer has a magnetic field to protect the atmosphere from getting stripped away by solar wind.

· Because all of the volcanoes are extinct, there is nothing to replenish the atmosphere.

· Photo on back screen of Olympus Mons.


	Mars volcano map on Mars image.


	
	

	· This is the pattern of volcanoes on Earth.

· Distinct lines.


	Earth volcano map on white.
	Photo of Hawaiian volcano
	

	· Here is Earth.

· Lines of volcanoes line up with the tectonic plate boundaries.

· Red dots show volcanoes on land and the orange dots show volcanoes under the sea.


	Earth volcano map on top of Earth image (layer).
	
	

	· If we drain away the oceans, you can see that the orange dot volcanoes line up with the mid-ocean ridge.  The place where molten rock from inside the Earth form new ocean floor and release gasses into the atmosphere.

· As I mentioned before, this process, with volcanoes releasing gasses to help form a planet’s atmosphere has taken billions of years.

· The amount of heat trapping gasses that volcanoes are releasing today into the atmosphere is tiny compared to what humans are putting into the atmosphere.  What has taken volcanoes billions of years is taking humans tens of years.


	Same pattern of volcanoes over Earth with oceans drained
	
	

	SCENE VI  Conclusion
	
	
	

	· This brings us to the end of our story.

· Here are Earth, Venus, and Mars.

· All three may have started the same. 

· But Venus has taken one path, with its very thick atmosphere and high temperatures, too hot for liquid water.

· Mars has taken a different path, with almost no atmosphere left to sustain liquid water on its surface.

· Earth is in the middle.  

· What tiny changes on Earth today will make it take one path or the other in the future?

· That is why understanding how climates work on Venus and Mars help us understand our own planet, Earth. 


	Triple wedge cuts of Earth, Venus, and Mars
	???
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