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AOS 101 Assignment 9:  Climate
The Earth’s climate is determined by the amount of energy it receives, the amount of energy it absorbs, and the amount of energy it emits to outer space (loses).  In this exercise, you will determine the importance of an atmosphere and its greenhouse gases to the Earth’s temperature.  The importance of radiation (energy that can be emitted through outer space) will become apparent!

Part 1.  The Earth without an Atmosphere
The planet Mercury has basically no atmosphere.  What if the Earth were the same?  How would the average surface temperature of the Earth be different from today?

The Earth receives, on average, 343 Watts (Joules of energy per second) per meter squared.  30% of this energy is reflected back into space without being absorbed.  For the Earth to be in equilibrium, it must emit the same amount of energy that it absorbs.  The surface of the Earth emits radiation (as does everything) according to its temperature.  You will determine the temperature of the atmosphere-free Earth (Te) in equilibrium.

Sun emits: 343 W/m2
Earth reflects: 30% of 343 W/m2
Earth absorbs: 70% of 343 W/m2
Earth emits: (5.67*10-8)*(Te)4
In balance:

Energy absorbed = energy emitted (at surface of the earth)

(1-albedo)*sun’s energy = energy emitted by surface of the earth

0.7*343 = (5.67*10-8)*(Te)4
1.  What is the temperature of the Earth (Te)?

 (remember that all scientific calculations are done in Kelvins)

2.  What is the temperature in Celsius?  How realistic is this temperature?  Is it hot/cold/typical to you?

3.  What is the Earth’s albedo in this problem?  What would happen to the surface temperature if this albedo increased?  

4.  Having no greenhouse gases is pretty much the same as having no atmosphere.  How do you think greenhouse gases affect the temperature at the surface of the Earth (from this exercise)?

5.  To solve this problem, we set the incoming energy equal to the exiting energy.  If this were not the case, energy gains would not equal energy losses at the surface of the Earth.  If the energy gains were greater than the energy losses, what would happen to the surface temperature?    

Part 2.  The Atmosphere

The Earth does indeed have an atmosphere!

In this case, you will determine the equilibrium temperature of the surface of the earth.  

You can imagine the atmosphere as a pane of glass between the sun and the earth’s surface.  All of the sun’s energy goes through the atmosphere, but the glass traps some of the earth’s radiation.  (Less is lost to outer space)  The amount of energy it traps depends on the gases present in the atmosphere that absorb longwave radiation (greenhouse gases).  The atmosphere (pane of glass) heats up because of this energy gain and therefore must emit radiation.  The atmosphere emits radiation both into space and back at the surface of the earth.  When the system reaches equilibrium, the energy entering the top of the atmosphere must be the same as the energy exiting the top of the atmosphere.  

Step by Step:

The sun emits energy at the Earth (343 W/m2)

This energy is NOT absorbed by the atmosphere, but reaches the surface of the earth.

The earth (and atmosphere) reflects part of this energy and absorbs the rest. (reflects 30%)

The surface of the earth heats up to a temperature (Te) and emits longwave radiation toward outer space: 

(5.67*10-8)*Te4   W/m2
The atmosphere is able to absorb some of this longwave radiation emitted by the earth.  The amount it absorbs (absorptivity) depends on the abundance of greenhouse gases.

(absorptivity of atmosphere)*(earth’s energy emission)  

= (absorptivity of atmosphere)* (5.67*10-8)*Te4
The atmosphere emits half of what it absorbs back to the earth’s surface.

It emits half of what it absorbs into outer space.

Emits toward earth: (1/2)* (absorptivity of atmosphere)* (5.67*10-8)*Te4
Emits into space: (1/2)* (absorptivity of atmosphere)* (5.67*10-8)*Te4
For a balance, all of the energy that reaches the earth’s surface (energy gains) must be emitted away from the surface.

Energy from sun absorbed by earth + Energy from atmosphere absorbed by earth = energy emitted by earth

(343)*(0.7) + (1/2)*(atmosphere absorptivity)* (5.67*10-8)*Te4 =  (5.67*10-8)*Te4

[image: image1.wmf]
6.  What is the temperature at the surface of the earth (Te) when the absorptivity of the atmosphere is 0.75?  

7.  What would be the temperature at the earth’s surface if the atmospheric absorptivity is 1?

8.  Explain how greenhouse gases affect the surface temperature of the Earth.  

Part 3:  Feedback Processes

If global climate system were as simple as parts 1 and 2, I would not have a job!  

Not only it is difficult to know exactly how much CO2 there will be in the atmosphere in the future (How much will we emit?  How much will the oceans absorb?  How much with the trees/vegetation absorb?  How much will be emitted by melting ice?  Etc.), it is hard to know how exactly the Earth will react to the initial warming. 

In this section, we look at feedback processes and how they relate to parts 1 and 2, which are still extremely useful diagrams for scientists.

In parts 1 and 2, we assume a constant albedo for the Earth.  

In part 2, we assume a constant value for the atmospheric absorptivity.  

In reality, either of these values might change as the earth’s temperature changes.

Albedo:

Albedo depends on the type of land and ocean coverage the planet has.  Snow and ice reflect more solar energy than forests and deserts do.  Many types of clouds would increase the earth’s albedo.  

9.  Explain or draw a feedback loop that relates an initial increase in the surface temperature to melting, evaporation, snow/ice, cloud coverage, albedo, and how it will either enhance or decrease the initial warming.  Is this a positive or negative feedback loop?
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