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Period____________

The Greenhouse Effect

Introduction:


The greenhouse effect is essential for life on Earth. Without it, the temperature on our planet would be -0.4oF! However, when it is too strong, the Earth has no ice sheets. When it is too weak, we tip towards a Snowball/Slushball Earth. Humanity has only existed on this planet in a fragile “Goldilocks” state of the Earth, that is neither too hot nor too cold. This worksheet will help you think about the dynamics of this system. 

Part 1: Balance


The global energy budget must be in balance, or equilibrium. If it is out of equilibrium, it will readjust itself until it is again in equilibrium. Figure 1 below depicts the heat budget of the Earth. All numbers are expressed in W/m2.. Please answer the following questions:

1. How many  W/m2 are coming to the Earth from the Sun? ______.

2. How many W/m2. are reflected by the Earth? _______. What is the scientific word for this “reflectivity” of the Earth? __________.

3. Subtract your answer in question 2 from question 1, and write it here _______. Now look at  figure 1; what is this number equal to? _________ _______________ ____________.
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Figure 1: Earth's annual global mean energy budget. (From Kiehl and Trenberth, 1997)

So, the amount of solar radiation entering the Earth is equal to the amount leaving the Earth. On long timescales, this must be true: that what comes in must eventually come out. 


4. What would happen if more solar radiation was reflected? 


5. What would happen if more of the surface radiation was trapped, say by shrinking the 

    atmospheric window? 


6. In the previous question, would the outgoing longwave radiation increase or decrease? 

Part 2: Past and Present


CO2 concentrations have varied throughout Earth's history. In this exercise, we will look more closely at how they have varied over the last 400,000 years. Look at Figure 2 and Figure 3 below, and answer the questions. Don't forget your units!
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Figure 2: Temperature, CO2, and dust over the past 400,000 years from the the Vostok Ice core of Antarctica. (From Petit et al., 1999)
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Figure 3: The Keeling Curve as of 2009, with measurements taken from the top of the volcano Mauna Loa (13,679 ft above sea level) on the big island of Hawaii.

1. In Figure 2, what is the lowest CO2 concentrations have been in the last 400,000 years? _____.

2. What is the highest that CO2 concentrations have been in the last 400,000 years? _______. When were CO2 concentrations highest? ________________

3. In Figure 3, you see the Keeling Curve. Where are measurements for the Keeling Curve taken, and why do you think they are taken there?

4. Please explain why the curve jumps up and down each year:

5. What is the most recent CO2 concentration recorded in the Keeling Curve? ________. 

6. Compare the most recent measurement of the Keeling Curve with the highest amount of CO2 in the atmosphere during the past 400,000 years. What is the difference between the two numbers? _________. 

7. What is this difference as a percentage of the greenhouse gas concentration before the industrial revolution, when Mankind started burning fossil fuels on a large-scale basis? 

Part 3: Potency


Without greenhouse gases, we would not be here. But, not all greenhouse gases have the same warming capacity. CFCs, for example, are thousands of times stronger per molecule than CO2. Remember that what enables greenhouse gases to work is their ability to be excited (i.e. to vibrate, or wiggle) when they are hit with an energy wave of a particular wavelength, or peak to peak distance. Figure 4 shows the wavelengths at which some important greenhouse gases will vibrate, and thus trap heat. Please use it to answer the following questions.

1. Which of these greenhouse gases absorbs over the most wavelengths? ________.

2. Looking at the aggregate spectrum, which two gases are most responsible for the absorption at 4.5 mm? ________ and ________.

3. According to this figure, water is the most important greenhouse gas. Why don't we hear more about water when people talk about global warming?

4. In this chart, you can also see where the “atmospheric window” that was described in part 1 is. Between what wavelengths do you think this atmospheric window is? Between ___ and ___ mm.

5. The gases with the green circles are the most important greenhouse gases today. What do you notice about where their peaks fall relative to those of water? 
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Figure 4: The infrared absorption spectra for various atmospheric gases. From Valley (1965). 

Part 4: Accounting


The table below is an aggregation of data collected from 2 sources: fuel production data before 1950 (i.e. energy company accountants), and the U.N. Energy Statistics Yearbook from 1950-2004. An interesting point is that since 1751 approximately 337 billion tons of carbon have been released to the atmosphere from the consumption of fossil fuels and cement production. Half of these emissions have occurred since the mid 1970s.  

1. How many Pg C (equivalent to a billion tons, or a gigaton) must be added to the atmosphere in order to raise the concentration of CO2 in the atmosphere by 1 ppm? You will need to use information from Table 1, including information in the footnote. Do that calculation below, with the final answer in units of Pg C/ppm. Show your work.

2. From 1800 to 1994, the net terrestrial balance is positive, but from 1980 to 1999 it is negative. Does this mean that the land has recently become a net source or sink for CO2? __________.

3. Between 1800 and 1994, what percentage of total CO2 emissions has the ocean taken up? Please show your work. 

4. Using your answers from 1 and 3, if the ocean hadn't taken up all that CO2, and it had ended up in the atmosphere, how many more ppm of CO2 would have been in the atmosphere in 1994?
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