Ch 371






Take-home Midterm #2

Due by noon Friday March 17, 2006
Part I.  Data Collection and Analysis.
Use the link on the Ch 371 syllabus to obtain the data needed for the following questions.

1.
(10 pts)  For each of the TOMS images depicting the average of total ozone concentration 
for the 
month of October for the years 1979 to 1992, measure the ozone concentration for 
Tierra del Fuego (Hint:  you probably need to find out where this is, and what is there).  


(a)  
Compile your measurements into a data table.


(b)  
Display your measurements in the form of a bar graph for the ozone 
concentration versus time in years.



(c)  
Over this time period, what was the average rate of decline of ozone per 




year?


(d)  
If the columns of ozone depicted for the years 1979 and 1992 in your bar 



graph were compressed until the condition of STP is obtained, how 



thick (in mm) would the layer be?


(e)  
Is the decline in the ozone layer above Tierra del Fuego significant?  



Justify your answer.


(e)
From a societal perspective, why would a significant decline in the ozone 



column above Tierra del Fuego be a concern?

2.
(10 pts)  


(a)
Examine the UV index forecasts for May 17, 2004 for a variety of 




locations in Australia.  Clear weather was forecast for each locality.  



Explain why the different localities might have differing UV indices.

(b)
To what skin type do you belong?


(c)
What is the maximum time you could expect to be exposed to the sun in 



Darwin, Alice Springs, and Melbourne without burning?


(d)
How would this change if you applied sunscreen with an SPF number of 2, 


10, and 15 to your skin?

3.
(14 pts)


(a) 
Use the South Pole Ozone Profile for 2003.  Make a graph of Total Ozone 



versus Time for the following dates:  8/6; 8/16; 8/27; 9/11; 9/20; 10/1; 



10/11; 
10/27; 11/14 and 11/28.


(b)
Using the same dates, make a graph of Ozone Partial Pressure versus Time 


for altitudes of 12, 16, 20, and 24 km.

(c)
Examine your graphs from (a) and (b).  Explain any trends that you see.


(d)
Examine the graph for the vertical profile of ozone over the South Pole 



when the "ozone hole" becomes well established that is provided on the 



data links page.  What can you infer about the effect of temperature 



on the depletion of the ozone?


(e)
Consider the ozone column versus time for the stratospheric region 



12-20 km data for the years 2000-2003.  What trend anomaly do you 



observe?

(f)
Use the graphs for PSC formation and vortex area for this time period to 



develop an explanation of the cause of the anomaly in part (e).
Part II.  The section is composed of questions in which you will make calculations and/or provide explanations using concepts developed in lecture or in your reading.  In some cases, the topic of the question was covered in detail in lecture, but in others you will need to decipher the answer from the reading material in the textbook.  You will find any mathematical formulas that you need in your text.  For any mathematical problems, you must clearly show any formulas that you used and your work, or you will not receive any credit for the problem.  
1.
(6 pts)  From the  reading “Climate” (Ch 6 Spiro & Stigliani)  


(a)  
Calculate the long-wave emission by Earth’s surface if its mean global 
temperature is 15 oC.


(b)
 If the Earth’s temperature was to increase by 5 oC, what would be the peak 
wavelength emitted by the Earth?  In what region of the electromagnetic 
spectrum does this wavelength fall?
2.
( 6 pts)  If the solar irradiance of Earth is 1,368 Wm-2 and the amount of solar radiation reflected by the atmosphere is 30%, what would be the temperature of the Earth if there was no greenhouse effect?  How would this affect life on Earth?
3.
(10 pts)  


(a) 
 Describe the involvement of CFCs in the greenhouse effect.


(b)  
Which of the molecules in the table below have the potential to cause a 
greenhouse effect similar to CFCs?  Identify the specific wavelengths that would 
be involved.
	S-C-O

(linear)
	H-Cl
	F-F
	H2S

(non-linear)
	Cl2O

	11,641 nm
	3,465 nm
	11,211 nm
	3,830 nm
	14,706 nm

	18,975 nm
	
	
	7,752 nm
	30,303 nm

	4,810 nm
	
	
	3,726 nm
	10,277 nm


4.
(8 pts)  Parts (b) and (c) will require you to interpret some information (provided with the exam) we did not specifically discuss in lecture.

(a)  
Describe how Earth’s surface is shielded from harmful radiation by chemical 
species in the atomosphere.  Use chemical equations in your description.

(b)  
Beer’s Law can be used to calculate how the amount of light transmitted through 
the ozone layer varies with the height of the ozone column.  The table below 
shows the calculated values of the fractional increase in transmission brought 
about by a 1% decrease in the thickness of the ozone layer at three different 
wavelengths.  
	Wavelength
	% Increase in uv Transmission

	310 nm
	1%

	295 nm
	6 %

	285 nm
	19%




As a result of the 1% decrease in ozone concentration, describe what happens to 
the position of the action spectrum relative to the curve of relative sensitivity to 
sunburn.  Use Table 8.5 on p. 201 of the text to answer this question.  


(c)  
Will the increase in transmission at 285 nm cause more damage to biological 
tissue than the increase in transmission at 295 nm?  Clearly justify your answer.

5.
(6 pts)  Give two reasons why the stratosphere is more susceptible to chemical pollution than the troposphere.

6.
(10 pts)  Explain in detail the role of CFC’s in depletion of stratospheric ozone.  Why is the depletion accentuated in the Antarctic?  
7.
(10 pts)  Deforestation has been linked to global warming.  At issue is the deforestation of forests in developing countries.  Trees are consumers of carbon dioxide.  A rapidly growing rain forest can consume between 1-2 Kg carbon/m2 forest. Cultivated fields consume 0.2-0.4 Kg carbon/m2.  For a very brief overview of the role of forests in the environmental equation, go to: 


http://www.informationsphere.com/html/205.htm

Obviously the deforestation issue is not a simple one.  Economic and environmental concerns must be balanced.  Critique the following editorial cartoon.  Base your critique on scientific facts not emotion.
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8.  (10 pts)  The Goldilocks Principle describes the human habitability of planets Venus, 
Mars and Earth.  Venus is too hot, Mars is too cold and Earth is just right.  The suitability 
of Earth’s surface temperature for sustaining life cannot be explained completely by its 
position in the solar system.  


Study the following facts about these three planets and propose an explanation involving 
the greenhouse effect for the observed surface temperature phenomena of each planet.
	
	Venus
	Earth
	Mars

	Atmospheric Pressure
	9322 kPa
	100 kPa
	0.7 kPa

	Atmospheric CO2
	96%
	0.03%
	95%

	Atmospheric Water
	Trace
	0-4%
	0.03%

	Min. Surface Temp
	228 K
	185 K
	133 K

	Mean Surface Temp
	737 K
	287 K
	210 K

	Max. Surface Temp
	773 K
	331 K
	293 K


