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Name__________________________

Exam 3 – Fall 2008
Multiple Choice Section (2.5 points each)

Mark final answers on the multiple choice answer sheet.  Please mark your answers clearly. You must turn in the entire exam when finished. 
1. During the early part of November 2008, the western United States generally had temperatures well above average, while the eastern United States generally had temperatures well below average.  Which of the following statements is most correct?

(a) The early November warmth in the west indicates that global warming is happening.

(b) The early November cold in the east indicates that global warming is not happening.

(c) Neither the warm west nor the cold east in early November provides much good evidence as to whether global warming is happening or not.
2. Suppose we are examining the temperature climatology of a particular city.  The smaller the standard deviation of the temperature distribution, the _________ .

(a) greater the mean temperature for the city

(b) smaller the mean temperature for the city

(c) greater the variability in temperature for the city

(d) smaller the variability in temperature for the city

3. What if the Earth were cloudier and reflected away a larger fraction of the Sun’s radiation energy that hits the planet than it does today.  Which of the following MUST be true?
(a) The radiative equilibrium temperature for the planet Earth would be lower.

(b) The radiative equilibrium temperature for the planet Earth would be higher.

(c) The average surface temperature of the Earth would be lower.

(d) The average surface temperature of the Earth would be higher.
4. The largest part of the radiation energy emitted by the Sun is which type of radiation?

(a) Microwave
(b) Ultraviolet

(c) Infrared
(d) Visible
5. Which two gases are the greatest contributors to the greenhouse effect on Earth?

(a) carbon dioxide and ozone

(c) carbon dioxide and CFCs

(b) carbon dioxide and water vapor
(d) carbon dioxide and methane

6. The immediate goal of the Kyoto Protocol was to eliminate all anthropogenic emissions of greenhouse gases?

(a) True


(b) False

7. Due to worldwide concern about global warming and conservation efforts, we are now seeing a reduction in the rate at which CO2 and other greenhouse gases are being emitted into the atmosphere by human activities.

(a) True


(b) False
8. On a per molecule basis, which greenhouse gas(es) is (are) the largest contributor(s) to the greenhouse effect [also called the global warming potential]?

(a) Carbon dioxide

(c) Nitrous oxide

(b) Methane


(d) CFCs and their substitutes

9. With regard to the carbon cycle, respiration and decay by land-dwelling organisms is a __________ for carbon stored in the atmosphere.

(a) sink



(b) source
10. The problem of the “missing carbon dioxide sink” is best described by which of the following statements?

(a) There is more CO2 in the atmosphere than expected.

(b) There is less CO2 in the atmosphere than expected.

(c) The reserves of fossil fuels are less than expected.

(d) The reserves of fossil fuels are greater than expected.

11. Which of the following is the smallest reservoir for carbon on Earth?

(a) Atmosphere


(c) Oceans

(b) Land biota and soils

(d) Lithosphere

12. Consider the following sequence of events (climate feedback cycle):

· The Earth’s average surface temperature decreases (cools down)

· In response, more of the land surface becomes covered by snow

· With more snow cover, the Earth’s surface absorbs less radiation energy from the Sun because snow reflects more solar radiation than bare ground.

What is the next logical step and conclusion for the feedback cycle started above?

(a) The average surface temperature warms, so positive feedback process

(b) The average surface temperature warms, so negative feedback process

(c) The average surface temperature cools, so negative feedback process

(d) The average surface temperature cools, so positive feedback process

13. Large areas of permafrost soils are located in Northern Canada and Siberia.  These soils contain large amounts of stored methane.  When permafrost soils melt, much of the stored methane will be released into the atmosphere.

Consider the following sequence of events (climate feedback cycle):

· Humans add carbon dioxide to the atmosphere

· In response, surface temperatures warm

· Permafrost soils melt, releasing large quantities of methane into the atmosphere

What is the next logical step and conclusion for the feedback cycle started above?

(a) The average surface temperature warms, so positive feedback process

(b) The average surface temperature warms, so negative feedback process

(c) The average surface temperature cools, so negative feedback process

(d) The average surface temperature cools, so positive feedback process

14. Most climate models predict that by the year 2100, the Earth’s global average temperature will increase somewhere in the range of _________ .

(a) (40 - 50)( C
(b) (10 - 15)( C
(c) (6 – 10)( C

(d) (1 - 4)( C

15. The 2007 IPCC report concludes with 90% certainty that most of the measured increase in global average surface temperature has occurred due to anthropogenic emissions of greenhouse gases.  The major supporting evidence for this claim is provided by computer models of climate.

(a) True

(b) False

16. All of the climate changes listed below have been observed over the past century,     EXCEPT which one? 

(a) Sea level has risen between 4 and 10 inches

(b) Northern Hemisphere snow cover has decreased

(c) The number of hurricanes worldwide has increased

(d) The Northern Hemisphere growing season at high latitudes has lengthened

17. Prior to the Pleistocene Epoch, there is much evidence indicating that the average surface temperature of the Earth was much warmer than it is today, with no permanent polar ice caps.

(a) True

(b) False

18. Ice core samples taken from Antarctica have been used to estimate historical changes in surface temperatures and the atmospheric concentrations of carbon dioxide and methane.  This data indicates that when the temperature is relatively warm, the amounts of carbon dioxide and methane are ___________ .

(a) relatively low (negative correlation)

(b) relatively high (positive correlation)

(c) sometimes high, sometimes low (no correlation)

19. The answer to the previous question scientifically proves ___________ .

(a) high amounts of carbon dioxide and methane cause cold temperatures

(b) high amounts of carbon dioxide and methane cause warm temperatures

(c) there is no relationship between historical changes in the amounts of carbon dioxide and methane and changes in temperature
(d) none of the above.  Scientists have been unable to prove a clear cause and effect relationship between historical changes in carbon dioxide and methane and changes in temperature.
20. Which of the following is most accurate?

(a) Climates around the Earth have fluctuated significantly throughout the written history of man with relatively warm periods and relatively cold periods.

(b) Climates around the Earth have been remarkably constant throughout the written history of man, except for the last 100 years or so when we have seen rapid global warming.

21. Which of the following past climatic periods on Earth ended most recently (around 1850)?

(a) Holocene Maximum

(c) Little Ice Age

(b) Medieval Warm Period

(d) Younger Dryas

22. Global average surface temperatures from 1990 through today are warmer than at any other time since 1860.  This statement is _______________ .

(a) almost certainly true

(b) believed to be true by many people, but it is difficult to back up with evidence

(c) not true; It is a scare tactic used by those who warn about the evils of modern society.
23. Consider the following:

· 1st OBSERVATION:  since 1860, the 11 warmest years in terms of global average temperature have occurred since 1995.

· 2nd OBSERVATION:  greenhouse gas concentrations are higher today than at any time since 1860, mainly due to fossil fuel burning and deforestation.
· CONCLUSION:  the above observations show that the warm conditions since 1995 have been totally caused by our emissions of greenhouse gases into the atmosphere.

Which is the BEST interpretation of the above?

(a) The first observation is incorrect, therefore the conclusion is flawed

(b) The second observation is incorrect, therefore the conclusion is flawed

(c) Both observations are correct and therefore the conclusion is correct

(d) Both observations are correct but the conclusion cannot be proven at this time

24. Seasons on Earth occur because _______________________ .

(a) the Earth’s orbit around the sun is not circular, but elliptical, which causes the distance from the Earth to Sun to change during the year

(b) the Earth’s axis of rotation is not perpendicular to the plane containing its orbit about the sun

(c) the Sun’s energy strikes the Earth’s surface most directly at the equator

(d) the north pole has 6 months of daylight followed by 6 months of darkness

25. The Northern Hemisphere receives more energy from the Sun than the Southern Hemisphere from just after the ___________ through just before the ___________.

(a) June solstice ; December solstice

(b) March equinox ; September equinox

(c) September equinox ; December solstice

(d) September equinox ; March equinox

26. For today, December 4, 2008, the solar declination is __________ .

(a) at the Equator

(c) between the Equator and the Tropic of Cancer

(b) at the South Pole

(d) between the Equator and the Tropic of Capricorn
27. Consider two inland cities located at the same latitude and far from the ocean.  One city sits on top of a mountain at 6000 ft above sea level, while the other city is only 1000 ft above sea level.  In general the mountain city will have _______________ compared to the city located at the lower elevation.

(a) colder summers and colder winters
(c) warmer summers and warmer winters

(b) colder summers and warmer winters
(d) warmer summers and colder winters

28. Consider two cities located at the same latitude.  One city is a coastal city (located on the ocean), while the other is an inland city (located away from the coast).  In general, the coastal city will have _________ compared to the inland city.

(a) colder summers and colder winters
(c) warmer summers and warmer winters

(b) colder summers and warmer winters
(d) warmer summers and colder winters
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Instructions for short answer section. Questions are on the back of this page.

For each numbered question (1-4), you must select and answer either (a) or (b).  Each question is worth 8 points.  Write your answers on the lines provided in the short answer section.  Make sure you answer all parts of each question you select.  Your answers should be short and to the point.  Points may be deducted for incorrect or unnecessary statements in your answer, even if the correct answer is found somewhere. 

1. Select (a) or (b)
a. Assume that the average temperature in the lower atmosphere (just above the ground) starts to increase.  Further assume that as the temperature rises, the average relative humidity in the lower atmosphere remains the same.  Under these conditions describe the water vapor feedback mechanism.  Make sure that you clearly state whether it is a positive feedback, a negative feedback, or neither with respect to temperature changes near the ground.  Would your answer change if the average dew point temperature in the lower atmosphere were to stay the same instead of the relative humidity? Explain.
b. Clouds have both a warming and a cooling influence on the surface temperature of the Earth.  Explain how clouds act to cool the surface temperature of the Earth.  Explain how clouds act to warm the surface temperature of the Earth.  As climate changes, the amount of cloud cover will likely change as well.  The overall effect on the Earth’s surface temperature depends on the type of cloud.  Here we compare two types of clouds: high, cold clouds and low, warm clouds.  The table below describes the radiation properties of each cloud type compared to clear sky conditions.  An increase of which type of cloud would most likely lead to higher surface temperatures? Explain. (Hint. The surface temperature warms in response to how much solar radiation energy it absorbs.  The surface temperature cools in response to how much infrared radiation energy is emitted to outer space.
	Cloud Type
	Absorbed solar radiation energy at surface
	Infrared radiation energy emitted to outer space

	High, cold clouds
	30% less compared to clear sky conditions
	70% less compared to clear sky conditions

	Low, warm clouds
	85% less compared to clear sky conditions
	10% less compared to clear sky conditions


2. Select (a) or (b)

a. In answering this question, assume that the rise in global average temperature since 1980 has definitely been caused by increases in greenhouse gases due to human activity.  An environmental group proposes that the world set a goal to reduce greenhouse gas emissions back down to what they were in the year 2000 by the year 2025.  A spokesperson for the group states that if this goal could be met we will begin to see (1) a reduction in greenhouse gas concentrations in the atmosphere by 2050, and (2) a downward trend in global average temperature by 2050.  Explain why both of the spokesperson’s projections are flawed, even if the assumption described in the first sentence is correct. 
b. How is the global average surface temperature today different from what it was in 1900?  Describe in more detail how the global average temperature has changed between 1900 and today.  You should mention three specific time periods in your answer.  For each of the three time periods, indicate whether or not they support the claim that temperature changes since 1900 are directly related to the concentration of greenhouse gases in the atmosphere.  Briefly explain your answers.
3. Select (a) or (b)

a. Briefly compare and contrast how the developed nations of the world have dealt with the problems of stratospheric ozone depletion, acid rain, and global warming.  Why do you think the responses to each have been different?  
b. Three over-reaching questions about possible anthropogenic global warming are:

i. Are humans largely responsible for the recent increase in global average temperature since 1850?

ii. How will increases in global average temperature affect humans and other life?

iii. Should we take drastic actions to reduce our emissions of greenhouse gases into the atmosphere?

Briefly discuss several reasons why there is uncertainty in answering questions (i) and (ii) above.  Explain or provide reasons why many people emphatically answer yes to question (iii) even though we are uncertain about the answers to questions (i) and (ii).

4. Select (a) or (b)

a. Compare and contrast the solar angle at noon and the number of hours of daylight for Tucson on the day of the spring equinox with the day of the fall equinox.  In Tucson, the average high temperature on the spring equinox is 74( F, while the average high temperature on the fall equinox is 93( F.  Explain why the average high temperature is so much warmer on the fall equinox compared to the spring equinox.
b. The daily temperature spread is defined as the difference between the high temperature and the low temperature.  Compared with most cities, does Tucson have a large daily temperature spread or a small daily temperature spread?  Give three reasons why and provide a brief explanation for each.
ATMO 336 – Section 001




Name__________________________

Exam 3 – Short Answer Sheet

Question #1.  Please select and answer either part (a) or (b). 
_____________________________________________________________________________  _____________________________________________________________________________ __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Question #2.  Please select and answer either part (a) or (b).  
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Question #3. Please select and answer either part (a) or (b).
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Question #4.  Please select and answer either part (a) or (b).
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


















