ATMO 336 – Section 001


Name__________________________

Exam 4 – Spring 2016
Multiple Choice Section (3.5 points each)
1. Total yearly emissions of greenhouse gases by China and most other developing nations have actually decreased since 2007.

(a) True

(b) False

2. At the Paris Climate Summit in December 2015, many countries pledged to voluntarily reduce greenhouse gas emissions. This includes the United States.

(a) True

(b) False

3. Suppose humans instantly stop adding greenhouse gases to the atmosphere. According to most climate models, the global average surface temperature will _______ .

(a) continue to warm for some time
(b) instantly stop warming
(c) start to cool
4. Which of the following is the smallest reservoir for carbon on Earth?

(a) Atmosphere



(c) Oceans

(b) Land biota and soils


(d) Lithosphere

5. A new climate feedback has been recently discovered. Healthy plants release a variety of gases into the atmosphere. For example, the release of these gases gives forests a recognizable scent. Some of these plant gases stick to aerosols, which causes the aerosols to get larger. New research shows that as temperature warms, many plants release more of these gases. Consider the following: 
· Humans add greenhouse gases and the Earth’s average surface temperature increases (warms)
· In response, plants release more “plant gases”
· Aerosol particles get larger and therefore reflect more sunlight than smaller aerosols

· This reduces the amount of solar energy absorbed by the Earth
What is the next logical step and conclusion for the feedback cycle started above?

(a) The average surface temperature begins to cool, so negative feedback process

(b) The average surface temperature begins to cool, so positive feedback process

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

(d) The average surface temperature warms further, so positive feedback process
6. The concentration of carbon dioxide in the atmosphere has _________ since 1750.

(a) increased by about 10%

(c) doubled (increased by 100%)

(b) increased by about 40%

(d) more than tripled

7. Assuming that global warming does occur in the future, the one side effect (of the choices given) that we are most certain about is ______________ .

(a) sea level will rise
(b) farming production in the U.S. will decline (too hot), but farming production in Canada and Russia will increase (longer growing season)

(c) tropical diseases will spread further north and south away from the equator

(d) the number of hurricanes will increase
8. During an Ice Age, global sea level is ___________ .

(a) about the same as it is today

(b) much lower than it is today

(c) much higher than it is today

(d) sometimes higher and sometimes lower depending on the amount of CO2  in the atmosphere

9. Climate change has occurred throughout Earth’s history. However, due to greenhouse gas emissions, the global average temperature today is higher than at any other time in Earth’s history.

(a) True

(b) False
10. Ice core records from Antarctica indicate a positive correlation between past changes in temperature and past amounts of carbon dioxide in the atmosphere. During Ice Ages, the amount of carbon dioxide in the atmosphere is low and the global average temperature is relatively cold. During interglacial times, the amount of carbon dioxide in the atmosphere is high and global average temperature is relatively warm. Can the ice core record be used as good evidence that global average temperature must increase due to human emissions of carbon dioxide?
(a) Yes


(b) No

11. Which of the following is most likely the warmest period of the Holocene Epoch?

(a) The current warm period (roughly 1990 – today)

(b) The Medieval Warm Period (roughly 1100 – 1300 AD)

(c) The Roman Warm Period (roughly 200 BC – 400 AD)
(d) The Holocene Maximum (roughly 5000 – 3000 BC)
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Shown above are two different reconstructions of past changes in global average temperature over the last 1000 years. Both were discussed in lecture.
12. Which reconstruction is known as the “hockey stick” reconstruction and what does the “hockey stick” imply about recent warming since 1900.
(a) “Hockey stick” is on right side and implies recent warming due to human activity
(b) “Hockey stick” is on right side and implies recent warming may be a natural warm period

(c) “Hockey stick” is on left side and implies recent warming due to human activity

(d) “Hockey stick” is on left side and implies recent warming may be a natural warm period
13. Match the time period in the left column with the description of temperature changes in the right column. Select the letters that correspond with time periods (1), (2), (3), and (4) in order.
1) 1910 – 1940
(A) Cooling Period

2) 1940 – 1980
(B) Steady temperature, not warming or cooling

3) 1980 – 2002
(C) Warming period, not likely due to greenhouse gas emissions 
4) 2002 – 2013
(D) Warming period, possibly due to greenhouse gas emissions
(a) CBAD

(b) ACBD
(c) CADB
(d) ACDB
14. Global average surface temperatures from 1995 through today have been warmer than any other 20 year period since 1860.  This statement is _______________ .

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

(b) almost certainly true, and proves greenhouse gas increases have caused the warming

(c) almost certainly true; however, it does not prove that greenhouse gas increases have caused the warming

(d) not true; it is a scare tactic used by those who warn about the evils of modern society

15. An overwhelming majority of atmospheric scientists believe that (1) most of the recent rise in global average surface temperature is directly caused by human emissions of greenhouse gases … and (2) if we continue to emit greenhouse gases into the atmosphere, we can expect certain catastrophe for inhabitants of the Earth. In other words, there is a near consensus of atmospheric scientists that agree with the entire statement shown in italics above.
(a) True

(b) False
16. This past year, 2015, had the highest global average surface temperature (warmest) in the measured record (since 1850).

(a) True

(b) False

17. In Tucson (32( North latitude), the noon-time sun is _________ .

(a) north of straight up everyday of the year

(b) south of straight up everyday of the year

(c) north of straight up from March 21 – September 21 and south of straight up from September 21 – March 21

(d) south of straight up from March 21 – September 21 and north of straight up from September 21 – March 21
18. On the December (or winter) solstice, which location will have the smallest solar angle at noon, i.e., at which location will the noon-time sun be closest to directly overhead?

(a) Tucson, Arizona (32( North latitude)
(c) Galapagos Islands (0( latitude, Equator)

(b) Perth, Australia (32( South latitude)

(d) Fairbanks, Alaska (65( North latitude)
19. On the June (or summer) solstice, which location will have the greatest number of daylight hours?

(a) Tucson, Arizona (32( North latitude)
(c) Galapagos Islands (0( latitude, Equator)

(b) Perth, Australia (32( South latitude)

(d) Fairbanks, Alaska (65( North latitude)
20. Based on yearly variations in the amount of solar energy reaching the ground surface, where would you expect to find the smallest variation in near surface air temperature during the year?

(a) In the tropics
(b) Between the tropics and the Arctic

(c) In the Arctic

21. Consider two nearby 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 located in a valley only 1000 ft above sea level.  In general the valley city will be _______________ compared to the mountain city located at the higher elevation.

(a) colder with less precipitation

(c) warmer with less precipitation
(b) colder with more precipitation

(d) warmer with more precipitation

22. Miami, Florida has a humid, tropical climate and is located on the US Atlantic Ocean coast. Albuquerque, New Mexico has a dry, desert climate and is located over 5000 feet (1500 meters) above sea level. Which city will most likely have the smallest variation in daily temperature, i.e., high temperature minus low temperature for the day?
(a) Miami, Florida
(b) Albuquerque, New Mexico
(c) Not enough information is provided to make a reasonable guess
Short Answer Section (Each answer worth 10 points)
For each numbered question 1 – 3, select and answer either (a) or (b). Each answer is worth 10 points (30 points total). Write your answers on the lines provided for the short answer questions.

1. Select (a) or (b)

a. How is the amount of carbon dioxide in the atmosphere currently changing with time and why is it changing?  Describe the “missing sink” problem for atmospheric carbon dioxide. In your answer make sure to point out what we know well with regard to this issue, i.e., what is well measured and understood, and what is uncertain with regard to this issue, i.e., what we do not understand. Is the missing sink acting as a positive or negative feedback with respect to possible anthropogenic (human-caused) climate change? Briefly explain.
b. Life on Earth can be said to be both fragile and robust with respect to climate changes that have occurred throughout the history of the planet, including climate changes that may be caused by human actions. Briefly explain in what sense life may be fragile with respect to climate changes and in what sense life is robust with respect to climate changes. What are climate change impact studies? Give at least 2 reasons why the results and predictions made by climate change impact studies carry a great deal of uncertainty.
2. Select (a) or (b)

a. One of the more difficult feedbacks to understand is how cloud cover will change in response to higher amounts of greenhouse gases. Consider the following feedback process. Assume that (1) humans add greenhouse gases, which results in (2) higher surface temperature, and this leads to (3) increased cloud cover. An important factor is the time of day that clouds form. If cloud cover increases at night, but not during the day, would this be a positive or negative feedback with respect to increases in surface temperature initiated by human additions of greenhouse gases? Briefly explain your answer. If cloud cover increases during the day, but not during the night, would this be a positive or negative feedback with respect to changes in surface temperature initiated by human emissions of greenhouse gases? Briefly explain your answer.
b. 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 troposphere stays the same. Under these conditions describe the water vapor feedback mechanism making sure to state whether it is a positive or negative feedback with respect to temperature changes near the ground. How would the water vapor feedback change if the average dew point temperature in the troposphere stays the same instead of the relative humidity? (Remember that the dew point temperature specifies the water vapor mixing ratio in the air). Which of these two possibilities is most consistent with current climate model projections? 
3. Select (a) or (b)
a. When someone is asked “Why are there seasons on Earth?” a common answer is “because the Earth is tilted on its axis.” What is the axis that is being referred to? What does it mean to say this axis is tilted, i.e., tilted relative to what? What is the solar declination? Generally, without much detail, how does the solar declination change during the year? You may want to give some specific dates in your answer.
b. During the day, when we look up at the sky away from the direction of the sun, i.e., away from the direct light of the sun, the light we see is called skylight. Explain why skylight is typically blue when the air is “clean” or has a low concentration of aerosols but becomes more whitish looking when the air is “dirty” or has a high concentration of aerosols.
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1. 
a
b
c
d 


12.
a
b
c
d

2. 
a 
b
c
d  


13. 
a
b
c
d

3. 
a
b
c
d


14. 
a
b
c
d

4. 
a
b
c
d


15. 
a
b
c
d

5. 
a
b
c
d


16.
a
b
c
d 


6. 
a
b
c
d


17.
a
b
c
d

7. 
a
b
c
d


18.
a
b
c
d

8. 
a
b
c
d


19.
a
b
c
d

9. 
a
b
c
d


20.
a
b
c
d

10. 
a
b
c
d


21.
a
b
c
d

11. 
a
b
c
d


22. 
a
b
c
d

Start Short Answers on back side. Use the lines below if you need more space.
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