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Name__________________________

Exam 3 – Spring 2016
Multiple Choice Section (3.5 points each [77 Points Maximum])

Mark final answers on the multiple choice answer sheet.  You must turn in the entire exam. 
1. If you see a lightning stroke and 40 seconds later hear the thunder, how far away is the lightning?

(a) Less than 1 mile
(b) About 4 miles 
(c) About 8 miles
(d) About 20 miles

2. Which of the following is the most accurate description of the principle of a lightning rod?

(a) The rod intercepts the lightning and safely carries the current around the objects it protects
(b) The rod acts to discharge the thunderstorm

(c) Lightning rods have been used since the 1700s, but how they work is not known
(d) Negative charge induced in the rod repels the approaching negative stepped leader
3. Thunder is caused by ________ .

(a) the explosion that occurs when + and – charges collide and neutralize

(b) the collision between two thunderstorm clouds

(c) strong, turbulent wind motions that occur inside the thunderstorm

(d) the rapid heating and expansion of air within the lightning channel

4. The inside of a car provides relatively safe shelter from ________ .

(a) lightning

(c) both lightning and tornadoes

(b) tornadoes

(d) neither lightning nor tornadoes

5. Strengthening tropical cyclones are given names when _______ .

(a) they are first detected


(c) they reach tropical storm strength

(b) they reach hurricane strength

(d) they approach within 250 miles of land

6. Consider the following statement: “There is a natural cycle in Atlantic hurricanes consisting of 20-40 years of generally high hurricane activity followed by 20-40 years of low hurricane activity.” Which of the following is most correct about this statement?

(a) The statement is true and we are currently in the less active part of the cycle

(b) The statement is true and we are currently in the more active part of the cycle

(c) There may be a natural cycle in Atlantic hurricanes, but we need more data to be sure

(d) There is no evidence for this type of natural cycle in Atlantic hurricanes

7. The peak in the Atlantic hurricane season is centered around the date ____________ .

(a) September 10
(b) August 10

(c) July 10
(d) June 10
8. Suppose you are tracking hurricane Carlos. Monday morning the sea level pressure at the center of Carlos was 946 mb. Tuesday morning the sea level pressure was 958 mb. This indicates ________ .

(a) Carlos is strengthening

(b) Carlos is weakening

9. Which of the following best summarizes the chances of Los Angeles, CA being directly struck by a hurricane (with hurricane force winds)?

(a) Los Angeles gets hit with hurricanes at least once each year.

(b) Los Angeles gets hit with a hurricane about once every 10 years.

(c) Although rare, hurricanes do occasionally hit Los Angeles.

(d) There are no records of hurricanes striking Los Angeles, so nearly impossible.

10. What is the proper definition of a “monsoon?”

(a) A tropical squall line


(c) A seasonal shift in precipitation


(b) A thunderstorm with very heavy rain 
(d) A seasonal shift in wind direction

11. There is overwhelming evidence based on observations which proves that extreme weather events, such as hurricanes, droughts, and heat waves have become more severe in recent years.

(a) True

(b) False

12. On average, which type of severe weather causes the most property damage in the U.S. per year?

(a) Severe thunderstorms, including lightning and tornadoes

(b) Hurricanes and tropical storms

(c) Flash Flooding

(d) Winter weather (snow and ice storms)
13. Suppose it is a clear, sunny summer day in Arizona. At which location and time of day would you experience the greatest exposure to ultraviolet radiation?
(a) Tucson (760 m above sea level) at 11 AM, air temperature 95° F

(b) Tucson (760 m above sea level) at 3 PM, air temperature 106° F

(c) Mt Lemmon (2700 m above sea level) at 11 AM, air temperature 73° F

(d) Mt Lemmon (2700 m above sea level) at 3 PM, air temperature 84° F

14. Which of the following is not a way the human body protects itself from developing skin cancer?
(a) Self-repair of cells damaged by ultraviolet exposure

(b) Production of the pigment melanin within skin cells

(c) Production of sweat to block ultraviolet absorption by the skin
(d) Protective outer layer of dead skin cells
15. The climate of a particular region on Earth can be completely understood by knowing the daily average high and low temperatures and average precipitation (called “normals”) compiled over a 30-year period.

(a) True


(b) False
16. It has been over 10 years since the US coastline was struck by a major hurricane (Wilma, 2005). This is by far the longest stretch of time without a major hurricane strike since data on landfalling US hurricanes began around 1900. The drought in major hurricane strikes is good evidence that human emissions of greenhouse gases are causing there to be fewer major hurricanes in the Atlantic Ocean.

(a) True

(b) False

17. If “global warming” is defined to mean an increase in the global average surface temperature that has been largely caused by human additions of greenhouse gases, which of the statements below is most accurate concerning the increase in global average temperature over the last 100 years?

(a) “Global warming” has been proven to be true

(b) “Global warming” has been proven to be false

(c) “Global warming” may or may not be true as we cannot prove the cause for this warming

18. Consider a star that emits the majority of its radiation energy as ultraviolet radiation (ultraviolet photons). What can be concluded about this star compared to our Sun?

(a) Its surface temperature is higher than the surface temperature of our Sun

(b) Its surface temperature is lower than the surface temperature of our Sun

(c) It is larger than our Sun

(d) It is smaller than our Sun

19. Radiation energy from the Sun that strikes the top of Earth’s atmosphere can either be absorbed or scattered (reflected) away to outer space.  Which of the following is the most correct breakdown for what happens to radiation energy from the Sun that strikes the top of our atmosphere?

(a) 50% is reflected; 50% is absorbed by land and oceans; 0% is absorbed by the atmosphere

(b) 30% is reflected; 50% is absorbed by land and oceans; 20% is absorbed by the atmosphere

(c) 30% is reflected; 35% is absorbed by land and oceans; 35% is absorbed by the atmosphere

(d) 20% is reflected; 80% is absorbed by land and oceans; 0% is absorbed by the atmosphere
20. Which gas is the largest contributor to the atmospheric greenhouse effect on Earth?

(a) Nitrous oxide (N2O)


(c) Carbon dioxide (CO2)

(b) Methane (CH4)


(d) Water vapor (H2O)

21. Satellite-carried instruments measure radiation energy (photons) emitted by the planet Earth. Most of this radiation would be classified as ________ radiation.

(a) microwave

(b) ultraviolet

(c) visible

(d) infrared

22. Continuing with the previous question … the majority of the photons emitted from the planet Earth to outer space (as measured by the satellite instruments) were emitted by _______ .

(a) the Earth’s land (solid) and ocean (liquid) surfaces

(c) ozone in the stratosphere

(b) nitrogen and oxygen gas




(d) greenhouse gases and clouds

Short Answer Section

For each numbered question 1 – 3 you must select and answer either (a) or (b). Short answer questions are worth 10 points each. Please write your answers on the lines provided on the short answer sheet (last page of exam). If you need more space, you can use the blank lines after the multiple choice answer section. Make sure you answer all parts of each question that you select. 
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1. Select (a) or (b) – 8 Points

a. What is a hurricane “storm surge”? Why do hurricanes with lower sea level pressure at their centers produce stronger storm surges? How and why does the damage potential caused by a storm surge depend on the slope of the Earth’s surface at the shoreline (compare a beach coast with a gradual slope upward from the water to a coast with sea cliffs and a steep slope upward away from the water)? For the Northern Hemisphere, Where and why will the storm surge be more severe to the right side of where the eye makes landfall or to the left side of where the eye makes landfall (see diagram above)? Briefly explain.
b. Some scientists believe that global warming will cause an increase in the strength and damage potential for hurricanes. What is the basic argument linking global warming to hurricane intensity? Here are a couple of facts. The measured global average sea surface temperature for the decade 2006 to 2014 was warmer than any other decade since 1850. This latest decade also had more global property damage from hurricanes than any other decade on record, even after adjusting the damages for inflation. Some say this is good evidence that global warming is already causing an increase in hurricane intensity. In lecture, it was stated that the available evidence on historical hurricanes does not indicate that there were either more hurricanes or more intense hurricanes during the decade of 2006 to 2015 compared with other decades. What is the more likely reason that inflation-adjusted property damage caused by hurricanes has been increasing in recent decades? Explain why inflation-adjusted hurricane damages could very easily continue to increase in the future even if there is no change in the intensity of hurricanes that form. Suggest some things that could be done about this. Do personally think any of those things should be mandated by governments? Briefly explain.
2. Select (a) or (b) – 8 Points

a. The incidence (number of reported cases) of skin cancer in the United States has been increasing at an average rate of about 2% per year since the 1980s. This is a true statement. After hearing this news a friend of yours says, “the increase in skin cancer in the US is the result of the ozone hole caused by CFCs.”  Comment on the validity of your friend’s statement, i.e., Is the increase in reported cases of skin cancer largely due to the ozone hole? Or if there are other significant reasons for the increase, what might they be? Skin cancer rates in southern Arizona are among the highest in the US. This is also true. Give two geographical or climatological reasons why residents of southern Arizona are exposed to higher levels of ultraviolet radiation compared with most of the rest of the United States.
b. Why should we worry about the amount of ozone in the stratosphere?  Briefly discuss the effects that human activity has had on the amount of ozone in the stratosphere.  What, if anything, has been done about the human impact on ozone in the stratosphere? What is the future outlook for ozone levels in the stratosphere? Explain your answers. 
3. Select (a) or (b)

a. When averaged over the entire area of the Earth and over an entire year, the planet Earth is in radiative equilibrium. Specifically, what does it mean for the Earth to be in radiative equilibrium? What would happen if the Earth were not in radiative equilibrium? As described in lecture, radiative equilibrium is satisfied for a boundary line at the top of the atmosphere (above the atmosphere), however, the ground surface (includes land and ocean) is not in radiative equilibrium, i.e., there is not radiative equilibrium for a boundary line sitting on the Earth’s surface (below the atmosphere). Considering only exchanges of radiation energy, does the Earth’s ground surface gain energy (more radiation energy absorbed than emitted) or lose energy (more radiation energy emitted than absorbed)? What non-radiation energy transfer is mostly responsible for bringing the ground surface into overall energy balance? Very briefly describe how this process transfers energy.
b. What are some of the reasons why many people are surprised when they find out that exposure to extreme temperature kills more people worldwide than all other weather-type disasters combined? What are ‘excess deaths” in relation to heat and cold waves? Why are there often more “excess deaths” due to heat exposure in northern US cities like Chicago, compared with hotter southern US cities, such as Dallas?
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