ATMO 336 – Section 001

Name__________________________

Exam 1 – Fall 2008
Multiple Choice Section (3 points each)

Mark final answers on the multiple choice answer section on page 4 of the exam.  Please mark your answers clearly. You must turn in the entire exam when finished. 
1. The atmospheric “greenhouse effect” keeps the global average air temperature near the ground about 60( F warmer than if there were no atmosphere.  The two gases that are mainly responsible for this (the most important “greenhouse gases”) are _______ .

(a) nitrogen and oxygen

(c) ozone and carbon dioxide

(b) oxygen and ozone


(d) water vapor and carbon dioxide
2. The two most abundant gases in the atmosphere of Earth are __________ .

(a) nitrogen and oxygen

(c) nitrogen and carbon dioxide
(b) oxygen and carbon dioxide
(d) carbon dioxide and water vapor
3. In the kinetic model for gases, which of the following is fully determined by the average speed at which individual gas molecules are moving?

(a) Pressure



(c) Number density

(b) Temperature


(d) Mixing Ratio

4. The troposphere, tropopause, and stratosphere are layers of the atmosphere defined by the vertical structure of _________ .

(a) Pressure



(c) Number density

(b) Temperature


(d) Ozone concentration

5. A person may experience the sensation of “ear popping” during _________ .

(a) a ride up in a high speed elevator

(c) both (a) and (b)

(b) a ride down in a high speed elevator
(d) neither (a) nor (b)
6. Water boils when the saturation vapor pressure is equal to the surrounding air pressure.  Therefore, the temperature of boiling water on Mt. Everest will be _________ than the temperature of boiling water at sea level.

(a) higher
(b) lower
(c) the same as
     (d) sometimes higher, sometimes lower

7. For water vapor to condense, energy must be ________ the water vapor.  Thus, condensation results in __________ of the surrounding environment.

(a) added to ; cooling


(c) removed from ; cooling

(b) added to ; warming

(d) removed from ; warming

8. Which process requires the most energy input (to the water)?

(a) Raising the temperature of one gram of ice from -100( C to 0( C.

(b) Melting one gram of ice.

(c) Raising the temperature of one gram of liquid water from 0( C to 100( C

(d) Evaporating one gram of liquid water.

9. Which is the best indicator of the actual amount of water vapor in the air?

(a) Saturation mixing ratio

(c) Relative humidity

(b) Dew point temperature

(d) Wet bulb temperature

Use the Skew-T diagram above to help answer questions 10-12

10. What was the local time in Tucson corresponding to this skew-T diagram?

(a) 5 AM on September 18

(c) 5 PM on September 18
(b) 5 AM on September 19

(d) 5 PM on September 19

11. What is the approximate air temperature and dew point temperature respectively of the air at the 400 mb pressure level?

(a) -20° C and -35° C
   (b) 0° C and -10° C
  (c) 10° C and -5° C
(d) 22° C and 10° C
12. What is the wind speed and wind direction at the 400 mb pressure level?

(a) 35 knots from east toward west

(c) 25 knots from east toward west

(b) 35 knots from west toward east

(d) 25 knots from west toward east

13. Consider two large boxes. One is filled with air at a temperature 60° F, the other is filled with water at a temperature of 60° F. If you reach into each box which will “feel” colder? Why?

(a) Air, because it is a better heat conductor than water
(b) Water, because it is a better heat conductor than air

(c) Both “feel” equally cold because they are at the same temperature

14. Consider a clear air parcel (does not contain a cloud) located 3000 m above sea level.  If this air parcel sinks down to sea level, its relative humidity _______ .

(a) will increase

(c) will not change

(b) will decrease

(d) may go up or down depending on other factors

15. When you can “see your breath” on a cold day, you are seeing __________ .

(a) air that contains a high concentration of water vapor

(b) warm air surrounded by colder air

(c) air containing tiny droplets of liquid water

(d) air containing aerosols that are naturally exhaled with each breath

	Temperature 

(ºF)
	Saturation Mixing Ratio (g/kg)
	Temperature 

(ºF)
	Saturation Mixing Ratio (g/kg)

	5
	1.21
	55
	9.32

	10
	1.52
	60
	11.19

	15
	1.89
	65
	13.38

	20
	2.34
	70
	15.95

	25
	2.88
	75
	18.94

	30
	3.54
	80
	22.43

	35
	4.33
	85
	26.48

	40
	5.28
	90
	31.16

	45
	6.40
	95
	36.56

	50
	7.74
	100
	42.78


Use the table of saturation mixing ratios to answer questions 16 and 17
16. What is the approximate relative humidity of air with a temperature of 80( F and a dew point temperature of 40( F?

(a) 6.6 %

(b) 23.5%

(c) 50.0%

(d) 73.5%

17. If the air temperature is 60( F and the relative humidity is 69%, approximately what is the dew point temperature?

(a) 20( F

(b) 30( F

(c) 40( F

(d) 50( F

18. Which statement best describes the surface wind pattern around the center of a hurricane in the Northern Hemisphere?

(a) Clockwise and out away from the storm center

(b) Clockwise and in toward the storm center

(c) Counterclockwise and out away from the storm center

(d) Counterclockwise and in toward the storm center

19. A hurricane is more likely to move from ________ rather than the other way around.

(a) east toward west

(b) west toward east

20. Hurricanes form over tropical oceans, but they are very rare in the tropical south Atlantic and the tropical eastern south Pacific Oceans.  The main reason hurricanes rarely form over these oceans is because _____________ .

(a) there is usually too much wind shear over these ocean waters

(b) tropical easterly waves do not form over these oceans

(c) the Coriolis force is zero in the Southern Hemisphere

(d) the water is generally too cold in these oceans

21. Suppose you are tracking hurricane Jack.  On Monday morning the sea level pressure in the center of the Jack was 940 mb.  On Tuesday morning the sea level pressure in the center of Jack went up 960 mb.  This indicates that hurricane Jack is ________ .

(a) strengthening

(b) weakening
22. A hurricane is called a “warm core” weather system because the vertical column of air above the intense core of the storm is warmer than the air surrounding the core.  How does the air in the core of hurricane become so warm?

(a) The release of latent heat as water evaporates from the ocean.

(b) By conduction of heat from the warm ocean water.

(c) From the wind energy and friction with the ocean water.

(d) The release of latent heat as water vapor condenses to form clouds.

23. Which of the following best summarizes the chances of New York City being directly struck by a major hurricane?

(a) Major hurricanes will not ever hit NYC because it is located so far from the tropics.

(b) While it is possible that a major hurricane could hit NYC, the chances are so slight that it is not worth worrying about.

(c) Although rare, major hurricanes do occasionally hit NYC, so it is wise for disaster planners to prepare for it.

(d) NYC gets hit with a major hurricane about once every 10 years, so disaster planners are well prepared for how to deal with them. 
24. Looking historically, does there seem to be any temporal patterns in the number and intensity of Atlantic hurricanes, and if so what is the pattern?

(a) No
    (d) Yes, 2-4 years of high hurricane activity, followed by 2-4 years low activity

(b) Yes, 5-8 years of high hurricane activity, followed by 5-8 years low activity

(c) Yes, 20-40 years of high hurricane activity, followed by 20-40 years low activity  
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Short Answer Questions – 8 Points Each

For each numbered question (1-4), you must select and answer either (a) or (b).  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 will be deducted for incorrect or unnecessary statements in your answer, even if the correct answer is found somewhere. 

1. Select (a) or (b)
a. For the troposphere only, describe how the air temperature, pressure, and number density typically change as you move upward from sea level (the ground surface).  Provide a brief explanation for why each changes the way that it does.
b. Consider a drinking glass full of ice water (liquid water and lots of ice cubes) that is at a temperature of 32( F (0( C).  To avoid evaporation of the ice water, a lid is placed on top of the glass.  The surrounding air is still (no wind), the air temperature is 60( F, and the dew point temperature is 45( F.  Describe two processes that will act to add energy (or heat) to the ice water through the sides of the glass (not through the top or bottom).  Even though heat is being added, you notice that the temperature of the ice water inside the glass remains steady at 32( F.  Explain.
2. Select (a) or (b)

a. Explain why cold (low air temperature) and windy conditions are more stressful to the human body than cold and calm (light wind) conditions.  Explain why wearing several layers of loose-fitting clothing may help prevent hypothermia.

b. List the two main ways the human body responds to heat stress (core temperature getting too high) and briefly explain how each works.  List two actions that can be taken to treat a person suffering from hyperthermia and briefly explain how each works.
3. Select (a) or (b)

a. What is a cloud?  Explain how most clouds form.  If it helps, you may use the concept of an air parcel in your answer.
b. The Hawaiian Islands are located in the tropical Pacific Ocean of the Northern Hemisphere.  The larger islands have tall mountains in their interior.  Each of the larger islands have a “rainy” (rain forest-like) side of the island and a “dry” (desert-like) side of the island.  Starting with the trade winds explain why there is a rainy side and a dry side to each island.  In your answer be sure to specify which side of the islands is rainy and which side is dry, for example (THIS IS NOT THE ANSWER) west side is rainy and east side is dry. 

4. Select (a) or (b)

a. A hurricane is located just north of Cuba.  Two different state of the art computer models forecast the storm to hit the North Carolina coast in four days.  However, the two models differ in the path that the hurricane takes along the way and in the strength of the hurricane at landfall.  Model A has the hurricane following the warm Gulf Stream, while model B has the hurricane tracking just to the east of the Gulf Stream, then turning toward North Carolina.  In two days (halfway to North Carolina), the model paths move the hurricanes to positions where the water temperatures and predicted large-scale atmospheric winds at several altitudes are shown in the table below.

	
	Model A path
	Model B path

	Water temperature
	84( F
	80( F

	Surface winds
	10 mph from the south
	10 mph from the east

	Winds 2 km above water
	8 mph from the south
	12 mph from the east

	Winds 5 km above water
	8 mph from the south
	8 mph from the south

	Winds 8 km above water
	9 mph from the south
	30 mph from the southwest


Based on the information above, which of the model paths would you expect to produce the strongest hurricane at landfall? Give two reasons why. The fact that two different state of the art computer models predict different paths and future strengths for the same hurricane tell us what about our ability to make precise hurricane forecasts?
Question 4b is on back of this page

The figure above shows the total hurricane damage in the United States each year from 1900 – 2006.  The dollar damages have been adjusted for inflation and are given as year 2005 equivalents.  (Figure adapted from Pielke, Jr (2008) for years 1900-2005, 2006 year data adapted from NWS severe weather statistics.)

b. Suppose you read the following passage in a popular magazine:

“As global warming continues to take hold, the warmer oceans will continue to spawn stronger and more destructive hurricanes.  We are already feeling these effects in the United States.  The figure above shows the total economic losses in the US due to hurricanes each year from 1900 – 2006.  The dollar amounts have been adjusted for inflation, thus the increase in damage is real.  No doubt US hurricane damages will continue to increase unless something is done about global warming.”

Comment on whether or not the graph above provides good evidence for a connection between global warming (specifically the measured rise in ocean temperatures over the last several decades) and the dollar damages caused by hurricanes in the United States.  (NOTE:  there is no single correct answer for this question.  I am looking for a sensible discussion).  
