ATMO 336 - Weather, Climate, and Society

Fall 2011 - Homework #2
Answer the following questions on a separate paper.  Homework answers squeezed onto this page will not be accepted. Preferably, you will do your homework using a word processing program (like WORD), then print your homework before turning it in. We will accept NEATLY done hand-written solutions, however, if your work is difficult to read, you will not receive credit. If you need to calculate an answer, you must show your work to get full credit.  To answer question 3, you will need to refer to the skew-T diagrams located under the homework link on the course web page. Tables of saturation mixing ratios were provided with an in-class handout. The table in Fahrenheit is also provided under the homework link on the course web page.  Use the heat index and wind chill tables (provided in course lecture notes page entitled “Temperature, humidity, wind, and human comfort”) to help answer questions 7 and 8.  Make sure you read and answer all the parts to each question! Not all parts will be weighted equally.
1. Suppose you are about to begin a rafting trip through the Grand Canyon.  A guide unrolls your inflatable raft on the grass next to the river and pumps air into the raft until it becomes nice and firm.  The raft is then placed onto the cold water of the Colorado River and is anchored to a tree by a rope.  A short time later you notice that the raft has lost its firmness and has become “baggy”.  A whiner in your group cries “Oh no!  There is a hole in our raft.  I’m not going!”  But you say “Don’t worry the raft lost its firmness because it was put in the cold water.”  Explain why the raft would lose its firmness. In your answer you should describe what happens to the temperature and number density of the air in the raft after being placed in the cold water. How can the problem be corrected? (Hint. Think about the Kinetic Model for gases. You can assume that the air pressure inside the raft changes little as it loses its firmness, since basically the raft loses volume to keep the air pressure inside the raft the same as the air pressure outside the raft. If you want to use the gas law to answer this question, consider pressure is held constant.)
2. Suppose you were going to walk from the ocean near Calcutta, India up to the top of Mount Everest at 8846 meters above sea level. I round the elevation to 9000 meters. We will look at how air temperature, pressure, and density change on your way up.

	Elevation (meters)
	Fraction of way up by altitude
	Air Temperature
	Air Pressure
	Percentage of the atmosphere below you by weight

	0
	At bottom
	32( C
	1000 mb
	0 %

	3000
	1/3
	?
	710 mb
	?

	6000
	2/3
	?
	500 mb
	?

	9000
	At top
	?
	320 mb
	?


(a) Estimate the air temperature at 3000, 6000, and 9000 meters. To do this use the average rate at which air temperature falls with increasing altitude in the troposphere, which is provided in the class reading (lecture notes).

(b) Compute the percentage of the atmosphere below 3000, 6000, and 9000 meters (based on weight). Since the air pressure at any point in the atmosphere is caused by the weight of the air above that point, the ratio of air pressure at two points is the same as the ratio of the atmosphere by weight. In the above example, the air pressure at sea level is 1000 mb. At 6000 meters above sea level, the air pressure is 500 mb, which is half as much as it is at sea level. This means the weight of air above 6000 meters is half as much as the weight of the air above 0 meters (or sea level), and thus at 6000 meters, half of the total weight of the atmosphere is above you and half of the total weight is below you. Apply this concept at 3000 and 9000 m.

(c) Explain why the rate of decrease of air pressure is not constant with increasing altitude, i.e., it drops by 290 mb over the first 3000 meters of the climb (from 0 m to 3000 m), 210 mb over the next 3000 meters of the climb (from 3000 m to 6000 m), and 180 mb over the last 3000 meters of the climb (from 6000 m to 9000 m).  Hint: the answer has to do with how air density changes with increasing altitude.
3. You must use the two skew-T diagrams, labeled as fig3a and fig3b located under the homework link on the class web page to answer this question.  Both diagrams were drawn based on data measured at Tucson.  One figure corresponds to data measured at 0000 UTC (or 00Z) on September 4, 2011 and the other to 1200 UTC (or 12Z) on September 4, 2011.

a. What is the local Tucson date and time corresponding to 00Z September 4, 2011 and 12Z September 4, 2011?

b. Determine which skew-T figure (fig3a or fig3b) was based on measurements taken at 00Z Sept 4 and which skew-T figure (fig3a or fig3b) was based on measurements taken at 12Z Sept 4. Explain how you arrived at your answer.

c. Fill in the missing values in the table below by reading values from the skew-T chart, labeled as fig3b.  

	Air Pressure (mb)
	Altitude Above Sea Level (m)
	Air Temperature ((C)
	Dew Point Temperature ((C)
	Wind Direction
	Wind Speed

(knots)

	100
	16690
	-75
	-83
	Southwest
	10

	200
	
	
	
	
	

	300
	
	
	
	
	

	500
	
	
	
	
	

	700
	
	
	
	
	

	850
	
	
	
	
	


d. Looking at the skew-T chart, labeled as fig3b, estimate the altitude at the top of the troposphere, i.e., the boundary between the troposphere and tropopause. Explain how you arrived at your answer. 
e. The sky condition observed at Tucson at the time the skew-T chart 3b was constructed was partly cloudy. Roughly estimate the height above sea level of the bottom and top of the partly cloudy layer.  No need to try to figure out exact heights.  Hint: find where the relative humidity is close to 100%.  What is the approximate air temperature in the middle of the partly cloudy layer?  
4. Consider a beaker that is half full of liquid water and is sealed at the top so that no air can enter or leave the beaker. This is the “closed system” described in lecture. Initially, the temperature of the liquid water and air inside is held at 20° C. After a short time, the water vapor content of the air in the beaker reaches a “dynamic equilibrium” or a state of “saturation”. Explain what is meant by “saturation” or a “dynamic equilibrium”. Now assume that the temperature of the water and air inside the beaker is warmed up to 35° C. This temporarily causes the system to no longer be in dynamic equilibrium or a state of saturation with respect to water vapor. If the temperature is now held at 35° C, explain how the system will return to a new dynamic equilibrium or state of saturation.
5. Here in Tucson when it is hot outside, restaurants with outdoor seating often use misters to make conditions more comfortable for their customers, for example, No Anchovies on University Drive near campus. Misters operate by spraying a fine mist of tiny liquid water droplets into the air. How do misters cool the air? (Hint. Think about the environment, there is warm, low relative humidity desert air surrounding the liquid water droplets. This prompts a phase change of water. How will the latent heat of the phase change affect the surrounding environment?) What happens to the relative humidity of the air that is being cooled? Give two reasons why the relative humidity changes the way that it does.

6. On a day in winter 2005, the following conditions were measured on the UA campus

i. At 8 AM:  air temperature, T = 45( F; Relative Humidity = 45%.

ii. At 10 AM:  air temperature, T = 55( F; Relative Humidity = 31%.

iii. At 2 PM: air temperature, T = 70( F; Relative Humidity = 18%.

(a) Using the table of saturation mixing ratios, compute/find the dew point temperature for each of the times and conditions specified above.

(b) How did the water vapor content in the air change between 8 AM and 2 PM?  Explain why the relative humidity changed the way it did from 8 AM through 2 PM.  
7. On a summer day, the conditions measured at Tucson, Arizona and New Orleans, Louisiana are given below

Tucson, Arizona

	Air Temperature
	100° F

	Dew Point Temperature
	35° F


New Orleans, Louisiana

	Air Temperature
	90° F

	Dew Point Temperature
	75° F


(a) Using the saturation mixing ratio tables, compute the relative humidity for each city.

(b) Using the heat index chart provided with the course lecture notes (reading pages), find the heat index for the two cities. You may need to round the relative humidity to the nearest 5%. Which location is most stressful to the human body? How do the rates of heat loss from the body compare at these two locations?

8. On a winter day, conditions measured at Fairbanks, Alaska and West Yellowstone, Montana are given below

Fairbanks, Alaska

	Air Temperature
	-5° F

	Wind Speed
	10 MPH


West Yellowstone, Montana

	Air Temperature
	5° F

	Wind Speed
	40 MPH


(a) Using the wind chill chart provided with the course lecture notes (reading pages), find the wind chill equivalent temperature for the two cities. Which location is most stressful to the human body? How do the rates of heat loss from the body compare at these two locations?
(b) The wind chill equivalent temperature accounts only for heat losses related to air temperature and wind speed. Explain why cold and windy conditions could be even more dangerous for a person wearing wet clothing (perhaps for example someone who has fallen into water, climbs out, but remains wet). 

