ATMO 336 - Weather, Climate, and Society

Spring 2009 - Homework #4
Answer the following questions on a separate sheet of paper.  Do not print this page and try to squeeze your answers in the margins.  If you do this, your homework will not be accepted.  Use the heat index and wind chill tables (provided in lecture notes page entitled “Temperature, humidity, wind, and human comfort”) to help answer questions 1 and 2.  Make sure you read and answer all the parts to each question!  There are six questions total.
1. On a summer day, the conditions measured at Tucson, Arizona and New Orleans, Louisiana are given

	City
	Air Temperature
	Relative Humidity
	Heat Index

	Tucson, Arizona
	100° F
	15 %
	?

	New Orleans, Louisiana
	90° F
	60 %
	?


(a) Using the heat index chart provided with the course lecture notes, find the heat index for the two cities.  Which location is most stressful to the human body? Compare the rate of heat loss from the human body at these two locations.
(b) In both cities, evaporation of sweat is by far the main way the body keeps cool.  In which city would it more likely that your clothing would stay dry, posing the danger that since you do not realize you are sweating so much, you do not think to drink water and you become dehydrated?  Briefly explain your answer. 
2. On a winter day, conditions measured at Fairbanks, Alaska and West Yellowstone, Montana are given

	City
	Air Temperature
	Wind Speed
	Wind Chill Index

	Fairbanks, Alaska
	0° F
	5 MPH 
	?

	West Yellowstone, Montana
	15° F
	40 MPH
	?


(a) Using the wind chill chart provided with the course lecture notes, find the wind chill equivalent temperature for the two cities.  Which location is most stressful to the human body?  Compare the rate of heat loss from the human body at these two locations.

(b) Explain why the conditions specified above would be more dangerous for people who are wearing wet clothing.  Assuming people in both cities are outside in wet clothing, how might your answers to the last two parts of 2(a) change?  Explain. 
3. Evaporative cooling is one of the most ancient and one of the most energy-efficient methods of cooling a home. It long has been regarded as environmentally "safe," since the process uses no ozone-depleting chemicals, and demands one-fourth as much energy as refrigeration during the peak cooling months of the year. In dry climates such as Tucson, evaporative cooling can be used to inexpensively cool large homes.  Locally, these devices are often referred to as “swamp coolers”.  The most common form of residential evaporative cooling uses a vertical pad of absorbent cellulose fiber, a system for delivering water to the pad to keep it soaked with water, and a fan to draw air through the porous pad. As warm, dry outside air is drawn through the wet pad, water evaporates into the air, and the air gives up its heat.  In other words, the air is cooled because energy is removed from the air in order to evaporate water. Thus, air that has moved through the wet pad is both cooler and contains more water vapor than the outdoor air.  The drop in temperature between the outside air and the air that cones out of the evaporative cooler depends on how much water can be evaporated into the air.  This is obviously a function of relative humidity.  When the relative humidity is low, the temperature drop can be large.  However, when the relative humidity is high, the temperature drop will be small (and the swamp cooler doesn’t help much). 

The wet bulb temperature, which was not discussed in lecture but is defined here, is the lowest temperature to which air can be cooled by the process of evaporating water into it.  This is the theoretical lower limit for the temperature of the air that comes out of an evaporative cooler.  Note that the wet bulb temperature is not the same as the dew point temperature, which is defined as the temperature to which air must be cooled in order for it to reach saturation with no change in the water vapor content of the air.
Explain the following statements:

(a) When the relative humidity is 100%, the air temperature, the dew point temperature, and the wet bulb temperature are identical.  Explain.

(b) When the relative humidity is less than 100%, the dew point temperature and the wet bulb temperature are both lower than the air temperature.  Explain.

(c) When the relative humidity is less than 100%, the wet bulb temperature will always be higher than the dew point temperature.  Explain.  (Hint:  What is happening to the water vapor content and dew point temperature of the air as it is being evaporatively cooled?  At what point does it become impossible to further cool air by evaporation of water?)
4. Answer the following questions and fill in tables for each part below.  Create your own tables (using WORD perhaps) or re-write tables on your own paper.  DO NOT print this page and squeeze answers into the tables below.  You can also open this document in WORD, copy the blank tables into your homework document, then fill them in.  For this question, you are going to follow a parcel of air that is forced to rise up a mountain, then back down the other side.

(a) Fill in the table below for an air parcel forced to rise from 0 meters up to the top of a 4,000 m mountain.  At what altitude will a cloud start to form?  Once a cloud starts to form, what happens to the rate at which air temperature in the parcel changes with increasing altitude?  Explain why.

	Altitude
	Parcel Temperature
	Parcel Dew point Temperature

	4,000 m
	
	

	3,000 m
	
	

	2,000 m
	
	

	1,000 m
	
	

	0m
	25º C
	5º C


(b) Bring the parcel back down the other side of the mountain.  To begin, copy the values for the parcel temperature and dew point temperature at 4000 m from part (a) into the table below.  For this part assume that the cloud of liquid water droplets that formed in the parcel remains inside the parcel. What happens to the cloud as the parcel is lowered?  How does this affect the rate at which the air temperature in the parcel changes with decreasing altitude?  Explain why.
	Altitude
	Parcel Temperature
	Parcel Dew point Temperature

	4,000 m
	* (from part a)
	* (from part a)

	3,000 m
	
	

	2,000 m
	
	

	1,000 m
	
	

	0 m
	
	


* to get started you need to copy the values you computed at 4000 m from the table in Part (a)

(c) Repeat part (b), but this time assume that any and all liquid or ice that condensed into a cloud as the parcel went up the mountain fell out of the parcel as precipitation.  Fill out the same table as for part (b).  Remember: this time there is no cloud inside the parcel at 4000 m before it is lowered down in the atmosphere.

	Altitude
	Parcel Temperature
	Parcel Dew point Temperature

	4,000 m
	* (from part a)
	* (from part a)

	3,000 m
	
	

	2,000 m
	
	

	1,000 m
	
	

	0 m
	
	


* to get started you need to copy the values you computed at 4000 m from the table in Part (a)

(d) Explain why the parcel in part (c) reaches arrives back at sea level (0 m) warmer than it was before it went up and over the mountain. 
** Question 5 begins at the top of the next page
5. Answer the following questions or fill in tables for each part below.  Create your own tables (using WORD perhaps) or  re-write tables on your own paper.  DO NOT print this page and squeeze answers into the tables below.  You can also open this document in WORD, copy the blank tables into your homework document, then fill them in.
The lifted index (LI), which was not discussed in class but is defined here, is the difference between the environmental air temperature at 500 mb (T500) and the air temperature inside an air parcel after it has been lifted from the surface up to 500 mb (TParcel). Meteorologists use the lifted index to access the stability of the atmosphere.

LI = T500 - TParcel 

(a) Explain why the atmosphere is said to be stable when the lifted index is positive and unstable when the lifted index is negative.

(b) The following information is available for Asheville, NC (elevation ~500 m above sea level) at 8:00 AM.  Fill in the table by lifting an air parcel from the surface up to 5500 m, where air pressure is 500 mb. At what altitude does a cloud start to form? What is the lifted index at 8:00 AM? Is the atmosphere unstable for parcels lifted to 500 mb? 

	Air Pressure
	Altitude (m)
	Atmospheric Temperature ((C)
	Parcel Temperature ((C)
	Parcel Dew Point ((C)

	500 mb
	5500
	-20 

(this is T500)
	(this will be TParcel)
	

	----------
	4500
	-13
	
	

	----------
	3500
	-6
	
	

	----------
	2500
	1
	
	

	----------
	1500
	8
	
	

	----------
	500
	10
	10
	0


(c) Later that day at 3:00 PM, the following conditions were measured in Asheville, NC.  Fill in the table below by lifting an air parcel from the surface up to 5500 m, where air pressure is 500 mb. At what altitude does a cloud start to form? What is the lifted index at 3:00 PM? Is the atmosphere unstable for parcels lifted to 500 mb?  

	Air Pressure
	Altitude (m)
	Atmospheric Temperature ((C)
	Parcel Temperature ((C)
	Parcel Dew Point ((C)

	500 mb
	5500
	-20
	
	

	----------
	4500
	-13
	
	

	----------
	3500
	-5
	
	

	----------
	2500
	3
	
	

	----------
	1500
	11
	
	

	----------
	500
	20
	20
	0


(d) What change took place in the atmosphere between 8:00 AM and 3:00 PM that caused the stability of the atmosphere to change?  Explain why this change tends to make the atmosphere more unstable.

** Question 6 begins at the top of the next page
6. In lecture we discussed the concept of atmospheric stability with regard to the potential for thunderstorms. The stability of the atmosphere can also be important in some situations where clouds and thunderstorms are not expected to form. The table below shows the atmospheric (or environmental) temperature as a function of height for three different times of day for a large city.
	Altitude (meters)
	Atmospheric Temperature

at sunrise (°C)
	Atmospheric Temperature

in late morning (°C)
	Atmospheric Temperature

in late afternoon (°C)

	1000 m
	10° C
	10° C
	10° C

	900 m
	9.5° C
	9.5° C
	11° C

	800 m
	9° C
	9° C
	12° C

	700 m
	8.5° C
	8.5° C
	13° C

	600 m
	8° C
	8° C
	14° C

	500 m
	7.5° C
	7.5° C
	15° C

	400 m
	7° C
	7° C
	16° C

	300 m
	6.5° C
	8° C
	17° C

	200 m
	6° C
	9° C
	18° C

	100 m
	5.5° C
	10° C
	19° C

	0 m
	5° C
	11° C
	20° C


(a) Identify any temperature inversion layers that are present for each of the three times of day.

(b) For each time of day, assume that a parcel of air in contact with the ground becomes one degree Celsius warmer than the surrounding environmental air.  For each time of day, fill in a stability table for the temperature of the air in this parcel if it were moved upward from 0 m to 1000 m. (NOTE: These tables have height intervals of 100 m.  Unsaturated rising parcels of air cool at a rate of 10° C per 1000 meters, which is 1° C per 100 meters on these tables).  An example of a blank table for late morning conditions is provided below.  As a hint for the table below, at 100 m the parcel temperature would be 11° C and unstable.  You must also fill in similar tables for sunrise and late afternoon conditions!
	Altitude (meters)
	Atmospheric Temperature

in late morning (°C)
	Temperature of lifted parcel

 (°C)
	Stability?

	1000 m
	10° C
	
	

	900 m
	9.5° C
	
	

	800 m
	9° C
	
	

	700 m
	8.5° C
	
	

	600 m
	8° C
	
	

	500 m
	7.5° C
	
	

	400 m
	7° C
	
	

	300 m
	8° C
	
	

	200 m
	9° C
	
	

	100 m
	10° C
	
	

	0 m
	11° C
	12° C
	Unstable


(c) In large urban cities, vehicle exhaust and industry emit pollutants into the air at ground level.  Based on the tables you filled out, at what time of day would there be a potentially dangerous problem where pollution will get trapped and accumulate in the air near the ground?  At what time of day will pollution be the least problematic in that the polluted air will be able to rise upward and become diluted by mixing with cleaner (less polluted) air above the ground.

(d) Describe as best you can why (or how) the environmental temperature transitions from sunrise to late morning to late afternoon on a day when the sun is shining and no clouds form.
