ATMO 336 - Weather, Climate, and Society 

Fall 2009 Homework #3 Cloud and Stability Problems
Make sure you read and answer all the parts to all questions!  Answers for each part will not be weighted equally.
1. “Advection fog” is common along the northern California coast in summer.  In this region, the temperature of the ocean surface water near the coast is much colder than the temperature of the ocean surface water farther offshore.  The fog forms over the cold water near the coast when westerly surface winds (blowing from west toward east) move (or “advect”) air from well offshore (where the ocean surface water is warm) to a position above the colder water near the coast.  This fog is often carried inland by the westerly winds (e.g., San Francisco fog).

(a) Explain why this fog forms.  Hint: fogs form by condensation … think about what causes condensation to happen.
(b) Over land, this fog often persists through the morning hours, but “burns off” as the afternoon wears on.  This occurs because some sunlight is able to penetrate through the fog and warm the ground.  Explain how this would act to dissipate the fog (of course, the fog doesn’t actually “burn”).  Would you expect the fog to dissipate from the bottom up or from the top down?  Explain.  

2. 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 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 5,000 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

	5,000 m
	
	

	4,000 m
	
	

	3,000 m
	
	

	2,000 m
	
	

	1,000 m
	
	

	0m
	23º C
	3º 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 5000 m from part (a) into the table below.  For this part assume that the cloud of liquid water droplets that formed in the parcel on the way up remains inside the parcel as it starts to descend. What happens to the cloud as the parcel is lowered?  How does the presence of a cloud in the parcel affect the rate at which the air temperature in the parcel changes with decreasing altitude compared with a parcel that does not contain a cloud?  Explain why. Hint: since no water enters or leaves the parcel in this part, the dew point temperature of the sinking parcel cannot become greater than 3° C.
	Altitude
	Parcel Temperature
	Parcel Dew point Temperature

	5,000 m
	* (from part a)
	* (from part a)

	4,000 m
	
	

	3,000 m
	
	

	2,000 m
	
	

	1,000 m
	
	

	0 m
	
	


* to get started you need to copy the values you computed at 5000 m from the table in Part (a)

(c) Repeat part (b), but this time assume that 46% 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).
	Altitude
	Parcel Temperature
	Parcel Dew point Temperature

	5,000 m
	* (from part a)
	* (from part a)

	4,000 m
	
	

	3,000 m
	
	

	2,000 m
	
	

	1,000 m
	
	

	0 m
	
	


* to get started you need to copy the values you computed at 5000 m from the table in Part (a)


In order to fill in the table correctly, you will have to compute the answers to these questions. You will need to use the table of saturation mixing ratio in Celsius provided under the homework link on the class web page.  (For full credit you must show work)
· How much water vapor condensed into liquid in moving the parcel from 0 m up to 5000 m?

· After removing 46% of the condensed water due to precipitation (54% remains in the parcel), how much total water (liquid water plus water vapor) remains in the parcel?
· What is the corresponding dew point temperature for this amount of water if it were all water vapor? Hint: the dew point temperature in the sinking parcel cannot become higher than this value.
(d) Explain why the parcel in part (c) arrives back at sea level (0 m) warmer than it was before it went up and over the mountain. 
3. In class, we have been moving parcels of air upward from the ground surface to determine the altitude at which clouds will form.  However, clouds can also form when air above the surface is forced upward.  To answer these questions, you must use the skew-T diagram for Tucson for 00Z September 8, 2009. A link to this skew-T is provided under the homework link on the class web page.
(a) Suppose an air parcel at 850 mb is forced upward 1500 meters.  Will clouds form?  Explain why or why not.  Hint: consider an air parcel with temperature and dew point temperature of the air at 850 mb.  Then move the parcel upward by 1500 meters to determine whether or not a cloud would form in the parcel.

(b) Suppose the air at 700 mb is forced upward by 1500 meters.  Will clouds form?  Explain why or why not.

4. 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.  

The lifted index (LI) is defined as 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 5 is on the next page

5. 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.
