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Part 1:  Modeling a Temperature Inversion in a Valley

Questions:
1.
Using concepts you have learned in this class, explain any water currents you see during the experiment.



The blue (cold) water flows down the sides of the bowl and settles on the bottom. This happens because this water is colder and therefore denser and less buoyant than the lukewarm water in the bowl.


2.
Applying the model you just made to the real world situation of a valley surrounded by mountains, what kinds of air currents (winds) should occur on a cold clear night.  Why?



On a cold clear night, the wind on the sides of the valley should blow downhill toward the valley. This happens because, at night, the ground radiates infrared radiation upward but it doesn't absorb any sunlight so it cools off. Energy then flows from the air near the ground into the ground, cooling the air. As the air cools, it compresses and becomes denser and less buoyant. As a result, it sinks.


3.
At the end of the experiment, where is the water colder, at the bottom of the bowl or at the top of the water surface?  How do you know?  



The water is colder at the bottom of the bowl. You can feel it. Also, the water near the bottom stays blue, indicating that the ice-cold water from the melting ice cubes did not mix with the warmer water above.


4.
In a real world situation of a valley surrounded by mountains, temperature inversions--similar to the one you created in the bowl--typically form. Why is this situation called a “temperature inversion?”



This situation is called a temperature inversion because, normally, the temperature of the air in the troposphere decreases with height. But in this case the temperature increases with height.

5.
Complete the graphs below, showing the “temperature profiles” for the air under normal conditions and during a temperature inversion.
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6.
Suppose there is a city in the valley.  Will the resulting air pollution remain trapped in the valley or will it vent out of the valley?  Explain.



During a temperature inversion, air pollution remains trapped in a valley because the increase in temperature with altitude prevents any vertical mixing of the air (i.e. convection cannot take place). The air stays where it is and so does all the smoke, car exhaust and any other kind of air pollution. 


7.
What would it take to break up the temperature inversion and allow the air to mix vertically?  (Hint:  there are two ways to do it.)  



Method #1: If you heat the bowl from the bottom, you will eventually break up the temperature inversion. Translating to the real world, if the ground can absorb enough energy from the sun to heat up the ground so that it is warmer than the air at high altitudes, then the ground can heat up the air above it, convection can take place to distribute this heat and the temperature inversion will be eliminated.



Method #2: If  you would stir the water in the bowl, it would mix vertically. Translating to the real world, if a strong wind would blow in the valley, it could force the air to mix within the valley, thereby eliminating the temperature inversion.

Part 2:  Making a Cloud you can Pour

Questions:
1.
Using the terms relative humidity, temperature, compaction and expansion, explain why the cloud formed. 



When you pump air into the bottle, the air inside the bottle compresses. As a result its temperature increases, causing the relative humidity of the air to decrease because the capacity of the air to hold water increases. Since there is plenty of water inside the bottle, water quickly evaporates until the relative humidity approaches 100%. 



When the cap pops off of the bottle, the air inside the bottle suddenly expands as much of it exits the bottle. Because the air expands, its temperature decreases, causing the relative humidity of the air to increase because the capacity of the air to hold water decreases. The relative humidity increases beyond 100% and, because there are plenty of smoke particles for the water to condense on, water condenses in tiny droplets throughout the air inside the bottle, forming a cloud.


2.
Explain why the cloud “pours” down out of the bottle.



The cloud pours out of the bottle because it is colder (and therefore denser and less buoyant) than the air in the room. The cloud is cold because it is in contact with crushed ice.

Part 3: Determining If, Why and Where Clouds Will Form in a Particular Situation


1.
a.
The parcel of air has a relative humidity of 50%. What is its dew point temperature? 


(Hint: use your sliding humidity scale)


At 85° F, the air can hold 14 units of water vapor. So, if the relative humidity is 50%, the air must actually be holding 7 units of water vapor. According to the sliding humidity scale, air holding 7 units of water vapor  is 100% saturated at a temperature of 65° F.

b.
As this parcel of air rises, it expands and thus cools adiabatically. This cooling results in a 5.5°F temperature drop for every 1000 ft. rise in elevation. The parcel rises to 2000 ft. 

i.
What is the new temperature of the air parcel?


The parcel rises 2000 ft. Therefore, its temperature must drop 11°F as it rises. 


The new temperature is 74°F (85°F -11°F = 74°F)

ii.
What is the new relative humidity of the air parcel? (Hint: use your sliding humidity scale)


The air is still holding 7 units of water. vapor. 


At a temperature of 74°F, the air can hold about 9.5 units of water. vapor 


Thus the relative humidity is  74%  (7 units / 9.5 units x 100% = 74%)

c.
Will the air parcel continue rising? Why or why not?  


Yes, the air parcel will continue rising. At 2000 ft. above the ground, the air in the parcel has a temperature of 74°F. According to the graph on the previous page, the ambient air temperature at 2000 ft. is 72°F. Therefore, the air in the air parcel is still warmer than the surrounding air, so it will continue to rise.

d.
To what elevation will this air parcel have to rise in order to form a cloud? Why?


The temperature of the air parcel at the ground is 85°F. Since the dew point of this air is 65° (see answer to question a above), a cloud will form when the temperature of the air parcel drops to 65°F. Thus the air temperature must drop 20°F in order to form a cloud.


Since the temperature of the air parcel drops 5.5°F for every 1000 ft. rise in elevation, the air parcel has to rise to about 3640 ft. in order for a cloud to form. Here are the calculations:



1000 ft
=
X


5.5° F

20°F



X = 1000 ft. x 20°F / 5.5°F = 3640 ft.

e.
Will this parcel of air rise that high on its own, due to its natural buoyancy, or will it have to be forced to rise by a weather front, conditions on the windward side of a mountain range or  convergence of air? Explain the reasoning behind your answer. 


This parcel will rise that high on its own, due to its natural buoyancy.


We already know that at 2000 ft, the air parcel is still warmer than the surrounding air, so it will continue to rise. At 3000 ft, the temperature of the surrounding air will be 66°. The air parcel will cool 16.5°F (to 68.5°F) as it rises to 3000 ft. (5.5°F/1000 ft. x 3000 ft. = 16.5°F). Thus the air parcel will still be warmer than the air surrounding it. In fact, every time we do these calculations, for any elevation below 3640 ft., the air packet will always be warmer (and therefore less dense and more buoyant) than the surrounding air.


At 3640 ft, the temperature of the surrounding air will be around 62°F. Thus the air parcel will still be warmer than the surrounding air at that elevation. Thus, not only will the air parcel naturally rise to 3640 ft., it will continue rising once it gets there.

Part 4: Additional Essay Questions


1.
Explain why the prevailing winds in Hawaii are out of the east. Draw diagrams to illustrate your answer.

North  [image: image2.wmf] South


Hawaii is at a latitude of about 20° N. Thus it is within the region of the easterly trade winds (between 30°N and 30°S). At the equator, the column of air is taller because the air is warmer. Thus at high altitudes (aloft), the air pressure is higher above the equator than it is above Hawaii. Winds aloft therefore try to blow from the equator toward Hawaii (and beyond, even further north where the air pressure aloft is even lower). As a result, air is removed from the top of the column of air at the equator. Thus, at the equator, the surface air pressure is lower than is the surface air pressure in Hawaii, where no air is being removed aloft. As a result, surface air tries to flow from Hawaii toward the equator (i.e out of the north, toward the south). However, the wind is deflected toward the right by the Coriolis effect. So, instead of blowing toward the south, the wind blows toward the southwest (i.e. out of the northeast).
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2.
Explain why afternoon thunderstorms are common in Florida but morning thunderstorms are rare.



In the afternoon, the land has been soaking up sunlight all day and, because it takes less energy to increase the temperature of the land than it does to increase the temperature of the ocean, the land has become warmer than the ocean. As a result, the air above the land is warmer than is the air above the ocean. Aloft, there is a high pressure over Florida and low pressure over the oceans on either side. Thus winds aloft blow outward away from Florida. As a result, there is thinner than normal air aloft above Florida. Air rises up to fill in the “gap.” Rising air tends to expand, cool and form clouds, especially over Florida where the relative humidity at the ground is already very high. 
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In the morning, the land has been radiating heat into space all night and, because it takes less energy loss to decrease the temperature of the land than it does to decrease the temperature of the ocean, the land is cooler than the ocean. As a result, the air above the land is cooler than is the air above the ocean. Aloft, there is a low pressure over Florida and high pressure over the oceans on either side. Thus winds aloft blow inward toward Florida. As a result, air piles up aloft above Florida. Gravity pulls this air down and air sinks over Florida. Sinking air tends to compress and heat up, clearing the air of any clouds. So, in the morning, the air above Florida tends to be clear.
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Part 5: Multiple-Choice Questions


1.
a


2.
d


3.
b


4.
b


5.
e


6.
c


7. d


8. b


9. e
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