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How and Why do Clouds Form?

The answer to this question is much like a puzzle. You need to understand lots of individual pieces before you can put them all together to see the whole picture. Here are the various puzzle pieces.

Puzzle Piece #1: What are clouds?

Clouds are “visible aggregates of minute droplets of water or of tiny crystals of ice” (p. 450 of the textbook). You may have noticed that the substances that make up clouds are denser than air. You may therefore be wondering why clouds stay up in the air--why don't they sink to the ground? This is because air is constantly moving, at least a little, and even very slight movement is enough to keep the tiny cloud “particles” suspended in the air. This process is similar to the process that keeps tiny detrital sedimentary particles (such as clay) suspended in water (which has a lower density than clay does): as long as there is any water movement, the water continues to “push up” the sedimentary particles and they remain suspended.

Puzzle Piece #2: How do clouds form?

Clouds form by condensation or freezing of water vapor. Both of these processes are changes of state. For more detailed information about changes of state, see p. 434–436 in the textbook.

Puzzle Piece #3: 
Evaporation and condensation are affected by humidity. What is humidity and what causes it to change?

For a detailed explanation of the concept of humidity, see p. 436–441 in the textbook.

Puzzle Piece #4:
What causes warm moist air to cool to its dew point temperature, thereby causing condensation of water vapor?


Clouds form whenever water condenses in mid-air. This happens whenever the air becomes saturated with water vapor (i.e. relative humidity reaches 100%).
 As we just learned from pages 436–441 of the textbook, there are two ways to increase the relative humidity of the air. In nature, the most common cause for condensation is a drop in the temperature of the air to a temperature below its dew point. But what could cause such a temperature drop?


Imagine a large “parcel” of air inside a weightless infinitely stretchable balloon that allows the parcel of air to expand or compress as it wishes but prevents the air inside from mixing with the surrounding air and prevents the air inside the balloon from  giving  heat energy to or receiving heat energy from the surrounding air.
  When this parcel of air is compressed so that its volume decreases, the temperature of the air in that parcel increases. Why? Because, in order to compress air, work must be done on it--as you experience whenever you pump up a bicycle tire. Have you ever noticed how warm that tire pump becomes? As you work to pump up the tire, you are putting energy into the air inside the tire pump. That energy is stored in the air inside the pump as internal heat energy, causing the temperature of the air to rise. In summary, whenever air is compressed without exchanging heat with the surrounding air, its temperature increases. The opposite happens when you allow air to expand--it cools! If it cools to the dew-point of the air, condensation occurs.

Puzzle Piece #5:
What could cause air to expand?


Now all we have to do is figure out what could cause air to expand. Recall that air pressure decreases with altitude. If our air parcel were to rise, the pressure on it would decrease. This decrease in pressure would cause the volume of the air parcel to increase--the air in the parcel would expand. If the air parcel keeps rising (and therefore expanding), eventually the temperature inside the air parcel will be below the dew point of that air and some of the water vapor in the air will condense--form a cloud.


So, to form a cloud, all we have to do is to get air to rise high enough that it will expand enough that its temperature will decrease enough to cause the air to become saturated with water vapor. Which leads us to our next puzzle.

Puzzle Piece #6: What causes air to rise?


There are four types of conditions that can cause air to rise. These conditions are described in the textbook in the section entitled “Processes that Lift Air” (p. 442–445). 


The fourth condition described by the textbook, “convective lifting,” is our old friend convection:  air near the ground often heats up and expands, decreasing its density and increasing its buoyancy. Convective lifting is the major cause of summer thunderstorms. 


Yet, if you stop and think about it, convection really shouldn’t work. Why? Because air always cools as it rises. Here’s how it works: air is heated near the ground, causing it to expand. This expanded air is less dense and more buoyant than the air around it, so it rises. As it rises, the pressure on it decreases and so it expands some more. Since this air has now left its heat source—the ground—it must cool as it expands. You would think that this cooling would immediately stop the air from rising. And, sometimes, it does. However, on a warm humid day, the air can continue to rise until it forms very tall clouds, commonly called “thunderheads.” (see the cumulonimbus cloud on p. 453 of the textbook). How can the air continue to rise even as it cools?

Puzzle Piece #7: What causes air to sometimes continue to rise, even as it cools?


Recall that, in the troposphere, the temperature of the air generally decreases with altitude. Thus, as an air parcel rises, it enters surrounding air with a lower air temperature. Therefore, even if the air parcel cools as it rises, it may still be warmer than the surrounding air. This will be true if the air parcel starts out warm enough and if the air cools rapidly enough with altitude. For an example of this phenomenon, see the lab on clouds in this course packet.

� Actually, there must also be enough particles--such as smoke or dust--floating around in the air on which the water vapor can condense. But, 99.9% of the time, there is plenty of “crud“ in the air to allow condensation to occur so we don't have to worry too much about this limitation.


� Meteorologists have found it very useful to imagine such a parcel of air when they try to figure out how air behaves because it lets them look at one small portion of the air at a time.
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