Wind and Weather Systems
[image: image1.emf]There are many things that are critical to supporting life on Earth, but perhaps none more obvious than Earth’s atmosphere. Because the atmosphere is mostly made of gas, it is the lightest Earth system. In fact, if Earth were the size of a basketball, the atmosphere would only be the thickness of a sheet of plastic wrap. But despite being such a tiny system, the atmosphere does a lot of work for Earth.

What is the atmosphere system?
The boundaries of Earth’s atmosphere system are typically defined as the region from the surface of the 
Earth upward to the edge of space. This layer, which is approximately 440 miles high, contains about 780 billion tons of matter. 

The atmosphere is made of air, water vapor, and other suspended particles and objects – for example dust, rain, snow, clouds, and hurricanes are all components of the atmosphere. The air in Earth’s atmosphere is ~78% nitrogen (N2), ~21% oxygen (O2), ~0.9% argon (Ar), and ~0.04% carbon dioxide (CO2), along with a few other gases in very small amounts. The concentration of water vapor in the atmosphere varies between approximately 0.5% to 4.25%. The upper atmosphere has a layer of ozone (O3) that protects life from harmful UV light. The atmosphere’s matter also has various types of energy associated with it (e.g. heat energy, kinetic energy, gravitational potential energy). 

The atmosphere is divided into layers based on patterns in its properties. The layer closest to Earth’s surface is the troposphere. This is where the majority of the atmosphere’s matter and energy are located. The condition of the troposphere is what is commonly called weather- things like air temperature, wind, cloud cover, and precipitation. As a result, the troposphere is the layer of the atmosphere we’ll focus on. 

[image: image2.emf]Throughout this unit, we will use a common conceptual model to help us illustrate the interactions of the atmosphere – parcels and columns. A parcel represents a volume of atmosphere with uniform properties (i.e., it has the same temperature, pressure, density, chemical composition, etc.). A column is a related model, much like a parcel, but columns, extend all the way to the top of the atmosphere. In the diagram to the left, the dots represent the particles of gas in the atmosphere. Each of the dashed rectangles is a parcel. The column has just three dashed lines. 
Temperature, density, and pressure
The atmosphere’s temperature, density, fluid pressure, and motion are the properties most relevant to Earth’s weather. As a reminder, temperature is an indication of the average speed of particles in matter. The faster the particles in a substance are moving on average, the higher its temperature. 

Like all properties of matter, the atmosphere has the property of density. Density is the mass of an object divided by the volume of the object (m/v). For example, a 10 g cube with a volume of 2 cm3 has a density of 5 g/cm3. Calculating the density of a fluid (i.e. gas, liquid, or plasma) works similarly- you measure the mass and divide it by the volume. 

[image: image3.emf]Like all fluids, the atmosphere has the property of fluid pressure. Fluid pressure is the push applied by a fluid in all directions against whatever it comes into contact with. The amount or strength of the fluid pressure at any given point is equal to the weight of the atmosphere above that point. In atmospheric science, fluid pressure is usually measured with a barometer and indicated in millibars. 

In the troposphere, the highest temperature, the highest density, and the highest pressure are usually found near Earth’s surface. In the following image, the gray lines are isobars, connecting locations of equal pressure in the atmosphere. 

[image: image4.emf]
The atmosphere is densest near the surface due to the force of gravity between the particles of the atmosphere and Earth. This gravitational force pulls the particles of the atmosphere downward. If gravity were the only force acting on the particles of the atmosphere, they would all be pulled right down to the surface, just like a ball kicked into the atmosphere falls quickly back down to the ground. Of course, if the force of gravity were the only force acting on the particles of the atmosphere, the atmosphere itself would collapse. Luckily for us this doesn’t happen. As a result, we know another force must be counteracting the force of gravity- the atmosphere’s own fluid pressure. The following diagram shows the force of gravity and the force the fluid pressure on a column of the atmosphere. 

[image: image5.emf]
What causes the atmosphere to move?

If you measure the properties of the troposphere in a specific region at a specific time, you will not get the average data shown in the preceeding image. The troposphere is a system whose properties are highly variable. In fact, the root of the term troposphere is derived from the Greek word tropos, meaning “to turn.” 

The principal cause of all these variations is that the atmosphere is unevenly heated by the surface of the Earth. For example, Earth’s equator warms more than the poles, and land warms faster than water at a given latitude. Through conduction and radiation from the surface, the lower atmosphere takes on these same uneven temperatures.

As a reminder, conduction transfers heat energy into and away from the particles of the atmosphere whenever an atmospheric particle collides with matter that is warmer or cooler than itself, and radiation transfers heat energy into and away from the particles of the atmosphere whenever an atmospheric particle absorbs or emits a light wave. 

Variations in pressure caused by uneven heating

[image: image6.emf]If more heat energy is transferred to one parcel of atmosphere than to another, the particles in that parcel begin to move faster on average. This causes the parcel’s temperature and size to increase, because the particles are moving faster and exerting larger forces on the particles in surrounding parcels, pushing them out of their way. This increase in size (with no decrease in mass) means the density of the parcel decreases, and as a parcel’s density decreases, so must its pressure. 

The reverse can also happen. When heat energy transfers away from a parcel of atmosphere, the particles in that parcel begin to move slower on average. This causes the parcel’s temperature and size to decrease, because the particles are moving slower and exerting smaller forces on the particles in surrounding parcels. This decrease in size (with no decrease in mass) means the density of the parcel increases, and as parcel’s density increase, so must its pressure. 

[image: image7.emf]Winds caused by uneven heating

The variations in the density and pressure of air parcels near Earth’s surface, which are triggered by uneven heating, cause parcels to move. We feel this movement as wind. The more scientific name for this bulk motion of the atmosphere (and other fluids, such as ocean water and molten rock in Earth’s core) is convection. When the parcels of atmosphere near Earth’s surface start moving, it triggers parcels in the rest of the atmosphere to move. 

To understand this, it can help to think of the atmosphere as being made of stack after stack of parcels. Much like knocking over the first piece in a chain of dominos, moving one parcel starts a chain reaction of motion. All of the dominos move because your finger applies a force to the first one—getting anything made of matter to move requires a force. Another useful analogy to help us understand why the atmosphere moves is two  people pushing on each other’s hands. If both people press equally hard, there is no movement. However, if one person pushes harder, the other person will be pushed backward. 

[image: image8.emf][image: image9.emf]Parcels of air in the atmosphere work the same way. Two side-by-side parcels push on each other. If one has a higher pressure, it exerts a bigger force than the parcel with the lower pressure. As a result, the lower-pressure parcel is pushed out of the way. A phrase worth memorizing when it comes to figuring out horizontal winds is “Where does air go? Air goes from high to low!” Wind is literally the motion of the particles in the atmosphere. 

[image: image10.emf]Once these horizontal winds begin, they often initiate upward movement of parcels as well. When a lower pressure parcel is surrounded on both sides by higher pressure parcels, the higher-pressure parcels both push in on the lower pressure parcel, and the lower pressure parcel has nowhere to go but up. The lower pressure parcel doesn’t rise spontaneously – it is pushed up by the parcels with higher pressure.

These pressure differences between adjacent parcels cause many of the breezes we feel on earth’s surface. For example, the breezes that blow toward the beaches from the ocean are often a result of higher pressure air over the ocean pushing harder than a lower pressure parcel of air over the land. 

[image: image11.emf]
[image: image12.emf]Sea breezes are an example of this phenomenon occurring at a small scale. However, higher pressure air pushing on lower pressure air also occurs on a much larger scale. For example, because the Equator receives more light energy from the Sun than the poles do, a series of global convection cells develop in the atmosphere, as shown below. 
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These global convection cells, in combination with Earth’s rotation, trigger the development of four fast-moving high altitude winds called jet streams (e.g. Polar jets and Subtropical Jets). Jet streams in turn trigger the development of regular cloud bands near specific latitudes, as well as Earth’s prevailing surface winds (e.g. the northeast trade winds, the westerlies, etc.) as shown.

[image: image14.emf]As shown, jet streams dip and rise in latitude, but they also dip and rise in altitude. As a result, they can change the amount of atmosphere above any given location on Earth’s surface. Jet streams can drag high-altitude parcels away from a location (which allows lower altitude parcels in the column to expand downward and to compress in size). These changes cause shifts in the pressure of parcels near the surface and, can cause surface winds similar to those initially triggered by uneven heating of the surface. 

Once winds get moving, the topography of Earth’s surface can influence their behavior. When surface winds collide with mountains, the winds often turn upward because they have nowhere else to go. 
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