PAGE  
6
UNIT II: EARTH AND SPACE SCIENCE: Weather Dynamics
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14.2 North American Weather Systems: Air Masses, Frontal Systems, and Weather Systems

	Air Masses:


Air masses are relatively large regions of air that stay together for several days at a time. As a result, air masses pick up the humidity and temperature characteristics from the land or water over which they form. In North America, there are six air masses that tend to affect North American weather systems.

Three of these air masses originate in the polar regions in the high latitudes to the north of Canada. As a result, they tend to be relatively cold air masses. The polar air masses tend to move southward into Canada and may move as far south as the U.S. or even Mexico. The continental polar air mass originates over the central north so it tends to be cold and dry. The other two polar air masses are called maritime polar air masses because they originate over the ocean. Because they originate over water, they tend to be cold, and moist. 

There are also three tropical air masses which originate in the tropics to the south of the U.S. The continental tropical air mass tends to be relatively smaller in area and originates over Mexico. It tends to push northward carrying warm, dry air into the continental United States. The other two are maritime tropical air masses which originate over the oceans (one in the tropical Atlantic, southeast of the U.S., and the other in the tropical Pacific, southwest of the U.S.) Both of the tropical air masses tend to be warm, and moist.

The weather systems over North America are a result of the interaction between these polar and tropical air masses. The prevailing mid-latitude westerlies cause the air masses to move primarily from west to east as can often be seen in satellite sequences.

Weather Systems:
A weather system is the total of all the conditions of temperature, humidity, atmospheric pressure, wind speed and direction for a relatively large geographical region that moves over the surface of the region for a period of several days. In the mid-latitudes of North America, weather systems tend to move from west to east. If you look at a series of satellite images taken from space, a weather system can be seen to move. When several images are linked together in a relatively short period of time, the image appears like a movie showing the actual motion of the weather system.

Environment Canada has set up a satellite imaging database with an application that allows you to look at a series of up to 40 images in sequence. It is possible to change the speed at which these images are shown for different effects. The image below is taken from Environment Canada's image database. 
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Atmospheric Pressure:
As you learned earlier, atmospheric pressure is the result of gravitational pull on the particles of air. Since air, like water, is a fluid, the pressure of the air at any point in altitude is the same in all directions even though gravity pulls downward. In Canada, atmospheric pressure is most often reported using the kilopascal (kPa). At sea level, the average atmospheric pressure is 101.325 kPa. This is equivalent to about one kilogram per square centimeter. 
Technically the pascal (Pa) is defined as a force of one newton acting on one square meter of surface area (1 Pa = 1 n/m2). The newton is a relatively small force so kPa is used as the standard measure at sea level. The kPa is 1000 Pa (1 kPa = 1000 n/m2). In the higher atmosphere the pressure is lower so it is common to see reference to the hectopascal (1 hPa = 10 kPa).

As you learned in the study of weather map symbols, the pressure of air at the surface is indicated using a series of lines known as isobars. These lines are drawn through points on the weather map where the atmospheric pressure is the same. The isobars generally surround a central region of either high or low pressure, usually marked on the weather map as H for the high pressure center, and L for the low pressure center. In the mid-latitude regions of North America, these centers of high or low pressure generally move from west to east, so it is possible to make a weather prediction based on the location and proximity of high and low systems. 
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Characteristics of Low-Pressure (Cyclonic) Systems:

Low pressure systems are generally associated with cloudy conditions. This is the result of the inward spiraling of air causing the upward movement of air at the low pressure center. As air rises it expands and cools causing the condensation of water vapour to form the clouds. Low pressure systems are marked using the symbol L on the weather map. When viewed from satellite, low pressure systems tend to form an inward moving spiral. As a result of Coriolis and frictional effects, the spiral tends, in the northern hemisphere, to rotate in a counter-clockwise (cyclonic) direction. This rotation is known as a cyclone. 

Horizontal changes in pressure tend to be greater than with high pressure regions. As a result, winds associated with a low-pressure system generally have higher speeds than the winds associated with a high pressure system.

Characteristics of High-Pressure (Anticyclonic) Systems:

High pressure systems generally bring clear weather. When viewed from satellite, the air mass surrounding a high pressure center (marked H on a weather map) tends to move outward from the high pressure center toward the low pressure center and due to the Coriolis effect tend to spiral outward in a clockwise direction. Since this pattern of rotation is opposite the low pressure pattern (known as a cyclone), the high pressure pattern is said to be anticyclonic.

Air tends to sink in the anticyclone (high pressure center) to replace the air that is spiralling outward at the Earth's surface to form a relatively large area of similar atmospheric pressure. Since the pressure does not vary much over distance the winds tend to be relatively calm.

Sinking air tends to increase in pressure so there is a resulting increase in temperature as the air moves downward. This results in the conversion of any droplets of water to vapour. As a result of vaporization, the skies tend to be clear, and when viewed from satellite, you can see the Earth's surface. Due to the lack of cloud cover, there is a tendency for radiative cooling during the clear, starlit nights. This condition results in the formation of fog, dew, or frost depending on the time of year and the actual ground level air temperature. 
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As the high pressure system moves generally from west to east, the clockwise rotation tends to push polar air masses toward the eastern edge of a high pressure system. At the same time the tropical air masses tend to be pushed toward the western edge of the high pressure system. You should recognize that warm air will therefore be moved toward the west of the high pressure center and cool air will tend to move toward the east of the high pressure center. The amount of moisture in the air will depend on the location of the high pressure center in relation to continental (dry), or maritime (moist) air masses.

Frontal Systems:
The term front refers to the leading edge of an air mass, or the boundary that forms between two air masses that meet. In general, when cold air masses meet warm air masses, the physical differences in temperature, air pressure or density, and humidity cause them not to mix very well. Because cold air is generally more dense than warm air, the warm air mass tends to climb above the cold air mass. As the warm air mass increases in altitude the air expands leading to cooling and formation of clouds. Precipitation of some form (rain, snow, etc.) generally results.

Four different types of fronts are recognized:
Cold Front: The cold front is the leading edge of a cold air mass. The cold front normally originates in the polar regions and tends to move toward the tropics. 
_____________________________________________________________

Warm Front: The warm front is the leading edge of a warm air mass. The warm front normally originates in the tropical regions and tends to move toward the poles. 
_____________________________________________________________

Occluded Front: An occluded front occurs when a warm front and a cold front meet. At first the forces generated by the two different air masses causes a counterclockwise rotation about a low-pressure center. Eventually the cold front catches up with the warm front and at that point the occluded front forms. The result of the formation of the occluded front is to cut off (hence the name occluded) the warm air mass and as a result the "storm" resulting from the initial counterclockwise rotation dissipates. 
_____________________________________________________________

Stationary Front: A stationary front occurs when warm and cold fronts meet but remain fairly motionless for several hours if not days. Eventually, upper air circulation will cause  the stationary front to begin to move as a low-pressure cyclone begins to form. 
_____________________________________________________________

Homework

Section from Textbook
14.2 North American Weather Systems (p.546-548) and Understanding Concepts p.549 #’s 1-7 (2 and 6)
Questions

1. Define each of the following: (a) weather system (b) air mass (c) front (d) warm front (e) cold front (f) occluded front (g) stationary front (h) cyclone (i) cyclogenesis (j) anticyclone (k) low pressure system (h) high pressure system

2. Briefly describe the four main stages of a typical storm.

Section from Textbook
14.3 Case Study: Three Days of Canadian Weather (a) to (l) (p.550-552) And Understanding Concepts p. 552 #’s 1-3 (Know the questions from class on how to calculate average speed and distance of a weather system)

Be familiar with Interpreting and Creating Weather Maps (p. 683-685)

