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  In the Northern Hemisphere warm (tropical) air moves north and cold (polar) air south, generally speaking. With that in mind one can expect warm fronts to be generated from the southern reaches and cold fronts from the northern. On weather charts and some maps, three types of air masses (figure 1) are often noted—maritime polar (mP), cold polar air that formed over the ocean; maritime tropical (mT), warm tropical air that formed over the ocean; continental polar (cP), cold polar air that formed over land.


  With polar air masses the weather is apt to change abruptly, and as the air warms over land, it becomes turbulent, with associated cumulus clouds and often heavy precipitation. Tropical air is more stable since it is already quite warm, and while it often brings precipitation, the weather associated with a tropical air mass is apt to stay around for a while.


  Both maritime and continental polar air influence local weather conditions around North America. In San Francisco, the cold maritime polar air that causes coastal fog during summer causes heavy rains in winter. Sometimes thundershowers form in the Sierra in summer, dropping precipitation on the western slopes. Continental polar air causes turbulent weather conditions and rains in the Great Lakes region during summer and heavy snows in the southeastern reaches of the lakes in winter.


  Maritime tropical air brings with it humidity and extreme heat to the East during summer months. In winter it brings heavy rains.
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  FIGURE 1.


  Movement of air masses: maritime polar (mP), maritime tropical (mT), and continental polar (cP).


  As an air mass moves around the earth’s surface, contact with other air masses is inevitable. These points of contact are called fronts, and understanding how fronts interact is critically important to understanding how weather happens.


  Fronts don’t just suddenly appear out of nowhere. Forces, called pressure systems, are at work, pushing and pulling the various cold and warm air masses at will. High-pressure cells of the Northern Hemisphere create winds that rotate in a clockwise direction, whereas winds associated with low-pressure cells rotate counterclockwise. The reverse is true south of the equator.


  High-pressure systems are associated with relatively cold air, whereas low-pressure systems are associated with warm air. Since cold air is heavier than warm air, it exerts a downward pressure on the earth. This pressure is registered by a rise in barometric pressure on a barometer. Conversely, warm air rises, resulting in a releasing of pressure on the earth’s surface. This pressure is registered by a lowering in barometric pressure on a barometer.


  Cold and warm fronts never mix. They displace each other, forming associated but separate independent systems that, in actuality, alternate with each other. The weather observer can determine changes in weather patterns by noting changes in barometric pressure, coupled with prevailing winds. There is more on how to observe weather trends in chapter 4.


  Although wet, turbulent weather tends to be associated with low-pressure systems, or depressions, and fair weather with high-pressure systems, or ridges, exceptions to the rule do happen. The weather associated with either a cold or warm front is just as likely to be fair or poor when either is in firm control, depending on the direction of the winds brought by the prevailing system. If the winds have passed over a significant body of water, either system—high or low—can bring precipitation.


  How quickly barometric pressure changes as a particular system moves in is also an indication as to how long in duration and how severe any accompanying storm may be. A rapid drop in barometric pressure indicates that any storm brought in by the low-pressure system will likely be short. If the drop in pressure is slow and steady, expect the accompanying storm to be long and severe.


  Rising pressure usually brings a fair change to the weather. If, however, the pressure was very low to begin with, it is possible for a period of intense rain squalls to move through before any sunshine dances among the leaves. A rapid rise in pressure will often bring high winds due to unstable atmospheric conditions.


  Fronts


  When air masses of different temperatures and densities meet each other, they do not mix well. Think of a bunch of heavy-metal rockers crashing a Dolly Parton benefit—there’s bound to be tension. When this happens, battle lines are drawn, and a front is defined. There are three types of fronts: warm, cold, and occluded.


  Warm Fronts


  Warm air is far more stable than cold air. It is also more moist, with lower ceilings and poorer visibility, even if there is no appreciable precipitation. While weather associated with warm fronts is typically less severe than that attributed to cold fronts, the weather is frequently longer lived—rain may last several days or more.
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  FIGURE 2.


  Warm front cloud progression and air mass flowing over the ground.


  Warm fronts move at a relatively slow speed, 10 to 20 miles per hour, and may be anticipated as much as two days in advance by a consistent sequence of cloud formations and a drop in barometric pressure (altimeter needle gains elevation). The usual cloud formation announcing an incoming warm front (see figure 2) is preceded by cirrus clouds followed by, in succession, cirrostratus, altostratus, and finally nimbostratus. (See chapter 2 for specifics on clouds.)


  As a warm front moves in, it slowly displaces the cold air that came before by rising above it and slowly warming it. The gentle slope of the warm front as it is forced up and over the cold air, gradually cooling to dew point, results in the predictable formation of clouds as described in the preceding paragraph.


  Cold Fronts


  Cold air is more unstable than warm air and consequently very active. High ceilings and good visibility are associated with cold fronts, unless there is precipitation. Weather associated with a cold front is often severe and violent in nature. Typically, though, weather conditions associated with cold fronts are also shorter in nature than those associated with warm fronts. Cold fronts move at a speed of approximately 25 to 35 miles per hour and generally originate in the north or west when forming in the Northern Hemisphere.


  [image: Cold air Warm air Cumulonimbus Nimbostratus Altostratus]


  FIGURE 3.


  Cold front cloud progression and air mass flowing over the ground.


  As a cold front moves in, it pushes under the warm air, which rises and cools. If dew point is reached by this rising and cooling, precipitation occurs, often quite heavily. Cold fronts frequently arrive with very little warning. Nimbostratus and cumulostratus are both rain clouds that may be generated by a cold front. Both are usually preceded by altostratus, possibly after an advance squall line of thundershowers has passed through. See figure 3.


  Occluded Front


  An occluded front (figure 4) occurs when one air mass gets caught between two other air masses and is forced off the ground. What actually happens depends almost entirely on temperature. As a warm front moves through, with a cold air mass in front and a cold front behind chasing it, several things can happen. If the air behind the pursuing cold front is colder than the air in front of the warm air mass, then the advancing cold front will actually lift both the warm and cold air in front of it. Weather associated with this type of front is usually squalls with thunder and lightning.
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  FIGURE 4.


  Occluded Front: Cold front lifting both cold and warm front off the ground.


  If the temperatures are reversed, with the colder air in front of the warm air, the pursuing cold front will be forced up over the warm front. The weather is likely to include heavy precipitation.


  Thunderstorms and Lightning


  Extreme and violent vertical movements of air, know as updrafts, often lead to thunderstorms. This uplifting usually creates dramatic cumulus and cumulonimbus cloud formations that rise vertically, sometimes as high as 70,000 to 75,000 feet. The uplift of air can be caused by heating of the air from the ground (common in the Midwest), weather associated with a cold front, or temperature differences caused by the meeting of land and sea (common in the Gulf and southern Atlantic states).


  Because temperature differences are the most common cause of thunderstorms, thunderstorms usually occur in the afternoon, when temperature differences between land and air or sea are the most extreme. Since temperature differences between land and sea are not as dramatic in the North Atlantic or West Coast (Pacific Ocean) regions, thunderstorms in these locations are not as frequent.


  A thunderstorm forms as rising warm air cools and condenses. The higher the cloud stacks, the greater the level of cooling, and soon precipitation begins. As the falling rain and ice crystals cool the air within the cloud, the temperature difference between the cloud and the surrounding air begins to equalize, leading to the creation of downdrafts and heavy precipitation. The rush of cold air fans out ahead of the storm, sometimes as much as 2 to 3 miles, and is a good indicator of an impending thunderstorm.


  As the downdrafts increase in intensity, the cloud becomes nothing more than downward moving air. Cooling of air ceases, and since no air is rising and condensing, the rain tapers off.


  Lightning is caused by the attraction of unlike electrical charges within the storm cloud or the earth’s surface. The friction caused by rapidly moving air particles, churning from the violent updrafts and downdrafts, leads to a building up of strong electrical charges. As the electrical pressure builds, charges between parts of the cloud or from the cloud to the earth are released, taking the form of lightning.
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  FIGURE 5.


  Place yourself in the middle of a tree cluster during a thunderstorm.


  Up to thirty million volts can be discharged by one single lightning bolt, and it is this power, or explosive heating of the air, that causes the compressions of thunder.


  It is possible to roughly judge the distance of an approaching storm by observing the lightning’s flash followed by the resounding boom of thunder. For this method count slowly, “one-one thousand, two-one thousand, three-one thousand,” and so forth. This will approximate one second elapsed for each thousand counted. Once the lightning has flashed, begin to count. When you hear the thunder, stop counting. Every five seconds of elapsed time indicates 1 mile of distance. In other words, if the count reaches, “seven-one thousand,” it is safe to assume that the approaching thunderstorm is approximately 1½ miles distant.


  Thunderstorms are dangerous companions when you are traveling on a mountain peak. If a thunderstorm approaches when you and your hiking party are on an exposed peak or ridge, take the following precautions:


  •Get off the ridge or peak if at all possible. Even reaching a few feet below the highest point around you is better than not moving at all.


  •Get away from your pack, as the metal in the pack will conduct electricity.


  •Position yourself on a dry surface, preferably insulated, such as a sleeping pad. If the sleeping pad has become soaked in the rain, however, it will be useless, as water conducts electricity.


  •Do not lie down or sit. Rather crouch on the balls of your feet with your feet close together. The idea is to minimize the available surface area through which possible ground currents from nearby lightning strikes may move.


  •Do not huddle next to a single tree. That is rather like hugging a lightning rod and expecting to be safe. Choose a cluster of trees instead and place yourself in the middle (figure 5), preferably in an open area.


  •Spread the group out, at least 25 to 30 feet apart. If lightning does strike, the idea is to minimize the potential damage and injury. With the group spread out, chances are only one person will be injured, if, at all, and this leaves the rest of the party to provide lifesaving assistance once the storm moves on.


  •Avoid depressions or caves. Such areas usually have moisture present, which makes them more susceptible to conducting electricity.


  •If you are caught on a lake in a thunderstorm, assume a crouching position toward the middle of the boat. Try to minimize your contact with wet objects.


  Hurricanes


  Hurricanes are tropical cyclones, low-pressure systems. Fortunately, the typical outdoorsperson has little to worry about from hurricanes due to their rarity of occurrence in recreational areas away from the ocean. Hurricanes form only over open ocean areas that are covered by an extremely warm and moist air mass—which is why they are usually called tropical cyclones. Hurricanes will always break up and lose intensity within hours of moving over a large land mass. Once inland, the hurricane’s major effect is near-torrential downpours, but not, thankfully, the severe winds felt in coastal regions. It is virtually impossible for the amateur weather observer to anticipate the approach of a hurricane, other than by listening to the National Weather Service. The associated clouds and lowering of atmospheric pressure that precede the arrival of a hurricane are decidedly similar to those of a warm front.


  Tornadoes


  Tornadoes are perhaps the most violent and intense of all known storms, with winds in excess of 300 miles per hour recorded in the vortex. Man-made structures seem to explode as the extremely low pressure within the vortex of a tornado causes the normal pressure trapped within structures to expand rapidly, ripping buildings to shreds from the inside out.


  Violent updrafts, recorded between 100 to 200 miles per hour, within the center of the funnel cloud have been known to suck anything within their path hundreds of feet in the air before hurling the swirled objects some distance away. Over bodies of
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