Thunderstorms, Severe Weather, and Tropical Storms
OBJECTIVES:
1. Describe the life cycle of a thunderstorm.

2. Explain why some thunderstorms are more severe than others.
3. Recognize the dangers of severe thunderstorms, including lightning, hail, high winds, and floods.
4. Describe how tornadoes form.
5. Describe how tropical cyclones form.
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At any given moment, nearly 2000 thunderstorms are occurring around the world.  Most do little more than provide welcome relief on a muggy summer afternoon.  Some, however, grow into atmospheric monsters capable of producing hail the size of baseballs, swirling tornadoes, and surface winds of more than 160 km/h.  These severe thunderstorms can also provide the energy for nature’s most destructive storms: hurricanes.  All thunderstorms, regardless of intensity, have certain characteristics in common.

For a thunderstorm to form, three conditions must exist:

· Abundant source of moisture in the lower atmosphere

· A mechanism to lift the air so that the moisture can condense (as water condenses, it gives off heat to the cloud it is in)

· The portion of the atmosphere through which the cloud grows must be unstable (the air must continue to cool with increasing altitude for the growing cloud to stay warmer than the surrounding air)

If these three conditions are met, the air will keep rising, causing more moisture to condense, releasing more heat.  This process will continue until the rising air meets a layer of stable air that it cannot overcome, or until the rate of condensation, which decreases with height, is insufficient to generate enough heat to keep the cloud warmer than the surrounding air.  Because of this limitation, typical thunderstorms last only about 30 min. and individual storms are only about 24 km in diameter.

A thunderstorm usually has three phases and the phases are classified according to the direction in which the air is moving:

· Cumulus Stage – air starts to rise nearly vertically upward, creating updrafts, which transports moisture to upper parts of the cloud and they condense into visible droplets

· Mature Stage – precipitation falls, cooling the air around it; the air then sinks back to the Earth in a downdraft, so there is a convection cell created

· Dissipation Stage – once the updraft slows (due to a loss of warm moist air), precipitation can no longer form, so the storm stops once the cloud runs out of previously formed raindrops

Basically any cloud that generates lightning, and therefore thunder, is a thunderstorm.  However, there are a wide range of sizes and shapes of such storms due to the different conditions in the atmosphere.  Thunderstorms are often classified according to the mechanism that caused the air to rise.  The air-mass thunderstorm is perhaps the most common type of thunderstorm and is caused by the unequal heating of Earth’s surface.  It is relatively small, isolated, short-lived, and forms in semi-random patterns within large, moist high-pressure systems.  Air mass thunderstorms typically are associated with warm, humid air in the summer months and they develop during the afternoon and dissipate rather quickly after sunset. They generally are less likely to be severe than other types of thunderstorms, but they still are capable of producing downbursts, brief heavy rain, and (in extreme cases) hail over 3/4 inch in diameter.  
The second main classification of thunderstorms is frontal thunderstorms, which are produced by advancing cold fronts, and sometimes warm fronts.  Frontal thunderstorms are common along air mass boundaries in the mid-latitudes.  At an air mass boundary, warm air (which is less dense than cool air) is being forced to rise over a mass of cool air.  These storms can become severe, producing strong winds, frequent lightning, hail, downbursts (violent downdrafts that are concentrated in one area), floods, and even tornadoes.  Near the equator, converging surface winds and vast volumes of warm, moist air results in frequent thunderstorms throughout the year. Occasionally, thunderstorms in this area may organize into larger storms, resulting in the development of tropical storms or hurricanes.
Tornadoes are violent, whirling columns of air that come in contact with the ground.  A tornado forms when wind speed and direction change suddenly with height.  This can produce a horizontal rotation near Earth’s surface.  If this rotation takes place close enough to the thunderstorms updrafts, the twisting column of wind can be tiled from a horizontal to a vertical position.  As updrafts accelerate the rotation, air is removed from the center of the column, which causes low pressure.  The extreme pressure difference between the center and outer portion of the tornado produces the violent winds associated with tornadoes.  

Tropical Cyclones are the most violent types of storm on Earth.  In the Atlantic Ocean they are known as hurricanes; in the Pacific Ocean they are known as typhoons; and in the Indian Ocean they are known as cyclones.  Tropical cyclones require two basic conditions to form: warm ocean water and some sort of disturbance to lift warm air and keep it rising.  

As surface ocean water evaporates, it pulls in heat from the surrounding air.  This heat is later given off as the moist air rises and starts to condense.  The air usually rises because of some sort of existing weather disturbance moving across the tropics.  As these disturbances produce more precipitation, more energy is released.  Also, the rising air creates an area of low pressure on the ocean surface.  As more warm air moves towards the low-pressure center to replace the air that has risen, the Coriolis effect causes the moving air to turn counterclockwise in the Northern hemisphere.  As air approaches the center of the storm it rotates faster and faster, gaining energy from the condensation of water.  At the same time, air pressure starts to decrease in the center, while surface wind speeds start to increase.  The storm will last for as long as there is warm, moist air feeding it.  Once the storm hits land or cold water, it will start to dissipate.  
