Thunderstorm Formation

Most thunderstorms form by a cycle that has three stages: the cumulus stage, mature stage,
and dissipating stage.

Cumulus Stage

The sun heats the Earth's surface during the day. The heat on the surface and warms
the air around it. Since warm air is lighter than cool air, it starts to rise (known as an updraft).
If the air is moist, then the warm air condenses into a cumulus cloud. The cloud will continue
to grow as long as warm air below it continues to rise.

Mature Stage

When the cumulus cloud becomes very large, the water in it becomes large and heavy.
Raindrops start to fall through the cloud when the rising air can no longer hold them up.
Meanwhile, cool dry air starts to enter the cloud. Because cool air is heavier than warm air, it
starts to descend in the cloud (known as a downdraft). The downdraft pulls the heavy water
downward, making rain.

This cloud has become a cumulonimbus cloud because it has an updraft, a downdraft,
and rain. Thunder and lightning start to occur, as well as heavy rain. The cumulonimbus is now
a thunderstorm cell.

Dissipating Stage

After about 30 minutes, the thunderstorm begins to dissipate. This occurs when the
downdrafts in the cloud begins to dominate over the updraft. Since warm moist air can no
longer rise, cloud droplets can no longer form. The storm dies out with light rain as the cloud
disappears from bottom to top. The whole process takes about one hour for an ordinary
thunderstorm. Supercell thunderstorms are much larger, more powerful, and last for several
hours.

Thunderstorm Formation

Most brief but violent disturbances in Earth’s wind systems involve large areas of ascending
and descending air. Thunderstorms are no exception to this pattern. In technical terms, a
thunderstorm is said to develop when the atmosphere becomes “unstable to vertical motion.”
Such an instability can arise whenever relatively warm, light air is overlain by cooler, heavier
air. Under such conditions the cooler air tends to sink, displacing the warmer air upward. If a
sufficiently large volume of air rises, an updraft (a strong current of rising air) will be produced.
If the updraft is moist, the water will condense and form clouds; condensation in turn will
release latent heat energy, further fueling upward air motion and increasing the instability.
Once upward air motions are initiated in an unstable atmosphere, rising parcels of warm air



accelerate as they rise through their cooler surroundings because they have a lower density and
are more buoyant. This motion can set up a pattern of convection wherein heat and moisture
are transported upward and cooler and drier air is transported downward. Areas of the
atmosphere where vertical motion is relatively strong are called cells, and when they carry air
to the upper troposphere (the lowest layer of the atmosphere), they are called deep cells.
Thunderstorms develop when deep cells of moist convection become organized and merge,
and then produce precipitation and ultimately lightning and thunder. Upward motions can be
initiated in a variety of ways in the atmosphere. A common mechanism is by the heating of a
land surface and the adjacent layers of air by sunlight. If surface heating is sufficient, the
temperatures of the lowest layers of air will rise faster than those of layers aloft, and the air
will become unstable. The ability of the ground to heat up quickly is why most thunderstorms
form over land rather than oceans . Instability can also occur when layers of cool air are warmed
from below after they move over a warm ocean surface or over layers of warm air. Mountains,
too, can trigger upward atmospheric motion by acting as topographic barriers that force winds
to rise. Mountains also act as high-level sources of heat and instability when their surfaces are
heated by the Sun. The huge clouds associated with thunderstorms typically start as
isolated cumulus clouds (clouds formed by convection, as described above) that develop
vertically into domes and towers. If there is enough instability and moisture and the background
winds are favourable, the heat released by condensation will further enhance the buoyancy of
the rising air mass. The cumulus clouds will grow and merge with other cells to form a cumulus
congestus cloud extending even higher into the atmosphere (6,000 metres [20,000 feet] or more
above the surface). Ultimately, a cumulonimbus cloud will form, with its characteristic anvil-
shaped top, billowing sides, and dark base. Cumulonimbus clouds typically produce large
amounts of precipitation.
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