Chapter 5 Winds, Oceans, Weather, and Climate

Section 3

Thunderstorms and Flash Floods
What Do You See?

Learning Outcomes

Think About It

In this section, you will

At any given moment, about 1800 thunderstorms are happening
on Earth. This equates to about 16 million thunderstorms per
year worldwide.

• Relate the frequency of
thunderstorms to the
topography of an area.
• Identify areas in the United
States where thunderstorms
are relatively frequent.
• Examine the relationships
between thunderstorms and
flash floods.

• Where are thunderstorms most likely to occur in the United
States? Why?
• How do thunderstorms form?
• How can thunderstorms result in flash floods?
Record your ideas about these questions in your Geo log. Include
sketches or diagrams as needed. Be prepared to discuss your
responses with your small group and the class.

Investigate
In Part A of this Investigate, you will look for patterns and
relationships in thunderstorm data from around the United States.
In Part B, you will examine the relationship between topography
and the potential for flash flooding from thunderstorms.
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Part A: Why Do Thunderstorms Form
Where They Do?

d) What is the relationship, if any,
between thunderstorm frequency
and mountainous terrain?

1. The map below shows the average
annual number of thunderstorm
days across the United States. A
thunderstorm day is defined as a day
when thunder is heard. Compare this
to the figure on the next page, a shaded
relief map of the United States.

e) How does thunderstorm frequency
relate to proximity to large bodies
of water?
f) Compare the thunderstorm frequency
on the East Coast and the West
Coast. How do they compare?

a) On average, which places experience
the most thunderstorms?
b) On average, which places experience
the fewest thunderstorms?

g) In your log, list all the factors
that you think may influence
thunderstorm frequency.

c) How does the frequency of
thunderstorms change from north
to south over the eastern half of
the nation?

h) Which of these factors are present in
or around your community? Support
your answer based on the frequency
of thunderstorms in your community.

Average number of thunderstorm days across the United States.
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Shaded relief map of the United States.

Part B: Topography and Flash Flooding
1. Look at the topographic map showing
the course of the Sac River, which flows
past the city of Comet, Missouri.

a) Place a clear plastic transparency
sheet over the map or obtain a copy
of the map. Make a dot anywhere on
the map with a transparency marker.
The dot represents a raindrop.

b) Draw a line from the dot that
shows how the raindrop would flow
downhill after reaching the ground.
In other words, with your marker,
take the raindrop to contour lines of
successively lower elevation. Be sure
to always keep the line perpendicular
to the local contours, because water
flows directly downhill. If the path
leads to a gully or stream, follow
the gully or stream downhill until it
empties into a larger river. Would the
raindrop end up in the Sac River?
c) Now look at the map again. Mark
another dot on the map. This time,
try to pick a spot where you think
the drop would flow into the Sac
River. Draw a line from the spot
showing the path the raindrop
would take to the river. Again, make
sure the path moves from higher to
lower contour lines and is always
perpendicular to contour lines.

Scale 1:100,000. One centimeter represents one
kilometer on the ground. Contour interval is 10 m.

d) Using a continuous dashed line, draw
the boundaries of the entire area in
which all raindrops will flow into the
Sac River. When you have finished,
check your work by marking several
raindrop dots in different parts of the
area and checking that they would
really flow into the river.

536
EarthComm

EC_Natl_SE_C5.indd 536

7/12/11 3:00:14 PM

Section 3 Thunderstorms and Flash Floods

2. Assume that intense rains caused the
Sac River to rise above its normal level.

a) Determine and record the interval
(in meters) between successive
contour lines.

a) What if the Sac River rose 10 m
above its normal level? Mark the
area that would flood using a green
transparency marker.

b) Locate the major rivers and streams
that flow through your community.
Pick one river or stream to study.
(If there are many choices, each
group can pick a different one.) Lay
a transparency sheet on top of the
map. Draw the drainage basin of
your stream.

b) What if the river rose 20 m? Mark
the area with a blue marker.
c) What if the river rose 30 m? Mark
that area with a red marker.
d) Under what circumstances might a
thunderstorm that does not actually
pass over Comet cause flash flooding
in downtown Comet?

c) What areas of the drainage basin are
particularly at risk for flooding?
d) How might flooding affect the public
water supply, operations of the
sewage-treatment plant, automobile
and public transportation, crops
in the fields, homes, buildings, and
other industries?

3. Imagine that the entire area you
enclosed with a dashed line is
undeveloped land that is covered with
deep soil and vegetation. Now imagine
that the entire area is developed and
covered with asphalt and cement.

e) Assume that an intense thunderstorm
stalls over the drainage basin and
produces persistent rains that cause
the water level to rise some 3 m
above its normal level. By tracing
the appropriate contour line, outline
the region of your community that
would be flooded. Do the same for
a 6 m flood of water.

a) Why would it make a difference
whether the land was covered with
vegetated soil or with pavement?
b) In each of the two cases, describe
what would happen if several
centimeters of rain fell in the area
in a couple of hours. What effect
would the storm have on the river
in each case?

f) Would you describe your community
as mostly urban or rural? How does
this affect the potential for flash
flooding in your community?

4. Use your map and transparency as
a guide.

g) Describe the topographic features
that make your community more or
less vulnerable to flash flooding.

a) What damage would a flood cause if
the Sac River rose 10 m? 20 m? 30 m?
5. Look at a topographic map of
your community.

h) Find out if there are any floodcontrol structures (such as dams
or levees) in your community.
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Digging Deeper
DEVELOPMENT OF A THUNDERSTORM
Thunderstorms can be caused by air rising along either cold fronts or
warm fronts. The most intense thunderstorms are usually connected
with cold fronts. The advancing cold air forces the warm air to rise along
or ahead of the cold front. There are two factors that determine if a
thunderstorm will develop. One is the temperature difference between
the masses. The greater the temperature difference, the greater the
chances that a thunderstorm will develop. Also, the more rapidly the cold
air mass wedges under the warm air mass, the greater the chance that
a thunderstorm will form. Thunderstorms can also be caused locally by
convection within a warm and humid air mass.
A thunderstorm is a relatively small, short-lived weather system. A typical
thunderstorm is so small that it may affect only one section of a city. Most
complete their life cycle in less than an hour. The three stages in the life
cycle of a thunderstorm are called cumulus, mature, and dissipating. Severe
weather is most likely to occur during the mature stage.
The initial stage of thunderstorm formation is the cumulus stage. During
this stage, cumulus clouds build upward and laterally. Growing cumulus
clouds have flat bases and towering tops. They resemble cauliflower, as
seen in Figure 1. Cumulus clouds develop where air ascends as an updraft.
(See Figure 2.) As the air reaches higher levels in the atmosphere, it
expands. This is because the pressure is lower at higher levels. The air
cools as it expands because some of the heat energy of the air is used up
in the expansion. The cooling of the air causes some of the water vapor in
the air to condense. This produces clouds. No precipitation occurs during
the cumulus stage of thunderstorm development. Most cumulus clouds
do not develop into thunderstorms, but all thunderstorms begin with
cumulus clouds.

Figure 1 The flat bases and towering tops of growing cumulus clouds often
represent the first stage of thunderstorm formation.
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Figure 2 Surface heating and updrafted air result in the formation of clouds.

A thunderstorm that produces severe weather requires a very strong
updraft. The updraft builds the developing thunderstorm cloud to great
altitudes. Thunderstorm clouds are called cumulonimbus clouds. Most of
the time, convection alone is not strong enough to build a cumulus cloud
into a cumulonimbus cloud. In order for this to happen, the updraft must
be strengthened in some other way. Frontal wedging, orographic
uplifting, or converging surface winds can strengthen an updraft. They
cause cumulus clouds to build vertically into thunderstorm clouds.
If an updraft is strong and
persistent, the cumulus cloud
becomes taller and taller. Eventually
it produces rain, hail, or even
snow. Once precipitation begins,
the thunderstorm has entered its
mature stage. The cloud is called
a cumulonimbus cloud. (Nimbus
means rain.) Falling raindrops (or
hailstones) drag the surrounding air
downward. This forms a downdraft
alongside the updraft. During
the mature stage, precipitation is
heaviest, lightning is most frequent,
and hail and even tornadoes may
develop. As a rule, the higher
a thunderstorm builds into the
atmosphere, the more likely it is
to produce severe weather.

Figure 3 A thunderstorm reaches its mature
stage with the onset of precipitation.
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Precipitation and the downdraft eventually spread throughout the
thunderstorm. At this point, the system enters its dissipating stage.
Precipitation tapers off and ends. Clouds disperse. The chances for
severe weather decrease greatly.

Thunderstorms and Flash Floods
Geo Words
flash flood: a sudden
rise in the water level
of a stream, river,
or human-made
drainage channel in
response to extremely
heavy rains.
drainage basin (or
watershed): the
geographic area from
which all the rain that
falls eventually flows
to the same final
destination.

Thunderstorms can produce torrential rains. Usually, the rain does not last
very long and does not cause serious problems. Sometimes, heavy rains can
last for hours. This can lead to flash flooding. A flash flood is a sudden rise
in the water level of a stream, river, or human-made drainage channel in
response to extremely heavy rains. Flash floods can also occur when a brief
but heavy rain falls over the entire area of a very small watershed. In some
places, water might overflow stream banks and collect in low-lying areas.
The life cycle of a thunderstorm cell is typically less than an hour. How
could torrential thunderstorm rains last for many hours? Flooding usually
results from more than one thunderstorm cell. Flooding thunderstorms are
most likely in mountainous terrain. Here, a persistent flow of humid air up
a mountain slope can cause thunderstorm cells to develop and redevelop
over and over. Outside of the mountains, another possible cause of
flooding rains is a succession (or “train”) of slow-moving thunderstorm
cells. These are cells that mature over essentially the same area.
Thunderstorms also move slowly when the steering winds in the middle
and upper part of the troposphere are relatively weak.
The dotted line you drew on your map outlined the boundaries of the
area where water from raindrops would drain downhill into the Sac River.
A drainage basin is the geographic area from which all the rain that falls
eventually flows to the same final destination. A drainage basin is also
called a watershed. Heavy rain falling on the upstream part of a drainage
basin might cause flooding downstream. The flooding can occur in areas
that received no rain. In other words, just because it is not raining where
you are does not necessarily mean there is no flood danger.

Figure 4 Rapidly rising waters during a flash flood submerged this car.
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Flash floods may be more likely in an urban area than in the surrounding
countryside. The reason for this is that rain in the country can seep into
the soil. In the city, rain cannot seep into asphalt or concrete parking lots,
roads, and driveways. Water also can not penetrate frozen soil. Instead,
the water runs off these surfaces into nearby streams or other drainage
ways. Storm sewers also channel water from roads into streams. Streams
receiving so much water at one time can overflow their banks quickly.
Also, storm sewers sometimes clog or cannot handle excessive volumes
of water. The water backs up into the streets.

Figure 5 In urban areas, pavement prevents rain from filtering into
the soil, making cities more susceptible to the dangers of flash floods.

The flash-flood hazard is serious in mountainous terrain. In these areas,
river valleys are narrow and deep. There are no broad areas next to the
stream channel where the water can spread out. Therefore, stream levels
can rise very quickly. If the river valley also contains roads, campgrounds,
or houses, a flood can be very destructive. When a river overflows its
banks in a non-mountainous area, excess water spreads over a broad
flat area adjacent to the river, known as a floodplain. Floodwaters are
usually shallow. In mountain valleys where floodplains are very narrow
or nonexistent, floodwaters are much deeper. Also, in non-mountainous
areas, roads and buildings usually are not located as close to the river as
they might be in the mountains.

Safety Tips for Floods

Geo Words
floodplain: any flat
or nearly flat lowland
that borders a river
and is covered by
water when the river
rises above flood
stage.

Flash floods can strike at any time and any place with little or no
warning. In mountainous or flat terrain, distant rain may be channeled
into gullies and ravines, turning a quiet streamside campsite into a
rampaging torrent in minutes. City streets can become rivers in seconds.
Observe these flash-flood safety rules. They could save your life.
• Keep alert for signs of heavy rain (thunder and lightning), both where
you are and upstream.
• Watch for rising water levels.
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• Know where high ground is and get there quickly if you see or hear
rapidly rising water.
• Do not pitch your tent in a dry streambed.
• Be especially cautious at night. The danger is harder to recognize then.
• Do not attempt to cross flowing water that may be more than knee
deep. If you have doubts, do not cross.
• Do not try to drive through flooded areas.
• If your vehicle stalls, abandon it and seek higher ground immediately.
• During threatening weather, listen to commercial radio, television, or
NOAA Weather Radio for weather watch and warning bulletins.
Geo Words

Lightning and Thunder

lightning: the visible
electrical discharge
of a thunderstorm
caused when the
electrical charge
of a thunderstorm
overcomes the ability
of the surrounding air
as an insulator.

All thunderstorms, no matter how weak, produce lightning. Lightning is a
powerful electrical discharge. You probably have experienced an electrical
discharge. If you walk across a carpet in a dry room and touch a metal
doorknob, you may get a shock. If the room is dark, you may even be able
to see the spark. The tips of your fingers develop an electrical charge that
is opposite to that of the knob. The electrical discharge is a flow of
electrons to the positively charged surface. (Electrons are negatively
charged subatomic particles.) An electrical discharge reestablishes
electrical equilibrium between two objects. That is, it evens out the
difference in electric charge.
Lightning is also an electrical discharge. However, it operates on a much
larger scale. It involves much greater differences in electric charge than a
common spark. As a cumulonimbus (thunderstorm) cloud forms, its upper
regions develop a positive charge. A much smaller region near the cloud
base also develops a positive charge. In between, a pancake-shaped zone
of negative charge forms. Scientists do not
know exactly why this happens. It is difficult
and dangerous to study a thunderstorm
directly. However, they think that water
droplets and ice crystals within the cloud
develop different charges. Updrafts and
downdrafts deliver charged particles to
different parts of the cloud. During this charge
separation, the cumulonimbus cloud induces
a positive electrical charge on the ground
directly under the cloud. (Normally, Earth’s
surface carries a negative electrical charge.)

Figure 6 Lightning between
a cumulonimbus cloud and
Earth’s surface.

Air is an excellent electrical insulator. As a
result, as a cumulonimbus cloud forms and
charges separate, a great potential soon
develops for an electrical discharge. When a
thunderstorm cell enters its mature stage, the
electrical resistance of air breaks down.
Lightning discharges. This evens out the
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electrical charges. Lightning forges a path between the cloud and the
ground or between two clouds. Less often, it forges a path
between two different parts of the same
cloud. Of all the lightning flashes that you see
when a thunderstorm is in progress, only
about 20 percent strike Earth’s surface.
A lightning bolt and the thunder it produces
happen at the same time. Recall that nothing
travels as fast as light (in a vacuum). It travels
about a million times faster than sound.
As a result, you see the lightning almost
instantaneously. You hear the thunder later.
Sound travels about 330 m/s, so in five seconds,
the sound of thunder travels about 1650 m, or
almost one mile. Therefore, every five seconds
between a flash of lightning and the sound of
the thunder it creates, equates to about one
mile from the location of the lightning bolt.
Lightning has caused the greatest number of
deaths due to severe weather. (See Table 1.)
There has been a lightning detection network
that covers most of the continental United
States since 1989. During that time, an average
of 20,000,000 cloud-to-ground flashes has
been detected every year.

Figure 7 You see the electrical
discharge of lightning before
you hear the clap of thunder
because light travels faster
than sound.

Table 1: Average Annual Severe-Weather Fatalities
by Decade From 1940–2009
Year

Lightning

Tornado

Flood

Hurricane

1940–1949

329.3

178.8

61.9

21.6

1950–1959

184.1

140.9

79.1

87.7

1960–1969

133.2

93.5

129.7

58.7

1970–1979

97.8

98.6

181.9

21.7

1980–1989

72.6

52.1

109.7

11.8

1990–1999

57.0

58.0

99.2

14.0

2000–2009

41.0

56.0

64.0

116.0

9150

6779

7255

3315

Total (70 years)

Source: National Weather Service.

Lightning heats the air around it to very high temperatures (about
20,000–30,000ºC). The quick rise in air temperature comes along with a
huge rise in air pressure. This rise causes a shock wave. The shock wave
then moves outward to make a sound wave that you hear as thunder.
Sound waves are formed all along the path of lightning. The first
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thunder you hear is from the part of the lightning bolt that is closest to
you (where it strikes the ground). Other sounds of thunder reach you from
parts of the lightning bolt that are farther and farther away from your
ears and higher in the sky. This explains why thunder keeps rumbling after
a lightning flash. Thunderstorm cells more than about 20 km (12 mi) away
are too far for you to hear their thunder. The lightning you see from those
storms is called heat lightning.

Lightning Safety Tips
Lightning is most frequent during the mature stage of a thunderstorm’s
life cycle. However, lightning can strike the ground many kilometers
beyond the parent thunderstorm. That means that lightning can strike
areas where rain is not yet falling or has stopped falling. In other words,
lightning is a hazard before, during, and after a thunderstorm hits a
particular area.

Checking Up
1. Provide a definition
of a thunderstorm.
2. Describe how an
approaching cold
front can promote
the development
of thunderstorms.
3. Describe the
three stages of a
thunderstorm.
4. Explain the
relationship
between thunder
and lightning.
5. List five safety
tips for floods
that would be
applicable in your
community.

Figure 8 Lightning damage can be extensive.

Lightning is most dangerous when it strikes something that readily
conducts electricity. For this reason, during a thunderstorm, it is wise to
avoid metallic objects such as lawn mowers, wire fences, and telephones.
Contrary to popular belief, an automobile’s tires provide occupants with
little or no protection from lightning. Lightning that strikes a motor
vehicle flows through the steel frame to the tires and then to the ground.
Without direct contact with the metal frame, passengers usually escape
injury. Lightning also tends to follow the shortest path between the
cloud and the ground. Therefore, when thunderstorms are threatening,
stay away from high places. Places such as hilltops or tall objects such as
isolated trees might attract lightning. If you are with someone who has
been struck by lightning, it is important for you to know that the person
does not carry an electrical charge. It is safe to touch the person and
provide first aid after the lightning strike.
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Think About It Again
At the beginning of this section, you were asked the following:
• Where are thunderstorms most likely to occur in the United States? Why?
• How do thunderstorms form?
• How can thunderstorms result in flash floods?
Record your ideas about these questions now. Refer to the map that you examined
that showed the average number of thunderstorm days across the United States. Be
sure that your answer describes the three stages of a thunderstorm and the potential
of flash flooding.

Reflecting on the Section and the Challenge
In this section, you noted that thunderstorms seem to be most frequent at lower latitudes
over the central and eastern United States. Thunderstorms are infrequent along the West
Coast. You also saw that thunderstorms occur in mountainous areas as well. In the
Digging Deeper, you read about how air masses interact to form thunderstorms. You
also read about the various stages of thunderstorms. This information will help you
identify regions that may be susceptible to severe weather.

Understanding and Applying
1. In the central and eastern parts of the United States, what accounts for the general
increase in thunderstorms as you move south?
2. In the United States, during which season(s) (spring, summer, winter, or fall) do you
expect the most thunderstorms to occur? Explain your answer.
3. Refer back to the maps used in this section. Explain why there are so many
thunderstorms in Louisiana and so few thunderstorms in the state of Washington.
4. Why is convective uplift likely to be strongest during the warmest time of day?
5. On a warm summer afternoon, why might you see scattered cumulus clouds? In
other words, why might a cumulus cloud form in one place and not another?
6. A severe thunderstorm is located 100 km directly west of your community and
headed toward the east. Is severe weather inevitable in your community? Explain
your answer.
7. Preparing for the Chapter Challenge

Working with the other members of your small group, prepare a diagram that
summarizes what you know about the relationships between thunderstorms, thunder,
lightning, and flash flooding. You might find it useful to include drawings or
photographs in your diagram. Decide how you will incorporate this information into
your Web-site design so that it is understandable to a younger student audience.
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Inquiring Further
1. Personal memories of thunderstorms

Ask members of your family or neighbors about the most memorable thunderstorms
they ever witnessed in your community. You may wish to describe a thunderstorm you
have witnessed instead.
• What do they remember about the appearance of the storm, its development, and
how long it lasted?
• What thunderstorm hazards or impacts have they experienced?
• What was the worst thunderstorm they ever experienced?
2. Severe-weather events in your community

Research information on severe-weather events that have affected your community
in the past. Visit the EarthComm Web site at http://www.agiweb.org/education/
earthcomm2/ to help you get started with your research. You may even wish to
include some of this information in your Chapter Challenge report.
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