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Storms

Storms

Reading Preview

Objectives
After this lesson, students will be able to
I.3.2.1 List the main kinds of storms and
explain how they form.
I.3.2.2 Describe measures that can be taken
to ensure safety in a storm.

Target Reading Skill
Sequencing Explain that organizing
information from beginning to end helps
students understand a step-by-step process.

Key Concepts
• What are the main kinds of
storms, and how do they form?

• What measures can you take to
ensure safety in a storm?

Key Terms
• storm • thunderstorm
• lightning • tornado
• hurricane • storm surge
• evacuate

Target Reading Skill
Sequencing As you read, make a
ﬂowchart like the one below that
shows how a hurricane forms.
Write each step of the process in
the ﬂowchart in a separate box in
the order in which it occurs.

Answers

Hurricane Formation
Begins as a low-pressure area over warm
water, or a tropical disturbance

➛
Warm, humid air rises and begins to spiral.

➛
As air rises, more warm, moist air is drawn
into the system and the hurricane gains
energy.

➛
As winds spiral inward, bands of high winds
and heavy rains form.

Hurricane Formation
Begins as a low-pressure
area over warm water, or a
tropical disturbance.

Warm, humid air rises
and begins to spiral.

Can You Make a Tornado?
1. Fill a large jar three-quarters full
with water. Add a drop of liquid dish
detergent and a penny or a marble.
2. Put the lid on the jar tightly. Now
move the jar in a circle until the
water inside begins to spin.
Think It Over
Observing What happens to the water
in the jar? Describe the pattern that
forms. How is it like a tornado? Unlike
a tornado?

As a storm rages, lightning flashes and thunder rumbles. After the
sky clears, dripping trees and numerous puddles are the only evidence of the passing storm. Right? Not always. Scientists search
for other evidence—“fossil lightning”! When lightning strikes
sand or sandy soil, the sand grains are fused together to form a
fulgurite. The shape of the fulgurite reflects the path of the lightning bolt that formed it, as shown in Figure 8. These structures
clearly show the tremendous power of storms.
A storm is a violent disturbance in the atmosphere. Storms
involve sudden changes in air pressure, which in turn cause
rapid air movements. Conditions that bring one kind of storm
often cause other kinds of storms in the same area. For example, the conditions that cause thunderstorms can also cause
tornadoes. There are several types of severe storms.

Teaching Resources

• Transparency I30
FIGURE 8
Fulgurites
A fulgurite forms when
lightning strikes sand or sandy
soil. The temperature of the
lightning is so high that it melts
the sand and forms a tube.

Preteach
Build Background
Knowledge

L1

Dust Devils
Ask: Have you ever seen a dust devil? (Many
students may say that they have seen one, and
that it looks like a funnel.) Point out that dust
devils resemble small tornadoes, except that
they cause little or no damage. Explain that
dust devils are caused by hot air rising rapidly
from the heated ground. The wind blows this
air into a spinning motion. A similar type of
air movement causes tornadoes, as students
will learn in this section.

L1
Skills Focus Observing
Materials penny or marble, large plastic
jar with lid, liquid dish detergent, water
Time 10 minutes
Tips Tell students to swirl the water gently
with a circular motion. For effect, they
may wish to add bits of paper or sparkles
to the water in the jar.

Expected Outcome The water will
swirl around in the jar as the winds of a
tornado do.
Think It Over The water swirls in a
funnel-shaped spiral. This action is like
that of a tornado because the water spins
around in a circle. It is unlike a tornado
because it occurs in water instead of in air.

Instruct

Storm movement

Cold air moves
downward.

Warm, humid
air rises.

FIGURE 9
Thunderstorm Formation
A thunderstorm forms
when warm, humid air
rises rapidly within a
cumulonimbus cloud.
Applying Concepts Why do
cumulonimbus clouds often
form along cold fronts?

Heavy rain

Thunderstorms
Do you find thunderstorms frightening? Exciting? As you
watch the brilliant flashes of lightning and listen to long rolls of
thunder, you may wonder what caused them.
How Thunderstorms Form A thunderstorm is a small

storm often accompanied by heavy precipitation and
frequent thunder and lightning. Thunderstorms form in large
cumulonimbus clouds, also known as thunderheads. Most
cumulonimbus clouds form on hot, humid afternoons. They
also form when warm air is forced upward along a cold front.
In both cases, the warm, humid air rises rapidly. The air cools,
forming dense thunderheads. Heavy rain falls, sometimes
along with hail. Within the thunderhead are strong upward
and downward winds—updrafts and downdrafts—as shown
in Figure 9. Many thunderstorms form in the spring and summer in southern states or on the Western Plains.
Lightning and Thunder During a thunderstorm, areas of
positive and negative electrical charges build up in the storm
clouds. Lightning is a sudden spark, or electrical discharge, as
these charges jump between parts of a cloud, between nearby
clouds, or between a cloud and the ground. Lightning is similar to the shocks you sometimes feel when you touch a metal
object on a very dry day, but on a much larger scale.
What causes thunder? A lightning bolt can heat the air near
it to as much as 30,000°C, much hotter than the sun’s surface.
The rapidly heated air expands suddenly and explosively. Thunder is the sound of the explosion. Because light travels much
faster than sound, you see lightning before you hear thunder.

L2
Skills Focus calculating
Materials watch with second hand
Time 10 minutes
Expected Outcome The number of
seconds between the lightning flash and
the sound of thunder depends on how far
away the lightning is. If the lightning is
very close, the thunder will occur just a
split second after the flash. If the lightning

Lightning Distances
Because light travels faster
than sound, you see a
lightning ﬂash before you
hear the clap of thunder.
Here’s how to calculate your
distance from a thunderstorm.
CAUTION: Only do this
activity inside a building.
1. Count the number of
seconds between the
moment when you see the
lightning and when you
hear the thunder.
2. Divide the number of
seconds you counted by
three to get the
approximate distance in
kilometers. Example:
15 s
------------------ ⫽ 5 km
3 s/km
Calculating Wait for another
lightning ﬂash and calculate
the distance again. How can
you tell whether a thunderstorm is moving toward you or
away from you?

is very far away, the thunder may not be
audible or may be just a dull rumble.
Extend Tell students to record the times
of the lightning flashes and the respective
distances of the storm. Then, if the storm
is approaching them directly, have
students use the data to determine how
fast the storm is moving. learning
modality: logical/mathematical

Thunderstorms
Teach Key Concepts

L2

How Thunderstorms Form
Focus Ask students to recount their own
observations of thunderstorms.
Teach Ask: What atmospheric conditions
must be present in order for a thunderstorm
to develop? (Warm, humid air rising rapidly)
When are these atmospheric conditions
likely to occur? (On hot, humid afternoons in
spring and summer or when a cold front
approaches) What happens when warm,
humid air is pushed upward? (The air cools,
forming dense thunderclouds.)
Apply Ask students when thunderstorms
are most frequent in your area. Have them
explain why there is rapidly rising warm
and humid air at those times of the
year. learning modality: logical/
mathematical

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Storms
Student Edition on Audio CD

Help Students Read

L1

Using Prior Knowledge Before students
read about thunderstorms, ask them to list
what they already know about them. Have
them discuss how thunderstorms form, what
causes thunder and lightning, and what
safety measures they should take in the event
of a thunderstorm.

Monitor Progress

L2

Oral Presentation Ask each student to
prepare a brief oral presentation on the causes
of thunderstorms, lightning and thunder.
Answer
Figure 9 Cumulonimbus clouds often form
along cold fronts because warm air is forced
upward. As the warm air rises, it cools,
forming dense thunderheads.

Thunderstorm Damage Thunderstorms can cause severe
damage. The heavy rains associated with thunderstorms can
flood low-lying areas. Lightning can also cause damage. When
lightning strikes the ground, the hot, expanding air can shatter
tree trunks or start forest fires. When lightning strikes people
or animals, it acts like a powerful electric shock. Lightning can
cause unconsciousness, serious burns, or even heart failure.

For: More on thunder
and lightning
Visit: PHSchool.com
Web Code: cfd-4032
Students can review thunder and lightning in an
online activity.

Floods A major danger during severe thunderstorms is
flooding. Floods occur when so much water pours into a
stream or river that its banks overflow, covering the surrounding land. In urban areas, floods can occur when the
ground is already saturated by heavy rains. The water can’t
soak into the water-logged ground or the many areas covered with buildings, roads, and parking lots. A flash flood is
a sudden, violent flood that occurs shortly after a storm.

L3

How Lightning Occurs
Materials bottle with plastic cap, copper
wire, aluminum foil, plastic comb, wool
fabric
Time 10 minutes

Thunderstorm Safety The safest place to be during a

Focus Remind students that lightning is
an energy discharge.
Teach Push a short piece of copper wire
through a small hole in the cap of a bottle.
Form the bottom end of the wire into a
hook, and hang a small strip of aluminum
foil over it. Put the cap on the bottle with the
hook and foil inside. Rub a comb on wool
fabric to give it an electrical charge, and then
touch the comb to the end of the wire
protruding from the top of the bottle cap.
Students will see that the ends of the foil
strip move away from one another. Ask: Why
did the ends of the foil strip move? (The foil
became charged with electricity, which was
transmitted through the wire from the comb,
causing the two ends of the foil strip to repel
each other.)
Apply Ask: How is this like lightning? (A
charge is built up in clouds. When the
electricity is discharged from one part of the
cloud to another, between clouds, or to the
ground, lightning occurs.)
learning modality: visual

Integrating Health

L1

There are many misconceptions about
lightning that may cause people to take
needless risks in thunderstorms. Ask: Do you
think the old saying is true that lightning
never strikes twice in the same place? (The
chance of lightning striking in the same place
twice is very small, but there is no reason that
it cannot happen. In fact, some buildings and
even people have been struck by lightning
repeatedly.) Other myths about lightning
include that there is no danger from lightning
if it is not raining and that rubber-soled shoes
will protect you from being struck by
lightning. learning modality: verbal

FIGURE 10
Lightning Striking Earth
Lightning occurs when electricity
jumps within clouds, between clouds,
or between clouds and the ground.
Lightning can cause ﬁres or serious
injuries.

For: More on thunder and lightning
Visit: PHSchool.com
Web Code: cfd-4032

thunderstorm is indoors. If you are inside a house, avoid
touching telephones, electrical appliances, or plumbing fixtures, all of which can conduct electricity. It is usually safe to
stay in a car with a hard top during a thunderstorm. The
electricity will move along the metal skin of the car and jump
to the ground. However, do not touch any metal inside the
car. During thunderstorms, avoid places where lightning
may strike. Also avoid objects that can conduct electricity,
such as metal objects and bodies of water.
How can you remain safe if you are caught outside during a thunderstorm? It is dangerous to seek shelter under a
tree, because lightning may strike the tree and you. Instead,
find a low area away from trees, fences, and poles. Crouch
with your head down. If you are swimming or in a boat, get
to shore and find shelter away from the water.
How can lightning be dangerous?

Tornadoes
A tornado is one of the most frightening and destructive types
of storms. A tornado is a rapidly whirling, funnel-shaped cloud
that reaches down from a storm cloud to touch Earth’s surface.
If a tornado occurs over a lake or ocean, the storm is known as a
waterspout. Tornadoes are usually brief, but can be deadly.
They may touch the ground for 15 minutes or less and be only a
few hundred meters across. But wind speeds in the most intense
tornadoes may approach 500 kilometers per hour.

FIGURE 11

2 The warm air begins to rotate as
it meets winds blowing in different
directions at different altitudes.

Tornado Formation
Tornadoes can form when warm,
humid air rises rapidly in a
cumulonimbus cloud. Varying
winds at different heights can
spin the rising air like a top.

Teach Key Concepts
Cumulonimbus cloud

3 A tornado forms
as part of the cloud
descends to earth
in a funnel.

1 Warm, moist air flows in at the
bottom of a cumulonimbus cloud
and moves upward. A low pressure
area forms inside the cloud.

Rain

How Tornadoes Form Tornadoes can form in any situation that produces severe weather. Tornadoes most commonly
develop in thick cumulonimbus clouds—the same clouds
that bring thunderstorms. Tornadoes are most likely to occur
when thunderstorms are likely—in spring and early summer,
often late in the afternoon when the ground is warm. The
Great Plains often have the kind of weather pattern that is
likely to create tornadoes: A warm, humid air mass moves
north from the Gulf of Mexico into the lower Great Plains. A
cold, dry air mass moves south from Canada. When the air
masses meet, the cold air moves under the warm air, forcing it
to rise. A squall line of thunderstorms is likely to form, with
storms traveling from southwest to northeast. A single squall
line can produce ten or more tornadoes.

L2

How and Where Tornadoes Form
Focus Ask students to describe tornadoes
they have seen in person, on TV, in movies,
or in documentaries.
Teach Ask: What is a tornado? (A rapidly
whirling, funnel-shaped cloud that reaches
down from a storm cloud to touch Earth’s
surface) What weather conditions must be
present for tornadoes to form? (Usually
tornadoes form where a warm, humid air
mass meets a cold, dry air mass. A squall line
of several thunderstorms forms, which can
cause ten or more tornadoes.) Why do so
many tornadoes occur in “tornado alley”?
(Cold, dry air masses from the North and
warm, humid air masses from the South meet
there.)
Apply Ask: Is your home in “tornado
alley”? Check your location on the map to
see if it is in “tornado alley.” Have students
find out how many tornadoes occur in their
state or region every year. learning
modality: verbal

Teaching Resources

Tornado Alley Tornadoes occur more

often in the United States than in any other
country. About 800 tornadoes occur in the
United States every year. Weather patterns
on the Great Plains result in a “tornado
alley,” as shown in Figure 12. However, tornadoes can and do occur in nearly every
part of the United States.

Tornadoes

• Transparencies I32, I33

Key
Tornado alley

Cold, dry air
moves south from
central Canada.

South
Dakota
Nebraska

Iowa

Kansas

Oklahoma

FIGURE 12
Tornado Alley
Tornadoes in the U.S. are most likely to
occur in a region known as Tornado
Alley. Interpreting Maps Name ﬁve
states that Tornado Alley crosses.

Texas

Warm, humid air
moves north from
the Gulf of Mexico.

Differentiated Instruction
L1
Less Proficient Readers
Sequencing Tornado Formation Have
students work in pairs to construct a
concept map on how tornadoes form.
Branches on the concept map could
include moves, rises, meet to form, and are
caused by. learning modality: verbal

L3
Gifted and Talented
Creating Displays Have students
research and report on record-setting
storms in the United States. They may
include items such as the most destructive
tornado, the longest-lasting hurricane,
and so on. Encourage students to display
their data on a map of the United States,
indicating where the records were set.

learning modality: visual

Monitor Progress

L2

Writing Ask each student to write a short
paragraph on where and how tornadoes form.
Answers

Lightning acts like a
powerful shock and can
cause unconsciousness, serious burns, or
even heart failure.

Focus Ask students to think about times
when the weather has changed their plans.
Then remind students that weather affects
the plans not only of individuals but of
peoples and nations.
Teach Have different student volunteers
read each caption. Ask: What types of
storms are described in the feature?
(Thunderstorms and hurricanes) Why do
you think tornadoes are not included?
(A tornado’s path of destruction tends to be
narrow and short-lived, so it probably would
not have a great impact on the course of
history.) Inform students that there are some
notable exceptions to the brief, local nature
of most tornadoes. For example, the Great
Tri-State Tornado of March 18, 1925, killed
almost 700 people in three states, and the
Superoutbreak Tornadoes of April 3–4, 1974,
killed over 300 people and injured over
5,500 others in 12 states in 24 hours. Add
that, unlike the conditions leading to
thunderstorms and hurricanes, exactly when
and where a tornado will touch down is still
difficult to predict.

Tornado Damage Tornado damage comes from both
strong winds and flying debris. The low pressure inside the tornado sucks dust and other objects into the funnel. Tornadoes
can move large objects—sheds, trailers, cars—and scatter
debris many miles away. One tornado tore off a motel sign in
Broken Bow, Oklahoma, and dropped it 30 miles away in
Arkansas! One of the reasons that tornadoes are so frightening
is that they are unpredictable. A tornado can level houses on
one street, but leave neighboring houses standing.
Tornadoes are ranked on the Fujita scale by the amount of
damage they cause. The Fujita scale was named for the scientist
who devised it, Dr. T. Theodore Fujita. The scale goes from light
damage (F0) to extreme damage (F5). Luckily, only about one percent of tornadoes are ranked as F4 or F5.

Weather That Changed History
Unanticipated storms have caused incredible damage, killed large
numbers of people, and even changed the course of history.

1588 England
King Philip II of Spain sent the
Spanish Armada, a fleet of 130
ships, to invade England. Strong
winds in the English Channel
trapped the Armada near shore.
Some Spanish ships escaped, but
storms wrecked most of them.

English Pilgrims set sail
for the Americas in the
Mayflower. They had
planned to land near
the mouth of the Hudson
River, but turned back
north because of rough
seas and storms. When
the Pilgrims landed
farther north, they
decided to stay
and so established
Plymouth Colony.

1281 Japan

Writing Skill Research
Scoring Rubric
4 Includes how history might have been
different if accurate weather predictions
had been made; provides a logical, engaging
account of alternative events
3 Includes all criteria, but alternative
account lacks supporting evidence
2 Includes only brief description of event
and alternative account
1 Includes inaccurate description or
implausible alternative event

In an attempt to conquer
Japan, Kublai Khan,
the Mongol emperor of
China, sent a fleet of ships
carrying a huge army. A
hurricane from the Pacific
brought high winds and
towering waves that sank
the ships. The Japanese
named the storm
kamikaze, meaning
“divine wind.”

1200

1620 Massachusetts

1600

1700

Tornado Safety What should you do if a tornado is predicted in your area? A “tornado watch” is an announcement
that tornadoes are possible in your area. Watch for approaching thunderstorms. A “tornado warning” is an announcement
that a tornado has been seen in the sky or on weather radar. If
you hear a tornado warning, move to a safe area as soon as you
can. Do not wait until you actually see the tornado.
The safest place to be during a tornado is in a storm
shelter or the basement of a well-built building. If the building you are in does not have a basement, move to the middle of
the ground floor. Stay away from windows and doors to avoid
flying debris. Lie on the floor under a sturdy piece of furniture,
such as a large table. If you are outdoors, lie flat in a ditch.
What is a tornado warning?

L1

The Force of Tornadoes
Materials potatoes and plastic straws
Time 10 minutes
Research and Write
Many of these events
happened before
forecasters had the
equipment to predict
weather scientiﬁcally.
Research one of the events in
the timeline. Write a
paragraph describing the
event and how history might
have been different if the
people involved had had
accurate weather predictions.

1900 and 1915 Texas

1837 North
Carolina
The steamship Home
sank during a hurricane
off Ocracoke, North
Carolina. In one of the
worst storm-caused disasters at sea, 90 people
died. In response, the
U.S. Congress passed
a law requiring seagoing ships to carry
a life preserver for
every passenger.

1870 Great Lakes
Learning that more
than 1,900 boats had
sunk in storms on the
Great Lakes in 1869,
Congress set up a
national weather service,
the Army Signal Corps. In
1891 the job of issuing
weather warnings and
forecasts went to
a new agency, the U.S.
Weather Bureau.

1800

When a hurricane struck the
port city of Galveston in
1900, it killed at least 8,000
people and destroyed much
of the city. As a result, a
seawall 5 meters high and 16
kilometers long was built.
When another hurricane
struck in 1915, the seawall
greatly reduced the
amount of
damage.

1900

2000

Focus Tell students that the force of the
wind in a tornado can drive a drinking straw
through a board.
Teach Have students place the end of a
plastic drinking straw against a raw potato
and push as hard as they can. The straw will
bend and scarcely penetrate the potato. Now
have students hold the straw at least half a
meter away from the potato and drive it into
the potato as fast as possible. The straw will
penetrate the potato without bending. Ask:
Why did the straw go through the potato
the second time? (It was pushed harder.)
Apply Point out that tornado winds can
push with such force that a blade of grass
may be driven into a tree trunk. learning
modality: kinesthetic

Address Misconceptions

L2

Tornado Safety
Focus Students may have misconceptions
about steps to take if a tornado occurs.
Teach Ask: True or false: If you don’t have a
basement, the safest place in your home
in the event of a tornado is the southwest
corner. (False; the safest place is a small,
windowless room or closet in the center of the
house.) If a tornado threatens you on the
road, it is best to stay in your car. (False; a
tornado can overturn a car or pick it up and
drop it elsewhere. Leave the car and go to a
well-built building or lie flat in a low place
with your head covered.)
Apply Have students use reliable sources,
such as the National Weather Service, to
research additional facts about tornado
safety. learning modality: verbal

Differentiated Instruction
Special Needs
Communicating Watches and
Warnings Assist students in accessing
noaa.gov on the Internet and printing
pictures of various storms. If this is not
possible, provide discarded science
magazines, or ask students to draw their

L1

own illustrations of thunderstorms,
tornadoes, hurricanes, and winter storms.
Have them create a poster using the
pictures or illustrations and label each
picture with the type of storm and what
to do in the case of a watch or a warning.
learning modality: visual

Monitor Progress
Writing Have students create a
brochure about tornado safety. Tell
students to place their brochures in
their portfolios.
Answer
An announcement that a
tornado has been seen in
the sky or on weather radar

L1

2 Air flows outward
near the top of
the hurricane.

3 Cool, dry air
sinks in the eye,
the center of
the hurricane.

Eyewall

Show the Video Field Trip to help students
understand weather patterns. Discussion
question: What is a storm surge and why is
it so destructive? (The low pressure and high
winds of the hurricane over the ocean may
raise the level of the water six meters above
normal sea level. The storm surge is the
resulting huge dome of water that sweeps
across the coast where the hurricane hits land.)

Hurricanes
Teach Key Concepts

Teaching Resources

• Transparency I34

Heavy
Rain

FIGURE 13
Structure of a Hurricane
In a hurricane, air moves rapidly
around a low-pressure area called
the eye.

L2

How Hurricanes Form
Focus Call students’ attention to Figure 13.
Point out that the illustration shows a crosssection of a hurricane.
Teach Ask: How does a hurricane begin?
(It begins over warm water as a low-pressure
area.) Where does a hurricane get its
energy? (From warm, humid air at the
ocean’s surface) In which direction is the
wind blowing in the illustration?
(Counterclockwise around the eye of the
hurricane) Why do winds spiral towards
the center of the hurricane? (That is the
area with the lowest air pressure.) What do
the light and dark circular bands represent?
(The hurricane’s clouds are in a spiral pattern
around the eye. The light bands represent
heavy cloud cover and the dark bands
represent areas of less cloud cover.)
Apply Provide this scenario: Suppose that
it is a day after a hurricane has started and
the rain and wind have quieted. Should you
assume that the storm has passed?
(No, because the area may be within the eye
of the storm, where the winds grow calm before
the storm resumes. If so, after the eye passes,
the storm will return.) learning modality:
visual

1 Warm, moist air rises
around the eye and in
spiraling bands of clouds.

Hurricanes
A hurricane is a tropical cyclone that has winds of 119 kilometers per hour or higher. A typical hurricane is about 600 kilometers across. Hurricanes form in the Atlantic, Pacific, and
Indian oceans. In the western Pacific Ocean, hurricanes are
called typhoons.
How Hurricanes Form A typical hurricane that strikes the

Weather Patterns

Video Preview
Video Field Trip
Video Assessment

United States forms in the Atlantic Ocean north of the equator
in August, September, or October. A hurricane begins over
warm ocean water as a low-pressure area, or tropical disturbance. If the tropical disturbance grows in size and strength, it
becomes a tropical storm, which may then become a hurricane.
A hurricane draws its energy from the warm, humid air at
the ocean’s surface. As this air rises and forms clouds, more air is
drawn into the system. Inside the storm are bands of very high
winds and heavy rains. Winds spiral inward toward the area of
lowest pressure at the center. The lower the air pressure at the
center of a storm, the faster the winds blow toward the center.
Hurricane winds may be as strong as 320 kilometers per hour.
Look at Figure 13. Hurricane winds are strongest in a narrow band around the center of the storm. At the center is a ring
of clouds, called the eyewall, that enclose a quiet “eye.” The wind
gets stronger as the eye approaches. When the eye arrives, the
weather changes suddenly. The air grows calm and the sky may
clear. After the eye passes, the storm resumes, but the wind
blows from the opposite direction.

How Hurricanes Move Hurricanes last
longer than other storms, usually a week or
more. During that period, they can travel quite
a distance. Hurricanes that form in the Atlantic Ocean are steered by easterly trade winds
toward the Caribbean islands and the southeastern United States. After a hurricane passes
over land, it no longer has warm, moist air to
draw energy from. The hurricane gradually
loses strength, although heavy rainfall may
continue for several days.

L2

Predicting What Will Happen
in a Hurricane
Materials None
Time 10 minutes

August 25
August 24
August 23

Hurricane Damage When a hurricane comes ashore, it

brings high waves and severe flooding as well as wind damage.
The low pressure and high winds of the hurricane over the
ocean raise the level of the water up to six meters above normal
sea level. The result is a storm surge, a “dome” of water that
sweeps across the coast where the hurricane lands. Storm
surges can cause great damage, washing away beaches, destroying buildings along the coast, and eroding the coastlines.

FIGURE 14
Hurricane Andrew
The path of Hurricane Andrew
over three consecutive days can
be seen in this photo montage.

Hurricane Safety Until the 1950s, a fast-moving hurricane
could strike with little warning. People now receive information
well in advance of an approaching hurricane.
A “hurricane watch” indicates that hurricane conditions are
possible in an area within the next 36 hours. You should be prepared to evacuate(ee VAK yoo ayt), or move away temporarily.
A “hurricane warning” means that hurricane conditions are
expected within 24 hours. If you hear a hurricane warning and
are told to evacuate, leave the area immediately. If you must
stay in a house, move away from the windows.

Focus Briefly list the steps in the formation
and movement of a hurricane.
Teach Challenge groups of students to
present eyewitness accounts of a hurricane
that is directly in their path. Each group’s
account should include the approach, the
winds and waves, the eye, and the aftermath.
Apply Ask students to use references (such
as noaa.gov on the Internet) to list safety
precautions that can be taken before
hurricane season, during a watch, and
during a warning. learning modality:
verbal

What is a storm surge?

FIGURE 15
Hurricane Damage
Residents were forced to ﬂee as Hurricane Georges
roared down on the Florida Keys in 1998.

Differentiated Instruction
L3
Gifted and Talented
Monitoring Hurricanes If it is hurricane
season, have students monitor tropical
disturbances, watch for those that develop
into hurricanes, and note where the
hurricanes reach land. Students can gather

information from newspapers, television,
or the Internet and can present the
information to the class at the end of
hurricane season. Challenge students to use
a variety of ways to record and present the
information. learning modality: visual

Monitor Progress

L2

Oral Presentation Call on students at
random to name the parts of the country
where hurricanes occur. Call on other
students to explain in their own words why
hurricanes occur only in those places.
Answer
A dome of water that sweeps
across the coast where a
hurricane lands

Winter Storms

Winter Storms

FIGURE 16
Lake-Effect Snow
As cold dry air moves across the
warmer water, it becomes more
humid as water vapor evaporates
from the lake surface. When the
air reaches land and cools, lakeeffect snow falls.
Interpreting Maps Which two
cities on the map receive large
amounts of lake-effect snow?

Lake-Effect Snow Two of the snowiest cities in the United
States are Buffalo and Rochester in upstate New York. On average, nearly three meters of snow falls on each of these cities
every winter. Why do Buffalo and Rochester get so much snow?
Study Figure 16. Notice that Buffalo is located east of Lake
Erie, and Rochester is located south of Lake Ontario. In the fall
and winter, the land near these lakes cools much more rapidly
than the water in the lakes. Although the water in these lakes is
cold, it is still much warmer than the surrounding land and air.
When a cold, dry air mass from central Canada moves southeast across one of the Great
Lakes, it picks up water vapor and heat from the
lake. As soon as the air mass reaches the other side
of the lake, the air rises and cools again. The water
vapor condenses and falls as snow, usually within
40 kilometers of the lake.
Great Lakes Snow Belts
Cold, dry air
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Precipitation in Winter
Focus Show students a map of the United
States, and ask them to identify places that
receive a large amount of snow in winter.
Teach Ask: Why does most precipitation
begin as snow? (The temperature is below
freezing at the altitude where clouds form.
Snow results if the whole atmosphere is colder
than the freezing point.) Why do areas that
are east of the Great Lakes get a lot of snow?
(Water in and air above the lakes are warmer
than the surrounding land and air. When a
cold, dry air mass moves over the lakes, it picks
up moisture and heat from the lakes. When the
air reaches the other side of the lakes, the air
cools and water vapor condenses to form snow.)
Apply Have students look at a map of
North America. Point out that the Rocky
Mountains can get even more snow than
Buffalo and Rochester, New York. Ask: Why
do you think the high mountain areas of
the West receive so much snow? (Warm,
moist air from the Pacific Ocean is cooled and
drops its moisture as snow when it rises up
over the Rocky Mountains.) How are the
Rocky Mountains similar to areas
bordering the Great Lakes that receive lakeeffect snow? (Both areas receive warm, moist
west winds that are cooled to produce large
amounts of snow.) Why do the midwestern
and eastern parts of the United States
receive snow? (Warm, moist air from the
south meets cold, dry air from
Canada.) learning modality: visual
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Teach Key Concepts

In the winter in the northern United States, a large amount of
precipitation falls as snow. All year round, most precipitation
begins in clouds as snow. If the air is colder than 0°C all the
way to the ground, the precipitation falls as snow. Heavy
snowfalls can block roads, trapping people in their homes and
making it hard for emergency vehicles to move. Extreme cold
can damage crops and cause water pipes to freeze and burst.
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Monitor Progress
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Answers
Figure 16 Buffalo and Rochester in upstate
New York
People may get lost because
blowing snow obscures signs
and other landmarks and strong winds cool
a person’s body rapidly.

Snowstorm Safety Imagine being caught in a snowstorm

when the wind suddenly picks up. High winds can blow falling
snow sideways or pick up snow from the ground and suspend it
in the air. This situation can be extremely dangerous because the
blowing snow limits your vision and makes it easy to get lost.
Also, strong winds cool a person’s body rapidly. If you are
caught in a snowstorm, try to find shelter from the wind.
Cover exposed parts of your body and try to stay dry. If you are
in a car, the driver should keep the engine running only if the
exhaust pipe is clear of snow.

FIGURE 17
Winter Storm Damage
Major winter storms can cause a
great deal of damage. Here,
utility workers in Maine remove
a pole snapped by a ﬁerce
winter storm.

How can snowstorms be dangerous?

2

Section 2 Assessment

Target Reading Skill Sequencing Refer to
your flowchart about hurricane formation as you
answer Question 3.

4. a. Explaining What is lake-effect snow?
b. Inferring Why doesn’t lake-effect snow fall

Reviewing Key Concepts
1. a. Deﬁning What is a thunderstorm?
b. Listing List two dangers associated with
thunderstorms.
c. Describing What safety precautions should
you follow during a thunderstorm?
2. a. Identifying What weather conditions are
most likely to produce tornadoes?
b. Developing Hypotheses Why do tornadoes
occur most often in the area known as
“tornado alley”?
3. a. Deﬁning What is a hurricane?
b. Relating Cause and Effect How do
hurricanes form?

c. Describing What should you do if you are

to the north or west of the Great Lakes?
caught in a snowstorm?

Storm Eyewitness Interview a family member
or other adult about a dramatic storm that he
or she has experienced. Before the interview,
make a list of questions you would like to ask.
For example, when and where did the storm
occur? Write up your interview in a questionand-answer format, beginning with a short
introduction.

Assess
Reviewing Key Concepts
1. a. A small storm accompanied by heavy
precipitation and frequent thunder and
lightning b. Lightning, floods, high winds,
hail c. Take shelter indoors, avoid touching
telephones, electrical appliances, or
plumbing fixtures; if outdoors, avoid places
where lightning is more likely to strike, find a
low, safe area.
2. a. A front with thick cumulonimbus
clouds along it b. The weather pattern in
tornado alley often has cold, dry air meeting
warm, moist air.
3. a. A tropical cyclone that has winds of
119 km/ hour or higher b. A low forms over
warm water; rising warm, moist air adds
energy to the storm, which eventually becomes
a hurricane with high winds and rain
4. a. Snow that falls as a result of cold air
passing over warmer lake water b. A cold,
dry air mass must pass over warmer lake
water for lake-effect snow to occur. Most
cold air masses in this area advance toward
the south or east. c. Find shelter, cover
exposed skin, and try to stay dry

Reteach

L1

As a class, make a chart that lists the main
types of storms and how they form.

Performance Assessment

L2

Writing Have students write a weather
advisory about a thunderstorm, hurricane,
tornado, or winter storm. The advisory
should include safety precautions.
Teaching Resources

Storm Eyewitness L1 Encourage
students to tape record or videotape
their interview. They might want to
present it to the class in the form of a
newspaper article or television news
report. Suggest that they use drawings
or photographs to illustrate their
presentation.

• Section Summary: Storms
Keep Students on Track Provide
students with copies of today’s weather map • Review and Reinforce: Storms
and an outline drawing of the United States. • Enrich: Storms
Ask them to predict tomorrow’s weather for
the three locations and draw the standard
weather symbols on their maps. Remind
them to include air masses and fronts. Tell
them to continue to make predictions in this
way every day for at least a week.

Tracking a Hurricane

L2

Prepare for Inquiry
Skills Objectives
After this lab, students will be able to
• interpret data on a map representing
the location of a hurricane at repeated
intervals
• interpret additional data in tables to plot
the continued path of the hurricane
• use the data to predict when and where
the hurricane will come ashore
• draw conclusions about when and for
what area a hurricane warning should
be issued
Prep Time 15 minutes
Class Time 40 minutes

Advance Planning
Students may need to trace additional maps,
so have extra sheets of tracing paper on
hand. You may wish to make a copy of the
map from the student text as an overhead
transparency. Use it to show students how to
read latitude and longitude and plot the path
of the hurricane.
Teaching Resources

• Lab Worksheet: Tracking a Hurricane

Guide Inquiry
Invitation
Explain that the relatively low death rate
from hurricanes (an average of 17 each year
in the United States) is a result of early
warnings of when and where hurricanes are
coming ashore. One reason that
meteorologists track storms during
hurricane season is so that warnings can be
issued in time.

Tracking a Hurricane
Problem
How can you predict when and where a hurricane will come ashore?

Skills Focus
interpreting data, predicting, drawing conclusions

Materials
• ruler • red, blue, green, and brown pencils
• tracing paper

Procedure
1. Look at the plotted path of the hurricane on
the map. Each dot represents the location of
the eye of the hurricane at six-hour intervals.
The last dot shows where the hurricane was
located at noon on August 30.
2. Predict the path you think the hurricane will
take. Place tracing paper over the map
below. Using a red pencil, place an X on your
tracing paper where you think the hurricane
will ﬁrst reach land. Next to your X, write the
date and time you think the hurricane will
come ashore.
3. Hurricane warnings are issued for an area
that is likely to experience a hurricane within
24 hours. On your tracing paper, shade in
red the area for which you would issue a
hurricane warning.
4. Using the following data table, plot the next
ﬁve positions for the storm using a blue pencil. Use your ruler to connect the dots to
show the hurricane’s path.

Data Table
Date and Time
August 30, 6:00 P.M.
August 31, midnight
August 31, 6:00 A.M.
August 31, noon
August 31, 6:00 P.M.

Latitude
28.3° N
28.4° N
28.6° N
28.8° N
28.8° N

Longitude
86.8° W
86.0° W
85.3° W
84.4° W
84.0° W

Introduce the Procedure
Review how to find latitude and longitude.
Emphasize to students that they will be
plotting the eye of the hurricane as it travels
across the water. Ask: How far on either side
of the eye of the hurricane is the storm likely
to extend? (A typical hurricane is 600 km wide,

5. Based on the new data, decide if you need to
change your prediction of where and when
the hurricane will come ashore. Mark your
new predictions in blue pencil on your tracing paper.
6. During September 1, you obtain four more
positions. (Plot these points only after you
have completed Step 5.) Based on these new
data, use the green pencil to indicate when
and where you now think the hurricane will
come ashore.

Data Table
Date and Time
September 1, midnight
September 1, 6:00 A.M.
September 1, noon
September 1, 6:00 P.M.

Latitude
28.8° N
28.6° N
28.6° N
28.9° N

Longitude
83.8° W
83.9° W
84.2° W
84.8° W

7. The next day, September 2, you plot four more
positions using a brown pencil. (Plot these
points only after you have completed Step 6.)

Data Table
Date and Time
September 2, midnight
September 2, 6:00 A.M.
September 2, noon
September 2, 6:00 P.M.

Latitude
29.4° N
29.7° N
30.2° N
31.0° N

Longitude
85.9° W
87.3° W
88.8° W
90.4° W

so the storm may extend 300 km on either side
of the eye.) Why is this important to know
for issuing a hurricane warning? (The area
affected by the hurricane when it comes ashore
will be as wide as the storm.)

0
0

100

200 mi

100 200 km

Biloxi

Mobile Tallahassee

New Orleans

30° N

TampaSt. Petersburg

25° N

95° W

90° W

CUBA
Aug. 28,
midnight

N
W

20° N

E
S

MEXICO

85° W

Analyze and Conclude
1. Interpreting Data Describe in detail the complete path of the hurricane you tracked.
Include where it came ashore and identify
any cities that were in the vicinity.
2. Predicting How did your predictions in
Steps 2, 5, and 6 compare to what actually
happened?
3. Interpreting Data What was unusual about
your hurricane’s path?
4. Inferring How do you think hurricanes with
a path like this one affect the issuing of hurricane warnings?
5. Drawing Conclusions Why do you have to
be so careful when issuing warnings? What
problems might be caused if you issued an
unnecessary hurricane warning? What might
happen if a hurricane warning were issued
too late?

Extend Inquiry
More to Explore A good Internet site for
hurricane tracking data is the National
Hurricane Center at www.nhc.noaa.gov.

80° W

75° W

70° W

6. Communicating In this activity you only had
data for the hurricane’s position. If you were
tracking a hurricane and issuing warnings,
what other types of information would help
you make decisions about the hurricane’s
path? Write a paragraph describing the additional information you would need.

More to Explore
With your teacher’s help, search the Internet
for more hurricane tracking data. Map the
data and try to predict where the hurricane will
come ashore.

Troubleshooting the Experiment
• Point out to students that the lines of
latitude and longitude on the map are in
one-degree increments. Students will have
to estimate where to plot the points
because these are given in tenths of a
degree of latitude or longitude.
• Use an overhead transparency of the map
to show students how to plot the first
point in the table as an example.
• If students think they are plotting
incorrectly, advise them that hurricanes
can change directions.
• As the hurricane changes direction,
students’ maps may become too crowded
and difficult to read. If so, suggest that they
trace a new map.
Expected Outcome
Students’ maps should show that the
hurricane changed direction twice, once to
the east and then to the west, before finally
coming ashore near Biloxi, Mississippi, on
September 2.
Analyze and Conclude
1. The hurricane first appeared to be moving
north toward Mobile, Alabama. It then
turned east toward central Florida, before
reversing direction and heading northwest
toward the panhandle of Florida. It
continued to move west or northwest until
it came ashore near Biloxi, Mississippi.
2. Students’ predictions will vary. They are
likely to have predicted that the storm would
come ashore near Mobile in Step 2, between
Tallahassee and Tampa-St. Petersburg in
Step 5, and near New Orleans in Step 6. The
hurricane actually came ashore somewhat
east of New Orleans near Biloxi.
3. The path of the hurricane was unusual
because it reversed direction.
4. Issuing accurate warnings for hurricanes
with this type of path is difficult because the
hurricane may not come ashore in the same
area it appeared to be headed toward.
5. Unnecessary warnings can disrupt lives,
put people in danger, and cause economic
losses, whereas warnings that come too late
can result in needless loss of life and damage
to property.
6. Other types of information that would be
helpful would include how fast the hurricane
is moving, and other weather conditions that
might change the hurricane’s path.

