Photo/Illustration Credits: Cover: Chris Walsh/Stock Image/Getty Images;
3 Reuters/Corbis; 8 Mark Hill/Monsoon/Photolibrary/Corbis; 9 Jupiterimages/Getty
Images; 12 Corbis; 16 Reuters/Corbis.

If you have received these materials as examination copies free of charge, Harcourt
School Publishers retains title to the materials and they may not be resold. Resale of
examination copies is strictly prohibited and is illegal.
Possession of this publication in print format does not entitle users to convert this
publication, or any portion of it, into electronic format.

CXENL09ALR5X_AL11_CV.indd 4

First Pass

1/22/10 4:09:33 PM

by Elizabeth J. Natelson
Copyright © by Harcourt, Inc.
All rights reserved. No part of this publication may be reproduced or transmitted in
any form or by any means, electronic or mechanical, including photocopy, recording,
or any information storage and retrieval system, without permission in writing from the
publisher.
Requests for permission to make copies of any part of the work should be addressed to
School Permissions and Copyrights, Harcourt, Inc., 6277 Sea Harbor Drive, Orlando,
Florida 32887-6777. Fax: 407-345-2418.
HARCOURT and the Harcourt Logo are trademarks of Harcourt, Inc., registered in the
United States of America and/or other jurisdictions.
Printed in Mexico
ISBN-13: 978-0-15-362478-0
ISBN-10: 0-15-362478-7
3 4 5 6 7 8 9 10

126 10 09 08

Visit The Learning Site!
www.harcourtschool.com

Introduction
In the fall of 1900, no one in Galveston, Texas, could imagine that a
hurricane would devastate the thriving island city. Even Isaac Cline, the local
forecast ofﬁcial for the newly formed U.S. Weather Bureau, laughed at the idea.
As a result, Galveston residents didn’t build the protective sea wall that had been
suggested.
But on September 7, Cline noticed changes in the weather that alarmed him.
The barometric pressure was dropping rapidly. Huge clouds were moving inland.
A powerful storm was surely brewing.
Early the next day, Cline telegraphed his bureau’s headquarters in
Washington, D.C.: “Unusually heavy swells from the southeast,” he wrote.
“Such high water with opposing winds never observed previously.”
Most townspeople, however, had not been troubled by the developing
weather. Some families had gone to the shore to play together in the high surf.
People from as far away as Houston had come to Galveston to see nature’s
powerful display.
Legend says that Isaac Cline raced to the beach on his horse to warn people
to evacuate, but he was too late. Bridges to the mainland had already been
destroyed. Many people were trapped on the island.
Cline and his aides used anemometers to measure the wind. They recorded
speeds of 100 miles per hour before their instruments were blown away.
Eventually, the winds would reach an estimated 130 to 150 miles per hour.
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By the time the storm was over, the entire island was under water. At least
6,000—possibly as many as 8,000—people lost their lives. Isaac Cline, who
barely survived himself, lost his wife and his home.
Today, the people of Galveston have a sea wall that helps protect them from
such fury. Also, they are vigilant weather watchers during the months from June
to November, when hurricanes are most likely to form.
Since Isaac Cline’s time, computers, radar, and satellites have all helped
us better understand and prepare for such weather. Let’s take a look at what
happens above us to get a better picture of where weather starts.

Atmospheric Pressure
Isaac Cline knew that there was trouble ahead when he looked at his
barometer and saw that the pressure had dropped dramatically. Why do you
suppose that this development caused him concern?
Look at a weather map in the newspaper, on TV, or at a website, and pay
attention to the markings. You may see a large capital H or a large capital L.
These letters show where there is a high-pressure area or a low-pressure area.
This tells you what the air pressure, or weight of the atmosphere, is as it pushes
down on Earth. Knowing the pressure of the atmosphere can give you some idea
of what kind of weather to expect.
The reason for Cline’s concern when the pressure dropped rapidly was that
he knew that when low air pressure occurs, the weather can become stormy.
You can see, then, that if the air pressure is high, usually the weather will
be fair.
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Air Masses
Most weather happens
National Weather Map
in the troposphere, the
COOL
ﬁrst (or lowest) layer of
atmosphere that surrounds
Earth. In the troposphere,
DRY
large bodies of air, known
RAIN
as air masses, move from
WARM
area to area. As they
T-STORMS
move, they bring their
temperature and moisture
conditions with them.
Air masses can be classiﬁed in different ways, depending on where they
come from and what they travel over. In the United States, for example, an air
mass coming down from the north is a polar air mass, and one coming up from
the south is a tropical air mass. If the air mass travels over land, it is a continental
air mass. If it travels over an ocean, it is a maritime air mass.
There are ﬁve quadrillion tons of air in Earth’s atmosphere. Some of this air
is in high-pressure areas, and some is in low-pressure areas. These areas—some
can be 1,000 miles across—are constantly moving. For this reason, weather can
vary greatly from state to state.
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Weather from the South
In much of the southeastern United States, weather is affected by maritime,
tropical air masses. This means that the air mass has come from the south, over
bodies of water. Warm, low in pressure, and heavy with moisture, this air mass
drifts with the wind. It travels thousands of miles. When conditions are right, its
moisture condenses and falls as rain.
Find Florida and Louisiana on the map to the right. Their weather is strongly
inﬂuenced by maritime air masses. In the summer, the air is hot and can feel sticky.
Now ﬁnd Texas on the map. It is in the path of dry continental tropical air.
This air ﬂows up from over land, bringing with it heat, but not moisture.
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Weather from the North
In the chilly region around the North Pole, very little water evaporates from
the frozen ground and the ice-covered sea. The continental polar air is cold and
dry, and atmospheric pressure is high.
When continental polar air moves south, most people living in northern
states can expect to experience sunny days and clear nights. During a northern
winter, this polar air will bring frigid temperatures.
The Paciﬁc Northwest is affected by maritime polar air masses that can
originate from as far away as Siberia. As these masses travel across the Paciﬁc
Ocean, they tend to warm up. Therefore, winter temperatures are not as cold in
Seattle, Washington, as they are in Minneapolis, Minnesota.
New England states, on the eastern coast of the United States, will
sometimes be affected by maritime polar air masses. The storms that result from
these masses are known as “nor’easters.” They get this name from the strong
northeasterly winds that blow in from the ocean.
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Fronts
When two air masses come together, the transition zone between them is
called a front. A cold front is the leading edge of a cold air mass. When a cold
front runs into a warm air mass, the cold air replaces the warm air. Heavy rains,
gusty winds, and cooler temperatures are common. Thunderstorms may also
develop.
The leading edge of a warm air mass is a warm front. As it replaces a cold air
mass, wet weather, including fog and rain, are common. When the warm front
completely occupies the area where the cold air was, higher temperatures occur
and the humidity often increases as well.
A cold air mass and a warm air mass may move sideways, next to each
other. The front between them stays in place or moves very little, so it is called a
stationary front.
Sometimes three different kinds of air masses come together to form an
occluded front. This condition produces various weather possibilities. More
often than not, an occluded front produces very heavy rains.
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Weather Maps
Just as you can ﬁnd areas of high or low pressure on a weather map (by
the H or L), you can also locate the cold and warm fronts. A cold front is
marked with a line of triangles pointing in the direction in which the front
is moving. A warm front is shown by a line of semicircles bulging toward the
air mass’s direction of motion. Stationary fronts are depicted by having the
cold front’s triangles pointing toward the warm front and the warm front’s
semicircles bulging toward the cold front. Occluded fronts are marked by a line
of alternating semicircles and triangles, all pointed in the direction in which the
fronts are moving.
As you have read, Isaac Cline telegraphed information to the U.S. Weather
Bureau. Beginning in the 1840s, meterologists telegraphed information to their
headquarters in Washington, D.C. They reported on wind speed and direction,
temperature, and pressure. Then, the bureau’s meteorologists made a weather
map to get a picture of what was happening around the country. They didn’t
always understand what all of this information meant, however.

Weather Map

H

L
7

Meteorologists today have a much better understanding of weather, so they
can make more accurate forecasts. Even so, weather forecasting is still difﬁcult.
Meteorologists in Washington, D.C., still gather information from all over the
country and around the world. They now use computers to make the weather
maps.
Forecasts are useful in daily life. It’s good to know whether a picnic is likely to
be rained out, for example, or that it may be too hot to ride your bike. Still, the main
value of forecasts is that they provide warnings of dangerous or severe weather.

Severe Weather
Although tornadoes and hurricanes are sometimes called cyclones, the word
cyclone actually refers to any storm system that has winds circling around a
low-pressure center. Cyclone, like cycle, comes from the Greek word meaning
“circle” or “wheel.”
Most of the signiﬁcant weather in
Weather can affect
the United States involves cyclones.
daily activities.
A cyclone usually develops along a
stationary front. Low-pressure air and
high-pressure air pass each other in
opposite directions. They begin to
swirl, with low pressure inside and
high pressure rotating around it. The
curving cyclone includes a warm
front; a cold front; and, eventually, an
occluded front. On a radar weather
map, the clouds in a cyclone look like
an enormous white comma.
Cyclones may last up to a week
or more, and they usually move in
an eastward direction. They are
especially common in spring—the
season with the greatest variation in
hot and cold temperatures.
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A blizzard is a cyclone with strong winds and blowing snow. The National
Weather Service calls a storm a blizzard if its winds are over 35 miles per hour
and its blowing snow limits visibility for at least three hours.
The strong winds of a blizzard are caused by the pressure difference
between the high- and low-pressure areas of the cyclone.
Blizzards are hazardous for several reasons. Blowing snow makes it hard
to see very far. Strong, cold winds can cause people and animals to become
dangerously chilled. Heavy snow accumulations may break power lines, and
roads may be closed, even to emergency vehicles.
Unlike blizzards, which happen in the cold winter, thunderstorms occur
during warm weather. They often occur in late afternoon or early evening when
the ground is warm.
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A thunderstorm is arranged as a cell, a part of the atmosphere that
temporarily acts in an organized way. The two main parts of a thunderstorm
cell are the updraft and the downdraft.
The updraft (upward moving air current) occurs when air pressure forces
warm humid air to ﬂow upward. The air’s moisture condenses and builds up a
huge cloud.
Eventually, a downdraft forms. A downdraft is a current or column of air
that sinks quickly downward. With the downdraft come drenching rain, strong
wind, thunder and lightning, and sometimes hail.
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Thunderstorms are both dangerous and damaging. Lightning can even
be deadly. Hail can ﬂatten crops and crack windshields. A heavy downpour
sometimes causes a ﬂash ﬂood, which can destroy everything in its path.
Nonetheless, thunderstorms are an important part of the water cycle. In some
parts of the United States, thunderstorms provide a signiﬁcant portion of the
water for crops.
Some thunderstorms, fewer than 1 percent, give rise to tornadoes. A tornado
consists of ﬁerce winds swirling around a central column of very low pressure.
Tornadoes have the fastest natural wind speed on
Earth, as high as 300 miles per hour. Their normal size
ranges from 500 to 2000 feet in diameter, although they
can be as much as one mile wide. Some last for three
minutes and some last for three hours.
Tornadoes develop from powerful thunderstorms
called supercells. A supercell has a very strong, rotating
updraft that lasts for several hours.
When conditions are right, an air vortex can develop
underneath a supercell thundercloud. A tornado vortex
is a swirl of cloud and debris that rotates around the
tornado’s center. The vortex is usually shaped like a
column or spiral.
Unlike thunderstorm winds, which blow downward,
a tornado vortex is an updraft to the underside of the
thundercloud. Inside the vortex the pressure is very low.
Because air ﬂows from areas of high pressure to
areas of low pressure, surrounding air is sucked violently
into the vortex. Dirt and debris blow in with the wind,
turning the swirling winds dark.
Most tornados appear suddenly and are soon gone.
During their short existence, however, they can be
terribly destructive and even deadly. A tornado can
ﬂatten a neighborhood to rubble.
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The geography of the United States is uniquely favorable to tornado
formation. In fact, a section of the country from Texas to North Dakota to Ohio
is known as Tornado Alley.
Another kind of storm that involves spinning columns of air is the hurricane.
A storm is called a hurricane when its rotating surface winds maintain a speed of at
least 74 miles per hour. Full-sized hurricanes average 375 miles across, and they may
stretch upward to 40,000 feet. Their wind speeds can reach 185 miles per hour.
12

Incredibly, in the middle of the swirling wind is a calm section. This is
known as the “eye” of the hurricane. On the ground, this calm section can be
experienced for a few minutes or up to an hour or more. The sun might even
come out. But the hurricane will come back, this time with winds blowing from
a different direction.
Many Atlantic hurricanes begin as an area of low pressure and
thunderstorms somewhere near the coast of Africa. As the low pressure area
crosses open ocean, its wind speed grows. It changes from a tropical depression
to a tropical storm, and ﬁnally to a hurricane.
At sea, a hurricane’s intense winds can whip up waves that are 50 feet high.
Along the coast, the greatest hurricane damage comes from what is known as
the storm surge. This is a wall of water that can rise six to ten feet higher than
the usual tide. When the water crashes over land, it smashes everything it hits,
sinking boats, knocking out piers, and destroying houses.

Hurricanes in the United States
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Weather Warnings
Because severe weather can be so dangerous, paying attention to weather
reports is important. Large weather systems, such as hurricanes, can be tracked
by satellites. By watching the motions of these great swirling systems and using
their knowledge of weather patterns, meteorologists try to predict where a
storm will go next.
Sometimes, however, hurricanes can change course, meaning that they can
reach the shore at a different location than predicted. Still, residents are given
time to evacuate, if necessary.
For local weather, the National Weather Service routinely uses radar for
forecasting. The way that a radar beam reﬂects off certain objects provides a
great deal of information about the objects. An expert at reading radar images
can determine wind speed, wind direction, and level of precipitation. Radar has
been very helpful in spotting tornadoes.
The National Weather Service issues a watch when meteorologists believe
that severe weather conditions will occur. The service advises people in the area
to pay attention to the weather and to make plans for what to do.
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A warning is issued when the severe weather is just about to happen or is
already happening. This is the time when people should carry out their plans
to protect themselves and their property. Warnings may be issued for severe
thunderstorms, tornadoes, hurricanes, blizzards, winter storms, ﬂooding,
excessive heat, and other weather hazards.

Weather Research Today
Weather system research continues to improve. Meteorologists have tools and
resources that could not have been imagined long ago, or even in the recent past.
Meteorology is an important career, but it has also become a hobby for many
people. Some of these people spend their vacations tracking tornadoes and other
storms. Such people are referred to as storm chasers. Some of them have their
own radar equipment for gathering weather information. Their pursuit is useful,
too. Storm chasers report their ﬁndings to professional meteorologists in places
such as the National Severe Storms Laboratory.
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Hurricane Hunters

Most storm chasers would be quick to point out that following tornadoes
is extremely serious and dangerous work. Much research and caution are needed
before anyone should consider chasing a tornado.
Remember the story of Isaac Cline? After living through a storm that almost
claimed his life, Cline spent much of his later career researching hurricanes.
He wanted to make sure that no one else was so surprised and so devastated by
such a powerful storm.
However, Cline could only have dreamed about the advances that have
been made in predicting storms since his time. Today, in addition to the many
advances in weather-watching technology, a squadron of the Air Force Reserves,
known as Hurricane Hunters, has been established. This squadron actually ﬂies
a specially equipped airplane right into hurricanes. By ﬂying directly into the
storm, squadron members can report information that could never be obtained
from the ground.
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Think and Respond
1. How did Isaac Cline know that a powerful storm would hit
Galveston, Texas?
2. In what ways can the weather be affected by a high-pressure or
low-pressure area?
3. How are weather forecasts helpful?
4. Do you think you will look at weather reports differently now?
What has helped you better understand these reports?
5. Persuasive The population of states such as Florida and Texas
continues to grow. As more people move into and develop areas
commonly struck by hurricanes, hurricane tracking becomes even
more important than ever before. Write a paper persuading
residents of such areas to have an emergency plan in place. Where
will they go if a hurricane comes? What will they take? What should
they do with their pets? In your paper, answer those questions and
others that you may think of.

Hands-On Activity
Research a historical storm that happened in your area. Interview a
family member or a friend who remembers the storm. Ask him or her
about the type of forecasting that was available at the time of the storm.
Was the forecasting helpful in any way during that historic storm?

School-Home Connection
With a family member, check the weather page of your local
newspaper. Use what you have learned in this reader to explain
what the markings on the weather map mean.
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