Section 4 Severe Winds and Tornadoes

Section 4

Severe Winds and Tornadoes
What Do You See?

Learning Outcomes

Think About It

In this section, you will

In the United States, 10,000 severe thunderstorms occur in an
average year. About 10 percent of these produce tornadoes and
about 1 percent of those tornadoes are violent.

• Construct a map of tornado
frequency throughout the
United States.
• Determine the likelihood of
a tornado occurring where
you live.

• What is a tornado?
• How likely is it that your community will experience
a tornado?

• Describe the relationship
between tornado and
thunderstorm distribution
across the United States.

Record your ideas about these questions in your Geo log. Be
prepared to discuss your responses with your small group and
the class.

• Explain the relationship
between tornado frequency
and time of year.

Investigate

• Examine tornado safety
procedures to follow while at
school, home, or outside.

In Part A of this Investigate, you will use data to examine where
most tornadoes occur in the United States. In Part B, you will use
a model to explore downbursts.

• Identify the misconceptions
related to tornado safety.
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Part A: Frequency and Distribution
of Tornadoes

b) Which five states reported the
most tornadoes?

1. Look at Table 1. Use the number of
tornadoes per 1000 square miles (about
2600 square kilometers).

c) How many tornadoes occurred in
your state during this period?
d) How many tornadoes does your
state average per year?

a) Which five states reported the
fewest tornadoes?

Table 1: Frequency of Tornadoes by State From 1950 to 2009
State
Alabama
Alaska

Number of
Tornadoes

Number of
Tornadoes
per sq. mi

1666

31.78

4

0.01

Number of
Tornadoes

Number of
Tornadoes
per sq. mi

Montana

367

2.50

Nebraska

2509

32.44

Nevada

77

0.70

New Hampshire

83

8.88

State

Arizona

217

1.90

Arkansas

1564

29.41

California

372

2.27

New Jersey

140

16.05

Colorado

1820

17.48

New Mexico

523

4.30

Connecticut

84

15.15

New York

367

6.73

Delaware

57

22.93

North Carolina

1088

20.22

Florida

3036

46.17

North Dakota

1301

18.40

Georgia

1373

23.10

Ohio

881

19.65

Hawaii

39

3.57

Oklahoma

3204

45.84

Idaho

187

2.24

Oregon

99

1.01

Illinois

2057

35.52

Pennsylvania

673

14.61

Indiana

1214

33.34

Rhode Island

11

7.12

Iowa

2186

38.85

South Carolina

872

27.23

Kansas

3592

43.66

South Dakota

1621

21.02

Kentucky

726

17.97

Tennessee

935

22.19

Louisiana

1674

32.29

Texas

7815

29.10

Maine

170

4.74

Utah

116

1.37

Maryland

150

12.09

Vermont

41

4.26

Massachusetts

153

14.50

Virginia

594

13.90

Michigan

927

9.58

Washington

104

1.46

Minnesota

1469

16.90

West Virginia

120

4.95

Mississippi

1758

36.30

Wisconsin

1177

17.97

Missouri

1890

27.11

Wyoming

594

6.07
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2. Use the data table and a map of the
United States to do the following:

c) During which season is the frequency
of tornadoes the lowest?

a) On the map, record the total number
of tornadoes reported in each state.

d) From your experience, during
which season does your state or
community have the highest number
of thunderstorms?

b) Shade in tornado frequency for each
state on this map. Use the number of
tornadoes per 1000 sq. mi and the
color scale shown below.
Tornado Frequency Color Code
• 25 or more (red)
• 20–25 (orange)
• 10–20 (yellow)
• 1–10 (green)
• less than 1 (blue)
c) Look at the map of average annual
number of thunderstorm days from
Section 3. How do places of high
tornado frequency compare to places
of high thunderstorm frequency?
Explain your answer in your log.

e) How does the timing of local
thunderstorm activity compare
to the season of highest tornado
occurrence?
Table 2: Average Number of Tornadoes
per Month in the United States
Month

d) About how many thunderstorms
does your state average per year?
e) An estimated 10 percent of severe
thunderstorms produce tornadoes. If
all of the thunderstorms that occurred
in your state were severe, how many
tornadoes would you expect to occur
annually in your state?

Average
Number
of Tornadoes

Month

Average
Number
of Tornadoes

January

10

July

80

February

20

August

53

March

48

September

30

April

100

October

20

May

160

November

25

June

155

December

12

Part B: Investigating Downbursts
Wear eye protection. Sweep up any sand that
gets onto the floor.

1. Obtain a bicycle pump and a shallow
pan filled with sand. Hold the nozzle of
the pump about 2 cm above the sand.
Have a classmate push down on the
pump several times.

f) Compare your state with the rest
of the United States. Calculate the
percentage of tornadoes in the United
States that occurred in your state.
The total number of tornadoes in the
United States during that period
was 53,697.

a) In your log, describe how the
stream of air disturbs the sand.
Include a sketch.

3. Refer to Table 2 showing the average
number of tornadoes per month in the
United States.

b) Imagine that the stream of air was a
strong downward burst of wind and
the sand was your community. What
pattern of damage do you think you
would see in your community due to
a strong downward burst of wind?

a) During which four months is tornado
frequency the highest?
b) During which season is the frequency
of tornadoes the highest?

c) How is this simulation different than
an actual occurrence of downbursts?
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Digging Deeper
DOWNBURSTS AND TORNADOES
In Part A of the Investigate, you used data to examine where most
tornadoes occur in the United States. In Part B, you used a model to
explore downbursts. This Digging Deeper will help you to understand
the science of downbursts and tornadoes.
Geo Words
microburst: an intense
downdraft affecting a
relatively small area
(4 km or less across).
wind shear: a sudden
change in wind speed
or direction with
distance.

Downbursts that affect a relatively small area (4 km or less across) are
known as microbursts. Microbursts cause sudden changes in wind speed
and direction, called wind shear. Wind shear can interfere with aircraft
flight. (See Figure 1.) Microbursts over short distances are particularly
hazardous to aircraft taking off or landing because these winds typically
affect only a part of a runway and are difficult to detect. Sometimes,
people incorrectly attribute wind damage to an unseen tornado when in
fact the damage was caused by a downburst. Near the ground, downburst
winds blow outward from a central area. On the other hand, winds from a
tornado tend to swirl in circles. Microbursts can be deadly.

Figure 1 Wind shear can be very dangerous for aircraft.

Tornadoes are a threat to people and property mainly because of their
very strong winds and powerful updrafts. Winds blowing hundreds
of kilometers per hour knock over trees and power poles. They toss
automobiles around as if they were toys. They can destroy even wellconstructed buildings. Flying glass and splintered lumber cause much of
the injury and death associated with tornadoes. In violent tornadoes, the
updraft near the center of the system may top 160 km/h (100 mi/h). This
is strong enough to lift a house off its foundation. The most destructive
tornadoes are large systems made up of two or more whirling masses of
air (multi-vortex systems). Tornado intensity is rated on the Fujita scale (or
F-scale). The late Professor T. Theodore Fujita of the University of Chicago
devised this scale. (See Table 3 on the next page.) The F-scale is based
on rotational wind speeds estimated from property damage. It classifies
tornadoes as weak (F-0, F-1), strong (F-2, F-3), or violent (F-4, F-5).
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Tornadoes come in a variety of shapes. Some are cylindrical cloud masses
with nearly uniform lateral dimensions. Others are long, slender, ropelike pendants. The path of a weak tornado on the ground is typically
less than 1.5 km (1 mi) long and 100 m (330 ft) wide. It lasts only one to
three minutes. Wind speeds are less than 180 km/h (110 mi/h). An intense
tornado’s path on the ground can exceed 160 km (100 mi) long and
hundreds of meters wide. It has a life expectancy that may exceed two
hours. Estimated wind speeds in violent tornadoes reach upward of
500 km/h (300 mi/h).
Table 3: The Fujita Tornado Intensity Scale
Estimated Wind Speed

Fujita Scale

Category

km/h

mi/h

F-0

weak

65–118

40–73

F-1

weak

119–181

74–112

F-2

strong

182–253

113–157

F-3

strong

254–332

158–206

F-4

violent

333–419

207–260

F-5

violent

420–513

261–318

Tornadoes usually track from
southwest to northeast. However,
any direction is possible. Tornado
paths are often erratic. Many cause
a hopscotch pattern of destruction.
They alternately touch down and
lift off the ground. The average
forward speed of a tornado is
about 48 km/h (30 mi/h. Winds
in most Northern Hemisphere
tornadoes blow in a
counterclockwise direction
when viewed from above. Strong
to violent tornadoes can take
place in mountainous areas.

Figure 2 Tornadoes come in a variety
of shapes and sizes.

Each year, the United States can expect between 700 and 1100 tornadoes.
Of these, only about 1 percent are rated as violent (F-4 and F-5). Almost
80 percent of all tornadoes are relatively weak. By late February, the
maximum tornado frequency is along the central Gulf states. In April,
the maximum frequency shifts to the southeast Atlantic states. In May
and June, most tornadoes occur over the southern Great Plains. By early
summer, it shifts to the northern Plains and the Great Lakes region.
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Geo Words

Tornado Development

supercell: a single
thunderstorm cell
that is much larger
and longer-lasting
than an ordinary cell.
mesocyclone: a
counterclockwise
(when viewed from
above) circulation
that develops
in a supercell
thunderstorm; may
evolve into a tornado.
squall line: an
elongated band of
thunderstorm cells.
cyclone: a large, lowpressure weather
system in which
surface winds blow
counterclockwise and
inward when viewed
from above in the
Northern Hemisphere.

Most intense tornadoes develop in supercell thunderstorms. A supercell is
a single thunderstorm cell that is much larger and longer-lasting than an
ordinary thunderstorm cell. In supercell thunderstorms, a powerful
updraft interacts with horizontal winds. This causes air to rotate about a
vertical axis. The rotating air is called a mesocyclone. When viewed from
above, the air is rotating counterclockwise. If conditions are right, the
mesocyclone circulation narrows. It grows downward toward Earth’s
surface. As the circulation becomes more narrow, the wind speed
increases. (The same thing happens when an ice skater performs a spin
and brings his or her arms close to their body.) Humid air expands and
cools as it is drawn inward toward
the low-pressure center of the
whirling system. Cooling of air
causes water vapor to condense
into water droplets. The droplets
form a funnel-shaped cloud
extending downward from the
parent cumulonimbus cloud. (See
Figure 3.) If the funnel cloud strikes
the ground, dust and debris is
drawn into its circulation. The
system is then described as a
tornado. About 60 percent of
Figure 3 The funnel of a mesocyclone is
mesocyclones produce tornadoes.
made visible by water droplets.
Most supercell thunderstorms develop as part of a squall line in the warm,
humid air ahead of a well-defined cold front. A squall line is an elongated
band of thunderstorm cells. A key condition for bringing cold and warm
air masses together is a strong cyclone. A cyclone is a stormy weather
system that is plotted on a weather
map as L or Low for the relatively low
air pressure at its center. Here, cyclone
does not refer to a hurricane or a
tornado. Instead, it refers to a rather
large weather system. In this system,
surface winds blow counterclockwise and
inward (when viewed from above in the
Northern Hemisphere). This system may
be large enough to affect the weather
over the eastern third of the United
States at one time. Surface winds in a
cyclone pull together contrasting air
masses to form fronts. (See Figure 4.)
Severe thunderstorms and tornadoes are
Figure 4 Circulation of air around
most likely in the warm, humid air mass
a low-pressure system can lead
located
southeast of the center of
to the formation of severe
a
cyclone
and east of a cold front.
thunderstorms and tornadoes.
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Severe thunderstorms and tornadoes
have been reported in every state.
However, they are most frequent in a
north-south belt in the center of the
nation. The area stretches from east
Texas northward. It passes through
Oklahoma, Kansas, Nebraska, and into
southeast South Dakota. This area is
called “tornado alley.” More tornadoes
occur in that region than any other
place in the world. There are other belts
of relatively high tornado frequency.
They stretch from central Iowa eastward
to central Indiana and along the Gulf
Coast states. Tornadoes are infrequent
in the Rockies, the Appalachians, and
along the West Coast.

Figure 5 Although there is no
“tornado season,” tornadoes are
more likely to occur in certain areas
during certain times of the year.

Why are tornadoes so frequent in the central United States? Here, all
the factors needed for development of severe thunderstorms come
together. No mountain barriers separate the Canadian prairies and the
Gulf of Mexico. That is, nothing prevents cold air masses from surging
southeastward from Canada. There is nothing to stop warm, humid
air masses from flowing northeastward from the Gulf. Where the two
contrasting air masses join, a sharply defined cold front forms. As you
read, thunderstorms that can produce tornadoes are most likely to
develop in the warm, humid air mass just ahead of the cold front.
Although tornadoes have been reported in every month of the year,
they are most common in spring and early summer. At that time of year,
the temperature contrast in between air masses is greatest, meaning that
the potential for severe thunderstorm development is highest.
Tornadoes are hard to predict. This is because they are such small and
short-lived systems. When conditions in the atmosphere are just right
for a severe thunderstorm or tornado to occur, a severe-weather watch
is issued. It is issued by the National Weather Service’s Storm Prediction
Center in Norman, Oklahoma. The public is advised to listen to further
reports. If a severe thunderstorm or tornado has been detected on
radar, the regional National Weather Service forecast office issues a
warning. The warning states the locations that might be impacted.
People in these areas should take all necessary precautions. (See the
Tornado Safety Tips that follow.)
The National Weather Service radar uses the Doppler effect. It is used to
figure out how air moves within a thunderstorm. It can give the public
advance warning of tornadoes. The Doppler effect is named for Johann
Christian Doppler. He was the Austrian physicist who first explained the
phenomenon in 1842. For this reason, weather radar with the ability to
detect velocity is often referred to as a Doppler radar.
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Recall that the Doppler effect refers to a shift in frequency of sound waves
or electromagnetic waves when a source (or receiver) is moving. For
example, the pitch of an ambulance siren sounds higher as the ambulance
approaches. The greater the frequency of the sound, the higher the pitch is.
The pitch sounds lower as it moves away. (The Doppler effect is also used in
devices that measure the speed of cars or a pitched baseball.) Doppler radar
monitors the speed of precipitation (or
dust) particles as they move directly
toward or away from the radar antenna.
With this movement, the frequency of the
radar signal shifts slightly. It shifts
between emission and the return signal
(echo). This shift (the Doppler effect) is
calibrated by a computer. It is calibrated in
terms of the motion of the particle. In this
way, forecasters can detect a mesocyclone
before it turns into a tornado.

Checking Up
1. What is the
relationship
between a severe
thunderstorm and
a tornado?
2. What is the
relationship
between a
mesocyclone and a
tornado?
3. In general terms,
compare the
diameter and life
expectancy of
a tornado with
that of a supercell
thunderstorm.
4. What is the
difference between
a weather watch
and a weather
warning?

Figure 6 Doppler radar display
showing a tornado vortex signature
(TVS) near the center.

Doppler radar displays are color-coded.
Greens and blues (cold colors) indicate
motion directly toward the radar. Reds
and yellows (warm colors) mean motion
directly away from the radar. On a
Doppler radar image, a tornado vortex
signature (TVS) appears as a small region
of quickly changing wind direction within
a mesocyclone. A TVS is a signal that a
tornado may be forming.

Tornado Safety Tips
• If you have been warned that a tornado is approaching or if you see a
funnel cloud, you need to seek shelter.
• Go to a tornado shelter or a steel-framed or substantially reinforced
concrete building. If you are at home, go to the basement. If there is no
basement, go to a small room (such as a closet, bathroom, or interior
hallway) in the center of the house on the lowest floor.
• Seek shelter under a mattress or a rigid piece of furniture.
• Do not go near windows and outside walls and do not open windows
or exterior doors.
• If you are in an office building or school, go to an interior hallway
on the lowest floor or a designated shelter area. Lie flat on the floor
with your head covered. If possible, avoid auditoriums, gymnasiums,
supermarkets, or other buildings that have wide, free-span roofs.
• Never try to outrun a tornado in a car. Tornadoes move quickly and
erratically, so it is hard to anticipate which direction they are going.
Instead, stop and seek shelter indoors. If this is not possible, lie flat
in a ravine, creek bed, or open ditch that is not flooded.
• Never seek shelter in a mobile home, car, or other motor vehicle.
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Think About It Again
At the beginning of this section, you were asked the following:
• What is a tornado?
• How likely is it that your community will experience a tornado?
Record your ideas about these questions now. Be sure to explain the relationship
between tornadoes and thunderstorms. Also, refer to the data you examined on
the frequency of tornadoes by state.

Reflecting on the Section and the Challenge
In this section, you constructed a map of tornado frequency throughout the United
States. You found that thunderstorm activity and tornadoes are related. You also
investigated some of the effects of strong winds. In the Digging Deeper, you read
about what causes tornadoes and downbursts. You also learned about the effects of
these types of severe weather. You will want to include the dangers associated with
tornadoes and strong winds in your Chapter Challenge.

Understanding and Applying
1. Hail consists of jagged lumps of ice produced in a thunderstorm having an
exceptionally strong updraft. Is a thunderstorm that produces hail also a good
candidate to produce a tornado? Explain your answer.
2. How does the pattern of property damage caused by a downburst compare to the
pattern of property damage caused by a tornado? Illustrate the difference in a sketch.
3. Compared to other weather systems, a tornado is very small and short-lived. Why then
is a tornado potentially so destructive?
4. What is the value of Doppler weather radar in safeguarding the public?
5. a) Where would you and your classmates seek shelter if a tornado warning was issued
while you were in your school? Specify precisely where you would seek shelter and
explain your answer.

b) Where would you and your family seek shelter if a tornado warning was issued
while you were at home? Specify precisely where you would seek shelter and explain
your answer.
6. During what time of year is the threat of a tornado in your community the greatest?
7. Preparing for the Chapter Challenge

Write an essay that explains the potential for tornadoes in your community. You will
use this essay to develop your Web-site design for your Chapter Challenge. Think
about how the following questions might be useful.
• What is a tornado?
• What kind of damage can a tornado cause in your community? Are there any parts
of the community that are particularly at risk for tornadoes?
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• How often does this hazard affect your community?
• What weather conditions might indicate that a tornado is possible?
• How can community members stay informed before, during, and after a tornado?
• What can the community do to prepare for tornadoes ahead of time and lessen the
impact that one will have?
• What should the community do if the National Weather Service issues a tornado
watch for your area? A tornado warning?

Inquiring Further
1. Direction of cyclones

Do some research to find out why surface winds in a cyclone blow clockwise in the
Southern Hemisphere and counterclockwise in the Northern Hemisphere. Be sure to
cite your sources and assess their reliability.
2. Wind shear and airplanes

Use the Internet or the library to find newspaper articles about airplanes that crashed
because of wind shear. Two examples are the Delta Airlines L-1011 in Dallas, Texas
in 1985 and a USAir DC-9 in Charlotte, North Carolina in 1994.
• Choose one and write a paragraph about how the weather affected the crash.
• Research how the Federal Aviation Administration (FAA) has reduced the chances
that aircraft will encounter dangerous wind shear. What are some devices that help
pilots and air traffic controllers detect wind shear?
3. Tornadoes and Hollywood

Watch a movie about tornadoes that is not a documentary, such as Twister. Prepare
an analysis of how the movie is or is not scientifically accurate.
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