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Hail Hail is precipitation in the form of lumps of ice. Hail forms
in cumulonimbus clouds of a thunderstorm when water freezes
in layers around a small nucleus of ice. Hailstones grow larger as
they’re tossed up and down by rising and falling air. Most hail-
stones are smaller than 2.5 cm but can grow larger than a soft-
ball. Of all forms of precipitation, hail produces the most damage

. immediately, especially if winds blow during a hailstorm. Falling

hailstones can break windows and destroy crops.

If you understand the role of water vapor in the atmosphere,
you can begin to understand weather. The relative humidity of
the air helps determine whether a location will have a dry day or
experience some form of precipitation. The temperature of the
atmosphere determines the form of precipitation. Studying
clouds can add to your ability to forecast weather.

and humidity describe weather.

® Warm, moist air rises, forming clouds.

e The main types of clouds are stratus, cumulus,
and dirrus.

Precipitation
® Water falling from clouds is called precipitation.
® Air temperature determines whether water

Applying Math

6. Use Graphs_ If the air temperature is 30°Cand the rel-
ative humidity is 60 percent, will the dew point be
reached if the temperature drops to 25°C? Use the
graph in Figure 4 to explain your answer.
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When the air near the ground is cold, sleet, Hailstones are pellets of ice that form inside
which is made up of many small ice pellets, a cloud.
falls.
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Summary Self Check
Weather Factors 1. Explain When does water vapor in air condense?
@ Weather is the state of the atmosphere at a 2. Compare and contrast humidity and relative humidity.
specific time and place. 3. Summarize how clouds form.
e Temperature, wind, air pressure, dew point, 4. Describe How does precipitation occur and what deter-

mines the type of precipitation that falls to Earth?

Clouds 5. Think Critically Cumulonimbus clouds form when
warm, moist air is suddenly lifted. How can the same
cumulonimbus cloud produce rain and hail?

forms rain, snow, sleet, or hail.

") ]

earth.msscience.com/self_check_quiz
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Wizt You'll Learn

Describe how weather is
associated with fronts and high-
and low-pressure areas.

Explain how tornadoes develop
from thunderstorms.

Discuss the dangers of severe
weather.

Wéy It’s Important

Airmasses, pressure systems, and
fronts cause weather to change.

% Review Vocabulary
barometer: instrument used to
measure atmospheric pressure

New Vocabulary

® air mass ® hurricane
e front ® blizzard
e tornado

Figure 9 Six major air masses
affect weather in the United
States. Each air mass has the same
characteristics of temperature and
moisture content as the area over
which it formed.

462 CHAPTER 16 Weather

Weather Patterns

eather Changes

When you leave for school in the morning, the weather
might be different from what it is when you head home in the
afternoon. Because of the movement of air and moisture in the

i atmosphere, weather constantly changes.

Air Masses An air mass is a large body of air that has prop-
erties similar to the part of Earth’s surface over which it devel-
ops. For example, an air mass that develops over land is dry
compared with one that develops over water. An air mass that
develops in the tropics is warmer than one that develops over
northern regions. An air mass can cover thousands of square
kilometers. When you observe a change in the weather from one
day to the next, it is due to the movement of air masses. Figure 9
shows air masses that affect the United States.




Noneerak.. Highs and Lows Atmos-
) pheric pressure varies over
Earth’s surface. Anyone who has watched a
weather report on television has heard about
high- and low-pressure systems. Recall that
winds blow from areas of high pressure to areas
of low pressure. As winds blow into a low-
pressure area in the northern hemisphere, Earth’s
rotation causes these winds to swirl in a counter-
clockwise direction. Large, swirling areas of low
pressure are called cyclones and are associated

with stormy weather.

How do winds move in a cyclone?

Winds blow away from a center of high pressure. Earth’s
rotation causes these winds to spiral clockwise in the northern
hemisphere. High-pressure areas are associated with fair
weather and are called anticyclones. Air pressure is measured
using a barometer, like the one shown in Figure 10.

Variation in atmospheric pressure affects the weather. Low
pressure systems at Earth’s surface are regions of rising air.
Clouds form when air is lifted and cools. Areas of low pressure
usually have cloudy weather. Sinking motion in high-pressure
air masses makes it difficult for air t6 rise and clouds to form.
That’s why high pressure usually means good weather.

Fronts

A boundary between two air masses of different density,
moisture, or temperature is called a front. If you've seen a
weather map in the newspaper or on the evening news, you've
seen fronts represented by various types of curving lines.

Cloudiness, precipitation, and storms sometimes occur at
frontal boundaries. Four types of fronts include cold, warm,
occluded, and stationary.

Cold and Warm Fronts A cold front, shown on a map as a
blue line with triangles s a, occurs when colder air advances
toward warm air. The cold air wedges under the warm air like a
plow. As the warm air is lifted, it cools and water vapor con-
denses, forming clouds. When the temperature difference
between the cold and warm air is large, thunderstorms and even
tornadoes may form. :

Warm fronts form when lighter, warmer air advances over
heavier, colder air. A warm front is drawn on weather maps as a
red line with red semicircles aaa.

Figure 10 A barometer meas-
ures atmospheric pressure. The red
pointer points to the current pres-
sure. Watch how atmospheric
pressure changes over time when
you line up the white pointer to
the one indicating the current
pressure each day.

Topic: Atmospheric
Pressure

Visit earth.msscience.com for Web
links to information about the
current atmospheric pressure of
your town or nearest city.

Activity Look up the pressure of S
a city west of your town and the
pressure of a city to the east.
Compare the pressures to local
weather conditions. Share your
information with the class.

/)
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Figure 11 Cold, warm,

occluded, and stationary fronts

occur at the boundaries of air :
masses.
Describe what type of weather :
occurs at front boundaries.

Occluded and Stationary Fronts An occluded front
involves three air masses of different temperatures—colder air,
cool air, and warm air. An occluded front may form when a cold
air mass moves toward cool air with warm air between the two.
The colder air forces the warm air upward, closing off the warm
air from the surface. Occluded fronts are shown on maps as
purple lines with triangles and semicircles Aa 4.

A stationary front occurs when a boundary between air
masses stops advancing. Stationary fronts may remain in the
same place for several days, producing light wind and precipita-
tion. A stationary front is drawn on a weather map as an alter-
nating red and blue line. Red semicircles point toward the cold
air and blue triangles point toward the warm air v Figure 11
summarizes the four types of fronts.

Cbld air

e

A cold front can advance rapidly. Thunderstorms often

form as warm air is suddenly lifted up over the cold air. forming a boundary with a gentle slope. This can lead

to hours, if not days, of wet weather.

The term occlusion means “closure.” Colder air forces A stationary front results when neither cold air nor
warm air upward, forming an occluded front that warm air advances.
closes off the warm air from the surface.
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Severe Weather

Despite the weather, you usually can do your daily activities.
If it’s raining, you still go to school. You can still get there even
if it snows a little. However, some weather conditions, such as
those caused by thunderstorms, tornadoes, and blizzards, pre-
vent you from going about your normal routine. Severe weather
poses danger to people, structures, and animals.

Thunderstorms In a thunderstorm, heavy rain falls, light-
ning flashes, thunder roars, and hail might fall. What forces
cause such extreme weather conditions?

Thunderstorms occur in warm, moist air masses and along
fronts. Warm, moist air can be forced upward where it cools and
condensation occurs, forming cumulonimbus clouds that can
reach heights of 18 km, like the one in Figure 12. When rising
air cools, water vapor condenses into water droplets or ice crys-
tals. Smaller droplets collide to form larger omes, and the
droplets fall through the cloud toward Earth’s surface. The
falling droplets collide with still more droplets and grow larger.
Raindrops cool the air around them. This cool, dense air then
sinks and spreads over Earth’s surface. Sinking, rain-cooled air
and strong updrafts of warmer air cause the strong winds asso-
ciated with thunderstorms. Hail also may form as ice crystals
alternately fall to warmer layers and are lifted into colder layers
by the strong updrafts inside cumulonimbus clouds.

Thunderstorm Damage Sometimes thunderstorms can stall
over a region, causing rain to fall heavily for a period of time.
When streams cannot contain all
the water running into them, flash
flooding can occur. Flash floods
can be dangerous because they
occur with little warning.

Strong winds generated by
thunderstorms also can cause dam-
age. If a thunderstorm is accompa-
nied by winds traveling faster than
89 km/h, it is classified as a severe
thunderstorm. Hail from a thun-
derstorm can dent cars and the alu-
minum siding on houses. Although
rain from thunderstorms helps
crops grow; hail has been known to
flatten and destroy entire crops in a
matter of minutes.
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Figure 12 Tall cumulonimbus
clouds may form quickly as warm,
moist air rapidly rises.

Identify some things these clouds
are known to produce.
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Figure 13 This time-elapsed
photo shows a thunderstorm over
Arizona.

Sciencey nline
Topic: Lightning

Visit earth.msscience.com for Web
links to research the number of
lightning strikes in your state
during the last year.

Activity Compare your findings
with data from previous years.
Communicate to your class what
you learn.
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Lightning and Thunder
What are lightning and thun-
der? Inside a storm cloud, warm
air is lifted rapidly as cooler air
sinks. This movement of air can
cause different parts of a cloud
to become oppositely charged.
When current flows between
regions of opposite electrical
charge, lightning flashes. Light-
ning, as shown in Figure 13, can
occur within a cloud, between
clouds, or between a cloud and
the ground.

Thunder results from the
rapid heating of air around a
bolt of lightning. Lightning can
reach temperatures of about 30,000°C, which is more than five
times the temperature of the surface of the Sun. This extreme
heat causes air around the lightning to expand rapidly. Then it
cools quickly and contracts. The rapid movement of the mole-
cules forms sound waves heard as thunder.

Tornadoes Some of the most severe thunderstorms produce
tornadoes. A tornado is a violently rotating column of air in
contact with the ground. In severe thunderstorms, wind at dif-
ferent heights blows in different directions and at different
speeds. This difference in wind speed and direction, called wind
shear, creates a rotating column parallel to the ground. A thun-
derstorm’s updraft can tilt the rotating column upward into the
thunderstorm creating a funnel cloud. If the funnel comes into
contact with Earth’s surface, it is called a tornado.

What causes a tornado to form?

A tornado’s destructive winds can rip apart buildings and
uproot trees. High winds can blow through broken windows.
When winds blow inside a house, they can lift off the roof and blow
out the walls, making it look as though the building exploded. The
updraft in the center of a powerful tornado can lift animals, cars,
and even houses into the air. Although tornadoes rarely exceed
200 m in diameter and usually last only a few minutes, they often
are extremely destructive. In May 1999, multiple thunderstorms
produced more than 70 tornadoes in Kansas, Oklahoma, and Texas.
This severe tornado outbreak caused 40 deaths, 100 injuries, and
more than $1.2 billion in property damage.



INATIONAL 0 o
GEOGRAPHIC VISUALIZING TORNADOES

o Figure‘14 -

ornadoes are extremely rapld
rotating winds that form at the -
base of cumulonimbus clouds. .
~ Smaller tornadoes may even form
inside larger ones. Luckily,
most tornadoes remain on:
the ground for just a few.
minutes. During that ~
time, however, they can .
cause considerable—and
sometimes strange—
. damage, such as dnvmg
-aforkinto a tree. -

Upper-level
winds

» Tornadoes often form from atype’

- of cumulonimbus cloud called awall

- cloud. Strong, spiraling updl_'aft_s of

‘warm, moist air may form in ’these;, :

¥ clouds. Asairspins upward, alow-.
| . pressure area forms, and the cloud
B descends to the ground ina funnel.
- B - The tornado sucks up debrisasit -
! s ‘moves along the ground formmg
¥ a dust envelope.

. Wind speed (km/h) Damage

', FO <116 Light: broken branches and chimneys

V¢o-o--o.¢.‘o---...--.o-o-o--oo.c---.-oo-u-no-no-.oct-o--o-o-..--oo--..-occ-co--'----oo..o----..-

F1 116-180 Moderate: roofs damaged, mobile homes upturned _ The Fujita scale, named

e e P RS S 008000000rees sttt sl ietetassseotsssssseteronisnssenssssntocsnrassssrnssstancrrnsssy fte Orna .
F2 181-253 Considerable: roofs torn off homes, large trees uprooted ‘a vt d(.). expert ,
{ Theodore Fujita, ranks

P P s A s NNsreeracnnssessssssssitassessasesssceasersssrnitrrorionnrerstrsarrrtrIrIIRRRRRIRRLIRRR ST

F3  254-332 Severe: trains overturned, roofs and walls torn off - tornadoes according.
Lfnn----tooo-.o-o--...o--co.-‘-n..;.o.-.tc.uoo-o’.-olnoc.n.o---oocoau---o-ou-.-.o-o.-a-.oo.coo-vn' tohowmuch damage .
; F4 333-419 Devastating: houses completely destroyed, carspicked B TREHRI SIS LI 1A

' up and carried elsewhere ~ only one percent of tor-

: F5  420-512 Incredible: total demolition nadoes are dlassified as
violent (F4 and F5).
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