Severe Weather – Notes


Name 






Describe Earth’s principal sources of internal and external energy:  pg. 35

Heat transfer occurs in the Earth by:  review …  pg. 560

· Conduction

· Convection

· Radiation

What are the main sources of energy to the climate system?  Section 2 Chapter 22 pg. 555-560

What conditions of formation are associated with the following types of severe weather? – pg. 608 – 610 

Thunderstorm


Tornadoes


Hurricanes


Floods

Safety and Mitigation – pg. 619


Severe Weather


Floods

Seasonal variations in severe weather – pg. 632

Conditions associated with frontal boundaries – pg. 605

Types of fronts  -pg. 605 - 606

1.


2.


3.


4.

Cloud Formation - pg. 581

Types of Clouds  - pg. 584-585

1.  


2.


3.  

Adiabatic Cooling - pg. 582

Precipitation – Section 3 Chapter 23 pg. 587 – 589

Topography’s effect on precipitation – pg. 636

Weather Terms

1.  Advection

2.  Air density

3.  Air Masses

4.  Downbursts

5.  Drought

6.  Dry lines

7.  Frontal Boundaries

8.  Frontal Wedging

9.  Ultraviolet Radiation

10.  Wind Shear

UNIT 6  

E2.2A: Describe the Earth’s principal sources of internal and external energy 

Review 


E2.2C: Describe natural processes in which heat transfer in the Earth occurs by conduction, convection, and radiation.

Review 

Clarification: Radiation from the Sun heats the land and water of Earth which in turn heats the atmosphere. Thermal energy produces movement of matter (convection) observed as wind.

[image: image1.jpg]Figure 6 > During convection,
energy is carted away by heated ar
asitrises above cooler, denserair.

conduction the transfer of encrgy as
heat through a materil

convection the movement of matter due.
to dfferences in density that are caused
by temperature variations; can resultin
the transler of eneray as heat

Conduction

The molecules in a substance move faster as they become heated.
These fast-moving molecules cause other molecules to move
faster. Collisions between the particles result in the transfer of
energy, which warms the substance. The transfer of energy as
heat from one substance to another by direct contact is called
conduction. Solid substances, in which the molecules are close
together, make relatively good conductors. Because the molecules
of air are far apart, air is a poor conductor. Thus, conduction
heats only the lowest few centimeters of the atmosphere, where
air comes into direct contact with the warmed surface of Earth.

Convection

The heating of the lower atmosphere is primarily the result of
the distribution of heat through the troposphere by convection.
Convection is the process by which air, or other matter, rises or
sinks because of differences in temperature. Convection occurs
when gases or liquids are heated unevenly. As air is heated by
radiation or conduction, it becomes less dense and is pushed up
by nearby cooler air. In turn, this cooler air becomes warmer, and
the cycle repeats, as shown in Figure 6.

‘The continuous cycle in which cold air sinks and warm air
rises warms Earth's atmosphere evenly. Because warm air is less
dense than cool air is, warm air exerts less pressure than the
same volume of cooler air does. So, the atmospheric pressure
is lower beneath a mass of warm air. As dense, cool air moves
into a low-pressure region, the less dense, warmer air is pushed
upward. These pressure differences, which are the result of the
unequal heating that causes convection, create winds.

1. Explain how radiant energy reaches Earth.

2. List and describe the types of electromagnetic
waves.

3. Describe how gases and partcles in the atmos-
phere interact with light rays.

4. Describe how visible light and infrared encrgy
warm Earth.

5. Explain how variations i the intensity of sunlight
<an cause temperature ifferences on Earth's
surface.

6. Summarize the processes of conduction and
convection.

CRITICAL THINKING

7. Making Inferences \Why do scientist study all
wavelengths of the electromagnetic spectrum?

5. Applying Concepts Explain how fns n convection
ovens hilp couk ood more evenly.

9. Applying Conclusions You decidk not to be out-
side during the hottest hours o a summer day.
When wil the hottest hours probably be? How do.
you know?

CONCEPT MAPPING

10. Use the following terms to create a concept map:
lectromagnetic waves, inrured waves, greenhouse
effct, utravitet vaves, visike ight,scattering, and
absorption.
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E2.2D: Identify the main sources of energy to the climate system.

Review 

Clarification: Radiation from the Sun creates temperature differences in water, land, and the atmosphere, which drive local, regional, and global patterns of atmospheric circulation.
video bbc-weather

[image: image2.jpg]The Atmosphere and Solar Radiation

As solar radiation passes through Earthis atmosphere, the atmos-
phere affects the radiation in several ways. The upper atmosphere
absorbs almost all radiation that has a wavelength shorter than
the wavelengths of visible light. Molecules of nitrogen and oxygen
in the thermosphere and mesosphere absorb the X rays, gamma
rays, and ultraviolet rays. In the stratosphere, ultraviolet rays are
absorbed and act upon oxygen molecules to form ozone.

Most of the solar rays that reach the lower atmosphere, such
as visible and infrared waves, have longer wavelengths. Most
incoming infrared radiation is absorbed by carbon dioxide, water
vapor, and other complex molecules in the troposphere. As visible
light waves pass through the atmosphere, only a small amount of
this radiation is absorbed. Figure 2 shows the percentage of solar
energy that i reflected and absorbed by the atmosphere.

Sbsarbedby do
dust, and e 20%

»

Figure 2 > About 70%of the
solar energy that reaches Earth is
absorbed by Earth'sland and ocean
surfaces and by the atmosphere.
The remainder is reflected back
into space.

Scattering

Clouds, dust, water droplets, and gas molecules in the atmosphere
disrupt the paths of radiation from the sun and cause scattering.
Scattering occurs when particles and gas molecules in the atmos-
phere reflect and bend the solar rays. This deflection causes the
rays to travel out in all directions without changing their wave-
lengths. Scattering sends some of the radiation back into space.
The remaining radiation continues toward Earth's surface. As a
result of scattering, sunlight that reaches Earths surface comes
from all directions. In addition, scattering makes the sky appear
blue and makes the sun appear red at sunrise and sunset.

Connectionto ~ PHYSICS 3

The Ozone “Hole”
Ozone, 0, is anaturally occurring gas that i present
primaril i the sratosphere. The thin layer of ozone
that surrounds Earth prevents mostof the sun's
ulraviolet (UV) raciation from reaching Earths surface.
Overexposure to UV radiation s dangerous to iving
things because it damages DNA. DNAIs the genetic
material tha carres the information for inherited
characteristcs. UV radiation aso makes the body more:
susceptible to skin cancer.

The protective ozone layer i not distributed around
Earth evenly. Scientists have observed that ozone:

Satete image of the ozone
“hole” (purple) in 1980

Sateite image of the same
‘ozone "hale” in 2000

concentrations vary with laitude and with the time
of year. In 1985, scientiss discovered that the ozone.
layer was unusually thin in regions over Antarctica. This
“ozone hole” allows greater amounts of UV raciation
10 reach Earth's surface. Scientists discovered that
chemicals called chlorofluorocarbons (CFCs) were
causing the ozone layer to break down. CFCs were:
used as coolants i reffigerators and air condifioners.
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(CFCs were also used!in spray cans such as those used
for houschold products and paint. The discovery of a
connection between CFCs and the weakening ozone
layer led to an international ban on CFCs.

CFCs can act to destroy ozone confinuouly for 60 to
120 years. S, CFCs released 30 years ago may st be
destroying ozone today. It wil take many years forthe
ozonelayer to completey recove.




 E4.3A: Describe the various conditions of formation associated with severe weather (thunderstorms, tornadoes, hurricanes, floods, waves, and drought).

E4.3B: Describe the damage resulting from and the social impact of thunderstorms, tornadoes, hurricanes, and floods. 

E4.3D: Describe the seasonal variations in severe weather. 

E4.3E: Describe conditions associated with frontal boundaries that result in severe weather (thunderstorms, tornadoes, and hurricanes).

Cool Interactive video and models

http://environment.nationalgeographic.com/environment/natural-disasters/forces-of-nature/?section=t#  Tornado hurricane 

http://video.google.com/videoplay?docid=-3011783809208213240&q=tornado+is:free#
http://www4.uwsp.edu/geo/faculty/ritter/geog101/textbook/weather_systems/digging_deeper_2011_southern_tornado.html destruction caused by tornado

HOLT pages 605-610
[image: image3.jpg]When two unlike air masses meet, density differences usu-
ally keep the air masses separate. A cool air mass is dense and
does not mix with the less-dense air of a warm air mass. Thus,
a boundary, called a front, forms between air masses. A typical
front is several hundred kilometers long. However, some fronts
may be several thousand kilometers long. Changes in middle-
latitude weather usually take place along the various types of
fronts. Fronts do not exist in the Tropics because no air masses
that have significant temperature differences exist there.

Types of Fronts

For a front to form, one air mass must collide with another air
mass. The kind of front that forms is determined by how the air
masses move in relationship to each other.

Cold Fronts

When a cold air mass overtakes a warm air mass, a cold front
forms. The moving cold air lifts the warm air. If the warm air
is moist, clouds will form. Large cumulus and cumulonimbus
clouds typically form along fast-moving cold fronts. Storms that
form along a cold front are usually short-lived and are sometimes
violent. A long line of heavy thunderstorms, called a squall line,
shown in may occur in the warm, moist air just ahead
of a fast-moving cold front. A slow-moving cold front lfts the
warm air ahead of it more slowly than a fast-moving front does.
A slow-moving cold front typically produces weaker storms and
lighter precipitation than a fast-moving cold front does.

Compare the characteristic
weather patterns of cold fronts
with those of warm fronts.
Describe how a midlatitude
cydone forms.

Describe the development of
hurricanes, thunderstorms, and
tomadoes.

cold front
warm front
stationary front
ocduded front
midlatitude cyclone
thunderstorm
hurricane

tornado

cold front the front edge of a moving
massof coldair that pushes beneath a
warmer air mass ke a wedge

As a cold air mass
overtakes a warm air mass, aline of
thunderstorms called a squa fine
forms. The photo shows a squall fine:
over the North Adantic Ocean.

Section 2 Fronts 605




[image: image4.jpg]Figure 2 b As awarm air mass ises
over a cold air mass (ef), a warm
front forms at the boundary of the
two air masses. An occluded front
(ighty forms when a cold air mass
Hfts a warmm air mass off the ground.

warm front the ront edge of adkancing
Worr s s that replaces colder air
with warmer si

staionary front a front of s masses
that moves sither vy sowiy or not at all
ocdluded ront a ront that forms when
3 cold i mass overtakes a warm ie mass
andlis the warm ait mass off the ground
and over another sir mass

midiattude cyclone an area of fow
pressre that s characteized by rolaing
wind that moves toward he isng ar of
the central lowpressure region
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Occluded Front

Warm Fronts.

When a cold air mass retreats from an area, a warm front forms.
The less dense warm air rises over the cooler air. The slope of
2 warm front is gradual, as shown in Figure 2. Because of this
gentle slope, clouds may extend far ahead of the surface location,
or buse, of the front. A warm front generally produces precipita-
tion over a large area and may cause violent weather.

Stationary and Occluded Fronts

Sometimes, when two air masses meet, the cold air moves par-
allel to the front, and neither air mass is displaced. A front at
‘which air masses move either very slowly or not at all is called a
‘stationary front. The weather around a stationary front is similar
to that produced by a warm front. An occluded front usually
forms when a fast-moving cold front overtakes a warm front
and lifts the warm air off the ground completely, as shown in
Figure 2.

Polar Fronts and Midlatitudes Cyclones

Over each of Earths polar regions is a dome of cold air that may
extend as far as 60° latitude. The boundary where this cold polar
air meets the tropical air mass of the middle latitudes, espe-
cially over the ocean, is called the polar front. Waves commonly
develop along the polar front. A wave is a bend that forms in a
cold front or a stationary front. This wave is similar to the waves
that moving air produces when it passes over a body of water.
However, waves that form in a cold front or stationary front
are much larger. They are the beginnings of low-pressure storm
centers called midlatitude cyclones or wave cyclones. Midlatitude
cyclones are areas of low pressure that are characterized by
rotating wind that moves toward the rising air of the central,
low-pressure region. These cyclones strongly influence weather
patterns in the middle latitudes.




[image: image5.jpg]Stages of a Midlatitude Cyclone

A midiatitude cyclone usually lasts several days. The stages of
formation and dissipation of a midlatitude cyclone are shown in
Figure 3. In North America, midlatitude cyclones generally travel
about 45 km/h in an easterly direction as they spin counterclock-
wise. They follow several storm tracks, or routes, as they move
from the Pacific coast to the Atlantic coast. As they pass over the
western mountains, they may lose their moisture and energy.

Anticyclones
Unlike the air in a midlatitude cyclone, the air of an anticyclone
sinks and flows outward from a center of high pressure. Because
of the Coriolis effect, the circulation of air around an anticyclone
is clockwise in the Northern Hemisphere. Anticyclones bring dry
weather, because their sinking air does not promote cloud for-
‘mation. If an anticyclone stagnates over a region for a few days,
the anticyclone may cause air pollution problems. After being
stationary for a few weeks, anticyclones may cause droughts.

AT How is the air of an anticydone different from that

of a midlatitude cyclone? (See the Appendix for answers to Reading
Chedks)

Figure 3 » Stages of a Midlatitude Cydone

© Midlatitude cyclones occur along a cold o a
stationary front. Winds move paralel to the front
butin opposit directions on each side of the front.

—

© As the fastmoving part of the cold front
overtakes the warm front, an occluded front forrs
and the storm reaches it highest intensity

© A wave forms when abulge of cold air develops
and advances slightly ahead of the rest of the ront.

O Eventualy, the system generally loses all of its
energy and the midlattude cyclone disspates.

For a variety oflnks elated to this
subject, go toywwscilins

Topic Frons and Severe Weather
Salinks code: HQ80624
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[image: image6.jpg]thunderstorm a usually bricf, heavy
storm that consits ofrain, strong winds,
lightning and thunder

Distance The time

between when a person sees a
lightning strike and when he or
she hears thunder indicates how.
far away the lightning bolt was
from that person. Sound travels
approximately 1 km in 3 5, The
lapse time i seconds divided by 3
is roughly the number of kilometers
between the viewer and the light-
ning. If 27 seconds pass between
aflash of lightning and the sound
of thundes, how far away was the
lightning sirike from the viewer?

Figure 4 > The average
lightning flash lasts only about
a quarter of a second, but
lightning causes more than
$330,000,000in damage per
year i the United States.
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Severe Weather

Severe weather is weather that may cause property damage or
Toss of life. Severe weather may include large quantities of rain,
lightning, hail, strong winds, or tornadoes. This type of weather
causes billions of dollars in damage each year.

Thunderstorms

A heavy storm that is accompanied by rain, thunder, lightning,
and strong winds is called a thunderstorm. Thunderstorms
develop in three distinct stages. In the first stage, or cumudus
stage, warm, moist air rises, and the water vapor within the air
condenses to form a cumulus cloud. In the next stage, called
the mature stage, condensation continues as the cloud rises and
becomes a dark cumulonimbus cloud. Heavy, torrential rain and
hailstones may fall from the cloud. While strong updrafts con-
tinue to rise, downdrafts form as air is dragged downward by the
falling precipitation. During the final stage, or dissipating stage,
the strong downdrafts stop air currents from rising. The thunder.
storm dissipates as the supply of water vapor decreases.

Lightning
During a thunderstorm, clouds discharge electricity in the form
of lighting. The released electricity heats the air, and the air
expands rapidly and produces the loud noise known as thunder.
For lightning to occur, the clouds must have areas that carry
distinct electrical charges. The upper part of the cloud usually
carries a positive charge, while the lower part carries mainly a
negative charge. Lightning is a huge spark that travels within
the cloud or between the cloud and ground to equalize electrical
charges. Figure 4 shows an example of lightning,
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Hurricanes

Tropical storms differ from midlatitude cyclones in several ways
Tropical storms are concentrated over a small area. They lack
warm and cold fronts. Also, they are usually much more violent
and destructive than midlatitude cyclones. A tropical storm that
has strong wind speeds of more than 120 knvh that spiral in
toward its intense low pressure center is called a hurricane.

Hurricanes develop over warm, tropical oceans. A hurricane
begins when warm, moist air over the ocean rises rapidly. When
moisture in the rising warm air condenses, a large amount of
energy in the form of latent heat is released. Latent freat is heat
energy that is absorbed or released during a phase change. This
heat increases the force of the rising air.

Afully developed hurricane consists of a series of thick cumu-
lonimbus cloud bands that spiral upward around the center of
the storm, as shown in Figure 5. Winds increase toward the
center, or eye, of the storm and reach speeds of up to 275 km/h
along the eyewall. The eye itself, however, is a region of calm,
clear, sinking air.

Atabout 700 km in diameter, hurricanes are the most destruc-
tive storms that occur on Earth. The most dangerous aspect of
a hurricane is a rising sea level and large waves, called a stor
surge. A storm surge can submerge vast low-lying coastal areas.
‘This flooding is the reason why most deaths during hurricanes
are caused by drowning.

Every hurricane is categorized on the Saffir-Simpson scale
by using several factors. These factors include central pressure,
wind speed, and storm surge. The Saffir-Simpson scale has five
categories. Category | storms cause the least damage. Category 5
storms can result in catastrophic damage.

Where do hurricanes develop? (See the Appendix
for answers to Reading Checks)

Figure 5 » Although hurricanes
are the most destructive storms, the
eye at the center of the hurricane is
reatively colm.

hurricane a severestorm that develops
over tropical oceans and whose

winds of more then 120 kn/h spial in
toward the intensely low-pressure storm
center

(Organizer)

€
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[image: image8.jpg]A powerful tormado.
in Texas embedded this bucket
in awooden door (i

Tornadoes
The smallest, most violent, and
shortestlived severe storm is a
tornado. A tornado is a destructive,
rotating column of air that has very
high wind speeds and that is visible
as a funnel-shaped cloud, as shown
in

A tomado forms when a
thunderstorm meets high-altitude,
horizontal winds. These winds
cause the rising air in the thunder-
storm to rotate. A storm cloud may
develop a narrow, funnel-shaped,
rapidly spinning extension that
reaches downward and may or may
not touch the ground. If the funnel
does touch the ground, it generally
moves in a wandering, haphaz-
ard path. Frequently, the funnel
rises and touches down again a

et). short distance away. Tornadoes generally cover paths not more

than 100 m wide. Usually, everything in that path is destroyed.
Tornadoes occur in many locations, but they are most common

tornado a destructive rotating column
of ai that has very high wind speecs and
that maybe visble a5  funnelshaped
doud

in Tornado Alley in the late spring or early summer. Tornado Alley
stretches from Texas up through the midwestern United States.
The destructive power of a tomado is due to mainly the

speed of the winds in the funnel. These winds may reach speeds
of more than 400 km/h. Most injuries and deaths caused by tor-
nadoes occur when people are trapped in collapsing buildings o
are struck by objects blown by the wind.

e 0

1. Describe the four main types of fronts.

2. Compare the characterstc weather patterns of
cold fronts with those of warm fronts.

3. Mdentify the type of front that may form a
scuallline.

a
5.

Summarize how a midlatitude cycone forms.

Describe the stages in the development of
thunderstorms.

6. Describe the stages in the development of
humicanes.

7. Explain why tomadoes are destructive,

CRITICAL THINKING
8. Evaluating Mathods \What arcas of Earth should

meteorologists monitor to detect developing hur-
ticanes? Explain your answer.

9. Making Comparisons Compare the destructive.
power of midatitude cycones, hurricanes, and tor-
‘nadoes in temns of size, wind speed, and duration,

CONCEPT MAPPING

10. Use the following terms to create a concept maps:
tomado, hurricane, warm front, squallfin, coid front,
severe weather, stationary front, front, midatitude.
cyclone, and occluded front.
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E4.3C: Describe severe weather and flood safety and mitigation.

Clarification: Loss of property, personal injury, and loss of life can be reduced through the application of forecasting technology and informed decisions on land use and individual behavior.

Holt Pages 385, 386, 619, 620

[image: image9.jpg]Soil Erosion

Procedure

1. il 2 23 cm x 33 cm pan about half ull with 6. Press the sand back into place, and careully smooth
moist, fine sand. the surface by using a ruler. Repeat steps 4 and 5

2. Place the pan in a sink so that one end of the pan three more times. Each time, increase the rate of
isresting on a brick and is under the water faucet. ‘water flow slightly without splashing the sand.

3. Position an additional pan or container such Analysis
thatt catches any sand and vater thatlow 00t of 7. Deernibe how the rate of veter flow ffects crosion.

4 St th s g et s 2 F 08l vt S ot ks
foll onto the sand n the ased endl ofthe pan. Let > ove could i arafiflfie berachcad]
theeater i for 1510205 4

5. Tom of i wale nd o e pate af vk Ha st the szt bend change s
flow over the sand.

Human Impacts on Flooding

4 Human activity can contribute 1o the size and number of

floods in many areas. Vegetation, such as trees and grass, pro-

tects the ground surface from erosion by taking in much of the

water that would otherwise run off. Where this natural ground

cover is removed, water can flow more freely across the surface.

As a result, the likelihood of flooding increases. Logging and

the clearing of land for agriculture or housing development can

increase the volume and speed of runoff, which leads to more  Figure 3 - Wedlong storms in
frequent flooding. Natural events, such as forest fires, can also m,”f‘“’/ Cﬂg'm'g;‘:‘f“"m
increase the likelihood of flooding. BIGHS-N) s Roote:

Flood Control

Indirect methods of flood control include forest and soil con-
servation measures that prevent excess runoff during periods of
heavy rainfall. More-direct methods include the building of arti-
ficial structures that redirect the flow of water.

The most common method of direct flood control is the
building of dans. The artificial lakes that form behind dams act
as reservois for excess runoff. The stored water can be used to
generate electricity, supply fresh water, and irrigate farmland.
Another direct method of flood control is the building of artifi-
cial levees. However, artificial levees must be protected against
erosion by the river. As Figure 3 shows, when artificial levees
break, flooding and property damage can result. Permanent
overflow channels, or floodways, can also help prevent flooding.
When the volume of water in a river increases, floodways carry
away excess water and keep the river from overflowing. e

Describe two ways that floods can be controlled.
(see the Appendix for answers to Reading Checks)

Section 3 Stream Deposition 385




[image: image10.jpg]Types of Forecasts

Meteorologists make four types of forecasts. Noweasts mainly
use radar and enable forecasters to focus on timing precipitation
and tracking severe weather. Daily forecasts predict weather con-
ditions for a 48-hour period. Extended forecasts look ahead 3t0 7
days. Medium range forecasts look ahead 8 to 14 days. Long-range
forecasts cover monthly and seasonal periods.

Accurate weather forecasts can be made for 0 to 7 days.
However, accuracy decreases with cach day. Extended forecasts
of 8 10 14 days are made by computer analysis of slowly changing
large-scale movements of air. These changes help meteorologists
predict the general weather pattern. For example, the changes
indicate if temperature will be warmer or cooler than normal or
if conditions will be dry or wet.

Severe Weather Watches and Warnings

One main goal of meteorology is to reduce the amount of
destruction caused by severe weather by forecasting severe
weather carly. When meteorologists forecast severe weather,
they issue warnings and watches. A watch is issued when the
conditions are ideal for severe weather. A warning is given when
severe weather has been spotted or is expected within 24 hours.
Meteorologists use these alerts to provide people in arcas facing
severe weather with instructions on how to be safer during the
event. Table 1 lists some safety tips to follow for different types
of severe weather.

Table 1V

Type of weather | How to prepare Safety during the event
Thunderstorm | Have a storm preparedness ki that | Listen to weather updates. Stay or go indoors. Avoid
includesa portable radio, fresh | electical appliances, running water, metal pipes, and
batteries,flashlights, rain gear, | phone lines. If outsde, avoid tal objects,stay away from
blankets,bottled water, canned | bodies of water, and get into a car, i possible.
food, and medicines.
Tornado Have a storm preparedness kit as | Listen © weather updates. Stay or go indoars. Go (0.2
described above. Plan and practice | basement, storm celar, or small inner room, closet, or
a safety route. hallway that has no windows. Stay away from areas that
are likely to have flying debris or other dangers. If utside,
i in a lowlying area. Protect your head and neck.
Hurricane, Have a storm preparedness kit | Listen to weather updates. Be prepared o follow.
as described above. Secure loose | instructions and planned evacuation routes. Stay indoors
objects, doors, and windows. Plan | and away from areas that are fiely to have flying debris or
and practice an evacuation route. | other dangers.

Blizzard Have a storm preparedness kit s
described above. Make sure you
have a way to salely make heat in

the event of power outages.

Listen to weather updates. Stay or go indoors. Dress
‘warmly. Avoid walking or driving in icy conditions.

Section 4. Forecasting the Weather 619




[image: image11.jpg]Controlling the Weather

Some meteorologists are investigating methods of
controlling rain, hail, and lightning. Currently, the
most researched method for producing rain has
been cloud seeding. In this process, particles are
added to clouds to cause the clouds to precipitate.
Cloud seeding can also be used to prevent more-
severe precipitation. Scientists in Russia have used
cloud seeding with some success on potential hail
clouds by causing rain, rather than hal, to fall,

Hurricane Control

Hurricanes have also been seeded with freezing
nuclei in an effort to reduce the intensity of the
storm. During Project Stormfury, which took place
from 1962 to 1983, four hurricanes were seeded,
and the project had mixed results. Scientists have,
for the most part, abandoned storm and hurricane
control because it is not an attainable goal with
existing technology. They do, however, continue to
seed clouds to cause precipitation.

Figure 5 » An outdoor ultrahigh-
valtage laboratory generates artificial

lightning to test s efects on Lightning Control
electrica utty equipment. Research  Attempts have also been made to control lightning. Seeding of
hasled to the development of potential lightning storms with silver-iodide nuclei has seemed

caupment hat sffersless damige 1o moify the occurrence of lightning. However, no conclusive

S i results have been obtained. Researchers have also generated arti-
ficial lightning at research facilities to learn more about lightning
and how it affects objects it strikes. An example of one of these
facilities is shown in Figure 5.

Review

1

Summarize how global weather s monitored. CRITICAL THINKING

8. Making Inferences Why might cloud seeding
reduce the amount of hailfrom a storm?

2. Explain how a weather map is made.

3. Explain which would show stronger winds—widely N
spaced sobars or cosely spaced liobars, 2 e Beesnad et s o)
4. List six different pieces of information that you can <costs a lot of money. If you were in charge of
obtain from a station model decicing whether to seed a potentially dangerous
humicane, what factors would you consider when
5. Explain why metcorologsts compare new weather decicing what to do? Explain your answer.

maps and weather maps that are 24 hours old.

6. Describe how computer models help meteorolo- ~ CONCEPT MAPPING

gists forecast weather 10. Use the following terms to create a concept map:
soba, sothem, weather map, forecast, watch,
7. List three types of weather that meteorologists warming, station model, and meteorological symbol.

have tred to control.
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E4.3F: Describe how mountains, frontal wedging (including dry lines), convection, and convergence form clouds and precipitation.


[image: image12.png]cirrocumulus cirrostratus  Cumulonimbus

Cumulus
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fair weather)
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[image: image14.jpg]Topography

‘The surface features of the land, or
topography, also influence climate.
Topographical features, such as
mountains, can control the flow of
air through a region.

eomones | Elevation

and warms. ‘The elevation, or height of landforms
above sea level, produces distinct
temperature changes. Temperature
generally decreases as elevation
increases. For example, for every
100m increase in elevation, the
average temperature decreases by
0.7°C. Even along the equator, the
peaks of high mountains can be cold
‘Iigm ¥ ¥ M:t:nlams(ause air enough to be covered with snow.
orise, cool,and lose moisture as

the i passes over the mountains.

Tsproves ot e chmtcon  Rain Shadows ) )
both sides of the mountain. When a moving air mass encounters a mountain range, the air

‘mass rises, cools, and loses most of its moisture through precipi-
tation, as shown in Figure 5. As a result, the air that flows down
the other side of the range is usually warm and dry. This effect
is called a rain shadow. One type of warm, dry wind that forms
in this way is the foe/z (FAYN), a dry wind that flows down the
slopes of the Alps. Similar dry, warm winds that flow down the
eastern slopes of the Rocky Mountains are called chinooks.
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E4.3g: Explain the process of adiabatic cooling and adiabatic temperature changes to the formation of clouds. Holt 581-583
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Clouds are collections of small water droplets or ice crystals
that fall slowly through the air. Ice crystals and water droplets
form when condensation or crystallization occurs more rapidly
than evaporation or sublimation does. People commonly think
that clouds are high in the sky and fog is close to the ground.
However, clouds are not limited to high altitudes. Fog is actually
a cloud that forms near or on Earth's surface.

Cloud Formation

For water vapor to condense and form a cloud, a solid surface on
which condensation can take place must be available. Although
the lowest layer of the atmosphere, the oposphere, does not
contain any large solid surfaces, it contains millions of suspended
pasticles of ice, salt, dust, and other materials. Because the parti-
cles are so small—less than 0.001 mm in diameter—they remain
suspended in the atmosphere for a long time. The suspended
particles that provide the surfaces necessary for water vapor
to condense are called condensation nuclei. As water molecules
collect on the nuclei, water droplets form, as Figure 1 shows.

In addition, for clouds to form, the rate of evaporation must
initially be in equilibrium with the rate of condensation. When
this condition oceurs, the air is said to be “saturated” with water
vapor. When the temperature of the saturated air drops, conden-
sation occurs more rapidly than evaporation does. As a result of
this net condensation, clouds begin to form. Because the rate of
evaporation decreases as temperature decreases, cooling of air
may lead to net condensation. Four major processes can cause
the cooling that is necessary for clouds to form.

igure 1> Formation of a Water Droplet

c' ol ?

&
Water molecules.

Water molecules are dlectrically  The water molecules and ions
attracted to the sodium fons, Na*,  form a solution. Additional water
and the chlosine ions, CI in asalt  molecules are attracted to the.
aystal. solution, and the droplet gets

bigger.

OBJECTIVES

> Desaribe the conditions that are:
necessary for clouds o form.

> Explain the four processes of cool-
ing that can lead to the formation
of douds.

> Identify the three types of dlouds.

> Describe four ways in which fog
can form.

KEY TERMS.
cloud
condensation nucleus
adiabatic cooling
advective cooling
stratus doud
cumulus doud
cirrus doud
fog

cloud a callection of smallwate droplets
o e crystals suspendid n he i,

which formaswhen the i iscocled and
condensation oceurs

‘condensation nucleus a sold partde in
the atmosphere that provides the surface
on which water vapor condenses
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Figure 2 » Noticein thisllustration
that temperature and dew point are.
the same at an alitude of 1,000 m.
Above that alitude, condensation
begins and clouds, such as the clouds
in the image on the right, form.

1,000m
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Adiabatic Cooling

As a mass of air rises, the surrounding atmospheric pressure
decreases. Because of the lower pressure, the molecules in the
rising air move farther apart. Thus, fewer collisions between
the molecules happen. The resulting decrease in the amount
of energy that transfers between molecules decreases the tem-
perature of the air. The process by which the temperature of
a mass of air decreases as the air rises and expands is called

‘adiabatic cooling (A0 ee uh BAT ik KOOL ing).

Adiabatic Lapse Rate
‘The rate at which the temperature of a parcel of air changes as
the air rises or sinks is called the adiabatic lapse rate. The adia-
batic lapse rate of clear air is about ~1°C for every 100 m that the
air rises. Air that is below the dew point—and thus is cloudy—
cools more slowly, however. The average adiabatic lapse rate for
cloudy air varies between -0.5°C and -0.9°C per 100 m that the
air rises. The slower rate of cooling of moist air results from the
release of latent heat as the water condenses.

Condensation Level

‘The process through which clouds form by adiabatic cooling is
shown in Figure 2. Barth’s surface absorbs energy from the sun
and then reradiates that energy as heat. The air close to Earth's
surface absorbs the heat. As the air warms, it rises, expands, and
then cools. When the air cools to a temperature that is below the
dew point, net condensation causes clouds to form. The altitude
at which this net condensation begins is called the condensation
Lovel. The condensation level is marked by the base of the clouds.
Further condensation allows clouds to rise and
expand above the condensation level.

ATEIITITI What is the source of heat that

warms the air and leads to doud formation? (see the
Appendix for answers to Reading Checks.)
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Some clouds form when one body of moist air mixes with another
body of moist air that has a different temperature. The combina-
tion of the two bodies of air causes the temperature of the air to
change. This temperature change may cool the combined air to
below its dew point, which results in cloud formation.

Lifting

The forced upward movement of air commonly results in the
cooling of air and in cloud formation. Air can be forced upward
when a moving mass of air meets sloping terrain, such as a moun-
tain range. As the rising air expands and cools, clouds form. As

3 shows, entire mountaintops can be covered with clouds
that formed in this way.

The large cloud formations associated with storm systems
also form by lifting. These clouds form when a mass of cold,
dense air enters an area and pushes a less dense mass of warmer
air upward.

Advective Cooling

Another cooling process that is associated with cloud formation
is advective cooling. Advective cooling is the process by which
the temperature of an air mass decreases as the air mass moves
over a cold surface, such as a cold ocean or land surface. As air
moves over a surface that is colder than the air is, the cold sur-
face absorbs heat from the air and the air cools. If the air cools
1o below s dew point, clouds form.

Clouds can form as
airis pushed up along a mountain
slope and s cooled to below the
dew point.

For a variety oflnks related 1o this
sbec g0 toyumclinksorgy

Topic: Clouds and Fog
Silinks code: HQS0304
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advective coaling the process by which
the temperature of anair mass decreases
a5 the aif mass moves over a cold suface
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1. Use a bottle opener to punc-
ture one or two holes into the
metal i of a glass far.

2. Pour 1 mL of hot water
the .

3. Place an ice cube over the
holes in the id of the jar. Make.
sure the holes are completely
covered.

4. Observe the changes that occur
within the ja.

Analysis

1. Draw a diagram of the jo.
Label the areas of the diagram
where evaporation and
condensation ke place. Also,
label areas where latent heat is
reeased and absorbed.

2 Explin why latent heat was
released and absorbed in the
areas that you labeled o the
diagram.

Figure 4 » Avariety of loud types
can be identied by their altitude and
shape. What cloud types fom at or
above 6,000 m?

Classification of Clouds

Clouds are classified by their shape and their altitude. The three
basic cloud forms are stratus clouds, cumulus clouds, and cir-
rus clouds. There are also three altitude groups: low clouds (0 to
2,000 m), middle clouds (2,000t 6,000m),and high clouds (above
6,000 m). This classification system is shown in Figure 4.

Stratus Clouds
Clouds that have a flat, uniform base and that begin to form at
very low altitudes are called stratus clouds. Strazuis means “sheet-
like” or “layered.” The base of stratus clouds is low and may
almost touch Earth's surface. Stratus clouds form where a layer
of warm, moist air lies above a layer of cool air. When the over-
lying warm air cools below its dew point, wide clouds appear.
Stratus clouds cover large areas of sky and often block out the
sun. Usually, very little precipitation falls from stratus clouds.
Two variations of stratus clouds are known as nimbostratus
and altostratus. The prefix nimbo- and the suffix -ninzbus mean
“rain.” Unlike other stratus clouds, the dark nimbostratus clouds
can cause heavy precipitation. Altostratus clouds form at the
‘middle altitudes. They are generally thinner than the low stratus
clouds and usually produce very litle precipitation.

\
Cimbcuius

8.000m

6,000m |

4,000 m
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Low-altitude, billowy clouds that commonly have a top that
resembles cotton balls and a dark bottom are called cumulus
dlouds. Cumulus means “piled” or “heaped.” Cumulus clouds
usually look fluffy, as shown in Figure 5. These clouds form
when warm, moist air rises and cools. As the cooling air reaches
its dew point, the clouds form. The flat base that is characteristic
of most cumulus clouds represents the condensation level.

‘The height of a cumulus cloud depends on the stability of the
troposphere, which is the layer of the atmosphere that touches
Earthss surface, and on the amount of moisture in the air. On hot,
humid days, cumulus clouds reach their greatest heights. High,
dark storm clouds known as cumulonimbus clouds, or thunder-
heads, are often accompanied by rain, lightning, and thunder. If
the base of cumulus clouds begins at middle altitudes, the clouds
are called altocumulus clouds. Low clouds that are a combination
of stratus and cumulus clouds are called stratocramulics clouds.

Cirrus Clouds

Feathery clouds that are composed of ice crystals and that have
the highest altitude of any cloud in the sky are dirrus clouds.
Cirrus clouds are also shown in Figure 5. Cirro- and cirmus mean
“curly.” Cirrus clouds form at altitudes above 6,000 m. These
clouds are made of ice crystals because the temperatures are low
at such high altitudes. Because these clouds are thin, light can
easily pass through them.

Cirocunudus clouds are rare, high-altitude, billowy clouds
composed entirely of ice crystals. Cirrocumulus clouds com-
monly appear just before a snowfall or a rainfall. Long, thin
clouds called cirrostratus clouds form a high, transparent veil
across the sky. A halo may appear around the sun or moon when
either is viewed through a cirrostratus cloud. This halo effect
is caused by the bending of light rays as they pass through the
ice erystals.

XTI why are cirrus douds commonly composed of ice

crystals? (See the Appendix for answers to Reading Checks)

Figure 5 » Cumulus clouds (eft)
are puffy, vertcaly groving clouds,
while cirtus clouds (right) are wispy.

cumulus doud a low-level,bilowy cloud
that commonly has  top that resembles
cotton balls and a dark bottom

cirrus cloud afeathery cloud that
omposed ofice crystals and that has the
highest alitude of any cloud n the gy
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