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Welcome to the 12" Edition of Lutgens and Tarbuck’s The Atmosphere!

This latest edition of the text has been extensively revised, as has the instructor’s manual.
The goal of this manual is to guide the new instructor to the many resources available for
teaching meteorology, both from Pearson and from other sources. However, the
experienced instructor should find some useful resources here aswell. Additionally,
many new questions and problems have been added to this latest edition of the text and
answers to these will also be found here. The manual has been written in an easy,
conversational tone that is designed to make for more comfortable reading for the
instructor who must regularly pour over large quantities of technical information. This
new instructor’s manual will hopefully become a*“go-to” guide for each chapter of the
text.

Most instructors now have access to computers and the Internet in the classroom and the
manual was written with that assumption in mind. Extensive Internet resources are given
for each chapter but, as any experienced instructor (or Internet user) knows, URLS can
change frequently. In an effort to avoid this problem (as much as it possible), most of the
websites listed are managed by governmental or educational organizations. All of these
links were active as of the release of this new edition. However, it will probably be
necessary at some point to initiate a new search for some of the sites. Thiskind of
exploration can often turn up new and exciting sites!

The Geoscience Animation Library (online and on DV D) from Pearson and the Instructor
Resource DV D that accompanies the text are frequently referenced in this manual. These
both provide excellent, clear diagrams, photographs and animations that will add
tremendoudly to any lecture. The Pearson website, mygeoscienceplace.com, should be
the first stop to access the many other resources available to instructors of The
Atmosphere.

Have a great semester!



Chapter 1: INTRODUCTION TO THE ATMOSPHERE

Outline
I. Introduction/Overview a. solar energy
I1. Meteorology Weather and Climate b. gravity
A. Basic Elements of Weather and Climate V. Composition of the Atmosphere
1. Temperature A. Magor Components
2. Humidity B. Carbon Dioxide
3. Clouds C. Variable Components
4. Precipitation 1. Water vapor
5. Pressure 2. Aerosols
6. Wind 3. Ozone
B. Atmospheric Hazards. Assault by the D. Ozone Depletion: A Global Issue
Elements 1. TheAntarctic ozone hole
C. The Nature of Scientific Inquiry 2. Effectsof ozone depletion
1. Hypothesis 3. Montreal Protocol
2. Theory V. Vertical Structure of the Atmosphere
3. Scientific methods A. Pressure Changes
D. Observing the Atmosphere B. Temperature Changes
1. Radiosondes 1. Troposphere
[11. Earth’s Spheres 2. Stratosphere
A. Earth’s Four Spheres : 3. Mesosphere
1. Geosphere 4. Thermosphere
2. Atmosphere C. Vertical Variationsin Composition
3. Hydrosphere 1. Homosphere
4. Biosphere 2. Heterosphere
B. Earth asaSystem D. lonosphere
1. What isasystem? 1. Auroras

2. The Earth system
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Key L earning Outcomes

e Meteorology isthe scientific study of the atmosphere and the phenomena of weather. We
define weather asthe state of the atmosphere at a given time and place whereas climateis
considered to be the sum of all statistical weather information that helps describe a place
or region. Werely upon scientific inquiry asthe best and most accurate way to gather
data and form conclusions about our natural world.

Possible challenges: The scientific method may be prized by generations of scientists, but usually not
by generations of students. Most college students will have some familiarity with it, but often not real
understanding. They may hear the terms “hypothesis’ and “theory” thrown around in public discourse
(yawn!), but what relevance do these terms really have to them?

Important first lesson for students: What science instructors teach is based on the work of many
scientists over years of careful observations, rigorous testing, and pain-staking research. |saac Newton
stated, “If | have seen further, it is only by standing on the shoulders of giants.” The information
passed on in the classroom is the best of our knowledge to date. Many of the topics covered in The
Atmosphere might be considered controversial in the public realm, but generally not so much in the
scientific one. Most of these hypotheses have survived decades of skepticism and challenges, and we
now use the word theory to describe our strong confidence in our current information.

Unfortunately, “theory,” when used in the public realm, is usually considered analogous to “a guess.”
Many theories that are widely accepted among scientists are thought to just be educated guessesin the
eyes of the general public. The normal debate that occurs in the scientific community whenever anew
hypothesis is presented is often seen by the layperson as asign that scientists really don’t know for
sure. Anold saying in science goes: “ Science can never really prove anything; it can only disprove.”
Thisis not what people want to hear from the “ experts’ — they want answers!

Bottom line: Students really need to know the difference between a hypothesis and a theory and how
scientists arrive at each. The Strategies for Teaching below offer afew suggestions for approaching
thistopic.

e Theatmosphereiscomposed of a mixture of different gases, with roughly 99 per cent of
puredry air consisting of two gases, nitrogen and oxygen. Neither gas contributestothe
formation of weather. Theremaining 1 percent iscomposed primarily of argon and
carbon dioxide, but only the latter affectsweather. It iscarbon dioxide and the highly
variable gaswater vapor that have the strongest effect on weather, and both of these will
be dealt with in some detail in later chapters. Finally, the presence of aerosolsin the
atmospher e can affect cloud formation and the amount of solar radiation reaching the
Earth’ssurface.

Possible challenges. While students should be familiar with the major constituent gases that make up
the atmosphere, the focus will be on carbon dioxide, water vapor, and aerosols for the remainder of the
textbook. Water vapor should be familiar to students; carbon dioxide less so, but both gases are key
playersin the greenhouse effect. Aerosols, frequently released into the atmosphere as pollutants, can
also have avariety of interesting and significant effects.
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e Ozone, tri-atomic oxygen, isan important gasin the part of the atmosphere known asthe
stratospher e, where it absor bs deadly ultraviolet radiation from the Sun. However, the
release of certain man-made compoundsinto the atmospherein thelast century has
depleted the amount of ozone in the stratosphere, resulting in an increasein ultraviolet
radiation reaching the Earth’ssurface. Thishasthe potential to cause many undesirable
effects.

Possible challenges: Thisisthefirst of several controversial topicsin meteorology, although the
controversy exists mainly in the public forum and not the scientific community. The depletion of the
ozone layer, particularly over the Antarctic, has been verified through satellite observations over many
years, and its effects have been documented by researchers around the globe.

But thisis aso an economic issue, and whenever science and economics favor different conclusions,
the battle is bound to be messy. The fight against reducing/banning CFCs, the chemicals best known
for depleting ozone, was waged hotly in the 1980s and into the early 1990s. Finally, the evidence
became so great that most nations of the world agreed to sign on to the Montreal Protocol, an effort
toward global reduction and outright banning of CFCs and other ozone-depleting compounds. (The
US, although the world' s leading producer of CFCs at that time, was not exactly aleader in thisfight.
At the beginning, it pushed hard to weaken some of the requirements.)

Instructors shouldn’t fear to wade right into this one, particularly in light of the previous discussion of
scientific inquiry. The Montreal Protocol has undergone many revisions but is widely considered to be
one of the most successful international agreements of modern times.

e Asoneascendsthrough the atmosphere, dramatic changesin both pressure and
temper atur e rapidly become apparent. Pressure decreases with height, but temperature
variesdueto several factors. Wedivide our atmosphereinto layersbased on temperature
changes: the troposphere, in which temper atur e decr eases with altitude; the stratosphere,
which experiences an increasein temperature dueto the presence of ozone; the
mesospher e, wher e temper atur e again falls; and finally the thermosphere, the thin
tenuous outer layer in which temperature again rises. In addition, the lower part of the
thermospher e also houses theionosphere, an electrically charged layer responsible for the
magnificent auroras.
Possible challenges: The changesin the vertical structure of the atmosphere, particularly through the
troposphere, are responsible for much of our weather phenomena. Students should have a good
understanding of what happens, in terms of both temperature and pressure, as one rises through the
troposphere. Our concentration for the remainder of the textbook will be on the troposphere, since this
iswhere all weather occurs, but an introduction to the other layersis necessary to understand al the
factorsinvolved. The why of temperature changes in each layer reinforces the importance of these
factors.

There are lots of interesting stories involving humankind’ s attempts to soar into the upper atmosphere,
and interesting stories are avery effective technique to help students remember key concepts.
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Strategies for Teaching will give some examples, and you might have afew of your own. Personalize
the material as much as you can!

Strategies for Teaching | ntroduction to the Atmosphere

A. Focuson the Atmosphere

Show the weather: Meteorology (indeed, any science course) can be intimidating for non-science
majors. An effective way to begin might be to access one of the many online weather sites and take
the students through the daily weather. One of the appeals of taking meteorology islearning how to
first understand, and then forecast, the daily weather. Starting every class with an online look at that
day’ s weather will introduce students to important concepts early in the course.
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B. The Nature of Scientific Inquiry

Tell astory: Stories can be one of the most effective ways to help students remember crucial
information. Scienceisfull of storiesthat describe great advancements made through use of the
scientific method. Whether it be Copernicus or Darwin or Einstein, pick your favorite and explain how
avery controversial hypothesis was proposed, a storm of criticism followed, and then eventual
acceptance (at least by the scientific community) was achieved as more and more researchers were able
to replicate the results. A real-life story can better demonstrate that, no matter how outrageous the
hypothesis may seem at the beginning, the scientific method does work to uncover basic truths about
the natural world.

C. Composition of the Atmosphere

1. Figure 1-16 shows the composition of pure, dry air within the first 50 miles of the Earth’ s surface.
Box 1-3 describes how each gas built up in the atmosphere, and these explanations may help students
remember the presence of each gas.

Concentration
in parts per
million (ppm)

Argon (0.934%) Hgﬁgﬁ\ﬁe) 12:34

Carbon dioxide J | Al c:.thers«1 Methane (CH) 1.5

(0.0391% or 391 ppm) Krypton (Kr) 1.14
Hydrogen (H,) 0.5

Oxygen
(20.946%)
Nitrogen
(78.084%)
Figure 1-16

Actually, though, only carbon dioxide will be significant in weather. Water vapor, which varies
greatly across the Earth’ s surface depending upon geographical location (almost O percent over the
Atacama Desert of Chile and over 4 percent over the Amazon River basin), will be the other significant
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gas. Water vapor will be covered extensively in later chapters. Carbon dioxide can be examined in
more detail here.

2. Carbon dioxide serves avital role in keeping the Earth at a livable temperature as one of the major
gases involved in the greenhouse effect. The greenhouse effect will be covered in more detail in
Chapter 2 and global warming, an acceleration of the greenhouse effect, will be addressed in Chapter
14, but thisis agood place to at least introduce thisimportant gas. Box 1-2 describes the carbon cycle
and students should understand the role that carbon plays not only in the atmosphere, but in al life
processes. Thisrole of carbon in life processes will help explain part of Figure 1-17, but the key point
isthe steady rise in carbon dioxide concentrations since the beginning of the Industrial Revolution.
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D. Ozone Depletion

1. The scientific method works! The depletion of the vital ozone layer illustrates how the international
community can come together to avert aglobal crisis when facts, not politics, are allowed to take
center stage. Thisisagood time to reinforce the methods of scientific inquiry studied in an earlier
section. Theinstructor’s DVD has an animation and a Power Point presentation that will help to
explain some of the more complex parts of this problem.

2. Updates on the status of the Antarctic hole (and the ozone layer in general) can be found at:
http://ozonewatch.gsfc.nasa.gov/index.html
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Figure 1-21

There are many interesting examples to bring this point home, and one briefly mentioned in Figure 1—
21 isthe 1961 adventure of Captain Kittinger, with the US Air Force. Look online for videos of his
actual high-altitude dive.

Chapter 6 will go much deeper into air pressure, but introducing standard atmospheric pressure
measurements now—and a barometer, if you have one—will help reinforce these concepts. And
reinforcement is critical in aiding students’ learning!

2. Temperature changes. Temperature changes throughout the atmosphere are trickier because they
vary with height. Students need to understand the causes behind these temperature changesin order to
keep them straight in their minds. Temperature falls in the troposphere, due to the fact that the Earth is
heated from the ground up. Thistemperature distribution is responsible for the large amount of
convection—and weather—that occurs here.  Temperature rises in the stratosphere due to the presence
of ozone (just covered in the last section). It falls again in the mesosphere as ozone becomes too thin
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and the distance from Earth increases. Finally, at edge of the atmosphere, exposure to ultraviol et
radiation causes the temperature to rise again.
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Figure 1-23

Another intriguing story to introduce here involves a different “flying” adventurer, Californian Larry
Walters, who, back in 1982, decided to take flight in alawn chair tied to weather balloons. His
adventure into the colder, thinner air at higher altitudes should help reinforce what happens as one
ascends through the troposphere.

This unit also introduces the first of many acronyms: ELR (Environmental Lapse Rate) and NLR
(Normal Lapse Rate). Meteorologists love acronyms; warn students that there will be more to come!

Also, if it’s possible to get an old radiosonde (Figure 1-24 and on the instructor’ s DV D) from the local
weather service, this could give students their first look at actual weather instruments. The importance
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of gathering accurate data was stressed in the earlier section on scientific inquiry, so demonstrating
some of the instruments used in meteorology helps to emphasize this point.

F. Vertical Variationsin Composition

Thisfinal unit allows you, the instructor, to engage in more interesting examples and pull up some
beautiful pictures! Theionosphere can influence radio transmission to distant places on Earth. Many
examples can be found online. Auroras are produced in the ionosphere (Figure 1-24, on the
instructor’s DVD) and there is awealth of beautiful pictures and videosto be found online as well.
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Answersto Concept Check 1.1

1. Weather refers to the state of the atmosphere at a given time and place. Weather is constantly
changing, sometimes from hour to hour and at other times from day to day. Climateisa
description of aggregate weather conditions based on observations that have been accumul ated
over many decades (usually at least 30 years). Climate is often summarized by average or mean
values of the weather elements, but it also includes the extremes and variations. Meteorology isthe
scientific study of the atmosphere and the phenomena of weather.

2. The basic elements of weather and climate are those quantities or properties that are measured

regularly and include (@) air temperature, (b) humidity, (c) type and amount of clouds, (d) type and
amount of precipitation, (e) air pressure, and (f) wind speed and direction.

Answer to Eye on the Atmospher e (#1)

1. Theweather shows clear skies, little chance of precipitation, and probably high pressure and low
humidity. The climate, due to the type of vegetation visible, appears to be steppe or desert,
dominated by high pressure, clear skies, and low annual rainfall.

Answersto Concept Check 1.2

1. Lightning, blizzards, hail, freezing rain, destructive winds, flooding rain

2. Heat waves, cold waves, fog, wildfires, and drought

Answersto Concept Check 1.3

1. A scientific hypothesisis atentative untested explanation regarding a natural event or process. A
theory is an explanation that has been tested many times by comparisons to measured data. Among
the most important tests that atheory must passisthat of prediction. A successful theory must be
able to correctly predict the nature of data or observations that are not otherwise known.

2. The basic stepswould be: (1) A question is raised about the natural world; (2) scientific data are
collected that relate to the question (Figure 1-8); (3) questions are posed that relate to the data, and
one or more working hypotheses are devel oped that may answer these questions; (4) observations
and experiments are developed to test the hypotheses; (5) the hypotheses are accepted, modified, or
rejected, based on extensive testing; (6) data and results are shared with the scientific community
for critical and further testing.

Answersto Concept Check 1.4

1. The geosphere extends from the surface of the Earth to the center of the planet, a depth of about
6400 kilometers (nearly 4000 miles). Although the Earth’ s atmosphere extends from the surface
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thousands of miles outward into space, more than 99 percent of the atmosphere is within 30 kilome-
ters (20 miles) of Earth’s surface.

2. The oceans cover nearly 71 percent of Earth’s surface.

3. The oceans represent about 97 percent of the Earth’s water supply.

4. The geosphere, or solid portion of Earth; the hydrosphere, or water portion of Earth; and the
atmosphere—Earth’ s gaseous envel ope of air—constitute the three traditional divisions of our

planet’s physical environment. The biosphere, the totality of life on Earth, extends across each of
the physical realms and is an equally important part of our planet.

Answersto Concept Check 1.5

1. A system isagroup of interacting, or interdependent, parts that form a complex whole. Examples
might be a car’ s cooling system, acity’s transportation system, a country’s political system, an
approaching weather system, and the Earth’s solar system.

2. The Earth system receives its energy from the Sun and from internal heat |eft over from its
formation and radioactivity.

Answersto Concept Check 1.6

1. No. Air isamixture of many discrete gases.
2. Thetwo major components of clean, dry air are nitrogen (78 percent) and oxygen (20.9 percent).

3. Water vapor (a) isthe source of al clouds and precipitation, (b) exerts a strong influence upon
energy transfer through the atmosphere, and (c) plays an important role in transferring heat from
one place to another because of the heat absorbed and rel eased during changes of state (termed
latent heat). Latent heat also provides some of the energy to drive storms. Aerosols (a) act as
surfaces upon which water vapor condenses, (b) influence the amount of sunlight reaching the
lower atmosphere by intercepting and reflecting some incoming solar energy, and (c) contribute to
optical phenomena such as an orange or red sunset.

4. Ozoneisaform of oxygen that combines three oxygen atoms into each molecule (Os). Ozoneis
very important to life on Earth because it absorbs damaging ultraviolet radiation from the Sun. If
0zone were not present, our planet would be uninhabitable for most life as we know it.

Answersto Concept Check 1.7

1. Theterm CFCsis an abbreviation for chlorofluorocarbons, a group of chemicals commonly used in
refrigeration and air-conditioning systems and the production of certain plastics. Another major
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use, as propellants for aerosol sprays, has largely been phased out. When CFCs reach the
stratosphere, chlorine atoms are released, which react with the ozone and convert some of it into
ordinary oxygen. The net effect is depletion of the ozone layer.

2. The Southern Hemisphere spring (September and October).

3. Ozone depletion allows more ultraviol et radiation to reach the Earth’s surface. Because ultraviolet
radiation is known to induce skin cancer, ozone depletion seriously affects human health,
especially among fair-skinned people and those who spend considerable time in the sun.
Additionally, an increase in damaging UV radiation can negatively impact the human immune
system, as well as promote cataracts. Finally, thereis serious concern that crop yields and quality
will be adversely affected. Some scientists also fear that increased UV radiation in the Antarctic
will penetrate the waters surrounding the continent and impair or destroy the microscopic plants,
called phytoplankton, that represent the base of the food chain.

4. The Montreal Protocol is an international agreement concluded under the auspices of the United

Nationsin late 1987. It established legally binding controls on the production and consumption of
gases known to cause ozone depl etion.

Answersto Eye on the Atmospher e (#2)

1. Approximately 250270 mb

2. At 250 mb, about 75 percent of the atmosphere would lie below.

Answersto Concept Check 1.8

1. Decrease, but the rate of pressure decrease is not constant. Air is highly compressible and pressure
decreases at a decreasing rate with an increase in altitude until, beyond an altitude of about 35
kilometers (22 miles), the decrease is negligible.

2. No, the atmosphere rapidly thins as you travel away from Earth, until there are too few
gas molecules to detect.

3. Thelowermost layer of the atmosphere is the troposphere. It isin the troposphere that practically
all of our weather occurs. The next layer is the stratosphere, followed by mesosphere, and finally
the thermosphere.

4. The presence of ozone in the stratosphere is responsible for the heating within this layer asthe
ozone molecules absorb ultraviol et radiation from the Sun.

5. Although the temperature of the gases in the thermosphere is high, the quantity of gas present is
very small. Thus, little heat would be transferred to an object such as a satellite because only very
few of the fast-moving molecules would collide with any foreign object.
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Answersto Eye on the Atmospher e (#3)

1. Radiosonde
2. Troposphere

3. The temperature would be around 10.5° C. The weather balloon is about 1 km high and
temperatures, on average, fall about 6.5° C/km as one rises in the troposphere.

4. Dueto the surrounding pressure falling, the weather balloon should expand as it rises.

Answersto Concept Check 1.9

1. The homosphere, which reaches from Earth’ s surface to an altitude of about 80 km, is that portion
of the atmosphere where the makeup of air is essentially uniform in terms of the proportions of its
component gases. By contrast, the composition of the heterosphere, the portion of the atmosphere
above 80 km, is not uniform. It has four roughly concentric shells, each with adifferent
composition.

2. Ané€lectrically charged layer located in the altitude range between 80 and 400 kilometers (50 to 250
miles), where molecules of nitrogen and atoms of oxygen are readily ionized as they absorb high-
energy shortwave solar energy.

3. Asclouds of charged particles emitted during magnetic storms on the Sun approach Earth, they are
captured by Earth’s magnetic field, which guides them toward the magnetic poles. Astheions
enter Earth's upper atmosphere near the poles, they energize atoms of oxygen and molecul es of
nitrogen, causing them to emit light.

Answersto Give It Some Thought

1. a) weather b) climate c)climate d)weather e)weather f)climate @) weather and climate
h) weather

2. @) Thelight bulb has burned out.
b) The power has been shut off.
¢) Thelight switch is defective.

3. A few examples: Figure 1-A provides information via satellite as to the exact location of a
powerful storm. Satellite images give us perspectives that are difficult to gain from more
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traditional sources. Moreover, the high-tech instruments aboard many satellites enable scientists to
gather information from remote regions where data are otherwise scarce. Figure 1-B provides
information via Tropical Rainfall Measuring Mission as to the amount of rainfall that fell during a
storm. Thisis especialy important because much of Earth’srain falls in ocean-covered tropical
areas, and a great deal of the globe' s weather-producing energy comes from heat exchanges
involved in the rainfall process. Figure 1.8a shows an Automated Surface Observing System
(ASOS) installation, one of nearly 900 in use for data gathering as part of the US primary surface
observing network. Figure 1.8b shows scientists working with a sediment core recovered from the
ocean floor. Such cores may contain useful data about Earth’s climate history. Figure 1-20 shows
satellite images that can measure the level of depletion in the Antarctic ozone hole. Figure 1-24
shows scientists releasing a weather balloon with a radiosonde, which can gather data on upper-
level atmospheric conditions.

4. a) theory b) hypothesis

5. @ about three (at 314 mb, need about three breaths to equal 1000 mb)
b) at 12 km air pressure is approximately 200mb, which means about 80 percent of the atmosphere
is beneath the jet

6. A thermometer. Asone ascends, the different layers of the atmosphere are distinguished by the
changes in temperature as one moves from one layer to the next.

7. Inaway, al four spheres may be thought to be involved. First, the geosphere isinvolved because it
was the steep slopes and soil of the geosphere that provided the material for the mudslide. Since
the biosphere also contributes material to the soil, the biosphere may be said to be involved as well.
The hydrosphere was involved because it provided the rain that contributed to the mudslide, and
finally the atmosphere provided the weather system that generated the rain.

8. Over Hawaii. Dueto greater surface heating accompanied by well-developed thermal mixing at
this latitude, the air expands and the troposphere is thicker over Hawaii than Alaska. The
troposphere over Alaska may also be thicker in July than January due to greater atmospheric
heating as well.

Answersto Problems

1. a) Central New York State: 50s
Northwest corner of Arizona: 20s
b) Coldest: Wyoming and south central Montana
Warmest: southern Florida
c) Fair weather
d) Central Maine. Thisisopposite to what one would normally expect (central Texasis generally
warmer than central Maine).

2. @) January: 4°C or 42°F; July: 29°C or 85°F (Answers may vary 1-2 degrees)
b) Highest: 42°C or 108°F; Coldest: —19°C or —2°F (Answers may vary 1-2 degrees)
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w

. 2008, 9, 2005

a) 350 mb
b) 250 mb
c) Decreasing rate

10°C

a) 50 km or 30 miles, 0°C or 32°F (Answers may vary slightly)
b) 83 to 93 km or 50 to 55 miles, —90°C or —130°F (Answers may vary slightly)

a) Poles
b) Lowest: poles, 9 km, -55°C
Highest: tropics, 17 km, —=75°C

a) 10km
b) —79°C
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