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PREFACE

TELLING THE STORY . ..

WE WROTE EXPLORING PHYSICAL GEOGRAPHY so that stu-
dents could learn from the book on their own, freeing up instructors
to teach the class in any way they want. I (Steve Reynolds) first identi-
fied the need for this type of book while I was a National Association
of Geoscience Teachers’ (NAGT) distinguished speaker. As part of my
NAGT activities, I traveled around the country conducting workshops
on how to infuse active learning and scientific inquiry into introductory
college science courses, including those with upwards of 200 students.
In the first part of the workshop, I asked the faculty participants to list
the main goals of an introductory science course, especially for non-
majors. At every school I visited, the main goals were similar to those
listed below:

« to engage students in the process of scientific inquiry so that they
learn what science is and how it is conducted,

« to teach students how to observe and interpret landscapes and
other aspects of their physical environment,

« to enable students to learn and apply important concepts of
science,

« to help students understand the relevance of science to their
lives, and

« to enable students to use their new knowledge, skills, and ways
of thinking to become more informed citizens.

I then asked faculty members to rank these goals and estimate how much
time they spent on each goal in class. At this point, many instructors rec-
ognized that their activities in class were not consistent with their own
goals. Most instructors were spending nearly all of class time teaching
content. Although this was one of their main goals, it commonly was
not their top goal.

Next, I asked instructors to think about why their activities were not con-
sistent with their goals. Inevitably, the answer was that most instructors
spend nearly all of class time covering content because (1) textbooks

include so much material that students have difficulty distinguishing
what is important from what is not, (2) instructors needed to lecture so
that students would know what is important, and (3) many students have
difficulty learning independently from the textbook.

In most cases, textbooks drive the curriculum, so my coauthors and I
decided that we should write a textbook that (1) contains only impor-
tant material, (2) indicates clearly to the student what is important
and what they need to know, and (3) is designed and written in such
a way that students can learn from the book on their own. This type
of book would give instructors freedom to teach in a way that is more
consistent with their goals, including using local examples to illus-
trate geographic concepts and their relevance. Instructors would also
be able to spend more class time teaching students to observe and
interpret landscapes, atmospheric phenomena, and ecosystems, and
to participate in the process of scientific inquiry, which represents the
top goal for many instructors.

COGNITIVE AND SCIENCE-
EDUCATION RESEARCH

To design a book that supports instructor goals, we delved into cognitive
and science-education research, especially research on how our brains
process different types of information, what obstacles limit student learn-
ing from textbooks, and how students use visuals versus text while study-
ing. We also conducted our own research on how students interact with
textbooks, what students see when they observe photographs showing
landscape features, and how they interpret different types of scientific
illustrations, including maps, cross sections, and block diagrams that
illustrate the evolution of environments. Exploring Physical Geography
is the result of our literature search and of our own science-education
research. As you examine Exploring Physical Geography, you will notice
that it is stylistically different from most other textbooks, which will
likely elicit a few questions.

How Does Wind Transport Sediment?

on these two pages.

2. Most materials on
Earth’s surface are not
moved by the wind
because they are too
firmly attached to the
land (such as rock out-
crops), are too large
or heavy to be moved,
or are both.

Stationary Grains

and other loose materials across the ground.

Wind is generated by differences in air pressure and at times is strong enough to transport material, but only relatively small
and lightweight fragments, like sand and clay. Transport of these materials by the wind is most efficient in dry climates,
where there is limited vegetation to bind materials together and hold them on the ground.

1. Wind is capable of transporting sand and finer sediment, as well as lightweight plant fragments and other materials lying on the surface.
It generally moves material in one of three ways and can deposit sediment in various settings, some of which are shown in photographs

Rolling Grains

3. If wind velocity is great enough, it can roll or slide grains of sand and silt

5. Wind can pick up and
/ carry finer material, such

Dust in Suspension as dust, silt, and salt. This
mode of transport is called
suspension, and wind can
keep some particles in the
air for weeks, transporting
them long distances, even
o0911.al across the oceans.

Bouncing Grains

s

4. Very strong winds can lift sand grains, carry them short
distances, and drop them. This process is akin to bounc-
ing a grain along the surface and is called saltation.
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HOW DOES THIS BOOK SUPPORT STUDENT CURIOSITY AND INQUIRY?

CHAPTER

1 2 Weathering and Mass Wasting

THE BREAKDOWN OF SURFACE MATERIALS — weathering—produces soils and can lead to unstable slopes.
Such slope instability is called mass wasting, which is the movement of material downslope in response to gravity.
Mass wasting can be slow and barely perceptible, or it can be catastrophic, involving thick, dangerous slurries of mud
and debris. It is a type of erosion that strips material off a landscape and transports that material away. What physical
and chemical weathering processes loosen material from solid rocks and lead to mass wasting? What factors determine
if a slope is stable, and how do slopes fail? In this chapter, we explore weathering and mass wasting, which help
sculpt natural landscapes.

The Cordillera de la Costa is a steep 2 km-high
mountain range that runs along the coast of
Venezuela, separating the capital city of Caracas

In December 1999, torrential rains in the mountains caused landslides and mobilized soil and
other loose material as debris flows and flash floods that buried parts of the coastal cities.
Some light-colored landslide scars are visible on the hilsides in this image.

from the sea. This image, looking south, has
topography overlain with a satellite image taken
in 2000. The white areas are clouds and the
purple areas are cities. The Caribbean Sea is in
the foreground. The map below shows the
location of Venezuela on the northern coast

of South America.

How does soil and other loose material form on hillslopes? What factors determine whether a
slope is stable or is prone to landslides and other types of downhill movement?

C e

Cordellera de la/Costa |

Caraballeda
Caribbean Sea

‘Alluvial Fan

The mountain slopes are too steep for buildings, so people built
the coastal cities on the less steep fan-shaped areas at the foot of
each valley. These flatter areas are alluvial fans composed of
mountain-derived sediment that has been transported down the
canyons and deposited along the mountain front

The city of Caraballeda, built on one such alluvial fan, was especially hard
it in 1999 by debris flows and flash floods that tore a swath of destruction
through the town. Landslides, debris flows, and flooding killed more than
19,000 people and caused up to $30 billon in damage in the region. The
damage is visible as the light-colored strip through the center of town

What are some potential hazards of living next to steep mountain
slopes, especially in a city built on an active alluvial fan?

How can loss of life and destruction of property by debris flows and
landslides be avoided or at least minimized?
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Exploring Physical Geography promotes inquiry and science as an active
process. It encourages student curiosity and aims to activate existing stu-
dent knowledge by posing the title of every two-page spread and every
subsection as a question. In addition, questions are dispersed through-
out the book. Integrated into the book are opportunities for students to
observe patterns, features, and examples before the underlying concepts
are explained. That is, we employ a learning-cycle approach where stu-
dent exploration precedes the introduction of geographic terms and the
application of knowledge to a new situation. For example, chapter 12 on
slope stability, pictured above, begins with a three-dimensional image of
northern Venezuela and asks readers to observe where people are living
in this area and what natural processes might have formed these sites.

Wherever possible, we introduce terms after students have an opportu-
nity to observe the feature or concept that is being named. This approach
is consistent with several educational philosophies, including a learning
cycle and just-in-time teaching. Research on learning cycles shows that

=
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Huge boulders smashed through the lower two floors of this building in
Caraballeda and ripped away part of the right side (v). The mud and water that
transported these bouiders are no longer present, but the boulders remain as a
testament to the strength of the event

1999 Venezuelan Disaster

debris flow is a slurry of water and debris,
Amcludmg mud, sand, gravel, pebbles, boul-

ders, vegetation, and even cars and small
structures. Debris flows can move at speeds up to
80 km/hr (50 mph). but most are slower. In December
1999, two storms dumped as much as 1.1 m (42 in.)
of rain on the coastal mountains of Venezuela. The
rain loosened soil on the steep hillsides, causing many
landslides and debris flows that coalesced in the steep
canyons and raced downhill toward the cities built on
the alluvial fans.

In Caraballeda, the debris flows carried boulders
up to 10 m (33 ft) in diameter and weighing 300 to
400 tons each. The debris flows and flash floods raced
across the city, flattening cars and smashing houses,
buildings, and bridges. They left behind a jumble of
boulders and other debris along the path of destruction
through the city.

After the event, USGS geoscientists went into the

area to investigate what had happened and why. They
documented the types of material that were carried by
the debris flows, mapped the extent of the and
measured boulders (v) to investigate processes that
occurred during the event. When the scientists exam-
ined what lay beneath the foundations of destroyed
houses, they discovered that much of the city had been
built on older debris flows. These deposits should
have provided a warning of what was to come:

Caribbean Sea

This aerial photograph (4) of
Caraballeda, looking south up

the canyon, shows the damage
in the center of the city caused

by the debris flows and flash
floods. Many houses were

completely demolished by the
fastmoving, boulder-rich mud

1200,

students are more likely to retain a term if they already have a mental
image of the thing being named (Lawson, 2003). For example, this book
presents students with maps showing the spatial distribution of earth-
quakes, volcanoes, and mountain ranges and asks them to observe the
patterns and think about what might be causing the patterns. Only then
does the textbook introduce the concept of tectonic plates.

Also, the figure-based approach in this book allows terms to be intro-
duced in their context rather than as a definition that is detached from
a visual representation of the term. We introduce new terms in italics
rather than in boldface, because boldfaced terms on a textbook page
cause students to immediately focus mostly on the terms, rather than
build an understanding of the concepts. The book includes a glos-
sary for those students who wish to look up the definition of a term to
refresh their memory. To expand comprehension of the definition, each
entry in the glossary references the pages where the term is defined in
the context of a figure.

XV



WHY ARE THE PAGES DOMINATED BY ILLUSTRATIONS?

Physical geography is a visual science. Geography textbooks contain a
variety of photographs, maps, cross sections, block diagrams, and other
types of illustrations. These diagrams help portray the spatial distribu-
tion and geometry of features in the landscape, atmosphere, oceans, and
biosphere in ways words cannot. In geography, a picture really is worth
a thousand words.

Exploring Physical Geography contains a wealth of figures to take
advantage of the visual and spatial nature of geography and the effi-
ciency of figures in conveying geographic concepts. This book contains
few large blocks of text—most text is in smaller blocks that are spe-
cifically linked to illustrations. Examples of our integrated figure-text
approach are shown throughout the book. In this approach, each short
block of text is one or more complete sentences that succinctly describe
a geographic feature, geographic process, or both of these. Most of these
text blocks are connected to their illustrations with leader lines so that
readers know exactly which feature or part of the diagram is being refer-
enced in the text block. A reader does not have to search for the part of
the figure that corresponds to a text passage, as occurs when a student
reads a traditional textbook with large blocks of text referencing a figure
that may appear on a different page. The short blocks are numbered if
they should be read in a specific order.

This approach is especially well suited to covering geographic topics,
because it allows the text to have a precise linkage to the geographic
location of the aspect being described. A text block discussing the

Intertropical Convergence Zone in Costa Rica can have a leader that
specifically points to the location of this feature. A cross section of
atmospheric circulation can be accompanied by short text blocks that
describe each part of the system and that are linked by leaders directly
to specific locations on the figure. This allows the reader to concentrate
on the concepts being presented, not deciding what part of the figure is
being discussed.

The approach in Exploring Physical Geography is consistent with the
findings of cognitive scientists, who conclude that our minds have two
different processing systems, one for processing pictorial information
(images) and one for processing verbal information (speech and writ-
ten words). This view of cognition is illustrated in the figure below.
Cognitive scientists also speak about two types of memory: working
memory involves holding and processing information in short-term
memory, and long-term memory stores information until we need it
(Baddeley, 2007). Both the verbal and pictorial processing systems
have a limited amount of working memory, and our minds have to use
much of our mental processing space to reconcile the two types of
information in working memory. For information that has both picto-
rial and verbal components, as most geographic information does, the
amount of knowledge we retain depends on reconciling these two types
of information, on transferring information from working memory to
long-term memory, and on linking the new information with our exist-
ing mental framework. For this reason, this book integrates text and
figures, as in the example shown here.

New experiences from the environment enter the
brain via the senses. Images, for example, come in

through the eyes, and sounds enter the ears.

Input from the senses is filtered and transferred into

two different types of working memory, a visual area for
images and a phonetic area for words. Each
type of working memory has a very limited
capacity to hold new information.

Information from working memory is
processed further and transferred into
long-term memory. Ideally, new infor-
mation is linked to existing knowledge
in long-term memory to build a more
complete understanding.

When information from long-term
memory is needed, it is retrieved into
working memory, where it can be pro-
cessed to make decisions.

XVI



WHY ARE TH SO MANY FIGUR

This textbook contains more than 2,600 figures, which is two to three
times the number in most introductory geography textbooks. One reason
for this is that the book is designed to provide a concrete example of each
process, environment, or landscape feature being illustrated. Research
shows that many college students require concrete examples before they
can begin to build abstract concepts (Lawson, 1980). Also, many stu-
dents have limited travel experience, so photographs and other figures
allow them to observe places, environments, and processes they have not
been able to observe firsthand. The numerous photographs, from geo-
graphically diverse places, help bring the sense of place into the student’s
reading. The inclusion of an illustration for each text block reinforces
the notion that the point being discussed is important. In many cases, as
in the example on this page, conceptualized figures are integrated with
photographs and text so that students can build a more coherent view of
the environment or process.

Exploring Physical Geography focuses on the most important geographic
concepts and makes a deliberate attempt to eliminate text that is not essen-
tial for student learning of these concepts. Inclusion of information that
is not essential tends to distract and confuse students rather than illumi-
nate the concept; thus, you will see fewer words. Cognitive and science-
education research has identified a redundancy effect, where information
that restates and expands upon a more succinct description actually results
in a decrease in student learning (Mayer, 2001). Specifically, students
learn less if a long figure caption restates information contained else-
where on the page, such as in a long block of text that is detached from

the figure. We avoid the redundancy effect by including only text that is
integrated with the figure.

The style of illustrations in Exploring Physical Geography was designed
to be more inviting to today’s visually oriented students who are
used to photo-realistic, computer-rendered images in movies, videos,
and computer games. For this reason, many of the figures were created
by world-class scientific illustrators and artists who have worked on
award-winning textbooks, on Hollywood movies, on television shows,
for National Geographic, and in the computer-graphics and gaming
industry. In most cases, the figures incorporate real data, such as satel-
lite images, weather and climatological data, and aerial photographs.
Our own research shows that many students do not understand cross
sections and other subsurface diagrams, so nearly every cross section
in this book has a three-dimensional aspect, and many maps are pre-
sented in a perspective view with topography. Research findings by us
and other researchers (Roth and Bowen, 1999) indicate that including
people and human-related items on photographs and figures attracts
undue attention, thereby distracting students from the features being
illustrated. As a result, our photographs have nondistracting indica-
tors of scale, like dull coins and plain marking pens. Figures and pho-
tographs do not include people or human-related items unless we are
trying to (1) illustrate how geographers study geographic processes
and features, (2) illustrate the relevance of the processes on humans,
or (3) help students connect and relate to the human dimension of
the issue.

’ .
h How Do Caves Form?

WATER IS AN ACTIVE CHEMICAL AGENT and can dissolve rock and other materials. Weathering near the surface
and groundwater at depth can work together to completely dissolve limestone and other soluble rocks, leaving openings
in places where the rocks have been removed. Such dissolution of limestone forms most caves, but caves form in many
other ways. Once a cave is formed, dripping and flowing water can deposit a variety of beautiful and fascinating cave
formations that grow from the ceilings, walls, and floor of the cave.

How Do Limestone Caves Form?

Water near the surface or at s groundwater can dissolve limestone and other carbonate rocks, to form large caves,
especially if the water is acidic. Cave systems generally form in limestone because most other rock types do not easily
dissolve. A few other rocks, such as gypsum or rock salt, dissolve too easily—they completely disappear and cannot
maintain caves. The figure below illustrates how limestone caves form.

1. Limestone is primarily made of calcite

(calcium carbonate), a relatively soluble

mineral that dissolves in acidic water

s typically slightly acidic due to

dissolved carbon dioxide (CO), sulfur

dioxide (5O,), and organic material. Water
e in imestone, dissohing

enings becoms coninoue, hey
mmodate underground pools or under-
from deeper i the Eartn ground strear
by microbes, and by acids that :
microbes produce

@ 4 the roof of the cave
exposed to the air. This

ize from miniscule
tem of Kentucky is

tion over millions o cave in the world, with an explored

network of inte

tunnels in the

table falls, grouncwater drains out of

the tunnels and dries out part of the

cave system

Most but not all caves
developed in lmestone.

Almost any rock type can
host a cave, as long as it
T s strong enough to
support a roof over the
open space. Granite, not
nown as a soluble rock,
an form caves, espe-
cially where physical and
chemical weathering has

Caves in volcanic s
are commonly lava tubes,
which were originally
subsurface channels of
flowing lava within a
partially solidified lava flow,
When the lava drained out
of the tube, it left behind a
long and | anching
cave. Such caves tend to
have a curved, tube-like
appearance with walls that
have been smoothed

and grooved (») by the
flowing lava.

and a weaker rock bel
1o form the opening.
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What Features Are Associated with Caves?
Caves are beautiful and interesting places to explore. Some contain twisty, narro
Others are immense rooms full of cave formations, such as stalactites and stalag
features formed by dissolution and precipitation of calcite and several other min

ages connecting open chambers.
es. Caves can be decorated with intricate
N

1. Most caves form by dissolution of imestone. Certain features on
there s a cave at depth. These include the presence of lmestone, s her
Collapse of part of the roof can open the cave 1o the surface, forming a skylight that lets light into
the cave.

6. Dissolution of lmestone along
fractures and bedding planes,
plong wih formalon of dles

can indicate that

2. Caves contain many features

formed by minerals precipitated

from ctoping o fowg weter
Wa

more water to the,
cave system.

loyers tht bukd o 0 1 3 o \ 5. In humid
formations called flowstone 7
or droperies (v)

nvironments,
weathering at the.
surfac only
prodices reddih

and stalagmites, which are formed
when calcium-ich wa
from the roof evapor

4. As mineral-rich water drips fiom the
r00f and flows from the walls, it leaves
oehind coatings, ribbons (»), and straw-
ike tubes. The water can accumulate in
underground pools on the floor of the.
cave, precipitating rims of cream-colored
water drips to the floor, building travertine along their edges.
mounds upward.

Carlsbad Caverns

bout 260 million years ago (260 Ma),  exposed it at the surface. Groundwater dripped
Carlsbad. New Mexico, was an area and trickld into the partaly dry cave, where it

Before You Leave This Page

covered by a shallow inland sea. A huge  deposited calcium carbonate to make
reef, lush with sea life, thrived in this warm-  famous formations.

water tropical environment, Eventually, the sea
retreated, leaving the reef buried under other
rock layers.

While buried, the limestone was dissolved by
water rich in sulfuric acid generated from hyd-
rogen sulfide that leaked upward from deeper
accumulations of petroleum. Later, erosion of
overlying layers uplifted the once-buried and
eroundwaterfilled limestone cave and eventually

Summarize the character and
formation of caves, sinkholes,
Sylighs, and ravertine
along streams.

Briefly summarize how stalactites.
stalagrites, and flowstone form

Describe features on the surface that
might indicate an area may contain
caves at depth.
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WHY DOES THE BOOK CONSIST OF TWO-PAGE SPREADS

This book consists of two-page spreads, most of which are further sub-
divided into sections. Research has shown that because of our limited
amount of working memory, much new information is lost if it is not
incorporated into long-term memory. Many students keep reading and
highlighting their way through a textbook without stopping to integrate
the new information into their mental framework. New information
simply displaces existing information in working memory before it is
learned and retained. This concept of cognitive load (Sweller, 1994)
has profound implications for student learning during lectures and while
reading textbooks. Two-page spreads and sections help prevent cogni-
tive overload by providing natural breaks that allow students to stop and
consolidate the new information before moving on.

Each spread has a unique number, such as 6.10 for the tenth topical two-
page spread in chapter 6. These numbers help instructors and students
keep track of where they are and what is being covered. Each two-page
spread, except for those that begin and end a chapter, contains a Before
You Leave This Page checklist that indicates what is important and what
is expected of students before they move on. This list contains learning
objectives for the spread and provides a clear way for the instructor to
indicate to the student what is important. The items on these lists are
compiled into a master What-to-Know List provided to the instructor,
who then deletes or adds entries to suit the instructor’s learning goals
and distributes the list to students before the students begin reading the
book. In this way, the What-to-Know List guides the students’ studying.

What Are the Phases of ENSO?

THE ATMOSPHERE-OCEAN SYSTEM in the equatorial Pacific is constantly changing. Although each year has its own
unique characteristics, certain atmosphere-ocean patterns repeat, displaying a limited number of modes. We can use
surface-water temperatures in the eastern equatorial Pacific to designate conditions as one of three phases of the El Nifio-
Southern Oscillation (ENSO) syste eutral (or “normal”), warm (EI Nifio), and cold (La Niia).

What Are Atmosphere-Ocean Conditions During the Three Phases of ENSO?

El Nifio and La Nifia phases represent the end-members of ENSO, but sometimes the region does not display the character of
either phase. Instead, conditions are deemed to be neither and are therefore assigned to the neutral phase of ENSO. To
understand the extremes (EI Nifio and La Nifia), we begin with the neutral situation.

1. Warm, unstable, rising air over 2. Walker cell circulation in
the western equatorial Pacific warm the equatorial troposphere
pool produces low atmospheric brings cool, dry air eastward
pressures near the surface. along the tropopause.

3. Cool, descending air over the eastern
equatorial Pacific produces dominantly high
atmospheric pressure at the surface and
stable conditions in the atmosphere.

Neutral Phase
of ENSO

9. The warm, moist air
above the warm pool
fises under the influence
of low pressures, produc-
ing intense tropical
rainfalls that maintain the
less saline, less dense
fresh water on the surface
of the warm pool

4. Easterly trade winds flow over the Andes
mountain range and then continue to the
west across the ocean, pushing west against
the surface waters along the coast of South
America. The easterlies continue propeling
the warm water westward toward Australia
and southeast Asia, allowing the waters to
warm even more as they are heated by

insolation along the equator.
8. Warm waters blown to g the eq

the west not only depress
the thermocline to about
150 m below the surface,
but also physically raise the’
height of the western
equatorial Pacific compared
to the eastern Pacific.

5. Westward displacement of surface waters
and offshore winds, induces upweliing of
cold, deep ocean waters just off the coast of
western South America. Abundant insolation
under clear skies warms these rising waters
somewhat, so there is no density-caused
retumn of surface waters to depth

7. In the western Pacific, surface waters are warm (over 28°C) and less saline 6. The thermocline slopes to the west, being over three times
because of abundant precipitation and stream runoff from heavy precipitation that  deeper in the western Pacific than in the eastern Pacific. This
falls on land. The warm surface waters (the warm pool) overlie cooler, deeper condition can only be maintained by a series of feedbacks,
ocean water—a stable situation. including the strength of the trade winds.

Warm Phase of
ENSO (El Nifio)

1. During a warm phase (I Nifio), the
warm pool and associated convective
rainfall move toward the central Pacific

2. EI Nifio conditions are also characterized by weakened Walker cell
circulation over the equatorial Pacific. This is expressed by decreased
winds aloft and by a reduction in the strength and geographic range of
the easterly trade winds near the surface.

6. For Australia, Indonesia, and
the westernmost Pacific, El Nifio
brings higher atmospheric
pressures, reduced rainfall, and
westerly winds. The warm pool
and associated convective
rainfalls move toward the
central Pacific, allowing cooler
surface waters in the far west.

o 3. Upon reaching South America,
the cool air descends over equato-
rial parts of the Andes, increasing
atmospheric pressure, limiting
convectional uplift, and reducing
associated rainfall in Colombia and
parts of the Amazon.

4. Weakening of the trade winds
reduces coastal upweliing of cold
water, which, combined with the
eastern displacement of the
descending air, promotes a more
southerly location of the ITCZ in the
Southern summer and increased
precipitation in the normally dry
coastal regions of Peru and Ecuador.

5. Changes in the strength of the
winds, in temperatures, and in the
movements of near-surface

waters cause the thermociine to
become somewhat shallower in
the west and deeper in the east,
but it stll slopes to the west
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2. During a cold phase of ENSO (La Nifia), Walker cell circulation
strengthens over the equatorial Pacific. This increases winds aloft and
causes near-surface easterly trade winds to strengthen, driving
warmer surface waters westward toward Australasia and Indonesia

1. In many ways, the cold phase of ENSO
(La Nifia) displays conditions opposite to an
El Nifio, hence the opposing name.

Cold Phase of
ENSO (La Nifia)

3. Enhanced easterly trade winds bring
more moisture to the equatorial parts of
the Andes and to nearby areas of the
warm pool expands and Amazon basin. Orographic effects cause
the amount of rainfall y heavy precipitation on the Amazon (east)
increases. side of the mountain range (not shown)

8. The region of equatorial
rainfall associated with the

4. Partially depleted of moisture and
driven by stronger trade winds, dry air
descends westward off the Andes and
onto the coast. The flow of dry air,
combined with the descending limb of
the Walker cell, produces clear skies and
dry conditions along the coast.

7. In the western Pacific,

strong easterlies push warm

waters to the west where

they accumulate against the

continent, forming a warmer

and more expansive warm

pool. In response, the

thermocline of the western

equatorial Pacific is pushed

much deeper, further

increasing the slope of the 6, The upwelling near South America raises the thermocline and

thermocline to the west. causes it o slope steeper to the west. Cold water is now closer
to the surface, producing favorable conditions for cold-water fish.

5. As surface waters push westward and
the Humboldt Current turns west, deep
waters rise (strong upwelling). The
resulting cool SST and descending dry,
stable air conspire to produce excessive
drought in coastal regions of Peru

B How Are ENSO Phases Expressed in Sea-Surface Temperatures?
As the Pacific region shifts between the warm (EI Nifio), cold (La Nifia), and neutral phases, sea-surface temperatures (SST),
atmospheric pressures, and winds interact all over the equatorial Pacific. These variations are recorded by numerous types of
historical data, especially in SST. The globes below show SST for the western Pacific (near Asia) and eastern Pacific (near
the Americas) for each phase of ENSO— neutral, warm, and cold. The colors represent whether SST are warmer than normal
(red and orange), colder than normal (blue), or about average (light).

Neutral Phase of ENSO Warm Phase of ENSO (El Nifio) Cold Phase of ENSO (La Nifia)

During the neutral phase of ENSO, SST along  During the warm phase of ENSO, a belt of much
the equator in the Pacific are about average,  warmer than normal water appears along the a belt of colder than normal water occurs
with no obvious warmer or colder than equator in the eastern Pacific, west of South along the equator west of South America,
normal waters near the Western Pacific Warm America. This warm water is the signature of an El hence the name “cold phase.” The western
Pool (left globe) or South America (right Nifio, causing the decrease in cold-water fishes. Pacific (left globe), however, now has
globe). An area of warmer than normal SST SST in the western Pacific are a little cooler than waters that are warmer than normal. These
occurs southwest of North America, but this average, but an El Nifio is most strongly warm waters are quite widespread in this
is not obviously related to ENSO. expressed in the easter Pacific (right globe) region, extending from Japan to Australia,

During the cold phase of ENSO (a La Nifia),

Before You Leave This Page

Sketch and explain atmosphere-ocean conditions for each of the three typical phases of ENSO, noting typical vertical and horizontal air
circulation, sea-surface temperatures, relative position of the thermocline, and locations of areas of excess rain and drought.

Summarize how each of the three phases of ENSO (neutral, warm, and cold) are expressed in SST of the equatorial Pacific Ocean.

Two-page spreads and integrated Before You Leave This Page lists offer
the following advantages to the student:

« Information is presented in relatively small and coherent chunks
that allow a student to focus on one important aspect or geo-
graphic system at a time.

 Students know when they are done with this particular topic and
can self-assess their understanding with the Before You Leave
This Page list.

XV

« Two-page spreads allow busy students to read or study a com-
plete topic in a short interval of study time, such as the breaks
between classes.

 All test questions and assessment materials are tightly articulated
with the Before You Leave This Page lists so that exams and
quizzes cover precisely the same material that was assigned to
students via the What-to-Know list.



The two-page spread approach also has advantages for the instruc-
tor. Before writing this book, the authors wrote most of the items
for the Before You Leave This Page lists. We then used this list to
decide what figures were needed, what topics would be discussed,
and in what order. In other words, the textbook was written from the
learning objectives. The Before You Leave This Page lists provide a
straightforward way for an instructor to tell students what information
is important. Because we provide the instructor with a master What-

by providing students with an edited What-to-Know list. Alternatively,
an instructor can give students a list of assigned two-page spreads
or sections within two-page spreads. In this way, the instructor can
identify content for which students are responsible, even if the mate-
rial is not covered in class. Two-page spreads provide the instructor
with unparalleled flexibility in deciding what to assign and what not
to cover. It allows this book to be easily used for one-semester and
two-semester courses.

to-Know list, an instructor can selectively assign or eliminate content

CONCEPT SKETCHES |

Most items on the Before You Leave This
Page list are by design suitable for stu-
dent construction of concept sketches.
Concept sketches are sketches that are
annotated with complete sentences that
identify geographic features, describe
how the features form, characterize the
main geographic processes, and summa-
rize histories of landscapes (Johnson and
Reynolds, 2005). An example of a con-
cept sketch is shown to the right.

In a warm front, warm air moves across the surface, displacing cold air.
The warm air is [ess dense than cold and so rises over the cold air,
producing stratiform clouds.

If the warm air rises
so high that it is at
freezing temperatures,
precipitation can start
as snow that reaches
all the way

to the ground.

WARM FRONT

Close to the surface
position of the front,
raindrops can pass
through the thin
wedge of cold aiv,
remaining as
raindrops.

WARM AIR

COLD AIR

Farther back from

the surface position, raindrops

have to fall through a thicker amount
of cold air, and so freeze on the

way down, producing sleet.

If the ground below the warm front is

below freezing, the raindrops freeze

as they encounter cold objects on the surface,
producing freezing rain.

Concept sketches are an excellent way to
actively engage students in class and to
assess their understanding of geographic
features, processes, and history. Concept
sketches are well suited to the visual
nature of geography, especially cross
sections, maps, and block diagrams. Geographers are natural sketchers using field notebooks, blackboards, publications, and even napkins, because
sketches are an important way to record observations and thoughts, organize knowledge, and try to visualize the evolution of landscapes, circulation
in the atmosphere and oceans, motion and precipitation along weather fronts, layers within soils, and biogeochemical cycles. Our research data show
that a student who can draw, label, and explain a concept sketch generally has a good understanding of that concept.
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HOW IS THIS BOOK ORGANIZED?

Two-page spreads are organized into 18 chapters that are arranged
into five major groups: (1) introduction to Earth, geography, and
energy and matter; (2) atmospheric motion, weather, climate,
and water resources; (3) introduction to landscapes, earth mate-
rials, sediment transport, plate tectonics, and tectonic processes
(e.g., volcanoes and earthquakes); (4) processes, such as stream flow
and glaciation, that sculpt and modify landscapes; and (5) soils, bioge-
ography, and biogeochemical cycles. The first chapter provides an over-
view of geography, including the scientific approach to geography, how
we determine and represent location, the tools and techniques used by
geographers, and an introduction to natural systems—a unifying theme
interwoven throughout the rest of the book. Chapter 2 covers energy
and matter in the Earth system, providing a foundation for all that fol-
lows in the book.

The second group of chapters begins with an introduction to atmospheric
motion (chapter 3), another theme revisited throughout the book. It fea-
tures separate two-page spreads on circulation in the tropics, high lati-
tudes, and mid-latitudes, allowing students to concentrate on one part of
the system at a time, leading to a synthesis of lower-level and upper-level
winds. Chapter 3 also covers air pressure, the Coriolis effect, and seasonal
and regional winds. This leads naturally into chapter 4, which is a thor-
ough introduction to atmospheric moisture and the consequences of ris-
ing and sinking air, including clouds and precipitation. Chapter 5 follows
with a visual, map-oriented discussion of weather, including cyclones,
tornadoes, and other severe weather. The next chapter (chapter 6), unusual
for an introductory geography textbook, is devoted entirely to interactions
between the atmosphere, oceans, and cryosphere. It features sections on
ocean currents, sea-surface temperatures, ocean salinity, and a thorough
treatment of ENSO and other atmosphere-ocean oscillations. This leads
into a chapter on climate (chapter 7), which includes controls on climate
and a climate classification, featuring a two-page spread on each of the
main climate types, illustrated with a rich blend of figures and photo-
graphs. These spreads are built around globes that portray a few related
climate types, enabling students to concentrate on their spatial distribution
and control, rather than trying to extract patterns from a map depicting all
the climate types (which the chapter also has). The climate chapter also
has a data-oriented presentation of climate change. This second part of
the book concludes with chapter 8, which presents the hydrologic cycle
and water resources, emphasizing the interaction between surface water
and groundwater.

The third part of the book focuses on landscapes and tectonics. It begins
with chapter 9, a visually oriented introduction to understanding land-
scapes, starting with familiar landscapes as an introduction to rocks and
minerals. The chapter has a separate two-page spread for each family of
rocks and how to recognize each type in the landscape. It presents a brief
introduction to weathering, erosion, and transport, aspects that are cov-
ered in more detail in later chapters on geomorphology. Wind transport,
erosion, and landforms are integrated into chapter 9, rather than being a
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separate, sparse-content chapter that forcibly brings in non-wind topics,
as is done in other textbooks. It also covers relative and numeric dating
and how we study the ages of landscapes. It is followed by chapter 10
on plate tectonics and regional features. Chapter 10 begins with hav-
ing students observe large-scale features on land and on the seafloor, as
well as patterns of earthquakes and volcanoes, as a lead-in to tectonic
plates. Integrated into the chapter are two-page spreads on continental
drift, paleomagnetism, continental and oceanic hot spots, evolution of
the modern oceans and continents, the origin of high elevations, and the
relationship between internal and external processes. The last chapter in
this third part (chapter 11) presents the processes, landforms, and haz-
ards associated with volcanoes, deformation, and earthquakes. It also
explores the origin of local mountains and basins, another topic unique
to this textbook.

The fourth group of chapters concerns the broad field of
geomorphology —the form and evolution of landscapes. It begins with
chapter 12, a more in-depth treatment of weathering, mass wasting, and
slope stability. This chapter also has two-page spreads on caves and karst
topography. Chapter 13 is about streams and flooding, presenting a clear
introduction to drainage networks, stream processes, different types of
streams and their associated landforms and sediment, and how streams
change over time. It ends with sections on floods, calculating stream dis-
charges, some examples of devastating local and regional floods, and the
many ways in which streams affect people. Chapter 14 covers glaciers and
glacial movement, landforms, and deposits. It also discusses the causes of
glaciation and the possible consequences of melting of ice sheets and gla-
ciers. Chapter 15 covers the related topic of coasts and changing sea levels.
It introduces the processes, landforms, and hazards of coastlines. It also
covers the consequences of changing sea level on landforms and humans.

The fifth and final group of chapters focuses on the biosphere and
begins with chapter 16, which explores the properties, processes, and
importance of soil. This chapter covers soil characterization and clas-
sification, including globes showing the spatial distribution of each
main type of soil. It ends with a discussion of soil erosion and how soil
impacts the way we use land. Chapter 17 provides a visual introduc-
tion to ecosystems and biogeochemical cycles. It addresses interactions
between organisms and resources within ecosystems, population growth
and decline, biodiversity, productivity, and ecosystem disturbance. The
last part of chapter 17 covers the carbon, nitrogen, phosphorus, and sul-
fur cycles, the role of oxygen in aquatic ecosystems, and invasive spe-
cies. The final chapter in the book, chapter 18, is a synthesis chapter on
biomes. It discusses factors that influence biomes and then contains a
two-page spread on each major biome, with maps, globes, photographs,
and other types of figures to convey where and why each biome exists.
It includes a section on sustainability and ends with a synthesis that
portrays biomes in the context of many topics presented in the book,
including energy balances, atmospheric moisture and circulation, cli-
mate types, and soils.



TWO-PAGE SPREADS

Most of the book consists of two-page spreads, each of which is about
one or more closely related topics. Each chapter has four main types of
two-page spreads: opening, topical, connections, and investigation.

Opening Two-Page Spread

Opening spreads introduce the chapter, engaging the student by high-
lighting some interesting and relevant aspects and posing questions to
activate prior knowledge and curiosity.

ﬂr'_ E=

o Te-umu

Atmospheric Motion

Topical Two-Page Spread

Topical spreads comprise most of the book. They convey the geographic
content, help organize knowledge, describe and illustrate processes, and
provide a spatial context. The first topical spread in a chapter usually
includes some aspects that are familiar to most students, as a bridge or
scaffold into the rest of the chapter. Each chapter has at least one two-
page spread illustrating how geography impacts society and commonly
another two-page spread that specifically describes how geographers
study typical problems.

h How Does Air Circulate in the Tropics?

Connections Two-Page Spread

The next-to-last two-page spread in each chapter is a Connections
spread designed to help students connect and integrate the various con-
cepts from the chapter and to show how these concepts can be applied
to an actual location. Connections are about real places that illustrate the
geographic concepts and features covered in the chapter, often explicitly
illustrating how we investigate a geographic problem and how geo-
graphic problems have relevance to society.

Investigation Two-Page Spread

Each chapter ends with an Investigation spread that is an exercise in
which students apply the knowledge, skills, and approaches learned in
the chapter. These exercises mostly involve virtual places that students
explore and investigate to make observations and interpretations and
to answer a series of geographic questions. Investigations are modeled
after the types of problems geographers investigate, and they use the
same kinds of data and illustrations encountered in the chapter. The
Investigation includes a list of goals for the exercises and step-by-step
instructions, including calculations and methods for constructing maps,
graphs, and other figures. These investigations can be completed by stu-
dents in class, as worksheet-based homework, or as online activities.

What Oécur; During Seasonal Circulation Shifts?
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NEW IN THE SECOND EDITION

The second edition of Exploring Physical Geography represents a sig-
nificant revision. The style, approach, and sequence of chapters are
unchanged, but every chapter received new photographs, revised fig-
ures, major to minor editing of text blocks and, in some cases, minor
reorganization. We revised text blocks to improve clarity and concise-
ness and to present recent discoveries and events. Most chapters contain
the same number of two-page spreads, but the content on some spreads
was extensively revised. Nearly all changes were made in response to
comments by reviewers, students, and instructors who are using the
materials. The most important revisions are listed below.

« This edition features completely different fonts from the first
edition. The new fonts were chosen partly to improve the read-
ability on portable electronic devices, while retaining fidelity to
a quality printed book. This font replacement resulted in count-
less small changes in the layout of individual text blocks on
every two-page spread. In addition to replacing all of the fonts
within the text, all figure labels were replaced with the new font,
a process that required opening, editing, and commonly resizing
every illustration. In addition, all labels were incorporated into
the actual artwork, rather than overlaying text on the artwork
using the page-layout program, as was done for many figures in
the first edition. This involved adding labels to hundreds of illus-
trations, but has the benefit of having every label as an integral
part of its associated art file, a useful feature for constructing
PowerPoint files.

« This edition contains more than 100 new photographs, with a
deliberate intention to represent a wider geographic diversity,
providing students with local examples from their region. For
the geomorphology chapters, many photographs from the first
edition were reprocessed from the original to improve clarity and
provide more detail.

» This edition contains 120 new and heavily revised illustrations.
Figures from the first edition were replaced with new versions to
update information so that it is more recent, to improve student
understanding of certain complex topics, and for improved
appearance. Investigations in several chapters were completely
revised.

CHAPTER 1: There are six new photographs and minor revisions
to several illustrations. As with other chapters in the book, there are
numerous minor edits to the text.

CHAPTER 2: For this chapter we replaced three photographs, includ-
ing one of the Earth from the Moon. In addition, we produced new ver-
sions of 14 figures, including new globes for the investigation. A num-
ber of these revisions reflect the decision to refer to the Sun using Sun
angle instead of Zenith angle, which some students found confusing.

CHAPTER 3: This chapter has one new photograph, and we revised
or created ten figures, mostly concerning flow between the upper and
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lower parts of the troposphere. We also added labels showing the loca-
tions of important high- and low-pressure zones.

CHAPTER 4: One photograph was replaced in this chapter, and we
revised 21 figures, mostly for font changes. Heavily revised figures
include new maps and rendered globes of specific humidity and precipi-
tation, upper-level convergence, and extreme precipitation. The Inves-
tigation for this chapter was completely redone, now having students
observe and explain global patterns of humidity, water vapor, and land
cover.

CHAPTER 5: For this chapter, we replaced four photos and revised
more than a dozen figures (30 if you count all the font replacements).
Revised figures include revisions to several maps, figures related to the
formation of lightning, and figures depicting upper-level divergence. In
addition, we replaced a world map of tornado frequency with more visu-
ally appealing and less distorting globes of these data. The Connections
spread received a change in layout, and the Investigation was heavily
revised with six new maps and new procedures.

CHAPTER 6: Chapter 6 contains 24 revised figures, mostly for fonts,
but including a number of new versions for important figures. These
include new renders of globes for the opening two-page spread, globes
about the relationship of winds to ocean currents, and globes about
ENSO. There are new figures about the Walker cell, El Nifio SST
anomalies, and other topics. We deleted a figure and associated text on
salinity in Section 6.7.

CHAPTER 7: In this chapter we replaced just one new photograph,
but we revised 54 figures, mostly for fonts. There are new versions of
globes in the opening two-page spread and in the introduction to the
climate types, as well as newly rendered globes of every type of climate.
There are new maps of the urban heat islands and new graphs depicting
the data for climate change, revising the graphs to incorporate the most
recent data. There are new figures for sea-level change, the decrease of
Arctic ice, and the frequency of storms over time. We also revised the
maps in the Investigation.

CHAPTER 8: We deleted one photograph from this chapter, and incor-
porated six new photographs. New photographs are from Central Texas,
Maryland, the Black Hills, and the state of Washington. Most of the
figure revisions were font replacements and adding labels to globes, but
larger revisions included figures about global water budgets and newly
rendered water-balance globes. There is also a new map of the Ogallala
aquifer and water-level changes in the aquifer. We changed some values
in the table for the Investigation.

CHAPTER 9: This chapter has 19 new photographs, including new
multi-specimen photographs of common minerals. There are also new
close-ups of rocks and new photographs of landscapes. We also revised
the geologic timescale to reflect new dates. We made minor revisions
to three figures.



CHAPTER 10: Chapter 10 has one new photograph, but a number of
photographs were reprocessed from the original. As with all other chap-
ters, all figures with labels were revised, including 16 in this chapter, and
more extensive revisions occurred in figures regarding paleomagnetism.

CHAPTER 11: For this chapter we deleted one photograph and two
satellite images, and replaced five photographs. The layout and text
were revised for the opening two-page spread and for floods associated
with volcanic eruptions. Legends were added to the global earthquake
maps, and there are new versions of two illustrations of the Alaskan
earthquake. A number of other figures were revised, mostly as a result
of replacing fonts.

CHAPTER 12: This chapter has seven new photographs, and a number
of existing photographs were reprocessed for clarity. The new photo-
graphs expand the geographic diversity, including photographs from
Central Texas and Florida. There is a new map showing the location of
Venezuela and a new map of the global distribution of karst. There are
a number of minor revisions to other figures.

CHAPTER 13: There are nine new photographs for this chapter, includ-
ing ones from Alaska, Central Texas, and the Potomac River. Twenty-
nine illustrations in the chapter were significantly revised or had fonts
replaced. For example, all the hydrographs were revised, as were the
figures for the Upper Mississippi flood.

CHAPTER 14: Chapter 14 has 13 new photographs from Alaska, Wyo-
ming, Colorado, and other states. Text was revised in conjunction with
the new photographs.

CHAPTER 15: For this chapter there are 11 new photographs, mostly
from Florida and coastal Alabama. Figure revisions for this chapter con-
sisted mostly of font replacements, of which there were many.

CHAPTER 16: We replaced four photographs for this chapter. The
position of Sections 16.5 and 16.6 were swapped, putting the discussion
of climate and soil ahead of the discussion of terrain, parent material,
and time.

CHAPTER 17: Chapter 17 has five new photographs, with accompany-
ing word changes. Significant changes were made to more than a dozen
figures, including the opening 3D perspective. There are new figures in
the sections regarding biogeochemical cycles for nitrogen, sulfur, and
oxygen.

CHAPTER 18: We replaced 17 photographs in this chapter, adding
photographs from the Everglades, Mississippi, Alaska, and the southern
Rocky Mountains. There are also new photographs of coral reefs. For
figure revisions, there is a new version of maps of tropical rain-forest
deforestation, coral-reef distribution, and the Panama connection.
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1 The Nature of Physical Geography

THE EARTH HAS A WEALTH of intriguing features, from dramatic mountains to intricate coastlines and deep ocean
trenches, from lush, beautiful valleys to huge areas of sparsely vegetated sand dunes. Above the surface is an active,
ever-changing atmosphere with clouds, storms, and variable winds. Occupying all these environments is life. In this
chapter and book, we examine the main concepts of physical geography, along with the tools and methods that physical
geographers use to study the landscapes, oceans, climate, weather, and ecology of Earth.

The large globe spanning these two pages is a computer-generated representation Most questions that arise from observing this globe are
of Earth, using data collected by several satellites. On land, brown colors depict within the domain of physical geography. Physical

areas of rock, sand, and soil, whereas green areas have a more dense covering of geography deals with the landforms and processes on
trees, bushes, grasses, and other vegetation. Oceans and lakes are colored blue, Earth’s surface, the character and processes in oceans
with greenish blue showing places where the water is shallow or where it contains and other bodies of water, atmospheric processes that
mud derived from the land. Superimposed on Earth’s surface are light-colored cause weather and climate, and how these various
clouds observed by a different satellite, one designed to observe weather systems. aspects affect life, and much more.

What are all the things you can observe from this portrait of our planet? What
questions arise from your observations?

01.00.a2 Santorini, Greece

Natural hazards, including volcanic eruptions

and earthquakes, are a major concern in many
parts of the world. In the Greek Island of
Santorini («), people live on the remains of a
large volcano that was mostly destroyed in a
huge eruption 3,600 years ago, an eruption tha
probably gave rise to the story of Atlantis. -

What occurs during a volcanic eruption? Do a
volcanoes erupt in the same way, and how cc
we recognize a volcano in the landscapes '

4 7.

01.00.a3 Morocco

The Sahara Desert, on the opposite
side of the Mediterranean Sea from
Greece, has a very different climate.
Here is a very dry environment,
resulting in huge areas covered by
sand dunes (a) with sparse vegetation.

What do the features of the landscape —
the landforms —tell us about the
surface processes that are forming and
affecting the scenery? What causes
different regions to have different
climates, some that are hot and dry,
and others that are cold and wet? Is
the climate of the Sahara somehow
related to the relative lack of clouds
over this area, as shown on the globe?

2
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01.00.a4 Tibet
Water is the most important resource

on the planet, and Earth’s temperatures
allow water to occur in three states of
matter —solid, liquid, and vapor. Examine
this photograph («4) and identify all the
ways in which water is expressed on the
surface and in the atmosphere. Is some
water likely present but not visible?
Geographers are concerned with where
resources are, what causes a resource
to be where it is, and how to reconcile
the inevitable economic, environmental,
and cultural trade-offs involved in using
a resource.

How does water occur in the atmosphere,
how is its presence expressed, and what is

occur and move on Earth’s surface, and
what landforms result from running water?

Oces rer about 70% of Earth’s surface.
Ocean temp
'a major role in global weather, climate, and the
livability of places, even for those far from the

)

mportant habitats for plants and animals, which
an be greatly impacted by human activities.

do satellites help us measure the tempera-
ture, salinity, and motion of the oceans, and how
do changes in any of these factors affect plants
and animals that live in or near the sea?

01.00.a1

its role in severe weather? How does water

01.00.a5 Indonesia

eratures, currents, and salinity all play

coast. The oceans and nearby lands (a) represent

The Ancient and Modern
Discipline of Geography

eographers seek to understand the
Earth. They do this by formulating
important and testable questions about
the Earth, employing principles from both the
natural and social sciences. Geographers use
these principles to portray features of the Earth
using maps and technologically intensive tools
and techniques that are distinctly geographical.
Geographers synthesize the diverse information
revealed by these tools to investigate the inter-
face between the natural and human environ-
ments. The study of the spatial distribution of
natural features and processes occurring near
Earth’s surface, especially as they affect and are
affected by humans, is physical geography.
The ancient discipline of geography is espe-
cially relevant in our modern world, partly
because of the increasing recognition that many
problems confronting society involve complex
interactions between natural and human
dimensions. Such problems include the spatial
distribution and depletion of natural resources;
contamination of air, water, and soils; suscepti-
bility of areas to landslides, flooding, and other
natural disasters; formation of and damage
caused by hurricanes, tornadoes, and other
severe weather; the current and future challenges
of global environmental change; and the environ-
mental implications of globalization. The topics
and questions introduced on these pages provide
a small sample of the aspects investigated by
physical geographers and are discussed more
fully in the rest of the book. We hope you enjoy
the journey learning about the fascinating planet
we call home.




What Is Physical Geography?

PHYSICAL GEOGRAPHY IS THE STUDY of spatial distributions of phenomena across the landscape, processes that
created and changed those distributions, and implications for those distributions on people. Geography is both a natural
and a social science. Geographers think broadly, emphasizing interconnections and complex issues, solving complicated
problems such as resource management, environmental impact assessment, spread of disease, and urban planning.
Although many such occupations do not have the title of geographer, they require a geographic perspective. Let’s have
a closer look at what the geographic perspective entails.

What Approach Do Geographers Use to Investigate Important Issues?

Geographers approach problems from different perspectives than other natural and social scientists. Specifically, geographers
think spatially, meaning they emphasize the setting, such as location, in addressing problems, and holistically, integrating
ideas from a wide variety of the natural and social sciences. In many ways, it is not what is studied that makes it geography,
but instead how it is studied. The decision of whether to drill for oil in Alaska’s Arctic National Wildlife Refuge (ANWR) is
a complicated issue that can be best understood using the geographic approach.

1. This figure (») shows a three-dimensional perspective
of the central part of ANWR, looking south with the
ice-covered Arctic Ocean in the foreground. ANWR is
well known for its abundant caribou and other Arctic
animals. Before reading on, examine this scene and
think about all the information you would need if you
wanted to understand how drilling for oil and gas might
impact the caribou.

2. To understand this issue, you might ask a series of
questions. Where do the caribou live? Since they
migrate seasonally, where are they at different times of
the year? What do they eat, where are these foods
most abundant, and what factors control these
abundances? Where is water available, and how much
rain and snow do different parts of the region receive?
Is the precipitation consistent from year to year? When
is the mating season, and where do the mothers raise
their young?

o1.01.at
3. You could also ask questions about the subsurface oil 4. The issues of ANWR nicely illustrate why we would use a geographic approach.
reserves. Where is the oil located, and what types of Most of the questions we asked here have a spatial component, as indicated by the
facilities will be required to extract and transport the oil? word “where,” and could be best answered with some type of map. The questions
How much land will be disturbed by such activities, and also have an explicit or implicit societal component, such as how development could
how will this affect the caribou? affect the traditional way of life of the native people of the region.

01.01.02 01.01.03 ANWR, AK

5. The spatial perspective allows us to compare the
locations of the physical, environmental, economic,
political, and cultural attributes of the issue. ANWR (<) is
the large area outlined in orange. Its size is deceptive
since Alaska is huge (by far the largest state in the U.S.).
For comparison, ANWR is only slightly smaller than the
state of South Carolina.

o
Prudhoe Bay Oil Field (O

6. Directly to the west of ANWR is the Prudhoe Bay oil
field, the largest oil field in North America. Not all of
ANWR s likely to contain oil and natural gas, and an
assessment of the oil resources by the U.S. Geological
Survey (USGS) identified the most favorable area as being <
near the coast. To consider the question about oil drilling, 7. The holistic perspective allows us to examine
we would want to know where this favorable area is, how  the interplay between the environment and the

SEARE

much land will be disturbed by drilling and associated aesthetic, economic, political, and cultural
activities, when these disturbances will occur, and how attributes of the problem. Most of ANWR is a
these compare with the location of caribou at different beautiful wilderness area (a), as well as being
times of the year, especially where they feed, mate, and home to caribou, native people, and various

deliver their young. plants and animals.
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B How Does Geography Influence Our Lives?

Observe this photograph, which shows a number of different features, including clouds, snowy mountains, slopes, and a
grassy field with horses and cows (the small, dark spots). For each feature you recognize, think about what is there, what its
distribution is, and what processes might be occurring. Then, think about how these factors influence the life of the animals
and how they would influence you if this were your home.

01.01.b1 Henry Mtns., UT

1. The snow-covered mountains, partially covered
with clouds, indicate the presence of water, an
essential ingredient for life. The mountains have a

major influence on water in this scene. Melted snow

flows downhill toward the lowlands, to the horses
and cows. The elevation and shape of the land

influence the spatial distribution and type of precipi-

tation (rain, snow, and hail) and the pattern of
streams that develop to drain water off the land.

2. The horses and cows roam on a flat, grassy
pasture, avoiding slopes that are steep or barren
of vegetation. The steepness of slopes reflects
the strength of the rocks and soils, and the flat
pasture resulted from loose sand and other
materials that were laid down during flooding
along a desert stream. The distribution of vegeta-
tion is controlled by steepness of slopes, types of
soils and other material, water content of the soil,
air temperatures, and many other factors, all of
which are part of physical geography. The
combined effect of such factors in turn affect, and
are affected by, the human settlements in the
area to make every place, including this one,
distinctive and unique.

3. A better view of the spatial distribution of
the green pasture is provided by this aerial
photograph (a photograph taken from the air,
like from a plane or drone). This view of the
pasture and adjacent areas reveals the shape
of the pasture, and we could measure its
length, width, and area. Such measurements
would help us decide how many horses and
cows the land could support.

01.01.b3

4. Geographers calculate various measures of
the landscape, like the steepness of slopes,
and then overlay this information on the
original map or image. In the figure above, red
shading shows the steepest slopes, along and
below the pinkish cliff. Yellow and green
indicate less steep slopes, and relatively flat
areas are unshaded. Such a map would help
us decide which areas could be new pastures.

01.01.b4

5. This image shows the shape of the land
across the region, including the mountains
(the pasture is on the left part of the map).
Colors indicate the average amount of
precipitation, with green showing the highest
amounts. The mountains, on average, receive
the most rain and snow.

Before You Leave This Page

Describe the geographic approach.

List some examples of information
used by physical geographers and
how these types of information could
influence our lives.




How Do We Investigate Geographic Questions?

PHYSICAL GEOGRAPHERS STUDY DIVERSE PROBLEMS, ranging from weather systems and climate change to
ocean currents and landscape evolution. The types of data required to investigate each of these problems are equally
diverse, but most geographers try to approach the problem in a similar, objective way, guided by spatial information and
relying on various geographic tools. Geography utilizes approaches from the natural and social sciences, blending them
together in a geographic approach. Like other scientists, geographers pose questions about natural phenomena and their
implications, propose a possible explanation (hypothesis) that can be tested, make predictions from this hypothesis, and
collect data needed to critically evaluate whether the hypothesis passes the tests.

How Do Geographers Approach Problems?

01.02.a1
Geographers ask questions like the following: QUESTION CONCEPT METHOD

- Where is it?

- Why is it where it is? - Observation:

« How did it get where it is? @ In the field, maps,

- Why does it matter where it is? satellite images,

« How does “where it is” influence where other
things are and why they are there?

The conceptual basis of these questions lies in the notion that
the location of something affects, and is a product of, other
features or processes in both the natural and human environ-
ment, and of interactions between the natural and human
environments. Natural and human phenomena are constantly

changing and constantly impacting other features in new ways,

influencing aspects like site selection and risk of natural
hazards. To address such complex issues, we use a variety of

tools and methods, such as maps, computer-simulation models,

aerial photographs, satellite imagery, statistical methods, and
historical records. The figure to the right illustrates some
aspects to consider.

aerial photographs

Natural Human
environment environment

Analysis:
How did it Field work,
get there lab methods,

in its form? computer modeling,
c quantitative analysis,
movement, dlffu5|on surveys
Interpretation
and Synthesis:
Reach conclusions

based on data from

available tools

Impacts on other
aspects of the

What is the

significance?
natural and human

environment

B What Is the Difference Between Qualitative and Quantitative Data?

Geographers approach problems in many ways, asking questions about Earth processes and collecting data that help answer
these questions. Some questions can be answered with qualitative data, but others require quantitative data, which are numeric
and are typically visualized and analyzed using data tables, calculations, equations, and graphs.

O7.y2b7Augustine Island, AK

01.02.b2 Augustine Island, AK 01.02.b3 Augustine Island, AK

When Augustine volcano in Alaska erupts, we
can make various types of observations and
measurements. Some observations are
qualitative, like descriptions, and others are
measurements that are quantitative. Both
types of data are essential for documenting
natural phenomena.

Qualitative data include descriptive words,
labels, sketches, or other images. We can
describe this picture of Augustine volcano with
phrases like “contains large, angular frag-
ments,” “releases steam,” or “the slopes seem
steep and unstable.” Such phrases can convey
important information about the site.

Quantitative data involve numbers that represent
measurements. Most result from scientific
instruments, such as this thermal camera that
records temperatures on the volcano, or with
measuring devices like a compass. We could also
collect quantitative measurements about gases
released into the air.
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How Do We Test Alternative Explanations?

Science proceeds as scientists explore the unknown—making observations and then systematically investigating questions that
arise from observations that are puzzling or unexpected. Often, we try to develop several possible explanations and then devise
ways to test each one. The normal steps in this scientific method are illustrated below, using an investigation of groundwater

contaminated by gasoline.

Steps in the
Investigation

Observations

Questions Derived
from Observations

Proposed

Explanations and
Predictions from
Each Explanation

4. One explanation is y
that the buried tank is
the source of
contamination.

Results of
Investigation

Conclusions

01.02.c1

9. The goal is to collect data, assemble information, and
draw conclusions without letting our personal bias
interfere with carrying out good science. We want to
reach the explanation that best explains all the data. Few
things are ever “proved” in science, some can be
“disproved,” but generally we are left to weigh the pros
and cons of several still-viable explanations. We choose
the one that, based on the data, is most likely to be
correct.

1. Someone makes the observation that groundwater from a local well near an
old buried gasoline tank contains gasoline. The first step in any investigation is to
make observations, recognize a problem, and state the problem clearly and
succinctly. Stating the problem as simply as possible simplifies it into a more
manageable form and helps focus our thinking on its most important aspects.

2. The observation leads to a question—Did the gasoline in the groundwater
come from a leak in the buried tank? Questions may be about what is happen-
ing currently, what happened in the past, or, in this case, who or what caused a
problem.

3. Scientists often propose several explanations,
referred to as hypotheses, vetted by initial evidence, to
explain what they observe. A hypothesis is a causal
explanation that can be tested, either by conducting
additional investigations or by examining data that
already exist.

6. We develop predictions for each explanation. A
prediction for the explanation in number 4 might be that
the tank has some kind of leak and should be surrounded
by gasoline. Also, if the explanation in number 4 is true,
the type of gasoline in the tank should be the same as in
the groundwater. Next, we plan some way to test the
predictions, such as by inspecting the tank or analyzing
the gasoline in the tank and groundwater.

5. Another explanation is
that the buried tank is not
the source of the contamina-
tion. Instead, the source is
somewhere else, and
contamination flowed into
the area.

7. To study this problem, an early step is to compile all the necessary data. This might
include maps showing the location of water wells, the direction of groundwater flow, and
locations of gas stations and other possible sources of gasoline. In our case, investigation
discovered no holes in the tank or any gasoline in the soil around the tank. Records show
that the tank held leaded gasoline, but gasoline in the groundwater is unleaded. We
compare the results of any investigation with the predictions to determine which possible
explanation is most consistent with the new data.

8. Data collected during the investigation support the conclusion that the buried tank is
not the source of contamination. Any explanation that is inconsistent with data is probably
incorrect, so we pursue other explanations. In this example, a nearby underground pipeline
may be the source of the gasoline. We can devise ways to evaluate this new hypothesis
by investigating the pipeline. We also can revisit the previously rejected hypothesis if we
discover a new way in which it might explain the data.

Before You Leave This Page

Summarize some of the aspects commonly considered using a
geographic approach.

Explain the difference between qualitative and quantitative data,
providing examples.

Explain the logical scientific steps taken to critically evaluate a

possible explanation.
L J




How Do Natural Systems Operate?

EARTH HAS A NUMBER OF SYSTEMS in which matter and energy are moved or transformed. These involve pro-
cesses of the solid Earth, water in all its forms, the structure and motion of the atmosphere, and how these three domains
(Earth, water, and air) influence life. Such systems are dynamic, responding to any changes in conditions, whether those
changes arise internally within the system or are imposed externally from outside the system.

What Are the Four Spheres of Earth?

Earth consists of four overlapping spheres—the atmosphere, biosphere, hydrosphere, and lithosphere—each of which interacts
with the other three spheres. The atmosphere is mostly gas, but includes liquids (e.g., water drops) and solids (e.g., ice and
dust). The hydrosphere represents Earth’s water, and the lithosphere is the solid Earth. The biosphere includes all the places
where there is life—in the atmosphere, on and beneath the land, and on and within the oceans.

1. The atmosphere is a mix of mostly nitrogen and oxygen gas that surrounds
Earth’s surface, gradually diminishing in concentration out to a distance of
approximately 100 kilometers, the approximate edge of outer space. In
addition to gas, the atmosphere includes clouds, precipitation, and particles
such as dust and volcanic ash. The atmosphere is approximately 78% nitrogen,
21% oxygen, less than 1% argon, and smaller amounts of carbon dioxide and
other gases. It has a variable amount of water vapor, averaging less than 4%.

2. The biosphere includes all types of life, including humans, and all of the
places it can exist on, above, and below Earth’s surface. In addition to the
abundant life on Earth’s surface, the biosphere extends about 10 kilometers
up into the atmosphere, to the bottom of the deepest oceans, and down-
ward into the cracks and tiny spaces in the subsurface. In addition to visible
plants and animals, Earth has a large population of diverse microorganisms.

Atmosphere

3. The hydrosphere is water in oceans, glaciers, lakes, streams, wetlands,
groundwater, moisture in soil, and clouds. Over 96% of water on Earth is salt
water in the oceans, and most fresh water is in ice caps, glaciers, and
groundwater, not in lakes and rivers.

Hydrosphere 4

4. The lithosphere refers generally to the solid upper part of the Earth,
including Earth’s crust. Water, air, and life extend down into the lithosphere,
so the boundary between the solid Earth and other spheres is not distinct,
01.03.a1 and the four spheres overlap.

Lithosphere

B What Are Open and Closed Systems?

Many aspects of Earth can be thought of as a system—a collection of matter, energy, and processes that are somehow related
and interconnected. For example, an air-conditioning system consists of some mechanical apparatus to cool the air, ducts to
carry the cool air from one place to another, a fan to move the air, and a power source. There are two main types of systems:
open systems and closed systems.

1. An open system allows matter and energy to move into
and out of the system. A tree («4) is an open system, taking in
water and soil-derived nutrients, extracting carbon dioxide
from the air to make the carbon-rich wood and leaves,
sometimes shedding those leaves during the winter as shown
here, and expelling oxygen as a by-product of photosynthesis,
fueled by externally derived energy from the Sun.

01.03.b2

2. A closed system does not exchange matter, or perhaps
even energy, with its surroundings. The Earth as a whole (»)
is fundamentally a closed system with regard to matter,
except for the escape of some light gases into space and the
arrival of occasional meteorites. It is an open system for
energy, which is gained via sunlight and can be lost to space.

01.03.b1 Noxubee NWR, MS
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How Do Earth Systems Operate?

Systems consist of matter and energy, and they respond to internally or externally caused changes in matter and energy, as a
tree responds to a decrease in rain (matter) or colder temperatures during the winter (energy). Systems can respond to such
changes in various ways, either reinforcing the change or counteracting the change.

System Inputs and Responses

1. One of Earth’s critical systems
involves the interactions between
ice, surface water, and
atmospheric water. This complex
system, greatly simplified here
(»), remains one of the main
challenges for computer models
attempting to analyze the causes
and possible consequences of
climate change.

3. Under the right conditions, the water freezes,
becoming snowflakes or hail, which can fall to the ground.
Over the centuries, if snow accumulates faster than it
melts, the snow becomes thick and compressed into ice,
as in glaciers, which are huge, flowing fields of ice.

4. The water molecules in snow and ice can return
directly to the atmosphere via several processes.

5. If temperatures are warm enough, snow and ice can
melt, releasing liquid water that can accumulate in
streams and flow into the ocean or other bodies of
surface water. Alternatively, the meltwater can evaporate
back into the atmosphere. Melting also occurs when
icebergs break off from the glacier.

2. Liquid water on the surface
evaporates (represented by the
upward-directed blue arrows),
becoming water vapor in the
atmosphere. If there is enough
water vapor, small airborne droplets
of water accumulate, forming the
low-level clouds illustrated here.

6. The movement of matter and energy carried in the
various forms of water is an example of a dynamic
system—a system in which matter, energy, or both, are
constantly changing their position, amounts, or form.

01.03.c1

Feedbacks

7. The system can respond to changes in
various ways, which can either reinforce the
effect, causing the overall changes to be
amplified (increased in effect), or partially or
completely counteract the effect, causing
changes to be dampened (decreased in
effect). Such reinforcements or inhibitors are
called feedbacks.

1. As this overly simplified example
illustrates, a change in a system can
be reinforced by positive feedbacks
or stifled by negative ones. Both
types of feedbacks are likely and
often occur at the same time, each
nudging the system toward opposite
behaviors (e.g., overall warming or
overall cooling). Feedbacks can leave
the system largely unchanged, or the
combined impact of positive and
negative feedbacks can lead to a
stable but gradually changing state, a
condition called dynamic equilibrium.

8. In our example, sunlight shines on the
ice and water. The ice is relatively smooth
and light-colored, reflecting much of the
Sun’s energy upward, into the atmosphere
or into space. In contrast, the water is
darker and absorbs more of the Sun’s
energy, which warms the water.

01.03.c2

9. If the amount of solar energy reaching

the surface, or trapped near the surface,
increases, for whatever reason, this may Before You Leave This Page
cause more melting of the ice. As the 10. The warming of the water results in more

front of the ice melts back, it exposes evaporation, moving water from the surface to the ) ,

more dark water, which absorbs more atmosphere, which in turn may result in more clouds. Describe Earth’s four spheres.
heat and causes even more warming of Low-level clouds are highly reflective, so as cloud Explain what is meant by open
the region. In this way, an initial change cover increases they intercept more sunlight, leading and closed systems.

(warming) triggers a response that causes to less warming. This type of response does not

even more of that change (more warming). reinforce the change but instead dampens it and Sketch and explain examples of
Such a reinforcing result is called a diminishes its overall effect. This dampening and positive and negative feedbacks.

positive feedback. resultant counteraction is called a negative feedback. L S






