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MasteringGeography has the resources you need to help you excel 
in your physical geography course and get you the grade you want! 
MasteringGeography is an online homework, tutorial, and assessment 
system designed to improve results by empowering you to quickly master 
geography concepts. You will benefit from self-paced coaching activities 
that feature feedback and hints that keep you on track. With a wide 
range of interactive, engaging, and assignable activities, you will be 
encouraged to actively learn and master challenging course concepts.

Top Three Reasons You’ll Want to Use
MasteringGeography:
1. 	Whether or not your professor assigns homework through 

MasteringGeography, YOU have access to both the eText and all of 
the resources in the Study Area. Access Mobile Field Trips, Project 
Condor Quadcopter videos, practice quizzes, flashcards, Videos, 
GIS-inspired MapMaster interactive maps, In the News readings, 
Animations, and more to help you get the best possible grade.

2. 	Dynamic Study Modules ensure you acquire, retain, and recall 
information faster and more effectively so you can be successful 
on quizzes and exams. Each question prompts you to identify how 
confident you are in your answer, and the modules adapt accordingly.

3. 	For any homework activities your professor assigns, such as with GIS-
inspired MapMaster interactive maps, Videos, Encounter Google 
Earth Activities, Mobile Field Trips, Project Condor Quadcopter 
videos, or Animations, you’ll receive wrong-answer feedback 
personalized to your answers, which will help you get back on track.

To get access to all this great material and more, ask your instructor how 
you can get started using MasteringGeography!

Please visit us at www.pearsonhighered.com for more information. To order any of 
our products, contact our customer service department at (800) 824-7799, (201) 767-5021 
outside of the U.S., or visit your campus bookstore.

www.pearsonhighered.com
www.masteringgeography.com

About the cover:  
Mount Monolith rises above 
Divide Lake in Tombstone 
Territorial Park, Yukon, Canada. 
“Reading” the landscape of 
Mount Monolith, a geographer 
sees evidence of Earth’s history 
and the processes that continue 
to shape its surface. Over 
millions of years, Earth’s internal 
processes uplifted granite that 
had cooled deep below the 
surface to form this part of the 
Ogilvie Mountains. In the more 
recent geologic past, the climate 
cooled and large glaciers 
formed, sculpting the terrain 
and leaving the steep spires of 
this 1921 meter (6302 foot) high 
peak. As you read this book, you 
will visit many such landscapes 
and learn to read the histories 
they hold.

MasteringGeographyTM

Need help visualizing  
physical geography concepts?

Need guidance before a lecture  
or an exam?



Explore the Changing Global Environment 
  with Real-World Applications & Mobile Field Trips
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global environmental change

At the end of 2015, the world population 
was an estimated 7.3 billion people, up 

from 5 billion in 1987. As a result of this tre-
mendous growth, extensive demand is under 
way to provide housing, industries, and 
amenities for everyone across the planet—
sometimes in the unlikeliest of environments. 
For instance, in Saudi Arabia, crops are grown 
in the desert, while China’s Pearl River Delta, 
which was mostly rural only 30 years ago, is 
now the world’s largest urban area.

Viva las Vegas: For several years, Las 
Vegas, Nevada, has been one of the fastest-
growing cities in the United States. Accord-
ing to the U.S. Census Bureau, the Las Vegas 
area grew to over 1.1 million persons by 2014, 
almost a 300 percent growth rate from 1990. 
In addition, visitors in 2014 numbered over 
41 million, about double the number in 1990. 
That’s a huge amount of people living, work-
ing, and touring in a city built in the middle 
of a desert ecosystem. Las Vegas sits within a 
basin in the Mojave Desert, and sidewalks in 
new housing developments at the city’s edges 
lead straight into the desert.

This level of urban development in a 
desert environment brings plenty of chal-
lenges and questions, particularly concern-
ing water usage and sustainability. Water 
levels in a reservoir of the Colorado River at 
Lake Mead, the main source of water for the 
region, have been dropping. Water conserva-
tion efforts are now in place to aid sustaina-
bility, including returning indoor wastewater 
consumption to the lake, limits and prohi-
bitions on the planting of turf grass, and 
watering restrictions in public places.

Geospatial technologies can be used to 
examine the “big picture” of the growth of Las 
Vegas and its environs and provide the moni-
toring needed to maintain sustainable growth 
measures. Satellite remote sensing allows us 
to view the expansion of urban development 
spatially, so we can see where the city is grow-
ing and at what rates. For instance, the Landsat 
satellite archive, stretching back over 40 years 
for intervals of every 16 days, allows us to keep 
a constant eye on urban growth within fragile 
ecosystems. Landsat imagery of Las Vegas in 
1984 and 2011 (Figure 2-A) gives a dramatic 
look at the growth in urban developments 
(including houses, shops, utilities, and tourist 
locations) necessary to accommodate the grow-
ing population and visitors. With this monitor-
ing, we can then use geographic information 
systems (GIS; discussed later in this chapter) to 
analyze different planning and water manage-
ment strategies for the city.

Artificial Archipel-
ago: Las Vegas is not 
the only site for which 
geospatial technologies 
can help in monitoring 
and planning. For exam-
ple, the Palm Islands in 
the Persian Gulf, just off 
the coast of Dubai in the 
desert country of the 
United Arab Emirates, is 
an archipelago that was 
built for touristry. Build-
ing a series of islands 
out of sand and rocks to 
be used as resorts and 
hotels brings with it a 
series of environmental 
challenges, but their 
growth can be moni-
tored through remote 
sensing technologies 
(Figure 2-b). Remote 
sensing is especially use-
ful for monitoring envi-
ronmental conditions 
such as water quality 
in the region as well as 
documenting urbaniza-
tion and the environ-
mental consequences of  development. For 
example, see the growth of the Palm Islands at 
http://earthobservatory.nasa.gov, NASA's Earth 
Observatory (search for "World of Change:  
Urbanization of Dubai"). Similarly, the Time-
lapse app (http://world.time.com/timelapse/) 
allows you to view yearly Landsat imagery 
from 1984 until 2012 of  locations around Earth 
(including Las Vegas and Dubai).

looking Ahead: Earth’s population is 
expected to climb to 9 billion people by 2040 
and to continue to grow. This dramatic growth 
will carry with it a variety of environmental 
impacts all around the world. Remote sensing 
satellites will allow us to monitor these kinds 

Growing a City in the desert
▶ Bradley Shellito, Youngstown State University

of impacts and growth; GIS will let us analyze 
the patterns. By looking through the lens of 
geospatial technologies, we can understand 
global environmental impacts and plan for a 
sustainable future.

Questions 
1. How can city officials use satellite 

imagery taken at regular intervals to 
make decisions for smart growth or sus-
tainability strategies?

2. What other types of sustainability chal-
lenges do urban developments in desert 
and coastal ecosystems face? How can 
remote sensing be used to address them?

▲ Figure 2-A Las Vegas in (a) 1984 and (b) 2011 as viewed by the 
Landsat 5 TM sensor.

(a) Las Vegas, 1984

Las Vegas

Las Vegas

Lake
Mead

Lake
Mead

(b) Las Vegas, 2011

▲ Figure 2-b Satellite imagery of Dubai in (a) 2000 and (b) 2011. Here vegetation appears in red.

(a) Dubai, 2000

Persian Gulf

Palm Islands

(b) Dubai, 2011
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Looking for additional review and test prep materials? Visit the Study Area in MasteringGeography™ to enhance your 
geographic literacy, spatial reasoning skills, and understanding of this chapter’s content by accessing a variety of resources, 
including MapMaster interactive maps, geoscience animations, Mobile Field Trips, videos, Project Condor Quadcopter videos, 
In the News RSS feeds, flashcards, web links, self-study quizzes, and an eText version of McKnight’s Physical Geography.

SeeingGeographically
Look again at the photograph of the thunderstorm at the beginning of the chapter 
(p. 138). What type of cloud is this? What does the cloud type suggest about the 
stability of the air? What lifting mechanism is likely responsible for the rain you see? 
Would you expect this rain to continue for a long time? Why?

EnvironmentalAnalysis Cloud Climatology

The International Satellite Cloud 
Climatology Project (ISCCP) collects 
cloud data from weather satellites of 
several nations to help us understand 
the role of clouds in climate.

Activities
Go to http://isccp.giss.nasa.gov/products/browsed2.html, the 
ISCCP website. Retain the variable “Total Cloud Amount (%)” 
and time period “Mean Annual”; then click “View.”

1. The map indicates the average annual percentage of 
cloud-covered sky. What is the range of cloud cover 
amounts in the far north? In the far south?

2. In general, is cloud cover higher over oceans or land? 
What would cause this?

Go back and select the variable “Mean Precipitable Water 
for 1000–680 mb”; then click “View.”

3. The map indicates how much moisture is available for 
precipitation in the lower half of the troposphere. 
How much precipitable water is available in the far 
north?

4. Notice that precipitable water amounts are high in 
equatorial regions and decrease poleward, as do 
temperatures. Why are precipitable water and tem-
perature related in this way?

Go back and select the variable “Mean Precipitable Water 
for 680–310 mb”; then click “View.”

5. The map indicates how much moisture is available for 
precipitation in the upper half of the troposphere. 
Again, precipitable water is most abundant in equato-
rial regions. What type of cloud is likely to form there?

6. Recall the patterns of cloud cover (Activity 1) and 
precipitable water (Activity 3) in the far north. What 
types of clouds are most likely to form in the far 
north? It may help to refer to Figure 6-14.

DATA 
Cloud Climatology

https://goo.gl/9EFghL
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NEW! Global Environmental 
Change features written by expert 
contributors present brief case 
studies on natural and human-caused 
environmental change, exploring 
important contemporary events and 
implications for the future.

NEW! Environmental Analysis Activities 
at the end of each chapter send students online 
to use a variety of interactive science resources 
and data sets to perform data analysis and critical 
thinking tasks.
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Mobile-Ready Media Brings Geography to Life

NEW! Mobile Field Trip 
Videos have students 
accompany acclaimed 
photographer and pilot 
Michael Collier in the air 
and on the ground to 
explore iconic landscapes 
of North America and 
beyond. Readers scan 
Quick Response (QR) links 
in the book to access the 
20 videos as they read. 
Also available within 
MasteringGeography.

NEW! Project Condor Quadcopter Videos take students out into 
the field through narrated and annotated quadcopter footage, exploring 
the physical processes that have helped shape North American landscapes.  
Also available within MasteringGeography.
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Structured Learning to Guide Students

UPDATED! Key Questions 
frame the big ideas and 
important topics of each 
chapter, and inform the 
Learning Outcomes in the 
MasteringGeography item library.

UPDATED! Learning Checks 
integrated throughout chapter 
sections give students a chance to 
stop and check their understanding 
as they read. Answers are available 
at the back of the book.

UPDATED! Seeing Geographically questions 
at the beginning and end of each chapter ask students to perform 
visual analysis and critical thinking tasks that test their initial 
assumptions before they read the chapter and their understanding 
of key chapter concepts after they have read the chapter.
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Portraying Earth
Have You Ever Wondered how the GPS receiver in your car or phone 
knows where you are? Or how it can tell you the fastest route through city traffic? Or 

how you can zoom in on a satellite image close enough to see your house? The technol-

ogy, which many of us now take for granted, is rooted in the topic of this chapter: how 

we gather, convey, and analyze geographic information with maps, satellite images, and 

the Global Positioning System, and how we can make practical use of this information 

through geographic information systems.

The size and complexity of Earth’s surface make it difficult to visualize and examine 

without special tools. The most basic tool for geographic studies is the map. The map-

ping of a geographic feature is often an essential first step toward understanding the 

spatial distribution and relationships of that feature. In this book you’ll find hundreds 

of maps of various kinds, each included to further your understanding of some concept, 

fact, or relationship.

In this chapter we explain many of the tools of the modern geographer. We begin 

with the basic characteristics, attributes, and limitations of maps. We then describe the 

many ways that Earth’s features can be portrayed and studied with photographs and 

remotely sensed imagery. We conclude with a discussion of how maps and computer 

databases have melded into powerful analytical systems that are now used for tasks 

ranging from scientific research to our personal shopping.

As you study this chapter, think about these KeyQuestions:

•	 How is a map different from a globe?

•	 What is meant by the scale of a map?

•	 What are the differences between equivalent (“equal area”) maps and 
conformal maps?

•	 Why are different map projections needed?

•	 How do isolines convey information on a map?

•	 How does a GPS unit know where we are?

•	 What is remote sensing?

•	 How does GIS help us analyze geographic data?

EUROPE

AFRICA0°

ATLANTIC
OCEAN

MEDITERRANEAN
SEA

15°15°

50°

35°

Mobile Field Trip videos, 
created by renowned Earth 
Science writer, photographer, 
and pilot Michael Collier, are 
virtual field trips that explore 
physical geography from 
the air and ground. This first 
Mobile Field Trip introduces 
you to the study of physical 
geography.

website TK

MobIlE 
FIEld TrIP 

Introduction

FPo
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described in degrees, minutes, and seconds; for example, 
40°45′10″ N. Each 1″ (1 second) of latitude represents 
a distance of about 31 meters (101 feet). Even simple 
GPS units routinely achieve greater accuracy than that, 
so coordinates are frequently reported in decimal units, 
such as 40°45′10.4″ N. (A difference of 0.1″ of latitude is 
about 3.1 meters [10 feet].)

Most GPS-enabled devices give users the option of 
displaying location coordinates without seconds by 
using “decimal minutes”—so 40°45′10.4″ N would be 
40°45.173′ N. In some cases, even minutes are ignored, 
presenting latitude simply as 40.75288° N.

learningCheck 2-10 How does GPS determine locations?

remote Sensing
Throughout most of history, maps were the only tools 
available to depict anything more than a tiny portion of 
Earth’s surface with any degree of accuracy. However, 
sophisticated technology developed in recent years per-
mits precision recording instruments to operate from high- 
altitude vantage points, providing a remarkable new set of 
tools for the study of Earth. Remote sensing refers to any 
measurement or acquisition of information by a recording 
device that is not in physical contact with the object under 
study—in this case, Earth’s surface.

Originally utilizing only airplanes, remote sensing was 
revolutionized by the use of satellites. Now more than 
1200 satellites, from dozens of countries, are perched 
high in the atmosphere. There they circle Earth either in 
a “low” orbit (an altitude of 20,000 kilometers [12,400 
miles] or less) or in a lofty geosynchronous orbit (usually 
about 36,000 kilometers [22,400 miles] high) that allows 
a satellite to remain over the same spot on Earth at all 
times. These satellites gather data and produce images that 
provide communications, global positioning, weather data, 
and a variety of other information for a wide range of 
commercial and scientific applications—for example, see 
the box “Global Environmental Change: Growing a City 
in the Desert.”

Aerial Photographs
Until the 1960s, aerial photography was 
almost the only form of remote sensing. 
The earliest aerial photographs were taken 
from balloons in France in 1858. By World 
War  II (1939–1945), black-and-white 
and color photographs taken from air-
planes had become crucial to the military, 
and photogrammetry—the science of 
obtaining reliable measurements and mapping from aerial 
 photographs—had developed. Although satellite imagery 
has taken over the role of aerial photography for some 
applications, aerial photographs available in digital form 
from agencies such as the U.S. Geological Survey remain an 
important source of large-scale geographic imagery.

Wide Area Augmentation System (WAAS): The Wide 
Area Augmentation System (WAAS) was developed by the 
Federal Aviation Administration (FAA) to increase the accu-
racy of instrument-based flight approaches for airplanes. 
Several dozen ground-based reference stations across North 
America monitor GPS signals and then transmit correction 
messages to the satellites. With WAAS, GPS units achieve a 
position accuracy of 7 meters (about 22 feet) about 95 per-
cent of the time. WAAS capability is built into virtually all 
new GPS receivers. Similar systems are being implemented 
in Asia (Japan’s Multi-Functional Satellite Augmentation 
System) and Europe (the Euro Geostationary Navigation 
Overlay Service).

Continuously operating GPS reference Stations 
(CorS): The National Oceanic and Atmospheric Admin-
istration (NOAA) manages a system of permanent GPS 
receiving stations known as Continuously Operating GPS 
Reference Stations (CORS). These highly accurate units 
can detect location differences of less than 1 centimeter of 
latitude, longitude, and elevation. Their uses include the 
long-term monitoring of slight changes in the ground sur-
face caused by lithospheric plate movement or the bulging 
of magma below a volcano.

GPS Modernization Program: The United States has an 
ongoing modernization program for its GPS system. The 
upgrades include replacing older satellites with newer ones 
that provide greater accuracy and a fourth civilian broadcast 
GPS signal (known as “L1C”) that is compatible with the 
GNSS of other countries. The newest-generation GPS satel-
lites (GPS III) are scheduled for launch in 2016.

GPS Applications: Since 1983, when access to GPS was 
made free to the public, growth has been astounding, and 
scientific and commercial applications now far outnum-
ber military uses of the system. Practically everything that 
moves—airplane, truck, train, car, bus, ship, tablet, cell 
phone—can be equipped with a GPS receiver. GPS has been 
employed in earthquake forecasting, ocean floor mapping, 
volcano monitoring, and a variety of mapping projects. The 
Federal Emergency Management Agency (FEMA) uses GPS-
enabled devices to collect data for damage assessment follow-
ing such natural disasters as floods and hurricanes. Following 
Hurricane Sandy in October 2012, researchers using GPS 
data gathered from New York City taxis assessed the traffic 
patterns during this extreme event to give planners informa-
tion that would better prepare the city for future disasters.

When your cell phone location tracking is activated, it’s 
a fairly simple matter for a commercial search database 
to direct you quickly to the closest coffee shop or to the 
nearest store with the item you want to buy. Furthermore, 
GPS-enabled mobile devices allow ordinary people to 
become data collectors by participating in crowdsourcing 
and citizen science projects (see the box “Focus: Citizens 
as Scientists” in Chapter 1). What was born as a military 
system has become a scientific and economic resource.

GPS display of latitude and longitude: As we saw 
in Chapter 1, latitude and longitude traditionally are 

viDeo 
Studying Fires 
Using multiple 

Satellite Sensors

http://goo.gl/qKvJa
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By far the greatest use of thermal IR scanning systems has 
been on meteorological satellites (for example, see “Focus: 
GOES Weather Satellites” in Chapter 6). Although the 
spatial resolution is not as high as for some other kinds of 
sensing systems, it is more than sufficient to make weather 
forecasting far more accurate and complete than ever before.

learningCheck 2-11 What are the differences between 
near infrared and thermal infrared images, and what kinds of 
features might be studied with each?

Multispectral remote Sensing
Today, most sophisticated remote sensing satellites are 
multispectral, or multiband. These instruments detect 
and record many bands, or regions, of the electromagnetic 
spectrum simultaneously. Thus, although traditional pho-
tographic film was sensitive to only a narrow band of vis-
ible light, a satellite equipped with a multiband instrument 
images the surface of Earth in several spectrum regions 
at once—visible light, near infrared, middle infrared, and 
thermal infrared—each useful for different applications.

The digital multispectral satellite image is conveyed 
through a matrix of numbers, with each number repre-
senting a single value for a specific pixel (picture element) 
and band. These data are stored in the satellite, eventually 
transmitted to an Earth receiving station, numerically pro-
cessed by a computer, and produced as a set of gray values 
and/or colors in the final image (Figure 2-20).

▲ Figure 2-19 Color infrared image from the Advanced Spaceborne 
Thermal Emission and Reflection Radiometer (ASTER) of the cities  
of Palm Springs, Cathedral City, and Palm Desert, California. In this  
false-color IR image, healthy vegetation is shown in red; bare ground,  
in gray-blue.

▲ Figure 2-20 The sequence of events that takes place as multispectral satellite scans are converted to a digital image.

Band 1 – Coastal aerosol/violet
Band 2 – Blue

Band 3 – Green
Band 4 – Red

Band 5 – Near IR
Band 6 – Short-wavelength IR
Band 7 – Short-wavelength IR

Band 8 – Panchromatic
Band 9 – Cirrus/near IR
Band 10 – Thermal IR
Band 11 – Thermal IR

30-meter resolution

Image stored in
satellite as matrix
of digital values

Satellite
receiver
on Earth

Computer
manipulation

and
enhancement

of data

The “digital” image

30 meters
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receivers were the size of a file cabinet, but continued tech-
nological improvement has reduced GPS receiver modules 
to the size of your fingertip. In fact, increasingly mobile 
devices such as tablets, cameras, and cell phones contain 
built-in GNSS receivers, revolutionizing both the way that 
data from field observations are gathered for use on maps 
and the way that map data are retrieved in the field.

The GPS system—formally called NAVSTAR GPS 
(Navigation Signal Timing and Ranging Global Position-
ing System)—is based on a constellation of at least 24 
high-altitude satellites configured so that a minimum of 
four—preferably six—are in view of any position on Earth. 
(Currently there are 31 active satellites, with several older 
satellites still in orbit as backups.)

Each satellite continuously transmits both identifica-
tion and positioning information that can be picked up 
by receivers on Earth (Figure 2-16). The distance between 
a given receiver and each of four or more satellites is cal-
culated by comparing clocks stored in both the receiver 
and the satellite. Then the three-dimensional coordinates 
of the receiver’s position are calculated through triangula-
tion. The more channels a GPS unit has (even inexpen-
sive units now have 12), the more satellites that can be 
tracked and the better the accuracy. The simplest GPS units 
determine position to within 10 meters (32 feet), and even 
mobile devices such as cell phones can attain an accuracy 
of 2 meters (6 feet) when satellite positioning is augmented 
by cell phone towers or another ground-based reference.

by hand in the past, one of the great virtues of a DEM is 
that the parameters of the image—such as its orientation, 
scale, and vertical exaggeration of the  topography—can 
be readily manipulated. Furthermore, various kinds of 
information or images can be overlain on the topography 
to create maps that were once impossible to conceive (for 
example, see Figure 2-27).

learningCheck 2-9 How does a digital elevation model 
convey the topography of Earth’s surface?

GNSS—Global Navigation 
Satellite System
Since the 1970s, new technologies have transformed 
navigation and mapmaking. One such technology provides 
precise location data for points on or near Earth’s surface. 
The Global Navigation Satellite System (GNSS) is such a 
system of satellite technologies. It includes the United States’ 
Global Positioning System (GPS) and Russia’s Global Nav-
igation Satellite System (GLONASS). Europe’s Galileo 
GNSS is scheduled to be fully operational by 2016; China’s 
BeiDou (“Compass”) system is also under development.

GPS was developed in the 1970s and 1980s by the 
U.S. Department of Defense to aid in navigating aircraft, 
guiding missiles, and controlling ground troops. The first 

Location where
calculated distances

from all satellites
overlap

24,000 km

20,000 km

26,000 km

28
,0

00
 km

4th ("check")
satellite

◀ Figure 2-16 Global Positioning System 
(GPS) satellites orbiting 20,200 kilometers 
(12,600 miles) above Earth broadcast timing 
signals that are picked up by a receiver on 
the surface. The time it takes the signal to 
travel from a satellite to the receiver is used to 
calculate a distance “circle” on the surface. 
Where the distance circles of at least three 
satellites overlap, the exact location of the 
receiver is determined through triangulation.
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Looking for additional review and test prep materials? Visit the Study Area in MasteringGeography™ to enhance your 
geographic literacy, spatial reasoning skills, and understanding of this chapter’s content by accessing a variety of resources, 
including MapMaster interactive maps, geoscience animations, Mobile Field Trips, videos, Project Condor Quadcopter videos, 
In the News RSS feeds, flashcards, web links, self-study quizzes, and an eText version of McKnight’s Physical Geography.

SeeingGeographically
Look again at the photograph of the tornado at the beginning of the chapter (p. 174). 
How might the topography of this region influence the likelihood of tornadoes?  
Why are spring and early summer the most common times for tornadoes? Why does the 
funnel cloud look different near the cloud base than where it comes in contact with 
the ground?

EnvironmentalAnalysis Tornado Climatology

The National Oceanic and Atmospheric 
Administration’s National Centers for 
Environment Information collect tor-
nado data to create a climatology of 
tornadoes. This climatology includes 
information about location and 
strength as well as information about 
the deadliest tornadoes.

Activities
Go to www.windows2universe.org, the Windows to the Uni-
verse site. Type “world map of tornadoes” into the “Search” 
field, then select “World Map of Tornado Occurrence and 
Agriculture Production.”

1. Tornadoes tend to form in agricultural regions. What 
conditions make agricultural regions favorable for 
tornadoes?

Go to the NOAA site at www.ncdc.noaa.gov. Select 
“ Climate Information”; click on “Extreme Events” and then 
“U.S. ­Tornado­Climatology.”

2. Globally, which latitudes are most likely to have 
tornadoes? Why do tornadoes occur at these 
 latitudes?

3. Which parts of the world are most prone to 
tornadoes?

4. Which country has the largest number of tornadoes 
per year?

5. Which U.S. state has the largest number of tornadoes 
per year? Which state has the fewest?

Click on “Recent Tornado Reports and Information.”

6. How many tornadoes occurred in the United States 
during the most recent month? How does this num-
ber compare with the average number of tornadoes 
for that month?

Go back to NOAA’s U.S. Tornado Climatology website and 
click on “Historical Records and Trends.”

7. In your region, at what time of day do most torna-
does occur?

Go back to NOAA’s U.S. Tornado Climatology website and 
click on “Deadliest Tornadoes.”

8. With the exception of 2011, none of the deadliest tor-
nadoes occurred in the past 50 years. Why are more 
recent tornadoes less deadly than those of the past?

In the table, find the May 22, 2011 (Joplin, MO), tornado 
and click on “NWS Summary.” Read the Executive Sum-
mary section of this report.

9. How did most residents of Joplin, Missouri, respond 
to the tornado warning? How should they have 
responded?

10. What suggestions did the report make that could 
help reduce fatalities during strong and violent tor-
nadoes in the future?

DATA 
Tornado 

Climatology

https://goo.gl/NjmQEK
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focus

A coastal engineer wishes to know what 
will be the future impact of sea-level 

rise and increased storm surge on coastal 
wetlands. An emergency manager needs to 
know how best to evacuate residents during 
a hurricane. A city planner wants to know 
the future impact that land-use changes will 
have on the emission of carbon dioxide and 
other greenhouse gases. In each case, geo-
graphic information systems (GIS) can help 
bring together geographic facts that are 
relevant to decisions about natural and built 
environments. Such a system first assimilates 
and brings together spatial data—data that 
include geographic location or coordinates—
from multiple sources, which may include 
government data clearinghouses, state agen-
cies, and field measurements. It then overlays 
all of the data in a common reference frame 
of coordinates as layers (see Figure 2-26).

Bringing Data Together: The data 
can be retrieved for use in analysis and then 
displayed in a way that enables decision 
makers to explore their options, usually by 
investigating future scenarios. For example, 
the coastline of the San Francisco Bay is as-
sumed to face 1 meter (3 feet) of future sea-
level rise (Figure 2-C). Using an online GIS 
at coast.noaa.gov/slr, the coastal engineer 
can move the sea-level rise slider to see that 
almost all of the impacts on the Bay will 
come in the low-lying fringes, now mostly 
salt evaporation basins. With GIS, the emer-
gency manager can overlay the output from 
spatial analyses and models atop the geo-
graphic information to help make informed 
decisions about safe evacuation routes. 

Modeling the Future for  Better 
Decis ions:  GIS model ing is  ideal 
for  land-use studies. Compare an  actual 

 land-use map for Little Rock,  Arkansas, as 
mapped by satellite in 1992 (Figure 2-D-a) with 
the land use as forecast by a land-use-change 
model for the year 2050  (Figure 2-D-b). This 
model is based on the Intergovernmental 
Panel on Climate Change (IPCC) scenario in 
which the world of the future has very rapid 
economic growth, global population that 
peaks in midcentury and then declines, and 
the rapid introduction of more efficient 
technologies, with a reduction in income 
disparity. (The findings of the IPCC are dis-
cussed in Chapter 8.) The U.S. Geological Sur-
vey used this model output to assess carbon 
and greenhouse gas (GHG) emissions under 
this scenario. The carbon and GHG impacts 
were then compared within the GIS among 
the several IPCC scenarios as part of the Na-
tional Assessment of Ecosystem Carbon and 
Greenhouse Gas Fluxes. Being able to see a 
variety of possible outcomes helps  inform 

decision makers and can lead to better 
policy.

Trends for GIS and Decision 
Making: Today, decision-support tools are 
an integrated component of planning, busi-
ness, industry, and research. They are used 
by governments at all levels, businesses, and 
planners to do everything from delivering 
packages by mail to planning for the 
next hurricane. Increasingly sophisticated 
 decision-making tools are being integrated 
into GIS: mapping with multiple contribut-
ing factors, land suitability analysis, demo-
graphic and transportation planning tools, 
and many more. In addition, displays such as 
maps can be supplemented with information 
graphics, animations, and three-dimensional 
views and fed into broader decision-making 
tools such as optimization and scenario ex-
ploration software. You already employ 
many of these tools when you use your geo-
graphic position in searching the Internet, 
such as when you perform a search with 
FourSquare, Bing, or Google Maps.

Questions
1. What layers of imagery and data that 

you can see were brought together by 
the National Oceanic and Atmospheric 
Administration for the San Francisco Bay 
example?

2. The IPCC scenario described here is 
often called “business as usual.” What 
will happen to land use in Little Rock if 
this scenario ensues by 2050? 

3. How is GIS likely to change, in terms of 
decision support, in the future?

GIS for Geographic Decision Making
▶ Keith Clarke, University of California–Santa Barbara

▲ Figure 2-C One meter of sea-level rise as shown by the NOAA Coastal exploration tool 
(coast.noaa.gov/slr). 

▲ Figure 2-D Land use in Little Rock, Arkansas, (a) in 1992; (b) as predicted for 2050 
by GIS modeling. (Red = developed; orange = cropland; yellow = pasture; dark green = 
evergreen forest.)

(a) 1992 (b) 2050
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energy for the 21st century

Fossil fuels (coal, oil, and natural gas) are 
the product of millions of years of accu-

mulated energy from sunlight, absorbed in 
plant life and trapped as hydrocarbon matter 
beneath Earth’s surface. Although fossil fuels 
have been the primary energy source power-
ing human civilization since the dawn of the 
industrial revolution, a transition to newer, 
cleaner forms of energy is now underway.

Historical Significance of Fossil 
Fuels: Before the use of fossil fuels, people 
did most mechanical work by using their own 
muscle power and that of animals, both ulti-
mately derived from the Sun’s energy stored 
in plants through photosynthesis and plant-
eating animals (discussed in Chapter 10). The 
shift to fossil fuels led to machinery that ran 
without the force of muscle power, such as 
steam engines, and eventually to electri-
cal power generation and automobiles. This 
change allowed for dramatic gains in labor 
productivity and the growth of transportation 
networks. Moreover, the increasing reliance 
on fossil fuels freed up thousands of acres that 
had been used for energy, such as farmland 
used to grow feed for working animals and 
forest land that provided wood and charcoal 
for heating, cooking, and metal production.

These developments have allowed the 
world to derive as much as 80 percent of 
its energy from fossil fuels historically. That 
number has dropped in recent years, however 
(Figure 3-D), as renewable energy continues 
to add more capacity with each passing year.

Consequences of Reliance on Fossil 
Fuels: Despite the historical benefits that 
fossil fuel energy has provided, it has come 
with considerable costs. First, the combus-
tion of coal, oil, and gas produces enormous 
amounts of pollution. For example, sulfur 
dioxide (SO2) from coal-fired power plants 
causes acid rain (discussed in Chapter 6).
Passage of the Clean Air Acts in the 1970s, 

which required scrubbers in factory smoke 
stacks to remove SO2 emissions, has largely 
alleviated that problem. However, a more 
fundamental environmental threat arises 
from the fact that all fossil fuel use emits 
carbon dioxide (CO2), the primary human-
produced greenhouse gas causing global 
climate change (discussed in Chapter 4). 
Moreover, the uneven distribution of fos-
sil fuels creates geopolitical conflict over 
access to, and control over, energy resources. 
Although this problem is most visible in con-
flicts over oil (as in the Middle East), other 
areas of contention include natural gas pipe-
lines in the Ukraine and North America and 
“fracking” (see Chapter 13) and mountain-
top coal mining in the United States.

Alternative Energy: Support for 
switching to alternative energy has been 
growing among scientists, policymakers, 
and the public in recent decades. Most 
alternatives to fossil fuels generate electric-
ity. Electricity is primarily generated by the 
combustion of coal or gas to create steam 
that turns a turbine. The transportation sec-
tor runs mostly on liquid fuels derived from 
crude oil. The only liquid fuel alternatives 
are biofuels (see Chapter 10), often derived 
from crops grown on farmland, thus compet-
ing with food production. The rapid increase 
in use of electric and plug-in hybrid vehicles, 
which can be powered off the electric grid, 
provides a means for reducing reliance on 
fossil fuels in the transportation sector.

Many alternative energy sources show 
promise, although each has some limitations. 
Nuclear power is the largest current alter-
native energy source, but it brings risks of 
calamitous accidents, such as the Fukushima 
disaster in Japan following the tsunami of 
2011 (see Chapter 20), and produces radio-
active waste. Hydroelectric power uses dams 
and the power of falling water to generate 
electricity (see Chapter 16). Dams, however, 

degrade river ecosys-
tems and often dis-
place thousands of 
people. Some alterna-
tives, such as geother-
mal (see  Chapter  17) 
and tidal power (see 
 Chapter  20), may be 
limited to locations 
far from population 
centers.

W i n d  p o w e r 
recently has been the 
f a s t e s t - g r o w i n g 
 alter native (see Chap-
ter 5), but its capacity 

Transitioning from Fossil Fuels
▶ Michael E. Mann, Penn State University

to generate electricity ultimately depends 
on when the wind blows. Solar power har-
nesses direct sunlight to generate electricity 
through either photovoltaic cells or the boil-
ing of water to create steam (see Chapter 4). 
Like wind, solar is intermittent; it is not avail-
able when it is dark or cloudy. “Smart grids” 
that adaptively combine energy from a 
diverse mix of sources would alleviate these 
intermittency limitations.

The main barriers to an “energy transi-
tion” away from fossil fuels are political and 
economic (see Chapter 8). Historically, fossil 
fuels have been cheaper, making it difficult 
for alternative energy to compete when only 
short-term costs are considered. The current 
high profitability of the fossil fuel industry 
inhibits a shift toward initially less profit-
able alternative energy sources. Despite these 
obstacles, advances in technology are making 
renewable energy sources increasingly com-
petitive with fossil fuels, and that trend should 
continue (Figure 3-E). More widespread sup-
port for pricing of carbon emissions to account 
for the damage done by the resulting changes 
in climate promises to accelerate this process. 

Questions
1. An aphorism holds that “The Stone Age 

didn’t end for want of stones.” What 
relevance does this statement have for 
the transition to renewable energy?

2. How can putting a price on carbon emis-
sions accelerate the transition away from 
fossil fuels to renewable energy sources?

3. Some advocates argue that cheap fossil 
fuels are the best way to assist economic 
development in poor nations. Why 
might this not be true?

▲ Figure 3-D Total world energy consumption by source (in 2013).
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Renewable
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Solar heating/cooling 0.16%
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Solar CSP 0.0039%
Geothermal heat 0.061%
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▲ Figure 3-E National Renewable Energy 
Laboratory scientists experimenting with ways to 
make solar cells more efficient..

M03_HESS5421_12_SE_C03.indd   68 1/22/16   7:12 PM

UPDATED! 
Energy for the 
21st Century 
features provide 
coverage of 
renewable and 
nonrenewable 
energy resources, 
authored by expert 
contributors.

49

◀ Figure 2-29 Natural color satellite image 
of the Yukon River Delta, Alaska, taken with the 
Enhanced Thematic Mapper Plus on Landsat 7.
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Tools of the Geographer
The vast array of maps, remotely sensed imagery, satellite 
data, and GIS applications that are now available is mak-
ing the tools of the geographer more widely used than ever 
before. The effective use of these tools, however, still entails 
thoughtful consideration. Although it is easy to download 
a satellite image or quickly print a map from the Internet, 
those images and maps may or may not be useful for geo-
graphical analysis—and might actually be deceptive—unless 
we choose an appropriate map projection, an appropriate 
scale, and an appropriate selection of data to depict.

Choosing Effective Maps and Imagery: Certain types 
of imagery are useful for particular purposes. For example, 
when we study major features of Earth’s surface, high- 
altitude satellite imagery is especially valuable (Figure 2-29). 

For studying the hydrosphere, multiband satellite images 
of an entire hemisphere can tell us much about the water 
content in clouds, air masses, glaciers, and snowfields at a 
given time. Changes in vegetation patterns in the biosphere 
are often visible with time-series color infrared imagery. 
Cities or transportation networks may be best interpreted 
by using large-scale satellite imagery or aerial photographs. 
In all cases, GIS may be used to uncover or highlight geo-
graphic relationships that are not obvious when we employ 
any single source of data or kind of imagery.

In using these tools, the geographer should recognize 
that understanding does not come simply through the 
application of technology. Understanding comes from a 
carefully designed investigation, often using technology but 
frequently supported by such traditional sources of infor-
mation as field study and observation.

▶ Figure 2-28 Scientists at the Indian National 
Centre for Ocean Information use GIS in their early 
warning system for tsunami and storm surges.
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time that snow fell. Oxygen isotope analysis of ice cores 
has become one of the most important ways scientists have 
been able to construct a record of past global temperature.

Ice cores also provide direct information about the com-
position of the atmosphere in the past. As snow accumu-
lates and is compacted into glacial ice, air bubbles from 
the atmosphere become frozen into the ice. These tiny 
air bubbles deep in glaciers are preserved samples of the 
ancient atmosphere, allowing direct measurements of the 
concentration of CO2 and other gases. In addition, particu-
lates in the ice can offer information about past cataclysmic 
events such as major volcanic eruptions.

Dome C in Antarctica: Of all the locations where ice cores 
have been extracted from glaciers, the most significant is 
probably Dome C in Antarctica. Dome C is located about 
1750 kilometers (1090 miles) from the South Pole at a lati-
tude of 75° S and a longitude 123° E—where the Antarctic 
ice cap is thickest (Figure 8-39a). The coring was under-
taken by the European Project for Ice Coring in Antarctica 
(EPICA). A multinational team of scientists extracted a con-
tinuous 10-centimeter (4-inch) diameter ice core record to a 
depth of more than 3 kilometers (2 miles). The analysis has 
provided climate and atmospheric composition data back 
800,000 years—far longer than any other ice core— providing 
climate information on eight complete glacial/interglacial 
cycles  (Figure 8-39b).

The findings at Dome C closely match the proxy climate 
records derived from both the nearby Vostok, Antarctica, 
ice core and the oxygen isotope analysis of the calcium car-
bonate in the shells of foraminifera found in oceanic sedi-
ments, adding to the scientists’ confidence in the soundness 
of the Dome C data. Scientists are currently searching for 
possible drilling sites that can extend the ice core record 
back even further.

The Dome C climate record shows that the present 
concentration of CO2 in the atmosphere is greater than 
at any time in the last 800,000 years and that increases 
and decreases in global temperature closely correlate with 
changes in greenhouse gas concentration (especially carbon 
dioxide and methane). Lower concentrations of greenhouse 
gases are present during glacial episodes, whereas higher 
concentrations of greenhouses gases are present during 
interglacial (warm) periods. However, research shows that 
atmospheric CO2 concentrations usually increased several 
hundred years after an interglacial temperature increase 
began. This suggests that the increase in greenhouse gas 
concentration was not the trigger for the interglacial 
temperature increase; increasing CO2 levels may have 
simply amplified the warming climate. Today, however, 
an increase in temperature closely follows an increase in 
greenhouse gases, indicating that the temperature increase 
has been caused by the increase in greenhouse gases.

LearningCheck 8-12 How can ice cores give us 
information about past concentrations of greenhouse gases in 
the atmosphere?

Coral reefs: Coral reefs are built up in tropical ocean areas 
by massive colonies of tiny coral polyps that excrete calcium 
carbonate exoskeletons. (Coral is discussed in more detail 
in Chapter 20.) Because this CaCO3 was extracted from 
the seawater, the 18O/16O ratio of the coral provides infor-
mation about the climate at the time the reef was forming. 
Furthermore, because coral reefs develop in shallow water, 
the relative height of old reefs may help us determine past 
fluctuations in sea level.

LearningCheck 8-11 How can oxygen isotope analysis tell 
us about temperature in the past?

Ice Cores
The analysis of ice cores can also give us information about 
past climates. By drilling down into glaciers, we can obtain 
a record of snowfall going back hundreds of thousands 
of years in some locations (Figure 8-38). Such ice cores 
offer several kinds of information about past conditions. 
A greater number of water molecules with 18O evaporate 
from the oceans when temperatures are high than when 
temperatures are low, thus the 18O/16O
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Pre-Lecture Reading Quizzes are easy to customize 
& assign
NEW! Reading Questions ensure that students complete the assigned 
reading before class and stay on track with reading assignments. 
Reading Questions are 100% mobile ready and can be completed by 
students on mobile devices. 
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Mobile Media and Reading Assignments Ensure Students Come to Class Prepared.
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Study Modules   
personalize each 
student’s learning 
experience. Created 
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acquire knowledge 
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be better prepared 
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mobile app is available 
for iOS and Android 
devices.

Pearson eText in MasteringGeography gives students access 
to the text whenever and wherever they can access the internet. eText 
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•	 Now available on smartphones and tablets.
•	 Seamlessly integrated videos and other rich media.
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with MasteringGeography™

Enrich Lecture with Dynamic Media
Teachers can incorporate dynamic media into lecture, such as Videos, 
Mobile Field Trip Videos, MapMaster Interactive Maps, Project Condor 
Quadcopter Videos, and Geoscience Animations.

DURING CLASS
Learning Catalytics™ and Engaging Media 

What has Teachers and Students excited? 
Learning Cataltyics, a ‘bring your own device’ 
student engagement, assessment, and classroom 
intelligence system, allows students to use their 
smartphone, tablet, or laptop to respond to 
questions in class. With Learning Cataltyics, you 
can:

•  �Assess students in real time using open- 
ended question formats to uncover student 
misconceptions and adjust lecture accordingly.

•  �Automatically create groups for peer instruction 
based on student response patterns, to optimize 
discussion productivity.

“My students are so busy and 
engaged answering Learning 
Catalytics questions during 
lecture that they don’t have 
time for Facebook.”

Declan De Paor, Old Dominion University
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physical geography course material and understand challenging geography processes and concepts.
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Earth Report series in MasteringGeography. 
Approximately 200 video clips for over 
30 hours of footage are available to students 
and teachers in MasteringGeography.

UPDATED! MapMaster Interactive Map 
Activities are inspired by GIS, allowing students 
to layer various thematic maps to analyze 
spatial patterns and data at regional and global 
scales. This tool includes zoom and annotation 
functionality, with hundreds of map layers 
leveraging recent data from sources such as 
NOAA, NASA, USGS, United Nations, and the CIA.

NEW! Mobile Field Trip Videos 
have students accompany acclaimed 
photographer and pilot Michael Collier 
in the air and on the ground to explore 
iconic landscapes of North America and 
beyond. Readers scan Quick Response 
(QR) links in the book to access the 20 
videos as they read. Also available within 
MasteringGeography with assignable 
assessments.
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highly visual and data-rich coaching items 
with hints and specific wrong answer 
feedback that help students master the 
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students toward mastery of these 
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spatial data and tour distant places on 
the virtual globe.
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Biological Productivity in 

Midlatitude Oceans
Net Primary Productivity

	 13	 �Introduction to 
Landform Study 
Metamorphic Rock  

Foliation
Isostasy

	 14	 The Internal Processes 
Seafloor Spreading
Paleomagnetism
Convection and Plate  

Tectonics
Plate Boundaries
Divergent Boundaries
Subduction Zones
Collision of India with 

Eurasia
Transform Faults and 
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Breakup of Pangaea
HotSpot Volcano Tracks
Terrane Formation
Volcanoes
Formation of Crater Lake

The Eruption  
of Mount  
St. Helens

Igneous Features
Folding
Faulting
Seismic Waves
Seismographs

	 15	 Weathering 
and Mass Wasting
Mechanical Weathering
Mass Wasting
The Eruption of Mount St. 

Helens

	 16	 Fluvial Processes 
Stream Sediment Movement
Oxbow Lake Formation
Floods and Natural Levee 
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xv

Videos providing engaging visualizations and real-world examples of physical geography concepts can 
be accessed by students with mobile devices through Quick Response Codes in the book, or through the 

 Study Area. Teachers can assign these media with assessments in .

	 1	 Introduction to Earth
Mobile Field Trip: Introduction to Physical 

Geography

	 2	 Portraying Earth
Mobile Field Trip: Introduction to Physical 

Geography
Studying Fires Using Multiple Satellite Sensors

	 3	� Introduction to the Atmosphere 
Ozone Hole
Coriolis Effect Merry Go Round

	 4	 �Insolation and Temperature
Seasonal Radiation Patterns
Ocean Circulation Patterns—Subtropical Gyres
Seasonal Changes in Temperature

	 5	 �Atmospheric Pressure and Wind
El Niño
La Niña
Mobile Field Trip: El Niño

	 6	 Atmospheric Moisture
Hydrological Cycle
Mobile Field Trip: Clouds: Earth’s Dynamic 

Atmosphere

	 7	 �Atmospheric Disturbances
2005 Hurricane Season
Hurricane Sandy

	 8	 Climate and Climate Change
Mobile Field Trip: Climate Change in the Arctic
18,000 Years of Pine Pollen
Temperature and Agriculture

	 9	 The Hydrosphere
Hydrological Cycle
Mobile Field Trip: Moving Water Across  

California
Mobile Field Trip: Mammoth Cave

	 10	 Cycles and Patterns in the Biosphere
Global Carbon Uptake by Plants
Mobile Field Trip: Forest Fires in the West

	 11	 Terrestrial Flora and Fauna
Mobile Field Trip: Cloud Forest
Climate, Crops, and Bees

	 12	 Soils
Mobile Field Trip: The Critical Zone
Maps of Soil Moisture
California Drought

	 13	 Introduction to Landform Study
Mobile Field Trip: Yosemite
Mobile Field Trip: Oil Sands
Black Smokers

	 14	 The Internal Processes
Mobile Field Trip: San Andreas Fault
Mobile Field Trip: Kīlauea Volcano
Project Condor: Cinder Cones and Basaltic Lava 

Flows
Project Condor: Monoclines of the Colorado 

Plateau
Project Condor: Identifying Anticlines 

and Synclines
Project Condor: Faults versus Joints

	 15	 Weathering and Mass Wasting
Project Condor: Jointing
Mobile Field Trip: Landslide!

	 16	 Fluvial Processes 
Mobile Field Trip: Streams of the Great Smoky 

Mountains
Project Condor: Meandering Rivers
Mobile Field Trip: Mississippi Delta
Project Condor: River Terraces and Base Level

	 17	 Karst and Hydrothermal Processes
Mobile Field Trip: Mammoth Cave

	 18	 The Topography of Arid Lands
Project Condor: Characteristics of Alluvial Fans
Mobile Field Trip: Desert Geomorphology

	 19	 Glacial Modification of Terrain
Mobile Field Trip: The Glaciers of Alaska
Mobile Field Trip: Climate Change in the Arctic

	 20	 Coastal Processes and Terrain
Summertime/Wintertime Beach Conditions
Mobile Field Trip: Gulf Coast Processes
Movement of Sand in Beach Compartment
Mobile Field Trip: Cape Cod: Sculpted by Ice 

& Storm

videos

video 
Yosemite

https://goo.gl/iXSy3f
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Bird Populations; Earthquake Prediction; and Imperiled 
Coral Reefs.

•	 Several new People & the Environment special content features 
have been added: Invasive Species in Florida; Human Impacts 
of Recent Volcanic Eruptions; and The Oso Landslide. Several 
more have been revised for currency: The UV Index; The Great 
Pacific Garbage Patch; The Future of the Mississippi River 
Delta; and Disintegration of Antarctic Ice Shelves.

•	 The entire art program has continued its thorough revision 
and updating by illustrator Dennis Tasa. Over 200 new 
diagrams, maps, and photographs are found throughout. 
Even the figures that have remained essentially the same 
have been updated with minor changes to improve usability.

•	 Each chapter includes a refined learning path, beginning 
with a series of new Key Questions to help students 
prioritize key issues and concepts.

•	 Throughout each chapter, new and revised Learning Check 
questions periodically confirm a student’s understanding of 
the material.

•	 An expanded end-of-chapter Learning Review now includes 
a capstone activity called Environmental Analysis that 
sends students online to use a variety of interactive science 
resources and data sets to perform data analysis and critical 
thinking tasks.

•	 The findings of the IPCC’s Fifth Assessment Report have 
been incorporated throughout.

•	 In Chapter 2, material on GPS and GIS has been updated 
and expanded.

•	 In Chapter 4, the material on the greenhouse effect has been 
updated and revised.

•	 New diagrams in Chapter 5 illustrate the consequences of 
El Niño.

•	 Chapter 7 includes discussion and illustrations of some of 
the latest storms, including 2015’s Hurricane Patricia.

•	 Chapter 8, Climate and Climate Change, has been thoroughly 
updated and revised with the latest data and applications, 
fully incorporating the latest findings of the IPCC.

•	 Many new and revised diagrams appear in Chapter 14 to 
illustrate the internal processes.

•	 Over 130 Quick Response (QR) Codes are integrated 
throughout the book to enable students with mobile devices 
to access Mobile Field Trips, Condor Quadcopter Videos, 
and mobile-ready versions of the Geoscience Animations and 
other videos as they read, for just-in-time visualization and 
conceptual reinforcement. These media are also available in 
the Student Study Area of MasteringGeography, and many 
can also be assigned by teachers for credit and grading.

•	 The book is supported by MasteringGeographyTM, the 
most widely used and effective online homework, tutorial, 
and assessment system for the sciences. Assignable media 
and activities include Geoscience Animations, Videos, 
Mobile Field Trip Videos, Project Condor Quadcopter 
Videos, Encounter Physical Geography Google Earth™ 
Explorations, GIS-inspired MapMaster™ interactive 
maps, coaching activities on the toughest topics in physical 
geography, end-of-chapter questions and exercises, reading 
quizzes, and Test Bank questions.

McKnight’s Physical Geography: A Landscape Appreciation 
presents the concepts of physical geography in a clear, readable 
way to help students comprehend Earth’s physical landscape. 
The 12th edition of the book has undergone a thorough revision, 
while maintaining the time-proven approach to physical 
geography first presented by Tom McKnight over 30 years ago.

New to the 12th Edition
Users of earlier editions will see that the overall sequence of 
chapters and most topics remains the same, with material 
added and updated in several key areas. Changes to the new 
edition include the following:

•	 NEW Global Environmental Change features written by 
expert contributors present brief case studies on natural and 
human-caused environmental change, exploring important 
contemporary events and implications for the future.

•	 NEW Mobile Field Trip Videos have students accompany 
acclaimed photographer and pilot Michael Collier in the air 
and on the ground to explore iconic landscapes of North 
America and beyond. Readers scan Quick Response (QR) 
links in the book to access the 20 videos as they read. Also 
available within MasteringGeography.

•	 NEW Project Condor Quadcopter Videos, linked via QR 
codes, take students out into the field through narrated 
quadcopter footage, exploring the physical processes that 
have helped shape North American landscapes.

•	 Chapters  now open with new “Have You Ever 
Wondered…?” questions to engage students in the everyday 
big-picture questions for that chapter. 

•	 Updated Seeing Geographically features at the beginning 
and end of each chapter in the Learning Review ask 
students to perform visual analysis and critical thinking 
tasks that test their initial assumptions before they read the 
chapter and their understanding of key chapter concepts 
after they have read the chapter.

•	 New Practicing Geography photo features highlight the 
real-world people and professions in geography and science 
today.

•	 Energy for the 21st Century features have been updated 
with topics including Transitioning from Fossil Fuels; Solar 
Energy; Wind Power; Strategies for Reducing Greenhouse 
Gas Emissions; Biofuels; Unconventional Hydrocarbons 
and the Fracking Revolution; Hydropower; Geothermal 
Energy; and Tidal Power.

•	 New Focus features include Citizens as Scientists; GIS for 
Geographic Decision Making; Multiyear Atmospheric 
and Oceanic Cycles; Soil Differences—They’re All About 
Scale; and Death Valley’s Extraordinary Basin-and-Range 
Terrain.

•	 Updated and revised Focus features include Measuring 
Earth’s Surface Temperature by Satellite; GOES Weather 
Satellites; Conveyor Belt Model of Midlatitude Cyclones; 
Weather Radar; Signs of Climate Change in the Arctic; 
What’s Killing Our Forests?; Changing Climate Affects 

Preface
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To the Student
Welcome to McKnight’s Physical Geography: A Landscape 
Appreciation. Take a minute to skim through this book to see 
some of the features that will help you learn the material in 
your physical geography course:

•	 You’ll notice that the book includes many diagrams, 
maps, and photographs. Physical geography is a visual 
discipline, so studying the figures and their captions is just 
as important as reading through the text itself.

•	 Many photographs have “locator maps” to help you learn 
the locations of the many places we mention in the book.

•	 A reference map of physical features of the world is found 
inside the front cover of the book, and a reference map of 
the countries of the world is found inside the back cover.

•	 Practicing Geography photo features highlight the real-
world people and professions in geography and science 
today.

•	 Each chapter begins with a quick overview of the material, 
as well as a series of questions—think about these questions 
as you study the material in that chapter.

•	 Look at the photograph that begins each chapter. The 
Seeing Geographically questions for this photograph will 
get you thinking about the material in the chapter and 
about the kinds of things that geographers can learn by 
looking at a landscape.

•	 As you read through each chapter, you’ll come across 
short Learning Check questions. These quick questions are 
designed to check your understanding of key information in 
the text section you’ve just read. Answers to the Learning 
Check questions are found in the back of the book.

•	 Each chapter concludes with a Learning Review. Begin 
with the Key Terms and Concepts questions—these will 
check your understanding of basic factual information 
and key terms (which are printed in bold type throughout 
the text). Then, answer the Study Questions—these will 
confirm your understanding of major concepts presented 
in the chapter. Finally, you can try the Exercises—for 
these problems you’ll interpret maps or diagrams and use 
basic math to reinforce your understanding of the material 
you’ve studied.

•	 Environmental Analysis activities at the end of each chapter 
will direct you to interactive science resources and data sets 
for broader data analysis and critical thinking.

•	 Finish the chapter by answering the Seeing Geographically 
questions at the end of the Learning Review. To answer 
these questions, you’ll put to use things you’ve learned in 
the chapter. As you progress through the book, you begin 
to recognize how much more you can “see” in a landscape 
after studying physical geography.

•	 The alphabetical glossary at the end of the book provides 
definitions for all of the key terms.

•	 All chapters include Quick Response (QR) codes/icons 
that direct you to Mobile Field Trips, Project Condor 
Quadcopter Videos, online animations, and other videos 
that you can access with your mobile device. Download 
free QR scanning apps from the app store for your mobile 
device. The animations and videos help explain important 
concepts in physical geography and also provide real-world 
case studies of physical geography in action. The animations 
and videos can also be accessed through the Student Study 
Area in MasteringGeography, and can also be assigned for 
credit by teachers.
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Practicing Geography: Careers for Enhancing Society and 
the Environment by American Association of Geographers 
(0321811151). This book examines career opportunities 
for geographers and geospatial professionals in the business, 
government, nonprofit, and education sectors. A diverse 
group of academic and industry professionals shares insights 
on career planning, networking, transitioning between 
employment sectors, and balancing work and home life. 
The book illustrates the value of geographic expertise and 
technologies through engaging profiles and case studies of 
geographers at work.

Teaching College Geography: A Practical Guide for 
Graduate Students and Early Career Faculty by American 
Association of Geographers (0136054471). This two-part 
resource provides a starting point for becoming an effective 
geography teacher from the very first day of class. Part One 
addresses “nuts-and-bolts” teaching issues. Part Two explores 
being an effective teacher in the field, supporting critical 
thinking with GIS and mapping technologies, engaging 
learners in large geography classes, and promoting awareness 
of international perspectives and geographic issues.

Aspiring Academics: A Resource Book for Graduate 
Students and Early Career Faculty by American Association 
of Geographers (0136048919). Drawing on several years of 
research, this set of essays is designed to help graduate students 
and early career faculty start their careers in geography and 
related social and environmental sciences. Aspiring Academics 
stresses the interdependence of teaching, research, and 
service—and the importance of achieving a healthy balance of 
professional and personal life—while doing faculty work. Each 
chapter provides accessible, forward-looking advice on topics 
that often cause the most stress in the first years of a college or 
university appointment.

For Students
Physical Geography Laboratory Manual, 12th edition 

by Darrel Hess. This lab manual offers a comprehensive 
set of more than 45 lab exercises to accompany any physical 
geography class. The first half covers topics such as basic 
meteorological processes, the interpretation of weather maps, 
weather satellite images, and climate data. The second half 
focuses on understanding the development of landforms and 
the interpretation of topographic maps and aerial imagery. 
Many exercises have problems that use Google Earth™, and 
the lab manual website contains maps, images, photographs, 
satellite movie loops, and Google Earth™ KMZ files. The 
12th edition of the lab manual includes both new and revised 
exercises, new maps, expanded use of Google Earth™, and 
is now supported by a full MasteringGeography program. 
www.masteringgeography.com.

MasteringGeography™ with Pearson eText. The Mastering 
platform is the most widely used and effective online homework, 
tutorial, and assessment system for the sciences. It delivers self-
paced tutorials that provide individualized coaching, focus on 
course objectives, and are responsive to each student’s progress. 
The Mastering system helps teachers maximize class time 
with customizable, easy-to-assign, and automatically graded 
assessments that motivate students to learn outside of class and 
arrive prepared for lecture.  offers: 

•	 Assignable activities that include GIS-inspired MapMaster™ 
interactive map activities, Encounter Google Earth™ 
Explorations, video activities, Geoscience Animation activities, 
Mobile Field Trip video activities, Project Condor Quadcopter 
video activities, map projections activities, GeoTutor coaching 
activities on the toughest topics in geography, Dynamic Study 
Modules that provide each student with a customized learning 
experience, end-of-chapter questions and exercises, reading 
quizzes, Test Bank questions, and more.

•	 A student Study Area with GIS-inspired MapMaster™ 
interactive maps, videos, Geoscience Animations, Mobile 
Field Trip videos, Project Condor Quadcopter videos, web 
links, glossary flashcards, In the News readings, chapter 
quizzes, PDF downloads of outline maps, an optional 
Pearson eText, and more.

Pearson eText gives students access to the text whenever 
and wherever they can access the Internet. Features of Pearson 
eText include:

•	 Now available on smartphones and tablets.
•	 Seamlessly integrated videos and other rich media.
•	 Fully accessible (screen-reader ready).
•	 Configurable reading settings, including resizable type and 

night reading mode.
•	 Instructor and student note-taking, highlighting, 

bookmarking, and search.
www.masteringgeography.com

Television for the Environment “Earth Report” Geography 
Videos, DVD (0321662989). This three-DVD set helps 
students visualize how human decisions and behavior have 
affected the environment and how individuals are taking steps 
toward recovery. With topics ranging from the poor land 
management promoting the devastation of river systems in 
Central America to the struggles for electricity in China and 
Africa, these 13 videos from Television for the Environment’s 
global Earth Report series recognize the efforts of individuals 
around the world to unite and protect the planet.

Geoscience Animation Library, 5th edition, DVD 
(0321716841). Created through a unique collaboration among 
Pearson’s leading geoscience authors, this resource offers over 
100 animations covering the most difficult-to-visualize topics 
in physical geography, meteorology, oceanography, earth 
science, and physical geology.

Digital & Print Resources

A01_HESS5421_12_SE_FM.indd   28 1/27/16   11:01 PM

http://www.masteringgeography.com
http://www.masteringgeography.com


Digital & Print Resources    xxix

TestGen® Test Bank (Download) by Steve Stadler 
(0134326377). TestGen® is a computerized test generator 
that lets you view and edit Test Bank questions, transfer 
questions to tests, and print tests in a variety of customized 
formats. This Test Bank includes around 3000 multiple-
choice, true/false, and short answer/essay questions. All 
questions are correlated against the National Geography 
Standards, textbook key learning concepts, and Bloom’s 
Taxonomy. The Test Bank is also available in Microsoft 
Word® and importable into Blackboard. Available from 
www.pearsonhighered.com/irc and in the Instructor 
Resources area of MasteringGeography™. 

Instructor Resource DVD (0134326369). The Instructor 
Resource DVD provides a collection of resources to help 
teachers make efficient and effective use of their time. All 
digital resources can be found in one well-organized, easy-to-
access place. The IRDVD includes:

•	 All textbook images as JPEGs, PDFs, and PowerPoint™ 
Presentations

•	 Pre-authored Lecture Outline PowerPoint® Presentations, 
which outline the concepts of each chapter with embedded 
art and can be customized to fit teachers’ lecture 
requirements

•	 CRS “Clicker” Questions in PowerPoint™
•	 The TestGen software, Test Bank questions, and answers 

for both Macs and PCs
•	 Electronic files of the Instructor Resource Manual and Test 

Bank

This Instructor Resource content is also available online 
via the Instructor Resources section of MasteringGeography™ 
and www.pearsonhighered.com/irc.

Learning Catalytics is a “bring your own device” student 
engagement, assessment, and classroom intelligence system. 
With Learning Catalytics, you can:

•	 Assess students in real time, using open-ended tasks to 
probe student understanding.

•	 Understand immediately where students are and adjust 
your lecture accordingly.

•	 Improve your students’ critical thinking skills.
•	 Access rich analytics to understand student performance.
•	 Add your own questions to make Learning Catalytics fit 

your course exactly.
•	 Manage student interactions with intelligent grouping and 

timing.

Learning Catalytics is a technology that has grown out 
of twenty years of cutting-edge research, innovation, and 
implementation of interactive teaching and peer instruction. 
Available integrated with MasteringGeography™.

Goode’s World Atlas, 23rd Edition (0133864642). Goode’s 
World Atlas has been the world’s premiere educational atlas 
since 1923—and for good reason. It features over 250 pages of 
maps, from definitive physical and political maps to important 
thematic maps that illustrate the spatial aspects of many 
important topics. The 23rd Edition includes over 160 pages of 
digitally produced reference maps, as well as thematic maps on 
global climate change, sea-level rise, CO2 emissions, polar ice 
fluctuations, deforestation, extreme weather events, infectious 
diseases, water resources, and energy production.

Pearson’s Encounter Series provides rich, interactive 
explorations of geoscience concepts through Google 
Earth™ activities, covering a range of topics in regional, 
human, and physical geography. For those who do not 
use MasteringGeography™, all chapter explorations are 
available in print workbooks, as well as in online quizzes at 
www.mygeoscienceplace.com, accommodating different 
classroom needs. Each exploration consists of a worksheet, 
online quizzes whose results can be emailed to teachers, and a 
corresponding Google Earth™ KMZ file.

•	 Encounter Physical Geography by Jess C. Porter and 
Stephen O’Connell (0321672526)

•	 Encounter World Regional Geography by Jess C. Porter 
(0321681754)

•	 Encounter Human Geography by Jess C. Porter 
(0321682203)

Dire Predictions: Understanding Global Climate Change 
2nd Edition by Michael Mann, Lee R. Kump (0133909778). 
Periodic reports from the Intergovernmental Panel on Climate 
Change (IPCC) evaluate the risk of climate change brought on 
by humans. But the sheer volume of scientific data remains 
inscrutable to the general public, particularly to those who 
may still question the validity of climate change. In just over 
200 pages, this practical text presents and expands upon 
the essential findings of the IPCC’s Fifth Assessment Report 
in a visually stunning and undeniably powerful way to the 
lay reader. Scientific findings that provide validity to the 
implications of climate change are presented in clear-cut graphic 
elements, striking images, and understandable analogies.

The Second Edition covers the latest climate change data 
and scientific consensus from the IPCC Fifth Assessment 
Report and integrates mobile media links to online media. The 
text is also available in various eText formats, including an 
eText upgrade option from MasteringGeography courses.

For Teachers
Instructor Resource Manual (Download) (0134326385). 

The manual includes lecture outlines and key terms, 
additional source materials, teaching tips, and a complete 
annotation of chapter review questions. Available from  
www.pearsonhighered.com/irc and in the Instructor Resources 
area of MasteringGeography™.
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SeeingGeographically
NASA created this natural-color, composite satellite image of Earth. What evidence of human presence do you 
see here? What might cause the different colors of the ocean areas? The different colors of the land areas?  
What relationship might exist between the color of land surfaces and the presence or absence of cloud cover?

1
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Introduction  
to Earth
Have You Ever Wondered how we know that human activity is 
changing global climate? Or why Seattle residents need to worry about earthquakes 

but Minneapolis residents don’t? Or why kangaroos are native to Australia but not to 

China? Or even why the days are longer in summer than in winter? These are the kinds 

of questions we answer in physical geography.

If you opened this book expecting that the study of geography was going to be 

memorizing names and places on maps, you’ll be surprised to find that geography is 

much more than that. Geographers study the location and distribution of things—

tangible things such as rainfall, mountains, and trees, as well as less tangible things such 

as language, migration, and voting patterns. In short, geographers look for and explain 

patterns in the physical and human landscape.

In this book you learn about fundamental processes and patterns in the natural 

world—the kinds of things you can see whenever you walk outside: clouds in the sky, 

mountains, streams and valleys, and the plants and animals that inhabit the landscape. 

You also learn about human interactions with the natural environment—how events 

such as hurricanes, earthquakes, and floods affect our lives and the world around us, as 

well as how human activities are increasingly altering our global environment. By the 

time you finish this book, you’ll understand—in other words, you’ll appreciate—the 

landscape in new ways.

As you study this chapter, think about these KeyQuestions:

•	 How do geographers study the world?

•	 How do we make sense of different environments on Earth?

•	 How does Earth fit in with the solar system?

•	 How do we describe location on Earth?

•	 Why do the seasons change?

•	 How do global time zones work?

SOUTH
AMERICA

NORTH
AMERICA

ATLANTIC
OCEAN

AFRICA

EUROPE

RUSSIA
Mobile Field Trip videos, 
created by renowned Earth 
Science writer, photographer, 
and pilot Michael Collier, are 
virtual field trips that explore 
physical geography from 
the air and ground. This first 
Mobile Field Trip introduces 
you to the study of physical 
geography.

https://goo.gl/B2xTBh

Mobile 
Field Trip 

Introduction to  
Physical Geography
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4    Physical Geography: A Landscape Appreciation

other hand, is much broader in scope than most other 
disciplines, “borrowing” its objects of study from related 
fields. Geographers, too, are interested in rocks and eco-
nomic systems and population—especially in describing 
and understanding their location and distribution. We 
sometimes say that geography asks the fundamental ques-
tion, “Why is what where, and so what?”

LearningCheck 1-1  What are the differences between 
physical geography and human geography? (Answer on p. AK-1)

Another basic characteristic of geography is its interest 
in interrelationships. One cannot understand the distribu-
tion of soils, for example, without knowing something 
about the rocks from which the soils were derived, the 
slopes on which the soils developed, and the climate and 
vegetation under which they developed. Similarly, it is 
impossible to comprehend the distribution of agriculture 
without an understanding of climate, topography, soil, 
drainage, population, economic conditions, technology, 
historical development, and many other factors, both 
physical and cultural. Because of its wide scope, geogra-
phy bridges the academic gap between natural science and 
social science, studying all of the elements in Figure 1-1 in 
an intricate web of geographic interrelationships.

In this book we concentrate on the physical elements of 
the landscape, the processes involved in their development, 
their distribution, and their basic interrelationships. As we 
proceed from chapter to chapter, this notion of landscape 
development by natural processes and landscape modifica-
tion by humans serves as a central focus. We pay attention 
to elements of human geography when they help to explain 
the development or patterns of the physical elements—
especially the ways in which humans influence or alter the 
physical environment.

Global Environmental Change:  Several broad geo-
graphic themes run through this book. One of these themes 
is global environmental change—both the human-caused 
and natural processes that are currently altering the land-
scapes of the world. Some of these changes can take place 
over a period of just a few years, whereas others require 
many decades or even thousands of years (Figure 1-2). We 
pay special attention to the accelerating impact of human 
activities on the global environment: in the chapters on the 
atmosphere we discuss such issues as human-caused climate 
change, ozone depletion, and acid rain, whereas in later 
chapters we look at issues such as rainforest removal and 
coastal erosion.

Rather than treat global environmental change as a sep-
arate topic, we integrate this theme throughout the book. 
To help with this integration, we supplement the main text 
with short boxed essays, such as those titled “People & the 
Environment” that focus on specific cases of human inter-
action with the natural environment, as well as boxes titled 
“Energy for the 21st Century” that focus on the challenge 
of supplementing—and perhaps eventually replacing—
fossil fuels with renewable sources of energy. These essays 

Geography and Science
The word geography comes from the Greek words mean-
ing “Earth description.” Several thousand years ago many 
scholars were indeed “Earth describers,” and therefore 
geographers, more than anything else. Nonetheless, over 
the centuries there was a trend away from generalized Earth 
description toward more specialized disciplines—such as 
geology, meteorology, economics, and biology—so geogra-
phy as a field of study was somewhat overshadowed. Over 
the last few hundred years, however, geography reaffirmed 
its place in the academic world, and today geography is an 
expanding and flourishing field of study.

Studying the World Geographically
Geographers study how things differ from place to place—
the distributional and locational relationships of things 
around the world (what is sometimes called the “spatial” 
aspect of things). Figure 1-1 shows the kinds of “things” 
geographers study, divided into two groups representing 
the two principal branches of geography. The elements of 
physical geography are natural in origin, and for this rea-
son physical geography is sometimes called environmental 
geography. The elements of human geography are those of 
human endeavor; this branch includes such subfields as cul-
tural geography, economic geography, political geography, 
and urban geography. The almost unlimited possible com-
binations of these various elements create the physical and 
cultural landscapes of the world that geographers study.

All of the items shown in Figure 1-1 are familiar to 
us, and this familiarity highlights a basic characteristic 
of geography as a field of learning: geography doesn’t 
have its own body of facts or objects that only geogra-
phers study. The focus of geology is rocks, the attention 
of economics is economic systems, demography exam-
ines human population, and so on. Geography, on the 

▲ Figure 1-1  The elements of geography can be grouped into two broad 
categories. Physical geography primarily involves the study of natural 
science, whereas human geography primarily entails the study of social 
science.
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serve to illustrate the connections between many aspects 
of the environment—such as the relationships between 
changing global temperatures, changing sea level, chang-
ing quantities of polar ice, and the changing distribution 
of plant and animal species—and the global economy and 
human society.

Furthermore, in each chapter you’ll see boxed essays 
titled “Global Environmental Change.” These essays intro-
duce special topics and include activities and questions that 
will help you understand the scope of both natural and 
human-caused environmental changes.

Globalization:  A related but less obvious theme running 
through this book is globalization. In the broadest terms, 
globalization refers to the processes and consequences of 
an increasingly interconnected world—connections among 
the economies, cultures, and political systems of the world. 
Although globalization is most commonly associated with 
the cultural and economic realms of the world, it is impor-
tant to recognize the environmental components of global-
ization as well. For example, the loss of tropical rainforest 
for timber or commercial agriculture in some regions of the 
world is driven in part by growing demand for commodi-
ties in countries far from the tropics (Figure 1-3). Similarly, 
rapid economic growth in newly industrialized countries is 
contributing to the already high atmospheric greenhouse gas 
emissions of industrialized countries—the interconnected 
economies of the world are thus interconnected in their 
influence on the natural environment.

Because of geography’s global perspective and its inter-
est in both the natural and human landscapes, geographers 
are able to offer insights into many of the world’s most 
pressing problems—problems too complex to address 
from a narrower perspective. For example, the detrimen-
tal consequences of climate change cannot be addressed 
if we ignore the economic, social, historical, and political 
aspects of the issue. Similarly, global inequities of wealth 
and political power cannot be addressed if we ignore envi-
ronmental and resource issues.

◀ Figure 1-2  Earth’s climate 
is changing. This image shows 
the difference in temperature (the 
temperature anomaly in °C) during the 
year 2014 compared with the average 
temperatures for the baseline period 
1951 to 1980. (NASA)

Temperature Anomaly (°C)

–2.5 +2.5–1.5 +1.5–0.5 +0.50

Just about everything in the world is in one way or 
another connected with everything else! Geography helps 
us understand these connections.

LearningCheck 1-2  Why are physical geographers 
interested in globalization?

Chapter 1   Introduction to Earth     5

▼ Figure 1-3  Deforestation in some parts of the tropics is influenced by 
consumer demand in other parts of the world. This logging operation is in 
Sarawak, Borneo, Malaysia.

PHILIPPINES
VIETNAM

CAMBODIA

THAILAND

M  A  L  A  Y  S  I  A

SUMATRA

JAVA

CELEBES
BORNEO

Sarawak

I  N  D  O  N  S  I  A

120°110°100° 125°115°105°
10°

10°

5°

5°

0°

SOUTH
CHINA

SEA

INDIAN
OCEAN

M01_HESS5421_12_SE_C01.indd   5 1/26/16   11:56 AM



6    Physical Geography: A Landscape Appreciation

and new evidence often cause scientists to revise their con-
clusions and theories or those of others. Much of this self-
correcting process for refining scientific knowledge takes 
place through peer-reviewed journal articles. Peers—that 
is, fellow scientists—scrutinize a scientific report for sound 
reasoning, appropriate data collection, and solid evidence 
before it is published; reviewers need not agree with the 
author’s conclusions, but they strive to ensure that the 
research meets rigorous standards of scholarship before 
publication.

Because new evidence may prompt scientists to change 
their ideas, good science tends to be somewhat cautious in 
the conclusions that are drawn. For this reason, the findings 
of many scientific studies are prefaced by phrases such as 
“the evidence suggests” or “the results most likely show.” 
In some cases, different scientists interpret the same data 
quite differently and so disagree in their conclusions. Fre-
quently, studies find that “more research is needed.” The 
kind of uncertainty sometimes inherent in science may lead 
the general public to question the conclusions of scientific 
studies—especially when presented with a simple, and per-
haps comforting, nonscientific alternative. It is, however, 
this very uncertainty that often compels scientists to push 
forward in the quest for knowledge and understanding!

In this book we present the fundamentals of physical 
geography as it is supported by scientific research and 
evidence. In some cases, we describe how our current 
understanding of a phenomenon developed over time; in 
other cases we point out where uncertainty remains, where 
scientists still disagree, or where intriguing questions still 
remain.

LearningCheck 1-3  Why is the term “theory” sometimes 
misunderstood by the general public?

With the widespread use of cell phones and other mobile 
devices, nonprofessionals are increasingly able to contrib-
ute to scientific studies. Volunteer “citizen scientists” col-
lect data and report their observations or images of various 
phenomena to researchers—see the box Focus: Citizens as 
Scientists.

Numbers and Measurement Systems
Because so much of science is based on observation and 
measurable data, any thorough study of physical geogra-
phy entails the use of mathematics. Although this book 
introduces physical geography primarily in a conceptual 
way without the extensive use of mathematical formulas, 
numbers and measurement systems are nonetheless impor-
tant for us. Throughout the book, we use numbers and 
simple formulas to help illustrate concepts—the most obvi-
ous of which are numbers used to describe distance, size, 
weight, or temperature.

Two quite different measurement systems are used today. 
In the United States, much of the general public is most 
familiar with the English System of measurement—with 
measurements such as miles, pounds, and degrees Fahrenheit. 

The Process of Science
Because physical geography is concerned with processes 
and patterns in the natural world, knowledge in physical 
geography is advanced primarily through the study of sci-
ence. It is useful for us to say a few words about science 
in general.

Science is often described—although somewhat 
simplistically—as a process that follows the scientific method:

1.	 Observe phenomena that stimulate a question or 
problem.

2.	 Offer an educated guess—a hypothesis—about the 
answer.

3.	 Design an experiment to test the hypothesis.
4.	 Predict the outcome of the experiment if the 

hypothesis is supported and if the hypothesis is not 
supported.

5.	 Conduct the experiment and observe what actually 
happens.

6.	 Draw a conclusion or formulate a simple generalized 
“rule” based on the results of the experiment.

In practice, however, science doesn’t always work 
through experimentation; in many fields of science, data 
collection through observation of a phenomenon is the 
basis of knowledge. In some regards science is best thought 
of as a process—or perhaps even as an attitude—for gain-
ing knowledge. The scientific approach is based on obser-
vation, experimentation, logical reasoning, skepticism of 
unsupported conclusions, and the willingness to modify or 
even reject long-held ideas when new evidence contradicts 
them. For example, up until the 1950s most Earth scientists 
thought it impossible that the positions of continents could 
change over time. However, as we see in Chapter 14, by 
the late 1960s enough new evidence had been gathered 
to convince them that their earlier ideas were wrong—the 
configuration of continents has changed and continues to 
change!

Although the term “scientific proof” is sometimes used 
by the general public, strictly speaking, science does not 
“prove” ideas. Instead, science works by eliminating alter-
native explanations—eliminating explanations that aren’t 
supported by evidence. In fact, in order for a hypothesis to 
be “scientific,” there must be some test or possible observa-
tion that could disprove it. If there is no way to disprove an 
idea, then that idea simply cannot be supported by science.

The word “theory” is often used in everyday conversa-
tion to mean a “hunch” or conjecture. However, in science 
a theory represents the highest order of understanding for 
a body of information—a logical, well-tested explanation 
that encompasses a wide variety of facts and observa-
tions. Thus, the “theory of plate tectonics” presented in 
Chapter 14 represents an empirically supported, broadly 
accepted, overarching framework for understanding pro-
cesses that operate within Earth.

The acceptance of scientific ideas and theories is based 
on a preponderance of evidence, not on “belief” and not on 
the pronouncements of “authorities.” New observations 
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Citizens as Scientists
▶ Christopher J. Seeger, Iowa State University

Snap a photo of an insect, a bird, or a 
landscape while you are hiking in a 

park; track the temperature of a neigh­
borhood stream; record sounds in the for­
est; or document some other aspect of the 
environment as you interact with it—and 
you could contribute your data to a partici-
patory science research project. By sharing 
your findings through educational web­
sites, interactive atlases, or wikis, such as 
http://greatnatureproject.org, you can be­
come involved in environmental monitoring, 
inventorying of species, or conservation plan­
ning and management. Although these proj­
ects use data collected by trained experts, 
information is also provided by average 
citizens interacting with the environment 
(Figure 1-A). Participants are often referred 
to as citizen scientists as they collectively 
help build repositories of scientific data.

Volunteered Geographic Informa-
tion (VGI):  This process of voluntarily 
creating and sharing data that include geo­
graphic information is referred to as volun-
teered geographic information  (VGI) and is 
a form of geospatial crowdsourcing. Today’s 
integration of GPS-enabled smartphones and 
online mapping tools, allowing citizens to 
overlay spatial information on satellite imag­
ery, makes it easy to create and share data. 
VGI is a valuable tool that allows individuals 
who may not be trained as professionals in a 
specific field to contribute to large research 
projects, sharing personal observations or 
perceptions to allow for more informed de­
cision making or provide on-the-ground up­
dates during natural disasters or times of civil 
unrest.

Data Validity:   With VGI data, we can 
acquire large quantities of up-to-date infor­
mation locally and quickly. Facilitated-VGI 
(f-VGI) builds upon VGI by providing a col­

lection mechanism that sets parameters as to 
the type and location of the data. F-VGI can 
also provide reliability by requiring the data 
to be collected on-site or by a contributor 
who is local to the area of interest. Reliability 
is further established by having multiple peo­
ple submit information about a location.

Examples:   Participatory science pro­
jects can vary greatly in purpose and scope. 
For instance, the Appalachian Mountain 
Club (www.outdoors.org/conservation/
mountainwatch/vizvols-how.cfm) invites 
volunteers to submit pictures of mountains 
so that scientists can study air quality and 
haze pollution. The Did You Feel It? program 
(http://earthquake.usgs.gov/earthquakes/
dyfi/) invites users to describe their experi­
ence in and the effects and extent of dam­
age of an earthquake event (Figure 1-B).

VGI is a significant aid in mapping bio­
diversity. For example, citizen scientists 
submit sightings of plants and animals at 
local, regional, or national levels to the 
Atlas of Living Australia (www.ala.org.au).  
The Unified Butterfly Recorder app  
(www.reimangardens.com/collections/ 
insects/unified-butterfly-recorder-app/) is a 
tool for recording butter­
fly sightings that ties the 
data to location, time of  
day, and weather. The What  
Do Birds Eat? project 
(www.whatdobirdseat .
com) invites volunteers to 
submit geo-tagged photos 
that an  expert can verify 
before the data are added 
to a map.

VGI can also provide 
assistance in disaster recov­
ery. In such crisis mapping, 
data gathered by a large 
number of individuals across 

focus

an impacted region can aid responders by 
allowing them to display and analyze the 
data information in near real time. During 
the 2015 earthquakes around Nepal, thou­
sands of “volunteer mappers” provided 
humanitarian support. By digitizing the data 
from aerial imagery or collecting data from 
users on the ground and applying it to local 
maps, they helped fill in gaps.

The Future of VGI:  The ability to pro­
vide near-instant sharing of relevant geo­
graphic information is having a significant 
impact on those involved in geographic 
science. As more people become equipped 
with geospatially enabled devices, the notion 
of citizens as sensors will become more 
commonplace.

Questions
1.	 Provide an example of how VGI might 

be implemented for monitoring 
weather.

2.	 When might VGI data not provide valid 
information?

▲ Figure 1-B  Map of Japan, showing shaking intensity reports to 
the U.S. Geological Survey “Did You Feel It?” website for a May 2015 
earthquake.
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▲ Figure 1-A  Volunteers count albatross nests on Midway Atoll, in the Pacific.
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level and rapidly thinning with increased altitude. It is a 
very dynamic sphere, kept in almost constant motion by 
solar energy and Earth’s rotation.

The hydrosphere (hydro is Greek for “water”) com-
prises water in all its forms. The oceans contain the vast 
majority of the water found on Earth and are the mois-
ture source for most precipitation. A subcomponent of the 

However, most of the rest of the world—and the entire scien-
tific community—uses the International System of measure-
ment (abbreviated S.I. from the French Système International; 
also called the “metric system”)—with measurements such as 
kilometers, kilograms, and degrees Celsius.

This book gives measurements in both S.I. and English 
units. Table 1-1 provides some quick approximations of 
the basic equivalents in each; detailed tables of conver-
sion formulas between English and S.I. units appear in 
Appendix I.

Environmental Spheres  
and Earth Systems
From the standpoint of physical geography, the surface of 
Earth is a complex interface where four principal compo-
nents of the environment meet and to some degree overlap 
and interact (Figure 1-4). These four components are often 
referred to as Earth’s environmental spheres.

Earth’s Environmental Spheres
The solid, inorganic portion of Earth is sometimes called 
the lithosphere1 (litho is Greek for “stone”), comprising 
the rocks of Earth’s crust as well as the unconsolidated 
particles of mineral matter that overlie the solid bedrock. 
The lithosphere’s surface is shaped into an almost infinite 
variety of landforms, both on the seafloors and on the sur-
faces of the continents and islands.

The gaseous envelope of air that surrounds Earth is the 
atmosphere (atmo is Greek for “air”). It contains the com-
plex mixture of gases needed to sustain life. Most of the 
atmosphere is close to Earth’s surface, being densest at sea 

S.I. to English Units English to S.I. Units

Distance: 1 centimeter = a little less than 1�2 inch 1 inch = about 21�2 centimeters

1 meter = a little more than 3 feet 1 foot = about 1�3 meters

1 kilometer = about 2�3 mile 1 yard = about 1 meter

1 mile = about 1 1�2 kilometers

Volume: 1 liter = about 1 quart 1 quart = about 1 liter

1 gallon = about 4 liters

Mass: 1 gram = about 1�30 ounce 1 ounce = about 30 grams

1 kilogram = about 2 pounds 1 pound = about 1�2 kilogram

Temperature: 1°C change = 1.8°F change 1°F change = about 0.6°C change

For exact conversion formulas, see Appendix I.

TABLE 1-1   Unit Conversions—Quick Approximations

▲ Figure 1-4  Earth’s physical landscape is composed of four overlapping, 
interacting systems called “spheres.” The atmosphere is the air we breathe. 
The hydrosphere is the water of rivers, lakes, and oceans, the moisture in 
soil and air, as well as the snow and ice of the cryosphere. The biosphere is 
the habitat of all life, as well as the life-forms themselves. The lithosphere is 
the soil and bedrock that cover Earth’s surface. This scene shows Wonder 
Lake and Denali (formerly Mt. McKinley) in Denali National Park, Alaska.

Wonder Lake
and Denali
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SEA
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Atmosphere

Hydrosphere (Cryosphere)

Lithosphere

Hydrosphere

Biosphere

1As we will see in Chapter 13, in the context of plate tectonics and our 
study of landforms, the term “lithosphere” is used specifically to refer 
to large “plates” consisting of Earth’s crustal and upper mantle rock.
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operate as a whole. In the human realm, for example, we 
talk of a global “financial system” that encompasses the 
exchange of money between institutions and individuals, 
or of a “transportation system” that involves the move-
ment of people and commodities. In the natural world, sys-
tems entail the interconnected flows and storage of energy 
and matter.

Closed Systems:  Effectively self-contained systems, which 
are therefore isolated from influences outside that system,  
are called closed systems. It is rare to find closed systems in 
nature. Earth as a whole is essentially a closed system with 
regard to matter—currently there is no significant increase 
or decrease in the amount of matter (the “stuff”) of Earth, 
although relatively small but measurable amounts of mete-
oric debris arrives from space, and tiny amounts of gas are 
lost to space from the atmosphere. Energy, on the other 
hand, does enter and exit the Earth system constantly.

Open Systems:  Most Earth systems are open systems—
both matter and energy are exchanged across the system 
boundary. Matter and energy that enter the system are 
called inputs, and losses from the system to its surroundings 
are called outputs. For example, as we see in Chapter 19, 
a glacier behaves as an open system (Figure 1-5). The mate-
rial inputs to a glacier include water in the form of snow 
and ice, along with rocks and other debris picked up by 
the moving ice; the material outputs of a glacier include the 
meltwater and water vapor lost to the atmosphere, as well 

hydrosphere is known as the cryosphere (cry comes from 
the Greek word for “cold”)—water frozen as snow and ice.

The biosphere (bio is Greek for “life”) encompasses all 
the parts of Earth where living organisms can exist; in its 
broadest and loosest sense, the term also includes the vast 
variety of earthly life-forms (properly referred to as biota).

These “spheres” are not discrete entities but rather are 
considerably interconnected. This intermingling is read-
ily apparent when we consider an ocean—a body that is 
clearly a major component of the hydrosphere yet may 
contain a vast quantity of fish and other organisms that 
are part of the biosphere. An even better example is soil, 
which is composed largely of bits of mineral matter (litho-
sphere) but also contains life-forms (biosphere), along with 
air (atmosphere), soil moisture (hydrosphere), and perhaps 
frozen water (cryosphere) in its pore spaces.

The environmental spheres can help us broadly organize 
concepts for the systematic study of Earth’s physical geog-
raphy and are used that way in this book.

LearningCheck 1-4 B riefly define the lithosphere, 
atmosphere, hydrosphere, cryosphere, and biosphere.

Earth Systems
Earth’s environmental spheres operate and interact through 
a complex of Earth systems. By “system” we mean a col-
lection of things and processes that are connected and 

Material Input:
Rock and

debris

Material Input:
Snow

and ice

Energy Input:
Solar

radiation

Glacier ice

Energy Output:
Latent heat exchanged

between ice,
liquid water, and

water vapor

Material Output:
Meltwater and

water vapor

Material Output:
Rock and

debris

Outputs

Inputs

Direction of ice movement

GlacierSystem

▲ Figure 1-5  A simplified view of a glacier as an open system. The primary material inputs of 
a glacier include snow, ice, and rock and debris; its outputs include meltwater, water vapor, and 
rock and debris transported by the flowing ice. The energy interchange includes incoming solar 
radiation and the exchange of latent heat between ice, liquid water, and water vapor.
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