CHAPTEHR 1

Essentials of

Geography

Gough Island (40.2° S 9.5° W) is in the
south Atlantic Ocean, about 425 km (264
mi) from the nearest settlement. This vol-
canic island of just 65 km? area (25 mi?) is
a wildlife reserve and has been a UNESCO
World Heritage Site since 1994. Boat
landings are not permitted and only a six-
person remote weather station is occupied.
Despite its remote location, this unique
place is not immune to human impacts.

In 2004, discovery of bird nest predation,
by accidentally introduced house mice,
launched scientific studies to control and
eradicate the mice to protect endangered
wildlife. To understand such a place, we
see the value of the integrative science of
physical geography. [Bobbé Christopherson.]

After reading the chapter, you should be able to:
Define geography and physical geography in particular. |
Describe systems analysis, open and closed systems, and feedback infor-
mation, and relate these concepts to Earth systems.

Explain Earth's reference grid: latitude and longitude and latitudinal
geographic zones and time. o
Define cartography and mapping basics: map scale and map projections.

Describe remote sensing and the geographic im‘ormation system (GIS),
and explain how both tools are used in geographic analysis.
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Where Is Four Corners, Exactly?

Amidst the high desert landscape of the

American Southwest is the unique Four
Corners landmark, where a monument
marks the intersection of Colorado,
New Mexico, Arizona, and Utah. This
location is the only point in the United
States where four states touch. It is a
must-see destination for many visitors,
a place where feet and hands can each
be in a different state and families and
friends can straddle the disk marking
the precise location where state
boundaries meet. The original surveyor,
Chandler Robbins, marked the spot with
a 2.1-m (7-ft) sandstone monument

in 1875. The present monument and
visitor plaza date to 1992 and are owned
and operated by the Navajo Nation
Parks and Recreation Department
(Figure GN 1.1).

In the spring of 2009, news reports
claimed that the location of Four Corners
was in error, that in fact the monument
was located 4 km (2.5 mi) west of the
precise location. The reports claimed that
new surveys by the National Geodetic
Survey (NGS) using Global Positioning
System (GPS) satellites and state-of-
the-art mapping technology refuted
the ariginal 1875 surveys. For such an
important landmark, this was shocking
news. Did the monument now need to
be moved, or was the news in error?

For the average visitor, such precise
measurement details are unimportant.
For the scientist, engineer, or natural
resource professional, such an error has
wide-ranging implications. Four Corners
is an established benchmark in the
western United States upon which other
surveys and locations are based.

The question of accuracy relates to
which meridian was used for the original
survey. Congress ordered Chandler \
Robbins in 1875 to use the Greenwich
meridian, London, which later became
the official 0° prime meridian, from which
we measure longitude west or east on
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FIGURE Gn 1.1 Four Corners landmark and benchmark.
(a) The Four Corners tourist plaza just off US Highway 160. (b) Survey benchmark 1992 replacement,

(c) Map of the Four Corners region. [USGS.]

Earth. However, in the late 1800s many
western states were set with surveys
using the Washington meridian, which is
about 77° 3' west longitude from Green-
wich. If Robbins’ survey had used the
Washington meridian, the marker would
be off as described by the media reports.
A few weeks later the news stories
were corrected as the details of the
original survey came to light. While the
monument does appear to be offset from
its intended location, the actual offset is
only 548 m (1800 ft) to the east rather
‘than the west. However, according to
'NGS, the monument is in the right spot.
It turns out that the location of a physical
monument is usually the ultimate author-

ity in delineating a boundary.

Thus, once the Four Corners monu-
ment was established and accepted by

~ all parties involved—in this case, the

four territories and the U.S, Congress—it
became the exact spot where the four
states meet. The location, set for more
than 125 years, is used in the modern
National Spatial Reference System and
is in the right place—36° 59’ 56.3150"
north latitude by 109° 02’ 42.6210" west
longitude (http:/Avww.glorecords.bim.gov).
At the heart of geographic science are
such topics as place, location, latitude
and longitude, the Greenwich prime me-
ridian, and mapping. In this chapter, you
work with these concepts, the ”Essentials
of Geography.”




elcome to the Seventh Edition of Elemental
Geosystems and the study of.physical geogra-
phy! In this text, we examine the powerful
Farth systems that influence our ]ix.fes and the many Wgs
humans impact those systems. In this second decade of he
21st century, a century that will see many changgs to the
natural environment, we find ourselves in an exciung tme
to study physical geography, learning about the building
blocks that form the landscapes, seascapes, atmosphere,
and ecosystems upon which we d;pend. ,
Much has happened since Elemental Geosystems last
edition. Consider the following events, amon g many—and
the questions they raise for the study of Earth’s systems:

The 2010 eruption of the Eyjafjallajokull volcano in
Iceland disrupted airline schedules and global travﬁ
as prevailing winds spread ash over Furope and Asia.
What atmospheric forces affected the ash movement
from such a volcanic event? .
The 2010 Deepwater Horizon oil spill disalster. in the
Gulf of Mexico continues to unfold as scientists
study and map crude oil and chemical dispersants.
Spill oil persists on the floor of the Gulf alnd a.l(_)ng
coastal wetlands, continuing to harm marine life.
How do ocean currents and hurricanes play a partin
the oil’s distribution?
In Haiti, the January 2010 magnitude 7.0 elarthquake
literally brought one of the poorest countries on
Earth to collapse, killing more than 200,000 people
and leaving millions homeless. Estimates set the ,
damage in Haiti at more than double the country’s
entire gross domestic product. Why do earthquakes
occur in particular locations across the globe?
The March 2011 magnitude 9.0 earthquake and 10-m
to 20-m (33 to 66 ft) tsunami devastated Ho,nshu
Island, Japan—at $309 billion (USD), Earth’s most
expensive natural disaster. This caused_ the. worst H.llll-
tiple nuclear power plant catastrophe mlhllstory, mth
3 core meltdowns, releasing huge quantities o‘f radio-
activity onto the land, into the food web, and into the
ocean and atmosphere. What causes a tsunami, and
how far does it travel? How will prevailing winds and
currents disperse the radiation across the globe?
This past decade experienced the highest temperatures
over land and water in the instrumental record. The
year 2010 tied 2005 as the warmest year on record
for global temperatures. In response, the extent of
sea ice in the Arctic Ocean continues to dech_n.e to
record lows. Intense weather events and flooding
continue to increase. And, 2011 set tornado records,
causing such devastation in Tuscaloosa, Alabama,
Joplin, Missouri, and elsewhere.

Climate change science will be an overriding topic for
the global society this century. The Intergovernmen-
tal Panel on Climate Change (IPCG; http‘:// www.ipcc.
ch/) completed its Fourth Assessment Report in 200?. The
Climate Congress held an Internauona} Climate Change
Conference in Copenhagen, Denmark, in March 2009, as

s

an update to the TPCC with more than 80 countries an.d
2500 scientists (http://climatecon gress.ku.dk/). The Cli-
mate Congress concluded:

The worst-case IPCC (2007) projections, or even
worse, are being realized. . . . Enlu'ssions are soaring,
projections of sea-level rise are higher than expect_ed,
and climate impacts around the world are appearing
with increasing frequency.

Financial data from 15 of the world’s largest financial
institutions estimated that annual weather-related damage
losses (from drought, floods, hf;\il, tornadoes, det:echos,
tropical systems, monsoon intensity, SLOrm surges, 1?11-7.za1'ds
and ice storms, and wildfires) could exceed $1 trllhc‘mlby
2040 (adjusted to current dollars)—up from $210 b}ll?on
in 2005 (Flurricane Katrina alone pr(.)dluccd $l‘25 b]]hpn
in losses). Global climate change is driving this increasing
total, at a pace that is accelerating. A new study published
in 2011 found that flooding frequencies and extreme
weather events more than doubled since 1970. .

Imagine the challenge society as a th)le a’nd we in
physical geography face to understand how .Earth s systex;:s
operate and then to forecast changes. Physical geography
uses a spatial perspective and gives you Lhe. tools to under-
stand what is happening in specific locations and across
the globe. In every chapter, Eiemelnml Gemjl'stems continues
to present updated science and information to help you
understand our dynamic Earth systems. .

Why does the environment vary from equator to mid-
Jatitudes, between deserts and pola.r regions? Hox'w d()és
solar energy influence the distribution of trees, soils, cli-
mates, and lifestyles? Why are we experiencing record ?eve.ls
of wildfires?» Why are earthquakes and volcanoes active in
certain regions and what is the risk? What produces the pat-
terns of wind, weather, and ocean currents? Why are global
sea levels on the rise? How do natural systems affect hun?an
populations, and, in turn, what impact are humans havmg
on natural systems? Why are record levels of plants and ani-
mals facing extinction? In this book, we exPlore those ques-
tions, and more, through geography’s unique perspective.
Welcome to an exploration of physical geography!

In this chapter: Our study of Elemental Geosystems—
Farth systems—begins with a loolk at the science of ph}lzeu—1
cal geography and the geographm tools we use. Physica
geography is key to studying entire Earth systems because
of its integrative spatial approach.

Physical geographers analyze systems to study the
environment. Therefore, we discuss systems andl the
feedback mechanisms that influence system operations.
We then consider location, a key theme of geogr.aphlc
inquirygthe latitude, longitude, and time coordllnatf.:s
that inscribe Earth’s surface and the new technologlf:? in
use to measure them. Next, we examine maps as critical
tools that geographers use to portray physical and c1-11tural
information. This chapter concludes with an overview of

the technology that is adding exciting new dimensions
to geography: remote sensing from space and computer-
based geographic information systems.

Now is the era of Earth systems science. This science
contributes to our emerging view of Earth as a complete
entity—an interacting set of physical, chemical, and bio-
logical systems that produce a whole Earth. Physical geog-
raphy is at the heart of Earth systems science as we answer
the spatial questions concerning Earth’s physical systems
and their interaction with living things.

Geography (from geo, “Earth,” and graphein, “to
write”) is the science that studies the relationships among
natural systems, geographic areas, society, cultural activi-
ties, and the interdependence of all of these over space. The
term spatial refers to the nature and character of physi-
cal space, its measurement, and the distribution of things
within it.

For example, think of your own route to the classroom
or library today or the way you get to work and how you
used your knowledge of street patterns, traffic trouble
spots, one-way streets, parking spaces, or bike rack loca-
tions to minimize walking distance. All these are spatial
considerations that influence human actions.

To help in this definition, we separate geographic sci-
ence into five spatial themes: location, region, human-
Earth relationships, movement, and place, each
illustrated and defined in Figure 1.1. Elemental Geosystems
draws on each theme.

Geographic Analysis

Within these five geographic themes, a method rather
than a specific body of knowledge governs geography.
The method is spatial analysis. Using this method, geog-
raphy synthesizes (brings together) topics from many
fields, integrating information to form a whole-Earth
concept. Geographers view phenomena as occurring in
spaces, areas, and locations. The language of geography
reflects this spatial view: space, territory, zone, pattern,
distribution, place, location, region, sphere, province, and
distance. Geographers analyze the differences and simi-
larities among places.

Process, a set of actions or mechanisms that operate
in some special order, is central to geographic analysis. As
examples in Geosystems, numerous processes are involved
in Earth’s vast water—atmosphere-weather system, or
in continental crust movements and earthquake occur-
rences, or in ecosystem functions, or in a river’s drain-
age basin dynamics. Geographers use spatial analysis to
examine how Earth’s processes interact over space or
area.

Thercfore, physical geography is the spatial analy-
sis of all the physical elements and process systems that
make up the environment: energy, air, water, weather, cli-
mate, landforms, soils, animals, plants, microorganisms,
and Earth itself. As with any science, physical geographers
employ the scientific method. Focus Study 1.1 on page 6
explains this essential process of science.

The Geographic Continuum
Geography is eclectic, integrating a wide range of sub-
ject matter from diverse fields; virtually any subject can
be examined geographically. Figure 1.2 shows a continu-
ous distribution—a continuum—along which the content
of geography is arranged. Physical and life sciences are at
one end, and human and cultural sciences are at the other.
As the figure shows, various specialties within geography
draw from these subject areas.
The continuum in Figure 1.2 reflects a basic dual-
ity, or split, within geography—physical geography versus
human/cultural geography. Some societies parallel this duality.
Humans at times think of themselves as exempt from physi-
cal Earth processes—like actors not paying attention to their
stage, props, and lighting. We all depend on Earth’s systems
to provide oxygen, water, nutrients, energy, and materials to
support life. The growing complexity of the human—Farth
relationship requires that we shift our study of geographic
processes toward the center of the continuum in Figure 1.2
to attain a more balanced perspective—such is the thrust of
Elemental Geosystems. Such a synthesis is key to environmen-
tal planning and resource sustainability strategies.

"The word system is in our lives daily: “Check the car’s cool-
ing system”; “Is a broadband system available for my Inter-
net browser?”; “How does the grading system work?”; “A
weather system is approaching.” Systems analysis techniques
began with studies of energy and temperature (thermody-
namics) in the 19th century and were further developed in
engineering during World War II. Systems methodology
is an important analytical tool. In this book’s 4 parts and
17 chapters, content is organized along logical flow paths
consistent with systems thinking.

Systems Theory

Simply stated, a system is any ordered, interrelated set
of things and their attributes, linked by flows of energy
and matter, as distinct from the surrounding environment
outside the system. The elements within a system may
be arranged in a series or interwoven with one another.
A system comprises any number of subsystems. Within
Earth’s systems, both matter and energy are stored and
retrieved, and energy is transformed from one type to
another. (Remember: Matter is mass that assumes a physi-
cal shape and occupies space; energy is a capacity to change
the motion of, or to do work on, matter.)

Open Systems Systems in nature are generally not
self-contained: Inputs of energy and matter flow into the
system, and outputs of energy and matter flow from the
system. Such a system is an open system. Within a system,
the parts function in an interrelated manner, acting
together in a way that gives each system its operational




Location

Location identifies a specific address or absolute
and relative position on Earth. Mount Cook is the
highest point in New. Zealand, located at 43°35' S
|atitude and 17028’ E longitude.

Region

A region is an area defined by uniform
physical or human characteristics. The West
Coast region, between the Southern Alps and
the Tasman Sea, is dominated by a marine
west coast climate, cool and moist.

o

Movement

New Zealand receives 2.5 million international
visitors each year; Milford Sound is a major
attraction, Mitre Peak in background. :
Communication, migration, and diffusion across

Earth's surface represent movement.in our
interdependent world.

FIGURE 1.1 Five themes of geographic sciepce.
Drawing from your own experience, can you th]nk of several e
Birkeland, except Movement by lan Dagnall/Alamy; image NASA/GSFC.]

Place :
No two places on Earth are exactly ahke}.iPIace
describes the characteristics — both.humdn-and
physical — of a location. Untracked powder attractsy
skiers in the backcountry nearMount Hutt.

i Na;utal.ﬁéizards are one type of human-
: %énvironn'gent;connection. An equipment shed
stands in ruins after being hit by an avalanche

-+ atOhau Ski Field in 2009.

“
L S

xamples of each theme? [Photos by Karl

Meteorology

_Geomorphology  Climatology

FIGURE 1.2 The content of geography.
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Geography derives subject matter from many different sciences. The focus of this book is physical geography,
but we also integrate some human and cultural components. Movement toward the middle of the continuum

suggests a synthesis of Earth topics and human topics.

character (Figure 1.3). Earth is an open system in terms of
energy because solar energy enters freely and heat energy
leaves, going back into space. Most natural systems are
open in terms of energy.

Earth systems are dynamic (energetic, in motion)
because of the tremendous infusion of radiant energy from
the Sun. This energy comes through the outermost edge
of Earth’s atmosphere to power terrestrial systems, being
transformed along the way into various forms of energy,
such as kinetic energy (of motion), potential energy (of
position), or chemical or mechanical energy—setting the
fluid atmosphere and ocean in motion. Eventually, Earth
radiates this energy back to the cold vacuum of space as
heat energy.

Closed Systems A system that is shut off from the sur-
rounding environment so that it is self-contained is a closed
system. Although such closed systems are rarely found in
nature, Earth is essentially a closed system in terms of physi-
cal matter and resources—air, water, and material resources,
"The only exceptions are the slow escape of lightweight gases
(such as hydrogen) from the atmosphere into space and the
input of frequent, but tiny meteors and cosmic dust. The
fact that Farth is a closed material system makes recycling
efforts inevitable if we want a sustainable global economy.

System Example Figure 1.4 on page 8 illustrates a
simple open-flow system, using plant photosynthesis as
an example. In photosynthesis, plants use sunlight as an

OPEN SYSTEM

°E d material ¥y !
INPUTS nergy and ma e”a—r- : OUTPUTS

conversions

Energy } Energy
Matter » Energy and material storag Matter

Heat loss

Example: an automobile

INPUTS — OUTPUTS
' S
Fuel =4 W _F Exhaust gases
Oxygen * Energy and material Heat energy
Qil conversions and storage _b Mechanical motion
Water g . Oil waste
Tires == Used tires
Resources Scrap metal and plastic
Payments Debt

FIGURE 1.3 Anopen 'sysiem.
In an open system, inputs of energy and matter undergo conversions and are stored as the system
operates. Outputs include energy and matter and heat energy (waste) that flow from the system.
See how the various inputs and outputs are related to the operation of a car—an open system.
Expand your viewpoint to the entire system of auto production, from raw materials, to assembly,

to sales, to car accidents, to junkyards. Can you identify other open systems that you encounter in
your daily life?
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"F¥ Focus STUDY 1.1

The Scientific Method

The term scientific method may have an
aura of complexity, but it shouldn’t. The
scientific method is simply the application
of common sense in an organized and
objective manner. A scientist observes,
makes a general statement to summarize
the observations, formulates a hypothesis,
conducts experiments to test the hy-
pothesis, and develops a theory and gov-
erning scientific laws. Sir Isaac Newton
(1642-1727) developed this method

of discovering the patterns of nature,
although the term scientific method was
applied later.

Complexity dominates nature, making
several outcomes possible as a system
operates. Science serves an important
function in understanding such un-
certainty. Yet the more knowledge we
have, the more our awareness of and
uncertainty about other possible out-
comes and events increase. This, in turn,
demands more precise and aggressive
science.

Follow the scientific method illus-
tration in Figure 1.1.1. The scientific
method begins with our perception of
the real world and a determination of
what we know, what we want to know,
and the many unanswered guestions
that exist.

Scientists who study the physical
environment begin with the clues they
see in nature.

Step 1 Observe and measure. The
process begins as scientists figure out
what data are needed and begin to col-
lect those data. These observations are
analyzed to identify coherent patterns
that may exist. This search for patterns

requires inductive reasoning, or the
process of drawing generalizations from
specific facts. This step is important in
modern geographic science, in which
the goal is to understand a whole func-
tioning Earth, rather than isolated, small
compartments of information. Such
understanding allows the scientist to
construct models of general operations
of Farth systems.

Step 2 Form and test a hypothesis. If
patterns are discovered, the researcher
may formulate a hypothesis—a tentative
explanation for the phenomena ob-
served. Further observations are related
to the general principles established by
the hypothesis. More data gathering
may support or disprove the hypothesis,
or predictions made according to it may
prove accurate or inaccurate. These
findings provide negative feedback, re-
quiring the researcher to adjust data col-
lection and model building and to refine
the hypothesis statement. Verification of
the hypothesis after exhaustive testing
may lead to its elevation to the status of
a theory.

Step 3 Formulate a theory. The word
theory can be confusing as used

by the media and general public. A
theory is constructed on the basis of
several extensively tested hypotheses.
Theories represent truly broad general
principles—unifying concepts that tie
together the laws that govern nature.
Examples include the theory of relativity,
theory of evolution, atomic theory, Big
Bang theory, stratospheric ozone deple-
tion theory, and plate tectonics theory.
A theory is a powerful device with
which to understand both the order and

the chaos (disorder) in nature. Using a
theory allows predictions to be made
about things not yet known, the effects
of which can be tested and verified or
disproved through tangible evidence.
The value of a theory is the continued
observation, testing, understanding, and
pursuit of knowledge that the theory
stimulates. A general theory reinforces
our perception of the real world, acting
as positive feedback.

Pure science does not make value
judgments. Instead, pure science pro-
vides people and their institutions with
objective information on which to base
their own value judgments. Social and
political judgments about the applica-
tions of science are increasingly critical
as Earth's natural systems respond to the
impact of modern civilization. Scientist
Jane Lubchenco, the first female ad-
ministrator of the National Oceanic and
Atmospheric Administration (NOAA), in
her 1997 American Association for the
Advancement of Science Presidential
Address stated:

Science alone does not hold the
power to achieve the goal of greater
sustainability, but scientific knowl-
edge and wisdom are needed to help
inform decisions that will enable soci-
ety to move toward that end.

The growing awareness that human
activity is producing global climate
change places increasing pressure on sci-
entists to participate in decision making.
Nurmerous editorials in scientific journals
have called for such applied science
involvement.

Scientific method

] begins here
Actions Quicomes
What do we know
Observe nature, Real and want to know?
paleaptan world What questions need
answering?
Collect data Observations, Determine data
from nature, measurements tiodan an

cbserve hattire collection methods

Explain, analyze, Inductive Models built
and interpret data reasoning of real systems,

conceptual, numerical
SeateRTor ‘l General statements
patterns, order, Hypotheses summarize data,

processes observations, and
model simulations

Positive feedback
Moeqgpas) eniebap|

\g- Experiments conducted;
predictions verify or ‘
reject hypothesis;
hypothesis refined

Experiment and test, p
to verify or ——— Predictions

reject hypothesis

Theory General theory,
formulation governing laws

Understand real
world behavior
as part of broad,
general principles

FIGURE 1.1.1 Scientific method flow chart.

The scientific method process: from i i [
_ : perceptions, to observations, reasoning, hypothesis icti
and possibly to general theory and natural laws. i P

energy input and material inputs of water, nutrients, and
carbon dioxide. The photosynthetic process converts
these inputs to stored chemical energy in the form of plant
sugars (carbohydrates). The process also releases an output
from the plant system: the oxygen we breathe.

Reversing the process, plants derive energy for their
operations from respiration. In respiration, the plant
consumes inputs of chemical energy (carbohydrates) and
oxygen and releases outputs of carbon dioxide, water, and
heat energy into the environment. Thus, a plant acts as an

open system, in which both energy and materials freely
flow into and out of the plant. (Chapter 15 discusses pho-
tosynthesis and respiration processes.)

System Feedback As a system operates, it generates
outputs that influence its own operations. These outputs
function as “information” that returns to various points
in the system via pathways, or feedback loops. eedback
information can guide, and sometimes control, further
system operations. In the plant’s photosynthetic system

(see Figure 1.4), any increase or decrease in daylength
(sunlight availability), carbon dioxide, or water produces
feedback that causes specific responses in the plant. For
examplc, decreasing the water input slows the growth pro-
cess; increasing daylength increases the growth process
within limits. ‘ ’

If the feedback information discourages change in
the system, it is negative feedback. Further production
of such feedback opposes system changes. Such negative
feedback informs and causes self-regulation in a natural

system, stabilizing the system. Negative feedback loops are
common in nature, since they lead to stability. For example,
the growth of riparian, or streamside, vegetation in a river
system stabilizes the banks and inhibits erosion, providing
a negative feedback. In many ecosystems, predator popu-
lations provide negative feedback for other animals; the
size of the prey population tends to achieve a balance with
the number of predators. If a predator population drops

gbrup_dly, prey populations increase and cause ecosystem
instability.
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Minerals, water,
and other nutrients

(a) Plant photosynthesis
FIGURE 1.4 A leafis a natural open system.

Sugars and other
carbohydrates
consumed  (oxidized)

H50

Water

Minerals, water, R
transpiration

and other nutrients

(b) Plant respiration

A plant leaf provides an example of a natural open system. (a) In the process of photosynthesis, plants con-
sume light, carbon dioxide (CO,), nutrients, and water (H,0) and produce outputs of oxygen (O,) and car-
bohydrates (sugars) as stored chemical energy. (b) Plant respiration, illustrated here at night, approximately

reverses this process.

If feedback information encourages change in the
system, it is positive feedback. Further production of
positive feedback stimulates system changes. Unchecked
positive feedback in a system can create a runaway (“snow-
balling”) condition. In natural systems, such unchecked
system changes can reach a critical limit, leading to insta-
bility, disruption, or death of organisms.

Global climate change creates an example of positive
feedback as meltponds increase on ice sheets, glaciers, and ice
shelves worldwide, as illustrated in Chapter 13. Meltponds
are darker and reflect less sunlight; they have a lower
albedo, or reflectivity. Therefore, they absorb more solar
energy, which, in turn, melts more ice, which forms more
meltponds, and so forth. Thus, a positive feedback loop is
in operation, further enhancing the effects of higher tem-
peratures and warming trends.

Based on satellite images and aerial surveys, scientists
determined a spatial increase in meltpond distribution
of 400% across the Arctic since 2000. Overall ice-mass
losses from Greenland more than doubled between 1996
and 2010. The meltponds are symptomatic of climatic
warming. Likewise, as sea ice melts, the darker open water
absorhs more sunlight, which produces increased air and
water temperatures.

Think of the numerous devastating wildfires that
occurred globally in the last decade, including record wildfires
in terms of area burned in the western United States, Aus-
tralia, and elsewhere, as examples of positive feedback. As the
fires burned, they dried wet shrubs and green wood around
the fire, thus providing more fuel for combustion. The greater
the fire is, the greater the availability of fuel becomes, and thus

more fire is possible—a positive feedback for the fire.

System Equilibrium Most systems maintain structure
and character over time. An energy and material system
that remains balanced over time, in which conditions are
constant or recur, is in a steady-state condition. When the
rates of inputs and outputs in the system are equal and
the amounts of energy and matter in storage within the
systemn are constant (or more realistically, as they fluctu-
ate around a stable average), the system is in steady-state
equilibrium.

However, a steady—state system may demonstrate
a changing trend over time, a condition described as
dynamic equilibrium. These changing trends of either
increasing or decreasing system operations may appear
gradual. Figure 1.5 illustrates these two equilibrium con-
ditions, steady-state and dynamic.

Note that systems try to maintain their functional
operations; they tend to resist abrupt change. However, a
system may reach a threshold, or tipping point, where it
can no longer maintain its character, so it lurches to a new
operational level. This abrupt change places the system in
a metastable equilibrium. An example of such a condition is
a hillside or coastal bluff that adjusts after a sudden land-
slide. A new equilibrium is eventually achieved among
slope, materials, and energy over time.

This threshold concept raises concern in the scientific
community, especially if some natural systems reach their
tipping-point limits. The relatively sudden collapse of ice
shelves surrounding a portion of Antarctica, the sudden
crack-up of ice shelves on the north coast of Ellesmere
Island, Canada, and the recent extinctions of animal spe-
cies serve as examples of systems at a threshold that are
changing to a new status.

@
c
ke
5 @
@8
= 0O
2 E
w
g System fluctuates around a stable average
2 and maintains same operation level
1 | | Liff i | | | ! il 1 1 I L 1 1 I
(a) Passage of ime ———

System fluctuates around a stable average,
but exhibits a trend overall

Increasing system
operations

Status of
system operations

Decreasing system
operations

System jumps to a new
operation level
(metastable equilibrium)

Coastal systems pass a threshold.

~~Threshold
“Tipping point”
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FIGURE 1.5 System equilibria: Steady-state and dynamic.

(a) .l_\.ste.adyvstate. equilibrium over time; system operations fluctuate around a stable average. (b) A dynamic
equilibrium condlt.ion, where system fluctuations show a trend over time. Landslides along the Pacific Coast
south of San Francisco moved the cliff face some 30.5 m (100 ft) inland during January 2010, A threshold was
reached and the bluffs collapsed. [Inset photo by Bobbé Christopherson.] l

Thresholds can also be reached in plant and animal
communities. The bleaching (death) of living coral reefs
worldwide accelerated dramatically after 1997, when warm-
ing conditions in oceans combined with pollution to lead
coral systems to a threshold. Today, about 50% of the corals
on Earth are ailing or nearing collapse (more on this in
Chapter 12). Harlequin frogs of tropical Central and South
An}erica are another example of species reaching a tipping
point, with increased extinctions since 1986 (Figure 1.6).

Systems Analysis and Species Extinction Scientists
found that the key to understanding extinctons of harle-
quin frog (Atelopus varius) and golden toad (Bufo periglenes)
species in the Monteverde Cloud Forest Reserve, Costa
Rica, and elsewhere in Central and South America was a
consideration of climate change and how this alters trans-
mission of diseases and pathogens. One infectious agent,
the chytrid fungus (Bactrachochytrium dendrobactidis), has
spread as thermal-optimum conditions were reached in its
T‘nid—elevation range (1000 m to 2400 m; 3280 ft to 7874 fr)
in the mountain-cloud forest. *
Human-forced climate change is increasing the tem-
perature of the ocean and atmosphere. Higher temper-
atures cause higher evaporation rates, which affect the
condensation level (see Chapter 5). As the warm, moist

air moves onshore and reaches the mountains, the air
lifts and cools, and condensation occurs at higher eleva-
tions than before. Increased clouds affect the daily tem-
perature range: Clouds at night, acting like insulation,

FIGURE 1.6 Harlequin frog extinction alarm.

About two-thirds of harlequin frog species went extinct over
the last two decades as a result of climate change. This “rana
dorado,” or golden frog, survives only in captivity. [Dante Fenolio/
Photo Researchers.]
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GLOBAL IMPACTS OF MOUNT
PINATUBO ERUPTION-JUNE 15, 1991

Atmospheric albedo

(reflectivity) ash and sulfuric acid
increases 1.5% = : mist blasted into the
(4.3 W/m?) ‘ | atmosphere

42% of globe is
affected by a thin
aerosol cloud
(20° S to 30° N)

Atmospheric -~ J ! e .E

Diffuse sunlight increases;
slight enhancement
of photosynthesis

absorption of solar -
energy increases E-ﬂ
(2.5 W/m2) Colorful twilight and
dawn skies are seen
worldwide

FiGURE 1.7 The eruption of Mount Pinatubo.

15—20 million tons of

12 Kma ol ialCTiHEs
"‘iﬁl!"gQi-‘ﬂ,ﬂ_‘_jiiiﬂt&;"ij:}il'—liw

4 15°N120°E

Net radiation at
Earth's surface
temporarily decreases
average temperatures
in the Northern
Hemisphere by 0.5 C°
(0.9 F°)

The 1991 Mount Pinatubo eruption affected the Earth-atmosphere system on a global scale. As you read
Elemental Geosystems, you will find references to this eruption in many chapters. A summary of the impacts

is in Chapter 9. [Inset photo by Dave Harlow, USGS.]

raise nighttime minimum temperatures, whereas clouds
during the day act as reflectors, lowering daytime maxi-
mum temperatures (see Chapter 3).

The chytrid fungus does best when temperatures are
between 17°C and 25°C (63°F and 77°F). The new cloud
cover keeps the daytime maximum below 25°C (77°F) at
the forest floor. In these more favorable conditions, the
disease pathogen flourishes. Harlequin frogs have moist,
porous skin that the fungus penetrates, killing the frog.
Between 1986 and 2006, approximately 67% of the 110
known species of harlequin frogs went extinct—extinction
is forever.

From this example, can you see the power of systems
analysis? Global warming intensifies the hydrologic cycle,
raises air and water temperatures, and increases evapora-
tion, all of which change the nature of cloud formations
and alter daily temperature patterns.

Mount Pinatubo—Global System Impact A dra-
matic example of interactions between volcanic erup-
tions and Earth systems illustrates the strength of spatial
analysis in the organization of this textbook. Mount

[&] GEO REPORT 1.1

Pinatubo in the Philippines erupted violently in 1991,
injecting 15-20 million tons of ash and sulfuric acid mist
into the upper atmosphere (Figure 1.7). This was the
second greatest eruption during the 20th century; Mount
Katmai in Alaska (1912) was the only one greater. The
eruption materials from Mount Pinatubo affected Earth
systems in several ways, which are noted on the map. For
comparison, the 2010 eruption of Eyjafjallajokull in Ice-
land was about 100 times smaller in terms of the volume
of material ejected, with debris reaching only the lower
atmosphere.

As you progress through this book, you see the story of
Mount Pinatubo and its implications woven through eight
chapters: Chapter 1 (systems theory), Chapter 3 (effects
on energy budgets in the atmosphere), Chapter 4 (satel-
lite images of the spread of debris by atmospheric winds),
Chapter 7 (temporary effect on global atmospheric tem-
peratures), Chapters 8 and 9 (volcanic processes), Chap-
ter 13 (past climatic effects of volcanoes), and Chapter 15
(effects on net photosynthesis). Instead of simply describ-
ing the eruption, we see the linkages and global impacts of
such a volcanic explosion.

Amphibians at thresholds

Amphibian species are a threatened group of animals, with approximately one-third of recognized species now at risk of extinc-
tion. According to the International Union for Conservation of Nature (IUCN) Amphibian Specialist Group, two new initiatives

are aimed at stopping the amphibian decline: increased habitat protection for species that are found in only a single location and
stepped-up efforts at testing antifungal drugs to halt the killer frog disease and ease the current amphibian extinction crisis (more

at http:/Awww.amphibians.org/).
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FIGURE 1.8 The systems in Elemental Geosystems.
The sequence of systems flow in the organization of PARTS I, II, Ill, and IV.

Biomes: marine
and terrestrial

1

Systems in Elemental Geosystems

To further illustrate the systems organization in this text-
book, notice the flow of energy, materials, and information
throughout the 4 parts and 17 chapters (Figure 1.8). This
book presents subjects in the same sequence in which they
occur in nature. In this way, topics follow a logical progres-

sion that unfolds according to the energy and material flows
within individual systems or with time and the flow of events.

In Figure 1.8, you see the Sun begins PART I. The
energy lows across space to the top of the atmosphere and
through the atmosphere to the surface and surface energy
budgets (Chapters 2 and 3). Then we look at the outputs
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of temperature (Chapter 3) and winds and ocean currents
(Chapter 4). Note the same logical systems .ﬂow in the
other three parts of this text. The organization of most
chapters also follows this systems flow.

Models of Systems A model is a simplified, ideal-
ized representation of part of the real world.. Models are
designed with varying degrees of generalization. In your
life, you may have built or drawn a model of something
that was a simplification of the real thing—such as a model
airplane or model house. '

The simplicity of a model makes a system easier to
understand and to simulate in experiments (for example,
the leaf model in Figure 1.4). A good example is a model
of the hydrologic system, which models Earth’s entire water

system, its related energy flows, and the atmospl_lere, sur-
face, and subsurface environments through which water
moves (see Figure 6.1 in Chapter 6). We discuss many
systemn miodels in this text. '

Adjusting the variables in a model pro-duccs dif-
fering conditions and allows predictions of possible system
operations. However, predictions are only as good as th.c
assumptions and accuracy built into the model. A model is
best viewed for what it is—a simplification to help us under-
stand complex processes. Each of Earth’s four “spheres”
represents such a model of Earth’s systems.

Earth’s Four “Spheres” Farth’s surface is a vast area
of 500 million lm? (193 million mi?) where four immense
open systems interact. Figure 1.9 shows a simple model

Elemental Geosystems: Our “Sphere of Contents”
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The Dynamic Planet
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Weathering, Karst Landscapes, and Mass Movement
River Systems and Landforms
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of three abiotic, or nonliving, systems overlapping to
form the realm of the biotic, or living system. The abiotic
spheres are the atmosphere, hydrosphere, and lithosphere, The
biotic sphere is the biosphere.

As noted in the figure, these four spheres form the
part structure in which chapters are grouped in this book.
‘The various arrows in the figure show that content in each
part and among chapters interrelates as we build our dis-
cussion of Earth’s abiotic and biotic systems.

Atmosphere (Part I, Chapters 2-4) The atmosphere
is a thin, gaseous veil surrounding Earth, held to the
planet by the force of gravity. Formed by gases aris-
ing from within Earth’s crust and interior and the ex-
halations of all life over time, the lower atmosphere
is unique in the Solar System. Tt is a combination of
nitrogen, oxygen, argon, carbon dioxide, water vapor,
and trace gases.

Hydrosphere (Part IT, Chapters 5-7) Farth’s waters
exist in the atmosphere, on the surface, and in the
crust near the surface. Collectively, these waters form
the hydrosphere. That portion of the hydrosphere
that is frozen is the cryosphere—ice sheets, ice caps
and fields, glaciers, ice shelves, sea ice, and subsurface
ground ice. Water of the hydrosphere exists in all
three states: liquid, solid (the frozen cryosphere), and
gaseous (water vapor). Water occurs in two general
chemical conditions, fresh and saline (salty).
Lithosphere (Part IIT, Chapters 8-13) Farth’s
crust and a portion of the upper mantle directly
below the crust form the lithosphere. The crust is
quite brittle compared with the layers deep beneath
the surface, which move slowly in response to an
uneven distribution of heat energy and pressure. In a
broad sense, the term /ithosphere sometimes refers to
the entire solid planet. The soil layer is the edapho-
sphere and generally covers Earth’s land surfaces.

In this text, soils represent the bridge between the
lithosphere (Part I1I) and biosphere (Part IV).
Biosphere (Part IV, Chapters 14—17) The intricate,
interconnected web that links all organisms with their
physical environment is the biosphere, or ecosphere.
‘The biosphere is the area in which physical and chem-
ical factors form the context of life. The biosphere
exists in the overlap among the abiotic, or nonliving,
spheres, extending from the seafloor, the upper lay-
ers of the crustal rock, to about 8 km (5 mi) into the
atmosphere. Life is sustainable within these natural
limits. The biosphere evolves, reorganizes itself at
times, faces extinctions, and manages to flourish.

L] ai
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A Spherical Planet

We all have heard that some people in the past believed
Earth was flat. Yet Earth’s sphericity, or roundness, is not
as modern an idea as many think. For instance, more than
two millennia ago, the Greek mathematician and philoso-
pher Pythagoras (ca. 580-500 B.c.) determined through
observation that Earth is spherical. We do not know what
observations led Pythagoras to this conclusion. Can you
guess at what he saw to deduce Earth’s roundness?

He might have noticed ships sailing beyond the hori-
zon and apparently sinking below the water’s surface, only to
arrive back at port with dry decks. Perhaps he noticed Earth’s
curved shadow cast on the lunar surface during an eclipse of
the Moon. He might have deduced that the Sun and Moon
are not just the flat disks they appear to be in the sky, but are
spherical, and that Earth must be a sphere as well.

Earth’s sphericity was generally accepted by the edu-
cated populace as early as the first century a.n. Christo-
pher Columbus, for example, knew he was sailing around
a sphere in 1492; this is one reason why he thought he had
arrived in the East Indies.

Earth as a Geoid Until 1687, the spherical-perfection
model was a basic assumption of geodesy, the science that
determines Earth’s shape and size by surveys and math-
ematical calculations. But in that year, Sir Isaac Newton
postulated that Earth, along with the other planets, could
not be perfectly spherical. Newton reasoned that the more
rapid rotational speed at the equator—the equator being
farthest from the central axis of the planet and therefore
moving faster—produces an equatorial bulge as centrifu-
gal force pulls Earth’s surface outward. Te was convinced
that Earth is slightly misshapen into an oblate spheroid, or,
more correctly, an oblate ellipsoid (oblate means “flattened”),
with the oblateness occurring at the poles.

Earth’s equatorial bulge and its polar oblateness are
universally accepted and confirmed with tremendous pre-
cision by satellite observations. The “geoidal epoch” is
our modern era of Earth measurement because Earth is a
geoid, meaning literally that “the shape of Earth is Earth-
shaped.” Imagine Earth’s geoid as a sea-level surface that
extends uniformly worldwide, beneath the continents.
Both heights on land and depths in the oceans measure
from this hypothetical surface. Think of the geoid surface
as a balance among the gravitational attraction of Earth’s
mass, the distribution of water and ice along its surface,
and the outward centrifugal pull caused by Earth’s rota-
tion. Figure 1.10 gives Farth’s average polar and equatorial
circumferences and diameters.

Water in the Solar System

The Oceans, Coastal Systems, and Wind Processes
Glacial and Periglacial Landscapes

FIGURE 1.9 Earth’s four spheres form the “Sphere of Contents” for Elemental Geosystems.
Each sphere is a model of vast Earth systems. This four-part structure is the organizational framework for
Elemental Geosystems. [Inset photos by Bobbé Christopherson; whole Earth image NASA.]

Among the planets in the Solar System, 'only Earth possesses surface water in such quantity, some 1.36 billion km? (0.33 billion mi3),
although subsurface water was discovered'on the Moon in its polar areas, Mars, Jupiter's moon Europa, and Saturn's moons
Enceladus and Titan. In the Martian polar region, remote spacecraft are studying ground ice and patterned ground phenomena
Caused by freezing and thawing water, ‘as discussed for Earth in Chapter 13. In the Universe, deep-space telescopes reveal traces
of water in nebula and distant planetary objects.
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FIGURE 1.10 Earth's dimensions.
Earth’s (a) equatorial and polar circum-
ference and (b) diameter. The dashed
line is a perfect circle for reference to
Earth's geoid.
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Measuring Earth in 247 B.c.

Eratosthenes (ca. 276-195 B.¢.) served as the librarian
of Alexandria in Egypt during the third century B.c. He
was a Greek geographer and astronomer in a position of
scientific leadership. Alexandria’s library was the finest in
the ancient world. Among his achievements was calculat-
ing Earth’s polar circumference to a high level of accu-
racy. Here’s how he did it. As you read, follow along on
Figure 1.11.

Travelers told Eratosthenes that on June 21 they
saw the Sun’s rays shine directly to the bottom of a well
at Syene, the location of present-day Aswan, Egypt. This
meant that the Sun was directly overhead on that day.

Enlargement

North of Syene in Alexandria, Eratosthenes knew from his
own observations that the Sun’s rays never were directly
overhead, even at noon on June 21. This day is when the
noon Sun is at its northernmost position in the sky. He
Imew objects in Alexandria, unlike objects in Syene, always
cast a noontime shadow on June 21. Using his knowledge
of geometry, Eratosthenes conducted an experiment to
explain the different observations.

In Alexandria at noon on June 21, he measured the
angle of a shadow cast by an obelisk (a perpendicular
column). Knowing the height of the obelisk and measur-
ing the length of the Sun’s shadow from its base, he solved
the triangle for the angle of the Sun’s noon rays, which he

FIGURE 1.11 Eratosthenes’ calculation.
720 Eratosthenes’ work teaches the value

Obelisk

of observing carefully and integrating
all observations. Calculating Earth’s cir-
Kn‘s cumference required application of his
rays knowledge of Earth-Sun relationships,
geometry, and geography.

607 7‘/ Earth's

45/ / Siens circumference
30° Alexandria

/ Syene
152

r Ao
0° 0° N
15.;\ } 3M22°Ne=es ' slm

Alexand?ié\\ )

3°‘\ //
45° 5000 Stadia

24.083° N
23.5° N Tfiopicior Cancer

determined to be 7.2° off from directly overhead. However,
at Syene on the same day, the angle of the Sun’s rays was 0°
from a perpendicular, arriving from directly overhead.
Eratosthenes knew from geometry that the distance
on the ground between Alexandria and Syene formed
an arc of Earth’s circumference equal to the angle of the
Sun’s rays at Alexandria. Since 7.2° is roughly 1/50 of the
360° (360° + 7.2° = 50) in Farth’s total circumference, he
knew the distance between Alexandria and Syene must repre-
sent approximately 1/50 of Earth’s total polar circumference.
Next, Eratosthenes measured the surface distance
between the two cities as 5000 stadia. A stadium, a Greek unit
of measure, equals approximately 185 m (607 ft). TTe then
multiplied 5000 stadia by 50 to determine that Earth’s polar
circumference is about 250,000 stadia. Eratosthenes’ calcu-
lations convert to roughly 46,250 km (28,738 mi), which is
remarkably close to the correct value of 40,008 ki (24,860
mi) for Earth’s polar circumference. Not bad for 247 5.c.!

Location and Time on Earth

Geographic science requires an internationally accepted,
coordinated grid system to determine location on Earth.
You can see the importance from the chapter-opening
photo of Gough Island; or, in the photo at the end of this
chapter and the Geogysterns Now in Chapter 2, tracking the
location of the subsolar point. The terms latitude and lon-
gitude were in use on maps as early as the first century .p.,
with the concepts themselves dating back to Eratosthenes

and others.

The geographer, astronomer, and mathematician
Ptolemy (ca. 4.n. 90-168) contributed greatly to the devel-
opment of modern maps, and many of his terms are still
used today. Ptolemy divided the circle into 360 degrees
(360°), with each degree having 60 minutes (60") and
cach minute having 60 seconds (60”) in a manner adapted
from the ancient Babylonians. He located places using
these degrees, minutes, and seconds. However, the precise
length of a degree of latitude and a degree of longitude
remained unresolved for the next 17 centuries.

Latitude

Latitude is an angular distance north or south of the equa-
tor, measured from the center of Earth (Figure 1.12a).
On a map or globe, the lines designating these angles of
latitude run east and west, parallel to the equator (Figure
1.12b). Because Earth’s equator divides the distance
between the North Pole and the South Pole exactly in
half, it is assigned the value of 0° latitude. Thus, latitude
increases from the equator northward to the North Pole,
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15

North Pole 90°

49th Parallel

Equatorial
plane

Angle of
latitude

(a)

North Pole 90°

49th Parallel

< > 5 S Equatorial
Parallels - t parallel

(b)

FIGURE 1.12 Parallels of latitude.

(a) Latitude is measured in degrees north or south of the equa-
tor (0°). Earth's poles are at 90°. Note the measurement of 49°
latitude. (b) These angles of latitude determine parallels along
Earth’s surface. Do you know your present latitude?

at 90° north latitude, and southward to the South Pole, at
90° south latitude.

A line connecting all points along the same latitudi-
nal angle is a parallel. In the figure, an angle of 49° north
latitude is measured, and, by connecting all points at this
latitude, we have the 49th parallel. Thus, latitude is the
name of the angle (49° north latitude), parullel names the
line (49th parallel), and both indicate distance north of
the equator.

Latitude is readily determined by observing fixed celes-
tial objects such as the Sun or the stars, a method dating to
ancient times, During daylight hours, the angle of the Sun

B The value of a stadium

From the Greek stadle, the value of a Greek stadium varied in time and place. For this calculation related to Eratosthenes’
measurement, we used 185 m (607 ft) as a stadium length. This represents an average value in the Greek era. The word for the
stadium measure was expanded to be the word to describe the arena in which foot races took place—thus our modern stadiums.
Think of Eratosthenes’ work when you see a stadium on campus.




} Arctic: 66.5° N to North Pole
} Subarctic: 55° N to 66.5° N

} Midlatitude: 35° N to 55° N

} subtropical: 23.5° N to 35° N

Equatorial and tropical:
23.5°Nt0o23.5°8S

1 subantarotic: 55° § to 66.5° S
} Antarctic: 66.5° S to South Pole

FiGuRE 1.13 Latitudinal geographic zones.

Geographic zones are generalizations that characterize various regions by latitude. Think of these as transition-
ing into one another over broad areas. Noted cities: 1. Salvador, Brazil: 2. New Orleans, Louisiana; 3. Edinburgh,
scotland; 4. Montreal, Quebec; 5. Barrow, Alaska, see Critical Thinking 1.1 below.

above the horizon indicates the observer’s latitude, after
adjustment is made for the season and for the time of day.
Because Polaris (the North Star) is almost directly over-
head at the North Pole, persons anywhere in the Northern
Hemisphere can determine their latitude at night simply
by sighting Polaris and measuring its angle above the local
horizon. The angle of elevation of Polaris above the hori-
2on indicates the latitude of the observation point. Go to
this chapter on our MasteringGeography web site to see an
illustration of sighting on Polaris to determine latitude.

In the Southern Hemisphere, Polaris cannot be seen
because it is below the horizon. Instead, latitude south of
the equator is measured by sighting on a constellation that
points to a celestial location above the South Pole. This indi-
cator constellation is the Southern Cross (Crux Australis).

Latitudinal Geographic Zones Natural environments
differ dramatically from the equator to the poles. These dif-
ferences result from the amount of solar energy received,
which varies by latitude and season of the year. As a con-
venience, geographers identify latitudinal geographic zones
as regions. “Lower latitudes” are those nearer the equator,
whereas “higher latitudes” are those nearer the poles.

Figure 1.13 portrays these zones, their locations, and
their names: equatorial and tropical, subtropical, midlati-
tude, subarctic or subantarctic, and arctic or antarctic. These
generalized latitudinal zones are useful for reference and
comparison, but they do not have rigid boundaries; rather,
think of them as transitioning one to another.

The Tropic of Cancer (about 23.5° north parallel) and
the Tropic of Capricorn (about 23.5° south parallel) are the
most extreme northern and southern parallels that expe-
rience perpendicular (directly overhead) rays of the Sun
at local noon. When the Sun arrives overhead at these
tropics, it marks the first day of summer in each hemi-

sphere. (Further discussion of the tropics is in Chapter
2.) The Ayctic Circle (about 66.5° north parallel) and the
Antarctic Circle (about 66.5° south parallel) are the paral-
lels farthest from the poles that still experience 24 unin-
terrupted hours of night (including dawn and twilight)
during local winter and continuous day during local

surmimer.

i "CRITICAL THINKING 1.1 |
Latitudinal zones and temperature

Refer to the graph in Figure 3.16 that plots annual temperature
data for five cities from near the equator 1o beyond the Arctic
Circle. Note the geographic location for each of the five cities
on the latitudinal geographic zone map in Figure 1.13. In which
sone is each city located? To approximate locations use an
atlas, web site, or encyclopedia. Roughly characterize changing
temperature patterns through the seasons as you move away
from the equator. Describe what you discover.

Longitude

Longitude is an angular distance east or west of a point on
Farth’s surface, measured from the center of Earth (Figure
1.142). On a map or globe, the lines designating these
angles of longitude ran north and south (Figure 1.14D).
A line connecting all points along the same longitude is
a1 meridian. Tn the figure, a longitudinal angle of 60° E is
measured. These meridians run at right angles (90°) to all
parallels, including the equator.

Thus, longitude is the name of the angle, meridian
names the line, and both indicate distance east or west of
an arbitrary prime meridian—a meridian designated as 0°
(Figure 1.14b). Earth’s prime meridian passes through the
old Royal Observatory at Greenwich, England, as set by an
1884 treaty—the Greenwich prime meridian.

150° 180° Greenwich, England
: (prime meridian)

) | Angle
60°W || . { ks of
] longitude

Meridians

(a) (b)

FIGURE 1.14 Meridians of longitude.

(a) Longitude is measured in degrees east or west of a 0° starting line, the prime meridian. Note the
measurement of 60° E longitude. (b) Angles of longitude measured from the prime meridian determine

other meridians. North America is west of Greenwich: therefore, it is in the Western Hemisphere. Do you '
know your present longitude? '

Great
circle \

(a) Each pair of meridians
forms a great circle

All other parallels form
small circles

A plane intersecting the globe |
along a great circle divides the ‘
globe into equal halves and
passes through its center

Small |
circle

The equatorial paraliel
is a great circle

A plane that intersects the
globe along a small circle
splits the globe into unequal
sections—this plane does not
pass through the center of the

_ globe

FIGURE 1.15 Great circles and small circles.

(a) Examples of great circles and small circles on Earth. (b) Any plane that divides Earth into equal halves
intersects the globe along a great circle; this great circle is a full circumference of the globe and is the short-
est distance between any two surface points. (c) Any plane surface that splits the globe into unequal portions
intersects the globe along a small circle.
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We noted that latitude is determined easily by sighting
the Sun or the North Star or by using the Southern Cross as a
pointer. In contrast, a method of accurately determining lon-
gitude, especially at sea, remained a major difficulty in naviga-
tion until after 1760. The key to measuring the longitude of
a place lies in accurately knowing time and required the
invention of a clock without a pendulum. In Chapter 1 on the
MasteringGeography web site, you find an exciting chapter in
human discovery focusing on the relationship between time
and longitude called “The Timely Search for Longitude.”

Great Circles and Small Circles

Great circles and small circles are important concepts
that help summarize latitude and longitude (Figure 1.15,
page 17). A great circle is any circle of Earth’s circumfer-
ence whose center coincides with the center of Earth. An
infinite number of great circles can be drawn on Earth.
Every meridian is one-half of a great circle that passes
through the poles. On flat maps, airline and shipping
routes appear to arch their way across oceans and land-
masses. These are great circle routes, the shortest distance
between two points on Earth (discussed on the Mastering-
Geogruphy web site).

Tn contrast to meridians, only one parallel is a great
circle—the equatorial parallel. All other parallels diminish
in length toward the poles and, along with any other
non-great circles that one might draw, constitute small
circles. These circles have centers that do not coincide
with Earth’s center.

Figure 1.16 combines latitude and parallels with
longitude and meridians to illustrate Earth’s complete
coordinate grid system. Note the red dot that marks our
measurement of 49° N and 60° E, a location in western
Kazakhstan. Next time you look at a world globe, follow
the parallel and meridian that converge on your location.

[J[} CRITICAL THINKING 1.2 |

Where are you?
Select a location (for example, your campus, home, or work-
place or a city) and determine the following: elevation, latitude,
and longitude—including the coordinates in degrees, minutes,
and seconds. Describe the resources you used to gather this
geographic information, such as an atlas, web site, Google
Earth™, or GPS measurement.

Global Positioning System
Today, using a handheld instrument that receives radio sig-
nals from satellites, you can accurately calibrate latitude,
longitude, and elevation—and even know where your car
is as you drive along, often with an electronic voice telling
you where to turn.

The Global Positioning System (GPS) comprises
24 orbiting satellites, in six orbital planes, that transmit
navigational signals for Earth bound use (backup GPS sat-
ellites are in orbital storage as replacements). Think of the
satellites as a constellation of navigational beacons with
which you interact to determine your unique location.

FIGURE 1.16 Earth's coordinate grid system.

Latitude and parallels and longitude and meridians allow us to
locate all places on Earth precisely. The red dot is at 49° N lati-
tude and 60° E longitude.

Every possible square meter of Earth’s surface has its own
address relative to the latitude-longitude grid.

A GPS receiver, now built into cell phones, digital
cameras, and camcorders, senses signals from a minimum
of three satellites for location and four satellites to measure
the receiver’s altitude. This is accomplished by calculating
the distance between each satellite and receiver using clocks
built into each instrument that time radio signals trave-
ling at the speed of light between them (Figure 1.17). The
receiver reports latitude, longitude, and elevation (Figure
1.18). Within Differential GPS (DGPS), accuracy increases
to 1 m to 3 m by comparing readings with another base sta-
tion (reference receiver) for a differential correction.

Location
rejected GPS satellite
#3 range

GPS satellite
#1 range

FIGURE 1.17 Using satellites to triangulate location

through GPS.

Imagine a ranging sphere around each of three GPS satellites.
These spheres intersect at two points, one easily rejected because
it is some distance above Earth and the other at the true location
of the GPS receiver. In this way, three satellites can determine
location; adding a fourth satellite measures elevation.

FIGURE 1.12 GPSin action.

Location coordinates on a GPS unit in operation on a research
ship as it crosses Earth's equator at 0° latitude. Locate these
latitude and longitude coordinates on a globe or map. How
far from the nearest land is the ship? What is the name of this
ocean? [Bobbé Christopherson.]

The GPS satellite measurements help refine our
knowledge of Earth’s exact shape and how this shape is
changing. The GPS is useful for diverse applications, such
as navigating on the ocean, surveying land, tracking small
changes in Earth’s crust, managing the movement of fleets
of trucks, mining and mapping resources, tracking wildlife
migration and behavior, carrying out police and security
work, and conducting environmental planning. Outdoor
recreationists and sportspersons commonly carry handheld
GPS devices that allow them to track their own location.
Commerecial airlines use the GPS to improve accuracy of
routes flown and thus increase fuel efficiency. Through
GPS technology, modern cell phones know where they are
on Earth, ,

Scientific applications of GPS technology are exten-
sive. Relative to earthquakes in southern California, the
GPS Observation Office monitors a network of 250 con-
tinuously operating GPS seismic stations—the Southern
California Integrated GPS Network (SCIGN; http://
www.scign.org/). This system can record fault movement
as small as 1 mm (0.04 in.). In 1998, scientists used GPS
technology to accurately determine the height of Mount
Everest in the Himalayan Mountains (Figure 1.19), raising
its elevation by 2 m (6 ft). GPS measurements of Mount
Kilimanjaro in Africa lowered its summit from 5895 m to
5892 m (19,340 ft to 19,330 fo).

In precision agriculture, farmers use GPS devices to
determine crop yields on specific parts of their farms. A
detailed plot map is made to guide the farmer in the addi-
tion of more fertilizer, proper seed distribution, precise
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FIGURE 1.19 GPS used to measure Everest’s summit height.

Installation of a Trimble 4800 GPS unit at Earth’s highest bench-
mark, only 18 m (60 ft) below the 8850-m (29,035-ft) summit.
Previously, the height was set at 8848 m. Scientists using GPS
data accurately analyzed the rate the mountain range is moving
due to tectonic forces. [Photo and GPS installation by adventurer/
climber Wally Berg, May 20, 1998.]

irrigation applications, or other work needed. A computer
and GPS unit on board the farm equipment guide the
work. This is the science of variable-rate technology, made
possible by GPS technology.

The GPS is important to a locational, spatial geo-
graphic science because this precise technology reduces
the need to maintain ground control points for location,
mapping, and spatial analysis. Instead, geographers working
in the field can easily determine their position, as well as
boundaries and other data points, accurately as they work,
reducing the need for traditional surveys.

Prime Meridian and Standard Time

Coordination of international trade, airline schedules,
business and agricultural activities, and daily living depends
on a worldwide time system. Today, we take for granted
standard time zones and an agreed-upon prime meridian,
but such a standard is a relatively recent development.
Setting time was not a great problem in small Euro-
pean countries, most of which are less than 15° wide. But
in North America, which spans more than 90° of longitude

Originally devised in the 1970s by the Department of Defense for military purposes, GPS is now commercially available world-
wide. In 2000, the Pentagon shut down its Pentagon Selective Availability security control, making commercial resolution the
same as military applications. Additional frequencies were added in 2003 and 2006, which increased accuracy significantly to less
than 10 m (33 ft). For a GPS overview, see http:/Anww.colorado.edu/geography/gcraft/notes/gps/gps_f.html.
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and Singapore. [Adapted from Defense

of a central meridian. Today, only three adjustments are
needed in the continental United States—h‘om_ Eastern
Standard Time to Central, Mountain, and Pacific—and
four changes across Canada. . ' L
Assuming it is 9:00 p.M. In Greenwich, then 1t1'15
400 p.m. in Baltimore (+5 hr), 3:00 pm. in Oklahgma City
(+6 hr),2:00 p.ax. in Salt Lake City (+7 hr), 1:00 p.m. 10 Seattle
and Los Angeles (+8 hr), noon in Anchorage.(fr‘? hr), land
11:00 a.m. in Honolulu (+10 hr). To the east, itis mldllught
in Ar Riyad, Saudi Arabia (—3 hr). The demg.nal‘lon AM. 18 f.01
ante meridiem, “before noon,” whereas p.. is for post merid-
iem, “after noon.” A 24-hour clock avoids the use of these des-
ignations: 3 p.M. Is stated as 15:00 hours; 3'A.M. is 3.:00 hm'u's.
As you can see from the modern mtelrnatmnal time
zones in Figure 1.20, national bound:}rles and politi- ‘
cal considerations distort time boundaries. For exal‘r}ple,
China spans four time zones, but its government dec%dcd
to keep the entire country operating at the same t1mef :
Thus, in some parts of China clocks are several hours of!

(the equivalent of six 15° time zones), thfa problerp was seri-
ous. Tn 1870, railroad travelers going from Maine to San
Francisco made 22 adjustments to their watches to stay
istent with local time.
COHS;Z'E Canada, Sir Sanford Fleming directed the fight
for standard time and for an internan'onal‘agreement on
a prime meridian. His struggle led the Umtfid States and
Canada to adopt a standard time in 1883. “lwv:an.ty—seven
countries attended the 1884 International Meridian Con-
ference in Washington, DC, to seta global standard. MOS‘;
participating nations chose the highly respected Ro§ia
Observatory at Greenwich, London, England, as the
place for the prime meridian of 0° 101151tucle for maps.
"Thus, a world standard was set—Greenwich Mean Tune
(GMT)—and a consistent Universal Time was established
(see http://wwp.greenwichmeantjme.com/). .
The basis of time is that Earth revolves 360° every
24 hours, or 15° per hour (360° =+ 24 = 15°). Thps, a time
zone of 1 hour is established, spanning 7.5° on either side

Magellan’s crew loses a day 1
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! d from the first circumnaviga-
-li t. For example, Magellan’s crew returne ‘
lorers had a problem before the date-line concep e
tE' arlyoixga(rjth in 1522 pconfident from their ship’s log that it was Wed nesday, Se.?ptember T ‘They were s:ockzd Wthhz: i?;ormust y
Ilonl sidents that itfwas actually Thursday, September 8. Without an Internatpnal Datg Line, they ha i no |f ;? o ycrew
0dca rie a day somewhere when sailing around the world in a westward direction. Imagine the confusion of the arriving .
advan

from what the Sun is doing. In the United States, parts of
Florida and west Texas are in the same time zone.

international Date Lime An important corollary of
the prime meridian is the 180° meridian on the opposite
side of the planet. This meridian is the International
Date Line (IDL), which marks the place where each day
officially begins (at 12:01 a.m.). From this “line,” the new
day sweeps westward. This westward movement of time is
created by Earth’s turning esstward on its axis. Locating
the date line in the sparsely populated Pacific Ocean mini-
mizes most local confusion.

At the IDL, the west side of the line is always one
day ahead of the east side. No matter what time of day
it is when the line is crossed, the calendar changes a day
(Figure 1.21). Note in the illustration the departures from
the IDL and the 180° meridian; this deviation is due to
local administrative and political preferences.

Coordinated Universal Time For decades, Green-
wich Mean Time (GMT) from the Royal Observatory’s
astronomical clocks was the world’s Universal Time (UT)
standard for accuracy. GMT was broadcast using radio
time signals as early as 1910. Taking the initiative in 1912,
the French government called a gathering of countries to
better coordinate radio time signals. At this conference,
GMT was made standard, and a new organization was
set up to be the custodian of “exact” time—the Interna-
tional Bureau of Weights and Measures (BIPM; see http://
www.bipm.org). Progress was made in accurately measur-
ing time with the invention of a quartz clock in 1939 and
atomic clocks in the early 1950s.
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FIGURE 1.21 International Date Line.

International Date Line location is approximately along the 180th
meridian (see the IDL location on Figure 1.20). Note the dotted
lines on the map—island countries set their own time zones, but
their political control extends only 3.5 nautical miles (4 mi) off-
shore. Officially, you gain 1 day crossing the IDL from east to west.
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Accurate time is not a matter of simply keeping track of
Earth’s rotation, since it is slowing down from the tug of tidal
forces and rearrangement of water. Note that 150 million
years ago a “day” was 22 hours long, and 150 million years
in the future a “day” will be approaching 27 hours in length.

The Coordinated Universal Time (UTC¥) time-
signal system replaced GMT universal time in 1972 and
became the legal reference for official time in all countries.
Although the prime meridian stll runs through Green-
wich, UTC is based on average time calculations from
atomic clocks collected worldwide. You might still see
official UT'C referred to as GMT or Zulu time.

Time and Frequency Services of the National Insti-
tute for Standards and Technology (NIST), U.S. Depart-
ment of Commerce, operates several of the most advanced
clocks. For the time, call 303-499-7111 or 808-335-4363,
or see http://nist.time.gov/ for UTC. In Canada, the
Institute for Measurement Standards, National Research
Council Canada, participates in determining UTC, Eng-
lish, 613-745-1578; French, 613-745-9426; for more see
http://time$S.nre.ca/JavaClock/timeDisplayWE.shtml.

Daylight Saving Time In 70 countries, mainly in the
temperate latitudes, time is set ahead 1 hour in the spring
and set back 1 hour in the fall—a practice known as day-
light saving time. The idea to extend daylight for early
evening activities (at the expense of daylight in the morn-
ing), first proposed by Benjamin Franklin, was not adopted
until World War T and again in World War IT, when Great
Britain, Australia, Germany, Canada, and the United States
used the practice to save energy (1 less hour of artificial
lighting needed).

In 1986 and again in 2007, the United States and
Canada increased daylight saving time. Time “springs for-
ward” 1 hour on the second Sunday in March and “falls
back” 1 hour on the first Sunday in November, except in
a few places that do not use daylight saving time (Tawai‘i,
Arizona, and Saskatchewan). In Europe, the last Sun-
days in March and October are used to begin and end
the “summer-time period.” (See http://webexhibits.org/
daylightsaving/.)

Maps, Scaies,r and Projections

The earliest known graphic maps date to 2300 B.c., when
the Babylonians used clay tablets to record information
about the region of the Tigris and Euphrates Rivers (the
area of modern-day Iraq). Today, the making of maps and
charts is a specialized science as well as an art, blending
aspects of geography, engineering, mathematics, graphics,
computer science, and artistic specialties. It is similar in
ways to architecture, in which aesthetics and utility com-
bine to produce a useful product.

A map is a generalized view of an area, usually some
portion of Earth’s surface, as seen from above and greatly

“UTC is in use because agreement was not reached on whether
to use the English word order, CUT, or the Irench order, TUC.
UTC was the compromise and is recommended for all time-
keeping applications; use of the term GMT is discouraged.
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reduced in size. Cartography is that part of geography
that involves mapmaking. Maps are critical tools with
which geographers depict spatial information and analyze
spatial relationships.

We all use maps at some time to visualize our location
in relation to other places, or maybe to plan a trip, or to
coordinate commercial and economic activities. Have you
found yourself looking at a map, planning real and imag-
ined adventures to far-distant places? Maps are wonderful
tools! Understanding a few basics about maps is essential
to our study of physical geography.

The Scale of Maps

Architects, toy designers, and mapmakers have something
in common: They all create scale models. They reduce real
things and places to the more convenient scale of a draw-
ing; a model car, train, or plane; a diagram; or a map. An
architect renders a blueprint of a structure to guide the
building contractors, selecting a scale so that a centimeter
(or inch) on the drawing represents so many meters (or
feet) on the proposed building. Often, the drawing is 1/50
or 1/100 real size.

The cartographer does the same thing in preparing a
map. The ratio of the image on a map to the real world is
scale; it relates a unit on the map to a similar unit on the
ground. A 1:1 scale means that a centimeter on the map
represents a centimeter on the ground, although this is
an impractical map scale, since the map is as large as the
area mapped! A more appropriate scale for a local map is
1:24,000, in which 1 unit on the map represents 24,000
identical units on the ground.

Cartographers express map scale as a representative
fraction, a graphic scale, or a written scale (Figure 1.22).
A representative fraction (RF, or fiactional scale) is expressed
with either a colon or a slash, as in 1:125,000 or 1/125,000.
No actual units of measurement are mentioned because
any unit is applicable as long as both parts of the fraction are
in the same unit: 1 cm to 125,000 em, 1 in. to 125,000 in., or
even 1 arm length to 125,000 arm lengths.

A graphic scale, or bar scale, is a bar graph with units to
allow measurement of distances on the map. An important
advantage of a graphic scale is that, if the map is enlarged
or reduced, the graphic scale enlarges or reduces along with
the map. In contrast, written and fractional scales become
incorrect with enlargement or reduction. As an example,
if you shrink a map from 1:24,000 to 1:63,360, the written
scale “1 in. to 2000 ft” will no longer be the correct. The
new correct written scale is | in. to 5280 ft (1 mi).

Scales are small, medium, and large, depending on the
ratio described. In relative terms, a scale of 1:24,000 is a
large scale, whereas a scale of 1:50,000,000 is a small scale.
The greater the denominator in a fractional scale (or the
number on the right in a ratio expression), the smaller the
scale and the more abstract the map in relation to what is
being mapped. Examples of selected representative frac-
tions and written scales are listed in Table 1.1 for small-,
medium-, and large-scale maps.
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Find and calculate map scales

Find a globe or map in the library or geography department
and check the scale at which it was drawn. See if you can find
examples of fractional, graphic, and written scales on wall
maps, on highway maps, and in atlases. Find some examples
of small- and large-scale maps, and note the different subject
matter they portray.

Look at a world globe that is 61 cm (24 in.) in diameter.
(Use different values depending on the globe you are using.)
We know that Earth has an equatorial diameter of 12,756
km (7926 mi), so the scale of such a globe is the ratio of 61
cm to 12,756 km. To calculate the representative fraction for
the globe in centimeters, divide Earth's actual diameter by the
globe’s diameter (12,756 km + 61 cm). (Hint: 1 km = 1000 m,
1 m = 100 cm; therefore, Earth's diameter of 12,756 km repre-
sents 1,275,600,000 cm; and the globe’s diameter is 61 ¢cm.) In
general, do you think a world globe is a small- or a large-scale
map of Earth’s surface?

: Sample Representative Fractions and
Written Scales for Small-, Medium-, and Large-
Scale Maps

” ] Representative Written
Repissentative fractTmn ; System Scale Size Fraction System Scale
1:260,000 0¢ g e English  Small 1:3,168,000 1in. = 50 mi
Graphic scale 1:1,000,000 1in. =16 mi
T, , 8 1:250,000 i i = A
— — T ; ; i -
e Medium 1:125,000 1in = 2 mi
1:63,360 (or 1in. = 1mi
IR R g 1 1:62,500)
Kligrmelors Large 1:24,000 1in. = 2000 ft
Onei V\Lritten ?cfale i _ Representative Written
ne inch equals four miles - Scal
(English units in U.S.) System  Fraction  System Scale
Metric 1:1,000,000 1cm = 10.0 km
o 1:25,000 -
FIGURE 1.22 Map scale. 1em = 0.25 km
Three common expressions of map scale—representative frac- 1:10,000 1cm = 0.10 km

tion, graphic scale, and written scale.

Map Projections

A globe is not always a helpful map representation of
Earth. When you go on a trip, you need more-detailed
information than a globe can provide. Consequently, to
provide local detail, cartographers prepare large-scale flat
maps, which are two-dimensional representations (scale
models) of our three-dimensional Farth. Unfortunately,
such conversion from three dimensions to two causes
distortion,

A globe is the only true representation of distance,
direction, area, shape, and proximity. A flat map distorts
these properties. Therefore, in preparing a flat map, the
cartographer must decide which characteristic to preserve,
which to distort, and how much distortion is acceptable.
To understand this problem, consider these important
properties of a globe:

Parallels always are parallel to each other, always are
evenly spaced along meridians, and always decrease
in length toward the poles.

Meridians always converge at both poles and always
are evenly spaced along any individual parallel.

The distance between meridians decreases toward
poles, with the spacing between meridians at the
60th parallel equal to one-half the equatorial spacing.
Parallels and meridians always cross each other at
right angles.

The problem is that all these qualities cannot be repro-
duced on a flat surface. Simply taking a globe apart and
laying it flat on a table illustrates the challenge faced by
cartographers (Figure 1.23). You can see the empty spaces
that open up between the sections, or gores, of the globe.
This reduction of the spherical Earth to a flat surface is a
map projection. Thus, no flat map projection of Earth can
ever have all the features of a globe. Flat maps always pos-
sess some degree of distortion—much less for large-scale
maps representing a few kilometers; much more for small-
scale maps covering individual countries, continents, or the
entire world.

Properties of Projections There are many map projec-
tions, four of which are shown in Figure 1.24. The best pro-
jection is always determined by its intended use. The major
decisions in selecting a map projection involve the proper-
ties of equal area (equivalence) and true shape (conformal-
ity). A decision for one property sacrifices the other, for they
cannot be shown together on the same flat map.

If a cartographer selects equal area as the desired
trait—for example, for a map showing the distribution
of world climates—then true shape must be sacrificed by
stretching and shearing, which allow parallels and merid-
lans to cross at other than right angles. On an equal-area
map, a coin covers the same amount of surface area no
matter where you place it on the map. Tn ‘contrast, if a car-
tographer selects the property of true shape, such as for a
map used for navigational purposes, then equal area must
be sacrificed, and the scale will actually change from one
region of the map to another. /
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FIGURE 1.23  From globe to flat map.

Conversion of the globe to a flat map projection requires decisions
about which properties to preserve and the amount of distortion
that is acceptable. [NASA astronaut photo from Apollo 17,1972.]

The NMature and Classes of Projections Despite
the fact that modern cartographic technology uses math-
ematical constructions and computer-assisted graphics,
the word projection is still used. The term comes from
times past, when geographers actually projected the
shadow of a wire-skeleton globe onto a geometric sur-
face. The wires represented parallels, meridians, and
outlines of the continents, A light source then cast a
shadow pattern of latitude and longitude lines from the

globe onto various geometric surfaces, such as a cybinder,
plane, or cone.
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FIGURE 1.24 Classes of map projections.

Albers equal-area conic projection
(two standard parallels)

Standard line
~ (point)

Gnomonic projection

(b) Planar projection

Standard line

(d) Oval projection

Four general classes and perspectives of map projections—(a) cylindrical, (b) planar, (c) conic, and (d) oval projections.

Figure 1.24 illustrates the general classes of map
projections and the perspectives from which they are
generated. The classes shown include the cylindrical,
planar (or azimuthal), and conic. Another class of projec-
tions, which cannot be derived from this physical-perspective
approach, is the nonperspective oval shape. Still other
projections derive from purely mathematical calculations.

With projections, the contact line or contact point
between the wire globe and the projection surface—a stand-
ard line or standard point—is the only place where all globe
properties are preserved. Thus, a standard parallel or standard
meridian is a standard line true to scale along its entire length

without any distortion. Areas away from this critical tangent
line or point become increasingly distorted. Consequently,
this line or point of accurate spatial properties should be cen-
tered by the cartographer on the area of interest.

The commonly used Mercator projection (from
Gerardus Mercator, A.p. 1569) is a cylindrical projection
(Figure 1.24a). The Mercator is a true-shape projection,
with meridians appearing as equally spaced straight lines
and parallels appearing as straight lines that are spaced
closer together near the equator. The poles are infinitely
stretched, with the 84th N parallel and 84th S parallel
fixed at the same length as that of the equator. Note in

(a) Gnomonic Projection

FIGURE 1.25 Determining great circle routes.
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(b) Mercator Projection (conformal, true shape)

A gnomonic projection (a) is used to determine the shortest distance—great circle route—between San Fran-
cisco and London because on this projection the arc of a great circle is a straight line. This great circle route is
then plotted on a Mercator projection (b), which has true compass direction. Note that straight lines or bear-
ings on a Mercator projection—rhumb lines—are not the shortest route.

Figures 1.23 and 1.24a that the Mercator projection is cut
around the 80th parallel in each hemisphere because of the
severe distortion at higher latitudes.

Unfortunately, Mercator classroom maps present
false notions of the size (area) of midlatitude and poleward
landmasses. A dramatic example on the Mercator projec-
tion is Greenland, which looks bigger than all of South
America. In reality, Greenland is an island only one-eighth
the size of South America and is actually 20% smaller than
Argentina alone.

The advantage of the Mercator projection is that a line
of constant direction, known as a rhumb line, or Joxodromze,
is straight and therefore facilitates plotting directions
between two points (Figure 1.25b). Thus, the Mercator
projection is useful in navigation and is standard for nauti-
cal charts prepared by the National Ocean Service.

The gnomaonic, or planar; projection in Figure 1.24b is
generated by projecting a light source at the center of a
globe onto a plane that is tangent to (touching) the globe’s
surface. The resulting severe distortion prevents showing a
full hemisphere on one projection. However, a valuable fea-
ture is derived: All great circle routes, which are the shortest
distance between two points on Earth’s surface, are pro-
jected as straight lines (Figure 1.25a). The great circle routes
plotted on a gnomonic projection then can be transferred to
a true-direction projection, such as the Mercator, for deter-
mination of precise compass headings (Figure 1.25b).

For more information on maps used in this text and
standard map symbols, turn to Appendix A, “Maps in

B

This Text and Topographic Maps.” Topographic maps
are essential tools of landscape analysis. Geographers,
other scientists, travelers, and anyone visiting the out-
doors may use topographic maps. Perhaps you have used
a “topo” map in planning a hike. U.S. Geological Survey
(USGS) topographic maps appear in several chapters of
this text.

Geographers probe, analyze, and map our home planet
through remote sensing and geographic information sys-
tems (GIS). These technologies enhance our understand-
ing of Earth. Geographers use remote-sensing data to
study all the subjects in this text and the human activities
that produce global change and impact Earth systems.

Remote Sensing

In this era of observations from orbit outside the atmos-
phere, from aircraft within it, and from remote submersi-
bles in the oceans, scientists obtain a wide array of remotely
sensed data (Figure 1.26). Remote sensing is nothing new
to humans; we do it with our eyes as we scan the environ-
ment, sensing the shape, size, and color of objects from
a distance, registering energy from the visible-wavelength
portion of the electromagnetic spectrum. Similarly, when
a camera views the wavelengths for which its film or sensor

|l Mapping anniversary for the USGS

December 2009 marked the 125th anniversary since Congress authorized the USGS to systematically map the country. The
USGS National Mapping Program \'s‘cofnplete for the lower 48 states, numbering 53,838 separate 7.5-minute quadrangles.

The National Map (available at http:/nationalmap.gov/), a collaborative effort by USGS and federal, state, and local agencies,
provides downloadable digital topographic data for the entire United States. These data include aerial photographs, elevation,
roads, geographic names, and land cover. The National Map is an important tool for scientists, teachers, students, and the public

to access geographic information.
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A sample of orbital platforms:

CloudSat: Studies cloud extent,
distribution, radiative properties,
and structure.

ENVISAT: ESA environment-
monitoring satellite; 10 sensors,
including next generation radar.

GOES: Weather monitoring and
Forecasting; GOES-11, -12,-13, and
-14.

GRACE: Accurately maps Earth's
gravitational field.

JASON-1, -2: Measures sea-level
heights.

Landsat: Landsat-1in 1972 to
Landsat-7 in 1999, provides millions
of images for Earth systems science
and global change.

NOAA: First in 1978 through NOAA-
15,-16,-17-18, and -19 now in
operation, global data gathering,
short- and long-term weather
forecasts.

RADARSAT-1, -2: Synthetic
Aperture Radar in near-polar orbit,
operated by Canadian Space Agency.

SciSat-1: Analyzes trace gases,

thin clouds, atmospheric aerosols

with Arctic focus.

SeaStar: Carries the SeaWiFS (Sea-
viewing Wide Field-of-View
instrument) to observe Earth's
oceans and microscopic marine
plants.

Terra and Aqua: Environmental
change, error-free surface
images, cloud properties, through
five instrument packages.

TOMS-EP: Total Ozone Mapping
Spectrometer, monitoring
stratospheric ozone, similar
instruments on NIMBUS-7 and
Meteor-3.

TOPEX-POSEIDON: Measures
sea-level heights.

TRMM: Tropical Rainfall Measuring
Mission, includes lightning
detection and global energy
budget measurements.

For more info see:
hitp://www.nasa.gov/centers/
goddard/missions/index.htmi

FIGURE 1.26 Remote-sensing
technology.

Remote-sensing technology meas-
ures and monitors Earth's systems
from orbiting spacecraft, aircraft

in the atmosphere, and ground-
based sensors. Various wavelengths
(bands) are collected from sensors.
Computers process the data to
produce digital images for analysis.
A sample of remote-sensing plat-
forms is listed along the side of the
illustration. The Space Shuttle is
shown in its inverted orbital flight
mode. (lllustration is not to scale.)
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is designed, it remotely senses energy that is reflected or
emitted from a scene.

Our eyes and cameras are familiar means of obtaining
remote-sensing information about a distant subject without
having physical contact. Cartographers have used aerial pho-
tographs for years to improve the accuracy of surface maps
faster and more cheaply than can be done by on-site surveys.
Remote sensors on satellites, the International Space Station,
and other craft sense a broader range of wavelengths than
can our eyes. They can be designed to “see” wavelengths
shorter than visible light (ultraviolet) and wavelengths longer
than visible light (infrared and microwave radar).

Following launch, satellites can be set in several types
of orbits: geostationary, polar, and Sun-synchronous,
illustrated in Figure 1.27. In a geostationary (geosynchro-
nous) orbit, typically at an altitude of 35,790 km (22,239
mi), satellites pace Earth’s rotation speed and therefore
remain “parked” above a specific location, usually the
equator (IFigure 1.27a). This “fixed” position means that
satellite antennas on Earth can be pointed permanently at
one position in the sky where the satellite is located; the
GOES weather satellite is an example.

Figure 1.27b shows a polar-orbiting satellite typically
residing at an altitude between 200 km and 1000 km (124
mi and 621 mi) and passing over every portion of the globe
as Earth rotates beneath it, completing each orbit in 90
minutes. Such satellites are good for difficult regions such
as the poles, for environmental studies, and for spy surveil-
lance; examples include Térvu and Agua.

Figure 1.27¢ demonstrates a Sun-synchronous orbit,
shifting its 600 kim to 800 km (373 mi to 497 mi) altitude,
near-polar track, about 1° per day (365 days in a year, 360°
in a circle), providing a surface below in constant sunlight
for visible-wavelength images or in constant darkness for
longwave radiation images.

Satellites do not take conventional-film photographs.
Rather, they record images that are transmitted to Earth-
based receivers in a way similar to television satellite trans-

(a) Geostationary Orbit
35,790 km altitude

(b) Polar Orbit
200-1000 km altitude
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(c) Sun-Synchronous Orbit
BOO—BQO km altitude

FIGURE 1.27 Three satellite orbital paths.
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missions or a digital camera. A scene is scanned and broken
down into pixels (picture elements), each identified by coor-
dinates named Jines (horizontal rows) and samples (vertical
columns). For example, a grid of 6000 lines and 7000 samples
forms 42,000,000 pixels, providing great detail. The large
amount of data needed to produce a single image requires
computer processing and data storage at ground stations.

Digital data are processed in many ways to enhance
their utility: simulated natural color, “false” color to high-
light a particular feature, enhanced contrast, signal filter-
ing, and different levels of sampling and resolution. Active
and passive are two types of remote-sensing systems.

Active Remote Sensing Active systems direct a beam
of energy at a surface and analyze the energy reflected
back. An example is 7adar (radio detection and ranging).
A radar transmitter emits short bursts of energy that have
relatively long wavelengths (0.3 cm to 10 cm) toward the
subject terrain, penetrating clouds and darkness. Energy
reflected back to a radar receiver for analysis is known
as backscatter. Several important radar satellites are in
orbit at this time, such as QuikSAT, RADARSAT-1 and -2,
and SCISAT-1.

A synthetic aperture radar system aboard an aircraft
imaged the San Andreas fault near San Mateo, California
(Figure 1.28). The Jet Propulsion Laboratory (JPL), part
of the National Aeronautics and Space Administration
(NASA), developed systems to repeatedly capture detailed,
three-dimensional images along this fault system to track

FIGURE 1.28 Radar image of active earthquake fault.
Synthetic aperture radar image made from an aircraft repeat-
edly over time allows study of stress-accumulating portions of
the fault. Discussion of this fault is in Chapter 9. Can you see the
fault rift area running from southeast to northwest in this 2009
false-color image, in the area filled with a reservoir? [UACSAR
image by JPL/NASA; photo by Author.]
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movement and areas that are building up energy for
future earthquakes. Images collected in a time series allow
scientists to make pixel by pixel comparisons in computers
to detect even the slightest horizontal or vertical move-
ment between images. This type of information identifies
accumulating strain along the faults.

Passive Remote Sensing Passive remote-sensing sys-
tems record energy radiated from a surface, particularly
visible light and infrared. Our own eyes are passive remote
sensors, as was the Apollo 17 astronaut camera that made
the photograph (film) of Earth on the back cover of this
book.

Passive remote sensors on Landsat satellites provide a
variety of data, as shown in images of New Orleans before
and after Katrina in Chapter 11, and the Mississippi River
in Chapter 11. Two Landsats remain operational, Land-
sat-5 and -7. See http://landsat.gsfc.nasa.gov/ for more
information and additional links.

A number of satellites carry passive remote sen-
sors for weather forecasting. The Geostationary Opera-
tional Environmental Satellites, known as GOES, became
operational in 1994 and provide the images you see
on television weather reports. The NOAA-15 through
NOAA-19 satellites complete nearly polar orbits 14 times
a day and provide data for long-term weather predic-
tion. These are in Sun-synchronous orbits and carry the
advanced very bigh resolution radiometer (AVHRR), which
uses six sensors to detect different bands of radiation
wavelengths. AVHRR images showing the effects of the
Mount Pinatubo eruption on the global atmosphere are
in Figure 4.1.

Key to NASA’s Farth Observing System (EOS) is sat-
ellite Terra, which began beaming back data and images
in 2000 (see http://terra.nasa.gov/), followed by another
satellite in the series, Agua. Five instrument packages
observe Earth systems in detail. The image of Farth on the
half-title page of this book includes a cloud snapshot from
GOES added to Terra MODIS images.

GOES-11 is now above 135° W for western North
America and eastern Pacific Ocean weather. GOES-
12 sits above 75° W longitude to monitor central and
eastern North America and the western Atlantic. Think
of these satellites as hovering over these meridians for
continuous coverage, using visual wavelengths for day-
light hours and infrared for nighttime views. For the
future, GOES-13 and GOES-14 are parked in orbit and
are ready when needed (Figure 1.29). See the Geosta-
tionary Satellite Server at http://www.goes.noaa.gov/.
The GOES Project Science appears at http://rsd.gsfc.
nasa.gov/goes/.

For a sampling of global remote-sensing cover-
age from a variety of satellite platforms, go to the
USGS Global Visualization Viewer, select the satel-
lite and click on the map for a location, and then watch
(http://glovis.usgs.gov/). For more on active and pas-
sive remote-sensing platforms, see the section “Remote
sensing status report” in this chapter on the Mastering-

Geography web site.
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FIGURE 1.29 GOES-74 first image.

GOES-14 made its first image July 27, 2009; the improved
technology in this satellite produces 1-km (0.62-mi) resolu-

tion. Can you find the cloud-free southwestern United States?
Thunderstorms along the Texas-Oklahoma border? Two tropical
waves are visible in the eastern Pacific Ocean. [NASA.]

Geographic Information Systems

Techniques such as remote sensing acquire large volumes
of spatial data that must be stored, processed, and retrieved
in useful ways. A geographic information system (GIS)
is a computer-based, data-processing tool for gathering,
manipulating, and analyzing geographic information.
Today’s sophisticated computer systems allow the integra-
tion of geographic information from direct surveys (on-
the-ground mapping) and remote sensing in complex ways
never before possible.

Through a GIS, Earth and human phenomena are
analyzed over time. This can include the study and fore-
casting of diseases such HIN1 flu and West Nile virus, or
the population displacement caused by Hurricane Katrina,
or the destruction from the Haitian and Chilean earth-
quakes in 2010 and Japan in 2011, or interactive land-
cover maps, to name a few examples (Figure 1.30b and
c). Whereas printed maps are fixed at time of publication,
GIS maps can be modified and evolve instantly.

The beginning component for any GIS is a map,
with its associated coordinate system such as latitude—
longitude. This establishes reference points against which
to position data. The coordinate system is digitized, along
with all areas, points, and lines. Increasingly, GPS units are
now used to provide the basic mapping data needed for a
GIS. Remotely sensed imagery and data are then added
on the coordinate system. The resulting digital elevation
models (DEMs) aid scientific analysis of topography, area—
altitude distributions, slopes, and local stream-drainage
characteristics, among many applications. The data then

(a)

FIGURE 1.30 A geographic information system (GIS) model.

Topographic
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Survey
control

Composite
overlay of

all data (c) Probability map for spread of West Nile virus
layers (Red areas represent greatest probability for spread
of virus.)

(a) Layered spatial data in a GIS format. (b) This comprehensive land-cover map is an important component of

a statewide GIS analysis for Washington. The goal is to evaluate the protection of species and biodiversity. (c) A
NASA GIS study uses satellite-derived temperature, humidity, and vegetation variables in a GIS overlay of envi-
ronmental conditions for a probability map of the spread of West Nile virus. [(a) After USGS. (b) GIS map courtesy
of Dr. Kelly M. Cassidy, Gap Analysis of Washington State, v. 5, Map 3, University of Washington. (c) NASA/GSFC.]

are available for computer manipulation, display, and GIS
operations.

A GIS is capable of analyzing patterns and relation-
ships within a single data plane, such as the floodplain or
soil layer in Figure 1.30a. A GIS also can generate an over-
lay analysis where two or more data planes interact. When
the layers are combined, the resulting synthesis—a comz-
posite overlay—is ready for use in analyzing complex prob-
lems. The utility of a GIS compared with that of a fixed
map is the ability to manipulate the variables for analysis
and to constantly change the map.

The applications of GIS are wide-ranging and cross
many disciplines. Geographic Information Science (GISci)
embodies the development, use, and application of GIS.
An international conference series on GISci began in
2000 and continues biannually (see http://giscience.org/).
These conferences bring together leading scientists from
academia, industry, and government to explore emerging
research across the disciplines and to seek applications in

many fields. An important direction is toward more user-
friendly GIS systems in the future.

Access to GIS is expanding with increased availability
of numerous open-source GIS software packages. These
are usually free, have on-line support systems, and are
updated frequently (see http://opensourcegis.org/).

Programs for visualizing Earth, such as Google
Earth™, provide three-dimensional viewing of the globe,
as well as geographic information, in a program that can be
downloaded from the Internet (http://earth.google.com/).
Google Earth™ allows the user to “fly” anywhere on Earth
and zoom in on landscapes and features of interest, using
satellite imagery and aerial photography at varying resolu-
tons. You can find where you live and your campus. Users
can select layers, as in a GIS model, depending on the task
at hand and the composite overlay displayed.

Career opportunities in GIS continue to increase.
Regardless of your academic major, the ability to analyze data
spatially is important. The annual ESRT (Environmental




Systems Research Institute) International Users Confer-
ence, whose attendance is approaching 15,000 people,
continues to be the largest gathering of GIS professionals
to share state-of-the-art applications of GIS technology
(http://www.esri.com/).

GIS degree programs are available at many colleges
and universities. GIS curriculum and certificate programs
are now available at many community colleges. A consor-
tium of three universities forms the National Center for
Geographic Information and Analysis (NCGIA) for GIS
education. These GIS centers are Department of Geography,
University of California Santa Barbara, Santa Barbara;
Department of Surveying and Engineering, University of
Maine, Orono; and State University of New York-Buftalo,
Buffalo. (See http://www.ncgia.ucsb.edu/.)

With the essentials of geography and the Elemental Geosystems
approach, we now leave on a journey through the chapters
in each of Earth’s four spheres—Part | Atmosphere; Part Il Hy-
drosphere; Part Il Lithosphere; and Part IV Biosphere. Chapter
2 begins at the Sun, including its place in the Universe, and
energy flow to Earth. We follow solar energy through the
atmosphere to the surface and examine global temperature
patterns and the circulation of air and water in Earth’s vast
wind and ocean currents.

At the end of each chapter, you find a Geosystems Connection
to act as a bridge from one chapter to the next, helping you to
Cross to the next topic.

To assist you, here is a review in handy summary form of the
Key Learning Concepts listed on this chapter’s title page. Each
concept review concludes with a list of the key terms from the
chapter, their page numbers, and review questions. Such sum-
mary and review sections follow each chapter in the book.

Define geography and physical geography in particular.

Human-Earth Relationships
Human—environment connections include resource
exploitation, hazard perception, and environmental
pollution and modification. A Terra satellite image
of the Deepwater Horizon oil spill in the Gulf of
Mexico, highlighted by a sunglint on the gulf's
surface. This human-caused spill is the largest
offshore drilling disaster in history.

Geography brings together disciplines from the physical and
life sciences with the cultural and human sciences to attain a
holistic view of Earth—physical geography is an essential as-
pect of the emerging Earth systems sciences. Geography is a
science of method, a special way of analyzing phenomena over
space; spatial refers to the nature and character of physical
space. Geography integrates a wide range of subject matter, and
geographic education recognizes five major themes: location,
region, human-FEarth relationships, movement, and place.
Geography’s method is spatial analysis, used to study the in-
terdependence among geographic areas, natural systems, soci-
ety, and cultural activities over space or area. Process—that is,

analyzing a set of actions or mechanisms that operate in some
special order—is central to geographic synthesis.

Physical geography applies spatial analysis to all the
physical elements and process systems that make up the envi-
ronment: energy, air, water, weather, climate, landforms, soils,
animals, plants, microorganisms, and Earth itself. Understand-
ing the complex relations among these elements is important
to human survival because Earth’s physical systems and human
society are intertwined. The development of hypotheses and
theories about the Universe, Earth, and life involves the sci-
entific method.

Earth systems science (p. 3)
geography (p. 3)

spatial (p. 3)

location (p. 3)

region (p. 3)

human—Earth relationships (p. 3)
movement (p. 3)

place (p. 3)

spatial analysis (p. 3)
process (p. 3)

physical geography (p. 3)
scientific method (p. 3)

1. What is unique about the science of geography? On the
basis of information in this chapter, define physical geogra-
phy and review the geographic approach.

2. In general terms, how might a physical geographer analyze
water pollution in the Great Lakes?

3. Assess your geographic literacy by examining atlases and
maps. What types of maps have you used: Political? Physi-
cal? Topographic? Do you know what map projections
they employed? Do you know the names and locations
of the four oceans, seven continents, and most individual
countries? Can you identify the new countries that have
emerged since 1990?

4, Suggest a representative example for each of the five geo-
graphic themes and use that theme in a sentence, such as,
atmospheric and oceanic circulation spreading radioactive
contamination is an example of the movement theme.

5. Have you made decisions today that involve geographic
concepts discussed within the five themes presented? Ex-
plain briefly.

Describe systems analysis, open and closed systems, and
feedback information, and relate these concepts to Earth
systems.

OPEN SYSTEM

= Energy and material "6
INPUTS s e "‘ - OQUTPUTS
Energy 3& Energy
Matter = Energy and material storage Makay

Heal loss

A system is any ordered, related set of things and their attrib-
utes, as distinct from their surrounding environment. Systems
analysis is an important organizational and analytical tool used
by geographers. Earth is an open system in terms of energy, re-
ceiving energy from the Sun, but it is essentially a closed system
in terms of matter and physical resources.

As a system operates, “information” is returned to various
points in the system via pathways of feedback loops. If the feed-
back information discourages change in the system, it is negative
teedback. Further production of such feedback opposes system
changes. Such negative feedback causes self-regulation in a natural
system, stabilizing the system. If feedback information encourages
change in the system, it is positive feedback. Further produc-
tion of positive feedback stimulates system changes. Unchecked
positive feedback in a system can create a runaway (“snowballing”)
condition. When the rates of inputs and outputs in the system are
equal and the amounts of energy and matter in storage within the
system are constant (or when they fluctuate around a stable av-
erage), the system is in steady-state equilibrium. A system that
demonstrates a steady increase or decrease in system operations—
a trend over time—is in dynamic equilibrium. A threshold, or
tipping point, is the moment at which a system can no longer
maintain its character, so it lurches to 4 new operational level,
one that may not be compatible with previous conditions. Geog-
raphers often construct a simplified model of natural systems to
better understand them.

Four immense open systems powerfully interact at Earth’s
surface: three abiotic, or nonliving, systems—the atmosphere,
hydrosphere (including the cryosphere), and lithosphere—
and a biotic, or living, system—the biosphere, or ecosphere.

system (p. 3)

open system (p. 3)

closed system (p. 5)
feedback loop (p. 6)
negative feedback (p. 7)
positive feedback (p. 8)
steady-state equilibrium (p. 8)
dynamic equilibrium (p. 8)
threshold (p. 8)

model (p. 12)

abiotic (p. 12)

biotic (p. 12)

atmosphere (p. 13)
hydrosphere (p. 13)
cryosphere (p. 13)
lithosphere (p. 13)
biosphere (p. 13)
ecosphere (p. 13)

6. Define systems theory as an organizational strategy. What
are open systems, closed systems, and negative feedback?
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When is a system in a steady-state equilibrium condition?
What type of system (open or closed) is the human body?
A lake? A wheat plant?

7. Describe Earth as a system in terms of both energy and
matter; use simple diagrams to illustrate your description.

8. What are the three abiotic spheres that make up Earth’s
environment? Relate these to the biotic sphere: the
biosphere.

Explain Earth's reference grid: latitude and longitude and
latitudinal geographic zones and time.

The science that studies Earth’s shape and size is geodesy.
Earth bulges slightly through the equator and is oblate (flat-
tened) at the poles, producing a misshapen spheroid, a geoid.
Absolute location on Earth is deseribed with a specific refer-
ence grid of parallels of latitude (measuring distances north
and south of the equator) and meridians of longitude (meas-
uring distances east and west of a prime meridian). A historic
breakthrough in navigation and timekeeping occurred with the
establishment of an international prime meridian (0° through
Greenwich, England) and the invention of precise chronom-
eters that enabled accurate measurement of longitude. A great
circle is any circle of Earth’s circumference whose center co-
incides with the center of Earth. Great circle routes are the
shortest distance between two points on Earth. Small circles
are those whose centers do not coincide with Earth’s center.
Latitude, longitude, and elevation are accurately calibrated us-
ing a handheld Global Positioning System (GPS) instrument
that reads radio signals from satellites.

The prime meridian provided the basis for Greenwich
Mean Time (GMT), the world’s first universal time system. A
corollary of the prime meridian is the 180° meridian, the In-
ternational Date Line, which marks the place where each day
officially begins. Today, Coordinated Universal Time (UTC)
is the worldwide standard and the basis for international time
zones. Daylight saving time is a seasonal change of clocks by 1
hour in summer months.

geodesy (p. 13)
geoid (p. 13)
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latitude (p. 15)

parallel (p. 15)

longitude (p. 16)

meridian (p. 16)

prime meridian (p. 16)

great circle (p. 18)

small circle (p. 18)

Global Positioning System (GPS) (p. 18)
Greenwich Mean Time (GMT) (p. 20)
International Date Line (p. 21)
Coordinated Universal Time (UTC) (p. 21)
daylight saving time (p. 21)

9. Draw a simple sketch describing Earth’s shape and size.

10. How did Eratosthenes use Sun angles to figure out that the
5000-stadia distance between Alexandria and Syene was
1/50 of Farth’s circumference? Once he knew this fraction
of Earth’s circumference, how did he calculate the entirety
of Earth’s circumference?

11. Define latitude and parallel and define longitude and me-
ridian using a simple sketch with labels.

12. Define a great circle, great circle routes, and a small circle.
In terms of these concepts, describe the equator, other
parallels, and meridians.

13. Tdentify the various latitudinal geographic zones that
roughly subdivide Earth’s surface. In which zone do you
live?

14. What does timekeeping have to do with longitude?
Explain this relationship. How is Coordinated Universal
Time (UTC) determined on Earth?

15. What and where is the prime meridian? How was the
location originally selected? Describe the meridian that is
opposite the prime meridian on Earth’ surface.

16. What is GPS and how does it assist you in finding location
and elevation on Earth? Give a couple of examples where
GPS technology was utilized to correct heights for some
famous mountains,

Define cartography and mapping basics: map scale and
map projections.

Flattened globe

k Fill in spaces (adds distortion)

A map is a generalized view of an area, usually some portion
of Earth’s surface, as seen from above and greatly reduced in
size. Cartography is the science and art of mapmaking. For
the spatial portrayal of Earth’s physical systems, geographers
use maps. Scale is the ratio of the image on a map to the real
world; it relates a unit on the map to an identical unit on the
ground. Cartographers create 2 map projection for specific
purposes, selecting the best compromise of projection for each

application, Compromise is always necessary because Earth’s
round, three-dimensional surface cannot be exactly duplicated
on a flat, two-dimensional map. Equal area (equivalence), true
shape (conformality), true direction, and true distance are all
considerations in selecting a projection. The Mercator pro-
jection is in the cylindrical class; it has true-shape qualities and
straight lines that show constant direction. A rhumb line de-
notes constant direction and appears as a straight line on the
Mercator.

map (p. 21)
cartography (p. 22)

scale (p. 22)

map projection (p. 23)
equal area (p. 23)

true shape (p. 23)
Mercator projection (p. 24)
rhumb line (p. 25)

17. Define cartography. Explain why it is an integrative
discipline.

18. What is map scale? In what three ways may it be expressed
on a map?

19. State whether the following ratios are large scale, medium
scale, or small scale: 1:3,168,000; 1:24,000; 1:250,000.

20. Describe the differences between the characteristics of a
globe and those that result when a flat map is prepared.

21. What type of map projection is used in Figure 1.13? In
Figure 1.20? (See Appendix A.)

Describe remote sensing and the geographic informa-
tion system (GIS), and explain how both tools are used in
geographic analysis.

(a) Geostationary orbit
35,790 km altitude

(b) Polar orbit
200-1000 km altitude

(¢) Sun-synchronous orbit
600-800 km altitude

Orbital and aerial remote sensing analyzes the operation of
Earth’s systems. Satellites do not take photographs, but record
images that are transmitted to Earth-based receivers. Satellite
images are recorded in digital form for later processing, en-
hancement, and generation,

The mountain of data collected is put to worl using geo-
graphic information system (GIS) technology. Computers
process geographic information from direct surveys and remote
sensing in complex ways never before possible. GIS methodol-

| 4B

ogy is an important step in better understanding Earth’s systems
and is a vital career opportunity for geographers,

The science of physical geography is in a unique position to
synthesize the spatial, environmental, and human aspects of our
increasingly complex relationship with our home planet—Earth.

remote sensing (p. 27)
geographic information system (GIS) (p. 28)

22. What is remote sensing? What are you viewing when you
observe a weather satellite image on TV or in the newspa-
per? Explain.
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23. Describe the Terra, Landsat, GOES, and NOAA satellites
and explain them using several examples. Go to the NASA
or ESA (European Space Agency) web site and view some
satellite images.

24. If you were in charge of planning the development of a
large tract of land, how would GIS methodologies assist
you? How might planning and zoning be affected if a
portion of the tract in the GIS is a floodplain or prime
agricultural land?

Visit http://www.masteringgeography.com/ for several figure animations, satellite loops, self-study
quizzes, flashcards, visual glossary, case studies, career links, textbook reference maps, RSS Feeds, and an
ebook version of Elemental Geosystems. Included are many geography web links to interesting Internet sources
that support this chapter.

The Four Corners region featured in the Geosystems Now case study for this chapter, imaged by NASA's Terra
Satellite. Terra is a polar-orbiting satellite that began service in 2000 and is managed by NASA at its Goddard
?Space Flight Center in partnership with the Jet Propulsion Laboratory. Terra’s MODIS sensor captures true-color
images and is an important tool in monitoring and analyzing Earth’s systems. The more than 5-ton craft orbits
atan average altitude of 670 km (416 mi); Clockwise from the upper-left in the scene is Utah, then Colorado,
New Mexico, and Arizona. Checking a map of the region can you identify some of the features? [NASA/GSFC.]
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4 Extratropical cyclones southeast of Iceland.
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4 Irrigated lands along the Orange River, Namibia-South Africa border.
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4 The Gulf of Oman at the Straits of Hormuz and the Persian Gulf.
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< Phytoplankton bloom in the Atlantic Ocean near Argentina.
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