Chapter 1. Essentials of Geography
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« Define geography in general and physical geography in particular.
* Discuss human activities and human population growth as they

relate to geographic science, and summarize the scientific
process.

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

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

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

« Describe modern geoscience techniques—the Global Positioning
System (GPS), remote sensing, and geographic information
systems (GIS)—and explain how these tools are used in
geographic analysis.
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 Geo means “Earth,” graphein means “to write,”
and geography means “to write something about
Earth.”

« (Geography is the science that studies the
relationships among

— geographic areas,
— natural systems,
— society,

— cultural activities,

— and the interdependence of all the above
through space (spatial).

© 2015 Pearson Education, Inc.



* The term spatial refers to the nature
and character of physical space, its
measurement, and the distribution of
things within it.

* We often divide geographic science into
five themes: location, place, region,

movement, and human-Earth
relationships.



Five Themes of Geographic Science

Place

No two places on Earth are exactly alike. Place 1 g

describes the characteristics—both human and where a planned development may triple the area’s populatlon
physical—of a location. The Cienega de Santa = Availability of fresh water is critical; desalination plants are part
Clara, a restored wetland on the Colorado 2 . »== of the plan. Sustainable growth and water resources are

River delta, is a scientific study area an ,_anew " ; = _=. examples of human—environment connections.

ecotourism destination. : :

region is defined by umfo;q@
at;,charactensncs The'E

Location e N B : ]
Location identifies a 00  afr & - a of Baja California Sur on ‘

specific address or rtez is known for wmdsurflnd*

absolute and relative
position on Earth. This
highway marker is at
23.26° N latitude and
109.42° W longitude.

Movement

Cabo San Lucas receives over 2 million
visitors each year; El Arco at land’s end is
a major attraction. Communication,
migration, and diffusion across Earth’s
surface represent movement in our
interdependent world.
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Location
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Location

Location identifies a specific address or
absolute and relative position on Earth. These
New Jersey road signs direct drivers on route
37 to locations.
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Place

Place is an area with definite or indefinite boundaries
or a portion of space which has a name.

Place

No two places on Earth are exactly alike. The
Bay of Fundy, separating New Brunswick and
Nova Scotia, has the highest average tides in
the world—up to 17 m (55.7 ft) in height.
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Region

Region

A region is an area defined by uniform
characteristics. South-central Texas is a
distinct region of grasslands, large cattle
ranches, irrigated feed crops and feedlots.
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Movement

Movement

Communication, circulation, migration, and diffusion
across Earth’s surface represent movement in our

interdependent world. Animals migrate with

seasonal change; Snow Geese feed and rest

along their journey.
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Human-Earth Relationships

© 2015 Pearson Education, Inc.

Human-Earth Relationships
Human—environment connections include

resource exploitation, hazard perception, and
environmental pollution and modification.

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 in history.




Content of Geography

Physical
geography

Biogeography

Human/cultural
geography

Climatology
Geomorphology i
Hydrogeography 019 (oazg;:l::;?\v

Microclimatology
Soils geography

Behavioral geography
Economic geography
Historical geography

=)  Marketing geography

Medical geography
Political geography

Zoogeography

M Synthesis

(holistic view)

Population geography

Physical and Life Sciences

Astronomy:
Biology:
Botany:
Ecology:
Edaphology:
Geodesy:
Geology:

Hydrology:

Meteorology:
Oceanography:
Physics:
Zoology:

Celestial objects and matter in the Universe
Life and living organisms
Plant life
Relationships between life and environment
Soils, the edaphosphere
Earth size and shape
Earth material composition, processes,
and history
Continental water: properties, distribution,
and effects
Atmosphere and weather
Oceanic physical and living systems
Science of matter and energy
Animal life
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Anthropology:
Business:

Demography:
Economics:

History:
Medicine:

Philosophy:

Political science:

Psychology:
Sociology:
Urban studies:

Human and Cultural Sciences

Human origin, behavior, and development

Commercial, industrial, professional
enterprises

Aspects of human population

Production, distribution, and consumption of
goods and services; management theory

Chronological analysis of human events

Diagnosis, treatment, and prevention of
disease

Logical reasoning: causes and laws of reality

Government and political institutions

Mental processes and behavior

Human social behavior and society

Cities and city life




 \What is the “Science” in Earth Science?

he sciences are a group of disciplines
that have a common approach to
finding out how aspects of the universe
work.

* This approach is called the “scientific
method.”




The Scientific Method

(a)

Scientific Process Flow Chart

Real World Observations
+ Observe nature, ask questions, collect preliminary data
+ Search for patterns, build conceptual or numerical
models of natural systems

Hypothesis and Predictions
+ Formulate hypothesis (a logical explanation)
« Identify variables and determine data needed and
collection methods

Experimentation and Measurement
+ Conduct tests to verify hypothesis; called “hypothesis
testing”

Results prove
hypothesis false
* Reject hypothesis

Peer Review
* Communicate findings for
evaluation by other
scientists

- s —
Scientific Paper Published

+ Revise and approve paper
* Follow with further research

Scientific Theory Development
* Hypothesis survives repeated testing without being
shown false
+ Comprehensive explanation for real world observation
is widely accepted and supported by research

(b)

Using the Scientific Process
to Study Cottonwood Tree Distribution

1. Observations
In the dry climates of the western United States,
cottonwood trees grow only along rivers. These trees are
not found away from watercourses. What environmental
factors influence their spatial distribution?

2. Questions and Variables

Are temp: ires near rivers f; ble for cottonwood
growth?

Is consistent moisture needed for tree survival?

Do cottonwood roots grow only in river gravels or only in
sediments with specific nutrients?

Have humans removed all the cottonwoods except along
rivers?

Cottonwood trees are the dependent variable because
their distribution is dependent on some environmental
factor. Temperature, sunlight, moisture, sediment type,
nutrients, and human actions are independent variables;
any or all of these may be found to determine patterns of
cottonwood distribution.

3. Hypothesis
One possible explanation for the observed pattern of tree
distribution is that cottonwoods require consistent
moisture in their root zone.

We can test the hypothesis that the number of
cottonwoods decreases as one moves away from a river
channel because there the tree roots are out of the reach
of surface flows and groundwater.

4.Testing

Collect data from natural systems for a natural
experiment. Establish vegetation plots (small areas of
ground). Sample, or count, trees within plots and
measure the distance of each tree from the main
channel. Control other variables as much as possible.

5. Results
A natural experiment often reveals a correlation, or a
statistical relationship. If a correlation shows that the
number of cottonwoods decreases away from the stream
channel, then the hypothesis is supported. Continued
investigation might repeat the same procedure in a
different environment or expand the study to a larger
region, and lead to a theory. However, if results show that
cottonwoods grow at a variety of distances from the main
channel, then we reject the hypothesis, replacing or
refining it with another possible explanation (see
questions above).

6.Theory Development
If we find that the distribution of cottonwoods is correlated
with the presence of surface or subsurface water, we
may also conclude that cottonwoods are an easily
observable indicator of surface flow and available
groundwater in dry or semi-dry regions.
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observations
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How Do We Test a Hypothesis?

* Conduct experiments.

 Collect further observations and
measurements.
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A scientific theory must be “falsifiable”, i.e.,
there must be some experiments or
possible observations that could invalidate
the theory.

* No matter how good a theory is, it can not
be "absolute truth”.

* When a theory is said to be "true" it means
that it agrees with all known experimental
and/or observational evidence. When a
theory cannot explain new observations it
will have to be replaced by a new theory.



Earth Systems Concepts

 What is a system?

A system is any ordered, interrelated
set of things and their attributes, linked
by flows of energy and matter.

matter matter
jv System j>
energy energy

Input Output



Earth’s Four Spheres

« We divide Earth into abiotic (non-living) and biotic (living
spheres.

« Three abiotic spheres: atmosphere, hydrosphere,
lithosphere (geosphere)
» Biotic sphere: biosphere

m Pll‘l‘ I: WATEI, WEATHER, AND CLIMATE SYSTEMS Chapters 7-11

Earth is the water planet. Part Il describes the Water and Atmospheric Moisture
wmmn of water on Earth, inclucing water Weather
ul Part Il also
describes the daily dynamics of the.
s tinteracts with th roduce

weather, Outputs of the water-weather system
range from climate patterns to our water
m PART I: THE ENERGY- ATMOSPHERE SYSTEM Chapters 2-6 N e et
Inoommq solar .mw rrives at the top of Earth's Solar Energy to Earth and the Seasons ) P
Earth's Modern Atmosphere el SRS
gt L Atmosphere and Surfaco Energy Balances
lives. Thﬁ Sun is the ultimate o Global Temperatures
mast lfe processes n our biosphere. Earth's Atmospheric and Oceanic Girculations
atmosphere acts as an effcint ite, absorb-
ing most harmful radiation so that it does not
reach Earth's surface. Each of us depends on
these interacting systems. .

m PART IIl: THE EARTH-ATMOSPHERE
INTERFACE
Exrtyie s ofmaric petet wiope meiscele
adcgerk m PART IV: SOILS, ECOSYSTEMS, AND BIOMES
i mundoquuc-mun intemal processes River Systoms Emﬂwm\lnlh-hh-phu ihraugh conversion of
mmmm«mummmm Oceans, Goastal Systems, and Wind
below Earth's crust. The exogenic system invol Processes Soilillhl-wﬂnllnkmrumilmqm pllm
‘extemal processes thal set into motion alr, waer, andll:o,dlpwmd Glacial and Periglacial Systems. and e st o Eate pywca msioms. T sl
by solar energy. Thus, Earth's surtace is the interface between two vast helps sustain lfa and is a bridge between P
i 1V of this text. Together, sails, plants, animal “ndthe
environment make up ecosystems, which are
‘grouped together in biomes.
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Conservation Laws of Mass and Energy

* Mass is neither destroyed nor created.

* Energy is the capacity to change the
motion of, or to do work on, matter.

* Energy is neither destroyed nor created.
* Input — Output = Storage Change



An Open System

Open System

INPUTS ACTIONS OUTPUTS

Energy :> Energy and material :> Energy

Matter conversions Matter
Energy and material storage

Heat loss

Example: an automobile

INPUTS OUTPUTS
Fuel Exhaust gases
Oxygen . Heat energy
Oil S - Mechanical motion
Water Red Oil waste

Tires

Used tires
Resources Scrap metal and plastic
Payments ACTIONS Debt
Energy and material

conversions and storage
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Open System and Closed System

* An open system is a system with inputs of
energy or matter and outputs of energy or
matter.

* A closed system is shut off from the
surrounding environment so that it is self-
contained. Closed systems are rare in nature.

» Earth system is an open system in terms of
energy.

» Earth system is a closed system in terms of
physical matter and resources.



A leaf is a natural open system

Sugars and other
carbohydrates
consumed (oxidized)

H,0

Minerals, water, Wa.ter.
and other nutrients transpiration

(a) Plant photosynthesis (b) Plant respiration
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Earth System

Solar Energy Input

Earth system is an open system in terms of energy.
Earth system is a closed system in terms of physical matter and
resources.
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* Feedback loop: Outputs of a system
influence the system’s operation through a
pathway.

* Negative feedback: The feedback
information discourages response in the
system. — a self regulation, stable condition

» Positive feedback: The feedback
information increased response in the
system. — a runaway condition
(snowballing)



The Arctic Sea Ice—-Albedo Positive

Feedback

 Albedo is the ratio of reflected solar radiation to

the total incoming solar radiation.

increase

Sea ice melts, exposes
@™ darker ocean surface

absorbed
sunlight

,‘,‘,, - e _')” .‘(,‘ ‘ _ I R
e - T s B
| Reflectivity, or albedo, [iA"
/s s altered (ocean d
/ﬂj”/" reflects less sunlight) |
) L :
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Snow and ice
melting

increase

increase

v

Lower
albedo




Steady-State Equilibrium

« Steady-state equilibrium: 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
fluctuate around a stable average).

Steady State Equilibrium

A LA AL Y Aty )

System fluctuates around a stable average
and maintains same operation level

| | | | | | | | | | | | | | | |

h«" «"v"‘ "‘V'A‘A‘ ""Hy‘ "““‘

(a) Passage of time ——
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Dynamic Equilibrium

« Some systems are in a condition of dynamic
equilibrium with an increasing or decreasing
trend. A dynamic equilibrium system may
change to a new operation level as it reaches
a threshold called tipping point.

Dynamic Equilibrium

System fluctuates around a stable wis VWP \
average, but exhibits a trend overall | V7
[\
‘ m A ‘y —— ——Threshold, or “tipping point”
\ /s { allk System jumps to a new stable
' T Y A A average condition

| | | | | | | | | | | | | | | |

(b) Passage of time ——
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Earth’s Dimensions

Polar circumference
40,008 km (24,860 mi)

North Pole

-

Geoidal
bulge

— T

Geoidal
bulge

Equatorial circumference
40,075 km (24,902 mi) s =

—_———

South
Pole

(@) Equatorial and polar circumference (b) Equatorial and polar diameters
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Latitude

North Pole 90°

 Latitude is an angular distance = «n e 2757
north or south of the equator, '

measured from the center of o Ho:
Earth (e.g., 49°N, 12°S).

» A line connecting all “pane” e
points along the same P,
latitudinal ang|e IS a para||e|_ 30°. Mot the measurerent of 405 etitude,

North Pole 90°

Equatorial

Parallels parallel

(b) These angles of latitude determine
parallels along Earth’s surface.
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Latitudinal Geographic Zones

- e } Arctic: 66.5°N to North Pole
Y e N -‘ " gl ‘,ﬂ.». TN . N -
i Cicis”. > ® B far ¢ o>, } Subarctic: 55°N to 66.5°N

TR = e
Nt
LA CE B ‘(Qi '

} Midlatitude: 35°N to 55°N
\ } subtropical: 23.5°N to 35°N
=

Equatorial and tropical:

P 23.5°N to 23.5°S

Subtropical: 23.5°S to 35°S
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Longitude

» Longitude is an angular distance east or west of a point on Earth’s
surface measured from the center of Earth (e.g.,10°E, 10°W).

« Aline connecting all points along the same longitude is a meridian.
Prime meridian is a meridian designated as 0°.

* In 1884, at the International Meridian Conference held in Washington,
D.C., 22 countries voted to adopt the Greenwich meridian as the
prime meridian of the world.

150°W  180° Greenwich, England

(prime meridian) P %

90°W . y

> "“?'\&120%

)Ry AT

48 \\ Angle of

). "IN f longitude
3

\ — et Meridians
X

(a) Longitude is measured in degrees east or west of a 0° (b) Angles of longitude measured from the prime meridian
starting line, the prime meridian. Note the measurement determine other meridians. North America is west of
of 60°E longitude Greenwich; therefore, it is in the Western Hemisphere.
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Great Circles and Small Circles

« A great circle is any circle of Earth’s circumference
whose center coincides with the center of Earth.

* Only one parallel is a great circle—the equatorial
parallel. All other parallels decrease in length toward
the poles, which are called small circles.

Great circle

All other parallels form £ge:8

small circles ’9;’)/ 1
——_— ( /7

/4 AV

S
TR

(b) A plane intersecting the globe along a great circle
divides the globe into equal halves and passes
through its center.

PN
//I".Il\\\\

(a) (c) 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.
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Grid System

Earth’s Coordinate

longitude and
meridian allow all places on Earth to be

 Latitude and parallels,
precisely located.

Education, Inc.
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International date line

 International Date Line is approximately
along the 180th meridian (180°E or
180°W, 180°E = 180°W).




Modern International Standard Time Zones

e 24 time zones
 Earth revolves 360°/24 hours = 15°/hour
« Each time zone is 15° of longitude

- 1AM.| 2AM. | 3AM. - 5A.M.| 6 AM. | 7 AM. - 9A.M.|10A.M.|11 AM.

tem [2em 3 sem. | 6em. | 7eu. - 9rm. [10em ] 11 P.M.-
c & £ . T

o
=

(4]

Prime Meridian

3:30 (¢
L7/ Newfoundland
=4 time

Rio de Janeiro
Sydney N
v wQuingt/onf/ .

D Non-standard time
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The Scale of Maps

« Three map scales: representative fraction, written scale,
and graphic scale

* There is one advantage associated with the graphic
scale, because if a map is enlarged or reduced, the
graphic scale enlarges or reduces along with the map.

Written scale
One inch equals four miles
(English units in U.S.)

Representative fraction
1:250,000 or

1
250,000
Graphic scale

4 3 2 1 0 4 8
| T I [ ]
miles
543210 5] 10

BN e e | ]
kilometers
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« Geographers observe, analyze, and map
Earth using remote sensing and
geographic information systems (GIS).

 Remote sensing: observing Earth
from space

* GIS Is a computer-based, data processing
tool for gathering, manipulating, analyzing,
and displaying geographic information.



Active and Passive Remote Sensing

* Active remote-sensing systems direct a
beam of energy at a surface and analyze
the energy reflected back.

» Passive remote-sensing systems record
wavelengths of energy radiated from a
surface, particularly visible light and
infrared.



Remote Sensing

* Active Remote Sensing « Passive Remote Sensing

R

N VAL L<.
-
>
/ -
“N

Ny

* Microwave (0.001-0.3m), | |+ Visible and infrared

example: Radar =radio | |+ Taking pictures using a
detection and ranging camera.
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Active and Passive Remote Sensing

Visible light

Passive Active
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Geographic Information Systems (GIS)

* GIS is a computer-based, data-processing
tool for gathering, manipulating, and
analyzing geographic information.

* Maps can contain multiple data layers:
— Physical features
— Cultural features

* Layers can be added to create composite
overlay.



GIS Model

Survey
control

Composite
overlay of
all data layers

(a) Layered spatial data in a GIS format.
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» Geography is the science that studies the relationships among
geographic areas, natural systems, society, cultural activities, and
the interdependence of all of the above through space.

» The scientific method is essential to understanding Earth and the
complex relations between Earth’s physical systems and human
society.

« Earth consists of three abiotic, or nonliving, systems: the
atmosphere, hydrosphere, and lithosphere. It has one biotic, or
living, system—the biosphere.

- Latitude and parallels, longitude and meridian allow all places on
Earth to be precisely located.

« A map is a generalized depiction of the layout of Earth’s
surface area.

 Remote sensing obtains information about Earth systems from great
distances without the need for physical contact.

« GIS is a computer-based, data-processing tool for gathering,
manipulating, and analyzing geographic information.
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