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CHAPTER 2

GEOGRAPHIC INQUIRY:
DATA, TOOLS, AND TECHNOLOGY
— s

CRITICAL VIEWING As part of a mapping project
initsated by UMICEF, Fatima Wariow, & universily student

: from Miamey. Miger. captures G5 coordinates in the
i Sahara desert. Other participants of the MAPDEY group
stuchy the movement of the wand toward anmhabited
ares nearby. | Explain how collecting data helps thesa
geagraphers to analyze the prograssion af the sand.

GEOGRAPHIC THINKING What tools do geographers use to depict spatial relationships:
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2.1

THINKING LIKE A GEOGRAPHER:

THE GEO-INQUIRY PROCESS

Geographers use spatial analysis to explain patterns of human behavior and understand
how places and societies are organized, They seek to understand where things are, wihy
r_-“:.-rr are ther@". Ell'ld h":.lw tLl E"lu" de\.EIGr:I c'ir'.d chaﬁue over l”T‘“_"-

THINKING LIKE A GEOGRAPHER

Geographers think spatially in terms of space, place,
arrangement, and interconnections betwaen humans and
the erwironment. Understanding the complaxities of the
workd, or even of a small community, meches obsarving

ihe erwironment, aspects of culture, politics, economics,
and rmona. Therefore, thinking like a geographer raguires

the integration of many topics and disciplinas. Geographic
thintang calls for asking questions, collecting and arganizing
data fram a myriad of sources, making connections, and
presanting data in a usable way. Only then can peaple makes
informed dacisions and take appropnate action,

U=ing the National Geographic Geo-Inguiry Process
supports gecgrapghic thinking. 1ools such as maps,

globes. graphs, photographs, and satellite imagery provide
geographers with vast amounts of dala about the world
that is analyzed 10 understand the processes driving human
neagraphy. Following the Gao-Inquiry Process provides

qeagraphars a gystarmnalic wany 10 examinge complex issues at
various scales—local, reglonal, or global. It alao |'|F,'|_r!-'!i..'.JEE=I'E'.-
maka connections among various componants of an issue,
identify patterns, and draw conclusions to make informed
pradictions and decisions that can mpact Comamurilies,

THE GEO-INQUIRY PROCESS

The Gao-Inguiry guestion is at the haart af the process.
Geographers ask questions about spatial distributions, such
as Why do the majority of people migrate o wrkan areas? ar
Why aid many sefliemants on rvars grow o become ciles?

Suppose local leaders have proposed buslding a new school
in your communily, but they have not determinad where it
should be built, To address this issus, you rmight first ask:
Where shawld the schoal be localed? Mote that even this
casic geographic queston can genarale multiple responses
and lead to further questions depending on the purposa

The Geo-Inguiry Process is a five-step mathod,
summarized here, As you read this chapter, you will firmd
tips on carrying out aach step.

* ASK In the first step of the process, you explore
am issue or problem through a geographic lens that
addresses the three basic questions you're already
familiar with: Where? Why there? Why care? As you
explore the problem or issue further, you reach a more
complex understanding of the issus that will help narrow
your focus into an overarching Geo-Inquiry question.
This question will drive your project.

* COLLECT In the sacond step, you collect the data you
need 1o answer the question. You might collect this data
thraugh interviews and field work, by contacting experts
or organizations, or other forms of resaarch,

? Lo |

A5E COLLECT

il

VISUALIZE

= VISUALIZE Once you've collected your data, yau will
have a large amount of information that you need to
organize. Visual represantation is critical. Data can be
dizplayed in maps or through other visuals, Visuals can
maka complex information easier to undarstand and
better reveal connections and patterns,

= CREATE In this step, vou create a Geo-lnguiry stary
that answears your Geo-Inguiry question. This step walks
people through the issue. The way you choose 10 create

and communicate your story should be well matched to
your audience,

# ACT This final step includes sharing your Gao-lnguiry
story with decision-makers to inspire them to take
action, Ask yoursalf: What action should be taken based

an the findings?

| & I

CREATE ACT
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of the quaston. One answer might focus on the school’s
paotential site, which refers 1o its physical characteristics,
such as its lecation in a flood zone. The description mighl
also include s stuation, which relars 1o the placa’s IGCation
in relation 1o other places, In additicn to asking whena
sametining s, geographers seek to understand why, As wou
consider locations, you should ask yoursell: Why is ihis &
goad acation and not samewhare gizge? Why do peaple
care ghout the schoals location? These gqueashians uitirmately
lead to further investigation.

Identifying and gathering the data you nead o anséwer the
Geo-Inguery question is the second step in the Geo-lnguiry
Process: Collect. As in any scientific process, the evidanca
dermved from the data you collect will be chosen Dased

an redevancy to the ioplc o issue, To defermine the best
lecation for the school, identify data that tells whara athar
schools in the commumnity are located, wihich schools are
gearcrowded, whera student populations are located, and
hoed trends in the community's population or demographics
might impaci this data in the futura. Information about site
characterstics ke major roads, availabls land, and buikding
Cosls 05 also nacessary, You mighl examine satellite or
aerial photos to identify areas with sufficient rocen 10 Duild
a school, In addition, you could consider intarviewing local
school principals and superiniendents 1o have them dantify
key characteristics of good schoal locations that might
include efficient bus routes or proximity to ather schools,

Mow wou're ready for the next steq: Visualize, Visualizing
yaur data is key 1o sharing your data and teling your story,
Far exampla, you might use a map 1o show the location

af sehools in your community and land that i available.

THE GEOQ-INGUIRY PROCESS

wiow eauld share data that shows population and other
demographic information. As your Geo-Inquiry Siory takes
shaps, think about the visuals that wiolld hedp athers bataer
undersiand the issue and resulting actions that can be taken

Creats is the next step of the process. In this step. you
organize your supporting evidence n a format thal puis
your data into contexd. A multimedia presentalion 15 a good
cheies for displaying your data. You can wse storyboanding
lo organize the visual, audio, and text elerments of wour slony,
Im the storybaard, you can sketch what each companent

af your story will ook or sound like and indicate the visual
elements that will appear on the screen. This is also e tima
to anticipate what elements al your presantation—eather
spokan of visual—the stakeholders will want to know mora
aboutl, Think abeuwl responses to passible quastions,

In the final step of the process, Acl, you present your
infarmation 1o decision-makers, Since your Geo-Inguiny
praject focuses on the looation of the new school, you
may want 1o share your daia with local lsaders and try to
carvinee tham to consider the location you have idantified,

GEOGRAPHIC THIMEKING

1. Describe the Sao-Inguiry Process.

2. Explain how thinking lke a geographer banafits all
dacision-making.

3. Identify thres geographic quastions aboul any
anvironmantal, social, or economic issues 1hat interast
you, and than explain how your questions might
chamge when considering different scales of analysis.

TIPS FOR SUCCESS

VoL Examineg a community issue,

basic questions thatl come to mind.

interesting guestions.

= Choose a Geo-Inguiry guastion of

+ Choose a topic that you want to imestigate. s Choose a Geo-lnguiry question that you
CE) Developing Geo-Inguiry questons can halp

* Brainstorm for three minubes, Write as
many questions during this time: as possible
withou! editing tham. This will help you think
of numerous questions bayond the first

= \Write additional nead-to-know quastions
after researching your fopic Or isgwe.
Your initial research may spark additional

can research. You will need o be able to
collect data or information pertinent to

the question. A good question will require
multiple sources of information and
encompass the nesd to undarstand Yarnous
rialated questions,

#  Think of guestions that will help you
make connections. Why is that thera?
How does tinal being there affect the
people iving nearty or the surmounaing
natural anvirormaent? What are the vanous
perspectives about the issue? Doas spatial
analyziz inform actions thal cowld be faken?

appropriale scope, If you can answer tha
guestion by looking at a magp or daing a
10-minute search on the internet, it is not
sufficient 1o drive the Geo-Inguiry Procass.
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CRITICAL VIEWING An aenal photograph is a tood that gres g
and wtuation of a place. The photo shaws & wehoal nestled in the
ngelel Caltarnia. B ldentily some guestians geographers may
considering whether ar not to build a schaol there

sographers information aboul the site
anta Susana Mountains north af Leg
haee ackad about the location when

2.2 GEOGRAPHIC DATA AND TOOLS

Seoaraphic data is information about the characteristics of locations on Earth

Geographers use data to explore and better understand places and the processes that

influence thesea locations,

COLLECTING DATA

ANMING QBJECTIVE
IMP-1.8 entify differant methods al geographic data collection

Geographers use a variety of methods for collacting data.
Geographic information is arry data with a locatien tied o

it, such as a street addrass or its elevation. It is information
at a given spot whether it is about the human world, natural
world, ar anything else. Appraximataly ER O EEe
worid's data is spatial,

The mathads by which data are collected include observing
and systematically racording information, reading and
interpretng maps and other graphic represantations of
spaces and placas, reading raports and policy documents,
and interviewing people who can provide both information
and perspectives aboul placas and issues, The data
collected through these methods are quantitative

or qualitative. Information measured by numbers i cabed
quantilative data. The population of a city is guantitative
data, Qualitative data are iMerpretations of data sources
such as held cbsarvations, media reports, travel narratives,
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pPohcy documents, personal intenviews, landscape analysis,
and visuals such as art or photographs. Skills vohled in
analyzing quaniitative and quaiiative data invohlie seeking
patterns, relationships, and connactons.

The data geographers collect has to be at the approgpriate
scale and align to the nature of the research guestions.
5o, for example, answernng a question atout the megration
patterns cut of a counfry would reguire population data at
the courtry leval but nat at the neighbartsood kvl

Supposa you want to determane the elfects of the use ol
pestcides and herbicidas in wyour community. A number

of data sources should be considersd. You couwsd first
collect information about the pesticides and herbicides
wsed locally —the benafits and risks of their use. and dala
about wihere and how often They are usad. Initial data might
be gathered from media reporis and oibar anling sources
o determing the effects of the chemicals an the kend and
hurmans, Field obsarvations and parsonal interviesws with
Iocal farmers and gardenars can provide invaluable insights
about the location and fraguency of use of the chaemicals.

Land-u=ze maps ard aeral phatography could alkso be
anatyrad 1o 588 if areas of high use ang adgcant to
wialerways of nesghborhoods. in addition, you might sesx
policy documents from gowvernmeant agencias such as

the Envircnmental Protectsaon Agency, Food ard Drug
Adminisiration, or the county agriculiural agent about the
reguiations and guidancs regarding the use of pesticades
and harbicides, Al of these sources provide avidence about
the impact of humans and their use of chamicals on the land
that could be used 1o frame an argusment and take action,

WHO COLLECTS DATA? Counthess arganizations,
both pubdc and private, cobect and anatyzs data. The LS.
Cernsus Bureaw, for example, conducts a census of the
.S, population evary 10 years. A census is an aficial count

THE GEQ-IMNGQUIRY PROCESS | TIF: FOR

of the number of people in a defined araa. Thea LLE, Canzyey
Bureau atso canducts dozens of other surveys, inclhuding
fha American Commurity Survey, which gathers infarmag)g,,
about educational attainment, employrmeant, incoma,
anguage praficiency. rrigratson, and heusing. Tha Cengys
Bureau also gathers information o Arnercan businesss
as part of its Economic Census. All mlormation colleclag by
the LS. Census Bureau is available to the public through
writtan reports as well as cnling, whers a search featurg
anables users to gathar infarmaton at a range of scalag
about a particular city, county, or Zp code.

Tha lederal govarnmeant also colects cansus informatign
o agricullune every five years. The ULS. Depariment of
Agriculture analyres data an meat, dairy products, ang
crops 1o ensure the quality and avaitability of food and i
help American farmers and businesspecole maka informegg
dacisions. In addition, the Economic Research Sarvice
provides a weallh aof data ralated 1o food security,

U.S. government agencies also collect inforrmation abgo
slections @l a range of spatial scales to chsene patiems

af voting behavior, Rasulls of past elections ane kept by the
Faders! Election Commission and 1he Nationgl Archivgs, 8
etate and local governments a0 keeD ERchion reoords,

In addition 1o making use of the data gathered by
organizations, individuals canduct thesr own data-gathering
afforts basad an the specific guastion they want to answer,
Data gathering takes multiple forms, such & writtan
SUMVEVS OF in-persan or phone interviews that gather
infarmation about people and their expenences, Indichels
alsa conduct field observations using phologranhy,
sensars, and scientific probeware, a tool connecied 1o
probes and sensors o collect real-time data and o recond
irdorrnation about specific kbcations and spatial elaments,
Travel narratives that describe the physical and cultural
chgrattenstics of & place are usaful a5 well

SLICECESS

COLLELCT
« Consider primary sources [Surveys,

answer your Geo-Inguiry question, Lse

Q = |dentily types of data that will help you
rultiple sources to abtain a full picture.

¥ When collecting data through interviews or
surveys, design your guestions so they abcit
the data youw want, Write them in a way so
participants can taka the sunsey guickly,

interviews) and secondary sources [cansus = ‘With parent or teacher approval and the

data, topographic data, satedlite imagery).

Lise reliable data sets, Make sure they are
cradible, reliable, and timealy. Don't be afraid
to collect the data you nesd in the fiekd.

Kean vour data organized and have a
beckup copy. Creale a spreadshest, imags
tolder, or other method to stay arganized.

participant's parmission, use a smartphane
or other device 1o record interviews. Notify
the participant bafore starting the recording.

Take precautions wihan gathering data
in the field. \Wear protective gloves or a
life jacket. Do not go to remote areas ar

approach sirangers alone when conducting
intarviews.

X0
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GEOGRAPHIC
INFORMATIOMN SYSTEMS

LEARMING DBJECTIVES

RN |d|:ntfl-|- types of maps, the lypes of Fiormation presented i mags,
and diflerent kinds of spatial paiterns and relationshins portrayed in maps.

iWP-1.8 Wenkily ddfferenl methods of gengraphic data collection,

Gecspatial lechnologies encompass the modern tools |
used 1o analyze data about specific locations across the
globe. Organizations and individuals use the technologies
1o find precise locations, collect and share data, create
maps, and track changes in characteristics of places on
Earth's surface. The development of sophisticated mapping
software systems called geographic information systems
(BI85} has immensely helped gecgraphers and others with
their wark. GIS caplures, stores, organizes, and displays

GIS-CREATED M

i

TAL!
% ;

geographic data that can then be used to configure both
simple and complex Maps. Such maps are craated by
organizing layars of infarmation to form a combined image.
Each type of information is slored in a separate layar thai
represents a specific theme and datasel, such as roads,
papulation, voting district boundarias, and much more,

The layvers that are selected bo display will vary dapendng on
the goals of the project and the question that geographers
sapk (o answear,

A wide range of apatial data is easily compared and
analyzed using GIS, A GIS map can display information
about the physical gecgraphy of the land, suech as esevation
ar topography, which Is the shape and features of land
surfaces. It can also display demographic information about
the pecple who live In a certain place, such as age, ethnicity,
income, of family size. Combining the data from these layers

Data source

Street dota

Baildings data

GEMERATIMG A GIS MAP G5 organizes
differant kinds of data into visuale, & map of
traffic in downtown Taronto would include
layers of data showing streets and buildings.
Then real-time traffic infarmation—in this
case, collected by satellites and cther
sources—would be added, The integrated
map could then be accessed by drivers using
asmartphone, for example. -
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GEQOGRAPHIC THINKIMNG

1. Describe the diffearence betwean gquantitative and
gualitative data and provide an axample of esch

1. Explain what G15 is and how it s used to understand
spatial patterns and relationships

OTHER REMOTE SENSING TOOLS

EARMIMG ODBJECTIVES
MP-1.8 Idantify different methods ol gess
IMP-1.C

Explain Thi geog

& variaty of geospatial techmologies gather dalta; some do o
remoialy, or without making physical contact. This meathod
of col ng cata ke callsd remote sensing. Most remota
Zensing used by geographers refies on sateliites or arcraft-
basod sansors 1o o ollect dala.

Salellites take
to ol

ges of sections of Earth at requaar intarya

e changes ihal accur on the surfaca. Then the
remotely-sensad images are brought into GIS alo

ather daka for comparison and aralys
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w |

. Comoar
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urban development ar the shrinking of the pola
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CASE STUDY

DETROIT—
GIS HELPS
FIND SAFER
RO ES

THE ISSUE Getting to and
fram school safely was a
problem for some students in
Detroit, as an economic decline
contributed to abandoned
houses and urban blight.
LEARMING OBJECTIVES

W&P-1.8 ldentify dtfarent methods of geographic
(#ata collection

MP-1.C Explain the geographical effects o
cecisions made Eing geograghical information

BY THE NUMBERS

672,662

population of Detroit in 2019

51,000

students anralled in Detroit
Public Schools Community
Cistrict in 20719

30,000+

exfimated number
of abandoned houses
in Detroit in 2018

LRy Frovid Populalsan Reviesw, Chalkbeat
(g T r
etra Tirmes
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students learned how to use GIS to map their neighborhoods and discover safer routes

I AL Wayne State University's Center for Urban Studies in Detroit, middie and high school
to and fram schaol

GEQGRAPHIC INFORMATION SYSTEMS have a wide range

of real-world applications. They assist in displaying and analyzing data to make
evidence-based decisions in 4 range of situations. In Detrait, Michigan, for example,
GI5 has bewn used to map safer school routes. Since 1999, the Detroit Public Schools
Community District has wsed GIS to divide the district into patrol sectors and blocks.
The city collects and analyzes data from each of the sectors to identify safe routes ta
school for students,

Manprafit organizations and the school district also enlisted students to address
urban blight, or areas in disrepair, Studies show that vacant structures are a strong
predictor of assault risk. The number of vacant houses in Detroit had grown

follewing an economic decline. One assessment put the number around 22 000,

but an investigation by a Detrait newspaper suggested the number was at least
20,000, Because abandoned bulldings aften lack sasily identifiable addresses. no
one had been able to pinpoint the lecations of the vacant structures. Even as the
city struggled te board up or sell the vacant homes, new abandoned buildings
appeared, In an innovative program called Mapping Out A Safer Cammunity, middle
and high school students used GIS software and handheld GPS to map the vacancies,
The technology allowed them to identify the exact locations of abandoned
buildings and vacant properties. The students then compiled their data, presented
it to local gowernment officials, and suggested areas to target for code enfarcement,
Using the students’ information, the city boarded up abandoned buildings. The
stuclents taking action is an example of the last step in the Gea-Inguiry Process.

The student initiative was just one part of a broader data-gathering initiative,
howevar. Members of the AmeriCorps Urban Safety Project walked the schoal
routes and conducted surveys of parents, students, and schoal personnel to identify
hazards. In addition to abandoned buildings, they mapped issues related to
lighting, sidewalks, and dangerous intersections. This information has been used as
part of a broader, federally funded program called Safe Routes to Schaal (SRTS) that
continues to work to ensure safe travel for Michigan students to and from school. I

GEOGRAPHIC THINKING

Think about the mental mapping yeu did in Chapter 1. What would you expect to
find if you followed Detroit's example in mapping routes to your school?



A forestry condarvation anahyst from the Woeld Wildiife Fund

RO uses an unmanned doone bo mag an area of the Westers

& mmazon ran forest in Brazil Unmanned drones
maore locations than traditicnal aircraft and they provide the
carme data-collection capacity at a fracton of the cost Thiis
rmakas them an increasingly valuable data-collection tool

caf e usad m

Satelites are also used for real-Tirme decision-making.

For examiple, satelliles can track the path af a hurricans
and the speed il i3 traveling. This data can be umed o halp
oredect whare a hurricane will land. Afler an event, iL 250
can be used 10 show the extent of damage, enabiling aid
to be directed appropriately. Days after Hurmicana Marna
davastated much of Puerto Rico in 2017, satallite images
showed dramatic changes 1o the landscape and helped
iclentify 1he hardest-hil areas

Aedmole sensors mounted on aircraft or dronas are another
saurce of data. In addiion o satellite images, aenal
phioiographs wers taken af the land manths after Maria's
damage. The phoiographs, along with 315, helped the
LS. Army Corps of Enginesrs analy2e existing and neww
data about the island’s elecircal power grd so they could
make repairs and provide ganeralars 10 hose without
pawer evEn in rermate areas. Airplane-mounied sensces
are also used to measwre the gradual sinking of land along
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the Gulf Coast to assess risk o local communities, As the
lechnaology advances ard DeCOmeas Bss expDEnsive, dromas
ara making remotely-sensed data more accassibie than
avar. Thay enakble scientsts, includng carographers and
oiher gengraphars, to take detailed measuraments betwaen
features or places on Earih's surface, Drones collact data
that is then brought inta GIS 1o determine chamges in land
use or envronmental conditions. For example, farmers can
use the data to get & bird's-aye view of the condition of their
crops. The use of drones to identify a clusier of diseased
plants in a large held or areas in need of waler halps farmers
treal targeted argas of their land and save resouncas,

Another source of geographic data &5 the global positioning
gystem (GPS). an integrated natwork of at least 31 satellibes
in the LS. systam that orbit Earth amnd transmal location
data 1o handheld receivers. Essentially, a GPS recaiver uges
tha time it takes to receive a tranamitted sigral 10 Measure
tha distance to each satellite, The recaiver uses this cata

ta pingpoent the exact location of the receiver, The accuracy
of the imformation allows pecple to determing the precise
distance belween two points, making GPS especially useful
for navigation purposes, Pilkots of airplanss and ships use
GPS to stay on course, Smartphanes and automobiles

also are equipped with GPS receswvers, enabling molonsis

o recelva instrections for the festest or mMos! deect route

1o a desired destination. GPS-based mapning sysiams
provide users with both maps and werbal directions to follow
while tranveling, GPS also uses information collected from
oiher recewars 16 determing the spead of travelers and
witszre traffic s stopped. GPS is used for ssveral geospatial
apphcations beyand GIS,

One of the chalenges that geograpbars face Wday = the
anarmous amount of avadable data. in addition to the GPS
sateliles that provide positicring data and satedlites that
colacl images of Earth, thers are hundrads ol satellites
coliecting information aboul population, megralion, sobs,
acean currants, and more, Onlne mapping services collect
and share aven more data through aarial photograghs

and street-level cameras, The amount of réal-lirme data, or
infarmation that is available for anahysis immediately after
being collected, has groawn tramencdously, Now Internet-
based suparcompuler syslems ane being devsloped to halp
gacgraphers manage, analyze, and shase this data.

GEOGRAPHIC THINKIMG

3. ldentify three ways gecgraphsars collect data.

4, Dascribe how drones have impacted the acquisition
of geospatial data.

5. Explain why it iz Important to collect data at the
appropriate scaks,

&, Describe one way geographers could wse GPS in
theeir work.



ma O identify

prioeities for protect
archaadlogical sites
n Egypt

LEARMNING QOBIECT
MP-1.8 dentty dilferem
methods of geographic
data collechon

IMP-1.C Expdain the
Jeograpnca eltacs of
OeLSIDnNE made wEing
pexgraphic imformation
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SARAH PARCAK

PROTECTING
ARECUAEONOGICAL SITES

Throughout the world, expanding development and natural
environmental changes can put archaeclogical sites at risk.
Leoting, the stealing of artifacts from a site, presents another
challenge. The demand for ancient artifacts fuels a black market
that pays looters handsomely. Archaeologist Sarah Parcak

has used geospatial technologies to preserve and protect
archaeclogical sites in Egypt.

Parcak iz a professar of archaeology at the University of Alabama at Birmingham. Shea
spacializes in Egypt, which iz where she had her first dig almast two decades ago. In har
warly work, she recognized that archaealogical sites were in danger of being lost foraver
as a result of encroaching urkan development and the rampant leating of artifacts, She
posed an important geographic guestion: How cowld her team preserve and protect these
frraplaceable recards af human history? This guiding question led to ethers: Whers are
Egvpt’s archeeologlical sites? What iz the mast efficient way to find them? Which ites are in
greatest need of protection? How can we encourage people to recognize the importancs
of protecting these sites?

Parcak set about gathering data to help answer these guestions. She conducted extensive
background research and examined satellite images showing discalared sail, changes in
wegetation, or other differences in the landscape that might suggest that anciont ruins lay
under the surface.

Following Egypts political upheaval in 2071, Parcak learned from social media that people
weere digging illegally at various sites and stealing artifacts. Comparing satellite images

of the regicn taken in 2010 to images taken after 20011 (such as the one aboeve) revealed a
landscape increasingly scarred by looting pits, and confirmed that the theft of artifacts was
on the rise, Parcak used the satellite images and maps to show government officials where
Iosoting was taking place. The gowernment used her data ta improve its protection of the
endangered sites. As a result, Parcak not only helped Egypt solve a problem that it didn't
know it had, but she facilitated the preservation of ancient artifacts for future generations.

GEOGRAPHIC THINKING

Explain how geospalial tlechnologies used for dala collection have impaciad
geographers’ work,
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2.3 UNDERSTANDING MAPS

Maps are the way geocgraphers depict relationships of time, space, and scale. Maps are
indeed among the geographer's most important tools because they display data ina
spatial way. Geographers use many different types of maps to help them answer the
three questions you've already learned about: Where? Why therae? Why care?

MAPMAKING

LEARMIMG QBEJECTIVE

IMP-1.8 Identity types of meps, the lypos of indormation presented in maps,
anad ditfered kinds of spatial pattams and relabonshios parireyed in maps

hape are the fundamental ool most unbguety identified with
gengraphy. People have used maps to depict information for
thousands of years, and they continue to use increasinghy
sophisticated maps today. As vou knawr, maps cama in all
#hapes, sizes, and formats, and have a wide variety of usas
and purposes, One of the most common uses of maps is to

L i
e B o

CRITICAL VIEWING This map rom Orteliug’s atlas shows bhe world in bw

this map reseals about gecgraphars kno

a4 LHAPTER 2

locate something, such as a couniry or a river. Tha purpase
of many meps, such as road maps or subway maps, 5

o commuenicate how (o get from one place to ancther,
Canturizs ago, cartographers created maps to help
explorers follow the routes of those who came before them
and to estimate how long it might take to traval 1o unchartad

lands. Thasa explorers than collected critical data Tor tha
creation aof new maps.

Fatterns in our workd are seldom randomys spatial features
tend to be clustered, dispersed, or linear. For example,
geographers use maps o llustrate the chustering or

ERVE BIVRANES CVI AETER: [
A_a1T :lhl.d'ﬂl'l'nl".l- Cg RS L]

o desmensions, i Explaim what
wledge of the wardd in 1570, Than compars it to taday's maps,




disparsal af patterns of the distribution
af populaticns. To describa the
spacing of places or people,

the tarms absolute distance

and relative distance are used.
Absalute distancs is distancea that can
ba measured using a standard unit of
length. Relative distance is measured
in tarms of other criteria such as

tirne o money. For instance, it takes
appraximately 7 hours to fly from Mew
wark City to Paria, France, or a ride
shara i Mew York City from Manhattan
to LaGuardia airport costs $40,

The terms absolute direction (the
cardinal directions north, south, east,
and west) and relative direction (aft,
right. up, down, front, or behind based
on peopls’'s perceptions) are used fo
describe direction and location whean
infarpreting mMaps,

Maps are important problem-solving
foals. For example, depicting the
spread of a dissase epidemic on

a map can often be the first step

in finding its cause and stopping
further outbreaks, Mapping cholera
cases in the mid-1800s helped
doctors recognize that outbreaks of
the diseasa tended to happen near
vaater supplies, That helped tham
idantify tha usa of contaminated
water as the cause. About 150 years
later, aeagraphar Konna b, Kolivras
used GIS fo analyze dengue fewver
autbreaks in Hawaii. Dangue fevar iz a
disease carried by a particular type of
maosguito, so Kalivras's work included
analyzing the breading conditions
neaced for this mosquito to thrive, By
mapping the precipitation, wegetation,
and other related variables, Kolivras
was able to predict the places at
greatest risk of dengue fever and othar
masouito-borme illness.

As regrasantations of the entire world
or part of the world, maps ara selacthve
in the information they represent. It

i5 iImpossible to fit every feature or
pleca of data onto a single map. So
mapmakers must decide how mech

of Earth to show and how 1o show

it. Thiase decisions are drivan by the
purpose of the map. Maps have many
different purposes—to show location,
distance, or sorma other sp: iy

On a walk through a eity, such as Charlotts, North Carolina, you might Lsa a highily
ditalad map that shows only the downtawn area. To drive up The Atlantic coast,
however, you would use a map thal covers a large area, including several states. These
maps have ditferant scales.

Caralina, The map scale shows that a half inch on the map represents a quartar mile

| LARGE-5CALE MAP This detailed map shows anly the city of Charlatte, Marth
on Earth's surface

A B S

fewer details than the large-scale map and shows a larger area. The map scale shows that

I MEDIUM-S5CALE MAP Thiz map shows the entire state of Morth Carolina. It includes
theee-aquarters of aninch an the map reprasents 100 miles on Earth's surface.

SMALL-SCALE MAP ;iﬂs,mgpldmrﬂmt&hm;tlh:&uc coast states from Flarida ta Maina,
Ll aven fewer details than the medium-scale map. The map
hat.2 halt o map fepresents 200 miles on Earth's surface.




: 000 means 1 unit on the
to measure change over time, Comparing a map of Boston exampie & scale of 1:1,000,000 m map

renven its on Earth's surface
fram 1775 with one of the city taday Is how humans represents 1 rnllllun_nf the same ur.ltshcn Eamsmr .
have altered the landecape over time, An example of a written scale is 1 inc  rop ing 200
miles. A graphic scale is expressed with a scaka bar ahawing
As with any secondary source material, it is Impartant to the relationship between the distance on the map and the

evaluate maps critically by considering the saurce of the

distance on Earth's surface.
data and the intent of the cartographer. You might ask

voursell, What story is this map trying o teff? Leaming 1o The scale of a map is an important clue to tha |9“r'zﬂ‘ﬂatﬂ
critically read and interpret maps will help you create yaur portrayed on the map as well as the purpose of the map. As
W Maps, the scale of analysis varies, o does the kind and amount

of information shown on the map. For example, a city map
MAP SCALE Maps can show information at akmost any shows streals, buildings, an-!:l Iartc!rnaﬂ_:s- A mag nl a state
scale, from the entire world to a neighborbaod, to a schoal, or province shows less detal—cities, nw&r;. and highwayg—
or even a classroom. A map scale s the mathematical and covers a larger area. A map of an entu'_e couwniry ur
redaticnship batween the size of a map and the pan of continent shaws even less detail; perhaps just the major
he real world it shows. It allows you to measure absaolute natural features an-;l national borders. Tha scale of a map
distance, The scale can be expressed in three ways: as impacts the analysis of tha map and therefore itz purpoge,
d representative fraction, a written scale, or graphically. & cartain pattern may be cbwvious at one scala, but as -_,u;;,|_|
A representative fraction is often axpressed as a ratio, far zoom out, other patterns may becomse clear. When rmaking

MAP

PROJECTION
TYPES

Within the broad categories of
projections, including eanformal,
cylindrical, and equal-areas, are
four common projection types:
Robinson, Mercator, Gall-Paters,
and azimuthal. Each projection
has advantages and limitations
and distorts the sizes and shapes
of Earth’s landmasses in different
ways, The dlff.m_-ren_t projections ROBINSON PROJECTION The shapes of the
also handle direction differently. I centinents become more distorted farther away
from the equator or the mag's central meridian,

The Robinsan projection has
curved lines of longitude and
straight lines of latitude, which

means directions are true only (e A [ - [ = [
aleng the parallels {including the L&%};{; ‘1- ! ; ! T{FS QD | |
equator) and the eentral meridian, i = Y | [ = I ﬂ? |
Its unique, glebe-like appearance i LJFS:;_P“% [+ ;1 ,—L\ LA *".L'i"H TP
makes the Rabinscn projection E:ﬁ{ W]}%; é‘* L Ten ‘ £ T [ [ | Y
useful for many different types £ o e o = AW B Pl 8 R ' | [ .
of maps. 7y | ™ oy é_} Tl | , : i (1! ¥

| B |
The Mercator and Gall-Paters k l f Lg mdﬁ'&a i‘ | | £ |
projections show true direction, . 1% -_'_‘f:_' B ;"q—:'l':_._—'x I —|- f_ .
which is direction measured with k'“‘-‘% | Lo PR AT™ A
reference to the north geographic ' ;_":‘-.t - ‘x_wl ) 2 :
pole. These two projections are i * 2 l_'“__l i — .
often used for navigation. The { / |\ et | ~h] o
azimuthal projection is well-suited N N D B I = e e L A T
for maps of the Arctic :: 7 T &?
and Antarctic, [ ; ]
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decisions o conducting spatial analyses, it is impaortant to
wse a map at the appropriate scale that shows pertinent
details. The scale of a map must fit the purposa .

MAF PROJECTIONS Cartographers arg laskad with
using just tweo dimansions 1o reprasent a three-dimensional
object—Earth. A sphere cannot be flattened onto a piece .
of papar ar 2creen without altering its original shape, Ovar
time. cartographars have developed various mathematica
eguatians to handle the distartion, or misleading
impressions, of Earth's surface that ocour during the
mapmaking process.

A map Flrl-.'jl.:!'._.tiﬂl'l 15 :lr'l!r' mﬂ[hﬁﬂ' usad o raprasent tl-.,c wicarkd
or part of tha world in two dimensions. Different projections

distort spatial relations in shape, area, direction. or distance.

Al map projections create distartion, but the typas and
degreas of distortion vary considerably. The purpose of the

e T

GALL-PETERS PROJECTION The relative size of the continents is mare easiby

magp should guide the type of projaction used. A conformal
projection distorts araa but keeps the shapes intact, giving
the impression that some continents are larger than they
actually ara. Cylindrical projections also distort shapes, but
thiay presarve direction. Equal-area projections, an tha other
hand, attempt to distribute tha distortion of anea aqually
throughaut tha map; howevear, in so doing, thay distot the
shapes of landmasses.

GEOGRAPHIC THINKING

1. Describe ane example of absolute distance and one
example of relative distanca.

2. Compare the three ways scale is expressed on maps
by escplaining haw thay are alike and differant.

3. Explain why the Robinzon projection is one of the most
commaonly used map projections.

; = ————— T T =
-] — ' X - ¥
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ALIMUTHAL PROJECTION A flattened
disk-shapead portion of Earth is shown
from a specific paint

ooplayed than with ather prajecticns, but the shape of the continants is distorted

MAP PROJECTION ADVAMTAGES

LIMITATIONS

= Distorts area

# Shows trua diraction e o . .
MERCATOR Good for navigation purposes Size is distorted increasingly near the
poles
irection - i
GALL-PETERS ey i . | * Distorts shape
= Area is ralatively precise = Continents appear elongated
T
= A globe-like appearance that “looks real” IErntl:IrE::ISE _mEH!"_memams
ROBINSON = Distorts size and shape, but not too xtreme distortion at the poles; flat on
- the poles and compressed near the
uch
equator
¢ Preservas direction s _ .
| = [zt
ATIMUTHAL » Whan usad from the point of the North . KA e i

Only shows one half of Earth

| Paole, no country is seen as centar
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TYPES OF MAPS

LEARMING OBIECTIVE

IMEP-1.8 idenlity types of maps, the types of infermation prasended in maps,
and different kinds of spatial patterns and nilationships porirayed in maps.

There are two major categories of maps: reference and
thematic. Reference maps are generalized sources

of geographic data and focus on location, Thematic
maps have a thame or specific purpose and focus on
the relationship among geographic data, & reference map
miight show strests and other general city features, while
a thematic map might show the spread of disease acrass
a City, or trade pallerns arcund the world,

REFEREMCE MAPS Reference maps llustrate the
boundaries, names, and oiher unique identifiers of places
and regions. They focus on tha location of geospatial
elements sweh as countries, cities, lakes, and other jeaturas
of a landscape. Physical maps, which primarity show
landforms and other natural features, and palitical maps,
which primarily show boundaries batween governmental
units like countries or states, are examples of relarance
maps. Reference maps often show absclute location in
tarmis of [atitude and longitude. For esmple, the absoluts

location of Partland, Oregon, is 45.52° N latitude and
122.68° W longitude. You can locate Portland on any megg,
marked with latitude and longitude using thess coordinatay

Beginning in 2005, online mapping services bagan fo use
satalite imagery, aerial photography, street maps, and
pancramic views of streats io anable usars 10 See raference
maps of almost any place on Earth at almost any scals.
Mapping services take advantage of GPS-enabled softwars
systems 1o provide real-time traffic conditions and route
planning that includes estimated ravel time. In addition i
traval by car, mapping services offer reference maps fior
traval an foot, by becycle, and by public transportation,

THEMATIC MAPS Thematic maps are maps focused
an a particular lopic or theme. For axampde, a map shawing
early human migrationa out of Africa and their rate of
disparsian 1o alher parts of the world can b2 shown on a
thermatic magp, Thematic maps can show the distribution,
fknw, conmection of, or relatsonship among one or morg
attribates. Thay might facus only on population density, o
multiple attribites, such as edhnicily, alecltion resulls, and
population density. Showing oo many atirbutes on the
same map can conluss its message.

‘When bands are close
_ tegether, it represents
areas of guickly
changing valuas

ISOLIME MAP Lines connect data points of the same value. isoline maps are wsed bo show particular
characteristics of an area. On this temperature map, isolines represent bands of similar surface
temperatures and the black lines show aseas of high and kow air pressure across the Linsted States,
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A graduated symbols map
- .' L : groups quantities into classes
. : . af simlar valpes. The cmallest

class is represented by the
smallnst cirele.

GRADUATED SYMBOLS MAP Differently sized symbeals are used to indicate guantitative data.
Bagaer circles or icons represent a larger numesical walue of a partecular attribute. & graduated symibols
map 5 useful tor showing population, earthgquake magnitude, or, as in this map, gasaline consymptian.

T The shapes of the states
shoen in this cartogram are
distorted to show relative
population size States
that appear larger have
greater populations than
states that apoear smaller,

___——— Acartogram attempts to

rétain the overall chape of
the state.

Sometimes cartocgrams
use colars to make maps
easier Lo interpret, In this
cartogram, calars helg i > i
show state boundaries.

CARTOGRAM Statistical data and geographic lecation are combened to communicate infarmation at
a glance. Cartograms show the relative size of an area based ona particular attribute, like population
or energy consumption, Sometimas geographic regions are distorted to convey quantity or extent
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Lot maps reveg|
distribution ar
aengity, The
mors dods inan
area, the larger
the quantity

I syrmbsal ar dat represents
-3 corsistent mumiser of
ohjects, In this case 1 dot
acquals 2000 mdl cows

J : DOT MAP Dabs are used o show lecations of spacific obsarvalons
T_I|m T ar events, Dot mags are useful for showing statistics like orirmes
[T {::} mirths, or car accidents. Inthis map, tha clesters of dots reveal The
- — distribbution of milk cows acros the Linitad States

THE GEO-INGQUIRY PROCESS FNPs FOR SUCCESS
= Begin to organize your data and consider organized uging a spreadsheel program
ﬂl][lu how best 1o display it. Your goal is to and then shewn In graphs and chars. Add
demanatrate your understanding of the data other visuals to help explain the data and
WISUALIZE you mesearched and your overall inguiry. further the story you're telling. Be sure

that all your data is linked back to specific

: —
+ Maps will probably be a key visu jacations on your bas -

companent of your inguiry. You can criate
a basemap of the area you are studying and e Anakyze your data and notice any trends
add data layers using onling mapping tools or patierns. Do the patterns relate to

and sources. ar answer your Geo-Inquiry questiont
Consider adding colors or symbols to your
rmap to help display patterns or trends.
Then analyze your map, You should be able
1o angwer your Geo-Inguiry question at

this point. If you cam't, renvasit your data and
conduct furtber reseanch,

s Consider adding Images and text bo your
map. You can cut and paste or use onlina
programs. Onling mapping tocls allow you
to turm items on and off, o you can look at
one type of dala at a time.

i hane aboul .
= Add any first impriesions Jou fauvs 4004 * Finalize your map once you know it can
the area you ere visuakzing to your map. answer your Geo-lngul uestion. kMake
Aftach sticky notes to printed visuals, or : Y i )
acicl mariars B vou are using an anling adjustments to your map and your oiher
e ye v visuals so they are clear and clean. nclude
mapping program.

a tithe and make sure all labels are clear and
« How you organize your data depands on redbevant,

the data type. Quantitative data can be
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Hera the calar
represants which

- candidate recemed
the mapority of
wobes ineash county
in the Linitad States.

Bl Concid L Trump (Republican)
Il Hillary Clinton (Demacrat)

CHOROPLETH MAP This thematic map uses colors ar shading to represent categaories of data
for predetermined geographic areas such as census tracts, counties, states, provinces, or countrias.,
Chorapleth maps are wieful for communicating quantitative data, such as demegraphics o

election results

Basemaps form the foundations of both reference and
thematic maps, Many thematic maps use a basemap
showing coastlines, city locations, and political bourdanes.
The map's thems is than layered onto this basemap. Political
divisions, cities, or natural features provide reference points
i hedp usars understand the data that is presented on a
ihamatic map, which can focus on any number of togics.

Most geographic data ralates to specific points, lines, and
areas. The way maps display thesa types of data affects
analysis. Clusters are best lustrated in maps that use dots
or graduated symbols, for instance, Izcline maps connect
data points of equal value, like elevation, temperaiure,

or pracipiation. Choropleth maps use color or shading

io display guantitative data in presat regions. Gradualed
symbnls rapresant differancas in size or extent of something
in @n area, like populations of a state or traffic volume by
county. Graater numbers are represented by larger symials.

A cartogram is a unique type of map that cornveys
information by making the areas on a map propartional 1o
the varable being mappad. Az one example. a cartogram
rmght radraney he spatial featwnes of the U.S. statas
according fo population distribution, so that Mew York

state or Massachusetls appears much larger than Alaska
of Mantana.

GEOGRAPHIC THINKING

&, Choose one of the thematic maps from this lesson.
Based on specific detalls, describe one conclusion
you can draw from the map.

5 Explain similarities and differences batween daot maps
and graduated symbols maps. Why might one or the
other be profarable for different types of data?
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2.4 THE POWER OF DATA

Geographic data help people make informed decisions at all 5Cﬂ|E.5—fF'3'”" i”d"-"d"-l;am
making personal decisions to businesses determining their marketing s’r..ra tegy, an
from communities engaged in development planning to countries and international
organizations looking to solve the world's most pressing problems.

HOW DATA ARE USED

LEARMING OBIECTIVE

IMP-1.C Explain e geographicsl elfects of deiions maide using
Qedgraphical information.

Geographic data are used to help Peopk understand
prablems, consider options that lead to making decisions,
and measure the effects of those decisians. For example,
unckerstanding comrman behaviors—where people wark
and shop, and thair commeting habits—helps city plannars
determing the: fulure location of roads or maks decisions
about land use. Data can comvines people to take action,
Exarmining data about People's shopping habils can hialp

determing how many parking places are needed for 2 new
shopping center

LLE. health officials use data 1o help public health
departments make decisions whan planning for the anmual

W Isfluenza Tepn &
W Influenza Type B

E

g

Number of Positive Specimens
g

g

E

wquzmuquqnam«umsu

flu seazan. Data from the Centers for Disease Control and
Pravantion (COC), the leading national public health institute
in the United States, are used to provide feedback, inform
palicy, and make recommendations for new and better flu
vaccines. The COC receives and characterizes the ganetic
makeup of thousands of influenza viruses each year from
across the United States and around the world, Compiling
and analyzing these data allows the COC to track when and
where flu activity is ocouring, determine what flu viruses

are circulating, detect changes in the viruses, and measure
the mpact of the vinus on hospitalizations and deaths, In
addition, using data from past seasons helps to determine
the severity of the virus each season. The COC shares this
infarmation with health officials and &gencies ta help them
Mmake better decisions abaut what goes in each vear's fiy
vaccing. It also helps evaluate viruses for their pandemic

Potential, alknwing health agencles to beller prepare for and
prevant the spread of liness,

M rinime
Magiping the get ! ———
Weeka (7ng intn 020 and li‘hgthﬂ uu‘;llili'fleueli‘:-‘l influengs hisless Ith
rumber of N wharg there are 5 Rk WOTRETS Drepang far sick patiants
Dicermbee Elun?l;'-:mn-ﬂﬂnd with Influenzs Tﬂ?ﬂﬂl.lrnber of repartad cases, The
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MAKING DECISIONS WITH
GEOGRAPHIC DATA

LEARMIMG QBJECTIVE

[MP-1.C Explain the geographical effects of decisions made wing
geographical infarmataon

jrnproving health and weliness is only one use of data.
(nahviduals and businesses also make use of a varisty of
geographic data, formally and informally.

PERSOMAL AMD ORGAMNIZATIONAL
DECISIOM-MAKING Geoagraphic data influence where
people decide to live. Peopla in the market for a home
consider its walkability and preximity to work, Thay also

may leok 3t property taxes, crime statistics, schoal zones,
floadplain or earthquake data, and other risks. People may
study sources thatl provide information on the neighbarhood
and commute time. Individuals kooking to sell thair home will
also employ geographic data o determine their property's
value. For exampla, how much other homes in the area have
been sold for can help pradict a home's value,

Businesses make location decisions in ways simiar to
individuals', When deciding whera 1o Incate, businesses
typically review demographic data on potential customers,

’ ol L

ARTHGQUAKES IN SOUT

-
o el

READIMNG MAPS GIS seftware can be used to daplay the location and intensity of earthguakes, This

the workforce, tax rates, and mara. Some arganizations
need data and maps that are specialized. For instance, a
hiome insurance company may ook at flopdplain maps.

Other groups seek to expand data refated to quality of

life, mapping public health, education, and public safety
services, for instance. OpenStreathMap has bacome a
catalyst for such purposes. OpenStrestMap was founded
in 2004 by software developers who wanted to creala an
open-source netwark for mapmaking. Today, it maintains
data about locations—roads, parks, raibway stafions, and
miosa—all over the world. OpanStresiMap has becomse
important in mapping lands of Mative Amaricans and othar
indiganous peoplas. |t also has played an impartant roda in
saving fvas. Following a devastating earthguake that struck
Haiti in 2010, wolunteers used satellite imagery fo craata
detailed digital maps of roads, buildings, and other features,
facilitating recovery and relief services.

Similar afforts have resulted fallowing other disasters.

After Hurricane Harvey hit Houston, Texas, in 2017, paople
stranded in thelr homeas or nesghborhoods used online
mapping servicas as a tool for assistanca. An app enablad
thern to mark their location; some apps enabled people

1o add nofes ndicating the type of help reguired, such as
“WOnLAM IM LABOR!I"

; .-\.._'-:I--Ju.:.l _—
Eorthguoke Mogniuda

map shows earthguakes that occurred in ltaly and surrounding countries between 2000 and 2078, Each
tircle eoeresponds to an sarthguake of varying intensity. § Describe how the information in this map mighe

b used by indrviduals, businesses, and governments
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GOVERNMENTAL DECISION-MAKING spatial data with one layer Showing wWhere Vanous types o

Govarnments gt all levels use GIS data for myriad purposes crimes have occurmad and anotiner showeng the presence of
Resaarchere indicate that as much as BO percent of data streetlights or surveillance cameras. In addiion to helping
8lorad by the government has a spatial component communities identify places to target for poice presence
and enforcement, this can help the govermment analyze the
Local governments use GIS data for addressing local stfectiveness of lighting and other determence strategies,

oo

¥obdams, For inatance, a police dapartment may use

Mational governments often focus their GIS efforts on
disaster prevention and mitigation, Data published by the
LS. Geological Survey helps officials assess the risk of
earthguakas in spacific regions and develop strategiag

for mitigating such risks, The Environmental Protection
Agency uses GIS fo monitor air quality by overlaying spatial
information with ervircnmantal data e ground-leved ozone,
The data are used to identify areas with poor air guality.

In Los Angeles County, GIS produces maps used to address
harmalessness. Agancias have mapped the distribution
and characteristics of the homeless population, as well as
variaus risk factlors. Tha maps enabla decision-makers to
recognize and analyze spatial patterns. using tha data to
weaigh oplions for localing shalters and other resources for
homeless populations. In addition to considering where
the homealess populatons are taday, dacision-makers
have mapped wheare peaple were when they bacamea
nomeless. Analysis of spatial data is used to pradict where
people ara likely to become homeless and is factored inle
homelessness prevention afforts.

: _ GEOQOGRAPHIC THINKING
Risk for generating
new homelessness 1. Explain how showing spatial patterna can haelp
= Bl Highest ceciskon-making. Use an example from the text.
o _;_" < High
; i M:i.lium b 1. if you wam&d.tl::- create a map that demaonstrated to the
ey e public the seriousness of a certain city’s homelessness
o prablem, what type of thematic map would you use?
Explain your thinking,
I The risk for homelessness varies in different parts of Los Angeles
The darker codars repragarl b -:_:|h|-r lerels of risk

THE GEOQ-INMQUIRY PROCESS TIPS FOR SUCC

(R

* Consider how to tell your story ina i
_ : the tapic. If the issue i
ﬁ compelling way. Use infographics, maps, law, the audi i oy
b el ] ence might be local or state
. graphs, personal stores to create davernment officials
CREATE an interest in the topic and an emational tie, -
Staryboarding can help organize your slory, * Choase the most relevant data to present to
: your audien
* Make sure to explain your findings, answer o
:> your gquestion, and outline viable salutions. * Consider whether your proposed action has
: spatial conn i i
* |dentify the audiance of decision-makers locale or m.jgﬂ'-‘-'ﬂﬁ e N
ACT far prgsantaibun of yaur story, and answer COMmMmunit] P rnaferatie to other
Questions you think they will have about e
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DEPLOYING TECHNOLOGY
FOR CONSERVATION
PURPOSES

Scientists can be limited by the high cost of data-collection

technology. Shah Selbe thought he could help, so he left his
aerospace engineer job to become a conservation technologist.

hah Selbe founded & group called Conservify, which builds data-collection technalogy
using the same kinds of affordable parts found in your average smartp hone. At Conservify,

Calbe it essentially helping scientists complete the Geo-Inquiry Process,

Oine recent research question was asked about humans’ impact on the Amazon
{chown abave): What effects might some 400 proposed dams have on the river and its

commumities? After determining what data were needed, Selbe customized differant
sensor modules to measure swch things as rainfall, windspead, air and water temperatures,

and water levels. He also used gecgraphic information about indigenous people’s
interactions with the river to assess changes ln water quality, the presence of fish species,

and flsoding over time.

To help visualize what it all meant, Selbe built software called FleldKit, which receies
transmitted data from sensors and crganizes it for analysis. The data showed that damming
the Amazon would disrupt migratory paths, flooding patterns, indigenous people's
transpartation and fishing systems, and the cverall connectivity of the river. Action based

on the findings has vet to unfald

Take note that Selbe's work may impact yours, FieldKit is being refined so that everyone
will ba able to use it. Whether you are a geographer or a student in need of data far &
project, reliable, data-driven research will be available to evaryone.

GEOGRAPHIC THINKING

Hew wera scale and information from indiganaus people incorporated into Selbe's

approach to gathering data?
GEOQGRAPHIC INQUIRY: DATA, TOOLS, AND TECHNOLOGY 47



cHarTer2 SUMMARY & REVIEW

B CHAPTER SUMMARY

Geographers use a spatial perspective ta interpret the workd.

The Geo-Inquiry Process provides a systematic way 1o
investigate and understand the world through the patiems,
processes, and interactions between human and natural

systems, There are five phases of the Geo-Inguiry Process:

+ Ask: Developing a Geo-Inguiry question

¢ Callect: Acguiring geographic information
* igualize: Organizing and analyzing geographss

infarmation

Create: Developing Geo-lnguiry stories

Act: Sharing Geo-Inguiry stories

Maps are among a gecgraphers most important tools.
Maps depict data spatially, representing relationships
among time, space, and scale,

Thers are two main categories of maps:
+ Reference maps focws on location and phenomena.

+ Thematic maps focus on the spatial variation af
one or more characteristics.

Map scale shaws the relationship of the size of the map
o the size of the area it represents an Earth’s surface.
It determines the level of detail of a map.

All maps are distorted because al the problems of
reprasenting a three-dimenslonal spherical object

{Earth) In two dimensions. Maps distort shape, area,
diraction, or distance,

Each type of map projection has both advantages and
disadvantages. The prajection used depends on the
purpose af the map.

Types of maps include dot maps, choroplath
maps, isoling maps, graduated syrmbals maps, and
cartagrams.

Today's technologies enable complex data to be gatherad
in real time by individuals and organizations. Gecgraphars
collect a range of data that can help individuals,
businesses, organizations, and governments make
infarmed decisions.

Geographers gather data through a variety of remote
sensing methods, including gatallite images and aerial
photographs, as well as through fisld observation and
irterviews, and writlen accounts including media repons
and palicy documanis.

Geographic information $ystema (GI5) capture, store,
analyze, and display gecgraphic data. The data can
b used to create map layers thatl are combined ona
single map. Location |s the key aspect that lirks these
data layers.

Tha global positioning system (GFS) enables
geographers (@nd athars) to determine the precise
distance between two points on Earth's surface.

B KEY TERMS AND COMNCEPTS

Use complete sentences 1o answer e questions,

. APPLY CONCEPTUAL VOCABULARY Consider the

tarm distortion. Write a standard dictionary definiticn
al the term. Then provida a conceptual definition—
an explanation of how the term is usad in the contaxi
of the ¢haptar.

. How might a cartographer show the topography of a

regian or country?

3, Describe how ramote sensing tools have improved

the work geographers do, Provide an example.

What is tha primary difference between GPS
and GIS?

CHAPTER 2

5. Differantiate between reference maps and thematic

10.

n

maps, Give an exampla af each,

. How doss map scake affect cartography?
. How ars tha terms mag projection and distortion

ralated?

. What is the Mercator projection and how doas it

distort?

, Explain similarities and differences betwaen

choropleth maps and isoline maps. Give a common
use for sach.

Do you think the .S, census contains mostly
guantitative or qualitative data? Explain.

Describe the absolute distance and the relative
distance betwsen your school and where you live.



B INTERPRET MAPS
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Study the cartogram and then answer the questions.

12. DESCRIBE GEOGRAPHIC CONCEPTS What aspects
of the map tell you it is a cartogram?

13. EXPLAIM SPATIAL RELATIOMSHIPS Why is the United
States represented as 3o much larger than Canada?

GEO-INQUIRY | A NEW CON

AMURNITY
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14, EVALUATE MODELS & THEQRIES What is tha
advantage of using a cartogram to show this data?

15. SYNTHESIZE How might different countries use this
map when considering how to promate tourism in
the futura?

RESOQLURC

A good Geo-Inguiry project begins with an overarching
topie and question that guides inquiry. For exampla, How
might & new grocery sfore location support the reduction
of abasity in our community 7 Use the Geo-Inguiry Process
below to explore an issue in your community.

ASK Start with an authentic invastigation into issuas

in the community. Many nead-to-know guestions will

arize as you think about the issue, but the Geo-Inguiry
question is an open-ended question that prompts furthear
investigation. Lising the exampla, nead-to-know questions
would include Where are the nearest grocery sfores? What
is the obesity rate in adults and children? Where do maost
people shop for food? What types of food are avaifable?

COLLECT Decide the geographic information you need
in onder o answar your original question. Explore local
sources of information, such as maps of the community
or demographic data about particular neighborhoods,
You might survey community members or experis.

D | Q
4 I
ASE COLLECT

ilil

VISUALIZE

VISUALIZE Organize and analyze the information you
collected. Use a chart to analyze the results of surveys
you conducted, or @ map of current businesses to halp
you think about your community spatially. Look for
patterns to help you draw conclusions.,

CREATE Focus on how to tell a Geo-Inquiry story that
will support your recommendation. Keep your audience
in mind. Will you be pitching your stery to a developer
interested in building a grocery store? Consider using
images, videos, compelling story lines, and charts and
araphs to help tell your story.

ACT Consider how your project can inform decisicns
regarding the location of community resources, thereby
improving the health, educational, or economic options
for residents, Take informed action by reaching out

to community leaders who determine the location of
community resources and share your ideas with therm,

| & | ©>

CREATE ACT

GEQOGRAPHIC INGQUIRY: DATA, TOOLS, AMD TECHNOLOGY 4%



UNIT 1 | WRITING ACROSS UNITS, REGIONS & SCALES

THEY ARE

TOU

BY ROBERT DRAFER
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imagery, “Tha thing thal surprised Us most,” said Marsha
iz that almast every picturs that Same QoW showad Now
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WHAT SATELLITES CAKN DO Today, Planel
nas mora than 200 satellites in orbét, with about 150

z that can image every bit of land every

co-Called Dove
day when condifions are right. The comparny works
with the Amazaon Consarvation Associafion to rack

deforastation in Parw, it has provided images to Amnasty

by security forces in Myanmar, At the Middisbury
Institute’s Caenter for Monproliferation Studsas, recurring
aging helps tha think tank watch for the sudden

OO0 1T

appearance of a missile test site in Ikan or North Kored

Those are pro bono clients. Its paying customers iNCUoS
Oriital Insight, & Silicon Valley-based genspatial analytes
firm that interprets data from satellite imagery. With suc
visuals, Oridtal Insight can track the development of road
or building construction in South America, the expansiar 2
illegal paim oil plantations in Africa, and crop yiekds in ASS
In the company's confarance room, James Grawfard, the



chief executive, opaned his laplop and showead me aarial
vigws of Chinese oil tanks, with their floating lids indicating
they were about three-quarters full. "Hedge funds, banks,
and oil companies themselves know what's in their tanks,”
he said with a sy grin, “but not in others’, so termporal
resolution [the amount of ime neaded to collect datal is
atremialy important.”

pdearmwhile, Planet’s markeating team spends e days
gazing at photographs, imagining an interested party
gomewhere out there who might benefit from the images.
An insurance company wanting to track flood damage to
homes in the Midwest. A researcher in Norway seaking
evidence of glaciars erading. But what about . . . a dictator
wishing to hunt down a dissident ammy?

Here is whera Planat's ocwn ethical guidalines wold
come into play. Not only could it refuse to work with

a cliert having malsvolent motives, but it also doesnt
allow customers 10 stake a sole proprietary claim ovar
the images they buy. The other significan! constraint

is technological. Planet's surveillance of the world at a
resolution of 10 leel is sufficient to discarn the grainy
outline of a single truck but not the contours of a human.

THE FUTURE QF PLAMET Cn a bracing autunnn
ewening in San Francisco, | returned o Flanet 1o sees the
world through ks all-encompassing lans. More than a
dozen clients would be there to show off how they're using
satellite imagary —whiat it meant, in assance, to see the
warld as it's changing.

| zigzagged among semicircles of techies gatharad rapily
argund monitars, Evarywhere | looked, the world came
mto view. | 23w, in the Brazilian state of Para, tha dark
green siretches of the Amazon jungke flash red, prompting
sutomatic emails to the landowners: Wariing, sameansg

is deforesting vour lend? | saw the Port of Singapore team
with shipping activity. | saw the croplands of southern
Albarta, Canada, in a state of flagging health. | saw ail wall
pads n Siberia—17 percant more than in tha prevcus year,
@ surprising sign of stepped-up production that sesmed
likety to prompt frantic reassessments in the world's oil and
gas markals.

Flanat's hosts halted the show-and-tell to say & few
words. Andy Wild, the chief revenue officer, spoke of the
naw frontier. It was ane thing to achieve, as Wikd put it,
“a daily cadence of the entire landmass of the Earh.”
Meow the custadians of this technolagy had to “turn it nto
cutcomes,” Tom Barton, tha chiel operating officer, 3aid,
"I hope one year from new, we'na hara saying, "We really
did change the world.™ 1

I Adapted from “They Are Watching You” by Robert Draper,
Mational Geographic, Febauary 20016

WRITE ACROSS UNITS

| Unit1 explored the lools geographers wusa in thair wark.
This article focuses on one of thoss teols—aatellite
imagery—and the astonishing array of spatial and
termnparal data it can yield lor geographical studhy. Lise
infarmation from the articka and this unit o write a
responss to the following guestions.

LOOKING BACK

1. What sets Planat’s satellite natwork apart from other
data collection toals you learmed about? uwm

LOOKING FORWARD
2. What types of data could Planat's satellites provida
to a government agency seeking to understand the
effects of migration within a region? uwma

3. How might the exdstence of mass data gathenng
and communication technology such as satellite
natworks influence cultural changes? vwma

4, What political advantages could a governmeant gain
by possessing satelite-gathered data about its ocwn
territories? uniT 4

5. How might satellites help researchers trace the
effects of technaology on agricultura globally T user s

6. How could planners use satellite data to dasign a
public ransportation system for a city? uNim e

7. What types of satallite data could help a govarmment
create and Implemant policles for sustainable
development? uwrm 7

WRITE ACRD

Identify two locations in the warld experiancing issues
redated o a topic mantionad in Uit 1, such as incoms
iraguuality or crime, Reviews the Geo-Inguiry Process
outlined in Chaptar 2 and use the information to plan a
Gao-Inguiry praject o examine thase issues.

Determine your question. Then write a paragraph for
each of the steps in the process, explaining how yau
would collect imformation, visualize the data, create a
presentation, ard act on what yvou learned. Draw on
evidancs from the unit and article to plan vour project.

THINK ABOUT

= how comparing data from more than one location

might inferm the way you present your findings and
choose to act on them

¢ the advantages and dus-.adumtagaa of zatallite Imagw
and ather forms of data nullacth:un

T g 4

Y B T e g
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CHAFPTER 1

DISTANCE DECAY MODEL

A model is a represention of one aspect af
reality, sueh as a geographic relationship, in &
generalized form. 1tis impartant to axaming
maodels and compare therm to real-waorld data
to determine the degree towhich thay explain
geographic effects in different contexts or at
different scales.

The distance decay model describesa
fundamental relationship in human geagraphy:
the impact of distance on interacticons betweaen
|acations. Specifically, the rmodel states that

the farther away two things or places are frcemy
each ather, the less interaction they will have.
Friction of distance—the idea that distance
requires time, effort, and cost to overcome—
explains some key factors that contribute Lo
distance decay. Here, the first graph illustrates
the distance decay modal in its generalized
form. The secand graph illustrates the effects
of distance decay on consumers de<iding how
far they will travel to shop. B Explain the degree
to which the distance decay model explains the
geagraphic effects of distance on individuals’
shopping behavior.

CHAFTER 1

TIME-SPACE
COMPRESSION

Some concepts are visually deplcted

in different ways. Here, time-space
compression is represented by shrinkindg
globe, while the wisual you studied in
Chapter 1 highlights travel times across
the Atlantic. The concept of time-space
compression reflects the forces, such

as improvements in transportation and
enmmunication, that can overcame the
friction of distance. By compressing

the amount of time it takes to travel or
transmit infarrmation, these forces give the
impression of lessening the space betweean
distant locations, | Compare this visual
with the one in Chapter 1 and identify
which you think mast clearly illustrates the
effects of time-space cempression. Explain.
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CHAFTER 1 =

WALLERSTEIN'S
WORLD SYSTEM
THECRY

& theory is a system of ideas that attempt
to explain abzerved phenomena. Like
models, theories explain geographic
effects to varying degrees, depending
an where and how they are applied,

Economically and
palitically dominant
on the world stage

Strong military and
posngrful allias

Immanuel Wallerstein developed the

world systern theory to explain the

global economic phenamena that he
ahserved. Wallerstein's theory views the |
entire globe as a single economic system
bound together through a complax

network of trade and communicatians.

It describes not only the economic ties
petwean countries but also patterns of
power across the globe.

Highly interconnected
transportation and
communication
nalwaorks

Infrastructure that
supports aconamic
Caore countries derive the greatest i activily
benefits from the world economy and [
tend to dominate politically as well. ‘ Cantrol the global
Countrigs in the semi-periphery and AT
periphery have less waalth and oftan

|ass-stable governments, and thus find
themsalves in positions of lessar power.

1 Explain the degree to which the warld |
system theory explains the economic
influence of a smaller core country such

as France.
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CHARTER
—

GEOGRAPHIC SCALE

The tenm scake refars to the size of an area
bwing studied. Examining a phanomenon
at different scales revaals new
perspectives that can lead to a deeper
undarstanding. For example, geographers
studying population density=the number
of people relative to the amount of land -
look at maps on a variety of scales,

These maps show the pepulation densities
in Asia on a national scale and the
population of Pakistan on & district-wide
scale. | Compara the maps and describe
what each reveals about the population
density of Pakistan, What additional
information could you expect ta learn
from a dansity map of Islamakbad?
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CHAPTER 2
e —

SMARTPHONE MAPS

The maps many people interact with most often are found in their
smartphone’s GPS navigation app. One advantage of smartphone
maps is their ability to display an area at a seemingly infinite variety
of scales. The two smartphone maps pravided show the same
|ocation at different scales. I Compare the maps and describe what

sach seale reveals to the map user.

MERCATOR PROJECTION

CHAPTER 2

MAP PROJECTIONS

Cigr perceptions about countries and continents are strongly

influanced by map projections. Equal-area prajections accurately

portray the area of & landmass, but they distort the shapes of

waripus continents. Mercator projections presene the continents’ —
shapas and show accurate direction, making this projection ideal

for plotting straight-line courses on navigation charts. However, the h

l
Mercator projection distorts the true area of landmasses, an effect #:‘ L T .
XN Dy o

+— "

that increases with distance from the equator. I Compare the way

the equal-area projection and the Mercator prajection each depict
the United States and Canada. ‘
EQUAL-AREAPROJECTION - E -
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CHAFTER 2

COMPARING TYPES OF MAPS

Al times, it is useful to portray the same set of data on more than cne type of map. Both maps show

the percentage of the long-term average precipitation that has fallen over the period of one month in
Movember. The lona-term average precipitation is caleulated sver a 50-year base pariod. The dark red
celorindicates areas that received 50 percent or less of the long-term average precipitation. Dark green
indicates areas that received 150 percent or more than the average. | Compare the dot and isoline maps.
Describe what each map helps viewers understand about precipitation during Movember 2019,

DOT MAP OF PRECIPITATION IN THE CONTIGUOUS

UMITED STATES
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CHAPTER 2

MAP LAYERS OF A THEMATIC MAP

R Rio de Jarsiro
i / i i . ] . ¥ |

ATLANTI |

OCEAN |
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B ]
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VIIRS Daily Gladgd Frre Dedectans: Amazonian Metwark of
Gaoraferenced Seci-Enfonmantal infarmation (RAISG)

L

This thematic map depicts where wildfires burned in the Amazon Basin in 2019, Its

basemap is the shape of the South American continent. One GI5 map layer shows the
political berders of each country. 1 Identify other map layers used to create this map.
Explain how the map layers could be used by decision-makers in Scuth America.
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