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)JH=>E :G= LRGMA>EBISM>GMB:E >GOBKHGF>GM:E
L<G:KBHL

>LB@G :G= IE:G LMK:M>@R>£:PM:MBHG MH
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, KBHK DEEF=@> :G=Qi>KB>G< OH CNFI BGMH MABL ;HHD
BM BL ;>LM BN R:G A= .G BGMKHANK HNKL> HK
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L HNG=:MBHG:E PEH@> HHEH@R

"HK MAHL> PBMEBKEGM #%/QI>KB>G<% KHFF>G=
<HFIE>SMBG@ MA> ILKB 2BKMN:E :HNKLxLearning

ArcGIS Desktop (for ArcGIS 10) IKBHK MH LM:KMBG@ MABL >
;HHD OABL OBKMN:E <:FINNKL> A:L FH=NE>L :G= MID

3HNM  AHNKL MHHEIE>M> HGM:M RNK HK@:GBS:MBHG:E
ILKB EBSL> F:.G:@>KHK : HINKL>H=> :G= LB@G NI A>K>

AWl PPP >LKBHF MK:BGBG@ F:BGMR:BGBG@

0A> HGL>®:MBHG #%/ > ;HHD :G3NKL> BHEIKBL>= H?
MAK>> L>JN>GMBENG>L >:<A ;NBE=BG@ HG MABHK:

:G= =>L<KB;>= BG MA> L<A>=NE> H? MHE<IBG@ HG

RHNK IKOBHNL #%Di>KB>G<G= E>KGBG@ @HEBLFAR

:ELH PBLA MH LNIIE>F>GM MWKl PBMAORB K>:=BG@L

:G= HMA>K HGEBG> E>LLHGL L LN@ @>LM>= MAKHN@AHNM

HHD "HKF:M

0A> . ( IKSL>GML >:<A <AM>K MHIB< MAKHN@A :G
+1#/ ! 1'3# ,+)'+# )#00,+ ):M>KB:E BL =K:PG ?KHF <:L>
LMN=B>L :G= L:FIE> =M: ?KHF LNIIE>F>GM:E BHNK<
(>LLHGL F:R ;> HEE=;R :G# "0!200',+ $ ,/2* PA>K>
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FN==B>LM IHBGML ?KHF MA> HGEBG> E>LLHG FHK> LI><B
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LESSON 1

3 >EMF> MH (>LLHG /IEMB:E :M:)H=>EL :G= MAN;EB<
HF:BG

%G MABL E>LLHG P
[ . >0OBP MRIB<:E LI:MB:E =:M: FH=>EL BG NANM3M
H? @>H@K:IABEREMBHG LRLM>FL #%/ MH=:R

[ B@ BGMH K:LM>K>@#HK =:M: FH=>EHKF:M
:G=JIN:EBM

[ %GMKH=N%;EB< =HF:BG LI:MB:E =:M:

[ .>0BPL<:E> €HK=BG:M> LRLM>FL :G=
IKHC>MBHGL
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Lesson Topics

This intr oductory lesson c overs thr ee topics and
takes approximatel y 50 minutes to complete. We
recommend w orking thr ough each topic in the
order in which the y are listed below.

¥ Spatial Data Models

¥ Digging into Raster and Vector Data

¥ Spatial Data in the Public Domain

¥ Review of Coordinate Systems

1. Spatial Data Models
GIS Applications

(>M NL ;KB>"R ®BP LHF> <HFFHG :lIEB<:MBHGL H? #%/
BG HGL>®:MBHG :G= G:MNK:E K=HRNKx@>F>GM 3BMA
L:MB:E =:M: :G= #%/ P <:G :LD JN>LMBHGL :G= £HEO
IKH;E>FL LN<A L MAHBPEMBG @

[ "BG=BG@ EH<:MBHGL
PA>K>BL 4

[ "BG=BG@ >GMBMB>L :M
<KM:BG EH<:MBHGL
PA:M BL :M EH<:MBHG
5

Image © Shutterstock, Inc. [ IQ:FBGBG@ LI:MB:E
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K>E:MBHGLABIL PAR BINHAEBH<:M>=:M EH<:MBHG
5

[ "BG=BG@ ;>LM KHNM>L

[ "BG=BG@ FHLM LNBM:;E> LBM>L

[ , K>=B#BG@ ?NMNK> <A:G@>

[ G:ERSBG@ E:G49K NL>KHGOKLBHGL

[ (HHDBG@ :M JN>LMBHGL H? >GOBKHGF>GM:E CNLMB
[ G:ERSBG@ IHEB<RHHR#U<

#%/ M><AGHEH@R BGM>@K:M>LHKMBIBHB& ?KHF F:GR
LHNK MH :GLK : FNEMBMN=> H? JN>LMBHGL

Four Key Parts of GIS

#>H@K:IAB< HK LI:MB:E =:M:
:K> CNLM HG> IBMZ : #%/
OH@>MA>K  MA> LRLM>F
BG<EN=>L MABRBG@

Image © Shutterstock, Inc.

[ ,E:<>L PBMA
EH<:MBHG:EHBGEMBHG HK LI:MB:E =:M: :
=>IBMBHG HK FH=>E H? MASHEE P

[ P:RMHHK@:GBSMKB;NM>L H? MA> LI:MB:E =:M:
HK =:M:;:L> LN<A L K<:M:EH@

[ OHHEL MH F:GBINE:M> :G= :S:ERMB:E =:M: HK
@>HIKEKLBG@ ?NIBEIGL LN<A :L KHIE KD

[ GBGM>KZ<dHP <:G F:.D>MA>L> IB>k PHKD
MH@>MA>K #@/ K<):I K<#%/, KH HK
K<#%/ HGEBG>
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#>H@K:IAB< =:M: :KSHEIHL>= H? MR HFIHG>GML ;MA

H? PAB<A :K> LMHK>= BG #%LE:R

-1 1 K>2K MH MA> IHBGML EBG>L :G=
IHER@HGL HK K:LMEEkK PAB<A K>IK>L>GM
2:MNK>L HG > KMA @>Ki32= MH K>:EHKE=
<HHK=BG:M>L /I:MB:E =:M: <:G ;> K>IK>L>GM>=

NLBG@ O:KBMNL) "1 *"#)0 PAB<A :K>
=>L<KB;>= ?NKMA>K BG MABL E>LLHG

This badger den could be mapped as a point featur e. Image
© Shutterstock, Inc.

1n/21# 1 <HGLBLM H? <AMGKBLMB<L HK
IKHI>KMB>L MA:M =>L<KB;> LI:MB:E >GMBMB>L
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#%-&! "1 * "#)0 BF:@$%6F:@> LHNK<

‘K> MA> O:KBHNL @>HF>%f FPBDB @B<A= HK@ %)
LMKIMNK>L HR  LMHKBG@  jr(>L9H?9 ‘M-

@>H@RIAS<LIMBESM: | K< AMIL PBL<I;NGBSBG H
NL> =BSR>GM DBG=L H? =\ o' N iEr=t LMoL

FH=>EL MH BE@> Cl@
[ >|G> MA> .EM LIN:K> I:K<>E H? E:G=
CELLsLH Hae  KOIKPL>GM>= L iLM>K
MAM <G 1> 2>MHKG= . >:E 3HKE=

K>IK>L>GM>= :G= PB=MA  A>B@AM
Image source:

AHP MAR ;>A:C>  hitp:/ / mwiki.gichd.or g/IM/
HK :41 PBMABG #94ypes_of_Data

[ >]G>MA> ;LB< =>LB@GMVKGIK =>IBMBG@ MA>
K>:E PKE= :G= AHBM BL :;LMKb<= BG #%/

[ HFFHG =:M: FH=>EL BG<EN=>
~LM>K
2>MHK
0%* MKB:G@NE:M>= BKK>@ WKEK G>MP
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Geographic Data Models

Image source: Bostad Fig 24 2, www .paulbolstad.net/gisbook.html

iLM>K :M: )H=>EL K>IK>L>GM LI:MB:E =:M: L : F.MKBQ HK
. @KB= H? @>s@<= <EEL IBEL @>G>KMR ;
K>@NE:KER £E4..FIEBG@ H? IA>GHF>G: 0R>K> >BMA>K
=BL<K>M> MA>RMEB® E:G= O>K <E:LL>L HKEMBGNHNL
EBDLHBE FHBLMNK> :GOHBt P:EE MH P:EBK:@> BG :
=M: E:RK
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Graphic showing X and Y @ordinates of raster data. lllustr ation drawn
by Ashley Kissick, 2018

,B@E HK>E LB3K K>LHENMBHG BL BFIHHKWWEBME.R
:G:ERLBL :G= HI>K:MBHGL

Graphic of raster c ells and values. Image source:
http:/ /help.ar cgis.com/en/geodatabase/10. 0/sdk/ar csde/c oncepts/
raster/entities/r asters_attr .htm

LM>K =:M: <:G ;> LMHK>= BG : ORKB2MKF:ML PBMA @KB=
:G=BF:@>HKF:ML ;>BG@ MA> FHHBFKG
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™$ /1 BL MA> G:MB IKHIKB>R:K:LM>KRF:M
NL>= R /% LHMP:K> MH K>IK>L>GM =BL<K>M>
<HGMBGNHNL K:LM>K =:M:

Thematic raster data. Image sour ce: http:// desktop.ar cgis.com/en/
arcmap/10.3/manage-data/r aster-and-images/
what -is -r aster -data.htm

Example of continuous r aster data. Image sour ce:
http:/ / desktop.ar cgis.com/en/ar cmap/10.3/manage-data/
raster-and-images/what -is-r aster-data.htm

*O#t $ /1  <HEEMBER F>.GL K:LM>K =:M: PBRMZEK
MA:M LMHK> ;KB@AMG>LL O:EN>L :G= <% 2KKB&B: E
IAHMHL L:M>EEBM> BF:@>K<:GG>= F:IL

:G=
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0A> K:LM>K BF:@>L ;PBEENLMK:M> :G :>KBMHAIG= :
L<:GG>= MHIH@K:IAB< JN:=K:G@E> F:I

")

St 1"#
Aerial Photo. ©

Shutterstock, Inc.
Scanned Topographic Raster Data

Quadrangle Map. © Examples and
Shutterstock, Inc. o
Applications

“LM>K =:M: :K> HFFHGER NL>#HK MA>F>L MARDK MA>
PAHE> F:l :K>: LN<A L >E©:MBHG M>FI>K:MNK> :G=
IK><BIBM:MBHG !Q:FIE>L BG<EN=:BEMBCEQ@

Climate and Ocean Satellite Imag ery

Data
Land Cover

DEMs (igital Elevation
Models)
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II) $## !Il#
0A>L> =:M: :K> PB=>ER :IIEB>= BG

[ IGOBKHGF>GM:E L<B>G<
Weather Data [ AG@>=>MMBHG
[ )H=>EBG@

Vector

0A> O<MHK =:M: FH=>E =BLIE:RL LI:MB:E =:M#'L "
G= ' " :G=><A>GMBML @>HKH&S<=

,+10 K>IK>L>GM H;0kR : LBG@ES 4HHK=BG:M> |:BK

+#0 K> HFIHL>= H? EBG> L>@F>GMEGM>= R
CKMBKk GH=>L :G=:K> =>]G>=R MASHHK=BG:M> I:BKL H?
MA> GH=>L

)6 %,+0 A:C> : I>KBF>M>K =>]G>=R EBG> L>@F>GML
PA>K> MA> LM:KM :G= >G= GH=> LA:K> MA> L:F> @>H@K:IAB<
<HHK=BG:M>L

lllustr ation of vector data. Image sour ce: http:/ /www .catalonia.or g/
cartogr afia/Clase_03 /R aster_Vector.html
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I:<A H;C>M K>IK>L>GM>=BEIAKiKF:M A:L MHIHEH@R

-),%6 BL MA> :KK:G@>F>GM M&MMKK:BGLPAHBGM
EBG> :G= IHERIGMNK>L LAK> @>HR>MK

%G @>HFRMWKHIHEH@R =>:EL PBMA MA> IKHI>KMB>L H? : J@NK
MA:M K>F:BG NG<A:.G@S&=G>PA>G MA> J@NK> BL ;>GM
LMK>M<A>= NAMRBL> =BLMHKM><MBK =:M: <:G QRKBG

L<:E> :«NK:<R:G= JN:EBR13 >XERHE&> ;:<D MH MABL BG
OHIB<

lllustr ation of types of topology , from: http:/ www .esri.com/news/
arcnews/summerQ 2articles/ar cgis-brings -topology .html

Vector Data Examples and Applications

2>MHK =M: :KIHEFHGER NL>HK MA>F>L MA:M K> F.=>
H? QIEB<BM HNII>4.N<A :L I:K<E RG>KLABI =:M: IHEBMB<:E
JHNG=:KB>L :G= LMK>>ML +M@FHE>L BG<EN=> MA>
HEBBG@
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Boundaries, parcels, &
Hydrographic data (e.g. buildings
rivers, streams)
Wetlands

Energy facilities

")
S 1"H

Geological map of
France, vintage
engraved illustration.
Earth before man 1886.

Geologic & soils
boundaries
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Census 2010 map b population density USA and Puerto Rio

) SHHI"#

TINs

I'+%2) 1#"  [[#%2)/ #14,/(0 0 <HGG>M IHBGML
MH HKF MKB:G@E>L MA:M K>IK>LSMEM Mk >?]<B>GMER
K>IK>L>GMRIE>Q LNK?=L
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lllustr ation of TIN data representing elevation. Image sour ce:
https:/ lwww .pinter est.com/pin/4930 7385918324504 7/

I'<A =:M: FH=>E
K>IK>L>GML MA> KHEB=

BG : =B?R>GM P:R :G= BL
LNBM>= MH K>IK>L>GMBG@
LI><B]< MRI>L H? LI:MB:E

IA>SGHF>G:
Etretat, la Manneporte natur al

EMAHN@A 0%*L K> NLg:gkarchwonder,cliﬁand beach.
) Long exposure photogr aphy.

E>LL WG MA:G KILM>K =imandy, France. Image ©

FH=>EL MR> <:G FHK> Shutterstock, Inc.

>?73<MBER :G= >?]<B>GMER

=>L<KB:> : LNKZ<MA:M A:L O:KB:E> <A:G@> %F:@BG> :

IE:M>N K>E:MBEBR M PBMA : <EBB>=KH| H??
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Topic 1 Knowledg e Check

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=201

2. Digging into Raster and V ector Data

~LM>K :G= 6<MHK =:M: FH=>EL :K> FHIKIFRHGER NL>=
BG G:MNK:E K>LHNKB<:MBHGL MA:G 0%*M5>:<A =:M:
FH=>E AL BMIPE :=0O:GM:@>L :G= =BL:=0:GM:@>L 0A>
<AHBx< H? K:LM>K HKMMHK LMKINK> =>I>G=L HG MA>
HEBBG@

[ OA> G:MNK> H? MA> > KMA ERKZXMNK>L ;>BG@
K>IK>L>GM>=

[ OA>LI:MB:E JN>LMBHGL MH>=:LD

[ OA>DBG=H?=:M::0:BE:;E>

[ OA> LHMP:K> MHHEL MH ;> NL>=

IBMA>K =:M: FH=>BNE= ;> HGOKM>= MH HKXKIE:B= PBMA
MA> MA>K

0A> HEERMBG@ |:@>L =B@ BGMH =:MRJ#EBRF>K:MBHGL
H? K:LM>KL :G=HKL MAMFkK> MA> :=0:GM:@>L :G=
=BL:=0:GM:@>L H? >:<A = RI>MMA>BK :IIEB<:MBHGL :G=
<HGLB=>K:MBHHELFMDBG @ ;>MG =:M: RII>L
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Data Structur e

$HP MA> LI:MB:E =:M: :K> LNUKIN<= MH K>IK>L>SGMR>L
HG >:KMA BG*"N>G<

[ OA> E®E H? IK><BLBHG H? MA:M LI:MB:E =:M:

[ 3A:M M><AGHEH@R PBEE ;>HKLOBBG @ :G=
:G:ERLBL

[ $HP LI:MB:E B>KE:RL :G= FH=>EBG@ PBEE ;>
<HG=NM>=

[ %?HHK=BG:M> MKEEMBHG HK K>IKMBH& PBEE
> G>>=>=

ALM>K =:M: A:G : LBFIE> =:M: LMKMNK> MA:M K>LNEML BG
E:K@> =M:HENF> :G= K>JNBK>L AB@A LMHK:@R <:l:<BM
OHIHEH@R HK MA> LI:MB:E K>E:MBHGLARI H>0AML
<:GGHW ;> K>IK>L>GM>= BG K:LM>K =:M:

2>MHK =M: AXO. <HFIl:< M ;NMHFIE>Q =:M: LMKMNK>
MAM >G:;E>LQHEB<BM =>]GBMBHG H? MHIHEH@R :G= K>JNB}
E>LL LMHK:@> <:!IRBM

Precision

%G K:LM>K =M: HM>KA:!I>L <GGM ;> IK><BL>ER
K>IK>L>GM>= PA>G3BQBSBL E:K@> K>LHENMBIRG BL EH
;><:NL> H? §GLMK:BGML H?>NE>LA:1> /I:MB:E O:KB:MBHG
<G ;> <HFFH=M>= MAKHN@A BG<K>:L>= LILMBE
K>LHENMBHG

%G BMHK FH=>EL H;Mb<<:G ;> IK><BL>ER K>IK>L>GM>=
NLBG@ IHBGML EBG>L :@HBERK>L $P>C-KLI:MB:E
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O:KB:MBHG HMKBINM>L PBMABG @MER<:GGH ;>
>QIK>LL>=

Viewing and Analysis Technology

OA> LBFIE> =M: LMKHWNK> H?>EEL AL HEH: MA>
=>C>EHIF>GM H? BE>GLBOM><AGHEHERFIKDBG@ PBMA
K:iLM>K =M: HELM:= NM MA> @K:IAB<:E HNMINM H?
K.ILM>K =:M: IKH=Mk F:R GM ;> IE>LBG@ > @H<DR
=>|>G=BG@ HG K>LHENMBHG

+G MA> MA>K A:G= =N> MH BMWIEXQ =:M: LMKMKNK>
M><AGHEHEROBBG@ :G= :G:BRG@®MHK =:M: BL FHK>
>QI>GLBO ;NM @K:IAB<:E HNMINM>HZHB =:M: F:R ;>
FHK> OBLN:EER IE>:LBG@MAHH>=@>L

Spatial Overlay and Mathematical Modeling

O0A>L> :G:ERL>L :K> FHK> =B?]<NEM NLBGKK G:M:
;><:NL> H;C>NIL HG =BR2GM BRL A:8 =B?K>GM LA:I>L

+G MA>MA>K A:G= FH=>EBG@ GXKHER NLBG@ K:LM>K =:M:
‘K> >:LB>K;><:NL> IBQEL H? =BR3GM BRL <G ;>
HO-KE:B= :G= :==>= LIMK:M>= FNEMBIEB>= :G=LH HG

Coordinate Transformation

%G K:LM>K =MHHK=BG:M> MKIGEMBHG HK Fl
IKHC>MBHG M2G K>LNEML BG EHLHKFPMBHG =N> MH
K>L:FIEBG@ H? HEQ :G= IKHCMBHG MKHKE2MBHGL K>
FHK> =B?]<NEM

%G BMHKHHK=BG:M> :G= IKHBHGC MKHKFEZ2MBHGL K>
>:LB>KLBG<>CIR H;C>M BL =>]G>-R IHBGML
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Vector to r aster conversion. lllustr ation by Ashley Kissick, 2018.

3> H®>G G>>= MHGOKM>EAMHK =:M: MH K:LM>K MH KNG
H>KE:R HK FH=>EBG@ <:E<NE:MBHERL> (BB:GR
@>HIKE£LBG@ HI>K:MBHGHKDP ;>LM PBMA><MHK

=M: HGOKMBG@ ?KHMBK MH K:LM>K <:G K>LNEM BG =:M:
EHLL =N> MH \MEHFBG@

[ >EELBS

[ OA> <AHB<H? IBGE LBS:G K>LNEM BG MA> EHLL H?
LI:MB:E =:M: L E:K@sEEL <:G F:LD LI:MB:E
O:KB:MBHG

[ (HLL H? :MKB;NM>L

[ 3A>G HGOKMBG@ ?KHMBK MH K:LM>K =:M: HGER
HG> :IMKB;NM> H? MAXAHER <:G ;> NL>= MH
LLB@G O:EN>L MH \PARKB=EEL O0A>KKK>
HVIA>K NKB;NM>L PBEE ;> EHLM HKRBEEA:O
K>CHBG>=

[ )BQ>= <EE IKH;E>F

[ +<<NKL PA>G >=@>3BOQF:R A:C : FBQ H? <E:LL
IKHI>KMB>L %&UBIK MH K:LMSGKLBHG MA>
@KB=EEL F:R LI:.G MPHK FHK> IHERIGL :G=
MA> K>LNEMBBHD <:G HGER ;> :LLB@G>= MH HG>
<E:LL OABL K>=M<MA> LI:MB:ENK:<R H? MA>
K>LNEMBG@ =:M:

HGOKMBG@ ?KHF K:LM>KWK ©:G ;>0-G N@EBS<
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=H>L GM >GLNK> MAMMBIK HNMINM BL FHKRK:#>
*>B@A;HKBG@>BQPBMAKM:BGMUB;NM> O:EN>L F:R @>M
MK:GLE:M>= BGMA BEBG>L HK I@ERGL ©M>K MA>
<HGOKLBHG F:GR LIMB:E IKH;E>FL :K>EBMH :KBL>
K>IJNBKBG@ BGM>EREBBG@

How an input r aster is vectoriz ed when converted to a pol ygon feature
output. http:/ / pro.arcgis.com/en/pr o-app /tool -reference/
conversion/r aster-to-pol ygon.htm

Vector and Raster in ArcGIS and QGIS

3 > PBEEHKD PBMAMA &XMHK :G= K:LM>K =:M: BG K<#%/
):GR ;:LB< @>HIKH4.LBG@ MHHEL :K> =>LB@&B MBINPA
CMHK =M: PA>K>L KILM>K =M:SJKEBG@ A:II>GL
FHLMER MAKHN@A MA> LI:MB:E @VERILBEHG MH

[ 2B :G= HO-KE:R K:LM>K BF:@>L

[ HGOKM ;>MPG K:LM>K :G=®IHK

[ :LB<LIMB:E :G:ERLBL PBMA K:LM>K =:M:
:KBMAF>MB< :G= G>B@A;HKAHMBRIBE<

2>MHK =:M: BG K<#%/ BEK&E2= MH :L ">:MNK> E:LL 3
PBEER-K MABL FHK> BG MM 6>LLHG
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All features in a featur e class have the same geometry type, the same
attributes, and ar e located within a c ommon geogr aphic extent.

L RHN DGH K:LM>K =:M: BG K<#RIB4&:EER NL> MA> ILKB
#.% ?HKF:M

Graphic of raster cells and values.

/IBG< -#%/ BL HI>G LHNK<G= ;NBEMR; MA>HFFNGBR

H? NL>KBM LNIIHKML MA> NEGR =B?2K>GM K:L§EK
HKF:MLBG<EN=BGK®*.% #>H0%"" :G= Lo/

%) #%*!' ]JE>L OA> FHLM NL>= @>HIKHBG@ MHHEL ?
K:LM>K =:M: :K> BG<EN=MABG> BGLM:EE:MBHG H? -#%/
>LDMHI -#%/ :ELH LNIHKML : O:KBR-M? SMHK =:M:
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BG<EN=BG@LA:I>]E>L AMIL =H<LJ@BLHK@ >G
=H<L NL>K9F:GN:EHKDBG @9PBMA9K:LM>K
LNIIHKM>=9=:M: AMFE

Screenshot of primary r aster toolbar in QGIS.

G BFIHKM:GM =BR2G<;>MP->G K<#%/ :G= -#%/ BL MA:M
BG -#%/ RIN FNLMI><B?R BRIR :K> BFIHKMBG@ME&K HK
K:.LM>K =M: PA>K>L K<#%/ =H>LMGKs>>= |IKBHK
LI><B]<:MBHG

Screenshot of how to import data in QGIS.
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Screenshot of how to import data in Ar cGIS

Topic 2 Knowledg e Check

[E>:L> :GLP>K MASHERBG@ JN>LMBHGL MbbiKMK MA>
G>QM MHIB<

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=201

3. Spatial Data in the Public Domain

OABL MHIB< BGMKHAN%EB< =HF:BG =:M: =BL<NLL>L MA>
SF>K@>G< H? MA> LEMB:E =M: BG?KMNIKN</ %
BGMKH=N<G:MBHG:E :G= BGM>KG:MBHG:E HIKKIMIAB: &

=M: :G= <HOKL HGLB=>K:MBH@&{ RMBEBSBG@ =:M: ?KHF
MA>L> LHNK<

What is Public Domain Spatial Data?

JHK> :G= FHK> P> <:G :G= =H K>ER HG IN;EB<ER :0O:BE:;E>
LI:MB:E =M:F¥K #%/ :G:ERL>L 38<:EE MABL IN;EB< =HF:BG
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LI:MB:E =M: %G MA>BK ;HHQDB :G= EKD  |.@>
L:R R HN <:G
% "Ho# "
$ L# S#
"Ho# #o$"
& " # 1o# 1 #
%$ I (# ,

L #%/ M><AGHEH@RP @K&SKHN@AHNM MA> L L :
IHP>K?NE MHHE EH<E LM:M=>KE ?2@>G<B>LOBE>=
LEMBE =M: MH : O:KB>P NL>KL BHCOK =NIEB<:MBHG

H? >MKML :G=: E:<D H?GLBLM>G<R BG =:M: @>GK:M>= ;
=BZK>GM @KGF>GM >GMBMB>L F:=> =:M: LAIKBG@ :G=
BGM>@K:MBHG =B?]<NEM

Federal Geographic Data Committee

OH :==K>LL MABL
IKH;E>F MA>">=>K:E #>H@K:IAB< :NHFFBNW>> "#
PPP 2@=< @H<HFIHL>= H? K>IK>L>GMMBPRHF2=>K:E
:@>G<B>L :G= MA>WQIMB®?]<> P:L >LM:;EBLA>=BG
MH KHK=BG:M> MA>C-EHMIF>GM NL> LAKKBG@ :G=
=BLL>FBG:MBHG H? @>HLI:MB:E =:M: HG : G:MBHG:E ;:LBLBG M
1GBM>= /M:M>L
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0A> ">=>K:E #>H@K:IAB< :M:HFFBNM>> "# BL :G
HK@:GBS LMKNKWK> H2=2K:E @>HLI:MB:E #HBHG:EL
:G= <HGLMBMN>GML MABREH@G<NMBO-.G:@>KB.E :G=
:=OBLHK=BKMBHG :G=OrPKLB@AN T@>HLI:MB:E =><BLBHGL
:G= BGBMB:UBKXHLL MAs=2K.E @KGF>GM

PPP 2@=< @H<<LL>= & GNK

US National Spatial Data
Infrastructur e

%G HG&#KM PBMA "# MA> 1/1'+) -1') 1

+$/01/2! 12/# P:L HK@:GBS MHHHK=BG:M> =:M:
LM:G=:K=L MH K>NL> :G= LAQBLK¥BG@ LI:MB:E =:M: :G=BL
FG:@>=:R"# 0 H=R\

Uu " % "H# # ' #
! $I"HIH 1% # "H# &
LS #S " #HE L # B #
#1"#"

PPP 2@=< @HGL=B GL=B AMFE

0A> 1/ *MBHGE /MB:E :M: %G?K:LMKNK> */ % BL
=>]G>= :L 81&# 1#1&+,).%6 -)I'#0 O0L+"/'0 +"
&2* + [#0,2/!  #O +##00/6 1, | 2'/# -]  #00 O /#
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"0l 21# +" ', 3# 2171+ $ %#0-1')
"1 9
NSDI Goals
[ #H:E U > CEHI :I;;BEBMB>HR *:MBHG:E
[A:K>= [>KOB

[ #H:E UIGLNK> <<HNGM:;BRBM=1?2<MBO
> OEHIF>GM :G=):G:@>F>GM H? ">=>K:E
#>HLI:MB:E >LHNK

[ #H:E U HGOG> (>:=>KLABI H? MA> *:MBHG:E
#>HLI:MB:EHFFNGBR
PPP 2@=< @H5L=B GL=B AMEE>LL>= & GNK

)JHLM BFIHKM:GMHER>L> MFBGLMBMNMBHGL "# :G=* %
IKHOB=>HKGLBLM>G<R BG MA> 1GBM>=HWM@>HL?MB:E
=:M: LM:G=:K=L :G= =BLMKB;NMBWAGEHK>:L H? MAIKE=
A:O> MABL @& H?>2>K:E HGLBLM>GN¥RAHN@A @EH;E
LI:MB:E =:M: BGLMBMNMBHGRBKxa@ KH

Metadata

. ><:EEV)>M:=:M: BL B&F:MBHG :;HNM =:M: #>HLI:MB:E
F>M:=:M: =>L<KB;>L

[ $HP PA>G PA>K> :G=R PAHF MA> =:M: PK>
<HEEM>=

[ O:BE:;BEBNs==BLMKB;NMBHGHFBMEBHG
IKHCSMBHG L<:E> K>LHENMBHGNE=R

[ :M:K>EB:;BEBMBMA K>@:K= MH LHF> LM:G=:K=
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0A> HGM>GM /M:G=KK?B@BM:E #>HLI:MB:E )>M:=:M: BL
MA> F>M:=:M: LM:G=K=GEHI>= R MA> "# 7?7:<MLA>>M
AMIL PPP 2@=< @F+>M:=:M: 2:<MLA>8M

)>M:=:M: 2NG#¥MBHGL MH

[ , K>L>® : ABLMRK1? MA> =:M:

[ !G:;E>NL>KL MH :LL>LL MA> LNBRHBEBMIHK
D IKHC>M

[ !GLNK> :<HNGM:;BEBNK =:M: KGM>GM

[ H<NF>GM =:M: :G= IKHCM<=&>EHIF>GM :G=
IKH<LLBG@

Geospatial Platf orm

*>BMA>K MA> "# GHK * % BK> L>M NI MH =BLMKB;NM>
@>HLI:MB:E =:M: K>LBEINK<H : G:MBHG:E @>HLI:MB:E =:M:
<E>:KBG@AHNL> P:L HK¥:@BS OBKMN:E K>IHLUBNHPK
@>HLI:MB:E F>M:=:M: ?KHF O:KBHBHK@+GM LNIIEB>KL
LN<A L 1GBM>= /M:M>L #>HEH@B3E N 0 H=:R

"# IKH OB=>L:IHKM:E MH MA>L> Kstl. HNK<

#>HLI:MB:E .E:-MRFBL :G "# BGBMB:MB@A:M IKBB=>L
LAK>= :G= MKNLM>= @>HLIMB:E =NOBd >KG=
NIEB<:MBHGL />:K<A HNK F:L:BOM:EH@ H? @>HLI:MB:E
=:M::G= MHHEL I®B=>=R : FNEMBMN=>42R:E :@>G<B>L
3A>MA>K N K> @ @>H@K:IAB< HMHBHG:E LMN=>GM
M>:<A>KHK <BMBSRIN <:G ]G= =:M: MA:M PBEE AR R
PBMAHRK IKHOHU<:LLB@GF>GM IK>L>GM:MBHG=K& <

PPP 2@=< @H=:M::G=L>RBd_ <<LL>= &G
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Regional versus Thematic Data Portals
‘M: FR ;> HK@:GBS= @>H@K:IAB<:HERA :L IHKM:EL
MA:MHGM:BG =:M: I>5KMBG>GM MH HG> LM:M> HK G:MBHG
G:MBHG:E =:M: IHKM:EL BG<ENHERBS®

[ #>HIE:MRAKF @B

[ :M:@HO

[ OA>1/#/ G:MBHG:EF: @H

[ OA>1/ * [=M: @:M>P:R

EM>KG:MEBR =:M: F:R ;> HK@:GB& :KHNG= >KM:BG
MA>F>L LN<A L MAEERBG@

[ OA> #>H*>MMKD H? MA> "HH=:G@ KB<NEMNK>
+K@:GBS:MBHG

[ :M: :LBG; RMA>HGL>BMBHG BHEH@R %GLMBMNM:
P >XEE EHHD :M MAB: EHKKKHHG

G=MA>K> K> FHK> @K:LM{HH>G LHNK@>HLI:MB:E =:M:
IHKM:EL LN<A':L

[ M+

International Spatial Data Infrastructur e

/IBFBE:KER
: @EH;:E LI:MB:E =:M: BG?K:MNS<#/ % BGBMB:BIBO
‘ELH NG=PR MH ?:<BEBM:M> MA> <K>:MBHG FBGM>G:G<
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:G=LAKKBG@ H? LI:MB:E =:M: :KHNG=-H{E= ®ABL BL
>LI><B:EER BFIHKMI&MRHCNMK L>>DBG@ MH :==K>LL
>GOBKHGF>GM:E BLLN>L MA:M LI:G G:MBHG:E :G= K>@BHG:E
;HNG=:KB>L LN<A :L MA> MLNG:FB MANP2F:GR

<HNGMKB>L BG /HNMA>:LM LB:

AMII @L=B:LLH<B:MBHG HK@

Image © Shutterstock, Inc.

$HP>C>K LA:KBG@ @EH;:E =:M: :<KHLL ;HNG=:KB>L AL
:==BMBHG:E <AEE>G@>L :GHGIBENM>G<B>L BG MA>
HERBG@

[ #ILBG LI:MB:E =:M: :G= =H<NF>GM:MBHG

[ %G<4FI:MB;E> LI:MB:E =:M:L>ML

[ %G<4FI:MB;E> #%/

[ (BFBM:MBHGL MH LA:KBG@ =:M:

0A> #/ % LLH<B:MBHG :HGLHKMBNF H? HK@:GBS:MBHGL
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:@>G<B>L HEI:GB>L :G= BG=BOB=N:EL IKKMFH
BGM>KG:MBHBHEI>K:MBHG BG LNIIHKM H? EH<:E G:MBHG:E
:G= BGM>KG:MBHG:E LI:MB:E =:M: BGRKHKMHIMNH MshK
==K>LL @EH;:E LH<B:EHGHFB< :G= >GOBKHGF>GM:E
BLLN>L

S H# $ #I#
L # ## "HSH" #
## % #
# ! "HOO#
L"HIS #S! "

V# % @L=B:LLH<B:MBHG HK@&L><
&GN:KR

[>COKE LM:G=K=L A&O0;>>G =0EHI>= HK @EH;E
@>HLI:MB:E =:M: BG<EN=BG@ RAME> %GM>KG:MBHG:E
+K@:GBS:MBHHK PM:G=:K=BS:MBHG MA> +I>G #>HLI|:MB:E
HGLHKMBNF MAKE=3B=>3; HGLHKMBNF :GéA+KL

?>P D>PR BGM>KG:MBHG:E =:M: IHKM:EL BG<EN=>

[ 1/# E:G>M:KR #%/ 3>; >KOK
[ 1GBM>=*MBHGHkK #>H*>MPHKD
[ 1* , #>H :M:, HKM:E

*HM> MA:M BGM>KG:MBHG:E IHKM: . BFCRMAK :; BERM
OBB =HPGEH:= HK NL> LI:MB:E =:M:

3 > PBEE OBLBM LHF> H? MASL@H MAKHN@A MABL ;HHD
L>KB>L
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Image © Shutterstock, Inc.

Data Ethics and Politics

<>LLBG@ :G= NMBEBSBG@ LI:MB:E =:M: :<KHLL BGM>KG:M
JHNG=:KB>L <KKB>L LI><B:E >MAB<(E :G= [IHEBMB<:E
<HGLB=>K:MBHGL

/EIMB:E =M: =>IBN¥MIBG@ MA> EH<:MBHG H?Z>IG= N
LI><B]< G:MNK:E K>LENK&= E:G= NL> F:R ;> HGM>LM>=
; R G>B@A;HKBGEK@H>GML
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Roma, TX Winding Rio Gande River
separating U.S. and Mexi®. The
right side is Texas, and the left side
is Mexico. Phao by Alan Schmierer,
via Wikimedia Commons

B??K>GMB:E=£L MH LI:MB:E =:M: :ELH F>:GL MA:M LHF>
BG=BOB=N:EL HK @KHNIL F:R ;> :M: =BL:=0:GM:@> BG =BLINM:>
<HG=2KGBG@ G:MNK:E K>LHNMKS= NL> HKPE>KLABI
KB@AML :G=BSLkMH @HH=L :GOBK

0A> <AHB<H? LI:MB:E =:M: LAHNE= :ELH sHKH:GB>=

; R IKBO:<RHGLB=>K:MBHGL ):IL :K> : KB<A LHMR<
BGIKF:MBHG MA:M BEENLMKIMKGILNG= K>E:MBHGLABIL EBD
GH WA>K HKF:M OABL B&KF:MBHG BL HRBG@
BG<K>LBG@ER.IB;E> OB: MA> %GM>KG>M :G= LH<B:E F>=B:
‘L MK:=BMBHG:E FHINK<4<:MBHG =:M: IKBO:<R H? IN;EB< =:M:
@H BGMH MA> <EHN= :G= L FOBRd=3K> @>H >G:;E>=
%G<K>:L>= LI:MB:E :G= M>FIHK:E K>LHENMBHG F>:GL =:M: <:G
> >Q:FBG>= :M MA> BG=BOBAX{E B> PBEEHKD PBMA
IN;EB<ER «:LLB;E> FH;BE> :G= HGEBG> =:M: BG (>LLHG



36 Janet Silbernag el

AUCKLANDRNDE @ 2015: Google & eet View camera operator at
work. 1tOs a technology ®atur ed in Google Maps and Google Erth that
provides panoramic views fr om positions along str eets in the world.
Shutterstock

)>:GPABE> IKBO:<R E:PL =H MGHE>:KER MBA> PAB<A
I>KLHG:E :G= @KGF>GM =:M: >EHG@L BG MA> IN;EB<
=HF:BG :G= BG=BOB=N:E <:L>L :KMBG@® |k==GM HG
;HMA LB=>L H? IKBO:<R :K@NF>GML

A><D HNM MABMB:E .>L>KrL ;EH@HG EH<:MBHG =:M:
IKBO:<RR & >KLDB

Topic 3 Knowledg e Check

An interactive or media element has been
excluded fr om this version of the text. You can
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view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=201

Review of Coordinate S ystems
What is a coordinate System?

< HHK=BG:M> LRLM>F BL : LRLM>F MA:M NEBFHG <
?K:F>PHKD MH K>IK>L>GM EH<:MBHGL H? @>NNKHAB< ?
H;L>KO:MBHGL :G= BF: @G MA>K IFK=L : €lHK=BG:M>
LRLM>F IKBB=>L : F>MAHHR NG=>KLM:G=BG@ KKE
EH<:MBHGL

0A>K> K> MP FBG RI>L H? HHK=BG:M> LRLM>FL
#>H@K:IAB< :G=KHCM>=

Geographic Coodinate System

@>H@K:IAB< HHK=BG:M> LRLM>F NL>L LIA>KB<E
<HHK=BG:M>L >@ =><BF:E =>@K>>L :G= F>.LNK>L ?KHF MA>
<GM>K H? . LIA>K> B> MASM>K H? MA> >KMA ><:NL>
MA> LNK28L LIA>KB<:E MA> E>G@MAL :G@E>L :G=:K>:L :K>
GHM HGLM:GM :G= MABK>?=BLMX*E<;>MP>G E:MBMN=>
:G= EHG@BMN=> EBG>L PBEE <AFEBS:RKHF >IN:MHK
MH IHE>L
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Projected Coordinate System

IKHC>q1>= HHK=BG:M> LRLM>F NL>L IEi#4K=BG:M>L

>@ 2>M F>M>KL >M< MH IMHEAs >:KMAL LIA>KB<:E
LNK?xHG MH: KM>LB:GHHK=BG:M> LNK?2:KHCK>=
<HHK=BG:M> LRLM>FL :K> :EP:RL ;L>= HG #>H@K:AB<
<HHK=BG:M> LRLM>FL :G= MA> E>G@MAL :G@E>L :G=:K>.L K
:EP:RL HHGLM:GM %G HK=>K MHVIABL> F>.LNK>F>GML
<HGLM:GM :G= <MK:M> |KH@A><= HHK=BG:M> LRLM>FL
BG<EN=> : F:I IKHCMBHG PAB<A MK:GLE:M>L LIA>KB<:E
<HHK=BG:M>L MH I|E:GHHK<BG:M>L NLBG@ I:KMB<NE:K
ILK:F>M>KL MA:M <NLMBEFB8&A> F:I HK : . KMB<NE:K
EH<:MBHG
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How Does this Translate to Ar cMap?

/H AHP =H>L MABL MK:GLE:M> MHHMAIM>RBG K<):l

(>ML BF.@BG>FA:C> : =M:L>M PBMA =:M: IHBGML
PAB<A K>IK>L>GM MA> EH<:MBHEE B MH<H&"BML

BG %=:AH B> PA>KHHEEL A:0O> DBEE>=>EBRBI<D !'<A

=:M: IHBGM AL : EEMBMN=> :G= : EHG@BMN=>HKEN> K><

BG =><BF:E =>@K>>L OAHL> =><BF:E =>@K>>L K>E:M> MH M
@>H@K:IABHHK=BG:M> LRLM>F H? MAHL> IHBGML >@
3# /H B? P > ;KBG@ MAHL> IHBGML BGMH K<):I MA>
IKH@K:F HHNE= DEHPA>K> MAHL> IHBGML :K> EH<:M>= HG
MA> LIA>K> H? L KMA NM BG HKE>RN MH ;> :;E> MH
OBLN:EBBIAHL> IHBGML HNRHNE= HG : ~M F:I OL :

@EH;> :G= PBMMAPK LI:MB:E =MHNR G>>= MH =>]G>

: IKHC>NMIBHG /BGSEE MA> IHBGML :K> BG %HMK:®

EHHCHK : *HKMA F>KB<:G IKHGIBHG :GHR F.R >O0-G

P:.GM LHF>MABG@ FHKMNEKM> LN<A :L :G %=:AH LI><B]<
IKHCMBHG 0A> IKH@K:F PBEE MA>G MK:GLE:M> MA> =><BF
=@K>>L BGMH IE:G:K NGBML LHNMA:M RNK:M>ER
>Q:FBG> O:EN>L LN<A L MA> =BHM*BAR>G IHBGML
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Wolves hunting a Bison

OH E>KG FHK> ;;HNM MABL EHHD :M HGEBGHNKL>
1G=>KLM:G=BG@ ):KHCMBHGL :GHHK=BG:M> /RLM>FL

. >2PK>GL

HELM:= ;NE #%/ "NG=F>GM:EL MA !=BMBHG
4:G!=N, K>LLAMI P PP I:NE;HELM:= G>M @BL;HHD AMFE

' >KLDB &HL>IA :G=&BEE E:KD 0A> #%/ #NB=N;MBK
HF:BG :M: ILKB, K>LL |l

ANVl >LKBIK>LL >LKB <BLIE:R
BG=Q <?F ?NL>:¥BHG =BLIE:RPLBM>% FH=NE>%
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AN K>LHNEKK >LKBH A>El K< @BL>G@B@#GHMV
Do o 77 AMF

Media Attributions

[ #%/):IL

[ #%/

[ =@>K

[ LM>K

[ ..LM>K OA>F:MB<

[ ..LM>K HGMBGNHNL
[ 2>dMHK =:M: FH=>E
[ ORI>L H? BIIHEH@R
[ >GLNL):

[ 0%*

[ ><A:G= EB?7?7L

[ 2><MHK3FIE>

[ .:LM>K MH2ZMHK

[ ">:MNK>L

[ "BLA>KF:G

[ 3HKE=FI

[ . HF: 0>Q:L

[ . >HK=BG@



2.

LESSON 2

3 >EMF> MH (>LLHG V">:MNK> :M: #MBG@ "B>E= :G=
BMB% +;L>KO:MBHGL BGMH >LDMHI>GxIB

><NL> LHF> IKH;E>FL :K> EH<:E BG G:MNKEHF>MBF>L

G>>= MH @:MA>K :G= F:| HNRGH=:M: HK H;L*XXMBHGL

?KHF MA>KL $>K>PH<NL HG MA> DBG= H? HNIFR@AM
@:MA>K BG MA> |>E= :@WH;KBG@ MA:M BGMH : @>H@K:IAB<
BGIKF:MBHG LRLM>F #%HKDLI:+ O0A>L> =:M: FR

<HF> ?KHF P:EDBG@ : MK:BE PBMA : @EH;:E IHLBMBHGBG@ LR
#,/, NGBM IE:<BG@ : K:=BHEE:K HG HRHVI> MH [Kik<

BML EH<:MBHGL HK A:0OBt&Za <BMEBE3BLML >GM>K EH<:MBHG:E
BGIKF:MBHG

42
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Photo fr om Madison Urban Canid study , with permission fr om Dr.
David Drake and Marcus Mueller, (photo by Jeff Miller, UW-Madison )

3 > PBEE :ELH E>:KBMH :<LL K>:E MBF> =M: HGEBG> :G=
HG AR MH F:I MA:M =:M: PBMA&;FF:IIBG@ MHHEL "BG:EER
RHNXEE @>M : MHWEAKBG@ LI:MB:E =:M: PBMR>EBO
F:IL MAKHN@A K<#%/ +GEBG>

%G MABL E>LIHHG R
[ 'Q:FBG> 2:MNK> =:M: :G=HGLB=>K:MBHHBL ?
<HEEMBG@ |>E= HQMBHGL

[ (>:KG AHP MH BFIHKM ]>E= =:M: MMNK> =:M: BG
#%)

[ !QIEHK> <EHN=;:L>= FIIBG@ :G= E>:KGAWH
IKH=N% :G= NL> HGEBG= P:IL

[ (HHD :M <:L> LMN=B>L H>BMBS S #%/ .G=
<EHN=;:L>=F:IL
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Lesson 2 Topics

This lesson covers thr ee topics and takes about
50 minutes to complete. We recommend w orking
thr ough each topic in the order listed belo w.

¥ Collecting feature data in the field

¥ Importing field datatoy our GIS

¥ Citizen data and mobile mapping

1. Collecting F eatur e Data in the Field

3A>K> H>L SOBKHGF>GMM: <HF> KHF /BFIER P>
<:G HEE®H;L>®:MBHGL H? MA> >GOBKHGF>GM ?KHF

[ +G MA> @KHN®=XEE <:EE MA>L> "B>E=
+,L>KO:MBHGL

[ ;H O @KHNG= HK ?KHF LHF> =BLWKG&KK>=
MH :L >FHM> />GLBG@ FHK>HG MABL E:M>K

/HF>HG> HK LHF> ©5B< HG MA> @KHNG= HK :M L>:
K>HK=BG@HG?MBHG :;HNM LI><B]< [E:<<:I| MNK>L ]>E=
HK IE:% ;:L>= H;L>KO:MBHGL

%G MABL E>LLH@HENL HG MNKGBG@ |>E-OHIBHGL H?
MA> >:KMA BGMH LI:MB: B M#%o/
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Former gr aduate student Mar cus Mueller carries a coyote to the
research site, (photo by Jeff Miller, UW-Madison )

So, Howv Are Field Observations Spatial Data ?

%F:@BG> MA> DBG=L H? E:G=L<:I> HK >GOBKHGFHBM:E =:M: R
FB@AM P:GM MBEkRk

[ LMK>F @:N@> K>:=BG@L

[ GH¥INKG:E E>FNK EH<:MBHGL

[ ;B<RE>LA:KBG@ LM:MBHGL

[ %< @>®&:BE:==BMBHGL

[ NK;:G HFFNGBR @:K=>GL
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[ I:KD ;HNG=:KB>L

Author collecting data in field with~
mobile device. Phao fr om authorOs
collection.

Bicycle sharing servic e or rental
technology c oncept
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Route of Ice Age National Scenic Trail thr ough Wisconsin, from Ice Age
Trail Allianc e online map, https:/ /www .iceagetr ail.org/
trail-maps -guidebooks/

. >HK=BG@ MA> ;HNG=:KB>L H? =>]G>= K>@BHGL |:KDL :G=
IKHVI>KI>= :K>:L :K> K>IK>L>GVRIHERHGL
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Photo fr om authorQs libary

0A>L> K>IK>L>GM =B2GM DBG=L H? E:G=L<:I>

/H PA:M DBG= H? =:M: FH=>EL :K> MAMNR>L (GML>>
P> A

[ #' H? LM:MBHGL

[ " H? MK:BE KHNM>L

[ " " H?LKD;HNG=:KB>L

#1,/"1 ">:MNK> =:M: BG #IBK:EER KK"MH>&VHK
=:M: BG IHBGM EBG> H&HHEKF:M

What is Featur e Data?

">:MNK>) 00#0 :K> HEEMBHGL H? LBFBEMINR>L >:<A
A:OBG@ MA> L:F> LEMB:E K>IK>L>GM:MBHG LN<A :L IHBGML
EBG>L HK I@ERGL :G= :KFFHG L>M H? MKB;NM> |>E=L
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"HK RQ:FIE> BG : 2:MNK> <E:LL K>IK>L>GMBG@ LMK>:FL >:<A
K>klK= PINE= ;> : IHEREBG> HK FNEMBHEG>M>= EBG>
L>@F>GML K>IK>L>GMBG@ : LBG@EsMINKES 52 >:<A
PHNE= A®MA> L:F>]>E=L H? L:B:F> LMK>:F HK=>IG=

<E:LL

0A> HNK FHLMHEFHGER NL>>MNK> <E:LL>L :K> IHBGML
EBG>L IHBRIGL :G=:GGHMBHG HK E:;>EL

Featur e classes, from ArcGIS esource center.

?>MNK=>1 0#1 BL : HHEEMBHG H? K>SE:MMNK> <E:LL>L

MAM LAK> ‘HFFHG <HHK=BG:M> :G= IKHUBHG LRLM>F
">:MNK> =:M:L>ML :K> NL>= MH LI:MB:EER HK MA>F:MB<:EE
BGM>@K:M> K>ENARK? <E:LL>HK?;NBE=BG@ MHIHEH@R HK
G>MAKDL %G MABL <:L> MA> LMKINK2®<E:LL FB@AM ;>
HK@:GBSPBMA : IHEBHGMNK> <E:LL H>E: 5= IHG=L
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Featur e dataset fr om ArcGIS Rsource Center

Collecting Feature Data

3 > FB@AM MABGLCHHEMBG@ ]>E= =:M: PBORIAGLBO
#,/ NGBML MA:M>M:D ;:<D MH <:FI MH =AGEH:= HGMH

: <HFINM>KO0A>K> :K> :ELH : PB=> O:KBH+2 >EMKHGB<
F>.GL ?KHF LF:KMIAHG>L MH IKH;>L :G==KHG>L NKEK><
IE:<> ;:L>= IA>GHF>G: BG :<<LLB;E> :G= K> E: %L

3> <G kil =M: <:I MNK>= ?KHF MA>LGB=t BG : #%/
IQ:FBGBG@HRIK @:MA>K>=]>E= =:M: PBMA : F:| <G
MA> LI:MB:E IMFKGL MA:M F:R ;> BGA>K>GHKBEBFE>
MK>> A>SB@AM :G= MK>> LI><B>L |I$HRHCGEHRE LMK>:F
HK MA> IIWM>KG H? ABLMHKB<:E ;NBE+BNEK&EERGIBN

OH=:R F:GR EH<:MBHG ;.L>= =:M: :K> :ELHEEM>= R
M:IIBG@ BGMH MA> EH<:MBHG LB@G:EL H? I>HIE> NLBG@ |
F>=B: :lIL :G= G:OB@:MBHG LRLM>FL BG MA>BK>:BER EBO
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NLN:EER PBMAHNM :GREBGHE> MRAK> LA:KBG@ LI:MB:E
=:M: B= RHN DGPM PA>G RIN MNKG HG (H<:MBHTBAtK

HG RINK IAHG> HKR :G Il RHN :K> LA:KBGENR EH<:MBHG

MH MA> <EHN= G= MA:M=KHNKs= LI:MB:E =:M: :K> K>:E
MBF>VBM NIEH:=L MH MA> <EHNZ>KIK:NMHF:MB<:EER :G=

<:G ;> BFF>=B:M>ER :O:BE:;;BHKOBBG@ :G=:G:ERLBE 3

PBEE EHHD :M LHF> P:RL MA:M EH<:MBHG ;:.L>==:M: :K> M:lI>=
HK @>HLI:MB:E :G:ERL>L E:M>K BG MABL E>LLHG

0A>K> :K> :ELH :lIKH:<A>L HK BGM>GMBHG:EG<BMBS
<HEEM>= |>E= = M: PA>K> MA> =BIBE> BBRF>=
PBEEBG@ :G=>G@:@>= PBMA MA> LI:MB:E HIFEMBS @ <
>@ AKBLMF.L ;BK=HNGM :L HIIHL>= MH &{ M>=
<KIR=LHNK3<= =M: 3> PBEEHE> ;<D MH LHF>
dIKH:<A>L ?HK <BMBSHEEM>= |>E= =:M: PBMA FH;BE>
=>0Bd. LAHKMBKLM E>M NKB PBMA LHF> =.MEEM>=
?KHF IKH;>L HK ksB&KL MA:MIR PBLA MH BFIHKM BGMH #%/
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Citizens collecting field observations with mobile app in
Duluth- Superior area, USA. Phto fr om authorOs libary .

Methods of Data Gathering, Mapping, and Analysis

>?HK> HEEMBG@ LI:MB:E =:M: BG MA> DEN:M> MA>
IKHC>M @H:EL MA> MBF> :G= >JNBIF>GM :0O:BE:;;E> M>KK:BG
LB@G:E KPMBHG :GMA>K MHKL MA:M FB@AM B&"N>G<
RHNK LI:MB:E <dK:<R :G= MA> NL>?NEG>LHNR RM:
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,E:GGBG@ BL >LL>GMB*PXB>GM |>HEEMBHG H? @HH=
LI:MB:E =:M: MH :==K>HNK JN>LMBHG HK @H:E

/[HF> D>R HGLB=>K:MBHGL :G= LM>IHGIHB=>K HR>
EH<:MBHG ;:L>= ]>EHRD :K> MASEERBG@

[ DGR PA:M RI> H? L>GLHKL HKBEKL PBEE ;>
NL>=RAK =:M: HEEMBHG

[ =>M>KFBG> MA> L:FIEBG@ =>LB@G BG<EN=BG@ MA:>
KHNM> :G= ?K>JN>G<R HRB& @L

[ B=>GMB?R MMKBWNM> =:M: MHHEEMM>=

"HK X:FIE> B? RN K> LNIKRBG@ ;BKR LHG@ :EHG@
MK:GL¥ PA:M =GBd_. PBEHR NL> MH K¥< EH<:MBHG :G=
:N=BH 3A:M BL BNK MK:GM-&HNM> BHK>IJN>GMER PBEE
RHN LMHI MH EBLM>G :G= B=&GMBYN <A K:M>KBLMB<L
H? MA:M H;IO#BHG PBHE R>K= HAK>LMRM <:GHIR
<HOK ;BK= LI><B>L ANF:G =BLMNKs:GMIVMA>L> K>
MA> :MKB;:NMHK?:<A KHK= BGHRIK LI:MB:E =:M:;:L>

' >>| BG FBG=HR\K ]>E= H;L¥KMBHGL FB@AM> <XKHF

. I>G<BE :G= <EBI;H:K= :M BG&HI>KF:G>GM IBHAL #,/
K>2BeKL M>E>FRWKHG>L LHBE IKH;>L >G>K@R F>M>KL
E:D> E&E L>GLHKL LF:KMIAHG>L LH<B:E Ps=R: 7G=

F:GR FHK> F>:GL :G=="0B<
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Field equipment for St. Louis River Estuary, Duluth- Superior area, USA.
Photo fr om authorOs libary .

Reflection

$HP A:O> RN @:MA>K>= =:M: BG MA> ]>E= BG MA> |.LM
):R;>R HN

[
[
[
[

K>HK=>= |E:GM LI><B>L :M : LBM>
MHHD IBRNK>L PBMA : =KHG>
MHHD LMK>:F M>FI>K:MNK> F>:LNK>F>GML

<A><B= MA> P.M>KEE :M ;>:<A>L .EHG@ ¥D
)B<AB@:G

A>EI>= MK:<D MA> FHNGM:BG EBHGL BG (HL G@>E>L

<!l MNK>#EFNGBRI K>LIHGL> MH LMK>:F;:GD
"HH=BG@
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Recording coastal plant inf ormation along L ake Superior. Phao from
authorOs libary.

I:<A H? MA>L> DBG=L H? |>E= BIMBHGL <:G ;> LI:MB:EER
EH<:M>= 0ABGD :;HNM MA> DBGMHKEB;NM> HEGZMBHG
MA:M FB@AM HEEM>= PBMA MA>L> LI:MB:E |>E= =M. $H
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PHNE=HN =H BM =B*GMER BN R:= :<<LL MH MA> ;>LM
>JNBIF>GM MH=:R

Topic 1 Knowledg e Check

An interactive or media element has been
excluded fr om this version of the text. You can

view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=288

2. Importing f eatur e data into y our GIS

YJHLM #%/ > @-#%/ K<#%/ =>LDMHI KH HGEBG> MHHEL
:G=LHF> HMA>KR FIL >@ #HH@E>!:KMA <:G ;> NL>=
MH F:I MA> =M: MAIVHR A:C @:MA>K>= FIIBG@
MHHEL>M K>JNBK>L MA:M MA> =M: ;>BG@ Ell>= A:O
@>HEH<:MBHG<A>= MHVBMBNR LM:M> SBH=> LMK>>M
:==K>LL 10) HK : EEMBMN=>UEHG@BMK=BG:M> |:BK

/HF>MBF>L LI:MB:E =:M: K>JNBK> MIKGMBHG ;HK>

MAR <:G ;> NMBEBSBMABG LI:MB:E :G:ERLBL O0A>K> K>
F:GR ?K>> [|<D:@>L :0:BE:E> HGEBG> MAM <G >
=HPGEH:=>= MHH&OKM LI:MB:E =:M:L>ML MH MA> :lIIKHIKB:M>
JE> RRI> ):GR A:G=A>E= #,/ |E>L <HEEMIHBGM =M: 'L :

@R JE> PAB<A FNLM ;H&OKM>= MH : =B>%GM IHBGM |E>
HKF:M LN<A :L : N\pM HKIEF: =>EBFBM>= <LO ]E> PBMA

4 5 <HHK=BG:MHKNL> PBMABG : #%/
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Backpacker with GPS navigator looking f or coordinates.

Adding XY Coodinate Data as a Layer

45 <HHK=BG:M>L =>L<KB;> IHBGML HG MRASLNKIAAX

LN<A :L MA> EH<:MBHG H? ]K> B@GBM>L BG MA> =>L>KM @K:L
HK MA> IHBGML PA>K> P:M>K L:FIE%t: REEM>= BG .G
>LMNK"K>IN>GMER RHEE®45 <HHK=BG:M> =:M: PBMA :G
>E®:MBHG 768 O:EN>

5HN <:G :== ]>E= H;L>Q:MBHGL MAHNMEM:BG @>H@K:IAB<
EH<:MBHGL BG M 1?? 6 <HHK=BG:M>L MNKRF:| %?
MA> M:;E> . ELHGM:BGL<GHIHK=BG:M>L LN<A IO:iBHG
=>|MA HK M>FI>K.MNK Q:FIE> RHN <.G == MA>L> =M:

:L MAK>> =BF>GLBHGNIKBINM>L BGIMK R:|

%GBMB:EER PANG=R EH<:MBHG ;:L>= =:M: MHNR F:I
'L: M:;E>BM HF>L :G 45 >0-GM EXK :G= ;>A:C-L EBD
HVA>K IHBGKRIMNK> EsRL :NM =H>L MHA:© :EE MA>
?NGMBHG:RBAW? : 2:MNK> <E:LENR
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Screen captur e of X,Y event table added in ArcGIS

OH :==: M:;E> H? 6 <HHK=BG:M>L MNKRF:I MA> M:;E>

FNLM HGM:BG MNP]>E=L HG>HK MA> 4HHK=BG:M>
K>IK>L>GMBG@ P3N EH<:MBHG :G= H®&$& MA> 5
<HHK=BG:M> K¥BG@ MA> GHKMA LHNMA IHLBMBHG O0A
O:EN>L BG MA> |>E=L F.R K>IK>L>GMHBRBG:M> LRLM>F
:G=NGBML LN<A L EEMBMN=> :G= EHG@BMN=>HK F>M>KL >
HK MA> @HHK=BG:M>L MA:M >G:E>L @>RFBUK
HIMBHG:E :G= PBEE ;> BG >BMA>K F>MKB< HK !G@EBLA N
F>M>KL H&M

0A> ]>E=L FNLM ;> =><BF:E GNF>K:EL %? WH#=BG:M>
O:EN>L :K> LMHK>= BG =>@K>>L FBGNMHG:Hh~- &

T MAR FNLM ;> HGOGKM>= :G= =BLIERL
=><BF:E =>@K>>L T %? PHKDBG@ PBMA 6
<HHK=BG:M>HNR<:G :ELH <A:G@> IKHI>KMB>L LN<A :L MA>
E:RKXCGKMB<:@@ @>K:MBHG HK BML H??L>M CKMBHG>E>
LNK?:3<
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Pop-up windo w for adding X,Y data in ArcGIS

59
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Adding x,y data saved in a text file as a point layer in QGIS.
Know Your Data

3A>G BFIHKMBG@VNK> =:M: ?KHF MA>|>E= BM BL >LI><B:EER
BFIHKM:GM MH P@HP BM P:L HEEX>= "HK : =K:F:MB<
>Q:FIE> H? PA:M A:lI>G>= PA>G FIIIBG@ RF> =BL>:L>

BG .AH=> %LE:G= <A><D HNM MA> OB>>853tH- MA>
BK>#MBHGL ):@:SBG> :KMB<E> ik MzB>L MABL E>LLHG

'GHP RHNK =:M: !Q:FIE> ?KHF F:IIBG@ RF> BL>:L>

Topic 2 Knowledg e Check

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=288
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3. Citizen data and mobile mapping

3 >:K>BG :G >K: PA>K> CNLM :;KHNEBMABG@ :KHNG= NL BL
Y@>H >G:;E>Z "KHF HNK LF:KMIAHG>L MH HNK M:;E>ML ?KHF
P>;<:FL K><HK=BG@ MK:?]< HK BNEML MH PA>MA>K <:K
I:KD EWIL :K> >FNR HK ?NEE ?KHF I:KMA BF:@BG@ L:M>EEBM>
HK;BMBG@CsHNL MH L>GLHKL P>EH MK:<DBG@ LMHKFL

‘M L>: :EE H? MA>L> L>GLHKL ©B<¢>K> MK:GLABRG@

: EH<MBHG:HHK=BG:M> LB@G:E >G:E-MA>HNIEBG@

H? #,/ LF:KMIAHG> MPHKL :G= 3B "B MK:GLABMKL #>H
>G:;EBG@ BL ;>BQ@=>=>= MH MA>KFHLM:ML EB@AM LPBM<A
:G=lIEB:G<>L BG HNKKR HPG AHF>L RILM>KBG@ PA:M BL
DGIRG :L YMA> %GM>KG>M H? MABG@LZ

Drawing r epresenting the Internet o f Things, Wikipedia

:G=YLF:KM <BMB>LZ E $:=>K :G4=SB
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Mobile GPS navigation concept.
Image © Gettyimages

Hand Holding Mobile Phone
Booking Taxi. Image © Gettyimages
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Harv esting citiz en data

HF>MBF>L MA> =M: MK:GMEBM R MA>L> OB
NGDAEPBG@ER > @ <K G:OB@:MBHG LRLM>FL LNIIHKM MK:"
K>IHKMBG@ HK BGM>GMBHG:EER IHLM>= >M@K OB: OPE
%GLM:@K:F <:G ;> AOKLM>=R LI:MB:EER (®:G:ERLML MH
B=>GMB?RMAKGL BG I>HIE>X EB® Q:FIE> <HEE>:@N>L

‘M MA> /PBLL ">=>K:E %GLMBMNMHKAM /B8H:G=
(:G=L<:I>. >L>K<A 3/( :K>:< <LLBG@ L H? IAMHL
:G=M:@L HG "EBKMH E>:KG :;;HNM <NEMNK:ENABQ |2

/PBLL E:G=L<:I>L NGBE . >E:M>=ERHMA>K BG
IG@E:G= A.L M:lI>= MA> IENKF WoH@K:IAX MH <NMINK>

NL>KLX L>GL> HHE:NIKO>>L >M :E

Citizen Scientists and Volunteer ed Geographic
Information

+G MA> MA>K A:G= M2G <BMBS :K> FHIBO:M>= MH
HENGM:KBHEER& @>HLI:MB:E =:M: ;L : :KM H? MA> ;KH:=>K
I'1'7 #+ 0V'#+! # <HGMRM :G= BL KKR>= MH3|)2+1##/#"

%#,%/ -&'! +$ [F1'+ :G= -/1"r-1,/ 6 ./

1 ¥*2+'1 6 *--+% BG MA>HKE= H? #%/ OA>L#%
<HEEMHKL FB@AM ;> :0OB= ;BK#GL>B&MBHG HKB>GM>=
ANGM>KL HK K>LB=HGMKG>= ;;HNM BEDAHK> >KHLBHG
HK Q:FIE>

(>MKL EHHD :M@K:E Q:FIE>L H? <BMB3.<B>68GBMB:MBO
MH HEEX® EH<:MBHG ;.L>= HO:MBHGL EB<D MA> EBGDL
;>EHP MH QIEHK> =P GHP

[ *:MBHG:E N=N;HG #K>:M :<DR:K= BKHNGM

[ BX:MNK:EBLM
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[ +I>G/MK>>M):I

Crowd sour ced bird count
information website. Scr eenshot
from https:/ / ebird.org

Citizen Mapping Netw orks Respond!

BMB®% HEEM>= LI:MB:E =:M: HK% <:G ELH IKdB=>
<KBMB<:HHBEEMBHG G>>=HK?>BL:LM>K K>EH2KB;NMBHG
H? ANF:GBM:KB:G :BHFENGBR =>EHIF>GM A>EMA
:G= >=N<MBHG "HKQ:FIE> ) <MBHGBL
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GHG@PKGF>GM:E HK@:GBS:MBHG *#+ F:=> NI H?
CHENGM>>K #%/ #{HBHG:EL MA:M K:IB=ER @:MA>K HG MA>
LeG> @>HERK2G= BGKFMBHG MH <K>:M> F:IL MA:M
?:<BEBM:M> MA> MBF>ER +EBRNF.GBM:KB:G :B= BG :K>:L
??2>M>=R G:MNK:E =BL:LM>KL

A YouTube element has been excluded fr om this version
of the text. You can view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=288

, KBG<$:KKR LABG>L : EB@AM HG MAHRBME)R <MBHG
GHENGM>>KL EBGDL MH OB=>H :;H

(BDPBL> 2% BL BG<K>LBG@ER RL>NMAHKBM:MBO
LHNK4t LN<A L @KGF>GM :@>G<B>L :G= IKBO:M>
<HFI:GB>L MH <K>:M> GKXE MBF> F:IL MH B&F
LBMN:MBHG FHGBMHKBG@ :G= >F>K@>G<R K>LIHGL> LN</
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FHGBMHKBG@ PBE=]Kk#<:GB< >KWBHGL MLNG:FBL
MHKG:=H>L MK:?]< P:M>K JRI:EBMIMA>KL

"HK X):FIE> 'LKB NL>L <RHLHNKs= BGF.MBHG ?KHF
LH<B:E F>=B: MH <K>M> F.IL MAM <.GIKBGKLM
K>LIHG=>KL :G= AL AHLM>#%2XHGMKB;NM>=>; P
JIEB<:MBHGHR F:GR G:MNK:E =BL:LM>KL #HH@E> A:L :ELH
NL>= L>:K<A M>KFL MH F:l MA> HNM;K>:D :G= LIK>:= H? MA>
"N PAB<A BBRFL =HMHKL :G= AHLIBM:EL H? MK>G=L BG
I:MB>GM BEEG>LL

%G ABG: BG<K>:L>==klB;BEBNI? LH<B:E F>=B: LN<A L
3 >B;H F:=>: AN@> =B*>Gx<BG K>IHKMBG@ H? FEHGVK><
> KMAJN:® OBMBFL :G= =G@>KIHFK>= MH MA>

3 >G<AN:G >:KMAIN:BG

Tracking Social Activities

2#% BL :ELH NL>= MH <K>:M> LH<BKDEHMRE<HK ?NG
:G=]MG>LL /BFBE:K MH "BMIB{®:RIE> ):I)R0O K:<DL
NL>L #,/ >G:;E>= FH;BE>=0B+d_:G=: #HH@E> F:| ;:L>=

Il MH MK:<D :EE DBG=L H? HNM=HHK ]MG-NIBABMB*\ 5
<:G <A:EEE>G@> :G= LA:KNR KHNM>L PBMA ?KB:HEYEL.
K> NIEH:=>= MH :HFFNGBR F:I LA:K>= ; R :EE NL>KL
LBFBE:K MH ):I )R .NG HK ):I )R .B=>
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Photo by author of her dog, Chewy

67
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Screen grab from MapMy Tracks

Map data fr om Google Maps with mapped runs
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ArcGIS Collector and Suney123

(BDPBL> ILKB A:.L BMAGH-H;BE> :lIL HEEMHK #%/ BL

: Fl< >GMKB< MHHE F>.GBG@ BM LM:KMi; PBMA : P

:G= M>G=L MH ;> NL>= FHK> BG HK@:GBS:MBHGL PA>K>:l
INKOR BL <EE>= : RKF <GMKB< MHHE MARL :EEH
BG=BOB=N:EL MH PKBM> : L>KB>L H? JN>LVB&SE™H ;> Y

BG MA> |>E= LMHK>= BG : LIK>:=LA>>M :G=>=BBIE:R

P>; F:il:? M>KHEEMBHGKBGBG@ OB=>HL :G= MNMHKKB:EL ?
‘HMA H? MA>L> :lIL :K> :O:BE:;;E> MAKHN@A MA> ILKB MK:BGB(
<M:EH@

):GR <BMB& A>E= FH;BE> :lIL EBIMA>L>HGG>M RNK
F:lI>= H;L>K O:MBHGL MH K<#%/ +GEBG> #HH@E> !:KMA
):IL HKH MA>K <EHN= F:IIBG@QBH.
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Screenshots showing otlservations o ffishers in China collected with
Survey123, from authorOs libary.

/! +)'+# IKHOB=>L : KH;NLM #%/ ;:<D;HGHK?
OBBPBG@ :G= LA:KBG@ LI:MB:E =:M: PBMA MA> IN;EB< HK
I:LLP HK= IKHI>M>= @KHNIL :EPE L <:KMH@K:IAB< JR:EBM
FIIF.DBG@ G:ERMB<:E <:l;;BEBMB>L BG K<#%/ HGEBG> :K>
=0:G<BG@ :==BG@ FHK>MBI&3:RBMM@NE:KER

OH E>:KG FHK> :;HNM K<#%/ +GEBG> OBLBBGHMZBL
<EB<D Y(>:KG FHK> :;HNM K<#%/Z BG MA> FB==E>H? MA> |:@>
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ArcGIS Online welome page screenshot
Community Mapping Initiativ es

3A>G <HF;BG>= FH;BE> F:IIBG@ MHHEL :Gx A>=

#%/ MHHEL <:G >G:EMFENGBR F>F;>KL MH LA:K>
LI:MB:EER KK2G<= =:M: PBMA HG> :MA>K :G= <K>:M>
IE:<>;:L>= LMHKB>L :KHNG= LI><B]< MHIB<LQ'RK>

BG : BK>MBHGL ):@:SBG> :KMB<E> >KLDB M:EDL :;HNM
IMHRM>EEBG@ :L HG>HH|G:L <M INEMBG@ @>H@K:IAR
HGMH MAMKRE= LM:@> RFHK :K>: MHHE MH LA:KEINK
LI:MB:E LMHKB>L PBMAHHE= PMRK:IL @K® HNM H? :G
B=>: ;R MKF>K *:MBHG:E #>H@K:IAB< PKBMHH@¥IIA>K
EE>G KKHEE <:EE>= #>HLMHKB>L MH ;>:NMB?NEER BEEN
MAKHN@A F:IL :G= IAMH@K:IAL MA> LMHKB>LH?1HE
PBMA ILKB KKHBEXF A:L <K>:M>=: O:KBP LMRIKI
M>FIE:M>L MA:M fEHBHIE> PBMA EBEM MH DPGHb/
<:I:;;BEBR MH F:l :G= BEENLMK:M> NP&-BKMIHKB>L

/IBFBE:KERHH@E> 'KMA AL : IEHKF <EE>=HR:@>K
OABL BL :GQ®FIE> H? MA>BK I:1KMG>KLABI PBMA 0A> &:G>
#HH=EE %GLMBMNM>
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0A>L> BGBMB:MBGG ?:<BEBM:M> >BMEBB>G< |E:<>

;:\L>= E>KGBG@ :GHRFNGBR <:[:<BMR ;NBE=BG@ :FHG@
HVIA>K MABG@L=3LB@G>= : LBFBE:K <NLMHNBHIE MH
<! MNK> <BNRX EH<:BI>KB>GMB.E RESH@> H? IB<
0A>BK BG=BOB=N:E G:UBKGL MA>NINE:M> MAKHN@A
MA> Il MH <K>:M> HEFNGBRIK HPG LI:MB:E G:KK:MBG
>:KEB>K O:KB:MBHG H? MFS:I/BHHK 0A> '0! ,+0'+

#, 1,)0 P>K> IBE#>= BG MA> #K>>G 3BL<HGLBG :K>:
:G=:K> NG=>K K>@sEHIF>GVHK GP :IIEB<:MBHGL

OH E>.KG FHK> L>> I'G>L >M E :G= MA> IKHZ*BM>
A>SK>A>SK>

Screenshot by author of spatial narr ative geotool.

Topic 3 Knowledg e Check

An interactive or media element has been
@ excluded fr om this version of the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=288
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Credits and R eferences:

0A:GDL MH 2>B?K RIK HGMKB;NMB&&M=GM MH BBIBS
):IIBG@ *>MP HKDL>LIHG=

IG>L " & /BE;>KG:@>E >M :E :KMB<BI:MMRH;BE>

:G= P>;;.L>= MHHELHK >EB<BMBG@ E:G=L<AE>B@H
:G= I>KLI><MBQ BGMKH=N<BG@ :GENMBG@ MA>

3BLHGLBG #MHHEL KHC# &H:LM:E
HGL>B:MBHEHB HK@ L

' >KLDB &HL>IA :G=&BEE E:KD 0A> #%/ #NB=I%; HIBK
HF:BG ‘M: ILKB , K>LL I
AMWI >LKBIK>LL >LKE <BLIE:R

BG=Q <?F ?NL>¥BHG =BLIE:RPLBM>% FH=NE>%

' >KLDB & "BO HKxL <M:INEMBG@ @>H@K:IAR HGMH
MA> PKE= LM:@> BUBHGL ):@:SBG> &GNK
AMIL PPP =BKMBHGLF: @k :KMB<E>

' >KLDB & 3AR =M: IN:EBRM F:MM>KL V GHFHK>
MA:G &K BK>#BHGL ):@:SBG> N@NLM
AMIL PPP =BKBHGLF: @K :KMB<E>

,NICL . I=P:K=>L :G=3 HH= & >L<KB;BG@
,E:<> MAKHN@A 1L>K #>G>K:MSM>GM "BKLM )HG=:R
Il 2HENF> *NF;>K

NGD>E 2BLN:EBSBG@ MA>BEK<>GOBKHGF>GM
NLBG@ ®|<HHNK><= IAHMH @>H=:M: (:G=L<:I>:G= 1K;:G
,E:GGBG@ I O:BE: E> ‘M

AMWI P PP >ELOB>F EH<:M> E:G=NK;IE:G
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Media Attributions

[
[
[
[
[
[
[

)HL<HP K>GM:E ;BD

">:MNK> :M:L>M

=O>GMNK>

)JH;BE> #,/ G:OB@:MBHBGx=I M
)H;BE> ,AHG> HHDBG @8
BK= +;L>kO0:MBHGL
LF:KMP:M<A



3.

LESSON 3

3>EHF> MH (>LLHG \DBG@ /I:MB:E -N>LMBHGL :G=
JH=>EBG@ : /l:MB:EKH;E>F

%G MABL E>LIHHGPREE

[ >:E>MH#&EKKMER B=>GMB?R MA> DBG= H? LI:MB:E
JN>LMBHGL MH LD HK ;>B&@G.D@B®
IKH:E>F

[ . >H@GBSHGLB=>K:MBHGL BG IE:GGBG@ :
@>H@K:IAB<HBG?MBHG LRLM>F #%/ IKMC><
LN<A L <AHHLBG@ =:M: MHHEL>ML HNMINM G>>=L
:G=>MAB<:E HK >KKHK BLLN>L

[ />E>M :G= NL> :IIKHIKB:M> #%/ MHHEL MH LHEO
' LB< >GOBKHGF>GM:E LI:MB:E IN>LMBHGL

[ %=>GMB?R : L>KB>L H? LI:MB:E JN>LMBHGL :G= EBGD
MA>F MH@>MA>K EH@B<:EERL@MABGRBG@

[ (>:KG MH ;NBE=:G= KNG : ;.LB< @>HIKB&@

75
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FH=>E NLBG@ )H=>E NBE=>K

Lesson 3 Topics

This lesson covers thr ee topics and takes
approximatel y 50 minutes to complete. We
recommend w orking thr ough each topic in the
order in which the y are listed below.
Asking Spatial Questions
Geoprocess Thinking

Using ModelBuilder

1. Asking Spatial Questions

>LIBM> PA:M BN F:R MABGD F:DBG@ F:IL BIMGWA>
NEMBF:M> @H:EHB®X R%/ >=N<:MBHG :M E>MVASKH
3 :M<A MABL OB+ HKLDB MH L>> PAR

AMIL RHNMN ;> JK$H2$J9@
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As Kerski said, our goal with GIS is to better understand
our world and envir onment. To do so, we ask spatial
guestions about the parts o f the w orld w e are exploring.
Here are the kinds of questions w e can ask with GIS:

Location

&#i# '0 '1 "BG= MA> EH<:MBHG H? :EE *:MBBG:BG
/HNMA ?KB<:

South Afric a national park map

Measurement

, 4$/'0'1 "BG= MA> =BLM:GMP>->G ):=BLHG :G=
' >MWIE> )HK:BG> /M:MKD
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Google maps route by J. Pri@
FBE>L
Condition

&1),!1,+:10 O-#!"1! ,+"1'+0 "BG= HNM PAB<A
+GM:KBHKDL A:G <KHLIHNGNLDBBG@ MK:BEL

A young woman cross country skiing in Ontario, Canada
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Proximity

&1'0+#/"1 "BG= HNM PAB<A 3BGkBG /M:MXKDPL
‘K>PBMABG FBE>L H? MAHERIBG .BR

Wisconsin River sandwiched between two r ocks, Wisconsin Dells, USA

Trends

&1 &0 & +%#" 0'+! # "BG= HNM PA>K> 3BGLBGX
IHINE:MBHG AL <A:G@>= EBG<
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WisconsinOs #ur e Population Projections f or the State, Its Counties,
and Municipalities, 2010 -2040.

Pattern

&10-1")-1 1#/+0 #5'01 "BG= HNM B? 3BGkBG /M:M>
, ‘KDL :K> <ENLM>K>>RM:8G K>@BHGL LN<A :L MiE>IKB?
K>: HK BG :K>:L H? LM>>| M>KK:BG
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Wyalusing State Park

Routing

&'1&'0 1&# #0146 "BG= MA> LAHKM>LM KHNM> MH MA> /M
#HNWA:K=;LL BG MA> /PBLL EIL

ANDERMAT, SWITZERLANDRune 21, 2015: Theailr oad bridge
Teufelsbrueck eNDevil Os bridgelhe Schollenen Gome is an important
route and the shortest tr ansit to the St. Gathar d Pass
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Modeling

&1 '$ *>PpP 6>EG= P.GM>= MH <K>M> PG>
K><K>:MBHG:E I:KD :L>= HG Ei&=KIKHQBFBWVMH P:M>K

:G= <AKK:M>KBLMB<L FHIMHGER LHN@AR I:KD
OBLBMHKL PASMNEZ ;> ;>LM EH<:MBHG MH <K>:RI> : G>
LM:M> (KD 3A:M B? LI><B]&:IMNK>L 3> IKBHKBMBS
=BZK>GMHEBB IKHQBFBWVMH :G NK;:G IHINE:MBHG

Landscape view of recreational park with pathways, lak e, and small
jetty with blur tr ee due to wind at Huka Falls, New Zealand

Asking a Spatial Question

LDBG@ : LI:MB:E JN>LMBHG BL MA> ]JKLM LM>I BG #%/ ;:L>=
IKHC>M IE:GGBG@MU#E LI:MB:E IN>LMBHGBG@/BL3 @

-/, #00 PA>K> BGLB@AML BGMH MA> HKB@BG:E JN>LMBH(
MH :==BMBHG:E K>E:M>= JN>LMBHGL MA:M F:R ;> BFIHKM:GM
F:DBG@ B&F>= =><BLBHGL
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‘K>?NEER ?K:FBG@ LI:MB:E IJN>LMBH&L 6 ,2 1,
"#+1'$6 1&# #01 "1 MH ;> @:MA>SK>QIBHK>= :G=
‘G ER= +2M>G PA:C> : @K>:M LI:MB:E =:M:L>M :GaMIK
?K:F> JN>LMBHGL :KHNG= BM &G RNL> #%/ ..MA>KBM
BL FHK> >?]<B>GM MH NG=>KHMIGEI:RIB:E IKH;E>F ]KLM
:G=MA>G =><B=>PA:M MHHEL :GHMN\GR>= MH ;>LM BHEO
BM %M BL K>.EER BFIHKM:GMMNKL>EIRRE "1 /#

*01 H#)# 3+1 1, 6,2/ .2#01',+0 +" 1, (+, 4 A&#+

6,2 & 3 # #+,2%&

0A>G PA>G L>BEMBG@ =:MKRNK IKHO¥W<RN <:G NL> MA>
=:M: IHKM:EL :G= F>M:=:M: ML B=>K MHEEMBG @

[ MA>HKB@BG:EXHRKBNF MKF:M :G=
INKIHL> H? MA> =:M:

[ MA> IKHO®BHG LI:MB:E :G= M>FIHK:E K>LHENMBHG
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:G=>QM>GM H? MA> =:M:
[ MA>:<NK:<R :G= K>EB:;REBMVA> =:M:
[ MA> K>@%6< H? :MKB;NM>L MH LI:MB:E IN>LMBHG
[ MA>:<LLB;BEBE= HLM H? MA> =:M:

"HK : =>M:BE>= EBLMGIB<>K:MBHGL L>>1l:@>L :G=
H? '>KLDB :G= E:KD

Obtaining Spatial Data

+G< P>XO =>M>KFBG>= HNK LI:MB:E JN>LMBB>=PMH
B=>GMB?R MA> LI:MB:E SXMERG>>= MH BLPRK :G:ER
HNK JN>LMBHG

LP ><+HOK>=BG (>LLHG LHF>MBF>L >LI><BiKBERIK>
K>FHV> :K>:L HK NGBJN> LI:MBHKBGMBHG >PF:R G>>=
MH <K>:M> :G= BFIHKM RBK_HMB:E =:M:
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Vector lllustr ation of GIS Spatial Data Layers Concept for Business
Analysis, GIS, lons Design, Liner Syle

2>k HM>G MAHN@ABLEMBG@ =:M: <:G ?NE]JEE MA>
K>INBK>F>GMKINBKBG@ IN;EB< =HF:BG =:M: <:G ;> FN<A
E>LL MBFHGLNFBG@ :GOIPGLBOMA:G <:MNKBG@ G>

=:M:

https:/ / clearinghouse.isgs.illinois.edu , accessed January25, 2018



86 Janet Silbernag el

, N;EB< =HF:BG =:M: <:G ;> M:BG>= ?KHF : O:KB>P
LHNKL L P> E>:KG>= BG (>LLHG :G= =HVGHP:RL
K>LB=> HGEBG> #>HLI:MB:E HG> LMHILO:GEK®EM HK
NGBKLBRVF:| EB;K:KR HEEMBHGL IRB=> <>LL MH : @K>:M
=>.E H? LI:MB:E =M: +MA>K H?"BG> :GKBEMHHEL MH
EH<:M> KEEGM LI:MB:E =:M: BGKEN="HHEMB?@

[ HGLNEMBG@ MA> EBM>K:MNK> MH ]G=HNM PAB<A =
LBFBE:K LMN=B>L HK MIHEE3=
[ HGMMBG@ MA> =:MOBHPK =BKMER

[ <A><DBG@ PBMA EH<:E <BOB< |IE:GGBG@ H?]<
<HFFNGBR @KHNIL

[ :G= @K:LLKNH F:IIBG@ HK@:GBS:MBHGIL1EBD
%

Logo for USEIT app https:/ /www .use-it.tr avel/cities

Choice of Softw are

0A> LIIMB:E JN>LMBHGL :G= =MHKBGMAS&," # .$
0,$14/# MH ;> NL>= IIKHIKB:M> LMP:K> PA>MA>K
IKHIKB>MRK> @ K<#%/ HK HI>G LHNK< @ -#%/ PBEE
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[ >G:;E> RIN MHHKD PBMA MA> =:M: BERNMA>
IKHC>M

[ A:C> MA> G>>=>= =BLIER :G=:GIBR:E
?NGKBHG:RBM

[ IKHOB=>:IIKHIKB:M><=LL LA:KBG@ HKIGH
L><NKBM

[ LNIHHKM MA> HNMHBHFML G>t L:RR MH
@>G>K:M> K>INBK>= >G= [MH=N<

[ M MA> IKHOX<N=@>M

[ ;> :<<HFI:GB>=; R MA> IIKHIKB:M>®& H? NL>K
LNIIHKM

HMA MA> LI:MB:E JN>LMBHG :G= KRHBWP:K> PBEE A>EI
=>M>KFBG> PAH PBER<+# =:M: JBLBMBHG :G:ERLBL
:G= =>EB®R H? ]G:E IKH=MAL :K>?NE IE:GGBG@ :M >:<A
H? MA>L> LM>IL PBEE A>El »*ExGRKML RIK= =:
:<IJNBLBMBHG PBMA MAKE=NIH :G:ERLBL
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Topic 1 Knowledg e Check

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=354

2. Geoprocess Thinking
Geoprocessing

*HP P> PBEE =B@ BGMH LI:MB:E MABQUB:@>>H8M
#>HIKH<LLBG@ ¥i? MH : ?K:PHKD MHHE HK L>M H?
?NGMBHGL MH B®N>KG= F.GBINE:M> LIIMBE =:M:
#>HIKH<LLBG@ :PEHMHK LIMB:E =M: JIJN>LMBHGL HK
IKH;E>FL MH ;> :==K>LL>= (>M NL L>® AH

:LB<:EERHG> HK FHK> BGINM LI:MB:E =:M:L>ML @H>L MAKHN@
LBG@E> @>H¥KKHBRG@ MHHE K>LNEMBG@ PBG : G>

MK:GHKF>= HNMINM EKR6G=BOB=N:EER MA>L> MHKIEL I1>K?

LF:EE :NM G>kL:KR LM>IL LN<A L Y:NKZ HKL¥E>M

?>.MNKZ MH FB> RHNK LIIMB:E =:M: ?KHF HGKF? MH

:GHMA>K
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ArcGIS geoppocessing diagram, from http:/ / resources.esri.com/help /
9.3/ar cgisengine/ar cobjects/esriGeopr ocessing/
Geoprocessing_overview .htm

3 > <:G EBGD : L>KB>L H? @>HIB@ MHHEL MH@>MA>K :G=
L:O> MA> IKB<L MH KNG EBWKHG= KK :@:BG PBMA
=B2K>GM BGINM =:M: HK |:K:F>M>KL

A:BGBG@ MH@>MA>K : L>KB>L H? LEMBE =M: :G=
@>HIKELBG@ MHHEL <K>:M>L : @3H&GKHE<FH=>E PA>K>

MA> HNMINM H? HG> MW=L MA> BGINNK?MA> QM
?NGNMBHG #>HIKH< FH=>EL ;5dF> BG<K>=B;ER NL>?NE
PA>G FHKDBG@ PBMA FNEMBIE> =Kl B:® : MBF>
L>IN>Gx H? E:G= H»K MH :G:BR HFIE>Q LIMB:E
K>E:MBHGLABIL .G KE>GP BGLB@AML G=RWAG ©-G

;> :NMHF:M>= MH KNG BM>K:MBHGL PBMA ;:M<A BGINM |
:K:F>M>KL "HK @:FIE> : @>HIKH<L FH=>E KNE= ;>

NL>= MH B=>GMB?R :K>:L FHLM IKHG> MH EGK_EBE>. H

BG : =©-EHIBG@ :K>R; BGINNBG@ : MBF> L>KB>L H?
=>CG-EHIF>GM F.IL :G= BM>K:MB® <A:G@BG@ MA> LEHI>
<KBM>KB: MH LB:MA HNMINM :K>:L <A:G@>

Geoprocessing Examples

(>ML M®: EHHD :M :>P >Q:FIE>L H? @>HIKH<BG@
JIEB<:MBHGL
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GIS applied around the World. https:/ /www .esri.com/news/ar cnews/
fallo 7articles/gis -the-geogr aphic-appr oach.html

Locating a Pipeline Corridor or L andfill

/LlMB:E -N>LMBH@& 1 /#0 4 2)" # '+ O
-/, 5*1 6 ,$ -1,-,0#" --#)+# +" | 2)" #
$HHI1#" 6'1

1L> MA>2$$#/ 1,) MH L>BM<MA> :K>: PBMABG : <AHL>G
=BLM:G<H? MA> IKHIHL>= IBI>EBG> |:MAP:R MH B=>GMB?R
>HEH@B<:EER :G= LH<B:EER ONEG>K:;E> :K>.L :G= NG=>KLM:
>GOBKHGF>GM:E GNBINIBB<:MBHGL
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Identifying ar eas in proximity to a pr oposed pipeline

/MB:E -N>LMBH@. 1 /# 0 *##1 ! #/1'+ 1 +"1'+0
"H+1H 0 - /141 $ J1&# )11+ & +# 4
) +"))

OH B=>GMB?R MA> LNBM:;E> EHHKMBHGE]|EE NL> MA>
,3#/)6 1,) MHB=>GMB?R EH<:MBHGL BG PAB<A LEHI> =BLM::
?KHF P:M>K :G=MA>K E:G=]EEL :GKM:BG E:G= NR¥M
<HBG<B=>

[ :'<A<KBM>KB: FNLM ;> <:K>?NEER3¥=>E><

[ ><B=>B?><AKsBEL >IN:E BB@AM %2 GH
PAB<A @>ML FHK>PH#N<A FHK>

[ OABGD :;HNM :GR NB#:BBMG MA>L> <KBM>KB:
:G= AH® MA:M FB@AM®P=><BLBHGK KD
IE:<>F>GM
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Weighted overlay output f or landfill siting. Map b y Tyler Gatti,
Environmental Conservation GIS student, 2018.

Recommended Fertiliz er Application

/:!MB:E -N>LMBHG$ /*#/ &0 )*1#" *2+1 ,$
$H1)T # B/ &# &,-0 !,- &#l# 0&,2)" 0&# --)6
1

>M>KFBG> MA> LI:MB:EM:MG H? LHBE GNMKB>GM =>]<B>G<F
;R FIIIBG@ LHBE GNMKB>GM =N0#}8%'+% 6 /#

PA>K> GNMKB>GM :O:BEBEEBMFIE> IHM:LLBNF ' BL

ER>K MA:G MA> FBGBFNRHER-G=>= E&-ELRK A>K <KHI

H? AHIL
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Smart agricul tur e, precision farming concept. Near-infr ared (NIR)
images applic ation screen used to create field heal th maps using the
normaliz e diff erence vegetation per cent index in field ric e.

Geoprocessing Operations

%G ><A H? MA> OBHNL QFIE>L @>HIKEKLBG@
HI>K:MBHGL>R> I>KAKF>= BG LI><B]< L>JN>G<MH
:GLP>K MA> JN>LMBHG ?KHF MA> :O:BE:;E> BGINM =:M:

[I><B]<:EER%#,-/,! #00'+%1,,)0 M:B BGINM LI:MB:E =:M:
I>KHKF : LI><B]< HI>KiMBHG HG MAHL> =:M: :G= K>MNKG MA>
K>LNEM :L :G HNMINM =M:L>M "HK BGHN:GB@AM 4:0

MM BGINM ERL PAB<AIR YBGM>KILBG @>HIKHKBG@ MH
K>MNKG : LBG@E> HNMKIM E:R

+?M>G HI>KIMBHGL FHKNL HG L>BBG@ :K>L MAM M
LI><B]J< <KBM>KB: LN<A :L MBE@K?=KM:BG MKB;NM>L
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<EBIIBG@ MH : ;HN&=HK =>]GBG@ : IRBFBM5HN PBEE
E>KG FHK> ;;HNM LI><B]< @>HKHEBG@ HI>K:MBHGL BG
OHIB< "BKLM MA>K> K> LHHGLB=>K:MBHGIK ?
@>HIKEKLBG@

Accuracy

3A>G P> LM:KMHEBGBG@ =BGM LIIMB:E =:M: BG
@>HIKE£LBG@ HI>K:MBHGI<WG=<B>L BG MA> BGINKLE:R
<.:G BFl:< M MA> HNMINM:EE MA:M MASNK: <R H? LI:MB:E
=:M: BL MA> |=>RBRBMA PAB<A MA> =:M: K>IK>L>GM K>:E
PHKE= IA>GHF>G: <<NK:<R H? LI:MB:E =:M: <:G ;> K3=N<

'R

[ )>LNK>F>GM >KKHK

[ , KHCMBHG =BLMHKMBHG

[ ;LMK:<MBHG H? K>HKE= H;Q¥k
[ #>G>K:EBS:MBHG

[ E:LLB]<:MBHG

[ *MNK:E O:KB:;BEBM

0A>K>RK> PA>G HF;BG>= MAH#/,/ $ #!& '+-21
"10#1-/,-% 1#0  MH MA> HNMINM =:M:
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Spatial data on lions and villages in K enya, shared with author .
Addressing Uncertainty

N> MH MA> BIBM:;E> BENK:<R H? BGINM =:M: MA> HNMINM
=M: K>LNEMBG@ ?KHF @tHBG® HI>KIMBHGL K>
BGA>K>GMER >KIG8G OA>HK? @>HIKH+<BG@
HI>K:IMBHGL B=>EER LAHNEGiB=>K +. JIN:GMB?R
NG=2KM:BBRMMH :LL>LL MA>>#3? HG MA> K>LNEMBG@
<HG<ENLBHGL

%7? =:M: :K> GH:<NK:M#//,/0 [# -/,- % 1#" :G= MA>
NG=KM:BEBMDKHH PBMA > <A @>HIKHBG@ LM>I PAB<A
?22><ML MA><KIK:<R H? MA> K>LNEML
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Uncertainty ac cumulates with each input layer and geopr ocessing
step.

Sensitivity Anal ysis

OH >O:EN:M> N&KM:BRBM5= QIEHK> PA:M A:lI>GL ?KHF
RHNK @>HIKHkBG@ LM>IL : L>GLBMB&BRLBL BL
K>HFF>G=>= />GLBMBR®BMERL>L LBFIER KNG FNEMBIE>
BM>K:MBHGL H? MA> L:F> @:HBG&® LM>IL NLBGE>BA?
OKB:;;E>L MH BOMB@:M>PAHIKH<>LL :G= K>LNEMBG@
HNMINM K>LIHG= MH <A:G@>L BG BERRNMBE?

"HK R:FIE> <A:G@BG@ MA> LEHI> <KBM>KB: ?KHF U MH
U BG:LBM>LNBM:;BEBMH=>E HK MA> #NRZBLM:B<
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?KHF : ANKKB<:G> |:MA BG : ONEGKHBEBM FB@AM E>:=
MH3R =B2K>GM LNBM:;E> ONEG>K:;E> :K>:L BG MA> HNMINM

/>GLBMBRBBERL>L A>El NL NG=>KLM:G= MA> K>E:MBHGLABIL
;>MP>>G BGINM :G= HNMINM >LMBMRPNENAAN O:KB:;BEBM

MA> FH=>E IKH=N<PMK >:<A <A:G@> BG MA> BGINML :G=
B=>GMB]>L PAB<A BGINM-L4HEWKB;NM>L FHLM LMKHG@ER MF
MA> HNMINM

Sensitivity anal ysis by Matthew W allr ath, Environmental Conservation
GIS student, 2018.

0A> HERBG@ ©&:KBH BEENLMK:MR. |AMB:E
JN>LMBHGBG@ @>HIKWABGDBG@ :G= >0 EMBRIEBU
‘K> HF;BG>= MH B{KF =><BLBHG F:DBG@

Gnatcatcher Habitat Suitability

EH<:E E:G= MKNLM PBLA>L NEMKA;BM:MHR MA>
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@G:M<:M<A>RK= H? HGL>B:MBHGI&*KG 6l =H LH MR>
NG=>KM:IMASHEEHBG@ MBOBMB>L

[ "HKFNE:M>:/I:MB:E -N>LMBHG

[ /NFF:KBS> $:;BM:M >INBK>F>GML

[ + M:BG/I:MBE :M:

[ #>HIKH<LLBG@

[ />GLBMBRBMERLBL

G= MABL BL PA:MRIBSH :;;HNM MA> ;BK=

#G:M<M<A>KLEBGH:LM:E L:@> L<KN; E>LL MA:G FLE
H O L> E®E BG IM<A>L @K>:M>K MA:GM:K>k OAR
A:C>;>>G LAIRG MH ;> L>GLBMBIOKH:=L :G= PBEHE GHLM
BG :K>:L PBMA : LEHI> @K>:M>K MA:G

Calif ornia Gnatcatcher San Clemente
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Formulate a Spatial Question

3A>K> K> :K>:L H? LNBM:;;E> @G:M<:M<A>K A:;:BM:M EH<:M>=

Blue-gr ay Gnatcatcher per ched on a branch.

Summarize Habitat Requirements
HOK RI>  H:LM:E L:@> L<KN;
)BGBFNF IM<A LBS A>< M:K>L
IE>SO:MBHG (>LL MA:G FLE
IQ<EN=>L :K>:L PBMABG F:G= FH?KH:=L
Obtain Spatial Data

[ (G=<HO>KFI
[ .H=F

[ B@BM:EGEBABHG FH=>E !) HK MKB:G@NE:M>=
BKK>@NE:K GKMP0%* >E*MBHG



100 Janet Silbernag el

Geoprocessing

0A> (:G= OKNLM M>:F LM:KML PBMAM<EDMH IE:G MA>
L>IN>Gx H? @>HIKH4BG@ HI>KMBHGL>LGHR MH
BGM>@K:M> :G= &ERA> =M: MH BK® MA> LI:MB:E
JN>LMBHG EMAHN@A BM <:G MBBG®NGMNH <A HK
=B:@K:F RNK LM>IL JKLM =HBG@ B MEH JN>LMBHG MH
=KBOMA> IKEL GM MA> MHHEL

Geoprocessing sketch for gnatc atcher suitable habitat

0A>G MA> M>F NL>L #%/ MRAX> MH [HRF MA>
@>HIKEXLBG@

#>HIKH<LLBG@ PBEE K>LNEM BG :HBAQ@HMA> EH<:MBHG
H? A;BM:M LNBM:;;BK ®©G:M<:M<A>KHK<BG@ MHNIR
IKH<LL
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Patchy habitat in southern C alif ornia f or gnatc atcher.
Sensitivity Anal ysis

*HP PA:M B?HRN :K> GM LNK> PA>SMAPKNIR FH=>E ;>LM
K>IK>L>GMUMEE @G:M<:M<A>K A:;BNDM:El:K:F>M>KL
<HNE= ;> QIEHK>= MH M>LM MA> L¥GHRMBABWH=>E
BG<EN=BG@

[ #'2I'+% * 5 -#/*'00" # 0),-# ?KHF MH
G=> oG %L FHLM H? MA>

:0O:BE::E> A:;;BM:M EHLM PA>G :K>:L PBMA : LEHI>
>MP>>G  :G= K>>EBFBG:M>= $H P =H>L
MABL 2 MA> =><BLBHG MBNKH><B]< :K>:L

[ +U#O# [ "#I# O# 2$% # 1,2+"1,"0,/
20%# *H"#LYH',") 6 # H>L:EK@>K
HK LF:EE>K :NRPHK @K>:M>K GNF;>K H? KH:=L
=K:F:MB<:EER BG"Ns>MA> WHE A:;BM:M :K>:

[ +)2"#11-,-2) 1',+"#+0'1 6 H:K>LH?
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LNBM:;E> A:;BMINBG<B=> PBMA :K>:L H? AB@A <M
IHINE:MBHG =>GRBMIP =H>L MABL BG"N>IGA>
<AHBx<H? LI><B]< :K>:L

British shorthair ¢ at hunting bir ds and mice outside the garden.

Topic 2 Knowledg e Check

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=354

3. Using ModelBuilder

*HP E>M NL @>M HNK A:GH. &BKE;:KG AHMH :1IER
@>HIKE£LBG@ PBMABGCR#HEGBG@ MA> MBHE;H

#>HIKH#LLBG@ HI>K:MBHGL BG #%/ :K> <:KKB>= HNM NLBGC(
L>M H? MHHEL HK@:BB®H MHHEL>ML >:<A H? PAB<A
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I>KHKFL : LBG@E> HI>K:MBHG

[ :M:!QMK:<MBHG
[ +O>KE:R
[ , KKDBFBM

Data Extraction

0A>K> K> IGK:E F>MAH=L :O:BE;;E> MH K-HKQMKM
=:M: ?KHF E:K@¥FKK> HFIE>Q =:M:L>ML MH <K>:M>P: G>
LN;L>M H? =:M: PBMA CNLMINKE=NBBI?G G>>=>=

## 1'+ 1,)0 ViEE® RAN MH L>EA-2MNK>L MA:M F>>M
LHF> <KBM>KB: HK MA:M :K> EH<:M>= BG : L KMBHNE:K |E:<
<HF:BG:MBHG H?MA LN<A :LEE MA> GHG O:<:GM 3Rk
:=C:<>GM MH MA> PKRY. ;>EHP
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Screen shot of selection statistics fr om ArcMap

+MA>K ;.LB< LI:MB:EER =>]G>= M###& MHHEL BG<EN=> MA>
HEBRBG@

[

V PHKDL EBBHHDB> <MkK MH <NM HNM
2:MNK>L ?KHF MA> BGINK BARM ?.EE PBMABG MA>
IHER@HGL BG MA> =BBNK>

##  V<K>M>L FNEMBIE> HNMINKLERHF :
LBG@EAIVINK> ExR ;:.L>= HG IHERHGL HKG>L
H? MA> LIEBMIRK>L

"™ % V<HF,BG>L IHERHGL MA:M LAK> :G
:MMKB;NM> O:EN> BGMH E:K@=&UHHR >GMB:EER
=BLLHEOBG@ MA> ;HK=>KGe>MNK>L

# V<HF;BG>L L>EM>= IHERHGL PBMA
:=C:<>GM IHEBRHGL MA:MANA> E:K@>LM :K>: HK
EHG@>LM LA:K>= ;HKEBRBG:M> BIMH®G NL>= MH
<E>:G NI LI:MB:E =:M:M>K =B@BMBSBG@ HK
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HO-KE:RBG@MNK>LR >EBFBG:MBG@KLEBO
IHER@HGL

) :G= # 2:MNK>L <:G ;> NL>= MpMKM
2 MNK>L MA:M LA:K> [LKMB<N#EKB:NWM>L GHRKBG>
MA>F BGMH E:K@MKIR>L PBMA E>EHKEBWM

Dissolve

Eliminate

Images from Esri resource center
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Overlay
Spatial Overlay

/I:MB:E HD*KE:R LNI>KBFIHL>L FNEMBIE> =:M:L>ML PBMA :
<HFFHG <HHK=BG:M> LRLM>F K>LNEMBG® BM:L>G+

MA:M B=>GMB]>L MA> LI:MB:E K>E:MBHGEABENEMBIE>

=:M: E:RKL

Vector Overlays

2>MHK®KE:RL :K> <K>:M>= PA>G : [@BHS ExR BL |[E><=

HO>K : 2:MNK> EXR #§IGM:BGBG@ IHBGML EBG>L :G=HK
IHER®@HGL 2MHK BIKE:RL <:G ;> <HFIEBLA>= NLBG@
L>XOK:E MHHEL BG<EN=BG@R BBSBMBMF< NGBHG
LRFF>MKB<:E =G :G= NI=:M>

>EHP BL :G ®:FIE> H? :G KPKE:R H? LM>>| LEHI>L LHBEL
:G= OC@>M:MBHG P*HERDHGL K> <K>M>R MA>
BGM>KMBHG H? MA> BGINMOHERHNG=:KB>L 0A>
K>LNEMBG@@HER AXOEE MA>NMB;NM>L H? MA> HKB@BG:E
IHEROHGL
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ArcGIS Rsources Genter, Desktop 10, acessed 1216

Raster Overlay

LM>K i @>KE:R F:MA>F:MB<:EER F>K@IHKMAFHK> L>ML
H? =M: MA:M LA:K> HRFHG @KB= MH <K>:M>P: IG:M
H? O:EN>HR : LBG@E> HNMINM H:RI>K KD>KE:R MHHEL
BG<EN=HEBG> $IG.E LM:MBLMB<L F:l .E@>#8@AM>=
HO>>KE:RG= P>B@AM>= LNF

>EHP BL :G ®Q:FIE> H? KILM>KOHKE:R R :==BMBHBK?
LNBM:;;BRBMH=>EBG@ O0AK>> K:LM>KLEIRM>>| LEHI>L
LHBEL :G=>@>M:MBHG K> ¥GMHK =&EHIF>GM
LNBM:;;BRBNG : L<:E> H? U3A>G MA> EXKL K> :==>=

T HNMHF  >:<A <EE BL K&GIHG : L<lE>H? U
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ArcGIS Rsource Center, Desktop 10, acessed 1216
Proximity

, KKQBFBVMHHEE= MA> =BLM*K? =EEL HK BBFBVH?
2:MNK>L MH HG>MBEK :G= HI>K:M> =B2BGMER =>I1>G=BG@
HG MA> BGINM =:M: FH=>E

Vector Proximity Tools

2>MHK IKpBFBVMHHEL BG<EN=K 82K IHBGM =BLM:G<
L>E>M R EH<:MBHG :@#4A*KL OA> BF:@>L ;PBEENLMK:M>
: EBG> B¥?:G= IHBGM KB@AMKN??
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Raster Distanc e Tools

LM>K  =BLM:&<MHHEL BG<EN=> IN<EB=>:G =BLM:G<
INEB=>.G =BWBHGHKM =BLMsG<HLM :EEH<:MBHG :G=
HVA>KL O0A> BF.@> ;PEHBEENLMK:M>L HNMINM H? MA>
IN<EB=>:G BLM:SMHHE PA>K>MA> O.EN> H?EERKMA>
=BLM:G<MH MA> G>:K>LhKKBAONK>

Using ModelBuilder

0A>K> K> I&K:E P:RL MH LI:MB:EERMABKMBHGL H? : =:M:
E:RK
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Set Algebra

. >F>F;>K E>KGBG@ PA:M M BG : L>M BG >ERF>GM:K
‘E@>K: >M E@>;K: <AHHL>L :K>:L PBNKBNMM>L MA:M K>
HK MH LHF> LI><B]>= <KBM>KB:

"HK X:FIE> RHN €INE= L>BW#<EE :K>:L MA:M :KMGHP
5HKDZ NII>K KB@AM HKINKEMB>L MA:M K> :M E>:LM
LIN:K> FBE>L BG :K>:PBHK E&P

Counties in the northeastern US selected with set algebr a. FFom
Bolstad 2016 fig. 9-6, recolor ed for illustr ation

Boolean Operations

/BFBE:K MH />M E@>;K: HHE>:G :E@>;K: <AHHL>L :K>:L PBMA
:MMKB;NM>L F:M<ABG@ LI><B]>= <KBM>KB: NLBG@0*
HI>K:MBHGL
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Intelligent Solutions Inc., ac cessed 1216

Fuzzy Set

"NSR L>EMBHG BL EHRFEHGER NL>= BG #%/ MAMARK
L>ESMBHG L>ML 3A>G/JKB;NM> =:M: :K> BFIK><BL> HK
BG:<NK:M> ?BS EH@B< <:G ;> NL>= MH =>]G&>)'AK)6

BM BL MA:M : :KMB<NEIKK> HKEE BL : F>F;>K H? : L>M

%G MARFIE> ;>EHP ?NSR L>ML :K> NL>= MH B=>GMB?R MA>
EBEEBAHH= MA:M :G BG=BOB=N:E PBEE ?:EE BGMH MA> YM:EE
5HN FB@AM ELH BF.@BG> MABL :IIEB>= MH >GOBKHGF>G|
2> MNK>L BBMA> IKH;;;BEBNWMA:M >G>K@R LBM>L BPBEE A:O
AB@A K:=HGHEL. 3> PBEHE> ;:<D MH ?N\R EH@B< FHK>
E:M>K
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Moradlou et al. 2013

Geoprocess Functions

#>HIKH<LLBG@ MHHEL <:G ;>»EBB®>MA>K MHHKBPK?
: L>KB>L H? HI>K:MBHGBELGAHR MH IKH=N<MA> HNMINM
MA:M :GLAPKL : LEMB:E JN>LMBHG !'<A LM>l IKH=N<
BGM>KF>=B:M> HNMINM HG PAB<QMIA>KKMBHGIL<

%G MAQFIE> ;>EHP ;N?2KL :K> <K>:M>=:KHNG=MAk E:D
:G= KH:=L BG MA>BK KWB&E:RKL :G= MA>@®HE:B= MH
>EBFBG:M> :K>:L PA>K> KH:=L BAWNKB>N?2KL 0A>
AR=KB< LM:MNBKEBR K&=>= MH B=>GMBRER=L 0A>G
MA> BME:G=L BR :G= #F;BG>= ;N?2KL EX :K>
HO-KE:B= :G= :K>.L PA>K> MA>>ENRP2K :G= PME.G=
:N?2K HBG<B=> :K>K=x= PBMA : LNBM:BBEREBDBG@
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Example of link ed geoprocessing steps. Figure from Bolstad 2016,
recolored for illustr ation here.

Geoprocess Demo

%G K<#%/ @>HIKkHsBG@ MHHEL :K>LLB;E> ?KHF
K<OHHE;Q :G= K<:M:EH@ :G= :K> LMHK>= BG MHHEL>ML
PAB<A K> LMHK>= BG MMHEMRE::L><EB<D A>MH P:M<A

: SHNWN;> =>FHGLMK:MBHG H? MA> NL> HMEOBG

K<):I  OA>OB=>HBL :IIKH QBF:M>ER FBGNM>L EHG@

$>K> RIN L>> APl @>HIKB<LBG@ MHHEL :K> HK@BGBS
K<OHHE;® H? K<#%/ B¥? :G= MA> #>H:E@HKBMAFL
OHHE;® BG -#%/ KB@AM
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Toolsets within Ar cToolbox

Geoalgorithms within QGIS processing menu. Screenshot from QGIS.
Data from Natur al Earth.
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>EHP LAHPL : @>HIKH{LBG@ MHHE IHINI PBG=H
:<<LL>= ?KHF MA> MHHE;:K HG MA> KB@AM BG -#%/

Screenshot from QGIS. Data fom Natural Earth.

Geoprocess Model Design

#>HIKH&LLBG@ L>IN>IGK> :ELH KsiK>= MH LFM=>FEZ
HGLB=>K MA>RIBME LM>IL BG =>LB@GRE@ |KEM
%#,-/,!]  #00'+% *,"#)

[ >M>KFBG> PAB<A @>HKEBG@ MHHEL@R>=
;:L>= HG RHANK LI:MB:E JN>LMBHG

[ $:0>RINK LE:MB:E =:M: IK>[:K>= :G= HK@EBS
BG .M:EH@

[ >M>KFBG> MA> HK=>K BG PAB<A MA>QBRAGH<
MHHEL LAHNE= ;> NL>=
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[ (H<:M>MA>]KLM MHHE :G= HI>G BML £B:EH@ ;H

[ IGM>K MA> MHHE I:K:F>M>KL BG<EN=BG@ MA> BGINN
:G= HNMINM =:M:L>ML

[ .NG MA> MHHE

[ .>>MLM>IL U HK><A @>HIKH<«BG@ MHHE
. > KK:G@> ;L G>>=>=

[ !'Q:FBG> MA> ]G:E HNMINM :G= K>I>:M LHF> HK :EE
H? MA> :G:ERLBL LM>IL :L G>>=>=

Geoprocess model example fr om Bolstad, recolored here for
illustr ation.

ModelBuilder

FH=>E BL : HEEMBHG H? @>HIKIBG@ HI>K:MBHGL MA:M
:NMHF:MB<:EE®R<NM> BG L>IN>BA>G MA> FH=>E BL KNG
MH IKH=N<: ]JG:E HNMINM =M:L>M O0A>L> <:G ;> INM
MH@>MA>K NLBG@)"#/ + &)

CHH# GR @>HIKHtLBG@ HI>K:MBHG BG :
FH=>E <:G ;> FH=B]>= :G= MA>G MA> FH=>E <:G ;> KNG
:@:BG MH JNB<DER K>]G> :G :G:ERLBL HK G&PI=NM:

MA:M LNIIHKM :G :EM>KS:¥MIBOM B? Z £&:KBH
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#>HIKH<LLBG@ FH=>EL :K>M*& NL>=

[ "HKEBGDBG@ :G=:NMHF:MBG@ :G:ERL>L

[ OH =H<NF>GM MAPYMAKHN@A MA>SKIEM. H? :
IKHC>M

[ OH FH=B?R BGINML :G= {Hx=L >:LBER BG :
@K:IAB< >GOBKHGF>GMMH@®@NG : L>GLBRIBOBM
:G:ERLBL

[ OH:NMHF:M>: K>I>MBMBI=>LL > @FNEMBIE>
L<G:KBHL MH::BF> :G=>HRM
"HK FHK> L>> MABL |:@>K¥@&%/ >LDMHI G:ERIB<L

AMII P PP J@BLMNMHKBEELG=H<L
IKH<LLBG@9@K:IAB<:EQFHAMERK

(BGD MH -#%/ =H<NF>GM:MBHG HG MA> @K:IAB<:E FH=>E>K
AWMIL =H<LJ@BL HK@ >G =H<L NL>K9F:GN:E

IKH<LLBG@

FH=>E>RAMFE AB@AEB@AM @K:IAB<:E FH=>E>K

Topic 3 Knowledg e Check

,E>L> :GLP>K MAHEEHBG@ JN>LMBHGHRER> (>LLHG
+, 1# <EB<D MA> LB@G MH >GE:K@> @K:IAB<L
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An interactive or media element has been
@ excluded fr om this version of the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=354

References

HELM:= ;NE #%/ "NG=:F>GM:EL MA >= 4:G!=N
, K>LLAMII P PP I:NE;HELM:= G>M @BL;HHD AMFE

' >KLDB &HL>IA & :G= &BEE E:KD 0A> #%/ #NB=> MH
, NJEB< HF:BG :M: ILKB K>LL >=E:G=L I
Al M>K :<HFI:GB>L MABL E>LLHG

JHK:=EHN ):.CB= "IKS:G>A ILA:@AB:G HK<A>A :G=

)>A=B B@=>EB YIEB<:MBHG H? /NI>KIHLBMBHG :G=

"NSR (H@B< )>MAH=L MH >M>KFBGH@MKXB;NMBHG H? MA>

1IMBEBI@= NLMHF>K BG K>:MBHG H? $:KFHGB< BLMHKMBHGL

BG, NL Z%GM>KG:MBHG:E &HNKG:E H? |IG>K@R !G@BG>>t
U

Media Attributions

[ ):1/HNMA ?KB<:, :KDL
[ LDBBG@

[ . H<D "HKF:MBHGL

[ 3% "NMNKHINE:MBHG

[ 3 RIEENLBG@ /M:NkD,3BLEGLBG .BR %GMH
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)BLLBLLBIIB .B®

OK:BG

KHLLKH:= LB@G

2BLN:E >IK>L>GM:MBHG H? 0A>F>L BG : #%/
1/'%0

ILKB EH@H

BGINM =:M:L>M

#%/ :KHNG= MASHKE=

> KMA

#K>R;EN> BK=

EN> @K:R #G:M<:M<A>K

‘M $NGMBG@ BG #:K=>G

2>KFHGM

<HFIE>F>GM

N?2>KL

Lo T e T e T e T e T e T e TR e T e T e T s T e T s T e e |

<K>>DL



4.

LESSON 4

3 >EMdF> MH (>LLHG V<<LLBG@N;EB< !|GOBKHGF>GM:E
‘M: MAKHN@A :KMG>KLABIL :G= )IIBG@ #K>>G
%G?K LMMNK>

%G MABL E>LIHHNGPREE
[ %GM>@K:M> IN;EB< >GOBKHGF>GM:E LI:MB:E =:M:
:O:BE:;E> MAKHN@A I:KMG>KLABIL

[ (>:KG MH NL> LI:MB:BWBFBS:MBHG LMK:M>@B>L :G=
I>KHKF:G<> =:LA;H:K=L MHG:EN:M> MBHGL

[ IER IN;EB<>GOBKHGF>GM:E =:M: MH F:l @K>>G
BG?K:LMKINK >

[ .>0BB F>MAH=L MH F:b@HH= F:IL

120
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Lesson 4 Topics

This lesson covers thr ee topics. We recommend
working thr ough each topic in the order in which
they are listed below.

¥ Public environmental spatial data and
partnerships

¥ Spatial Optimization S trategies and
Performance

¥ Applying Data and Strategies to Gr een
Infrastructur e

¥ Review Cartography Best Practic es

1. Public envir onmental spatial data and
partnerships

Emerging geographic inf ormation s ystem themes and
directions

/BG+# BML BEGMBHG @>H@K:IABKBGBHG LRLM>F #%/
=:M: :G= MHHEL AG>CEHI>= :M : K:IB= l:<> <<HK=BG@
MH >KLDB :G= E:KD Al M>K  MA> ?2NMNK> H? #%/
PBEE ©EHI .EHG@ :M ESHNK??KHGML

[ *>PLEMBE=M:

[ *>PIL:KMG>KLABIL

[ *>P F>MAH=L :G= MHHEL
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[ *>PIE:MAKFL

%G MABL MHIBHRNL HG G=>GOBKHGF>GM:E LI:MB:E =:M:
:G= IKMG>KLABILHIB<L :G= :==K>LL MA>MA>K MP
?KHGML BSB>MAH=L MHHEL :G= IHK\FR

L RHNXOL>>G#+3'/,+*#4+1) 0-1')"1 :K>:0:BE:;E>

BG MA> IN;EB< =HF:BGV?KHF >LM:;EBLA>=F:IIBG@ :G=E:G=
F.G:@>F>GM HK@:GBS:MBHG:EE B. HK@:GBS:MBHGL MA:M
A:C> GH IK®BHNLER ;>>G MAGB&HKL H? @>H@K:IAB< =:M:

gapanal ysis.usgs.gov/gaplandc over/, accessed 1216

"HK X:FIE> 0A> *:MNK> HGL>®B:G<R 0* IKH OB=>L
F:1 L>K OB OB:0*):IL :G HGEBG> =:M: IHKMHK ?
OC<MHK =:M: K>E:M>= MHBMEMBHG BGBMB:KBE&:G=
AHE=BG@L MA:M <:Gsstis= L LAIS]E>L HK @>H=:M:;:L>
HKF:ML NLBG@ LM:G=:K= #%HKFM?

IM:M> :G=2=>K:E @KGF>GML :ELH K>E>:L> =:M: LN<A L
MA> L>:FE>LL G:MBHG:E EHIGKO@>M:MBHG K:LM>K =:M:L>M
MA:M K>IK>L>GML MA> <NEFBG:MBHG:IH%:HREBL

, KH@K:F #, :G= P:L F:=> :O:BE:;E> MAKHN@A :
<HEE:;;HK:MB&?RIKM ;>MBG MA> 1GBM>= /M:M>L #>HEH@B<:E
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INKOR 1/#/ :G= MA> 1GBOKLBRVH? %=:AH #,6 {lEEML

:G= =BLMKB;NM>L =:M: MH-IGMA> ?NG=:F>GM:E JN>LMBHG
Y$HP P>EE K> P IKHV>MBG@HRFHG IE:GML :G=
:GBF.ELZ ;R B=>GMB?RBG@ MAHL> LI><B>L :G= IE:GM
<HFFNGBMB>L MA:M KM GHIN:M>ER K>IK>L>GM>= BG
>QBLMBGEGI<®:MBHG E:G=IH &H LH : #: :G:ERLBL
B=>GMB]>L LI><B>LX A:;BM:M :G= =BLMKB;NWt8#z |IKH
E:G=L BG K>E:MBHG MH MAHL> LI><B>L :G= PA>K> MA>K> E
Y@:1Z BG IKM>MBHGER LI><B>L #, K.LM>K :G=>@IHK =:M:

:K> NL>= PB=>ER :<KHLL MA> 1GBM>=HKI:NGLB:MBHG
IE:GGBG@HBI PBEE A O<A:G<> MH AKD PBMA # , E:M>K

0A> (*"%.! IKHCSM K>IK>L>GML MASKHEE:;HK:MBO
>?BKM >MBG @BKGF>GM :@>G<B>L 1/ "HK>LMB=K

:G=1/ >1:LKMF>GM H? MA> %GM>KBHK :G= GHGIKH]ML 0*

MH IKH=N<H>K G:MBHG:E @>HLI:MB:E =:M:KE:BG
K:LM>K><MHKG= M;;NE:K RKF:ML BG<EN=B&@>K:MBHG
?N>E :G= =BLMNK>G<FHG@ F:GR MA>KL (:G="BK> BL

GHV CNLNKAK> 3ABE> >KER HG BM P:L : K>LIHGL> MH E:K@>
PBE=E:G= ]K>L :G= MA>BK FBMB@:MBHG M>%:BEIBK>

BL NL>= FHK> ;KH:=ERPGHIK : O:KBRMH? E:G= <A:G@>
‘LL>LLF>GML

)>:GPABE> AB@A K>LHENMBHG RF:@=K MAK>>
=BF>GLBHG:E =:M: :K> FHK> PB=>ER :0O:BE:E> :G=
:<<>LLB;E> MH >GOBKHGF>GM:E :IIEB<:MBHGL MAKHN@A IN;|
=HF:BG LHNEKK ,>KA:IL MA> ?2:LM>LMPBRE =>F:G= ?KHF
>GOBKHGF>GM:E :lIIEB<:MBHGIK EB@AM >MBHG :G=
G@BG@ (% =:M:

(% . BL : K>=FH M> L>GLBG@ F>MAH= MA:M NL>L INEL>L H?
EB@AM >G>K@R MH @>G>K:M> =:M: HRMMK> HVIHN>
> KMAXLNK?3< 0A> =:M: <:G ;> HEEM>= ?KHF : O:KB>M
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H? IE:MKFL BG<EN=BG@ L:M>EEBM>L :BKIE:G>L :G= @KHNC(
L>==>0Bd

):GR :@>G<B>L :KSHEEMBG@ (YMH @>G>K:M> =:MHKR
=B2K>GM :IIEB<:MBHGL BG<EN=BG@ G:MBNBHG >E>
FH=>EL RK L>: E&E KBL> BFM LMN=B>L =M: HG MA>
LMKIMNK> H?Z>@>M:MBHG BG G:MNK:E :K>L MH >LMBF:M:
>HLRLM>F IKH=NB@®BM= A:;;BM:M JIN:EBMG= NK;:G
BG?K:.LMKNKHK LMHKF P:M>K F.G:@>F>GM :G= "HH=BG@
L<G:KBHL $>K> BL : EBGD MH ?K>> EB=:K =M: LHNK<
AMI @BL@>H@K4ARMHI ?K>> EB=:K:M: LHNK3L

(% . =M: :K> H? M>G KEEM>= R :BKLN<A L PBMA MABL

*+ LNK OR :BK<Kw KB@ARKHBQR KB=@> BG B@ /NK

:EB? $>K> (% . =:M: K> O>:E : MHI =HPG MHI E® :G=

IKH]E> OB>H? BQR KB=@> *+L<B>GMBLML NL> (%
@>G>K:M>= IKHMI<MHQ*+BG> ;HMA G:MNKE :G= F.G

F:=> >GOBKHGF>GML (%:M: LNIIHKM :< MBOBMB>L LN<A

:L BGNG=:MBHG :G= LMHKF LNK@> FH=>EBG@ AR=KH=RG:F
FH=>EBG@ LAHK>EBG> FIIBG@ >F>K@>G<R K>LIHGL>
AR=KH@K:IAB< OMBG@ :G= <H.LM:E ONEG>K:BEBM
:G:ERLBLAMIL H<:GL>IOB<GH:: @@ ?:<ML EB=MIFE

%G F:GR <:L>L (% HK HMA>K AB@A K>LHENMBH® BF:@>K
BL :INBK>= BG=>|>G=>GMIERI?<B]< :IIEB<:MBHGL PA>K>
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MA> L>GLHKIBGMKM>= MH ;> RG HXK : <KM:BG :K>: :G=
MBF> $R>C-K(% . =:M:L>ML ‘HK F:GR #H:LM:E :K>:.L <:G
;> =HPGEH:=>= ?KHF MA> +2]#K H:LM:E ).G:@>F>GM
B@BM:H:LMP>; IHKM:E

L #, (*"%.! :G= (% . =M: BEENLMK:M>
-[1+#/0&'-0  A:0> HK@>= MA:M >G:;;E> BG<K>$si4 :MH
:G= LA.KKBG@ H? @>HLI:MB:ERMA> @>G>K:E IN;EB<

%G MNKG MHHEI<2LLBG@ MABL =:M> A&€HF> FHK>
NL>RKB>G=ER L : K>LNEM HZPKGEFHAMKBO:M>
I:KMG>KLABIL PAB<A E>= MH @WEH#E>GM HM: @HO
HK ©:FIE> <HEE:;HK:MBHG ;>MB !/.% :G= @ @>KGF>GM
:@>G<B>L

10>G L :<<LL MH =:M: :G= HGEBG> OBLN:EBS:MBHG MHHEL :
K>:=BER :O:BE:;E> FHK> :G= FHK> MHBEIB&N> MH >G:E>
:G:ERLBL H? >GOBKHGF>GM:E LI:MB:E =:M: ©B: MA> P

Cloud Computing

EHN= HFINMBG@ >G:E>L KWEH G>MIKD :<LL MH :
LA:K>= IHHE H? K>LEINKBA> <EHNHGLBLML H? GHKDPR
L>K»KL =:M: LMHK:@> :IIEB<:MBHGL :GBH>KA6G #%/
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<EHN=HFINMBG@ >G:E>L NL>KL MHHL:<<:M: :G= KNG
LHRMP:K> KSAM>ERK<>LL L>BBd :G= <EB>GML :G= AHLM
<HGM>GM

EHN=;.L>=F:IIBG@ IKH@K:FL EBK<#%/ HF ?:<BEBM:M>
<<LL MH IN;EB<ER :O:BE:E> LI:MB:E =M: :G= F:IIBG@
>LI><B:EERHR MAHL> PBMAHMML<MH HK MK:BGBG@ BG
=>LDMHI #%/

DataBasin

(BDPBL> L&K:E HK@:GBS:MBHGLHEEBBG> =:M: IHKM:EL
PBMA MA> :==>= ?NIBKIG:RBN? =:M: LA:KBG@ =BL<NLLBHG
‘H:K=L :G= @KHNIL MA:M >G:E> =:M: IHKM:EL NIF><
FIH#I12) | 2+ 1HO ‘M::LBG AHLM>=R MA>
HGL>@:MBHG BHEH@R %GLMBMNNEEBLHG N<A G
HGEBGHRFNGBR MA:MHRI E>:KG>= :;;HNM >:KEB>K

https:/ / databasin.or g/, ac cessed 1216
SeaSletch

/BFBE:KER>:/D >M<MBL :G HGEBG> MHEBHEHREP= R MA>
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)< EBGMH<D (;; BG MA> ):KBG> /<B>@&GGLMBMNM> :M MA>
1GBeKLBM H? EBWKGB: /:GM: K;:K:i MH >G:;E>
<HEE:;HK:MBB:GGBG@KH<G <HGL>®R:MBHG

/>:/ID >M<A :EEHNL>KL MH @>G>K:MKBMBBHGVMA=.G

IKH=N% :G= LA:K> LBM<A>L >=BM :G= LA:KPIOB2F:IL

=BL<NLL MA>BK B=>.L :G= IHHMAABL MH E:K@>K =BL<NLLBHG
‘HKNFL OABL :BHHNL>KL MH I:KMB<BI:M> BG F:KBG> LI:MB:E
IE:GGBG@ PBMAHNM MAHIG#%6 MK:BGBG@ MIR:KH?

Natur eServe

*MNK>/>I0> K>IK>L>GML BA>K DBG= >GOBKHGF>GM:E
I:KMG>KLABIV: G>MRD H?GK |IKH@K:FL > @ LM:M>
G:MNK:E A>SKBM:@> :G= L<B>GNIBRGM@M® LEKIB:E =:M: :G=
LHENMBHBK BH=BRLBMIKHV>MBHG *:MNK>D>KA:L :

l:@> H?>=:M: F.IIL :G= MHHEIMH LNIIHKM : O:KB+\ E.G=
F:G.@>F>GM LL>LLF>GML :G=RM=LABI
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Ecological Land Units Map and Data Sets of World

GHMA>K @K>.®@tFEE> H? GP LIIMBE =M: .G= &
I:KMG>KLABIL BG : <EHNEINMBG@ >GOBKHGF>GM BL MA>
I),%1) +" +10 - +" 1 #10 .,$ D"

OABL 'LKB %GLBHEKI.G= LMHRF:l =>L<KB;> MA> #EH;.E
I<HEH@B<:E (:G= 1GBMIL®:G:ERLBL

"BG:EER> HG<EN=> MABL MHIB< PRINDBXIHI EBLM H?
NL>?NE @>HLI:MB:E =:M: IHKM:EL ?KHR&:GN:K

AMIL LI:MB:EK>LGH PHK=IK>LLHF
MHI EBLMI?NL>?NE @>HLI:MB:E =:M: IHKM:EL
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Topic 1 Knowledg e Check

E>:L> :GLP>K MAHEERBG@ JN>LMBHGL MbbiKME MA>
G>QM MHIB<

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=385

An interactive or media element has been
@ excluded fr om this version o f the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=385

2. Spatial Optimization S tr ategies: Suitability and
Vulner ability Anal yses with Ov erlay

(:LM P>>D RIN E>:KG>= RH/H LD LI:MB:E JN>LMBHGLM_>E><
MA> :IIKHIKB:M> @>HIKHBG@ LM>IL :G= LMKBG@ MA>F
MH@>MA>K PBMA )H=>E NBE=>R> ;NBE= HG MAHL> LDBEEL
PBMA FHK>HEIE>Q LI:MB:E =>LB@G :G= =><BLBHG ;:L>=
JN>LMBHGL
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Spatial Optimization S trategies

/INBM::BEHBMG= ONEG>K:BEBM:ERL>L :K> LHF>MBF>L
K>2KK>= MH @ 1') ,-1*71'+ 01/ 1#%'#0 ;><:NL>

‘HMA :M>FIM MH MBFBSVA> :>LM HKIRLM EH<:MBHKL ?
. @B&G E:G= NL>

Suitability

3BMA LNBM:;BEBMFB@AM ;> NIBFBSBG@ LBNMBGCEP?
AHNLBG@C=EHIF>GM HK A:;BMHHW tHEESL

21 Y1 6 +)60#0 M>G=MH ;>

[ +?2GLBOHK IKH:MBO
[ > O-EHIF>GM HKB>GM>=

[ LDY3AMIE:<>L K> >LMK  Z
[ (H<:MBHG MIBF:E

"BG=BG@ MA> ;>LM KHNAGGOWM WP L>@F>GML H? MA> %<
@> B8:BE BL :®3FIE>H? : LNBM:;BEBNMBFBS:MBHG
Vulner ability

3BMA ONEG>K:;BEBMHM>G L>>D MH ]G= :K>.L MA:M K>
FHLM :MBLD ?KHF : IKHIHL>= E:G= NL>

2)+# Y1 6 +)60#0 M>G= MH >

[ >?>GLBO
[ HGL>®&:MBHG HKNMENBHG HKB>GM>=
[ LD Y3AM IE:<>L :K> HKLMIR HK PBEE ;> FHLM
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BFl:< M>=R Z HK Y3A>K> :K> MA> @K>:M>LM
KBLDL Z

[ (H<:MBHG L>GLBMBO

%=>GMB?RBG@ MA> M>EGMB:EER B#¥k=< R IKHIHL>=

, > GHB>U#H@>;B< FBG> BG *HKMA>KGIGHES BL G
>Q:FIE> H? :G HMBFBS:MBHG LMK:M>@R :BF>=
ONEG>K:;BEBM>LLF>GM

Overlay Analysis

#%/ BL WP>G NL>= MH M:<DE> HG> H? MANGHMBHG:E
LI:MB:E HUBFBS:MBHG JN>LMBHGKX. BGMHI H? PA:M HK
PA>K> =H>2MNK>L®KE:| HG MA> @KHN&#/) 6 1,,)0
LBFIER HF;BG> =B3R>GM BIRL H? LI:MB:E =:M: ;NBE=BG@
HG HHE>:G EH@HN B>:KG>= >:KEB>K

0A> +O>KE:R MHHELH@NMBGL MHHELCOMEE:R FNEMBIE>
2:MNK> <E:LL>L MHA;BG> LI:MB:EMNK>L MAKHN@A F:l
‘E@>K: K>LNEMBG@ BG>:MNK> <E:LL P-BGRAKF:MBHG
BL <K>:M>= PA>@>HE:RBG@ HG> L>M:MRK>L PBMA
:GHMA>K
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Overlay of vegetation, pr ey habitat, and landf orm to identify C anada
Lynx habitat. Sour ce: Esri

OABL ©:FIE> LAHPL AP C-@>M:MBHG RIK&;BM:M :G=
E:G=RKF <:G ;> <{HF:BG>= R K:LM>K :==BMBHG O0A>
K>LNEMBE@HL.BM> F:| HK B>KE:R B=>GMB]>L :K>.L MA:M
:K> FHLM EEHER MH I&B=> :G:=: (RGQ A:;BM:M

3A>G RHN PBLA MH>IHE:R MA> B PBMA =BBGC@
:FHNGML H? BG"N>GH¥AR <:G ;> P> B@AM>=;:L>= HG MA>BK
BFIHKM:Gx<MH IKH=N< P >B@AM>G>KE:R BG #%HHN L:P
:L:FIE> H? P>B@AM>G>KE:R BG HNK @>HILKB&@ MHIB<

4 #%&1#" ,3#/) 6 MHHE BL : LI><B:EBS&>KE:R :G:ERLBL MH
LHEOFNEMB<KBM>KB: IKH;E>FL PBMA O:EEDEMP LN<A
‘L LBM> L>MBHG LNBMRBEBMDNEG>K:;BEEBVERL>L

Geoprocessing for Overlay Analysis

>ABG= MA>(&>L H? .GRHIE>Q KD>KE:R :G:ERLBL BL LHF>
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DBG=H? @>HIHHBG@ L>IN>®A> @>HIKHELBG@ FH=>E
;>EHP P:L ;NBEVHK MA> BNH? LA®BEE> *HKMA :KHEBG:
MH B=>GMBZRBHKBM IE:<>LZ RK GPB ;NLBG>LL
=>C>EHIF>GM 0A> FH=>E BG<EN=>=: L>KB>L H? B&INM E:R
EBD KH:=L [:KDL :G= ;NLBG>LE>GM>KL MAMNNE= ;>
L>E>M>= R :NMKB;NM>L HK EH<:MBHG :G=HNEA %
P>B@AM>==R2GMER

Priority Plac es weighted overlay , https:/ /www .azavea.com/pr ojects/
priority-plac es/

0A> , KBHKBM: <L MHHE NI$&#%&1#" ,3#/) 6 MH <AHHL>
MA> EH<:MBHG HP ;i8BG>LL BG MAR BM LA®BEE>
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Priority Plac es sample overlay output

BMB%L :G= =><BLBHG BRL H? LAGBEE> PD-K =B=

GHJ L>> MA>>B@AM>©>KE:R FH=>E KNGGBG@ BG MA>
;:<D @KHNG= %GLM>:R BG&KM>K2<PBMA :G BGMMBO

NL>K =LA;H:K= PA>K> NRAX>EM>= MA> BGINM>KER
<KBM>KB: >7BLM:G<?KHF :G= PB@AML MH B=>GMB?R MA>Bk
IKBHKBNME: <>L

Priority Plac es interactive suitability anal ysis tool
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Automating Geopr ocessing

OH KNG FHK>HEIE>Q EM>KG:MBGG:KBHL MA>K> K>
F><A:GBLFL AK :NMHF:-MBG@ @>HIKB&S@

"HK ®:FIE> BG MA> K<#%/ )H=>E NBE=>K :IIEB<:MBHG MA>
HEBRBG@ MHHEL :K> NL>= MH :NMHF:M>MRAHKNEBG @
=BZ2K>GM BGINML HK <KBM>KB: :G= @>G>K:MBG{® : O:KB>
HNMINML

Automating tools f or ArcGIS Model Builder ArcGIS Rsource Genter,
accessed 1215

[ %G EBG> O:KB:;E> LN;LMBMNMBHG



136 Janet Silbernag el
[ (BLML
[ %M>K:MBHG

[ ">>=;:<D

(>:KGBG@ MH NL> MA>LMBNGEk BE:&= MA>H&> H? MABL
;HHD $HP>O-KB? RN :K> BGM>K>LM>= BG E>:KGBG@ FHK> H(
RANK PG OBLBI®:G<>= 0><AGBJN>L BG )H=>E NBE=>K

JH=>E NBE=>K IKHB=>L : @K:IAB<:E BGM=MRQ@>G>K:MBG@

: FH=>E MAM <:G :NMHF:MB<:EER KNG : @bHBGH
L>IN>Gx PBMA =BR2GM BGINML :G= <KBM>KB: +G MA> ;:<D
>G= MASHFINM>K BL KNGGBG® MHG<NM> MA> FH=>E
RHN <K>:M>= OBLN:HER XQ:FIE> F:GR #%/ IKH@K:FL

NL> MA> IKH@K:FFBG@ E:G@NMBHG@R %G LHF> <:L>L BM
F:R ;> FHK> >?]<B>GM HK EBHK> *>QB;BEBMH L<iKB]

FH=>E R PKBMBG@ EBG-MAHGR<> MA:GR ;NBE=BG@ :
@K:IAB<:E FH=>E K<#%/ :G=-#%/ :IFAE¥_>KL MH PB3=

>=BM MA>MRHGH<> @>G>K:M>& MA>BK FH=>E ;NBE=BG@
MHHEL MAHN@ABNRL @HH= MH LM:KM :GR FH=>E HK
L<KBUBG® =K:PBG@ HNM PAINIIRGM MH =H ]KLM

Performing Sensitivity Anal ysis

/>GLBMBRBMERLBL BL NL>=MBHK> AHMA> HNMINM H?
LI:MB:E HVUBFBS:MBHG LMK:M>@B>LVRNBMGBEBM
ONEG>K:;BEBB.ERLBLV<A:G@> PBMA LEB@AM O:KB:MBHGL
MA> BGINM <KBM>KB: |:K:F>M>KL

"HK XQ:FIE> BG : AHNLBG@ LNBNW;BHB®E MH B=>GMB?R
MA> FHLM =>LBK>= EH<:MBHGL MH :== ;NBE=B&@GHEH
LI><B]>= <KBM>KB:VLEHI> ‘M>< =BLMX&< MH
KB&K/L>GLBMBOBVERLBHKE= ;> I>KHPKF>= ;R <A:G@BG@
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> <A H? MA> BGINM <KBMRKBFEE BG<K>F>GML :G=
F>LNKBG@ MA> K>LNEMBG@ <A:G@>L BG QNMEYM "HK >
=H>L : F BG<K>!L> BG =BLM:GLKHF MA> KRO
=K:F:MB<:EER =><K>:L> MA> :K>: LNBMK,EHRLBG@

FH=>E PA>MA>K ;NBEM @K:IAB<:EER PBMA FH=>E ;NBE=BC
MHHEL HK MAKHN@WBG®BBG : IKH@K:FFBG@ E:G@N:@>
>G:;E>L NL>KL MH JNB<DBRKEPK2GLBMBOBMRL>LR
<A:G@BG@ MA>L> |:K:F>M>KL BG : LNBINK; BRENG>K: fBEBM
FH=>E 1LBG@ EBLML L>KB>L HK K><E:LLB]<:MBHG M:;E>L
?:<BEBM:M> BM>K:MBHGL H? HKH=H{B2?GMER KNGGBG@
L>GLBMBOBNERL>L

Topic 2 Knowledg e Check

[E>:L> :GLP>K MASHEERBG@ JN>LMBHGL MbbiKMK MA>
G>QM MHIB<

An interactive or media element has been
excluded fr om this version of the text. You can

view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=385

3. Applying Envir onmental Spatial Data and
Partnerships to Map and Assess Gr een
Infr astructur e

*>QM P IIER IN;EB< >GOBKHGF>GM:E LIIMB:E =M: :G=
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I:KMG>KLABIL MH LI:MB:HBFBS:MBHG :IIEB<:MBHGL PBMA
O+ '+ 01/2! 12/#

Grey Infrastructur e

0ABGD H? :EE MA> A:K= ?:<BEBMB>IMSKXIMHUAKMGEG >V

:G= KNG MA> F:<ABG> H? HNK ;NBEM >GOBKHGF>GM KH:=
LMHKF =K:BGLPEKL <NEBRML >M3 ><:EE MA:M G KR
G>MAKD @K BG?K:LMUNK2

A likely combined sewer o verflo w outlet in Bayonne, NJ.
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Melted water flo ws down thr ough the manhole

Green Infrastructur e

IUN:EER BFIHKM:GM BL MASHGBMP? LMK>:FL>NE:G=L
@K>>GP:RL @K>>G KHH?L :G= G:MNKKE=HKL <:EE>=
YOK>>G BG?K:INHE<HK :;LHK;BG@ K:BGP:NEM>KBG@
LMHKF P:M>HE=BG@ LEHI>L ?KHF >KHLBHG K>=N<BG@ NK;:
A>M G= EHGGMBG@ A:BM:MHKB=PB=> MA> G>>= MH
B=>GMB?®LB@G :G= F:BGM:BG @K>>G BGQANKMKN<
G>MRAKDL M:D : IKBHKBM>:M GM MH @BS?K:LMHNK>
HK HFFNGBMB>L :G= K>@BHG:E I|E:GGPKI:<BEBM:M>
IE:GGBG@HR @K>>G BG?KIMMKN< >LI><B:EER :<KHLL
‘HNG=:KB>L [|:KMG>KLABIL > EBIA> B3KE= #K>>G
%WG?K.LMMNK>  *>NHKD :G= #K>>G %G?7K: MINKN<
HEE: HK:MB@A? 1/ :@>G<B>L MNDA> A>EF
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http:/ /lwww worldgr eenroof.org/index.html

https:/ /iwww .epa.gov/gr een-infr astructur e/
green-infr astructur e-collabor ative

/BG& MA> 1/ |, IGOBKHGF>GM:E KHWI>MBHG
@>G<R HE>L== HVA>K  >2>KE :@>G<B>L
GHG@MKGF>GM:E HK@:GBS:MBHGL :G= IKBOIMK L><
>GMBMB>L BGMH MAB'#!$ #3$! 1# % +

#&! " | | # # $#"

P # ! 1"#1$ #$! ,

>[>G=BG@ HG MA>BKNR =BR>GM HK@:GBS:MBHGL
G>MAKDL HK :@>G<B>L >FI&LBS= =>]|G> @K>>G
BG?K:LMKINK> =BR2GMHERK BGLM:SMA> !, X H<NLHBK
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@K>>G BG?K:INMH< BL IKBF:KBER HG LMHKFORABKK
=>]GBMBHG K>:=L

! LIS #$! " " O#%
gl # & #
&#! H#'H#H#EIQ "
$# ' # BT
'l & #1
LIS #HS! * % #
! & #I# # gy

" # % $ HI & #1&
L # $# %! # |

IS #S! | $ "R #H
&#! # #'"$ & % !
%! # "

A

Residential building in the public gr een park during sunrise.

EM>KG:MBRMA> HKE= #K>>G %G?KMMKN<>NHKD
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3 #%* H<NL>L HG @RB@ MA> GHKIPH? @K>>G KHH?L :G=
P:EEL

0A> 3 HKE= #K>>G KHH? %G ?KNKIKN<
*>MPHKDKEEML :G= =BLL>FBG:M>L
DGIRE>=@> BEF:MBHG :G==:M:
HG=KGBG@ KHH? :G= P:EE @K>>GBG@
PHKE=PB=>

FUKUOKA, JANNJUL 09: View 6 Acros Fukuoka on Jul 09, 2015, in
Fukuoka, Japan. Acoss Fukuoka is the eco-building and landmark o f
Fukuoka that has a gr een roof.

+MA>KL :lIKH:<A @K>>G BG?KMMKMN<?KHF MpM>=

K>L F.G:@>F>GM :G= HGL>B:MBHG %=>GMB?RBG@ HNK
FHLM O:EN:E> IEX MH IKWM>bM AK ?NMNK> @>G>K:MBHGL
;>@BGL PBMA LI:MBNMBRFBS:MBHGV>LL>GMB:EER ;KH:= L<:E>
LNBM:;BEBNMG= ONEG>K:BEBIG:ERL>L $>K> @K>>G
BG?K:LMKNK> BL :IIEB>= L : LIMB:HG=IM MH
NG=>KLM:G= MA> >LM>IE:¥K @RMA :G= <AHHL>
=>C>EHIF>GM MA:M A:L LF.EEHKWMIKBGML M*HL BR
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A BM:ML :G= F.DL E:G=L<!I>L FHK> HGG>M>= :G=
K>LBEB>GM %G MABL <:L> G:MNKIEK>LENE < [:KM H?
<HGG>M>= BG?K:LMKHN> MA:M LNIITHKMLGHR=R EBO

OABL OB>=KHD>> ILKB BRNG=>K :G= IK>LB=>GM MH E:NG<A :

#K>>G %G?K: LINKK> %GBMBHABO %$ #
I'$ # % I #'# ##
1"# % I"#' & $ % #

V &:<D :G@>KFHG#H.KB HF @K>>GBG?K:LMKK<

ILKBXBGBMBMB{G>L @K>>G BG?K: MHKN<L

+  "H# '

#&! " & #1I" "

& ## 1" #1 #$
tOHSL L HEH )

"$"H# $#" ,

0A> @K>>G BG?K:ININKN<BGBMBIKHEIB=>L : LRLM>F HK
FH=>E :EHG@ PBMA MHHEL :G= LI:MB:E =:M: MH F:I| @K>>G
BG?K.LMKINKK> O0A> FH=>E BL ;NBEM :KHRKSELBR
<HFIHG>GML MH ;> F:lI>= :G= Ii®>KE:B=

[ <HEH@B<:E K>IHNK<

[ NEMNK:E ABLMHKB< >GB<&>LHNK<
BG<EN=BG@ I:KDL :G= K><K>:MBHG

[ $:S:K=:K>:L MA:M IHL> >GOBKHGF>GM:E KBLDL HK
<HLML

[ HGG>MBHGL HK GHURL H?BHEH@B<tHEKKB=HKL
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http:/ /www .esri.com/about -esri/gr eeninfr astructur e

M BML LBFIE>WEEEBM> OBLBMHKL <:G >GM>K :G :==K>LL M
LD AP @K>>G MA>BNGRIMPG HK K>@BHG BL :®&= AH
@K>>G BM BEEBIH ;> BG MA> ?NMNK>;0A>P @K>>G
BG?K:.LMKINK> F:IIBG@ MHBEKE:RL ;>LM :0O:BE:;E> LI:MB:E
=:M: MH =>M>KFBG> MA> :FHNGM H? B&MAS;BM:M :G=
@K>>G BG?K:ININKWEIR MA> L>E>< EH<:MBHG K>BvMBO
MA> G:MBHG:BEKD>
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Green Infrastructur e mapping tool

0A>K> K> :ELH : L>KB>L H? :=8GHIL ? HK @K>>G
BG?K.LMKINK> :G:ERLBL :G= PGEH:=;;E> K<HHE;Q

OA> :lIL :EEHP NL>KL MH L3>&= IKBHKBMBG=L<:I>

<HK>L K:GD E:G=L<:I>HK>L PBMA =R2GM 3BQ@AMBG@
L<G:KBHL :G=HG=NM : E:G=L<:|> :G:ERLBL MH B=>GMB?R
‘K>:L PBMA <A:KM>KBLMBHNKRHFFNGBR P:GML MH
IKHVI>M 3ABE>HRN FB@AMNEE>> BM ;>ABG= MAGHL<KMA>

ILKB #K>>G %G?K:INNWS< :[IL BGHKIHK:M> F:GR H? MA>
MHHEL :G= =:M{3K>= BG MA> EEPME2LLHGL BG<EN=BG@

[ , N;JEB<>GOBKHGF>GM:E LI:MB:E =:M:

[ #>HIKH<LLBG@ FH=>HK RI:MB:E NIBFBS:MBHG
LNBM:;BBRBM= ONEG>K:;BEBM-LL F>GML

3 >B@AM>G>KE:R PBMABG @>HIKBIZ@ FH=>EL
LA;H:K=L
/<>G:KBH F.G:@>F>GM

HEE:;HK:MBHG :G= l:KMG>KLABIL

— r— —
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"HK BGLMX%&<>ABG= MA>HK> 3>B@AMBG@ HK?@K>>G
BG?K:LMKINK> : PB@AM>>KE:R KNG MBF> MA> NL>K
<A:G@>L MA> LEB=>K GIENGR H? MA> LI:MB:E =:M:KE:R
BG MA> F:iI M>K MA>P@AM>E-KE:R BL KNG PBNPA G>
I:IK:F>M>KL :G NI=:M>= OB>H? >LM :G= ;>WMbK HK>
A:;;BM:M BL =BLIE=R

Green Infrastructur e dashboard

$>K> MA> NL>K BGMstKPBMA : =:LA;H:K= KIMA>K MA:G MA>
@>HIKEKLBG@ FH=>E

Dashboards

LA;H:K=L :ELH <EE>= >2=;<D =BLIE:RL BG=B<:M>
I>KHKF:G<> F>MKB<L H? : i BEBM>KG:MBMB:E =>LB@GL
LN<A L AR F.GR ;BH=BEKLBRVKHK>L :K> BG HKGRIHK
E>G@MA H? : KBI:KB:GKNPK ®:FIE> FN<A EBD: <K
=LA;H:K= M>EELRAR.LM RNK> @HBG@ :GB EN<A ?N>E

BL EM? 3A>G RN F:D> <A:G@>L MH MA> LI:MB:E <KBMA>KB: G>
I>KHKF:G<> F>MKB<L :K> =BLI=R

"HK X:FIE> EBB, KBHKBM:<L MA>/NLM:BG:;E>/RLM>FL
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%GM>@K:MBHG )H=>E //%) H? LBEHMIF>GM :GD NL>L
I>KHKF:G< =LAH:K=L LARG A>K> MHHEI:K>
‘EM>KG:MBO=>LB@G IE:GL :@:BGLM : GNF;>K H?
LNLM:BG:;BEBMMKB<L

www .scribd.com/document/2260854 36/
Sustainable- System-Integr ation-Model -SSIM accessed 1216

‘LAH:K=L :K> MHHEL MH F:GBINE:M> LI:MB:E :G:ERL>L BG
:G BGM>K&O>GOBKHGF>GM PBMA BFF>=Byi=» HK
>0O:EN:MBHG GAX> >LI><B:EER NL>HAKE2<BLBHG BKL

PAH A:G- EBNE>QI>KB>G<PBMA #%/

*>P>K :G= FHK> ;KH:=ER <x<LLB;E> MA> +I>K:MBHGL
LAH:K= ? HK K<#%/ A>EIL NL>KL <K>:M>HKIK®&S<
=LA;H:K=L L : <HG]J@NK:;E>® Il R HN <G ==
:G.ERVMB<L F>MKB<L :G= OBLN:EBS:MBHG NMKIB; MH R
F:IL MAKHN@A K<#%/ HGEBG> 0A> F:.IL :G= BG=B<:MHKL
NI=:M> BG K>.E MBF> :G=<:G ;> LA:K>= PBMAH®ED-KL MH
LNIIHKMKEE:;;HK:MBG= :<MBHG:;E> =><BLBHG F:DBG@
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OH K>:= FHK> ;;HNM MABL =:LA;H:K=

AMIL PPP @BL IKHRLBHG:HE <HGM>GMRE>LKB
K>E>:L>L HI>K:MBHGL =:LA;H:KKR<@BL

AMIL PPP >LKBHF >G NL :K<@BL IKH=Mk& HI>K:MBHGL
= LA;H:K= HO-OBB
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Scenario Management

"BG:EER<G:KBH F:G:@>F>GM <:G ;> >LL>GMBEKEX@>
@K>>G BG?K:MW$< HKMA>K LI:MB:E MBFBS:MBHG
IKHC>ML 3A>G Q:FBGBG@ F:GR :EM>KS:MB@BHGL
<A:G@BG@ I:IK:F>M>KL LEB@AMER A>K> :G= MA>K> MA> GNF
H? L=xG:KBHL FNEMBIEB>L JNB<HEMRBL >:LR MH EHL> MK:<D
H? PAB<A P:L PAB<A ¥&:KBH F.G:@>F>GM MHHEL D

MK:<D :G= A>El HK@>@BS85:KBH HNMINML

Design A Design B Design C
< 23 ar
g\ {.ﬁLo‘, ' /Q"E:,
-é-—"". ‘.. - b =) i

Putting it all tog ether with Ar cGIS Po

%? MA>KEINE= ;> : AR;KB= H? =>LDMHI #%/ :Gs P
FlIBG@ BM BL K<#%KH KH FHKDL PBMA@BLMBG@ F:l
=H<NF>GML :EHG@LB=> :GR H? MA> K<#%/ >LDMHI
JIEB<:MBHGL > @K<):!I K<:M:EH@ PBMA :EE MA>
KH;NLM OBLN:EBS:MBHG @:+Bi&Ex :G= :GMB<:E MHHEL
0A>G EBDH%/ HGEBGHNR<:G LA:K>HNK F:l IKHC>ML
MAKHN@A MA> <EHN=

0A> K<#%/ ,KH BGM>K?RBEE EHHD LBFBMK-B#>GM
MH K<):I %M P:L ENG<A>= BG :G= BL ;HFBG@
F:BGLMK>:F
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Ribbon Contextual tab set
Quick Access Toolbar Tab I Contextual tab
FEATURE LAYER l
MAP | INSERT AMNAIWSIS VIEW EDIT SHARE APPEARANCE  LABELING DATA

EEge-c-| Al'cGISIra - MyPraject - Zion 3D

-~ T FIF [ ttributes
@ 95 M 3@ 05 [0 B

NE KA c
T Clear
Explore Bpokmarks  Basemap Add  Add Select| Select By Select By
i = = Data ~ Preset ~ = | Attributes Location
Mavigate [r] l Layer I Selection
I Select By Rectangle
Button Group
X Launcher to Select featurgs by clicking them or
Project tab 8CCess more dragging a bgx around them
Use to manage options.
the project and set . .
options. Spiit button A ScreenTip appears
Click button to perform a command or when you hover over a
button.

arrow to Qpen a menu.

From: pro.arcgis.com/en/pr o-app/g et-started/
overview-o f-ar cgis-pr o.htm, accessed 1216

Sharing Maps and Collaborating with Ar cGIS Po

>LB=>L BML <:I;;BEBMBKIFKDBG@ PBMA-BIP>GLBHG:E
:G= LEMB:E =M: BF.@>K R :G= OBLN:EBS:MBHGL
K<#%/ ,KH >G:E>L HEE:;HK:MB®:IIBG@ ;R =BKMER
<HGG>MBG@ MH HGEBBEBH.PG= E:R >KL BIN <:G :NMAHK
RHNK F:l PBMAQGBLMBG@HK IN;EB< =:M: EXRL HK PBMA
RHNK PG =:M: E:RKL BIN <:G MA>G LA:KEINK B; F:l
:G= E:RKL ;:<D HNM MH @KHNIL HK INKEBER:;HK:MBHG
3>; FIL <G ;> HI>G>= BG K<#%/ , KH L PEE L BG
LM:G=:K= P; ;KHPL>KL

(>:KG FHK> ;;HNM LA:KBG® PIL

Key Points When Asking and Answ ering Spatial
Questions

L P > PK:I NI (>LLHG :G= MA> HEEMBG@ :G=):IIBG@



Map Data 151
‘M: FH=NE> E=>¥1>G= PBMA LHF>ROIHBGML MH K>F>F;>K
PA>G LDBG@ :G= :GHBG@ LI:MB:E IN>LMBHGL

1. Mind the process

. >F>F>K MAIM PA>G >G@:@BG@ BG MABL K<
@>H@K:IAB< BXRNBK LI:MB:E MABGDB&® LAHNE=
‘EP:RL

[ LM:;EBLA MA> @H:EHNRRKHOA<:KER HG

[ "H<NL HG MA> IKH;E>F HK JN>LMBHEBRA MH
LHE®

[ +GER PIKD PBMA =:M: MA:M PBEHNAHERMA:M
IKH;E>F

2. Be a critical consumer

#BOG MA> MK>G=L :G= -1 *0%05 H? IN;EB< >GOBKHGF>GM:E
L:MBE =M: :G= MA> >.L> H? LA.KBG@ F:l IKHCERM
BFIHKM:GM MAHWR>HF> GHM CNLMHGLNF>K H? LI:MB:E

=:M: :NM : <KBMBHEkKNF>K PAH :EP:RL

[ IQ:FBG>L MA> F>M:=:M: :G= DBHPA>K> MA>
=:M: <:F> ?KHF

[ LDLB?=:M:BLH?LN?]<B>GMRN:EBM

[ 1L>L HGER MA> FHLMOKGE>=:M:

References

' >KLDB &HL>IA &= &BEE E:KD $ #
$ # . >=E:G=L ILKB, K>LL
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K<#%/ ,KH $>EIL BIN #>M BKD HG> ":LM>K
ILKB HF LNFF>K

ILKB >E>:L>L +I>KiMBHGL LA;H:KER K<#%/ #%l/
, KH?LLBHG:EAMIL PPP @BL IKHRLBHG:EE <HGM>GM
G>PL >LKB K>E>:L>L HI>K:MBHGL =:LA;HH#KK2@BL

Topic 3 Knowledg e Check

[E>:L> :GLP>K MASHEERBG@ JN>LMBHGL MbbiKMK MA>
G>QM MHIB<

An interactive or media element has been
@ excluded fr om this version of the text. You can
view it online her e:
https:/ /wisc.pb.unizin.or g/maps/?p=385

4. Cartogr aphy Best Pr actic es

%M BIL ) MA:MHRNK F:IL EHHDL @HH= 3AR

><NL> : @HH= F:l <G <HGER : MHG H? B&F:MBHG BG
: LAHKM :FHNGM H? MBF> :G= MR :RB=> :N=B>6<NM
= FlI<G < HG?NL> :G=C-G fIGER MABG@INFRESK
F>:GM MH L:R

What Makes An OK Map
EE @HH=F:1*201 A:C>

[ E>@>G=
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[ *HKMA KKM
[ OBME>
[ /<E>;K
[ ;KB>?=>L<KBIBHG H? MA> K>LNEML :G= =:M:
LHNKt

NM B? %R> MH FB: F:I MA:M HGER A:L MA>KINK>L
F>GMBHG>=:(&¢ BMIPNE= EHHD LHF>MABS@ABBD

BLM Livestock Grazing Allotments of the Northwestern US

An examination of BLM grazing lands in the Northwestern US. Data sources: BLM Admin State, US Census Bureau

N T o
B i ] : %‘? Legend
35 175 0 3.5 Decimal Degrees Allot_StArea
Co_StArea

0A:M =H>LGXM EHHD LH @K=;M>(BMHPG PAR

MA>KEHKL :K>GXM @K>:M ;><:NE&XWIAM :GR
MAHN@AM BGMH MAR>N0XR):1 F:-D > MA:M
=><BLBHBK’F> :G= K<):| <AHHL>L <HEHKL
K:G=HFER

0A> E>@>G= BIGEZNLBG@ MA> E:>BILMRG@>
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G:F>L :G=B? % A:=GXM F:=> MABL F:IRV(AINE=
F:D > GH L>GL> MH F> RA&H;;;ER F:D> GH
L>GL> MHIR

0A> MBME> BL MA>K> HNEBMHK;::ER ;>
<GM>K>= ;MMK

0A> GHKMA :KKBL\:< MN:EERXB&>

0A> L<:E> ;K BL NLBG@ : K>:EER LMK:G@> L<:E>
F:DBG@ BM =B?]<NEM MH NG=>KLM:G= K<):I CNLM
=>?:NEML MH PANNGBML K> ;>BG@ RL>=;

K<)l

% <:GXM K>:EER M>EE PAGMZ-H? MABL F:I BL
%7? % P:LGXM : 1/ <BBMBIRNE= A:©OGH B=>:
PAB<A LM:M>L MA>L> FB@AM ;>

3A:M ;;HNM MA> (:RKL % :F NLBG@ %L BM OBM:E MA:M
MA>KNGMB>L ;> BGKEN=>= )B@AM MA>K> ;> :
LBFIE>KFHK> BGMNBMBEK MH NL>

/H MA> IHBGM % :FRBE@ MH F:BL MANDSR IB>% H?

RHANK F:I LAHNE= ;> =>LB@G>= MH A>El AB@AEB@&NM PA:M R
K> MRBG@ MH M>EE MA>/K>B&KVABL <:L> % P:GM MH
AB@AEB@AM MA> () @K:SBERBGEEBG MA> *HEMAPKG

1/ IH % PBEEMMFIM MH F:DMABL IHIR INMIBG@ MA> LMN=R
:K>: BGMHHEMM :G= NLBG@ LHFM>HEHKL 0A>G % PBEE
>GLNK> FR E>@>G= BL <E>KH®&<Bk> :G= % PBEGFH
MABG@L :KHNG= MB M&> F:l :>LMA>MB<:EER IE>:LBG@

)L :K> OBLN:E :G=LH B A:0> MH >GLNK> P:D > MA>F

EHHD @HH=
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BLM Livestock Grazing Allotments of the Northwestern US

1>

250 500 1,000 Kilometers States of the Northwestern US
| ] BLM Grazing Allotments

An examination of BLM grazing lands in the Northwestern US.
Data sources: BLM Admin State, US Census Bureau

%LGXM MA:M>KM3AR
%KIFHK> LBFIE> MABIEHKL K> <E>:G>K :G=
F:D > MA> F:l <E>:K>K

0A> F:l A.L ;>>G INM BGMHHGMM LH MA:M BM BL :
‘NM FHK> <E>:K PAB<A LM:M>L :K> BG<EN=>=

0A> L<:E> ::K BL FHK> <E>& BG NGBML MA:M

F:D > L>GL>

0A> E>@>G= E:;>EL B:D>GL>
A Note of Colors

> <:K>?NE PBMAEHKL NRA=:G A>El HK ANKINNR EM
):D > LNK>HN <:G :EP:RL M>EE MA>IGE2? >MP->G
<HEHKL :G= :ELH FEDLNK> MA:MINR MABGD :;HNNNR
‘N=B>Gx %? MA> F:| BL BGM>@4dk= @R LF:EE :N=B>6<



156 Janet Silbernag el

MA>G MABREHKL <:G ;> <AHL>G ;:L>= FHK> HG PAIM R
EBD NM B?HN K> IK>L>GMBG@ MABL F:I MH : PB=>K
:N=B>Gx RIN :EP:RL A:© MH HGLB=>K MABG@L LN<A L
PA>MA>K HKNEMABL F:I BL K>:=:;ER }-KRHG>

Color Blind Audiences

0A> FHLM HFFHG HKF H? HEHK ;EBG=G>LL BL K>= @K>>G
<HEHK ;EBG= PAB<A BL HHHFH& BG F>G ;HNM H?

F>G :G= H?P HF>G K> K>= @K>>@EHK ;EBG= PAB<A
KHN@AER MK:GLE:M>L MH :;HNM BG F>G :G= BG
PHF>G 0A>K¥?K> BG :GR @BB>L>GM:MBHG MA>3dA:G<
K> KSE:MER AB@QA MA:M LHF>HG> PBHEHK;EBG=
F>.GBG@ MA:M L F:iIl F.DKL P LAHNE=HGLB=>K MABL
IHLLB;BEBME= <K>:M> HNK F:IL 5 K=BG@®ERM BLGXM MH
L:R MAIMP<:G G&»K NL> K>= HK @K>>G sNMIBNE= ;>
<:K>?NE :;;HNM NLBG@ LHE>ER K>= HK LHE>ER @K>>G L<:E>|
P> LAHNE=EP:RL ;> <.K>?NEIGHH NL> MAHEHKL :M >:<A

>G= H? : L<:E> "BG.EER>L>HEHKL LAHNEMGHNL>=

G>XQM MH HG> M3 Ks>K> :K> LHF> LHNK< ;;HNM HEHKL
MA:M <:G NL>= MH A>EI |G= LHF> @HEHEBG= ?KB>G=ER
<HEHK L<A>F>L
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Number of data classes: [3_~

Nature of your data:
® Overging O qualtatie

onlyshow 1 | 3k
O

WX -

seststy

.‘ sosdecs
o =

Why s color important n maps?

Tips for using color in maps

Color Theory and Mapping

Secuenisl Schmon

Duerging Schames

Satcnty v v v rom.

Media Attributions

[ />P>KHNME>M
[ 9? ?=: :9;
[ . +/"NDNHD:
[ +D):l
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[ #HH=):
[ HEHKK>K
[ :KMH
[ OBIL



OABL BL PA>KHMR <:G == :II>G=B<sL HK MA>K ;<D
F:MM>K
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