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�� )H=>E�:G=�LRGMA>LBS>�IHM>GMB:E�>GOBKHGF>GM:E
L<>G:KBHL

��  >LB@G�:G=�IE:G�LMK:M>@B>L�?HK�:=:I M:MBHG�MH
E:G=L<:I>�<A:G@>

, KBHK DGHPE>=@> :G= >QI>KB>G<>� 0H CNFI BGMH MABL ;HHD	
BM BL ;>LM B? RHN A:O> A:= :G BGMKH=N<MHKR <HNKL> HK
>QI>KB>G<> PBMA ;:LB< #%/ <HG<>I ML :G= M><AGBJN>L :L P>EE
:L�?HNG=:MBHG:E�DGHPE>=@>�H?�><HEH@R�

"HK MAHL> PBMA EBMME> K><>GM #%/ >QI>KB>G<>	 % K><HFF>G=
<HFIE>MBG@ MA> !LKB 2BKMN:E �:FINL <HNKL>� Learning
ArcGIS Desktop (for A rcGIS 10) IKBHK MH LM:KMBG@ MABL >

;HHD� 0ABL OBKMN:E <:FINL <HNKL> A:L � FH=NE>L :G= M:D>L
:;HNM �� AHNKL MH <HFIE>M>� �HGM:<M RHNK HK@:GBS:MBHG:E
!LKB EB<>GL> F:G:@>K ?HK : <HNKL> <H=> :G= LB@G NI A>K>�
AMMI���PPP�>LKB�<HF�MK:BGBG@�F:BG�FR
MK:BGBG@

0A> � HGL>KO:MBHG #%/ >
;HHD :G= <HNKL> BL <HFIKBL>= H?
MAK>> L>JN>GMB:E OHENF>L	 >:<A ;NBE=BG@ HG MA> IK>OBHNL
:G= =>L<KB;>= BG MA> L<A>=NE> H? MHIB<L� >I>G=BG@ HG
RHNK IK>OBHNL #%/ >QI>KB>G<> :G= E>:KGBG@ @H:EL	 RHN F:R
:ELH PBLA MH LNIIE>F>GM MA> <HNKL> PBMA K>OB>P K>:=BG@L
:G=�HMA>K�HGEBG>�E>LLHGL�:L�LN@@>LM>=�MAKHN@AHNM�

�HHD�"HKF:M

0A>  ,,( IK>L>GML >:<A <A:IM>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 LHNK<>L�
(>LLHGL F:R ;> ?HEEHP>= ;R :G#�"'0!200',+ $ ,/2* PA>K>

2 Janet Silbernag el



BGLMKN<MHKL IKHOB=> ?HEEHP
NI K>LIHGL>L MH <HFFHG
FN==B>LM IHBGML ?KHF MA> HGEBG> E>LLHG	 FHK> LI><B]<
>Q:FIE>L	�:G=�=>FHL�HK�MBIL�?HK�MA>�A:G=L
HG�>Q>K<BL>�

/NIIE>F>GM:E�3HKD;HHD

3BMA MA> LNIIE>F>GM:E PHKD;HHD RHN <:G :<<>LL A:G=L

HG E:; >Q>K<BL>L MA:M :<<HFI:GR >:<A E>LLHG	 :G= :
<NFNE:MBO>�<A:EE>G@>�IKHC><M�:M�MA>�>G=�H?�>:<A�FH=NE>�

�� >Q>K<BL>L IKHOB=> IK:<MB<> HG MA> @BO>G MHIB< MAKHN@A
: A:G=L
HG �! 1'3'16� 0A>K> BL :ELH : E:; MAK>:= BG MA>
 BL<NLLBHG "HKNF MH IHLM :G= K>LIHG= MH JN>LMBHGL ?HK
>:<A E:; >Q>K<BL>� �GLP>K D>RL :K> :O:BE:;E> ?HK RHN MH
<A><D�RHNK�:GLP>KL�:?M>K�<HFIE>MBG@�MA>�>Q>K<BL>�

�&�))#+%#0 :K> EHG@>K	 BG=>I>G=>GM IKH;E>F
LHEOBG@
>Q>K<BL>L BGM>G=>= MH ;KBG@ MH@>MA>K D>R <HG<>I ML :G=
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=:M: BG<EN=>= PBMA MA> �A:EE>G@> IKHOB=>= :M MA> >G= H?
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K>OB>P�RHNK�<HFIE>M>=�<A:EE>G@>�
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1.

LESSON 1

3 >E<HF> MH (>LLHG �� /I:MB:E  :M: )H=>EL :G= MA> ,N;EB<
 HF:BG

%G�MABL�E>LLHG	�P>�

[ . >OB>P�MRIB<:E�LI:MB:E�=:M:�FH=>EL�BG�MA>�<HGM>QM
H?�@>H@K:IAB<�BG?HKF:MBHG�LRLM>FL��#%/��MH=:R

[  B@�BGMH�K:LM>K�:G=�O><MHK�=:M:�FH=>EL	�?HKF:M	
:G=�JN:EBMR

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

[ . >OB>P�L<:E>	�<HHK=BG:M>�LRLM>FL	�:G=
IKHC><MBHGL�
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Image © Shutterstock, Inc.

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 belo w.

¥ 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 K>OB>P LHF> <HFFHG :IIEB<:MBHGL H? #%/
BG <HGL>KO:MBHG :G= G:MNK:E K>LHNK<>L F:G:@>F>GM� 3BMA
LI:MB:E =:M: :G= #%/	 P> <:G :LD JN>LMBHGL :G= LHEO>
IKH;E>FL�LN<A�:L�MA>�?HEEHPBG@�

[ "BG=BG@ EH<:MBHGL
�PA>K>�BL�4��

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

[ !Q:FBGBG@�LI:MB:E
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Image © Shutterstock, Inc.

K>E:MBHGLABIL��PAR�BL�H;C><M�4�EH<:M>=�:M�EH<:MBHG
5��

[ "BG=BG@�;>LM�KHNM>L

[ "BG=BG@�FHLM�LNBM:;E>�LBM>L

[ , K>=B<MBG@�?NMNK>�<A:G@>

[ �G:ERSBG@�E:G=�<HO>K�NL>�<HGO>KLBHGL

[ (HHDBG@�:M�JN>LMBHGL�H?�>GOBKHGF>GM:E�CNLMB<>

[ �G:ERSBG@�IHEB<R�HNM<HF>L

#%/ M><AGHEH@R BGM>@K:M>L LI:MB:E BG?HKF:MBHG ?KHF F:GR
LHNK<>L�MH�:GLP>K�:�FNEMBMN=>�H?�JN>LMBHGL�

Four Key Parts o f GIS

#>H@K:IAB< HK LI:MB:E =:M:
:K> CNLM HG> IB><> H? : #%/�
0H@>MA>K MA> LRLM>F
BG<EN=>L�MA>�?HEEHPBG@�

[ ,E:<>L�PBMA
EH<:MBHG:E�BG?HKF:MBHG	�HK�LI:MB:E�=:M:��:
=>IB<MBHG�HK�FH=>E�H?�MA>�K>:E�PHKE=�

[ ��P:R�MH�HK@:GBS>�:MMKB;NM>L�H?�MA>�LI:MB:E�=:M:	
HK�=:M:;:L>��LN<A�:L��K<�:M:EH@�

[ 0HHEL�MH�F:GBINE:M>�:G=�:G:ERS>�LI:MB:E�=:M:	�HK
@>HIKH<>LLBG@�?NG<MBHGL��LN<A�:L��K<0HHE�HQ�

[ �G�BGM>K?:<>	�LH�P>�<:G�F:D>�MA>L>�IB><>L�PHKD
MH@>MA>K��>�@�	�-#%/	��K<):I	��K<#%/�, KH	�HK
�K<#%/�HGEBG>�
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#>H@K:IAB< =:M: :K> <HFIHL>= H? MPH <HFIHG>GML	 ;HMA
H?�PAB<A�:K>�LMHK>=�BG�#%/�E:R>KL�

�� �-�1'�)�
�1� K>?>K�MH�MA>�IHBGML	�EBG>L	�:G=
IHER@HGL	�HK�K:LM>K�<>EEL	�PAB<A�K>IK>L>GM
?>:MNK>L�HG�>:KMA��@>HK>?>K>G<>=�MH�K>:E
PHKE=
<HHK=BG:M>L���/I:MB:E�=:M:�<:G�;>�K>IK>L>GM>=
NLBG@�O:KBHNL0-�1'�)�"�1��*,"#)0 	�PAB<A�:K>
=>L<KB;>=�?NKMA>K�BG�MABL�E>LLHG�

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

�� 
 11/' 21#�
�1� <HGLBLM�H?�<A:K:<M>KBLMB<L�HK
IKHI>KMB>L�MA:M�=>L<KB;>�LI:MB:E�>GMBMB>L�
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BF:@>%F:@>�LHNK<>�
AMMI���FPBDB�@B<A=�HK@�%)�

0RI>L9H?9 :M:�
LK<��AMMIL���PBL<�I;�NGBSBG�H

K@�:II�NIEH:=L�LBM>L�����
�
���
��BF:@>�
��CI@�

:EM����LJN:K>�I:K< >E�H?�E:G=
K>IK>L>GM>=�:L�.:LM>K	

2><MHK	�:G=�. >:E�3HKE=��
PB=MA���
���A>B@AM���
���

Image source:
http:/ / mwiki.gichd.or g/IM/
Types_of_Data

�#,%/�-&'! " �1� * ,"#)0
:K> MA> O:KBHNL @>HF>MKB<
LMKN<MNK>L ?HK LMHKBG@
@>H@K:IAB< LI:MB:E =:M:�3 >
NL> =B??>K>GM DBG=L H? =:M:
FH=>EL�MH�

[  >]G>�MA>
<E:LL>L�H?�H;C><ML
MA:M�<:G�;>
K>IK>L>GM>=�:G=
AHP�MA>R�;>A:O>
HK�:<M�PBMABG�#%/

[  >]G>�MA>�;:LB<�=>LB@G�I:MM>KG�?HK�=>IB<MBG@�MA>
K>:E�PHKE=�:G=�AHP�BM�BL�:;LMK:<M>=�BG�#%/

[ � HFFHG�=:M:�FH=>EL�BG<EN=>�

� .:LM>K

� 2><MHK

� 0%*��MKB:G@NE:M>=�BKK>@NE:K�G>MPHKD�
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Geographic Data Models

Image source: Bostad Fig 2-4 2, www .paulbolstad.net/gisbook.html

.:LM>K  :M: )H=>EL K>IK>L>GM LI:MB:E =:M: :L : F:MKBQ HK
: @KB= H? @>HK>?>K>G<>= <>EEL �IBQ>EL� @>G>K:M>= ;R :
K>@NE:KER LI:<>= L:FIEBG@ H? IA>GHF>G:� 0A>R :K> >BMA>K
=BL<K>M> �MA>F:MB<VEBD> E:G= <HO>K <E:LL>L� HK <HGMBGNHNL
�EBD> LHBE FHBLMNK>� :G= IKHOB=> P:EE
MH
P:EE <HO>K:@> BG :
=:M:�E:R>K�
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Graphic showing X and Y coordinates of raster data. Illustr ation dr awn
by Ashley Kissick, 2018

,BQ>E HK <>EE LBS>	 HK K>LHENMBHG	 BL BFIHKM:GM ?HK =BLIE: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 : O:KB>MR H? ?HKF:ML	 PBMA @KB=
:G=�BF:@>�?HKF:ML�;>BG@�MA>�FHLM�<HFFHG�
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�/'" $ ,/*�1 BL MA> G:MBO> HK IKHIKB>M:KR K:LM>K ?HKF:M
NL>= ;R !/.% LH?MP:K> MH K>IK>L>GM =BL<K>M> :G=
<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

�*�%# $ ,/*�1 <HEE><MBO>ER F>:GL K:LM>K =:M: PBMA <>EEL
MA:M LMHK> ;KB@AMG>LL O:EN>L :G= <:G ;> =>KBO>= ?KHF :>KB:E
IAHMHL	�L:M>EEBM>�BF:@>KR	�:G=�L<:GG>=�F:IL�
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Aerial Photo. ©
Shutterstock, Inc.

Scanned Topographic
Quadrangle Map. ©
Shutterstock, Inc.

Climate and Ocean
Data

Land Cover

Satellite Imag ery

DEMs (Digital Elevation
Models)

0A> K:LM>K BF:@>L ;>EHP BEENLMK:M> :G :>KB:E IAHMH	 :G= :
L<:GG>=�MHIH@K:IAB<�JN:=K:G@E>�F:I�


����"�)
��$##�!"#�����
���

Raster Data

Examples and

Applications

.:LM>K =:M: :K> <HFFHGER NL>= ?HK MA>F>L MA:M <HO>K MA>
PAHE> F:I :K>:	 LN<A :L >E>O:MBHG	 M>FI>K:MNK>	 :G=
IK><BIBM:MBHG��!Q:FIE>L�BG<EN=>�MA>�?HEEHPBG@�
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Weather Data


����"�)���$##�!"#�����
���

0A>L>�=:M:�:K>�PB=>ER�:IIEB>=�BG�

[ !GOBKHGF>GM:E�L<B>G<>

[ �A:G@>�=>M><MBHG

[ )H=>EBG@

Vector

0A> O><MHK =:M: FH=>E =BLIE:RL LI:MB:E =:M: :L����#" 	 ����" 	
:G= ���' ���" 	�:G=�>:<A�>GMBMR�BL�@>HK>?>K>G<>=�

� ,'+10 K>IK>L>GM�H;C><ML�;R�:�LBG@E>�4	5�<HHK=BG:M>�I:BK�

�'+#0 :K> <HFIHL>= H? EBG> L>@F>GML <HGG><M>= ;R
O>KMB<>L �GH=>L� :G= :K> =>]G>= ;R MA> <HHK=BG:M> I:BKL H?
MA>�GH=>L�

� ,)6 %,+0 A:O> : 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�

Illustr ation o f vector data. Image sour ce: http:/ /www .catalonia.or g/
cartogr afia/Clase_03 /Raster_Vector.html
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!:<A�H;C><M�K>IK>L>GM>=�BG�O><MHK�?HKF:M�A:L�MHIHEH@R�

� ,-,),%6 BL MA> :KK:G@>F>GM MA:M <HGLMK:BGL AHP IHBGM	
EBG>	�:G=�IHER@HG�?>:MNK>L�LA:K>�@>HF>MKR�

%G @>HF>MKR	 MHIHEH@R =>:EL PBMA MA> IKHI>KMB>L H? : ]@NK>
MA:M K>F:BG NG<A:G@>= >O>G PA>G MA> ]@NK> BL ;>GM	
LMK>M<A>=	 HK HMA>KPBL> =BLMHKM>=� 2><MHK =:M: <:G O:KR BG
L<:E>	 :<<NK:<R	 :G= JN:EBMR� 3 >XEE <HF> ;:<D MH MABL BG
0HIB<���

Illustr ation o f types o f topology , from: http:/ /www .esri.com/news/
arcnews/summer0 2articles/ar cgis-brings - topology .html

Vector Data Examples and Applications

2><MHK =:M: :K> <HFFHGER NL>= ?HK MA>F>L MA:M :K> F:=>
H? >QIEB<BM H;C><ML	 LN<A :L I:K<>E HPG>KLABI =:M:	 IHEBMB<:E
;HNG=:KB>L	 :G= LMK>>ML� +MA>K >Q:FIE>L BG<EN=> MA>
?HEEHPBG@�

Map Data 15



Hydrographic data (e.g.
rivers, streams)

Wetlands

Boundaries, parcels, &
buildings

Energy facilities

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

Geologic & soils
boundaries


����"�)
��$##�!"#�����
���
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Census 2010 map Ð population density USA and Puerto Rico


�����)���$##�!"#�����
���

TINs

� /'�+%2)�1#" � //#%2)�/ � #14,/(0 � ���0 � <HGG><M IHBGML
MH ?HKF MKB:G@E>L MA:M K>IK>L>GM ?:<>ML MH >?]<B>GMER
K>IK>L>GM�<HFIE>Q�LNK?:<>L�
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Etretat, la Manneporte natur al
rock arch wonder , cliff and beach.
Long exposure photogr aphy.
Normandy , France. Image ©
Shutterstock, Inc.

Illustr ation o f TIN data representing elevation. Image sour ce:
https:/ /www .pinter est.com/pin/4930 73859183245047/

!:<A =:M: FH=>E
K>IK>L>GML MA> K>:E PHKE=
BG : =B??>K>GM P:R :G= BL
LNBM>= MH K>IK>L>GMBG@
LI><B]< MRI>L H? LI:MB:E
IA>GHF>G:�

�EMAHN@A 0%*L :K> NL>=
E>LL H?M>G MA:G K:LM>K =:M:
FH=>EL	 MA>R <:G FHK>
>??><MBO>ER :G= >?]<B>GMER
=>L<KB;> : LNK?:<> MA:M A:L O:KB:;E> <A:G@>� %F:@BG> :
IE:M>:N��K>E:MBO>ER�^:M�	�PBMA�:�<EB??
EBD>�=KHI
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= O><MHK =:M: FH=>EL :K> FHK> <HFFHGER NL>=
BG G:MNK:E K>LHNK<> :IIEB<:MBHGL MA:G 0%*L� 5>M >:<A =:M:
FH=>E A:L BML HPG :=O:GM:@>L :G= =BL:=O:GM:@>L� 0A>
<AHB<> H? K:LM>K HK O><MHK LMKN<MNK> =>I>G=L HG MA>
?HEEHPBG@�

[ 0A>�G:MNK>�H?�MA>�>:KMA�LNK?:<>�HK�?>:MNK>L�;>BG@
K>IK>L>GM>=

[ 0A>�LI:MB:E�JN>LMBHGL�MH�;>�:LD>=

[ 0A>�DBG=�H?�=:M:�:O:BE:;E>

[ 0A>�LH?MP:K>�MHHEL�MH�;>�NL>=

!BMA>K =:M: FH=>E <HNE= ;> <HGO>KM>= MH	 HK HO>KE:B= PBMA
MA>�HMA>K�

0A> ?HEEHPBG@ I:@>L =B@ BGMH =:M: JN:EBMR <HGLB=>K:MBHGL
H? K:LM>KL :G= O><MHKL	 MA>G <HFI:K> MA> :=O:GM:@>L :G=
=BL:=O:GM:@>L H? >:<A =:M: MRI>	 MA>BK :IIEB<:MBHGL	 :G=
<HGLB=>K:MBHGL�?HK�FHOBG@�;>MP>>G�=:M:�MRI>L�
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Data Structur e

$HP MA> LI:MB:E =:M: :K> LMKN<MNK>= MH K>IK>L>GM ?>:MNK>L
HG�>:KMA�BG^N>G<>L

[ 0A>�E>O>E�H?�IK><BLBHG�H?�MA:M�LI:MB:E�=:M:

[ 3A:M�M><AGHEH@R�PBEE�;>�NL>=�?HK�OB>PBG@�:G=
:G:ERLBL

[ $HP�LI:MB:E�HO>KE:RL�:G=�FH=>EBG@�PBEE�;>
<HG=N<M>=

[ %?�<HHK=BG:M>�MK:GL?HKF:MBHG�HK�K>IKHC><MBHG�PBEE
;>�G>>=>=

.:LM>K =:M: A:O> : LBFIE> =:M: LMKN<MNK> MA:M K>LNEML BG
E:K@> =:M: OHENF> :G= K>JNBK>L AB@A LMHK:@> <:I:<BMR�
0HIHEH@R �HK MA> LI:MB:E K>E:MBHGLABIL ;>MP>>G H;C><ML�
<:GGHM�;>�K>IK>L>GM>=�BG�K:LM>K�=:M:�

2><MHK =:M: A:O> : <HFI:< M ;NM <HFIE>Q =:M: LMKN<MNK>
MA:M >G:;E>L >QIEB<BM =>]GBMBHG H? MHIHEH@R :G= K>JNBK>L
E>LL�LMHK:@>�<:I:<BMR�

Precision

%G K:LM>K =:M:	 H;C><M LA:I>L <:GGHM ;> IK><BL>ER
K>IK>L>GM>= PA>G IBQ>E LBS> BL E:K@> �K>LHENMBHG BL EHP�
;><:NL> H? <HGLMK:BGML H? MA> <>EE LA:I>� /I:MB:E O:KB:MBHG
<:G ;> :< <HFFH=:M>= MAKHN@A BG<K>:L>= LI:MB:E
K>LHENMBHG�

%G O><MHK FH=>EL	 H;C><ML <:G ;> IK><BL>ER K>IK>L>GM>=
NLBG@ IHBGML	 EBG>L	 :G= IHER@HGL �:K>:L�� $HP>O>K	 LI:MB:E
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O:KB:MBHG H? :MMKB;NM>L PBMABG : IHER@HG <:GGHM ;>
>QIK>LL>=�

Viewing and Analysis Technology

0A> LBFIE> =:M: LMKN<MNK> H? <>EEL A:L :EEHP>= MA>
=>O>EHIF>GM H? BG>QI>GLBO> M><AGHEH@R ?HK PHKDBG@ PBMA
K:LM>K =:M: ��HELM:= �
���� �NM MA> @K:IAB<:E HNMINM H?
K:LM>K =:M: IKH=N<ML F:R GHM ;> IE>:LBG@ �>�@�	 ;EH<DR
=>I>G=BG@�HG�K>LHENMBHG��

+G MA> HMA>K A:G=	 =N> MH BML <HFIE>Q =:M: LMKN<MNK>	
M><AGHEH@R ?HK OB>PBG@ :G= :G:ERSBG@ O><MHK =:M: BL FHK>
>QI>GLBO>	 ;NM @K:IAB<:E HNMINM H? O><MHK =:M: F:R ;>
FHK>�OBLN:EER�IE>:LBG@��LFHHMA>K�>=@>L��

Spatial Overlay and Mathematical Modeling

0A>L> :G:ERL>L :K> FHK> =B?]<NEM NLBG@ O><MHK =:M:	
;><:NL>�H;C><ML�HG�=B??>K>GM�E:R>KL�A:O>�=B??>K>GM�LA:I>L�

+G MA> HMA>K A:G=	 FH=>EBG@ :G= HO>KE:R NLBG@ K:LM>K =:M:
:K> >:LB>K	 ;><:NL> IBQ>EL H? =B??>K>GM E:R>KL <:G ;>
HO>KE:B=�:G=�:==>=	�LN;MK:<M>=	�FNEMBIEB>=	�:G=�LH�HG�

Coordinate Transf ormation

%G K:LM>K =:M:	 <HHK=BG:M> MK:GL?HKF:MBHG �HK F:I
IKHC><MBHG� H?M>G K>LNEML BG EHLL H? BG?HKF:MBHG =N> MH
K>L:FIEBG@ H? IBQ>EL	 :G= IKHC><MBHG MK:GL?HKF:MBHGL :K>
FHK>�=B?]<NEM�

%G O><MHK	 <HHK=BG:M> :G= IKHC><MBHG MK:GL?HKF:MBHGL :K>
>:LB>K	�LBG<>�>O>KR�H;C><M�BL�=>]G>=�;R�IHBGML�
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Vector to r aster conversion. Illustr ation by Ashley Kissick, 2018.

3 > H?M>G G>>= MH <HGO>KM O><MHK =:M: MH K:LM>K MH KNG
HO>KE:R HK FH=>EBG@ <:E<NE:MBHGL� (BD>PBL>	 F:GR
@>HIKH<>LLBG@ HI>K:MBHGL PHKD ;>LM PBMA O><MHK
=:M:� � HGO>KMBG@ ?KHF O><MHK MH K:LM>K <:G K>LNEM BG =:M:
EHLL�=N>�MH�MA>�?HEEHPBG@�

[ � >EE�LBS>

[ 0A>�<AHB<>�H?�IBQ>E�LBS>�<:G�K>LNEM�BG�MA>�EHLL�H?
LI:MB:E�=:M:	�:L�E:K@>�<>EEL�<:G�F:LD�LI:MB:E
O:KB:MBHG�

[ (HLL�H?�:MMKB;NM>L

[ 3A>G�<HGO>KMBG@�?KHF�O><MHK�MH�K:LM>K�=:M:	�HGER
HG>�:MMKB;NM>�H?�MA>�IHER@HGL�<:G�;>�NL>=�MH
:LLB@G�O:EN>L�MH�MA>�G>P�@KB=�<>EEL��0A>K>?HK>	
HMA>K�:MMKB;NM>L�PBEE�;>�EHLM	�HK�PBEE�A:O>�MH�;>
K>CHBG>=�

[ )BQ>=�<>EE�IKH;E>F

[ +<<NKL�PA>G�>=@>�IBQ>EL�F:R�A:O>�:�FBQ�H?�<E:LL
IKHI>KMB>L��%G�O><MHK�MH�K:LM>K�<HGO>KLBHG	�MA>
@KB=�<>EEL�F:R�LI:G�MPH�HK�FHK>�IHER@HGL	�:G=
MA>�K>LNEMBG@�<>EEL�<:G�HGER�;>�:LLB@G>=�MH�HG>
<E:LL��0ABL�K>=N<>L�MA>�LI:MB:E�:<<NK:<R�H?�MA>
K>LNEMBG@�=:M:�

� HGO>KMBG@ ?KHF K:LM>K MH O><MHK <:G ;> >O>G N@EB>K	 :G=
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=H>L GHM >GLNK> MA:M O><MHK HNMINM BL FHK> :<<NK:M>�
*>B@A;HKBG@ IBQ>EL PBMA <>KM:BG :MMKB;NM> O:EN>L F:R @>M
MK:GLE:M>= BGMH G>P EBG>L HK IHER@HGL� �?M>K MA>
<HGO>KLBHG	 F:GR LI:MB:E IKH;E>FL :K> EBD>ER MH :KBL>
K>JNBKBG@�BGM>GLBO>�>=BMBG@�

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

Vector and Raster in ArcGIS and QGIS

3 > PBEE PHKD PBMA ;HMA O><MHK :G= K:LM>K =:M: BG �K<#%/�
):GR ;:LB< @>HIKH<>LLBG@ MHHEL :K> =>LB@G>= MH PHKD PBMA
O><MHK =:M:	 PA>K>:L K:LM>K =:M: IKH<>LLBG@ A:II>GL
FHLMER�MAKHN@A�MA>�LI:MB:E�:G:ERLM�>QM>GLBHG�MH�

[ 2B>P�:G=�HO>KE:R�K:LM>K�BF:@>L

[ � HGO>KM�;>MP>>G�K:LM>K�:G=�O><MHK

[ �:LB<�LI:MB:E�:G:ERLBL�PBMA�K:LM>K�=:M:
�:KBMAF>MB<�:G=�G>B@A;HKAHH=�?NG<MBHGL�

2><MHK =:M: BG �K<#%/ BL K>?>KK>= MH :L ">:MNK> �E:LL� 3>
PBEE�<HO>K�MABL�FHK>�BG�MA>�G>QM�E>LLHG�
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All f eatur es 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 DGHP	 K:LM>K =:M: BG �K<#%/ MRIB<:EER NL> MA> !LKB
#.% �? HKF:M�

Graphic of raster cells and values.

/BG<> -#%/ BL HI>G LHNK<> :G= ;NBEM ;R MA> <HFFNGBMR
H? NL>KL	BM LNIIHKML MA> NL> H?F:GR =B??>K>GM K:LM>K]E>
?HKF:ML	BG<EN=BG@!LKB#.% 	 #>H0%""	 :G= !. �/
%)� #%*! ]E>L� 0A> FHLM NL>= @>HIKH<>LLBG@ MHHEL ?HK
K:LM>K =:M: :K> BG<EN=>= BGMA>;:L> BGLM:EE:MBHG H? -#%/
 >LDMHI�-#%/ :ELH LNIIHKML : O:KB>MR H? O><MHK =:M:	
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BG<EN=BG@!LKBLA:I>]E>L �AMMIL���=H<L�J@BL�HK@�����>G�
=H<L�NL>K9F:GN:E�PHKDBG@9PBMA9K:LM>K�
LNIIHKM>=9=:M:�AMFE��

Screenshot of primary r aster toolbar in QGIS.

�G BFIHKM:GM =B??>K>G<> ;>MP>>G �K<#%/ :G= -#%/	 BL MA:M
BG -#%/	 RHN FNLMLI><B?R B? RHN :K> BFIHKMBG@ O><MHK HK
K:LM>K =:M:	 PA>K>:L �K<#%/ =H>L GHM G>>= 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 Kno wledg e Check

,E>:L> :GLP>K MA> ?HEEHPBG@ JN>LMBHGL MH IKH<>>= MH 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

0ABL MHIB< BGMKH=N<>L IN;EB< =HF:BG =:M:	 =BL<NLL>L MA>
>F>K@>G<> H? MA> LI:MB:E =:M: BG?K:LMKN<MNK> �/ %�	
BGMKH=N<>L G:MBHG:E :G= BGM>KG:MBHG:E IHKM:EL ?HK LI:MB:E
=:M:	 :G= <HO>KL <HGLB=>K:MBHGL ?HK NMBEBSBG@ =:M: ?KHF
MA>L>�LHNK<>L�

What is Public Domain Spatial Data?

)HK> :G= FHK> P> <:G :G= =H K>ER HG IN;EB<ER :O:BE:;E>
LI:MB:E =:M: ?HK #%/ :G:ERL>L� 3> <:EE MABL IN;EB< =HF:BG
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LI:MB:E =:M:� %G MA>BK ;HHD	 '>KLDB :G= �E:KD ��
��	 I:@>
�
��L:R�R HN�<:G

+-#���� �� �$���� ������ "��#��� ��#� �"
�$�����' �� � �""���� ����!��#��� ���$# �
"��#��� #���� �! ����������� #�� $"� ��
&���� ���" ��# ���!���� #�� ����� !���#" ��
�������%��$����!��!����(�#���� ,

�L #%/ M><AGHEH@R @K>P MAKHN@AHNM MA> ���
L :L :
IHP>K?NE MHHE	 EH<:E	 LM:M>	 :G= ?>=>K:E :@>G<B>L IKHOB=>=
LI:MB:E =:M: MH : O:KB>MR H? NL>KL� $HP>O>K	 =NIEB<:MBHG
H? >??HKML :G= : E:<D H? <HGLBLM>G<R BG =:M: @>G>K:M>= ;R
=B??>K>GM @HO>KGF>GM >GMBMB>L F:=> =:M: LA:KBG@ :G=
BGM>@K:MBHG�=B?]<NEM�

Federal Geographic Data Committee

0H :==K>LL MABL
IKH;E>F	 MA> ">=>K:E #>H@K:IAB<  :M: �HFFBMM>> �"# �	
PPP�?@=<�@HO�	 <HFIHL>= H? K>IK>L>GM:MBO>L ?KHF ?>=>K:E
:@>G<B>L :G= MA> !Q><NMBO> +?]<>	 P:L >LM:;EBLA>= BG ���

MH <HHK=BG:M> MA> =>O>EHIF>GM	 NL>	 LA:KBG@	 :G=
=BLL>FBG:MBHG H? @>HLI:MB:E =:M: HG : G:MBHG:E ;:LBL BG MA>
1GBM>=�/M:M>L�
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0A> ">=>K:E #>H@K:IAB<  :M: �HFFBMM>> �"# �� BL :G
HK@:GBS>= LMKN<MNK> H? ?>=>K:E @>HLI:MB:E IKH?>LLBHG:EL
:G= <HGLMBMN>GML MA:M IKHOB=> >Q><NMBO>	 F:G:@>KB:E	 :G=
:=OBLHKR =BK><MBHG :G= HO>KLB@AM ?HK @>HLI:MB:E =><BLBHGL
:G=�BGBMB:MBO>L�:<KHLL�MA>�?>=>K:E�@HO>KGF>GM�

�PPP�?@=<�@HO	�:<<>LL>=�&:GN:KR���	��
���

US National Spatial Data

Infr astructur e

%G <HG<>KM PBMA "# �	 MA> 1/��1',+�) �-�1'�) 
�1�
�+$/�01/2! 12/# ���
�� P:L HK@:GBS>= MH <HHK=BG:M> =:M:
LM:G=:K=L MH K>NL> :G= LA:K> >QBLMBG@ LI:MB:E =:M:	 :G= BL
F:G:@>=�; R�"# ���0 H=:R	�\

� �� ���
 �� %�!���" ��% �"#���#" �� ������� #��������' � ��#��
��� �!�� ��$!�" #� �!��#� ��� �!�%��� #�� ���"��#��� ���&�����
!� $�!�� #� $���!"#���� �!�#��#� ��� �!���#� �$! ��#����� ���
���������#�!�"#"�

�PPP�?@=<�@HO�GL=B�GL=B�AMFE�

0A> 1/ *:MBHG:E /I:MB:E  :M: %G?K:LMKN<MNK> */ % BL
=>]G>= :L 81&# 1#!&+,),%6� -,)'!'#0� 01�+"�/"0� �+"
&2*�+ /#0,2/! #0 +#!#00�/ 6 1, �! .2'/#� -/,! #00� 01,/#�
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"'01/' 21#� �+" '*-/, 3# 21')'7�1',+ ,$ %#,0-�1'�)
"�1�� 9

NSDI Goals

[ #H:E�� U  > O>EHI��:I:;BEBMB>L�?HK�*:MBHG:E
/A:K>=�/>KOB<>L

[ #H:E�� U !GLNK>��<<HNGM:;BEBMR�:G=�!??><MBO>
 > O>EHIF>GM�:G=�):G:@>F>GM�H?�">=>K:E
#>HLI:MB:E�.>LHNK<>L

[ #H:E�� U � HGO>G>�(>:=>KLABI�H?�MA>�*:MBHG:E
#>HLI:MB:E��HFFNGBMR

�PPP�?@=<�@HO�GL=B�GL=B�AMFE	 :<<>LL>= &:GN:KR ��	 �
���

)HLM BFIHKM:GMER	 MA>L> MPH BGLMBMNMBHGL	 "# � :G= */ %	
IKHOB=> <HGLBLM>G<R BG MA> 1GBM>= /M:M>L ?HK @>HLI:MB:E
=:M: LM:G=:K=L :G= =BLMKB;NMBHG� *HM :EE :K>:L H? MA> PHKE=
A:O> MABL E>O>E H? ?>=>K:E <HGLBLM>G<R	 MAHN@A @EH;:E
LI:MB:E�=:M:�BGLMBMNMBHGL�:K>�@KHPBG@�

Metadata

. ><:EEV)>M:=:M: BL BG?HKF:MBHG :;HNM =:M:� #>HLI:MB:E
F>M:=:M:�=>L<KB;>L������

[ $HP	�PA>G	�PA>K>	�:G=�;R�PAHF�MA>�=:M:�P>K>
<HEE><M>=

[ � O:BE:;BEBMR�:G=�=BLMKB;NMBHG�H?�BG?HKF:MBHG	
IKHC><MBHG	�L<:E>	�K>LHENMBHG	�:G=�:<<NK:<R

[  :M:�K>EB:;BEBMR�PBMA�K>@:K=�MH�LHF>�LM:G=:K=
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0A> � HGM>GM /M:G=:K= ?HK  B@BM:E #>HLI:MB:E )>M:=:M: BL
MA> F>M:=:M: LM:G=:K= =>O>EHI>= ;R MA> "# � ?:< MLA>>M
7AMMIL���PPP�?@=<�@HO�F>M:=:M:	 ?:<MLA>>M8�

)>M:=:M:�?NG<MBHGL�MH������

[ , K>L>KO>�:�ABLMHKR�H?�MA>�=:M:

[ !G:;E>�NL>KL�MH�:LL>LL�MA>�LNBM:;BEBMR�H?�=:M:�?HK
:�IKHC><M

[ !GLNK>�:<<HNGM:;BEBMR�?HK�=:M:�<HGM>GM

[  H<NF>GM�=:M:�:G=�IKHC><M�=>O>EHIF>GM�:G=
IKH<>LLBG@

Geospatial Platf orm

*>BMA>K MA> "# � GHK */ % P>K> L>M NI MH =BLMKB;NM>
@>HLI:MB:E =:M: K>LHNK<>L	 LH : G:MBHG:E @>HLI:MB:E =:M:
<E>:KBG@AHNL> P:L HK@:GBS>= :L : OBKMN:E K>IHLBMHKR H?
@>HLI:MB:E F>M:=:M: ?KHF O:KBHNL @HO>KGF>GM LNIIEB>KL
LN<A :L 1GBM>= /M:M>L #>HEH@B<:E /NKO>R �1/#/�� 0 H=:R	
"# ��IKH OB=>L�:�IHKM:E�MH�MA>L>�K>LHNK<>L�

#>HLI:MB:E ,E:M?HKF BL :G "# � BGBMB:MBO> MA:M IKHOB=>L
LA:K>= :G= MKNLM>= @>HLI:MB:E =:M:	 L>KOB<>L	 :G=
:IIEB<:MBHGL� />:K<A HNK F:LLBO> <:M:EH@ H? @>HLI:MB:E
=:M: :G= MHHEL IKHOB=>= ;R : FNEMBMN=> H? ?>=>K:E :@>G<B>L�
3A>MA>K RHN :K> : @>H@K:IAB< IKH?>LLBHG:E	 LMN=>GM	
M>:<A>K	 HK <BMBS>G	 RHN <:G ]G= =:M: MA:M PBEE A>EI RHN
PBMA�RHNK�IKHC><M	�:LLB@GF>GM	�IK>L>GM:MBHG	�HK�<HG<>KG�

�PPP�?@=<�@HO�=:M::G=L>KOB<>L	�:<<>LL>=����&:G��
���
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Regional versus Thematic Data Portals

 :M: F:R ;> HK@:GBS>= @>H@K:IAB<:EER	 LN<A :L IHKM:EL
MA:M <HGM:BG =:M: I>KMBG>GM MH HG> LM:M> HK G:MBHG� 1/
G:MBHG:E�=:M:�IHKM:EL�BG<EN=>�MA>�?HEEHPBG@�

[ #>HIE:M?HKF�@HO

[  :M:�@HO

[ 0A>�1/#/ G:MBHG:EF:I�@HO

[ 0A>�1/ � *. �/�=:M:�@:M>P:R

�EM>KG:MBO>ER	 =:M: F:R ;> HK@:GBS>= :KHNG= <>KM:BG
MA>F>L	�LN<A�:L�MA>�?HEEHPBG@�

[ 0A>�#>H*>MPHKD�H?�MA>�"HH=�:G=��@KB<NEMNK>
+K@:GBS:MBHG

[  :M:��:LBG�; R�MA>��HGL>KO:MBHG��BHEH@R�%GLMBMNM>
�P >XEE�EHHD�:M�MABL�LHNK<>�FHK>�LHHG��

�G= MA>K> :K> FHK> @K:LLKHHML HI>G LHNK<> @>HLI:MB:E =:M:
IHKM:EL	�LN<A�:L�

[  :M:+*!

International Spatial Data Infrastructur e

/BFBE:KER	
:�@EH;:E�LI:MB:E�=:M:�BG?K:LMKN<MNK>��#/ %��BGBMB:MBO>�BL
:ELH�NG=>KP:R�MH�?:<BEBM:M>�MA>�<K>:MBHG	�F:BGM>G:G<>	
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:G=�LA:KBG@�H?�LI:MB:E�=:M:�:KHNG=�MA>�PHKE=��0ABL�BL
>LI><B:EER�BFIHKM:GM�?HK�IKHC><ML�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�MA:M�:??><M>=�F:GR
<HNGMKB>L�BG�/HNMA>:LM��LB:�

AMMI���@L=B:LLH<B:MBHG�HK@�

Image © Shutterstock, Inc.

$HP>O>K	 LA:KBG@ @EH;:E =:M: :<KHLL ;HNG=:KB>L A:L
:==BMBHG:E <A:EE>G@>L :G= BG<HGLBLM>G<B>L BG MA>
?HEEHPBG@�

[ #:IL�BG�LI:MB:E�=:M:�:G=�=H<NF>GM:MBHG

[ %G<HFI:MB;E>�LI:MB:E�=:M:L>ML

[ %G<HFI:MB;E>�#%/

[ (BFBM:MBHGL�MH�LA:KBG@�=:M:

0A> #/ % �LLH<B:MBHG	 : <HGLHKMBNF H? HK@:GBS:MBHGL	
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:@>G<B>L	 <HFI:GB>L	 :G= BG=BOB=N:EL	 IKHFHM>L
BGM>KG:MBHG:E <HHI>K:MBHG BG LNIIHKM H? EH<:E	 G:MBHG:E	
:G= BGM>KG:MBHG:E LI:MB:E =:M: BG?K:LMKN<MNK> MH ;>MM>K
:==K>LL @EH;:E	 LH<B:E	 ><HGHFB<	 :G= >GOBKHGF>GM:E
BLLN>L�

� $! �$!��"� �" #� ��� �$!��� ��#�!��#�����
� ����!�#��� #��# "#��$��#�" #��
��������#�#��� ��� �� %�������# ��
��#������ !�������� ��� ��� �� "��#��� ��#�
���!�"#!$�#$!�"�

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

/> O>K:E LM:G=:K=L A:O> ;>>G =>O>EHI>= ?HK @EH;:E
@>HLI:MB:E =:M:	 BG<EN=BG@ MAHL> ;R MA> %GM>KG:MBHG:E
+K@:GBS:MBHG ?HK /M:G=:K=BS:MBHG	 MA> +I>G #>HLI:MB:E
� HGLHKMBNF	 MA> 3HKE= 3B=> 3>; � HGLHKMBNF	 :G= HMA>KL�

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

[ 1/#/�,E:G>M:K R�#%/�3>;�/>KO>K

[ 1GBM>=�*:MBHGL�"� +�#>H*>MPHKD

[ 1*! , #>H� :M:�, HKM:E

*H M> MA:M BGM>KG:MBHG:E IHKM:EL F:R O:KR BG MA> :;BEBMR MH
OB>P	�=HPGEH:=	�HK�NL>�LI:MB:E�=:M:�

3 > PBEE OBLBM LHF> H? MA>L> :L P> @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:MBHG:E
;HNG=:KB>L <:KKB>L LI><B:E >MAB<:E :G= IHEBMB<:E
<HGLB=>K:MBHGL�

/I:MB:E =:M: =>IB<MBG@ MA> EH<:MBHG H? :G= :<<>LL MH
LI><B]< G:MNK:E K>LHNK<>L :G= E:G= NL> F:R ;> <HGM>LM>=
; R�G>B@A;HKBG@�@HO>KGF>GML�
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Roma, TX Winding Rio Grande River
separating U.S. and Mexico. The
right side is Texas, and the left side
is Mexico. Photo by Alan Schmierer,
via Wikimedia Commons

 B??>K>GMB:E :<<>LL MH LI:MB:E =:M: :ELH F>:GL MA:M LHF>
BG=BOB=N:EL HK @KHNIL F:R ;> :M : =BL:=O:GM:@> BG =BLINM>L
<HG<>KGBG@ G:MNK:E K>LHNK<>L	 E:G= NL> HK HPG>KLABI
KB@AML	�:G=�BG�:<<>LL�MH�@HH=L�:G=�L>KOB<>L�

0A> <AHB<> H? LI:MB:E =:M: LAHNE= :ELH ;> :<<HFI:GB>=
; R IKBO:<R <HGLB=>K:MBHGL� ):IL :K> : KB<A LHNK<> H?
BG?HKF:MBHG MA:M BEENLMK:M>L I:MM>KGL :G= K>E:MBHGLABIL EBD>
GH HMA>K ?HKF:M� 0ABL BG?HKF:MBHG BL ;><HFBG@
BG<K>:LBG@ER :<<>LLB;E> OB: MA> %GM>KG>M :G= LH<B:E F>=B:	
:L MK:=BMBHG:E LHNK<>L EH<:MBHG =:M: IKBO:<R H? IN;EB< =:M:
@H BGMH MA> <EHN= :G= :L F:GR =>OB<>L :K> @>H
>G:;E>=�
%G<K>:L>= LI:MB:E :G= M>FIHK:E K>LHENMBHG F>:GL =:M: <:G
;> >Q:FBG>= :M MA> BG=BOB=N:E E>O>E� 3> PBEE PHKD PBMA
IN;EB<ER�:<<>LLB;E>�FH;BE>�:G=�HGEBG>�=:M:�BG�(>LLHG���
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AUCKLANDÑDEC 02 2015: Google Str eet View camera operator at
work. ItÕs a technology featur ed in Google Maps and Google Earth that
provides panoramic views fr om positions along str eets in the world.
Shutterstock

)>:GPABE>	 IKBO:<R E:PL =H GHM <E>:KER =B<M:M> PAB<A
I>KLHG:E :G= @HO>KGF>GM =:M: ;>EHG@L BG MA> IN;EB<
=HF:BG	 :G= BG=BOB=N:E <:L>L :K> L>MMBG@ IK><>=>GM HG
;HMA�LB=>L�H?�IKBO:<R�:K@NF>GML�

�A><D HNM MABL/I:MB:E . >L>KO>L ;EH@HG EH<:MBHG =:M:
IKBO:<R�;R�&��'>KLDB�

Topic 3 Kno wledg e Check

An interactive or media element has been

excluded fr om this version o f the text. You can
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view it online her e:

https:/ /wisc.pb.unizin.or g/maps/?p=201

Revie w o f Coor dinate S ystems

What is a coordinate System?

� < HHK=BG:M> LRLM>F BL : LRLM>F MA:M NL>L : <HFFHG
?K:F>PHKD MH K>IK>L>GM EH<:MBHGL H? @>H@K:IAB< ?>:MNK>L	
H;L>KO:MBHGL	 :G= BF:@>KR� %G HMA>K PHK=L	 : <HHK=BG:M>
LRLM>F IKHOB=>L : F>MAH= ?HK NG=>KLM:G=BG@ K>:E
PHKE=
EH<:MBHGL�

0A>K> :K> MPH F:BG MRI>L H? <HHK=BG:M> LRLM>FL�
#>H@K:IAB<�:G=�,KHC><M>=

Geographic Coordinate 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>� MA> <>GM>K H? MA> >:KMA� �><:NL>
MA> LNK?:<> BL LIA>KB<:E	 MA> E>G@MAL	 :G@E>L :G= :K>:L :K>
GHM <HGLM:GM	 :G= MA>K>?HK> =BLM:G<>L ;>MP>>G E:MBMN=>
:G= EHG@BMN=> EBG>L PBEE <A:G@> :L P> FHO> ?KHF >JN:MHK
MH�IHE>L�
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Projected Coordinate System

� IKHC><M>= <HHK=BG:M> LRLM>F NL>L IE:G:K <HHK=BG:M>L
�>@� ?>>M	 F>M>KL	 >M<� MH IKHC><M MA> >:KMAL LIA>KB<:E
LNK?:<> HG MH : � �:KM>LB:G <HHK=BG:M> LNK?:<>� , KHC><M>=
<HHK=BG:M> LRLM>FL :K> :EP:RL ;:L>= HG #>H@K:IAB<
<HHK=BG:M> LRLM>FL	 :G= MA> E>G@MAL	 :G@E>L :G= :K>:L :K>
:EP:RL <HGLM:GM� %G HK=>K MH F:D> MA>L> F>:LNK>F>GML
<HGLM:GM :G= :<<NK:M>	 IKHC><M>= <HHK=BG:M> LRLM>FL
BG<EN=> : F:I IKHC><MBHG PAB<A MK:GLE:M>L LIA>KB<:E
<HHK=BG:M>L MH IE:G:K <HHK=BG:M>L NLBG@ I:KMB<NE:K
I:K:F>M>KL MA:M <NLMHFBS> MA> F:I ?HK : I:KMB<NE:K
EH<:MBHG�

38 Janet Silbernag el



How Does this Translate to Ar cMap?

/H	 AHP =H>L MABL MK:GLE:M> MH PA:M RHN L>> BG �K<):I�
(>ML BF:@BG> P> A:O> : =:M:L>M PBMA �

 =:M:
IHBGML
PAB<A K>IK>L>GM MA> EH<:MBHGL H? PHE?
EBO>LMH<D <HG^B<ML
BG %=:AH �B>� PA>K> PHEO>L A:O> DBEE>= EBO>LMH<D�� !:<A
=:M: IHBGM A:L : E:MBMN=> :G= : EHG@BMN=> O:EN> K><HK=>=
BG =><BF:E =>@K>>L� 0AHL> =><BF:E =>@K>>L K>E:M> MH MA>
@>H@K:IAB< <HHK=BG:M> LRLM>F H? MAHL> IHBGML �>@�
3 #/
���� /H	 B? P > ;KBG@ MAHL> IHBGML BGMH �K<):I	 MA>
IKH@K:F PHNE= DGHP PA>K> MAHL> IHBGML :K> EH<:M>= HG
MA> LIA>K> H? !:KMA� �NM	 BG HK=>K ?HK RHN MH ;> :;E> MH
OBLN:EBS> MAHL> IHBGML :L RHN PHNE= HG : ^:M F:I �OL� :
@EH;>�	 :G= PBMA HMA>K LI:MB:E =:M:	 RHN G>>= MH =>]G>
: IKHC><MBHG� /BG<> :EE MA> IHBGML :K> BG %=:AH	 RHN <:G
EHHD ?HK : *HKMA �F>KB<:G IKHC><MBHG	 :G= RHN F:R >O>G
P:GM LHF>MABG@ FHK> :<<NK:M>	 LN<A :L :G %=:AH LI><B]<
IKHC><MBHG� 0A> IKH@K:F PBEE MA>G MK:GLE:M> MA> =><BF:E
=>@K>>L BGMH IE:G:K NGBML LH MA:M RHN <:G :<<NK:M>ER
>Q:FBG>�O:EN>L�LN<A�:L�MA>�=BLM:G<>L�;>MP>>G�IHBGML�

Map Data 39



Wolves hunting a Bison

0H E>:KG FHK> :;HNM MABL	 EHHD :M !/.%XL HGEBG> <HNKL>
1G=>KLM:G=BG@�):I�,KHC><MBHGL�:G=��HHK=BG:M>�/RLM>FL

. >?>K>G<>L�

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

' >KLDB	 &HL>IA :G= &BEE �E:KD� �
��� 0A> #%/ #NB=> MH ,N;EB<
 HF:BG� :M:��!LKB�, K>LL������II�

AMMI���>LKBIK>LL�>LKB�<HF�=BLIE:R�
BG=>Q�<?F�?NL>:<MBHG�=BLIE:R�P>;LBM>% �����FH=NE>%
 �
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AMMI���K>LHNK<>L�>LKB�<HF�A>EI�����:K< @BL>G@BG>�=HMG>M�
��;��
:�
����
��;

�;��

?�;?��������AMF

Media Attributions

[ #%/�):IL

[ #%/

[ �:=@>K

[ .:LM>K

[ .:LM>K�0A>F:MB<

[ .:LM>K��HGMBGNHNL

[ 2><MHK�=:M:�FH=>E

[ 0RI>L�H?�0HIHEH@R

[ � >GLNL�):I

[ 0%*

[ �>:<A�:G=��EB??L

[ 2><MHK�>Q:FIE>

[ .:LM>K�MH�2><MHK

[ ">:MNK>L

[ "BLA>KF:G

[ 3 HKE=�F:I

[ . HF:	�0 >Q:L

[ . ><HK=BG@
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2.

LESSON 2

3 >E<HF> MH (>LLHG �V">:MNK>  :M:� #>MMBG@ "B>E= :G=
�BMBS>G�+;L>KO:MBHGL�BGMH� >LDMHI�:G=�3>;�):IL

�><:NL> LHF> IKH;E>FL :K> EH<:E BG G:MNK>	 P> LHF>MBF>L
G>>= MH @:MA>K :G= F:I HNK HPG =:M: HK H;L>KO:MBHGL
?KHF HMA>KL� $>K> P> ?H<NL HG MA> DBG= H? =:M: RHN FB@AM
@:MA>K BG MA> ]>E= :G= AHP MH ;KBG@ MA:M BGMH : @>H@K:IAB<
BG?HKF:MBHG LRLM>F �#%/� PHKDLI:<>� 0A>L> =:M: F:R
<HF> ?KHF P:EDBG@ : MK:BE PBMA : @EH;:E IHLBMBHGBG@ LRLM>F
�#,/� NGBM	 IE:<BG@ : K:=BH <HEE:K HG : <HRHM> MH K><HK=
BML EH<:MBHGL	 HK A:OBG@ <BMBS>G L<B>GMBLML >GM>K EH<:MBHG:E
BG?HKF:MBHG�
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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>:KG AHP MH :<<>LL K>:E
MBF> =:M: HGEBG>	 :G=
HG AHP MH F:I MA:M =:M: PBMA P>; F:IIBG@ MHHEL� "BG:EER	
RHNXEE @>M : M:LM> ?HK LA:KBG@ LI:MB:E =:M: PBMA EBO> P>;
F:IL�MAKHN@A��K<#%/�+GEBG>�

%G�MABL�E>LLHG	�RHN�

[ !Q:FBG>�?>:MNK>�=:M:�:G=�<HGLB=>K:MBHGL�?HK
<HEE><MBG@�]>E=�H;L>KO:MBHGL

[ (>:KG�AHP�MH�BFIHKM�]>E=�=:M:�MH�?>:MNK>�=:M:�BG
#%/

[ !QIEHK>�<EHN=
;:L>=�F:IIBG@�:G=�E>:KG�AHP�MH
IKH=N<>�:G=�NL>�HGEBG>�P>;�F:IL

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

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

¥ Collecting f eatur e data in the field

¥ Importing field data to y our GIS

¥ Citizen data and mobile mapping

1. Collecting F eatur e Data in the Field

3A>K> =H>L >GOBKHGF>GM:E =:M: <HF> ?KHF� /BFIER	 P>
<:G�<HEE><M�H;L>KO:MBHGL�H?�MA>�>GOBKHGF>GM�?KHF�

[ +G�MA>�@KHNG=VP>XEE�<:EE�MA>L>�"B>E=
+;L>KO:MBHGL

[ �;H O>�@KHNG=��HK�?KHF�LHF>�=BLM:G<>�VK>?>KK>=
MH�:L�.>FHM>�/>GLBG@��FHK>�HG�MABL�E:M>K�

/HF>HG> HK LHF> =>OB<> HG MA> @KHNG= HK :M L>:	
K><HK=BG@ BG?HKF:MBHG :;HNM LI><B]< IE:<>L	 <:I MNK>L ]>E=
HK�IE:<>
;:L>=�H;L>KO:MBHGL�

%G MABL E>LLHG	 P> ?H<NL HG MNKGBG@ ]>E= H;L>KO:MBHGL H?
MA>�>:KMA�BGMH�LI:MB:E�=:M:�?HK�:�#%/�
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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, How Are Field Observations Spatial Data ?

%F:@BG> MA> DBG=L H? E:G=L<:I> HK >GOBKHGF>GM:E =:M: RHN
FB@AM�P:GM�MH�<HEE><M�

[ LMK>:F�@:N@>�K>:=BG@L

[ GH<MNKG:E�E>FNK�EH<:MBHGL

[ ;B<R<E>�LA:KBG@�LM:MBHGL

[ %<>�� @>�0K:BE�:==BMBHGL

[ NK;:G�<HFFNGBMR�@:K=>GL
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Author collecting data in field with
mobile device. Photo fr om authorÕs
collection.

Bicycle sharing servic e or rental
technology c oncept

[ I:KD�;HNG=:KB>L
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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/
tr ail -maps -guidebooks/

. ><HK=BG@ MA> ;HNG=:KB>L H? =>]G>= K>@BHGL	 I:KDL	 :G=
IKHM><M>=�:K>:L�:K>�K>IK>L>GM>=�;R�IHER@HGL�
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Photo fr om authorÕs library

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

/H PA:M DBG= H? =:M: FH=>EL :K> MA>L> ?>:MNK>L� (>MXL L>>	
P>�A:O>������

[ ����#" H?�LM:MBHGL

[ ����" H?�MK:BE�KHNM>L

[ ���' ���" H?�I:KD�;HNG=:KB>L

� #! 1,/ "�1�� ">:MNK> =:M: BG #%/ MRIB<:EER K>?>K MH O><MHK
=:M:�BG�IHBGM	�EBG>	�HK�IHER@HG�?HKF:M�

What is Featur e Data?

">:MNK>!)�00#0 :K> <HEE><MBHGL H? LBFBE:K ?>:MNK>L	 >:<A
A:OBG@ MA> L:F> LI:MB:E K>IK>L>GM:MBHG	 LN<A :L IHBGML	
EBG>L	 HK IHER@HGL	 :G= : <HFFHG L>M H? :MMKB;NM> ]>E=L�
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"HK >Q:FIE>	 BG : ?>:MNK> <E:LL K>IK>L>GMBG@ LMK>:FL >:<A
K><HK= PHNE= ;> : IHEREBG>	 HK FNEMBIE> <HGG><M>= EBG>
L>@F>GML	 K>IK>L>GMBG@ : LBG@E> LMK>:F ?>:MNK>	 :G= >:<A
PHNE= A:O> MA> L:F> ]>E=L H? L:R	 G:F>	 LMK>:F HK=>K	 :G=
<E:LL�

0A> ?HNK FHLM <HFFHGER NL>= ?>:MNK> <E:LL>L :K> IHBGML	
EBG>L	�IHER@HGL	�:G=�:GGHM:MBHG��HK�E:;>EL��

Featur e classes, from ArcGIS resource center.

� ? >:MNK>"�1�0#1 BL : <HEE><MBHG H? K>E:M>= ?>:MNK> <E:LL>L
MA:M LA:K> : <HFFHG <HHK=BG:M> :G= IKHC><MBHG LRLM>F�
">:MNK> =:M:L>ML :K> NL>= MH LI:MB:EER HK MA>F:MB<:EER
BGM>@K:M> K>E:M>= ?>:MNK> <E:LL>L ?HK ;NBE=BG@ MHIHEH@R HK
G>MPHKDL� %G MABL <:L>	 MA> LMK>:F ?>:MNK> <E:LL FB@AM ;>
HK@:GBS>= PBMA : IHER@HG ?>:MNK> <E:LL H? E:D>L :G= IHG=L�
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Featur e dataset fr om ArcGIS Resource Center

Collecting Featur e Data

3 > FB@AM MABGD H? <HEE><MBG@ ]>E= =:M: PBMA >QI>GLBO>
#,/ NGBML MA:M P> M:D> ;:<D MH <:FI MH =HPGEH:= HGMH
: <HFINM>K� 0A>K> :K> :ELH : PB=> O:KB>MR H? >E><MKHGB<
F>:GL	 ?KHF LF:KMIAHG>L MH IKH;>L :G= =KHG>L	 MH K><HK=
IE:<>
;:L>= IA>GHF>G: BG :<<>LLB;E> :G= K>FHM> IE:<>L�
3 > <:G F:I =:M: <:I MNK>= ?KHF MA>L> =>OB<>L BG : #%/�
!Q:FBGBG@ RHNK @:MA>K>= ]>E= =:M: PBMA : F:I <:G K>O>:E
MA> LI:MB:E I:MM>KGL MA:M F:R ;> BGA>K>GM BG	 ?HK >Q:FIE>	
MK>> A>B@AM :G= MK>> LI><B>L	 I$ :EHG@ RHNK EH<:E LMK>:F	
HK�MA>�I:MM>KG�H?�ABLMHKB<:E�;NBE=BG@L�BG�RHNK�<HFFNGBMR�

0H=:R	 F:GR EH<:MBHG
;:L>= =:M: :K> :ELH <HEE><M>= ;R
M:IIBG@ BGMH MA> EH<:MBHG LB@G:EL H? I>HIE> NLBG@ LH<B:E
F>=B:	 :IIL	 :G= G:OB@:MBHG LRLM>FL BG MA>BK =:BER EBO>L	
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NLN:EER PBMAHNM :GR DGHPE>=@> MA>R :K> LA:KBG@ LI:MB:E
=:M:�  B= RHN DGHP PA>G RHN MNKG HG (H<:MBHG />KOB<>L
HG RHNK IAHG> HK ?HK :G :II R HN :K> LA:KBG@ RHNK EH<:MBHG
MH MA> <EHN=� �G= MA:M <KHP=
LHNK<>= LI:MB:E =:M: :K> K>:E
MBF>VBM NIEH:=L MH MA> <EHN= HK L>KO>KL :NMHF:MB<:EER :G=
<:G ;> BFF>=B:M>ER :O:BE:;E> ?HK OB>PBG@ :G= :G:ERLBL� 3>
PBEE EHHD :M LHF> P:RL MA:M EH<:MBHG
;:L>= =:M: :K> M:II>=
?HK�@>HLI:MB:E�:G:ERL>L�E:M>K�BG�MABL�E>LLHG�

0A>K> :K> :ELH :IIKH:<A>L ?HK BGM>GMBHG:E <BMBS>G

<HEE><M>= ]>E= =:M:	 PA>K> MA> <BMBS>GL :K> BG?HKF>=	
PBEEBG@	 :G= >G@:@>= PBMA MA> LI:MB:E =:M: ;>BG@ <HEE><M>=
�>�@�	 �AKBLMF:L ;BK= <HNGM�	 :L HIIHL>= MH A:KO>LM>=
<KHP=
LHNK<>= =:M:� 3 > PBEE <HF> ;:<D MH LHF>
:IIKH:<A>L ?HK <BMBS>G
<HEE><M>= ]>E= =:M: PBMA FH;BE>
=>OB<>L LAHKMER� "BKLM	 E>M NL PHKD PBMA LHF> =:M: <HEE><M>=
?KHF�IKH;>L�HK�K><>BO>KL�MA:M�RHN�PBLA�MH�BFIHKM�BGMH�#%/�
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Citizens collecting field observations with mobile app in
Duluth- Superior area, USA. Photo fr om authorÕs library.

Methods o f Data Gathering, Mapping, and Analysis

�>?HK> <HEE><MBG@ LI:MB:E =:M: BG MA> ]>E=	 >O:EN:M> MA>
IKHC><M @H:EL	 MA> MBF> :G= >JNBIF>GM :O:BE:;E>	 M>KK:BG	
LB@G:E K><>I MBHG	 :G= HMA>K ?:<MHKL MA:M FB@AM BG^N>G<>
RHNK LI:MB:E :<<NK:<R :G= MA> NL>?NEG>LL H? RHNK =:M:�
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,E:GGBG@ BL >LL>GMB:E ?HK >?]<B>GM ]>E= <HEE><MBHG H? @HH=
LI:MB:E�=:M:�MH�:==K>LL�RHNK�JN>LMBHG�HK�@H:E�

/HF> D>R <HGLB=>K:MBHGL :G= LM>IL MH <HGLB=>K ;>?HK>
EH<:MBHG
;:L>=�]>E=PHKD�:K>�MA>�?HEEHPBG@�

[ DGHP�PA:M�MRI>�H?�L>GLHKL�HK�K><>BO>KL�PBEE�;>
NL>=�?HK�=:M:�<HEE><MBHG�

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

[ B=>GMB?R�MA>�:MMKB;NM>�=:M:�MH�;>�<HEE><M>=�

"HK >Q:FIE>	 B? RHN :K> LNKO>RBG@ ;BK=L ;R LHG@ :EHG@ :
MK:GL><M	 PA:M =>OB<>L PBEE RHN NL> MH K><HK= EH<:MBHG :G=
:N=BH� 3A:M BL RHNK MK:GL><M KHNM>� $HP ?K>JN>GMER PBEE
RHN LMHI MH EBLM>G :G= B=>GMB?R	 :G= PA:M <A:K:<M>KBLMB<L
H? MA:M H;L>KO:MBHG PBEE RHN K><HK= �?HK>LM MRI>	 <:GHIR
<HO>K	 ;BK= LI><B>L	 ANF:G =BLMNK;:G<>	 >M<��VMA>L> :K>
MA>�:MMKB;NM>L�?HK�>:<A�K><HK=�BG�RHNK�LI:MB:E�=:M:;:L>�

' >>I BG FBG= RHNK ]>E= H;L>KO:MBHGL FB@AM <HF> ?KHF�
: I>G<BE :G= <EBI;H:K= :M DGHPG I>KF:G>GM IEHML	 #,/
K><>BO>KL	 M>E>F>MKR	 =KHG>L	 LHBE IKH;>L	 >G>K@R F>M>KL	
E:D> E>O>E L>GLHKL	 LF:KMIAHG>L	 LH<B:E F>=B: ?>>=L	 :G=
F:GR�FHK>�F>:GL�:G=�=>OB<>L�
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Field equipment f or St. Louis River Estuary, Duluth- Superior area, USA.
Photo fr om authorÕs library.

Reflection

$HP A:O> RHN @:MA>K>= =:M: BG MA> ]>E= BG MA> I:LM�
):R;>�R HN�

[ K><HK=>=�IE:GM�LI><B>L�:M�:�LBM>

[ MHHD�IB<MNK>L�PBMA�:�=KHG>

[ MHHD�LMK>:F�M>FI>K:MNK>�F>:LNK>F>GML

[ <A><D>=�MA>�P:M>K�E>O>E�:M�;>:<A>L�:EHG@�(:D>
)B<AB@:G

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

[ <:I MNK>=�<HFFNGBMR�K>LIHGL>�MH�LMK>:F;:GD
^HH=BG@�
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Recording coastal plant inf ormation along L ake Superior. Photo fr om
authorÕs library.

!:<A H? MA>L> DBG=L H? ]>E= H;L>KO:MBHGL <:G ;> LI:MB:EER
EH<:M>=� 0ABGD :;HNM MA> DBG= H? :MMKB;NM> BG?HKF:MBHG
MA:M FB@AM ;> <HEE><M>= PBMA MA>L> LI:MB:E ]>E= =:M:� $HP
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PHNE= RHN =H BM =B??>K>GMER B? RHN A:= :<<>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 o f 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

)HLM #%/ �>�@�	 -#%/	 �K<#%/ =>LDMHI	 ,KH	 HGEBG>� MHHEL	
:G= LHF> HMA>K P>; F:IL �>�@� 	 #HH@E>!:KMA� <:G ;> NL>=
MH F:I MA> =:M: MA:M RHN A:O> @:MA>K>=� � F:IIBG@
MHHEL>M K>JNBK>L MA:M MA> =:M: ;>BG@ F:II>= A:O> :
@>HEH<:MBHG :MM:<A>= MH BMV: <BMR�LM:M>	 SBI <H=>	 LMK>>M
:==K>LL	�10)�HK�:�E:MBMN=>UEHG@BMN=>�<HHK=BG:M>�I:BK�

/HF>MBF>L LI:MB:E =:M: K>JNBK> MK:GL?HKF:MBHG ;>?HK>
MA>R <:G ;> NMBEBS>= PBMABG LI:MB:E :G:ERLBL� 0A>K> :K>
F:GR ?K>> I:<D:@>L :O:BE:;E> HGEBG> MA:M <:G ;>
=HPGEH:=>= MH <HGO>KM LI:MB:E =:M:L>ML MH MA> :IIKHIKB:M>
]E> MRI>� ):GR A:G=A>E= #,/ ]E>L <HEE><M IHBGM =:M: :L :
�@IQ ]E>	 PAB<A FNLM ;> <HGO>KM>= MH : =B??>K>GM IHBGM ]E>
?HKF:M	 LN<A :L : M>QM HK <HFF: =>EBFBM>= �<LO� ]E> PBMA
4	5�<HHK=BG:M>L�?HK�NL>�PBMABG�:�#%/�
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Backpacker with GPS navigator looking f or coordinates.

Adding X,Y Coordinate Data as a Layer

4	5 <HHK=BG:M>L =>L<KB;> IHBGML HG MA> >:KMAXL LNK?:<>
LN<A :L MA> EH<:MBHG H? ]K> B@GBM>L BG MA> =>L>KM @K:LLE:G=L
HK MA> IHBGML PA>K> P:M>K L:FIE>L P>K> <HEE><M>= BG :G
>LMN:KR� "K>JN>GMER P> <HEE><M 4	5 <HHK=BG:M> =:M: PBMA :G
>E>O:MBHG�768
O:EN>�

5HN <:G :== ]>E= H;L>KO:MBHGL MA:M <HGM:BG @>H@K:IAB<
EH<:MBHGL BG MA> ?HKF H? 4	5 <HHK=BG:M>L MH RHNK F:I� %?
MA> M:;E> :ELH <HGM:BGL 6
<HHK=BG:M>L	 LN<A :L >E>O:MBHG	
=>I MA	 HK M>FI>K:MNK> ?HK >Q:FIE>	 RHN <:G :== MA>L> =:M:
:L�MAK>>
=BF>GLBHG:E�:MMKB;NM>L�BGMH�RHNK�F:I�

%GBMB:EER PA>G RHN :== EH<:MBHG
;:L>= =:M: MH RHNK F:I
:L : M:;E> BM ;><HF>L :G 4	5 >O>GM E:R>K :G= ;>A:O>L EBD>
HMA>K IHBGM ?>:MNK> E:R>KL	 ;NM =H>L GHM A:O> :EE MA>
?NG<MBHG:EBMR�H?�:�?>:MNK>�<E:LL�R>M�
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Screen captur e of X,Y event table added in ArcGIS

0H :== : M:;E> H? 4	5 <HHK=BG:M>L MH RHNK F:I	 MA> M:;E>
FNLM <HGM:BG MPH ]>E=L� HG> ?HK MA> 4
<HHK=BG:M>	
K>IK>L>GMBG@ >:LM
P >LM EH<:MBHG	 :G= HG> ?HK MA> 5

<HHK=BG:M>	 K>^><MBG@ MA> GHKMA
LHNMA IHLBMBHG� 0A>
O:EN>L BG MA> ]>E=L F:R K>IK>L>GM :GR <HHK=BG:M> LRLM>F
:G= NGBML LN<A :L E:MBMN=> :G= EHG@BMN=> HK F>M>KL� � ]>E=
?HK MA> 6
<HHK=BG:M>L MA:M >G:;E>L � @>HF>MKR BL
HIMBHG:E :G= PBEE ;> BG >BMA>K F>MKB< HK !G@EBLA NGBML
�F>M>KL�HK�?>>M��

0A> ]>E=L FNLM ;> =><BF:E GNF>K:EL� %? MA> <HHK=BG:M>
O:EN>L :K> LMHK>= BG =>@K>>L	 FBGNM>L	 :G= L><HG=L �>�@�	
���T ��� ��� � MA>R FNLM ;> <HGO>KM>= :G= =BLIE:R>= :L
=><BF:E =>@K>>L �� ��������T�� %? PHKDBG@ PBMA 6

<HHK=BG:M>L	 RHN <:G :ELH <A:G@> IKHI>KMB>L LN<A :L MA>
E:R>KXL O>KMB<:E >Q:@@>K:MBHG HK BML H??L>M ?KHF :G >E>O:MBHG
LNK?:<>�
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Pop-up windo w f or adding X,Y data in ArcGIS
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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@ ?>:MNK> =:M: ?KHF MA> ]>E=	 BM BL >LI><B:EER
BFIHKM:GM MH DGHP AHP BM P:L <HEE><M>=� "HK : =K:F:MB<
>Q:FIE> H? PA:M A:II>G>= PA>G F:IIBG@ (RF> =BL>:L>
BG .AH=> %LE:G=	 <A><D HNM MA> OB=>H ;>EHP	 :G= K>:= MA>
 BK><MBHGL�):@:SBG>�:KMB<E>�MA:M�:<<HFI:GB>L�MABL�E>LLHG�

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

Topic 2 Kno wledg 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 :;HNM >O>KRMABG@ :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 ;BK= <HNGML MH PA>MA>K <:K
I:KD EHML :K> >FIMR HK ?NEE	 ?KHF !:KMA
BF:@BG@ L:M>EEBM>L
HK;BMBG@ :;HO> NL	 MH L>GLHKL ;>EHP NL MK:<DBG@ LMHKFL
:M L>:	 :EE H? MA>L> L>GLHKL :G= =>OB<>L :K> MK:GLFBMMBG@
: EH<:MBHG:E <HHK=BG:M> LB@G:E	 >G:;E>= ;R MA> <HNIEBG@
H? #,/	 LF:KMIAHG> MHP>KL	 :G= 3B
"B MK:GLFBMM>KL� #>H

>G:;EBG@ BL ;>BG@ >QM>G=>= MH MA>KFHLM:ML	 EB@AM LPBM<A>L	
:G= :IIEB:G<>L BG HNK O>KR HPG AHF>L	 ?HLM>KBG@ PA:M BL
DGHPG�:L�YMA>�%GM>KG>M�H?�MABG@LZ

Drawing r epresenting the Internet o f Things, Wikipedia

:G=�YLF:KM�<BMB>LZ���E
$:=>K�:G=�.H=SB��

���
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Mobile GPS navigation concept.
Image © Gettyimages

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

/HF>MBF>L MA> =:M: MK:GLFBMM>= ;R MA>L> =>OB<>L
NGDGHPBG@ER �>�@� <:K G:OB@:MBHG LRLM>FL LNIIHKM MK:?]<
K>IHKMBG@�	 HK BGM>GMBHG:EER IHLM>= �>�@� OB: 0PBMM>K	
%GLM:@K:F� <:G ;> A:KO>LM>= ;R LI:MB:EER L:OOR :G:ERLML MH
B=>GMB?R I:MM>KGL BG I>HIE>LX EBO>L� "HK >Q:FIE>	 <HEE>:@N>L
:M MA> /PBLL ">=>K:E %GLMBMNM> ?HK "HK>LM	 /GHP	 :G=
(:G=L<:I> . >L>:K<A �3/(� :K> :< <>LLBG@ �


L H? IAHMHL
:G= M:@L HG "EB<D>K MH E>:KG :;HNM <NEMNK:E I>KLI><MBO>L H?
/PBLL E:G=L<:I>L � NGD>E	 � �
���� . >E:M>=ER	 :GHMA>K BG
!G@E:G= A:L M:II>= MA> IE:M?HKF W#>H@K:IA>X MH <:IMNK>
NL>KLX�L>GL>�H?�IE:<>��, NKO>L	�>M�:E��
����

Citizen Scientists and Volunteer ed Geographic

Information

+G MA> HMA>K A:G=	 H?M>G <BMBS>GL :K> FHMBO:M>= MH
OHENGM:KBER <HEE><M @>HLI:MB:E =:M: :L : I:KM H? MA> ;KH:=>K
!'1'7 #+ 0!'#+! # <HGM>QM :G= BL K>?>KK>= MH :L3,)2+1##/#"
%#,%/�-&'! '+$ ,/*�1',+ �� ��� :G= -�/1'!'-�1,/ 6 ,/
! ,**2+'1 6 *�--'+% BG MA> PHKE= H? #%/� 0A>L> 2#%
<HEE><MHKL FB@AM ;> :OB= ;BK=>KL	 <HGL>KO:MBHG
HKB>GM>=
ANGM>KL	 HK K>LB=>GML <HG<>KG>= :;HNM E:D>LAHK> >KHLBHG
?HK�>Q:FIE>�

(>MXL EHHD :M L>O>K:E >Q:FIE>L H? <BMBS>G L<B>G<> BGBMB:MBO>L
MH <HEE><M EH<:MBHG
;:L>= H;L>KO:MBHGL� �EB<D MA> EBGDL
;>EHP�MH�>QIEHK>�:�?>P�GHP�

[ *:MBHG:E��N=N;HG�#K>:M��:<DR:K=��BK=��HNGM

[ B*:MNK:EBLM
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Crowd sour ced bird count
inf ormation website. Scr eenshot
fr om https:/ / ebird.org

[ +I>G/MK>>M):I

Citizen Mapping Netw orks Respond!

�BMBS>G
<HEE><M>= LI:MB:E =:M:	 HK 2#%	 <:G :ELH IKHOB=>
<KBMB<:E BG?HKF:MBHG G>>=>= ?HK =BL:LM>K K>EB>?	 =BLMKB;NMBHG
H? ANF:GBM:KB:G :B=	 <HFFNGBMR =>O>EHIF>GM	 A>:EMA	
:G= >=N<:MBHG� "HK >Q:FIE>	 ):I� <MBHGBL :
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GHG@HO>KGF>GM:E HK@:GBS:MBHG �*#+� F:=> NI H?
OHENGM>>K #%/ IKH?>LLBHG:EL MA:M K:IB=ER @:MA>K HG
MA>

L<>G> @>HK>?>K>G<>= BG?HKF:MBHG MH <K>:M> F:IL MA:M
?:<BEBM:M> MA> MBF>ER =>EBO>KR H? ANF:GBM:KB:G :B= BG :K>:L
:??><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 MA> OBM:E PHKD H? ):I� <MBHG
OHENGM>>KL��EBGDL�MH�OB=>H�:;HO>�

(BD>PBL>	 2#% BL BG<K>:LBG@ER NL>= ;R :NMAHKBM:MBO>
LHNK<>L	 LN<A :L @HO>KGF>GM :@>G<B>L :G= IKBO:M>
<HFI:GB>L	 MH <K>:M> G>:K
K>:E
MBF> F:IL MH BG?HKF
LBMN:MBHG FHGBMHKBG@ :G= >F>K@>G<R K>LIHGL>	 LN<A :L
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FHGBMHKBG@ PBE=]K>L	 OHE<:GB< >KNIMBHGL	 MLNG:FBL	
MHKG:=H>L	�MK:?]<	�P:M>K�JN:EBMR	�:G=�HMA>KL�

"HK >Q:FIE>	 !LKB NL>L <KHP=
LHNK<>= BG?HKF:MBHG ?KHF
LH<B:E F>=B: MH <K>:M> F:IL MA:M <:G BG?HKF ]KLM
K>LIHG=>KL :G= A:L AHLM>= 2#%
<HGMKB;NM>= P>;
:IIEB<:MBHGL ?HK F:GR G:MNK:E =BL:LM>KL� #HH@E> A:L :ELH
NL>= L>:K<A M>KFL MH F:I MA> HNM;K>:D :G= LIK>:= H? MA>
^N	 PAB<A BG?HKFL =H<MHKL :G= AHLIBM:EL H? MK>G=L BG
I:MB>GM�BEEG>LL�

%G �ABG:	 BG<K>:L>= :<<>LLB;BEBMR H? LH<B:E F>=B: LN<A :L
3 >B;H F:=> : AN@> =B??>K>G<> BG K>IHKMBG@ H? FHK> K><>GM
>:KMAJN:D> OB<MBFL :G= =:G@>KL <HFI:K>= MH MA>
3 >G<AN:G�>:KMAJN:D>�BG��

��

Tracking Social Activities

2#% BL :ELH NL>= MH <K>:M> LH<B:E G>MPHKDL H? IE:<> ?HK ?NG
:G= ]MG>LL� /BFBE:K MH "BM�BML	 ?HK >Q:FIE>	 ):I )R 0 K:<DL
NL>L #,/
>G:;E>= FH;BE> =>OB<>L :G= : #HH@E> F:I
;:L>=
:II MH MK:<D :EE DBG=L H? HNM=HHK ]MG>LL :G= :<MBOBMB>L� 5HN
<:G <A:EE>G@> :G= LA:K> RHNK KHNM>L PBMA ?KB>G=L� .HNM>L
:K> NIEH:=>= MH : <HFFNGBMR 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 o f her dog, Chewy
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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 Survey123

(BD>PBL>	 !LKB A:L BML HPG FH;BE> :IIL� � HEE><MHK #%/ BL
: F:I
< >GMKB< MHHE	 F>:GBG@ BM LM:KML PBMA : P>; F:I	
:G= M>G=L MH ;> NL>= FHK> BG HK@:GBS:MBHGL	 PA>K>:L
/NKO>R��� BL <:EE>= : ?HKF
<>GMKB< MHHE MA:M :EEHPL
BG=BOB=N:EL MH PKBM> : L>KB>L H? JN>LMBHGL MH ;> YLNKO>R>=Z
BG MA> ]>E=	 LMHK>= BG : LIK>:=LA>>M :G= =BLIE:R>= BG :
P>; F:I :? M>K <HEE><MBHG� 0K:BGBG@ OB=>HL :G= MNMHKB:EL ?HK
;HMA H? MA>L> :IIL :K> :O:BE:;E> MAKHN@A MA> !LKB MK:BGBG@
<:M:EH@�

):GR <BMBS>G
A>E= FH;BE> :IIL EBD> MA>L> <HGG><M RHNK
F:II>= H;L>K O:MBHGL MH �K<#%/ +GEBG>	 #HH@E> !:KMA�
):IL	�HK�H MA>K�<EHN=�F:IIBG@�L>KOB<>L�
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Screenshots showing observations o f fishers in China collected with
Survey123, from authorÕs library.


/!��� �+)'+# IKHOB=>L : KH;NLM #%/ ;:<D;HG> ?HK
OB>PBG@ :G= LA:KBG@ LI:MB:E =:M: PBMA MA> IN;EB< HK
I:LLP HK=
IKHM><M>= @KHNIL :L P>EE :L <:KMH@K:IAB< JN:EBMR
F:IF:DBG@� �G:ERMB<:E <:I:;BEBMB>L BG �K<#%/ HGEBG> :K>
:=O:G<BG@	�:==BG@�FHK>�?NG<MBHG:EBMR�K>@NE:KER�

0H E>:KG FHK> :;HNM �K<#%/ +GEBG>	 OBLBM MABLEBGD:G=
<EB<D Y(>:KG FHK> :;HNM �K<#%/Z BG MA> FB==E> H? MA> I:@>�
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ArcGIS Online welcome page screenshot

Community Mapping Initiativ es

3A>G <HF;BG>=	 FH;BE> F:IIBG@ MHHEL :G= P>;
;:L>=
#%/ MHHEL <:G >G:;E> <HFFNGBMR F>F;>KL MH LA:K>
LI:MB:EER K>?>K>G<>= =:M: PBMA HG> :GHMA>K :G= <K>:M>
IE:<>
;:L>= LMHKB>L :KHNG= LI><B]< MHIB<L� "HK >Q:FIE>	
BG :  BK><MBHGL ):@:SBG> :KMB<E> ��
���	 '>KLDB M:EDL :;HNM
/MHKRM>EEBG@ :L HG> H? ]O> ?HK<>L <:M:INEMBG@ @>H@K:IAR
HGMH MA> PHKE= LM:@>� /MHKRF:IL :K> : MHHE MH LA:K> RHNK
LI:MB:E LMHKB>L PBMA MA> PHKE=� /MHKRF:IL @K>P HNM H? :G
B=>: ;R ?HKF>K *:MBHG:E #>H@K:IAB< PKBM>K�IAHMH@K:IA>K	
�EE>G �:KKHEE	 <:EE>= #>HLMHKB>L MH ;>:NMB?NEER BEENLMK:M>
MAKHN@A F:IL :G= IAHMH@K:IAL MA> LMHKB>L H? IE:<>L� *HP
PBMA !LKB	 �:KKHEEXL M>:F A:L <K>:M>= : O:KB>MR H? LMHKRF:I
M>FIE:M>L MA:M :EEHP I>HIE> PBMA EBMME> MH DGHP #%/
<:I:;BEBMR�MH�F:I�:G=�BEENLMK:M>�MA>BK�HPG�LMHKB>L�

/BFBE:KER	 #HH@E> !:KMA A:L : IE:M?HKF <:EE>= 2HR:@>K�
0ABL BL :G >Q:FIE> H? MA>BK I:KMG>KLABI PBMA 0A> &:G>
#HH=:EE�%GLMBMNM>
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0A>L> BGBMB:MBO>L <:G ?:<BEBM:M> <BMBS>G L<B>G<>	 IE:<>

;:L>= E>:KGBG@	 :G= <HFFNGBMR <:I:<BMR ;NBE=BG@ :FHG@
HMA>K MABG@L� 3> =>LB@G>= : LBFBE:K <NLMHFBS>= MHHE MH
<:I MNK> <BMBS>GLX EH<:E >QI>KB>GMB:E DGHPE>=@> H? IE:<>�
0A>BK BG=BOB=N:E H;L>KO:MBHGL MA>G :<<NFNE:M> MAKHN@A
MA> :II MH <K>:M> : <HFFNGBMRXL HPG LI:MB:E G:KK:MBO> �:G
>:KEB>K O:KB:MBHG H? MA> /MHKRF:I B=>:�� 0A> �'0! ,+0'+
�#, 1,,)0 P>K> IBEHM>= BG MA> #K>>G �:R	 3BL<HGLBG :K>:	
:G=�:K>�NG=>K�K>=>O>EHIF>GM�?HK�G>P�:IIEB<:MBHGL�

0H E>:KG FHK>	 L>> !:G>L >M :E� �
��	 :G= MA> IKHC><M LBM>
A>K>�A>K>

Screenshot by author o f spatial narr ative geotool.

Topic 3 Kno wledg 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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Credits and R ef erences:

0A:GDL MH 2�,?>B??>K ?HK <HGMKB;NMBG@ <HGM>GM MH� �BMBS>G
):IIBG@�*>MP HKDL�.>LIHG=�

!:G>L	 "� 	 &�/BE;>KG:@>E	 >M :E� �
��� ,:KMB<BI:MHKR FH;BE>

:G= P>;
;:L>= MHHEL ?HK >EB<BMBG@ E:G=L<:I> DGHPE>=@>
:G= I>KLI><MBO>L� BGMKH=N<BG@ :G= >O:EN:MBG@ MA>
3BL<HGLBG #>HMHHEL ,KHC><M� &�� H:LM:E
� HGL>KO:MBHG�=HB�HK@��
��

��L�����

�� 

���
�

' >KLDB	 &HL>IA :G= &BEE �E:KD� �
��� 0A> #%/ #NB=> MH ,N;EB<
 HF:BG  :M:� !LKB , K>LL� ��� II� 	
AMMI���>LKBIK>LL�>LKB�<HF�=BLIE:R�
BG=>Q�<?F�?NL>:<MBHG�=BLIE:R�P>;LBM>% �����FH=NE>%
 �


' >KLDB	 &� �
��� "BO> ?HK<>L <:M:INEMBG@ @>H@K:IAR HGMH
MA> PHKE= LM:@>�  BK><MBHGL ):@:SBG>	 &:GN:KR	
AMMIL���PPP�=BK><MBHGLF:@�<HF�:KMB<E>�����

' >KLDB	 &� �
���3AR =:M: JN:EBMR F:MM>KL V GHP FHK>
MA:G >O>K�  BK><MBHGL ):@:SBG>	 �N@NLM	
AMMIL���PPP�=BK><MBHGLF:@�<HF�:KMB<E>�����

, NKO>L	 .� 	 !=P:K=>L	 �� :G= 3 HH=	 &� ��
����  >L<KB;BG@
,E:<> MAKHN@A 1L>K #>G>K:M>= �HGM>GM� "BKLM )HG=:R	
II� 2HENF>���	�*NF;>K��
��

 NGD>E	 �� ��
���� 2BLN:EBSBG@ MA> I>K<>BO>= >GOBKHGF>GM
NLBG@ <KHP=LHNK<>= IAHMH @>H=:M:� (:G=L<:I> :G= 1K;:G
,E:GGBG@ ���	 II����
���� � O:BE:;E> :M�
AMMI���P PP�>EL>OB>K�<HF�EH<:M>�E:G=NK;IE:G�
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Media Attributions

[ )HL<HP�K>GM:E�;BD>L

[ ">:MNK>� :M:L>M

[ �=O>GMNK>

[ )H;BE>�#,/�G:OB@:MBHG�<HG<>I M�

[ )H;BE>�,AHG>��HHDBG@�0:QB

[ �BK=�+;L>KO:MBHGL

[ LF:KMP:M<A
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3.

LESSON 3

3 >E<HF> MH (>LLHG �V�LDBG@ /I:MB:E -N>LMBHGL :G=
)H=>EBG@�:�/I:MB:E�,KH;E>F

%G�MABL�E>LLHG	�RHN�PBEE�

[ �>�:;E>�MH�<HKK><MER�B=>GMB?R�MA>�DBG=�H?�LI:MB:E
JN>LMBHGL�MH�:LD	�HK�;>BG@�:LD>=�BG�:�@BO>G
IKH;E>F

[ . ><H@GBS>�<HGLB=>K:MBHGL�BG�IE:GGBG@�:
@>H@K:IAB<�BG?HKF:MBHG�LRLM>F��#%/��IKHC><M	
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�JN>LMBHGL

[ %=>GMB?R�:�L>KB>L�H?�LI:MB:E�JN>LMBHGL�:G=�EBGD
MA>F�MH@>MA>K�EH@B<:EER��@>HIKH<>LL�MABGDBG@�

[ (>:KG�MH�;NBE=�:G=�KNG�:�;:LB<�@>HIKH<>LLBG@
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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 belo w.

� Asking Spatial Questions

� Geoprocess Thinking

� Using ModelBuilder

1. Asking Spatial Questions

 >LIBM> PA:M RHN F:R MABGD	 F:DBG@ F:IL BL GHM MA>
NEMBF:M> @H:E BG RHNK #%/ >=N<:MBHG	 :M E>:LM GHM A>K>�
3 :M<A�MABL�OB=>H�;R�' >KLDB�MH�L>>�PAR�

AMMIL���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

questions 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

�&#/# '0 '1	 "BG= MA> EH<:MBHG H? :EE *:MBHG:E ,:KDL BG
/HNMA��?KB<:�

South Afric a national park map

Measurement

�, 4 $�/ '0 '1	 "BG= MA> =BLM:G<> ;>MP>>G ):=BLHG :G=
' >MME>�)HK:BG>�/M:M>�,:KD�
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Google maps route by J. Price

�����FBE>L�

Condition

�&�1 ),!�1',+ :10 0-#!':! ! ,+"'1',+0	 "BG= HNM PAB<A
+GM:KBH�,:KDL�A:O>�<KHLL�<HNGMKR�LDBBG@�MK:BEL�

A young woman cross country skiing in Ontario, Canada
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Proximity

�&�1 '0 +#�/ '1	 "BG= HNM PAB<A 3BL<HGLBG /M:M> ,:KDL
:K>�PBMABG��
�FBE>L�H?�MA>�3BL<HGLBG�.BO>K�

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

Trends

�&�1 &�0 !&�+%#" 0'+! #���	 "BG= HNM PA>K> 3BL<HGLBGXL
IHINE:MBHG�A:L�<A:G@>=�LBG<>����
�
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WisconsinÕs Futur e Population Projections f or the State, Its Counties,
and Municipalities, 2010 -2040.

Pattern

�&�1 0-�1'�) -�1 1#/+0 #5'01	 "BG= HNM B? 3BL<HGLBG /M:M>
, :KDL :K> <ENLM>K>= BG <>KM:BG K>@BHGL LN<A :L MA>  KB?ME>LL
�K>:	�HK�BG�:K>:L�H?�LM>>I�M>KK:BG�
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Wyalusing State Park

Routing

�&'!& '0 1&#  #01 4�6	 "BG= MA> LAHKM>LM KHNM> MH MA> /M�
#HMMA:K=�,:LL�BG�MA>�/PBLL��EIL�

ANDERMATT, SWITZERLANDÑJune 21, 2015: The railr oad bridge
TeufelsbrueckeÑDevil Õs bridge.The Schollenen Gorge is an important
route and the shortest tr ansit to the St. Gotthar d Pass
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Modeling

�&�1 '$ ���	 *> P 6>:E:G= P:GM>= MH <K>:M> : G>P
K><K>:MBHG:E I:KD� �:L>= HG E:G= <HO>K	 IKHQBFBMR MH P:M>K	
:G= <A:K:<M>KBLMB<L FHLM <HFFHGER LHN@AM ;R I:KD
OBLBMHKL	 PA>K> PHNE= ;> ;>LM EH<:MBHG MH <K>:M> : G>P
LM:M> I:KD� 3A:M B? LI><B]< ?>:MNK>L P>K> IKBHKBMBS>=
=B??>K>GMERVEBD>�IKHQBFBMR�MH�: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> ]KLM LM>I BG #%/
;:L>=
IKHC><M IE:GGBG@� +?M>G LI:MB:E JN>LMBHGBG@ BL :G'1#/�1'3 #
-/,! #00	 PA>K> BGLB@AML BGMH MA> HKB@BG:E JN>LMBHG E>:=
MH :==BMBHG:E	 K>E:M>= JN>LMBHGL MA:M F:R ;> BFIHKM:GM MH
F:DBG@�BG?HKF>=�=><BLBHGL�

82 Janet Silbernag el



�:K>?NEER ?K:FBG@ LI:MB:E JN>LMBHGL4')) )#�" 6 ,2 1,
'"#+1'$6 1&#  #01 "�1� MH ;> @:MA>K>=	 >QIEHK>=	 :G=
:G:ERS>=� +?M>G P> A:O> : @K>:M LI:MB:E =:M:L>M :G= MKR MH
?K:F> JN>LMBHGL :KHNG= BM LH P> <:G NL> #%/� .:MA>K	 BM
BL FHK> >?]<B>GM MH NG=>KLM:G= RHNK LI:MB:E IKH;E>F ]KLM	
:G= MA>G =><B=> PA:M MHHEL :G= =:M: RHN G>>= MH ;>LM LHEO>
BM� %M BL K>:EER BFIHKM:GM MH :LD RHNKL>E?	 4&'!& "�1� �/#
*,01 /#)# 3�+1 1, 6 ,2/ .2#01',+0� �+" 1, (+, 4 4&#+
6,2�&�3 #�#+,2%&�

0A>G PA>G L>E><MBG@ =:M: ?HK RHNK IKHC><M	 RHN <:G NL> MA>
=:M:�IHKM:EL�:G=�F>M:=:M:�MH�<HGLB=>K�MA>�?HEEHPBG@�

[ MA>�HKB@BG:E�LHNK<>	�F>=BNF	�?HKF:M	�:G=
INKIHL>�H?�MA>�=:M:

[ MA>�IKHC><MBHG	�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:;BEBMR�H?�MA>�=:M:

[ MA>�K>E>O:G<>�H?�:MMKB;NM>L�MH�LI:MB:E�JN>LMBHG

[ MA>�:<<>LLB;BEBMR�:G=�<HLM�H?�MA>�=:M:

"HK : =>M:BE>= EBLM H? <HGLB=>K:MBHGL	 L>> I:@>L ��� :G= ���
H?�'>KLDB�:G=��E:KD���
����

Obtaining Spatial Data

+G<> P>XO> =>M>KFBG>= HNK LI:MB:E JN>LMBHG	 P> G>>= MH
B=>GMB?R MA> LI:MB:E =:M: P>XEE G>>= MH :GLP>K HK :G:ERS>
HNK�JN>LMBHG�

�L P > <HO>K>= BG (>LLHG �	 LHF>MBF>L	 >LI><B:EER ?HK FHK>
K>FHM> :K>:L HK NGBJN> LI:MB:E BG?HKF:MBHG	 P> F:R G>>=
MH�<K>:M>�:G=�BFIHKM�HNK�HPG�LI:MB:E�=:M:�
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Vector Illustr ation o f GIS Spatial Data Layers Concept f or Business
Analysis, GIS, Icons Design, Liner Style

2>KR H?M>G MAHN@A	 >QBLMBG@ =:M: <:G ?NE]EE MA>
K>JNBK>F>GML� �<JNBKBG@ IN;EB< =HF:BG =:M: <:G ;> FN<A
E>LL MBF> <HGLNFBG@ :G= >QI>GLBO> MA:G <:IMNKBG@ G>P
=:M:�

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

Map Data 85



, N;EB< =HF:BG =:M: <:G ;> H;M:BG>= ?KHF : O:KB>MR H?
LHNK<>L :L P> E>:KG>= BG (>LLHG �	 :G= =H GHM :EP:RL
K>LB=> HGEBG>� #>HLI:MB:E HG>
LMHIL :G= @HO>KGF>GM HK
NGBO>KLBMR F:I EB;K:KR <HEE><MBHGL IKHOB=> :<<>LL MH : @K>:M
=>:E H? LI:MB:E =:M:� +MA>K H?^BG> :G= BG?HKF:E MHHEL MH
EH<:M>�K>E>O:GM�LI:MB:E�=:M:�BG<EN=>�MA>�?HEEHPBG@�

[ <HGLNEMBG@�MA>�EBM>K:MNK>�MH�]G=�HNM�PAB<A�=:M:
LBFBE:K�LMN=B>L�HK�IKHC><ML�NL>=

[ <HGM:<MBG@�MA>�=:M:�IKHOB=>K�=BK><MER

[ <A><DBG@�PBMA�EH<:E�<BOB<�IE:GGBG@�H?]<>L�:G=
<HFFNGBMR�@KHNIL

[ :G=�@K:LLKHHML�F:IIBG@�HK@:GBS:MBHGL�EBD>�Y1L>

%MZ

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

Choice of Softw are

0A> LI:MB:E JN>LMBHGL :G= =:M: BG?HKF MA>!&,'! # ,$
0,$14�/# MH ;> NL>=� �IIKHIKB:M> LH?MP:K>	 PA>MA>K
IKHIKB>M:KR �>�@�	 �K<#%/� HK HI>G LHNK<> �>�@�	 -#%/�	 PBEE�
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[ >G:;E>�RHN�MH�PHKD�PBMA�MA>�=:M:�BGINM�?HK�MA>
IKHC><M

[ A:O>�MA>�G>>=>=�=BLIE:R�:G=�:G:ERMB<:E
?NG<MBHG:EBMR

[ IKHOB=>�:IIKHIKB:M>�:<<>LL��LA:KBG@�	�HK�GHM
�L><NKBMR�

[ LNIIHKM�MA>�HNMINM�?HKF:ML�G><>LL:KR�MH
@>G>K:M>�K>JNBK>=�>G=�IKH=N<ML

[ ]M�MA>�IKHC><MXL�;N=@>M

[ ;>�:< <HFI:GB>=�; R�MA>�:IIKHIKB:M>�E>O>E�H?�NL>K
LNIIHKM

�H MA MA> LI:MB:E JN>LMBHG :G= <AHB<> H? LH?MP:K> PBEE A>EI
=>M>KFBG> PAH PBEE <:KKR HNM =:M: :<JNBLBMBHG	 :G:ERLBL	
:G= =>EBO>KR H? ]G:E IKH=N<ML� �:K>?NE IE:GGBG@ :M >:<A
H? MA>L> LM>IL PBEE A>EI ;:E:G<> >??HKML MHP:K= =:M:
:<JNBLBMBHG�PBMA�MAHL>�MHP:K=�=:M:�: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

*H P P> PBEE =B@ BGMH LI:MB:E MABGDBG@ : EBMME> =>>I>K�
#>HIKH<>LLBG@ K>?>KL MH : ?K:F>PHKD	 MHHE	 HK L>M H?
?NG<MBHGL MH JN>KR :G= F:GBINE:M> LI:MB:E =:M:�
#>HIKH<>LLBG@ :EEHPL ?HK LI:MB:E =:M: JN>LMBHGL HK
IKH;E>FL�MH�;>�:==K>LL>=��(>M�NL�L>>�AHP�

�:LB<:EER	 HG> HK FHK> BGINM LI:MB:E =:M:L>ML @H>L MAKHN@A
: LBG@E> @>HIKH<>LLBG@ MHHE	 K>LNEMBG@ BG : G>P
MK:GL?HKF>= HNMINM E:R>K� %G=BOB=N:EER MA>L> MHHEL I>K?HKF
LF:EE ;NM G><>LL:KR LM>IL	 LN<A :L Y;N??>KZ HK YL>E><M
?>:MNK>Z MH FHO> RHNK LI:MB:E =:M: ?KHF HG> ?HKF MH
:GHMA>K�
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ArcGIS geoprocessing 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? @>HIKH<>LLBG@ MHHEL MH@>MA>K :G=
L:O> MA> IKH<>LL MH KNG BM HO>K :G= HO>K :@:BG PBMA
=B??>K>GM�BGINM�=:M:�HK�I:K:F>M>KL�

�A:BGBG@ MH@>MA>K : L>KB>L H? LI:MB:E =:M: :G=
@>HIKH<>LLBG@ MHHEL <K>:M>L : @>HIKH<>LLBG@ FH=>E	 PA>K>
MA> HNMINM H? HG> LM>I ?>>=L MA> BGINM ?HK MA> G>QM
?NG<MBHG� #>HIKH<>LL FH=>EL ;><HF> BG<K>=B;ER NL>?NE
PA>G PHKDBG@ PBMA FNEMBIE> =:M: E:R>KL �>�@�	 : MBF>
L>JN>G<> H? E:G= <HO>K� MH :G:ERS> <HFIE>Q LI:MB:E
K>E:MBHGLABIL :G= K>O>:E G>P BGLB@AML� �G=	 MA>R <:G >O>G
;> :NMHF:M>= MH KNG BM>K:MBHGL PBMA ;:M<A BGINM HK
I:K:F>M>KL� "HK >Q:FIE>	 : @>HIKH<>LL FH=>E <HNE= ;>
NL>= MH B=>GMB?R :K>:L FHLM IKHG> MH E:G=LEB=>L HO>K MBF>
BG : =>O>EHIBG@ :K>: ;R BGINMMBG@ : MBF> L>KB>L H?
=>O>EHIF>GM F:IL :G= BM>K:MBO>ER <A:G@BG@ MA> LEHI>
<KBM>KB:�MH�L>>�AHP�MA>�HNMINM�:K>:L�<A:G@>�

Geoprocessing Examples

(>ML M:D> : EHHD :M : ?>P >Q:FIE>L H? @>HIKH<>LLBG@
:IIEB<:MBHGL�
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GIS applied around the World. https:/ /www .esri.com/news/ar cnews/
fall0 7articles/gis - the-geogr aphic-appr oach.html

Locating a Pipeline Corridor or L andfill

/I:MB:E -N>LMBHG��&�1 �/#�0 4 ,2)"  # '+ 0,*#
-/, 5'*'1 6 ,$ � -/,-,0#" -'-#)'+# �+" ! ,2)"  #
�$$#! 1#"� 6�'1	

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

/I:MB:E -N>LMBHG��&�1 �/#�0 *##1 ! #/1�'+ ! ,+"'1',+0
'"#+1':#" �0 '*-,/1�+1 $ ,/ 1&# ),!�1',+ ,$ � +# 4
)�+":)) 	

0H B=>GMB?R MA> LNBM:;E> EH<:MBHGL ?HK : E:G=]EE	 NL> MA>
, 3#/)�6 1,,) MH B=>GMB?R EH<:MBHGL BG PAB<A LEHI>	 =BLM:G<>
?KHF P:M>K :G= HMA>K E:G=]EEL	 :G= <>KM:BG E:G= NL> MRI>L
<HBG<B=>�

[ !:<A�<KBM>KB:�FNLM�;>�<:K>?NEER�L>E><M>=

[  ><B=>�B?�>:<A�K><>BO>L�>JN:E�P>B@AM��%?�GHM	
PAB<A�@>ML�FHK>��$HP�FN<A�FHK>�

[ 0ABGD�:;HNM�:GR�NG<>KM:BGMR�BG�MA>L>�<KBM>KB:
:G=�AHP�MA:M�FB@AM�:??><M�=><BLBHGL�?HK�I: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

/I:MB:E -N>LMBHG�
 $ �/*#/ &�0 � )'*'1#" �*,2+1 ,$
$#/1')'7 #/ $,/ &#/ &,-0 !/,-� �&#/# 0&,2)" 0&# �--)6
'1	

 >M>KFBG> MA> LI:MB:E I:MM>KG H? LHBE GNMKB>GM =>]<B>G<R
; R F:IIBG@ LHBE GNMKB>GM =:M: :G=0#)#!1'+%  6 �/#�
PA>K> GNMKB>GM :O:BE:;BEBMR	 ?HK >Q:FIE>	 IH M:LLBNF �'�	 BL
EHP>K MA:G MA> FBGBFNF K><HFF>G=>= E>O>EL ?HK A>K <KHI
H?�AHIL�
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Smart agricul tur e, precision farming concept. Near-infr ared (NIR)
images applic ation scr een 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> IK>OBHNL >Q:FIE>L	 @>HIKH<>LLBG@
HI>K:MBHGL P>K> I>K?HKF>= BG LI><B]< L>JN>G<>L MH
:GLP>K�MA>�JN>LMBHG�?KHF�MA>�:O:BE:;E>�BGINM�=:M:�

/I><B]<:EER	 %#,-/,! #00'+%1,,)0 M:D> BGINM LI:MB:E =:M:	
I>K?HKF : LI><B]< HI>K:MBHG HG MAHL> =:M:	 :G= K>MNKG MA>
K>LNEM :L :G HNMINM =:M:L>M� "HK BGLM:G<>	 RHN FB@AM A:O>
MPH BGINM E:R>KL PAB<A RHN YBGM>KL><MZ BG @>HIKH<>LLBG@ MH
K>MNKG�:�LBG@E>�HNMINM�E:R>K�

+?M>G HI>K:MBHGL F:R ?H<NL HG L>E><MBG@ :K>:L MA:M ]M
LI><B]< <KBM>KB:	 LN<A :L L>E><MBG@ ?HK <>KM:BG :MMKB;NM>L	
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<EBIIBG@ MH : ;HNG=:KR	 HK =>]GBG@ : IKHQBFBMR� 5HN PBEE
E>:KG FHK> :;HNM LI><B]< @>HIKH<>LLBG@ HI>K:MBHGL BG
0HIB< �� "BKLM	 MA>K> :K> LHF> <HGLB=>K:MBHGL ?HK
@>HIKH<>LLBG@������

Accuracy

3A>G P> LM:KM <HF;BGBG@ =B??>K>GM LI:MB:E =:M: BG
@>HIKH<>LLBG@ HI>K:MBHGL	 BG:<<NK:<B>L BG MA> BGINM E:R>KL
<:G BFI:< M MA> HNMINM� .><:EE MA:M MA> :<<NK:<R H? LI:MB:E
=:M: BL MA> ]=>EBMR PBMA PAB<A MA> =:M: K>IK>L>GM K>:E

PHKE= IA>GHF>G:� �<<NK:<R H? LI:MB:E =:M: <:G ;> K>=N<>=
; R�

[ )>:LNK>F>GM�>KKHK

[ , KHC><MBHG�=BLMHKMBHG

[ �;LMK:<MBHG�H?�K>:E
PHKE=�H;C><ML

[ #>G>K:EBS:MBHG

[ �E:LLB]<:MBHG

[ *:MNK:E�O:KB:;BEBMR

0A>K>?HK>	 PA>G <HF;BG>=	 MA>#//,/ ,$ #�!& '+-21
"�1�0#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> BG>OBM:;E> BG:<<NK:<R H? BGINM =:M:	 MA> HNMINM
=:M: K>LNEMBG@ ?KHF @>HIKH<>LLBG@ HI>K:MBHGL :K>
BGA>K>GMER NG<>KM:BG� 0A>K>?HK>	 @>HIKH<>LLBG@
HI>K:MBHGL B=>:EER LAHNE= <HGLB=>K +. JN:GMB?R
NG<>KM:BGMR MH :LL>LL MA> >??><M HG MA> K>LNEMBG@
<HG<ENLBHGL�

%? =:M: :K> GHM :<<NK:M>	#//,/0 �/# -/,-�%�1#" :G= MA>
NG<>KM:BGMR @KHPL PBMA >:<A @>HIKH<>LLBG@ LM>I	 PAB<A
:??><ML�MA>�:<<NK:<R�H?�MA>�K>LNEML�
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Uncertainty ac cumulates with each input layer and geopr ocessing
step.

Sensitivity Anal ysis

0H >O:EN:M> NG<>KM:BGMR :G= >QIEHK> PA:M A:II>GL ?KHF
RHNK @>HIKH<>LLBG@ LM>IL	 : L>GLBMBOBMR :G:ERLBL BL
K><HFF>G=>=� />GLBMBOBMR :G:ERL>L LBFIER KNG FNEMBIE>
BM>K:MBHGL H? MA> L:F> @>HIKH<>LLBG@ LM>IL NLBG@ =B??>K>GM
O:KB:;E>L MH BGO>LMB@:M> AHP : IKH<>LL :G= K>LNEMBG@
HNMINM�K>LIHG=�MH�<A:G@>L�BG�BGINM�BG?HKF:MBHG�

"HK >Q:FIE>	 <A:G@BG@ MA> LEHI> <KBM>KB: ?KHF 
�U�� MH

�U�
� BG : LBM> LNBM:;BEBMR FH=>E	 HK MA> ;N??>K =BLM:G<>
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?KHF : ANKKB<:G> I:MA BG : ONEG>K:;BEBMR FH=>E FB@AM E>:=
MH�O>KR�=B??>K>GM�LNBM:;E>�ONEG>K:;E>�:K>:L�BG�MA>�HNMINM�

/>GLBMBOBMR :G:ERL>L A>EI NL NG=>KLM:G= MA> K>E:MBHGLABIL
;>MP>>G BGINM :G= HNMINM	 >LMBF:M> AHP FN<A O:KB:;BEBMR
MA> FH=>E IKH=N<>L ?HK >:<A <A:G@> BG MA> BGINML	 :G=
B=>GMB]>L PAB<A BGINM LHNK<> <HGMKB;NM>L FHLM LMKHG@ER MH
MA>�HNMINM�

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

0A> ?HEEHPBG@ L<>G:KBH BEENLMK:M>L AHP LI:MB:E
JN>LMBHGBG@	 @>HIKH<>LL MABGDBG@	 :G= L>GLBMBOBMR :G:ERLBL
:K>�<HF;BG>=�MH�BG?HKF�=><BLBHG
F:DBG@�

Gnatcatcher Habitat Suitability

� EH<:E E:G= MKNLM PBLA>L MH IKHM><M A:;BM:M ?HK MA>
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@G:M<:M<A>K	 : ;BK= H? <HGL>KO:MBHG <HG<>KG� 0H =H LH	 MA>R
NG=>KM:D>�MA>�?HEEHPBG@�:<MBOBMB>L�

[ "HKFNE:M>�:�/I:MB:E�-N>LMBHG

[ /NFF:KBS>�$:;BM:M�.>JNBK>F>GML

[ +; M:BG�/I:MB:E� :M:

[ #>HIKH<>LLBG@

[ />GLBMBOBMR��G:ERLBL

�G=�MABL�BL�PA:M�MA>R�DGHP�:;HNM�MA>�;BK=�

#G:M<:M<A>KL EBO> BG <H:LM:E L:@> L<KN; E>LL MA:G ���F :LE
�:;H O> L>: E>O>E� BG I:M<A>L @K>:M>K MA:G �
 A><M:K>L� 0A>R
A:O> ;>>G LAHPG MH ;> L>GLBMBO> MH KH:=L	 :G= PBEE GHM G>LM
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

� HO>K�MRI>��� H:LM:E�L:@>�L<KN;

)BGBFNF�I:M<A�LBS>���
�A>< M:K>L

!E>O:MBHG��(>LL�MA:G����F�:LE

!Q<EN=>L�:K>:L�PBMABG���
F�:G=��

F�H?�KH:=L

Obtain Spatial Data

[ (:G=�<HO>K�F:I

[ . H:=�F:I

[  B@BM:E�>E>O:MBHG�FH=>E�� !)��HK�MKB:G@NE:M>=
BKK>@NE:K�G>MPHKD��0%*���>E>O:MBHG�
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Geoprocessing

0A> (:G= 0 KNLM M>:F LM:KML PBMA : LD>M<A MH IE:G MA>
L>JN>G<> H? @>HIKH<>LLBG@ HI>K:MBHGL G><>LL:KR MH
BGM>@K:M> :G= :G:ERS> MA> =:M: MH BG?HKF MA> LI:MB:E
JN>LMBHG� �EMAHN@A BM <:G ;> M>FIMBG@ GHM MH LD>M<A HK
=B:@K:F RHNK LM>IL ]KLM	 =HBG@ LH :EEHPL MA> JN>LMBHG MH
=KBO>�MA>�IKH<>LL	�GHM�MA>�MHHEL�

Geoprocessing sketch for gnatc atcher suitable habitat

0A>G MA> M>:F NL>L #%/ LH?MP:K> MH I>K?HKF MA>
@>HIKH<>LLBG@�

#>HIKH<>LLBG@ PBEE K>LNEM BG : F:I LAHPBG@ MA> EH<:MBHG
H? A:;BM:M LNBM:;E> ?HK @G:M<:M<A>KL	 :<<HK=BG@ MH RHNK
IKH<>LL�
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Patchy habitat in southern C alif ornia f or gnatc atcher .

Sensitivity Anal ysis

*H P	 PA:M B? RHN :K> GHM LNK> PA>MA>K RHNK FH=>E ;>LM
K>IK>L>GML :<MN:E @G:M<:M<A>K A:;BM:M� />O>K:E I:K:F>M>KL
<HNE= ;> >QIEHK>= MH M>LM MA> L>GLBMBOBMR H? MA> FH=>E	
BG<EN=BG@�

[ � #"2!'+%�*�5�-#/*'00' )#�0),-# ?KHF��
��MH
�
�	����	�:G=�> O>G��
���%L�FHLM�H?�MA>
:O:BE:;E>�A:;BM:M�EHLM�PA>G�:K>:L�PBMA�:�LEHI>
;>MP>>G��
��:G=��
��:K>�>EBFBG:M>=��$H P�=H>L
MABL�:??><M�MA>�=><BLBHG�MH�IKHM><M�LI><B]<�:K>:L�

[ �+!/#�0#�,/�"#!/#�0#� 2$$ #/��/,2+"�/,�"0�,/
20#���*,/#�"#1�')#"�/,�"�)�6 #/�  H>L�:�E:K@>K
HK�LF:EE>K�;N??>K�HK�@K>:M>K�GNF;>K�H?�KH:=L
=K:F:MB<:EER�BG^N>G<>�MA>�MHM:E�A:;BM:M�:K>:�

[ �+!)2"#�!�1�-,-2)�1',+�"#+0'1 6�  H�:K>:L�H?
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LNBM:;E>�A:;BM:M�<HBG<B=>�PBMA�:K>:L�H?�AB@A�<:M
IHINE:MBHG�=>GLBMR��$HP�=H>L�MABL�BG^N>G<>�MA>
<AHB<>�H?�LI><B]<�:K>:L�

British shorthair c at hunting bir ds and mice outside the gar den.

Topic 2 Kno wledg 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

*H P E>M NL @>M HNK A:G=L =BKMR :G= E>:KG AHP MH :IIER
@>HIKH<>LLBG@�PBMABG�#%/�;R�HI>GBG@�MA>�MHHE;HQ������

#>HIKH<>LLBG@ HI>K:MBHGL BG #%/ :K> <:KKB>= HNM NLBG@ :
L>M H? MHHEL	 HK@:GBS>= BGMH MHHEL>ML	 >:<A H? PAB<A
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I>K?HKFL : LBG@E> HI>K:MBHG�

[  :M:�!QMK:<MBHG

[ +O>KE:R

[ , KHQBFBMR

Data Extraction

0A>K> :K> L>O>K:E F>MAH=L :O:BE:;E> MH K>=N<> HK >QMK:<M
=:M: ?KHF E:K@>K	 FHK> <HFIE>Q =:M:L>ML MH <K>:M> : G>P
LN;L>M�H?�=:M:�PBMA�CNLM�MA>�BG?HKF:MBHG�G>>=>=�

�#)#! 1',+ 1,,)0 V:EEHP RHN MH L>E><M ?>:MNK>L MA:M F>>M
LHF> <KBM>KB: HK MA:M :K> EH<:M>= BG : I:KMB<NE:K IE:<>	 HK :
<HF;BG:MBHG H? ;HMA	 LN<A :L Y:EE MA> GHG
O:<:GM I:K<>EL
:=C:<>GM�MH�MA>�I:KDP:RZ��;>EHP��
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Screen shot of selection statistics fr om ArcMap

+MA>K ;:LB< LI:MB:EER =>]G>= L>E><MBHG MHHEL BG<EN=> MA>
?HEEHPBG@�

[ �������� V PHKDL�EBD>�:�<HHDB>�<NMM>K�MH�<NM�HNM
?>:MNK>L�?KHF�MA>�BGINM�E:R>K�MA:M�?:EE�PBMABG�MA>
IHER@HGL�BG�MA>�<EBI�?>:MNK>

[ ����##��� V<K>:M>L�FNEMBIE>�HNMINM�E:R>KL�?KHF�:
LBG@E>�?>:MNK>�E:R>K�;:L>=�HG�IHER@HGL�HK�SHG>L
H?�MA>�LIEBM�?>:MNK>L

[ � �""��%��� V<HF;BG>L�IHER@HGL�MA:M�LA:K>�:G
:MMKB;NM>�O:EN>�BGMH�E:K@>K�IHER@HGL	�>LL>GMB:EER
=BLLHEOBG@�MA>�;HK=>K�;>MP>>G�MA>�?>:MNK>L

[ �������#��� V<HF;BG>L�L>E><M>=�IHER@HGL�PBMA
:=C:<>GM�IHER@HGL�MA:M�A:O>�MA>�E:K@>LM�:K>:�HK
EHG@>LM�LA:K>=�;HK=>K��!EBFBG:M>�BL�H?M>G�NL>=�MH
<E>:G�NI�LI:MB:E�=:M:�:?M>K�=B@BMBSBG@�HK
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HO>KE:RBG@�?>:MNK>L�;R�>EBFBG:MBG@�LEBO>K
IHER@HGL

� �""��%��� :G= �������#��� ?>:MNK>L <:G ;> NL>= MH >QMK:<M
?>:MNK>L MA:M LA:K> I:KMB<NE:K :MMKB;NM>L	 :G= <HF;BG>
MA>F�BGMH�E:K@>K�?>:MNK>L�PBMA�E>LL�=BO>KLBMR

Dissolve

Eliminate

Images fr om Esri resource center
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Overlay

Spatial Overlay

/I:MB:E HO>KE:R LNI>KBFIHL>L FNEMBIE> =:M:L>ML PBMA :
<HFFHG <HHK=BG:M> LRLM>F	 K>LNEMBG@ BG : G>P =:M:L>M
MA:M B=>GMB]>L MA> LI:MB:E K>E:MBHGLABIL ;>MP>>G FNEMBIE>
=:M:�E:R>KL�

Vector Overlays

2><MHK HO>KE:RL :K> <K>:M>= PA>G : IHER@HG E:R>K BL IE:<>=
HO>K : ?>:MNK> E:R>K <HGM:BGBG@ IHBGML	 EBG>L	 :G=�HK
IHER@HGL� 2><MHK HO>KE:RL <:G ;> :<<HFIEBLA>= NLBG@
L>O>K:E MHHEL	 BG<EN=BG@ B=>GMBMR	 BGM>KL><M	 NGBHG	
LRFF>MKB<:E�=B??>K>G<>	�:G=�NI=:M>�

�>EHP BL :G >Q:FIE> H? :G HO>KE:R H? LM>>I LEHI>L	 LHBEL	
:G= O>@>M:MBHG� *>P IHER@HGL :K> <K>:M>= ;R MA>
BGM>KL><MBHG H? MA> BGINM IHER@HG ;HNG=:KB>L� 0A>
K>LNEMBG@ IHER@HGL A:O> :EE MA> :MMKB;NM>L H? MA> HKB@BG:E
IHER@HGL�
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ArcGIS Resources Center, Desktop 10, accessed 12.16

Raster Overlay

.:LM>K HO>KE:R F:MA>F:MB<:EER F>K@>L MPH HK FHK> L>ML
H? =:M: MA:M LA:K> : <HFFHG @KB= MH <K>:M> : G>P L>M
H? O:EN>L ?HK : LBG@E> HNMINM E:R>K� .:LM>K HO>KE:R MHHEL
BG<EN=> <HF;BG>	 SHG:E LM:MBLMB<L	 F:I :E@>;K:	 P>B@AM>=
HO>KE:R	�:G=�P>B@AM>=�LNF�

�>EHP BL :G >Q:FIE> H? K:LM>K HO>KE:R ;R :==BMBHG ?HK
LNBM:;BEBMR FH=>EBG@� 0AK>> K:LM>K E:R>KL �LM>>I LEHI>L	
LHBEL	 :G= O>@>M:MBHG� :K> K:GD>= ?HK =>O>EHIF>GM
LNBM:;BEBMR HG : L<:E> H? �U�� 3A>G MA> E:R>KL :K> :==>=
�;H MMHF�	�>:<A�<>EE�BL�K:GD>=�HG�:�L<:E>�H?��U���
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ArcGIS Resource Center, Desktop 10, accessed 12.16

Proximity

, KHQBFBMR MHHEL]G= MA> =BLM:G<> H? <>EEL HK IKHQBFBMR H?
?>:MNK>L MH HG> :GHMA>K :G= HI>K:M> =B??>K>GMER =>I>G=BG@
HG�MA>�BGINM�=:M:�FH=>E�

Vector Proximity Tools

2><MHK IKHQBFBMR MHHEL BG<EN=> ;N??>K	 G>:K	 IHBGM =BLM:G<>	
L>E><M ;R EH<:MBHG	 :G= HMA>KL� 0A> BF:@>L ;>EHP BEENLMK:M>
:�EBG>��E>?M��:G=�IHBGM��KB@AM��;N??>K�
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Raster Distanc e Tools

.:LM>K =BLM:G<> MHHEL BG<EN=> !N<EB=>:G =BLM:G<>	
!N<EB=>:G =BK><MBHG	 <HLM =BLM:G<>	 <HLM :EEH<:MBHG	 :G=
HMA>KL� 0A> BF:@> ;>EHP BEENLMK:M>L HNMINM H? MA>
!N<EB=>:G  BLM:G<> MHHE	 PA>K> MA> O:EN> H? >:<A <>EE BL MA>
=BLM:G<>�MH�MA>�G>:K>LM�KBO>K�?>:MNK>�

Using ModelBuilder

0A>K> :K> L>O>K:E P:RL MH LI:MB:EER L>E><M IHKMBHGL H? : =:M:
E:R>K�
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Set Algebra

. >F>F;>K E>:KGBG@ PA:M ]M BG : L>M BG >E>F>GM:KR
:E@>;K:� />M :E@>;K: <AHHL>L :K>:L PBMA :MMKB;NM>L MA:M :K>
�	��	�HK���MH�LHF>�LI><B]>=�<KBM>KB:�

"HK >Q:FIE>	 RHN <HNE= L>E><M :EE :K>:L MA:M :K> GHM Y*>P
5HKDZ �NII>K KB@AM�	 HK :EE <HNGMB>L MA:M :K> :M E>:LM �



LJN:K>�FBE>L�BG�:K>:��EHP>K�E>?M��

Counties in the northeastern US selected with set algebr a. From
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 12.16

Fuzzy Set

"NSSR L>E><MBHG BL E>LL <HFFHGER NL>= BG #%/ MA:G HMA>K
L>E><MBHG L>ML� 3A>G :MMKB;NM> =:M: :K> BFIK><BL> HK
BG:<<NK:M>	 ?NSSR EH@B< <:G ;> NL>= MH =>]G> AHP )'( #)6
BM BL MA:M : I:KMB<NE:K ?>:MNK> HK <>EE BL : F>F;>K H? : L>M�
%G MA> >Q:FIE> ;>EHP	 ?NSSR L>ML :K> NL>= MH B=>GMB?R MA>
EBD>EBAHH= MA:M :G BG=BOB=N:E PBEE ?:EE BGMH MA> YM:EEZ <E:LL�
5HN FB@AM :ELH BF:@BG> MABL :IIEB>= MH >GOBKHGF>GM:E
?>:MNK>L	 EBD> MA> IKH;:;BEBMR MA:M >G>K@R LBM>L PBEE A:O>
AB@A K:=HG E>O>EL� 3> PBEE <HF> ;:<D MH ?NSSR EH@B< FHK>
E:M>K�
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Moradlou et al. 2013

Geoprocess Functions

#>HIKH<>LLBG@ MHHEL <:G ;> EBGD>= MH@>MA>K MH I>K?HKF
: L>KB>L H? HI>K:MBHGL G><>LL:KR MH IKH=N<> MA> HNMINM
MA:M :GLP>KL : LI:MB:E JN>LMBHG� !:<A LM>I IKH=N<>L
BGM>KF>=B:M>�HNMINM�HG�PAB<A�MA>�G>QM�HI>K:MBHG�:<ML�

%G MA> >Q:FIE> ;>EHP	 ;N??>KL :K> <K>:M>= :KHNG= MA> E:D>L
:G= KH:=L BG MA>BK K>LI><MBO> E:R>KL :G= MA>G HO>KE:B= MH
>EBFBG:M> :K>:L PA>K> KH:=L BGM>KL><M E:D> ;N??>KL� 0A>
AR=KB< LM:MNL E:R>K BL K><H=>= MH B=>GMB?R P>ME:G=L� 0A>G
MA> P>ME:G=L E:R>K :G= <HF;BG>= ;N??>KL E:R>K :K>
HO>KE:B=	 :G= :K>:L PA>K> MA> E:D> ;N??>K :G= P>ME:G=
;N??>K�<HBG<B=>�:K>�K><H=>=�PBMA�:�LNBM:;BEBMR�K:GDBG@�
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Example of link ed geoprocessing steps. Figure from Bolstad 2016,
recolor ed for illustr ation her e.

Geoprocess Demo

%G �K<#%/	 @>HIKH<>LLBG@ MHHEL :K> :<<>LLB;E> ?KHF
�K<0HHE;HQ :G= �K<�:M:EH@ :G= :K> LMHK>= BG MHHEL>ML	
PAB<A :K> LMHK>= BG MHHE;HQ>L� ,E>:L><EB<D A>K>MH P:M<A
: 5 HN0N;> =>FHGLMK:MBHG H? MA> NL> H? �K<0HHE;HQ BG
�K<):I��
��0A>�OB=>H�BL�:IIKH QBF:M>ER����FBGNM>L�EHG@�

$>K> RHN L>> AHP @>HIKH<>LLBG@ MHHEL :K> HK@:GBS>= BG
�K<0HHE;HQ H? �K<#%/ �E>?M� :G= MA> #>H:E@HKBMAFL
0HHE;HQ�BG�-#%/��KB@AM��
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Toolsets within Ar cToolbox

Geoalgorithms within QGIS processing menu. Screenshot fr om QGIS.
Data fr om Natur al Earth.
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�>EHP LAHPL : @>HIKH<>LLBG@ MHHE IHI
NI PBG=HP
:<<>LL>=�?KHF�MA>�MHHE;:K�HG�MA>�KB@AM�BG�-#%/�

Screenshot fr om QGIS. Data from Natur al Earth.

Geoprocess Model Design

#>HIKH<>LLBG@ L>JN>G<>L :K> :ELH K>?>KK>= MH :L : YFH=>E�Z
� HGLB=>K MA>L> MRIB<:E LM>IL BG =>LB@GBG@ RHNK ]KLM
%#,-/,! #00'+%�*,"#) �

[  >M>KFBG>�PAB<A�@>HIKH<>LLBG@�MHHEL�RHN�G>>=
�;:L>=�HG�RHNK�LI:MB:E�JN>LMBHG��

[ $:O>�RHNK�LI:MB:E�=:M:�IK>I:K>=�:G=�HK@:GBS>=
BG��:M:EH@�

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

[ !GM>K�MA>�MHHE�I:K:F>M>KL	�BG<EN=BG@�MA>�BGINM
:G=�HNMINM�=:M:L>ML�

[ .NG�MA>�MHHE�

[ . >I>:M�LM>IL��U��?HK�>:<A�@>HIKH<>LLBG@�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, recolor ed here for
illustr ation.

ModelBuilder

� FH=>E BL : <HEE><MBHG H? @>HIKH<>LLBG@ HI>K:MBHGL MA:M
:NMHF:MB<:EER >Q><NM> BG L>JN>G<> PA>G MA> FH=>E BL KNG
MH IKH=N<> : ]G:E HNMINM =:M:L>M� 0A>L> <:G ;> INM
MH@>MA>K NLBG@�,"#)�2')"#/ '+ 
/!���� ,/ �/�-&'!�)
�,"#)#/ '+ ���� � �GR @>HIKH<>LLBG@ 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 IKH=N<> G>P =:M:
MA:M�LNIIHKM�:G�:EM>KG:MBO>��YPA:M�B?�Z��L<>G:KBH�
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#>HIKH<>LLBG@ FH=>EL :K> H?M>G NL>= � � �

[ "HK�EBGDBG@�:G=�:NMHF:MBG@�:G:ERL>L

[ 0H�=H<NF>GM�MA>�^HP�MAKHN@A�MA>�IKH<>LL>L�H?�:
IKHC><M

[ 0H�FH=B?R�BGINML�:G=�IKH<>LL>L�>:LBER�BG�:
@K:IAB<�>GOBKHGF>GM��>�@�	�MH�KNG�:�L>GLBMBOBMR
:G:ERLBL�

[ 0H�:NMHF:M>�:�K>I>MBMBO>�IKH<>LL��>�@�	�FNEMBIE>
L<>G:KBHL��MH�L:O>�MBF>�:G=�>??HKM�

"HK�FHK>	�L>>�MABL�I:@>�HG�K<#%/� >LDMHI��G:ERMB<L�

AMMI���P PP�J@BLMNMHKB:EL�<HF�>G�=H<L�
IKH<>LLBG@9@K:IAB<:E9FH=>E>K�AMFE

(BGD MH -#%/ =H<NF>GM:MBHG HG MA> @K:IAB<:E FH=>E>K�
AMMIL���=H<L�J@BL�HK@������>G�=H<L�NL>K9F:GN:E�
IKH<>LLBG@�
FH=>E>K�AMFE�AB@AEB@AM�@K:IAB<:E��
FH=>E>K

Topic 3 Kno wledg e Check

,E>:L> :GLP>K MA> ?HEEHPBG@ JN>LMBHGL MH <HFIE>M> (>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 o f the text. You can

view it online her e:

https:/ /wisc.pb.unizin.or g/maps/?p=354

Ref erences

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

' >KLDB	 &HL>IA &� :G= &BEE �E:KD� �
��� 0A> #%/ #NB=> MH
, N;EB<  HF:BG  :M:� !LKB ,K>LL	 .>=E:G=L	 �� ��� II�
�A:I M>K���:<<HFI:GB>L�MABL�E>LLHG�

)HK:=EHN	 ):CB=	 ":KS:G>A !LA:@AB:G  HK<A>A	 :G=
)>A=B �B@=>EB� �
��� Y�IIEB<:MBHG H? /NI>KIHLBMBHG :G=
"NSSR (H@B< )>MAH=L MH  >M>KFBG> MA> �HGMKB;NMBHG H? MA>
1MBEBMR :G= �NLMHF>K BG �K>:MBHG H? $:KFHGB<  BLMHKMBHGL
BG ,� � �NL� Z %GM>KG:MBHG:E &HNKG:E H? !G>K@R !G@BG>>KBG@
����������U���

Media Attributions

[ ):I�/HNMA��?KB<:�, :KDL

[ LDBBG@

[ . H<D�"HKF:MBHGL

[ 3%�"NMNK>�,HINE:MBHG

[ 3 R:ENLBG@�/M:M>�,:KD�3BL<HGLBG�.BO>K�%GMH
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)BLLBLLBIIB�.BO>K

[ 0K:BG

[ �KHLLKH:=�LB@G

[ 2BLN:E�.>IK>L>GM:MBHG�H?�0A>F>L�BG�:�#%/

[ 1/!%0

[ !LKB�EH@H

[ BGINM�=:M:L>M

[ #%/�:KHNG=�MA>�3HKE=

[ >:KMA

[ #K>R
;EN>��BK=

[ �EN>
@K:R�#G:M<:M<A>K

[ �:M�$NGMBG@�BG�#:K=>G

[ 2>KFHGM

[ <HFIE>F>GM

[ �N??>KL

[ <K>>DL
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4.

LESSON 4

3 >E<HF> MH (>LLHG �V� <<>LLBG@ ,N;EB< !GOBKHGF>GM:E
 :M: MAKHN@A ,:KMG>KLABIL :G= ):IIBG@ #K>>G
%G?K:LMKN<MNK>

%G�MABL�E>LLHG	�RHN�PBEE�

[ %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:E�HIMBFBS:MBHG�LMK:M>@B>L�:G=
I>K?HKF:G<>�=:LA;H:K=L�MH�>O:EN:M>�HIMBHGL

[ �IIER�IN;EB<�>GOBKHGF>GM:E�=:M:�MH�F:I�@K>>G
BG?K:LMKN<MNK>

[ . >OB>P�F>MAH=L�MH�F:D>�@HH=�F:IL
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Lesson 4 Topics

This lesson covers thr ee topics. We recommend
working thr ough each topic in the or der in which
they are listed belo w.

¥ Public environmental spatial data and
partnerships

¥ Spatial Optimization S trategies and
Perf ormance

¥ 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 BG<>I MBHG	 @>H@K:IAB< BG?HKF:MBHG LRLM>F �#%/�
=:M: :G= MHHEL A:O> =>O>EHI>= :M : K:IB= I:<>� � <<HK=BG@
MH '>KLDB :G= �E:KD ��
��	 �A:I M>K �
�	 MA> ?NMNK> H? #%/
PBEE�=>O>EHI�:EHG@�:M�E>:LM�?HNK�?KHGML�

[ *> P�LI:MB:E�=:M:

[ *> P�I:KMG>KLABIL

[ *> P�F>MAH=L�:G=�MHHEL
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[ *> P�IE:M?HKFL

%G MABL MHIB<	 P> ?H<NL HG G>P >GOBKHGF>GM:E LI:MB:E =:M:
:G= I:KMG>KLABIL� 0HIB<L � :G= � :==K>LL MA> HMA>K MPH
?KHGML��G>P�F>MAH=L	�MHHEL	�:G=�IE:M?HKFL�

�L RHNXO> L>>G	#+3'/,+*#+1�) 0-�1'�) "�1� :K> :O:BE:;E>
BG MA> IN;EB< =HF:BGV?KHF >LM:;EBLA>= F:IIBG@ :G= E:G=
F:G:@>F>GM HK@:GBS:MBHGL :L P>EE :L HK@:GBS:MBHGL MA:M
A:O> GHM IK>OBHNLER ;>>G MA> IKHOB=>KL H? @>H@K:IAB< =:M:�

gapanal ysis.usgs.gov/gaplandc over/, accessed 12.16

"HK >Q:FIE>	 0A> *:MNK> �HGL>KO:G<R �0*�� IKH OB=>L
F:I L>K OB<>L OB:0*�):IL 	 :G HGEBG> =:M: IHKM:E ?HK
O><MHK =:M: K>E:M>= MH BML <HGL>KO:MBHG BGBMB:MBO>L :G= E:G=
AHE=BG@L MA:M <:G ;> :<<>LL>= :L LA:I>]E>L HK @>H=:M:;:L>
?HKF:ML�NLBG@�LM:G=:K=�#%/�IE:M?HKFL�

/M:M> :G= ?>=>K:E @HO>KGF>GML :ELH K>E>:L> =:M:	 LN<A :L
MA> L>:FE>LL G:MBHG:E E:G= <HO>K O>@>M:MBHG K:LM>K =:M:L>M
MA:M K>IK>L>GML MA> <NEFBG:MBHG H? MA>#:I �G:ERLBL
, KH@K:F �#�,� :G= P:L F:=> :O:BE:;E> MAKHN@A :
<HEE:;HK:MBO> >??HKM ;>MP>>G MA> 1GBM>= /M:M>L #>HEH@B<:E
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/NKO>R �1/#/� :G= MA> 1GBO>KLBMR H? %=:AH� #�, <HEE><ML
:G= =BLMKB;NM>L =:M: MH :GLP>K MA> ?NG=:F>GM:E JN>LMBHG	
Y$HP P>EE :K> P> IKHM><MBG@ <HFFHG IE:GML :G=
:GBF:EL�Z ;R B=>GMB?RBG@ MAHL> LI><B>L :G= IE:GM
<HFFNGBMB>L MA:M :K> GHM :=>JN:M>ER K>IK>L>GM>= BG
>QBLMBG@ <HGL>KO:MBHG E:G=L� 0H =H LH	 : #:I :G:ERLBL
B=>GMB]>L LI><B>LX A:;BM:M :G= =BLMKB;NMBHG	 IKHM><M>=
E:G=L BG K>E:MBHG MH MAHL> LI><B>L	 :G= PA>K> MA>K> BL :
Y@:IZ BG IKHM><MBHG ?HK LI><B>L� #�, K:LM>K :G= O><MHK =:M:
:K> NL>= PB=>ER :<KHLL MA> 1GBM>= /M:M>L ?HK <HGL>KO:MBHG
IE:GGBG@��5HN�PBEE�A:O>�:�<A:G<>�MH�PHKD�PBMA�#�,�E:M>K�

0A> (�* "%.! IKHC><M K>IK>L>GML :GHMA>K <HEE:;HK:MBO>
>??HKM ;>MP>>G @HO>KGF>GM :@>G<B>L �1/ "HK>LM />KOB<>
:G= 1/  >I:KMF>GM H? MA> %GM>KBHK� :G= GHGIKH]ML �0*��
MH IKH=N<> HO>K �
 G:MBHG:E @>HLI:MB:E =:M: E:R>KL BG
K:LM>K	 O><MHK	 :G= M:;NE:K ?HKF:ML	 BG<EN=BG@ O>@>M:MBHG	
?N>E	 :G= =BLMNK;:G<>L :FHG@ F:GR HMA>KL� (:G="BK> BL
GHM CNLM ?HK ]K>� 3ABE> >:KER HG BM P:L : K>LIHGL> MH E:K@>
PBE=E:G= ]K>L :G= MA>BK FBMB@:MBHG :G= BFI:<M	 (:G="BK>
BL NL>= FHK> ;KH:=ER GHP ?HK : O:KB>MR H? E:G= <A:G@>
:LL>LLF>GML�

)>:GPABE>	 AB@A
K>LHENMBHG BF:@>KR :G= MAK>>

=BF>GLBHG:E �� � =:M: :K> FHK> PB=>ER :O:BE:;E> :G=
:<<>LLB;E> MH >GOBKHGF>GM:E :IIEB<:MBHGL MAKHN@A IN;EB<
=HF:BG LHNK<>L� ,>KA:IL MA> ?:LM>LM @KHPBG@ =>F:G= ?KHF
>GOBKHGF>GM:E :IIEB<:MBHGL BL ?HK (B@AM  >M><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: H? MA> LMKN<MNK> H? MA>
>:KMAXL LNK?:<>� 0A> =:M: <:G ;> <HEE><M>= ?KHF : O:KB>MR
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H? IE:M?HKFL	 BG<EN=BG@ L:M>EEBM>L	 :BKIE:G>L	 :G= @KHNG=

;:L>=�=>OB<>L�

):GR :@>G<B>L :K> <HEE><MBG@ (% �. MH @>G>K:M> =:M: ?HK
=B??>K>GM :IIEB<:MBHGL	 BG<EN=BG@ G:MBHG:E >E>O:MBHG
FH=>EL ?HK L>:
E>O>E KBL> BFI:<M LMN=B>L	 =:M: HG MA>
LMKN<MNK> H? O>@>M:MBHG BG G:MNK:E :K>:L MH >LMBF:M>
><HLRLM>F IKH=N<MBOBMR :G= A:;BM:M JN:EBMR	 :G= NK;:G
BG?K:LMKN<MNK> ?HK LMHKF P:M>K F:G:@>F>GM :G= ^HH=BG@
L<>G:KBHL� $>K> BL : EBGD MH ?K>> EB=:K =:M: LHNK<>L�
AMMI���@BL@>H@K:IAR�<HF�MHI
�
?K>>
EB=:K
=:M:
LHNK<>L�

(% �. =:M: :K> H? M>G <HEE><M>= ;R :BK	 LN<A :L PBMA MABL
*+ �� LNK O>R :BK<K:?M �KB@AM� HO>K �BQ;R �KB=@> BG �B@ /NK	
�:EB?� $>K>	 (% �. =:M: K> O>:E : MHI
=HPG �MHI E>?M� :G=
IKH]E> OB>P H? �BQ;R �KB=@>� *+�� L<B>GMBLML NL> (% �. 

@>G>K:M>= IKH=N<ML MH >Q:FBG> ;HMA G:MNK:E :G= F:G

F:=> >GOBKHGF>GML� (% �. =:M: LNIIHKM :< MBOBMB>L LN<A
:L BGNG=:MBHG :G= LMHKF LNK@> FH=>EBG@	 AR=KH=RG:FB<
FH=>EBG@	 LAHK>EBG> F:IIBG@	 >F>K@>G<R K>LIHGL>	
AR=KH@K:IAB< LNKO>RBG@	 :G= <H:LM:E ONEG>K:;BEBMR
:G:ERLBL���AMMIL���H<>:GL>KOB<>�GH::�@HO�?:<ML�EB=:K�AMFE��

%G F:GR <:L>L	 (% �. HK H MA>K AB@A
K>LHENMBHG BF:@>KR
BL :<JNBK>= BG=>I>G=>GMER ?HK LI><B]< :IIEB<:MBHGL	 PA>K>
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MA> L>GLHK BL <HGMK:<M>= MH ;> ^HPG HO>K : <>KM:BG :K>: :G=
MBF>� $HP>O>K	 (% �. =:M:L>ML ?HK F:GR <H:LM:E :K>:L <:G
;> =HPGEH:=>= ?KHF MA> +?]<> ?HK �H:LM:E ):G:@>F>GM
 B@BM:E��H:LMP>;�IHKM:E�

�L #�, 	 (�* "%.!	 :G= (% �. =:M: BEENLMK:M>	
-�/1+#/0&'-0 A:O> ?HK@>= MA:M >G:;E> BG<K>:L>= :<<>LL MH
:G=�LA:KBG@�H?�@>HLI:MB:E�=:M:�;R�MA>�@>G>K:E�IN;EB<�

%G MNKG	 MHHEL ?HK :<<>LLBG@ MABL =:M: A:O> ;><HF> FHK>
NL>K
?KB>G=ER :L : K>LNEM H? @HO>KGF>GMUIKBO:M>
I:KMG>KLABIL	 PAB<A E>= MH MA> =>O>EHIF>GM H? :M:�@HO	
?HK >Q:FIE>	 <HEE:;HK:MBHG ;>MP>>G !/.% :G= @HO>KGF>GM
:@>G<B>L�

!O>G :L :<<>LL MH =:M: :G= HGEBG> OBLN:EBS:MBHG MHHEL :K>
K>:=BER :O:BE:;E>	 FHK> :G= FHK> MHHEL <HGMBGN> MH >G:;E>
:G:ERLBL�H?�>GOBKHGF>GM:E�LI:MB:E�=:M:�OB:�MA>�P>;�

Cloud Computing

�EHN= <HFINMBG@ >G:;E>L K>FHM>	 G>MPHKD :<<>LL MH :
LA:K>= IHHE H? K>LHNK<>L� 0A> <EHN= <HGLBLML H? G>MPHKDL	
L>KO>KL	 =:M: LMHK:@>	 :IIEB<:MBHGL	 :G= L>KOB<>L� %G #%/	
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<EHN= <HFINMBG@ >G:;E>L NL>KL MH :<<>LL =:M: :G= KNG
LH?MP:K> K>FHM>ER	 :<<>LL L>KOB<>L :G= <EB>GML	 :G= AHLM
<HGM>GM�

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

DataBasin

(BD>PBL>	 L>O>K:E HK@:GBS:MBHGL A:O> HGEBG> =:M: IHKM:EL
PBMA MA> :==>= ?NG<MBHG:EBMR H? =:M: LA:KBG@	 =BL<NLLBHG
;H:K=L	 :G= @KHNIL MA:M >G:;E> =:M: IHKM:EL MH ;><HF>
'+1#))#! 12�) ! ,**2+'1'#0 �  :M:�:LBG 	 AHLM>= ;R MA>
� HGL>KO:MBHG �BHEH@R %GLMBMNM>	 BL :G >Q:FIE> H? LN<A :G
HGEBG>�<HFFNGBMR�MA:M�RHN�E>:KG>=�:;HNM�>:KEB>K�

https:/ / databasin.or g/, ac cessed 12.16

SeaSketch

/BFBE:KER	 />:/D >M<ABL :G HGEBG> MHHE =>O>EHI>= ;R MA>
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)<�EBGMH<D (:; BG MA> ):KBG> /<B>G<> %GLMBMNM> :M MA>
1GBO>KLBMR H? �:EB?HKGB: /:GM: �:K;:K: MH >G:;E>
<HEE:;HK:MBO>�IE:GGBG@�?HK�H<>:G�<HGL>KO:MBHG�

/>:/D >M<A :EEHPL NL>KL MH @>G>K:M> BG?HKF:MBHGVMA>R <:G
IKH=N<> :G= LA:K> LD>M<A>L	 >=BM :G= LA:K> OB>PL H? F:IL	
=BL<NLL MA>BK B=>:L	 :G= IHLM LD>M<A>L MH E:K@>K =BL<NLLBHG
?HKNFL� 0ABL :EEHPL NL>KL MH I:KMB<BI:M> BG F:KBG> LI:MB:E
IE:GGBG@�PBMAHNM�MA>�G>>=�?HK�#%/�MK:BGBG@�HK�LH?MP:K>�

Natur eServe

*:MNK>/>KO> K>IK>L>GML :GHMA>K DBG= >GOBKHGF>GM:E
I:KMG>KLABIV: G>MPHKD H? HO>K �
 IKH@K:FL �>�@�	 LM:M>
G:MNK:E A>KBM:@>� :G= L<B>GMBLML L>KOBG@ LI:MB:E =:M: :G=
LHENMBHGL ?HK ;BH=BO>KLBMR IKHM><MBHG� *:MNK>/>KO> A:L :
I:@> H?=:M:	 F:IL	 :G= MHHELMH LNIIHKM : O:KB>MR H? E:G=
F:G:@>F>GM�:LL>LLF>GML�:G=�LM>P:K=LABI�
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Ecological Land Units Map and Data Sets of World

�GHMA>K @K>:M >Q:FIE> H? G>P LI:MB:E =:M: :G= G>P
I:KMG>KLABIL BG : <EHN= <HFINMBG@ >GOBKHGF>GM BL MA>
�! ,),%'!�) ��+" �+'10 ��- �+" 
�1� �#10 ,$ � ,/)" �
0ABL !LKB %GLB=>KIHLM:G= LMHKRF:I =>L<KB;> MA> #EH;:E
!< HEH@B<:E�(:G=�1GBML�?HK�:G�:G:ERLBL�

"BG:EER	 P> <HG<EN=> MABL MHIB< PBMA '>KLDBXL MHI �
 EBLM H?
NL>?NE�@>HLI:MB:E�=:M:�IHKM:EL��?KHF�&:GN:KR��
���

AMMIL���LI:MB:EK>L>KO>L�PHK=IK>LL�<HF��
���
�����:

MHI
�

EBLM
H?
NL>?NE
@>HLI:MB:E
=:M:
IHKM:EL�
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Topic 1 Knowledg e Check

,E>:L> :GLP>K MA> ?HEEHPBG@ JN>LMBHGL MH IKH<>>= MH 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 erla y

(:LM P>>D RHN E>:KG>= AHP MH :LD LI:MB:E JN>LMBHGL	 L>E><M
MA> :IIKHIKB:M> @>HIKH<>LLBG@ LM>IL	 :G= LMKBG@ MA>F
MH@>MA>K PBMA )H=>E�NBE=>K� $>K> P> ;NBE= HG MAHL> LDBEEL
PBMA FHK> <HFIE>Q LI:MB:E =>LB@G :G= =><BLBHG
;:L>=
JN>LMBHGL�
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Spatial Optimization S trategies

/NBM:;BEBMR :G= ONEG>K:;BEBMR :G:ERL>L :K> LHF>MBF>L
K>?>KK>= MH :L0-�1'�) , - 1'*'7�1',+ 01/�1#%'#0 ;><:NL>
;HMA :MM>FIM MH HIMBFBS> MA> ;>LM �HK PHKLM� EH<:MBHGL ?HK
:�@BO>G�E:G=�NL>�

Suitability

3BMA LNBM:;BEBMR	 P> FB@AM ;> HIMBFBSBG@ LBMBG@ ?HK : G>P
AHNLBG@�=>O>EHIF>GM�HK�A:;BM:M�?HK�PHEO>L�

�2'1� ')'1 6��+�)60#0 M>G=�MH�;>�

[ +??>GLBO>	�HK�IKH:<MBO>

[  > O>EHIF>GM�HKB>GM>=

[ �LD�Y3A:M�IE:<>L�:K>�;>LM�?HK������Z

[ (H<:MBHG�HIMBF:E

"BG=BG@ MA> ;>LM KHNM> MH <HGG><M MPH L>@F>GML H? MA> %<>
� @>�0K:BE�BL�:G�>Q:FIE>�H?�:�LNBM:;BEBMR�HIMBFBS:MBHG�

Vulner ability

3BMA ONEG>K:;BEBMR	 P> H?M>G L>>D MH ]G= :K>:L MA:M :K>
FHLM�:M
KBLD�?KHF�:�IKHIHL>=�E:G=�NL>�

� 2)+#/� ')'1 6 � +�)60#0 M>G=�MH�;>�

[  >?>GLBO>

[ � HGL>KO:MBHG�HK�IKHM><MBHG�HKB>GM>=

[ �LD�Y3A:M�IE:<>L�:K>�PHKLM�?HK�HK�PBEE�;>�FHLM
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BFI:< M>=�;R��������Z�HK�Y3A>K>�:K>�MA>�@K>:M>LM
KBLDL�Z

[ (H<:MBHG�L>GLBMBO>

%=>GMB?RBG@ MA> :K>:L IHM>GMB:EER BFI:<M>= ;R IKHIHL>=
, >GHD>>U#H@>;B< FBG> BG *HKMA>KG 3BL<HGLBG BL :G
>Q:FIE> H? :G HIMBFBS:MBHG LMK:M>@R :BF>= :M
ONEG>K:;BEBMR�:LL>LLF>GM�

Overlay Analysis

#%/ BL H?M>G NL>= MH M:<DE> HG> H? MA> FHLM ?HNG=:MBHG:E
LI:MB:E HIMBFBS:MBHG JN>LMBHGL� 3A:MXL HG MHI H? PA:M	 HK
PA>K> =H ?>:MNK>L HO>KE:I HG MA> @KHNG=��3 #/)�6 1,,)0
LBFIER <HF;BG> =B??>K>GM E:R>KL H? LI:MB:E =:M:	 ;NBE=BG@
HG��HHE>:G�EH@B<�RHN�E>:KG>=�>:KEB>K�

0A> +O>KE:R MHHEL>M <HGM:BGL MHHEL MH HO>KE:R FNEMBIE>
?>:MNK> <E:LL>L MH <HF;BG> LI:MB:E ?>:MNK>L MAKHN@A F:I
:E@>;K:	 K>LNEMBG@ BG : G>P ?>:MNK> <E:LL� *>P BG?HKF:MBHG
BL <K>:M>= PA>G HO>KE:RBG@ HG> L>M H? ?>:MNK>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

0ABL >Q:FIE> LAHPL AHP O>@>M:MBHG	 IK>R A:;BM:M	 :G=
E:G=?HKF <:G ;> <HF;BG>= ;R K:LM>K :==BMBHG� 0A>
K>LNEMBG@ <HFIHLBM> F:I HK HO>KE:R B=>GMB]>L :K>:L MA:M
:K>�FHLM�EBD>ER�MH�IKHOB=>��:G:=:�( RGQ�A:;BM:M�

3A>G RHN PBLA MH HO>KE:R MA> E:R>KL PBMA =B??>KBG@
:FHNGML H? BG^N>G<>	 MA>R <:G ;> P>B@AM>= ;:L>= HG MA>BK
BFIHKM:G<> MH IKH=N<> : P >B@AM>= HO>KE:R BG #%/� 5HN L:P
: L:FIE> H? P>B@AM>= HO>KE:R BG HNK @>HIKH<>LLBG@ MHIB<� �
4 #'%&1#" , 3#/)�6 MHHE BL : LI><B:EBS>= HO>KE:R :G:ERLBL MH
LHEO> FNEMB<KBM>KB: IKH;E>FL PBMA O:KB:;E> P>B@AML	 LN<A
:L�LBM>�L>E><MBHG�LNBM:;BEBMR�:G=�ONEG>K:;BEBMR�:G:ERL>L�

Geoprocessing for Overlay Analysis

�>ABG= MA> L<>G>L H? :GR <HFIE>Q HO>KE:R :G:ERLBL BL LHF>
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DBG= H? @>HIKH<>LLBG@ L>JN>G<>� 0A> @>HIKH<>LLBG@ FH=>E
;>EHP P:L ;NBEM ?HK MA> �BMR H? �LA>OBEE>	 *HKMA �:KHEBG:	
MH B=>GMB?R YIKBHKBMR IE:<>LZ ?HK G>P ;NLBG>LL
=>O>EHIF>GM� 0A> FH=>E BG<EN=>= : L>KB>L H? BGINM E:R>KL
EBD> KH:=L	 I:KDL	 :G= ;NLBG>LL <>GM>KL MA:M <HNE= ;>
L>E><M>= ;R :MMKB;NM>L HK EH<:MBHG	 :G= >:<A <HNE= ;>
P>B@AM>=�=B??>K>GMER�

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

0A> , KBHKBMR ,E:<>L MHHE NL>=4 #'%&1#" ,3#/)�6 MH <AHHL>
MA>�EH<:MBHG�H?�:�G>P�;NLBG>LL�BG�MA>��BMR�H?��LA>OBEE>�
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Priority Plac es sample overlay output

�BMBS>GL :G= =><BLBHG
F:D>KL H? �LA>OBEE>	 AHP>O>K	 =B=
GHM L>> MA> P>B@AM>= HO>KE:R FH=>E KNGGBG@ BG MA>
;:<D @KHNG=� %GLM>:=	 MA>R BGM>K?:<>= PBMA :G BGM>K:<MBO>
NL>K =:LA;H:K= PA>K> MA>R L>E><M>= MA> BGINM E:R>KL	
<KBM>KB: �>�@�	 =BLM:G<> ?KHF�	 :G= P>B@AML MH B=>GMB?R MA>BK
IKBHKBMR�IE:<>L�

Priority Plac es interactive suitability anal ysis tool
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Automating Geopr ocessing

0H KNG FHK> <HFIE>Q :EM>KG:MBO> L<>G:KBHL	 MA>K> :K>
F><A:GBLFL�?HK�:NMHF:MBG@�@>HIKH<>LLBG@�

"HK >Q:FIE>	 BG MA> �K<#%/ )H=>E�NBE=>K :IIEB<:MBHG	 MA>
?HEEHPBG@ MHHEL :K> NL>= MH :NMHF:M> MA> IKH<>LL H? NLBG@
=B??>K>GM BGINML HK <KBM>KB: :G= @>G>K:MBG@ : O:KB>MR H?
HNMINML�

Automating tools f or ArcGIS Model Builder. ArcGIS Resource Center,
accessed 12.15

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

[ %M>K:MBHG

[ ">>=;:<D

(>:KGBG@ MH NL> MA>L> ?NG<MBHGL BL ;>RHG= MA> L<HI> H? MABL
;HHD� $HP>O>K	 B? RHN :K> BGM>K>LM>= BG E>:KGBG@ FHK> HG
RHNK�HPG	�OBLBM�=O:G<>=�0><AGBJN>L�BG�)H=>E�NBE=>K�

)H=>E�NBE=>K IKHOB=>L : @K:IAB<:E BGM>K?:<> ?HK @>G>K:MBG@
: FH=>E MA:M <:G :NMHF:MB<:EER KNG : @>HIKH<>LLBG@
L>JN>G<> PBMA =B??>K>GM BGINML :G= <KBM>KB:� +G MA> ;:<D
>G=	 MA> <HFINM>K BL KNGGBG@ <H=> MH >Q><NM> MA> FH=>E
RHN <K>:M>= OBLN:EER� "HK >Q:FIE>	 F:GR #%/ IKH@K:FL
NL> MA> IKH@K:FFBG@ E:G@N:@>	 ,RMAHG� %G LHF> <:L>L	 BM
F:R ;> FHK> >?]<B>GM HK :EEHP FHK> ^>QB;BEBMR MH L<KBIM :
FH=>E ;R PKBMBG@ EBG>L H? ,RMAHG <H=> MA:G ;R ;NBE=BG@ :
@K:IAB<:E FH=>E� �K<#%/ :G= -#%/ :EEHP NL>KL MH OB>P :G=
>=BM MA> ,RMAHG <H=> @>G>K:M>= ;R MA>BK FH=>E ;NBE=BG@
MHHEL	 MAHN@A BMXL :EP:RL @HH= MH LM:KM :GR FH=>E HK
L<KBIMBG@�;R�=K:PBG@�HNM�PA:M�RHN�P:GM�MH�=H�]KLM�

Perf orming Sensitivity Anal ysis

/>GLBMBOBMR :G:ERLBL BL NL>= MH >QIEHK> AHP MA> HNMINM H?
LI:MB:E HIMBFBS:MBHG LMK:M>@B>LVLNBM:;BEBMR :G=
ONEG>K:;BEBMR :G:ERLBLV<A:G@> PBMA LEB@AM O:KB:MBHGL BG
MA>�BGINM�<KBM>KB:�I:K:F>M>KL�

"HK >Q:FIE>	 BG : AHNLBG@ LNBM:;BEBMR FH=>E MH B=>GMB?R
MA> FHLM =>LBK>= EH<:MBHGL MH :== ;NBE=BG@ EHML ;:L>= HG
LI><B]>= <KBM>KB:VLEHI>	 :LI><M	 =BLM:G<> MH
KBO>KVL>GLBMBOBMR :G:ERLBL <HNE= ;> I>K?HKF>= ;R <A:G@BG@

136 Janet Silbernag el



>:<A H? MA> BGINM <KBM>KB: ;R LF:EE BG<K>F>GML :G=
F>:LNKBG@ MA> K>LNEMBG@ <A:G@>L BG HNMINM� "HK >Q:FIE>	
=H>L : �

F BG<K>:L> BG =BLM:G<> ?KHF MA> KBO>K
=K:F:MB<:EER�=><K>:L>�MA>�:K>:�LNBM:;E>�?HK�AHNLBG@�

� FH=>E	 PA>MA>K ;NBEM @K:IAB<:EER PBMA FH=>E ;NBE=BG@
MHHEL HK MAKHN@A L<KBIMBG@ BG : IKH@K:FFBG@ E:G@N:@>	
>G:;E>L NL>KL MH JNB<DER I>K?HKF L>GLBMBOBMR :G:ERL>L ;R
<A:G@BG@ MA>L> I:K:F>M>KL BG : LNBM:;BEBMR HK ONEG>K:;BEBMR
FH=>E� 1LBG@ EBLML	 L>KB>L	 HK K><E:LLB]<:MBHG M:;E>L <:G
?:<BEBM:M> BM>K:MBHGL H? FH=>EL ?HK >?]<B>GMER KNGGBG@
L>GLBMBOBMR�:G:ERL>L�

Topic 2 Kno wledg e Check

,E>:L> :GLP>K MA> ?HEEHPBG@ JN>LMBHGL MH IKH<>>= MH 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

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 LI:MB:E =:M: :G=
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I:KMG>KLABIL MH LI:MB:E HIMBFBS:MBHG :IIEB<:MBHGL PBMA
%/##+ ' +$/�01/2! 12/#�

Grey Infrastructur e

0ABGD H? :EE MA> A:K= ?:<BEBMB>L :G= LMKN<MNK>L MA:M <HGG><M
:G= KNG MA> F:<ABG> H? HNK ;NBEM >GOBKHGF>GM �KH:=L	
LMHKF =K:BGL	 L>P>KL	 <NEO>KML	 >M<��� 3 > <:EE MA:M G><>LL:KR
G>MPHKD�Y@K>R�BG?K:LMKN<MNK>�Z

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

!JN:EER BFIHKM:GM BL MA> G>MPHKD H? LMK>:FL	 P>ME:G=L	
@K>>GP:RL	 @K>>G KHH?L	 :G= G:MNK:E <HKKB=HKL	 <:EE>=
Y@K>>G BG?K:LMKN<MNK>	Z ?HK :;LHK;BG@ K:BGP:M>K	 ]EM>KBG@
LMHKF P:M>K	 AHE=BG@ LEHI>L ?KHF >KHLBHG	 K>=N<BG@ NK;:G
A>:M	 :G= <HGG><MBG@ A:;BM:ML� 3HKE=PB=>	 MA> G>>= MH
B=>GMB?R	 =>LB@G	 :G= F:BGM:BG @K>>G BG?K:LMKN<MNK>
G>MPHKDL M:D>L : IKBHKBMR L>:M G>QM MH @K>R BG?K:LMKN<MNK>
?HK <HFFNGBMB>L :G= K>@BHG:E IE:GG>KL� 0H ?:<BEBM:M>
IE:GGBG@ ?HK @K>>G BG?K:LMKN<MNK>	 >LI><B:EER :<KHLL
;HNG=:KB>L	 I:KMG>KLABIL EBD> MA> 3HKE= #K>>G
%G?K:LMKN<MNK> *>MPHKD :G= #K>>G %G?K:LMKN<MNK>
� HEE:;HK:MBO>�H?�1/�:@>G<B>L�M:D>�MA>�A>EF�
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http:/ /www .worldgr eenroof.org/index.html

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

/BG<> �
��	 MA> 1/ !, � �!GOBKHGF>GM:E ,KHM><MBHG
� @>G<R� <H:E>L<>= HMA>K ?>=>K:E :@>G<B>L	
GHG@HO>KGF>GM:E HK@:GBS:MBHGL	 :G= IKBO:M> L><MHK
>GMBMB>L BGMH MA>	!��� 
��!�"#!$�#$!� � ������!�#�% �� +�
��# &�!� ���"�� ���!���� ������� � �!��#�� #� ���� � ���$��#��"
��!����"��'���������#��!�������!�"#!$�#$!�� ,

 >I>G=BG@ HG MA>BK ?H<NL	 =B??>K>GM HK@:GBS:MBHGL	
G>MPHKDL HK :@>G<B>L >FIA:LBS> :G= =>]G> @K>>G
BG?K:LMKN<MNK> =B??>K>GMER� "HK BGLM:G<>	 MA> !,� XL ?H<NL ?HK
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@K>>G BG?K:LMKN<MNK> BL IKBF:KBER HG LMHKF P:M>K� 0A>BK
=>]GBMBHG�K>:=L�

	!�������!�"#!$�#$!���"���� �"#������#�% ��
!�"�����#����!�����#�����������& �#
&��#��!������#"�#��#��!�%���"����'
� ���$��# '�����.#"��������"�������$!��"�
�!�'�"#�!��& �#�!
���!�"#!$�#$!�*� ��%��#�����������
�!�����������& �#�!�#!��#���#�"'"#��"*�"
��"������#����% ��$!����"#�!��& �#�!��& �'
�!���#����$��#���%�!�����#���!���
���!�"#!$�#$!��!��$� �"�����#!��#"�"#�!�
&�#�!��#��#"�"�$!� ��&���������% �!���
��%�!�����#����"������������� ������
����.#"�

Residential building in the public gr een park during sunrise.

�EM>KG:MBO>ER	 MA> 3HKE= #K>>G %G?K:LMKN<MNK> *>MPHKD
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�3 #%*� ?H<NL>L HG @KHPBG@ MA> G>MPHKD H? @K>>G KHH?L :G=
P:EEL�

0A>�3 HKE=�#K>>G�KHH?�%G?K:LMKN<MNK>
*>MPHKD�<HEE><ML�:G=�=BLL>FBG:M>L
DGHPE>=@>	�BG?HKF:MBHG�:G=�=:M:
<HG<>KGBG@�KHH?�:G=�P:EE�@K>>GBG@	
PHKE=PB=>�

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

+MA>KL :IIKH:<A @K>>G BG?K:LMKN<MNK> ?KHF IKHM><M>=
:K>:L F:G:@>F>GM :G= <HGL>KO:MBHG� %=>GMB?RBG@ HNK
FHLM O:EN:;E> IE:<>L MH IKHM><M ?HK ?NMNK> @>G>K:MBHGL
;>@BGL PBMA LI:MB:E HIMBFBS:MBHGV>LL>GMB:EER ;KH:=
L<:E>
LNBM:;BEBMR :G= ONEG>K:;BEBMR :G:ERL>L� $>K>	 @K>>G
BG?K:LMKN<MNK> BL :IIEB>= :L : LI:MB:E <HG<>I M MH
NG=>KLM:G= MA> ;>LM IE:<>L ?HK @KHPMA :G= <AHHL>
=>O>EHIF>GM MA:M A:L LF:EE>K ?HHMIKBGML	 IKHM><ML D>R
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A:;BM:ML	 :G= F:D>L E:G=L<:I>L FHK> <HGG><M>= :G=
K>LBEB>GM� %G MABL <:L>	 G:MNK:E K>LHNK<>L :K> L>>G :L I:KM H?
<HGG><M>= BG?K:LMKN<MNK> MA:M LNIIHKML HNK >O>KR=:R EBO>L�

0ABL OB>P =KHO> !LKB ?HNG=>K :G= IK>LB=>GM MH E:NG<A :
#K>>G %G?K:LMKN<MNK> %GBMB:MBO>	 +#� �""������ � %��$�#�� ���
�!��$� � � ����� #� ������ ��% �!����#" #� �!�#��# ���
!�"#�!� �����% �!"�# ' &���� �$����� �� ������ �� %�������#
����"���"� ,

V &:<D� :G@>KFHG=	 !LKB�<HF�@K>>GBG?K:LMKN<MNK>

!LKBXL�BGBMB:MBO>�=>]G>L�@K>>G�BG?K:LMKN<MNK>�:L�

+��������"#!�#���� ���'��������������������
��# &�!����������"��� ���& �#�!"���"�
&������������#�#"����!�"�������#��!���#$!��
����"�����#$!����!��"�#��#���!�������
"$"#����� ���$��#��"� ,

0A> @K>>G BG?K:LMKN<MNK> BGBMB:MBO> IKHOB=>L : LRLM>F HK
FH=>E	 :EHG@ PBMA MHHEL :G= LI:MB:E =:M: MH F:I @K>>G
BG?K:LMKN<MNK>� 0A> FH=>E BL ;NBEM :KHNG= L>O>K:E D>R
<HFIHG>GML�MH�;>�F:II>=�:G=�HO>KE:B=�

[ !< HEH@B<:E�K>LHNK<>L

[ �NEMNK:E	�ABLMHKB<	�:G=�L<>GB<�K>LHNK<>L
�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�G>MPHKDL�H?�><HEH@B<:E�<HKKB=HKL
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http:/ /www .esri.com/about -esri/gr eeninfr astructur e

� M BML LBFIE>LM E>O>E	 LBM> OBLBMHKL <:G >GM>K :G :==K>LL MH
:LD AHP @K>>G MA>BK <HNGMR�MHPG HK K>@BHG BL :G= AHP
@K>>G BM BL EBD>ER MH ;> BG MA> ?NMNK>� 0A> P>;
;:L>= @K>>G
BG?K:LMKN<MNK> F:IIBG@ MHHE HO>KE:RL ;>LM :O:BE:;E> LI:MB:E
=:M: MH =>M>KFBG> MA> :FHNGM H? BGM:<M <HK> A:;BM:M :G=
@K>>G BG?K:LMKN<MNK> ?HK MA> L>E><M>= EH<:MBHG K>E:MBO> MH
MA>�G:MBHG:E�:O>K:@>�
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Green Infrastructur e mapping tool

0A>K> :K> :ELH : L>KB>L H? :=O:G<>= :IIL ? HK @K>>G
BG?K:LMKN<MNK> :G:ERLBL :G= : =HPGEH:=:;E> �K<0HHE;HQ�
0A> :IIL :EEHP NL>KL MH L>E><M :G= IKBHKBMBS> E:G=L<:I>
<HK>L	 K:GD E:G=L<:I> <HK>L PBMA =B??>K>GM P>B@AMBG@
L<>G:KBHL	 :G= <HG=N<M : E:G=L<:I> :G:ERLBL MH B=>GMB?R
:K>:L PBMA <A:K:<M>KBLMB<L RHNK <HFFNGBMR P:GML MH
IKHM><M� 3ABE> RHN FB@AM GHM L>> BM	 ;>ABG= MA> L<>G>L	 MA>
!LKB #K>>G %G?K:LMKN<MNK> :IIL BG<HKIHK:M> F:GR H? MA>
MHHEL�:G=�=:M:�<HO>K>=�BG�MA>�E:LM�?>P�E>LLHGL	�BG<EN=BG@�

[ , N;EB<�>GOBKHGF>GM:E�LI:MB:E�=:M:

[ #>HIKH<>LLBG@�FH=>EL�?HK�LI:MB:E�HIMBFBS:MBHG
�LNBM:;BEBMR�:G=�ONEG>K:;BEBMR�:LL>LLF>GML�

[ 3 >B@AM>=�HO>KE:R�PBMABG�@>HIKH<>LLBG@�FH=>EL

[  :LA;H:K=L

[ /<>G:KBH�F:G:@>F>GM

[ � HEE:;HK:MBHG�:G=�I:KMG>KLABIL
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"HK BGLM:G<>	 ;>ABG= MA> �HK> 3>B@AMBG@ :II ?HK @K>>G
BG?K:LMKN<MNK>	 : P>B@AM>= HO>KE:R KNGL >O>KR MBF> MA> NL>K
<A:G@>L MA> LEB=>K O:EN> ?HK :GR H? MA> LI:MB:E =:M: E:R>KL
BG MA> F:I� �?M>K MA> P>B@AM>= HO>KE:R BL KNG PBMA G>P
I:K:F>M>KL	 :G NI=:M>= OB>P H? ;>LM :G= ;>MM>K <HK>
A:;BM:M�BL�=BLIE:R>=�

Green Infrastructur e dashboard

$>K> MA> NL>K BGM>K?:<>L PBMA : =:LA;H:K= K:MA>K MA:G MA>
@>HIKH<>LLBG@�FH=>E�

Dashboards

 :LA;H:K=L	 :ELH <:EE>= ?>>=;:<D =BLIE:RL	 BG=B<:M>
I>K?HKF:G<> F>MKB<L H? : @BO>G :EM>KG:MBO> LI:MB:E =>LB@GL	
LN<A :L AHP F:GR ;BH=BO>KLBMR <HK>L :K> BG : <HNGMR HK
E>G@MA H? : KBI:KB:G ;N??>K	 ?HK >Q:FIE>	 FN<A EBD> : <:K
=:LA;H:K= M>EEL AHP ?:LM RHNXK> @HBG@ :G= AHP FN<A ?N>E
BL E>?M� 3A>G RHN F:D> <A:G@>L MH MA> LI:MB:E <KBM>KB:	 G>P
I>K?HKF:G<>�F>MKB<L�:K>�=BLIE:R>=�

"HK >Q:FIE>	 EBD> , KBHKBMR ,E:<>L	 MA> /NLM:BG:;E> /RLM>FL
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%GM>@K:MBHG )H=>E �//%)� H? �LB:  >O>EHIF>GM �:GD NL>L
I>K?HKF:G<> =:LA;H:K=L	 LAHPG A>K>	 MH <HFI:K>
:EM>KG:MBO> =>LB@G IE:GL :@:BGLM : GNF;>K H?
LNLM:BG:;BEBMR�F>MKB<L�

www .scribd.com/document/2260854 36/
Sustainable- System-Integr ation-Model -SSIM, accessed 12.16

 :LA;H:K=L :K> MHHEL MH F:GBINE:M> LI:MB:E :G:ERL>L BG
:G BGM>K:<MBO> >GOBKHGF>GM PBMA BFF>=B:M> ?>>=;:<D ?HK
>O:EN:MBHG� 0A>R :K> >LI><B:EER NL>?NE ?HK =><BLBHG
F:D>KL
PAH�A:O>�EBMME>�>QI>KB>G<>�PBMA�#%/�

*> P>K :G= FHK> ;KH:=ER :<<>LLB;E>	 MA> +I>K:MBHGL
 :LA;H:K= ? HK �K<#%/ A>EIL NL>KL <K>:M> I>K?HKF:G<>
=:LA;H:K=L� �L : < HG]@NK:;E> P>; :II	 R HN <:G :==
:G:ERMB<L	 F>MKB<L	 :G= OBLN:EBS:MBHG MHHEL MH RHNK P>;
F:IL MAKHN@A �K<#%/ HGEBG>� 0A> F:IL :G= BG=B<:MHKL
NI=:M> BG K>:E MBF> :G= <:G ;> LA:K>= PBMA LM:D>AHE=>KL MH
LNIIHKM�<HEE:;HK:MBO>�:G=�:<MBHG:;E>�=><BLBHG
F:DBG@�
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0H�K>:=�FHK>�:;HNM�MABL�=:LA;H:K=�

AMMIL���PPP�@BL
IKH?>LLBHG:E�<HF�<HGM>GM�G>PL�>LKB

K>E>:L>L
HI>K:MBHGL
=:LA;H:K=
?HK
:K<@BL

AMMIL���PPP�>LKB�<HF�>G
NL�:K<@BL�IKH=N<ML�HI>K:MBHGL

=:LA;H:K=�HO>KOB>P
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Scenario Management

"BG:EER	 L<>G:KBH F:G:@>F>GM <:G ;> >LL>GMB:E ?HK E:K@>
@K>>G BG?K:LMKN<MNK> HK HMA>K LI:MB:E HIMBFBS:MBHG
IKHC><ML� 3A>G >Q:FBGBG@ F:GR :EM>KG:MBO> HIMBHGL	
<A:G@BG@ I:K:F>M>KL LEB@AMER A>K> :G= MA>K>	 MA> GNF;>K
H? L<>G:KBHL FNEMBIEB>L JNB<DER	 :G= BM BL >:LR MH EHL> MK:<D
H? PAB<A P:L PAB<A� /<>G:KBH F:G:@>F>GM MHHEL D>>I
MK:<D�:G=�A>EI�HK@:GBS>�L<>G:KBH�HNMINML�

Putting it all tog ether with Ar cGIS Pro

%? MA>K> <HNE= ;> : AR;KB= H? =>LDMHI #%/ :G= P>;
F:IIBG@	 BM BL �K<#%/ ,KH� ,KH PHKDL PBMA >QBLMBG@ F:I
=H<NF>GML :EHG@LB=> :GR H? MA> �K<#%/  >LDMHI
:IIEB<:MBHGL �>�@�	 �K<):I	 �K<�:M:EH@�	 PBMA :EE MA>
KH;NLM OBLN:EBS:MBHG	 @>HIKH<>LLBG@	 :G= :G:ERMB<:E MHHEL�
0A>G	 EBD> #%/ HGEBG>	 RHN <:G LA:K> RHNK F:I IKHC><ML
MAKHN@A�MA>�<EHN=�

0A> �K<#%/ ,KH BGM>K?:<> PBEE EHHD LBFBE:K R>M =B??>K>GM
MH �K<):I� %M P:L E:NG<A>= BG �
�� :G= BL ;><HFBG@
F:BGLMK>:F�
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From: pro.arcgis.com/en/pr o-app /g et-started/
overview-o f-ar cgis-pr o.htm , accessed 12.16

Sharing Maps and Collaborating with Ar cGIS Pro

�>LB=>L BML <:I:;BEBMB>L ?HK PHKDBG@ PBMA MPH
=BF>GLBHG:E
�� � :G= � LI:MB:E =:M:	 BF:@>K R	 :G= OBLN:EBS:MBHGL	
�K<#%/ , KH >G:;E>L <HEE:;HK:MBO> F:IIBG@ ; R =BK><MER
<HGG><MBG@ MH HGEBG> P>; F:IL :G= E:R >KL� 5HN <:G :NMAHK
RHNK F:I PBMA >QBLMBG@ P>; HK IN;EB< =:M: E:R>KL	 HK PBMA
RHNK HPG =:M: E:R>KL� 5HN <:G MA>G LA:K> RHNK P>; F:I
:G= E:R>KL ;:<D HNM MH @KHNIL HK IN;EB< ?HK <HEE:;HK:MBHG�
3 >; F:IL <:G ;> HI>G>= BG �K<#%/ , KH :L P>EE :L BG
LM:G=:K=�P>;�;KHPL>KL�

(>:KG�FHK>�:;HNM�LA:KBG@�P>;�F:IL �

Key Points When Asking and Answering Spatial

Questions

�L P > PK:I NI (>LLHG � :G= MA> �HEE><MBG@ :G= ):IIBG@
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 :M: FH=NE>	 E>MXL >G= PBMA LHF> D>R IHBGML MH K>F>F;>K
PA>G�:LDBG@�:G=�:GLP>KBG@�LI:MB:E�JN>LMBHGL�

1. Mind the process

. >F>F;>K MA:M PA>G >G@:@BG@ BG MA> IKH<>LL H?
@>H@K:IAB< BGJNBKR �HK LI:MB:E MABGDBG@� RHN LAHNE=
:EP:RL�

[ !LM:;EBLA�MA>�@H:EL�H?�RHNK�IKHC><M�>:KER�HG

[ "H<NL�HG�MA>�IKH;E>F�HK�JN>LMBHG�RHN�PBLA�MH
LHEO>

[ +GER�PHKD�PBMA�=:M:�MA:M�PBEE�A>EI�RHN�LHEO>�MA:M
IKH;E>F

2. Be a critical consumer

#BO>G MA> MK>G=L :G= -1�*0%05 H? IN;EB< >GOBKHGF>GM:E
LI:MB:E =:M:	 :G= MA> >:L> H? LA:KBG@ F:I IKHC><ML	 BMXL
BFIHKM:GM MA:M RHN ;><HF> GHM CNLM : <HGLNF>K H? LI:MB:E
=:M:	�;NM�:�<KBMB<:E�<HGLNF>K�PAH�:EP:RL�

[ !Q:FBG>L�MA>�F>M:=:M:�:G=�DGHPL�PA>K>�MA>
=:M:�<:F>�?KHF

[ �LDL�B?�=:M:�BL�H?�LN?]<B>GM�JN:EBMR

[ 1L>L�HGER�MA>�FHLM�K>E>O:GM�=:M:

References

' >KLDB	 &HL>IA &�	 :G= &BEE �E:KD� �
���� �� 	
� 	$��� #�

 $��������������#� ��. >=E:G=L	�����!LKB�, K>LL�
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�K<#%/ , KH $>EIL 5HN #>M 3HKD  HG> ":LM>K� �
���
!LKB�<HF	�LNFF>K�

!LKB .>E>:L>L +I>K:MBHGL  :LA;H:K= ?HK �K<#%/� �
��� #%/
, KH?>LLBHG:E�AMMIL���PPP�@BL
IKH?>LLBHG:E�<HF�<HGM>GM�
G>PL�>LKB
K>E>:L>L
HI>K:MBHGL
=:LA;H:K=
?HK
:K<@BL�

Topic 3 Kno wledg e Check

,E>:L> :GLP>K MA> ?HEEHPBG@ JN>LMBHGL MH IKH<>>= MH 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

4. Cartogr aphy Best Pr actic es

%M�BL3'1�) MA:M�RHNK�F:IL�EHHDL�@HH=��3AR��

�><:NL>	 : @HH= F:I <:G <HGO>R : MHG H? BG?HKF:MBHG BG
: LAHKM :FHNGM H? MBF> :G= MH : O>KR PB=> :N=B>G<>� �NM
: ;:= F:I <:G < HG?NL> :G= >O>G <HGO>R MABG@L RHN G>O>K
F>:GM�MH�L:R�

What Makes An OK Map?

�EE�@HH=�F:IL*201 A:O>�

[ ��E>@>G=
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[ *HKMA��KKHP

[ 0BME>

[ /<:E>�;:K

[ ��;KB>?�=>L<KBIMBHG�H?�MA>�K>LNEML	�:G=�=:M:
LHNK<>L

�NM	 B? % P>K> MH F:D> : F:I MA:M HGER A:L MA> ?>:MNK>L
F>GMBHG>=�:;HO>	�BM�PHNE=�EHHD�LHF>MABG@�EBD>�MABL�

0A:M�=H>LGXM�EHHD�LH�@K>:M��(>MXL�;K>:D�=HPG�PAR�

�� MA>�<HEHKL�:K>GXM�@K>:M�;><:NL>�%�A:O>GXM�INM�:GR
MAHN@AM�BGMH�MA>F	�%XO>�E>M��K<):I�F:D >�MA:M
=><BLBHG�?HK�F>	�:G=��K<):I�<AHHL>L�<HEHKL
K:G=HFER�

�� 0A>�E>@>G=�BL�<HG?NLBG@	�MA>�E:;>EL�A:O>�LMK:G@>
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G:F>L	�:G=�B?�%�A:=GXM�F:=>�MABL�F:I�MA>R�PHNE=
F:D >�GH�L>GL>�MH�F>��MA>R�IKH;:;ER�F:D>�GH
L>GL>�MH�RHN���

�� 0A>�MBME>�BL�MA>K>	�;NM�BM�<HNE=�IKH;:;ER�;>
<>GM>K>=�;>MM>K�

�� 0A>�GHKMA�:KKHP�BL\:< MN:EER�BMXL�]G>�

�� 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�PA:M>O>K�NGBML�:K>�;>BG@�NL>=�;R
�K<):I�

�� %�<:GXM�K>:EER�M>EE�PA:M�MA>�<HGM>QM�H?�MABL�F:I�BL�
%?�%�P:LGXM�:�1/�<BMBS>G�%�PHNE=�A:O>�GH�B=>:
PAB<A�LM:M>L�MA>L>�FB@AM�;>�

� � 3A:M�:;HNM�MA>�(:R>KL�%�:F�NLBG@��%L�BM�OBM:E�MA:M
MA>�<HNGMB>L�;>�BG<EN=>=��)B@AM�MA>K>�;>�:
LBFIE>K	�FHK>�BGMNBMBO>�E:R>K�MH�NL>�

/H	 MA> IHBGM % :F MKRBG@ MH F:D> BL MA:M >O>KR IB><> H?
RHNK F:I LAHNE= ;> =>LB@G>= MH A>EI AB@AEB@AM PA:M RHN
:K> MKRBG@ MH M>EE MA> K>:=>K� /H BG MABL <:L>	 % P:GM MH
AB@AEB@AM MA> �() @K:SBG@ :EEHMF>GM BG MA> *HKMAP>LM>KG
1/� /H % PBEE :MM>FIM MH F:D> MABL IHI ;R INMMBG@ MA> LMN=R
:K>: BGMH <HGM>QM :G= NLBG@ LHF> ;>MM>K <HEHKL� 0A>G % PBEE
>GLNK> FR E>@>G= BL <E>:K :G= <HG<BL>	 :G= % PBEE FHO>
MABG@L :KHNG= MH F:D> MA> F:I :>LMA>MB<:EER IE>:LBG@ �
):IL :K> OBLN:E	 :G= LH P> A:O> MH >GLNK> P> F:D > MA>F
EHHD�@HH=�
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%LGXM�MA:M�;>MM>K��3AR�

�� %MXL�FHK>�LBFIE>	�MA>�<HEHKL�:K>�<E>:G>K�:G=
F:D >�MA>�F:I�<E>:K>K

�� 0A>�F:I�A:L�;>>G�INM�BGMH�<HGM>QM	�LH�MA:M�BM�BL�:
;NM�FHK>�<E>:K�PAB<A�LM:M>L�:K>�BG<EN=>=

�� 0A>�L<:E>�;:K�BL�FHK>�<E>:K	�:G=�BG�NGBML�MA:M
F:D >�L>GL>

�� 0A>�E>@>G=�E:;>EL�F:D>�L>GL>

A Note of Colors

�> <:K>?NE PBMA <HEHKL	 MA>R <:G A>EI HK ANKM RHN : EHM�
):D > LNK> RHN <:G :EP:RL M>EE MA> =B??>K>G<> ;>MP>>G
<HEHKL	 :G= :ELH F:D> LNK> MA:M RHN MABGD :;HNM RHNK
:N=B>G<>� %? MA> F:I BL BGM>G=>= ?HK : O>KR LF:EE :N=B>G<>	
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MA>G MA> <HEHKL <:G ;> <AHL>G ;:L>= FHK> HG PA:M RHN
EBD>� �NM B? RHN :K> IK>L>GMBG@ MABL F:I MH : PB=>K
:N=B>G<>	 RHN :EP:RL A:O> MH <HGLB=>K MABG@L LN<A :L
PA>MA>K�HK�GHM�MABL�F:I�BL�K>:=:;E>�;R�>O>KRHG>�

Color Blind Audiences

0A> FHLM <HFFHG ?HKF H? <HEHK ;EBG=G>LL BL K>=
@K>>G
<HEHK ;EBG=	 PAB<A BL FHLM <HFFHG BG F>G� �;HNM �� H?
F>G :G= 
��� H? P HF>G :K> K>=
@K>>G <HEHK ;EBG=	 PAB<A
KHN@AER MK:GLE:M>L MH :;HNM � BG �� F>G :G= � BG �


PHF>G� 0A>K>?HK>	 BG :GR @BO>G IK>L>GM:MBHG	 MA> <A:G<>L
:K> K>E:MBO>ER AB@A MA:M LHF>HG> PBEE ;> <HEHK;EBG=	
F>:GBG@ MA:M :L F:I F:D>KL	 P> LAHNE= <HGLB=>K MABL
IHLLB;BEBMR :G= <K>:M> HNK F:IL :<<HK=BG@ER� 0A:M BLGXM MH
L:R MA:M P> <:G G>O>K NL> K>= HK @K>>G	 ;NM P> LAHNE= ;>
<:K>?NE :;HNM NLBG@ LHE>ER K>= HK LHE>ER @K>>G L<:E>L	 :G=
P> LAHNE= :EP:RL ;> <:K>?NE GHM MH NL> MA>L> <HEHKL :M >:<A
>G= H? : L<:E>� "BG:EER	 MA>L> <HEHKL LAHNE= GHM ;> NL>=
G>QM MH HG> :GHMA>K� $>K> :K> LHF> LHNK<>L :;HNM <HEHKL
MA:M <:G NL>= MH A>EI ]G= LHF> @HH= <HEHK
;EBG= ?KB>G=ER
<HEHK�L<A>F>L�

156 Janet Silbernag el



Media Attributions

[ /> P>K�HNME>M

[ ���������
�9?�?=:����;9;

[ � �. +/�"NDNHD:

[ +D):I
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[ #HH=):I

[ � HEHK�K>P>K

[ �:KMH

[ 0BIL
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0ABL BL PA>K> RHN <:G :== :II>G=B<>L HK HMA>K ;:<D
F:MM>K�
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