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Geographic Coordinate Systems

Most Common Coordinate System:
e World Geodetic System 1984 (WGS84)
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@ Used to represent
the Earth’'s 3D
surface in 2D
map

» Conic

» Azimuthal
» Cylindrical
» And more...

@ Distortions are
inevitable




Visualizing Colorado under Different Locations
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How to Choose Projections

@ Choose Projection Based on Region

@ Most Common Projection: Universal Transverse Mercator (UTM)
» Uses WGS84 coordinate system
» 120 zones. Make sure to choose correct zone!

» UTM will not be useful if you are making a map spanning multiple
zones

@ Guide on projection selection
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http://www.geo.hunter.cuny.edu/~jochen/gtech201/lectures/lec6concepts/map%20coordinate%20systems/how%20to%20choose%20a%20projection.htmGuide on how to choose a projection

Unaligned Projections
@ Unaligned projections among datasets are the primary source of all
GIS problems

» Ensure your layers are projected using the same projection before
performing analysis

Three Wlap Projections Centered at 39 I and 96 W
Lamhert Conformal Conic

Mercato
TN e .

|

Un-Projected Latitude and Longitude <
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Vector Data

@ Points
» Cities
» Schools
» Fire hydrants

@ Lines
» Rivers
» Roads
» Pipelines

e Polygons

» Countries
» Lakes
» Land
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Raster Data

@ Matrix of
identically-sized
pixels

e Each pixel
contains a
measured or
estimated value
for that location

@ Used for things
with no distinct
shape

» Elevation
» Temperature
Rainfall

» Wind d
Night 1ghts  Real World Vegtor Raster
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Shapefiles

e Come in a layer package with multiple files | Cities.dbf
|| Cities,prj

@ Don't open files individually: they won't work! [ Citessbn
@ Open the shapefile using ArcMap || Cities.shx
» Then, it will show up as one entity | Cities.chp

|| Citiesshp

| Cities.shx

|| ColoradeCeunties.dbf
| ColoradeCounties.prj
|| ColoradeCounties.sbn
| ColoradoCounties.shx
|| ColoradeCeunties.shp
| ColoradeCeunties.shp

|| ColoradoCounties.shx
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Mapping Conventions

Required

. Mapped
o Title Arezp

Title Frame Line

[}

@ North arrow

@ Scale bar

@ Legend

@ Data sources
Optional

@ Frame line

@ Neat line

Presidéntial Election Results: 2008
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@ What is the standard geographic coordinate system?
@ Why are projections important?

© How do you send shapefile?



Answers to the Quiz

© What is the standard geographic coordinate system?
» WGS84

@ Why are projections important?
» Unaligned projections among datasets are the primary source of all GIS
problems

© How do you send a shapefile?
» Share all of the files or send everything as a zip file
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Cleaning Your Data for GIS Analysis

Req uired forarctran - bcel
Insert  Pagelayout  Formuls  Data  Review  View  Help O Tellmewhatyouwanttodo
@ The data needs to be & Yo - .
. . 2 Calibri ‘1A A - 2 Wrap Text General
clean and in the right e S o
7 I U-(H-O-A- € 3= [ Merge &Center % 9 G
f t for GIS Format Painter
orma o fon igren i
Al - fr | year
» Title of the Arc file
s A B ¢ D £ F 6 H 1 J K L
cant haVe SpaCeS 1 |year |resource country continent lat long  expval world val
2 1997aumina rusia  europe 512287 5138614 9.17E+3
. , : :
> Varla bles names can't 3 1997 alumina russia  europe  50.90776 118.5848 352E414
4 19%alumina russa  europe 4875597 44.50045 ST7EH1
be Ionger than ]_0 5 1994 alumina russia  europe  63.88951 3426532 1776413
6 2014alumina vietnam asia 1163333 107.8333 155411
characters 7 2007alumina rusia  ewope 5947105 3384823
8 2009alumina gunea afica 1038891 -13.5762 3656413
. ' 9 2009alumina venezuela americas 8351111 -62.6408 9.64E+11
>
Variable names can't 10 1998alumina russia  europe 512287 5138614 7936413
11 1999alumina rusia  europe  50.90776 1185848 2836414
have spaces 12 2010alumina venezuela americas 8351111 -62.6408 118E412
13 1998alumina rusia  europe  50.90776 1185848 304E+14
» Your data should be 14 2011alumina vietnam asia 1163333 107.8333 LA6EHL
. 15 1998alumina venezuela americas 8351111 -62.6408 1108412
stored as a CSV file 16 2004alumina gunea afica 1038891 -135762 155414
17 2006alumina venezuela americas 8351111 -62.6408 1336412
18 2005alumina gunea afica 1038891 -135762 5106413

19 2000 alumina guyana  americas  6.011491 3095 2.51E+10
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Select “Cancel” [This step may be unnecessary for some of you]

@untied - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DBSES L OB X0 (S~

QAM@ i« » -0 KO 7 H MDD By
2 x

Vi DEER0 g aanEDER e - [EEabdg

w=Ole 8 a

s @ ArcMap - Getting Started

5 Existing. Recent

|| 150 (a)Pagesa|| map.
- American {

< I >

map_pop2000c

Defauit geodatabase for this map:

I not show this dialog in the future.

®J ArcToolbox | E5] Table Of Contents. Jae| 2w <




@ Untitled - ArcMap. - o x

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
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@ Untitled - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

énanaw@gxmﬁ Vi R Py 6 e .

(@ Q@253+ » KO- S 71N R T R
2 x
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Click on the circled folder

@ Untitled - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
DBES - 58 x| |

ViZ BEEEREO P @RS O EE S S E=ady

Q@@ e (K- KO F B ZIADS DR
Table Of Contents

2 x
Ble 8 @
SEm

i HND_adm0.csv
|E3IMA_arc (EHND_: adm0.shp.
| metadata | JHND_adm1.csv
|E3 Municipalities shp CIINND,umuhp

redownload | ) HND_adm2.csv

([EHND_adm2.shp

transportation_networkroads
aiddata_deflators_aug2017.xisx (B Join_Output.shp

([E)Join_Output 4.5
(&) Join_Output_6.5

final_excelxds (E)Join_Output_2.shp new_for_arc.csv
< I >
L [1 ] [ ]
Show of type: | Datasets, Layers and Results. v [ cancel ]




Go to the folder where you saved the data and shapefile

Unitied - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Connect To Folder

Choose the folder to which you want to connect:

tmp.drivedownload
> || Standard(20180503)
|| webpage

Desd@& « o8 x| -~ EH Ve BRI Py @O EN EE e ek
QM@ «» -0 kO 7@MD T @R
2 x
[0l 813
Sm
Add Data
Look in:
|Assig

(@) ArcToolbox | ] Table Of Contents j@e| e u <




Go to the folder where you saved the data and shapefile

@R Untitled - ArcMap

File Edit View Bookmarks Insert Selection i Custe i Help
Desd& « Ml x| - ~ R ~ i a2 | EH R BB) @ 00 | e gy (D) ED ) BB 6D | BD) GD)| 6D GH(EEE
QAFN@ 2222+ = -5 K @ 7 222 M5 R0 Rg
Teble Of Contents & x
w[0]le 8 =
=] Loy

Add Data Connect To Folder
L J Choose the folder to which you want to connect:

I Desktop.

{vvvvy
@
=]
3
g

& Google Drive
tmp.drivedownload
|2 Akshat Honduras Files
~ || ArcGIS training
| Data

| | Slides
|2 final nat resources
& Full Colombia
‘2 GAAPS
> |2 Goverance and Development
2 Guatemala Electoral
2 Hours - Caleb
> 2 Hours - Everyone
> & Lab-in-the Field Experiment
| | Practicum

v

v

2 stata
> = Statistical Learning_Final Project
(@ ArcToolbox | B Table Of Contents | j@ie| o u < & Tanglewood




Select the CSV file

@R Untitled - ArcMay
File Edit View Insert

_ [
“[B]ls 8

Deeudd Yy 3l x| |

HEHE Sl A= Y ’EH”\H:E)&I-\EB

Cust Help

VxZ N @EE WO g 0 ED R EE -

Add Data
Lookin:  [E£3

@ ArcToolbox | E=] Table Of Contents.

@l e n <

Connect To Folder

Choose the folder to which you want to connect:

(vvvvy

B Desktop
B Documents
&$ Downloads
23 Dropbox
¢ Favorites
& Google Drive
tmp.drivedownload
|2 Akshat Honduras Files
~ | | ArcGIS training
Data

|| Slides
(2| final nat resources.
/= Full Colombia
= Gaaps
> |2 Goverance and Development
/2 Guatemala Electoral
/= Hours - Caleb
> |2 Hours - Everyone
> |2 Lab-in-the Field Experiment
| Practicum
= stata
> & Statistical Learning_Final Project
2 Tanglewood
/= tanglewood2

v

v



Right-click on “Layers” - “Properties”
Iﬁl:ml::m;::p Bookmarks Insert Selection Geoprocessing Customize Windows Help

DedS v H 8’ x| > D) ViZ EHEERE P RRTEMEDESE O
Q@ 25« - T K@ 7 DM R T B o e properties =
TbeOrComents »x =
g : Featwre Cache  Annotation Groups  Extent Indicators  Frame  Size and
‘:.S\EOSH::I General Data Frame Coordinate System Tlumination Grids.
s&c d
@ rorarc s LMl — R

5 Favorites

28

@ [ Projected Coordinate Systems.

Current coordinate system:

No coordinate system. ~




Select “World"

RUntitled - ArcMaj

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DdS LG58 x| > d-|

s | B G ) W P | e ¢ D D ) | ) | )
Q@i = K- 0| KO 7@MD LT R
Teble Of Contents

2 x
w=Ele 8@
ey -

e&

3 for_arc_train.csv

Data Frame Properties x

Feature Cache  Annotation Goups  Extent Indicators  Frame  Size and Position
General Data Frame Coordinate System Mumination Grids

T | [Dechecvead T @@ @75t
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@ 3 Europe
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Select “WGS84”
File Edit Vleﬂp Bookmarks i
DBSd& L 58 x|° > b-|
‘@ Qe i

%
@ for_arc_train.csv

Vi EER®E | Py @D EE S S
|+ -0 8@ 7FBEIZIMADS TR

Insert  Selection Geoprocessing Customize Windows Help

Data Frame Properties

General

PZ-90.11
WGS 1966
WGS 1972

Feature Cache h-u‘mﬁm Extent Indicators  Frame. Sn-dPo-hn
Coordinate

M=o — Y IE

System  Hlumination

WGS 1972 TBE

WGS 1984 (G1150)
WGS 1984 (G1674)
WGS 1984 (G1762) B
WGS 1984 (G730) »
Current coordinate system:
GCS_WGS_ ~
WKID: 4326 Authority: EPSG
Angular Unit: Degree (0.0174532925199433)
Datum: D_WGS_1984
‘Spheroid: WGS,

T




Ri‘glhfc—glick on “for_arc_train.csv”" and “Display XY data”

File Edit View Bookmarks

Inset Selection Geoprocessing Customize Windows Help

D& -HB XD > D

(53057 V| EEEEE Py @@ M 0| EE . [
QE@ 2« |H- D k@ 7 EI2MAHR TR
i 2 x
«=Ble 8 d Display XY Data x
E?EC il Drive\ArcGIS A table XandY dat be added to the
[rororc_train < mep el

.

< >
[lshow Detais [ eat.. |

=

=}

Choose a table from the map or browse for another table:

&=

[ for_arc_train.csv

Spedify the fields for the X, Y and Z coordinates:

xret
¥ Field: [vear ~]
ZField: [ <none>

~]

Coordinate System of Input Coordinates.
Description:

Geographic Coordinate System: ~
Name: GCS_WGS_1984

Apouteddngrtdate  [ox ]




Click “Edit”
B untitled - ArcMap

File Edit View Bookmarks
DREES L 5B x| 0 (b
RQ[E@ i« -0 k@ F B
Table Of Contents

w=[Ble 8@

Insert Selection Geoprocessing Customize Windows Help

e PPAL--1- 1= =[P R A I e

ZIAE2T R
2 x

= &7 layers
eEC ke Denly\Goog|
[t for_arc train.cs |

Display XY Data

A table andY added to the
map as a layer

Choose a table from the map or browse for another table:

[ for_arc_train.csv =~ =
Speafy the fields for the X, Y and Z coordinates:

e E—
[vear ~]

¥ Field:

ZField:

[<none>

Coordinate System of Input Coordinates
Description:

Geographic Coordinate System: ~
Name: GCS_WGS_1984




Click “Edit"

@R Untitled - ArcMap

File Edit View Bookmarks

BRO g @D EEEE S
= -0 8@ 7FBIZMADHLR T RY

Help

Insert Selection Geoprocessing Customize Windows
DS@& -G8 x |0 > b [653957 | :Z @G
‘R QO ki
TebleOf Contents 2 x
w=Ble 8 a3
= £ layers

= B3 C:\Us

]

Spatial Reference Properties

XY Coordinate System

Nl — YL

ITRF 2008 ~
ITRF2014
NSWC 9Z-2
PZ-90.02
PZ-90.11
WGS 1966
© WGs 1972

TBE .
zarem =4
Current coordinate system:

GCS_WGS_1984

WKID: 4326 Authority: EPSG

Angular Unit: Degree. (n,o:(ns:)s@zsm«;)
: ©.0}
Datum: D_WGS_}
Spheroid: WGS_1984
Semimajor Axis: 6378
Semiminor Axis: 6356752.314245179
Inverse 9




Click “OK"

R untitled - ArcMap

File Edit View Bookmarks

Insert  Selection Geoprocessing Customize Windows Help
DBSES 4GB x |0 |- [[€53657 )L EEE 0Py 60D 0 E .
QQE@ i e -0 KO 7 EI2MHSITEp
Toble Of Contents 2 x
w08 =
= 7 Layers
= E3 C:\Users\Mike Drin

Display XY Data

x
A XandY to the
map as a layer
Choose a table from the map or browse for another table:
[ for_arc_train.csv gl =
Specify the fields for the X, ¥ and Z coordinates:
X Field: [long
vrs
ZField: [ <None>

Coordinate System of Input Coordinates.
Desaription:




Right-click on events - data - export data

RDenly_map - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

:DEH%W-WEx\""“\@-_\;’.\HGGUD\}-.é@@lﬂ@@l@ﬂ\@@- -
QE@ il ¢ -0 K@ 7B AL TIRE

w=[Ole 8 a
= £ layers
ER=1< i ty &l
o o [T

@D for_arc_train.csv

Export Data

Export: | All features ~|
Use the same coordinate system as:

@ this layer's source data

O the data frame

() the feature dataset you export the data
(only apphes if you emtmah-mdumaln.qeodﬂahm)

Output feature dass:

e Findiey |




Go to connected folder and save it as a shapefile natural_resources

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DBES L ABx /0 (-[ V EEERDFy @@nEn@En s - [Eamby

QQE@ e -0 KO FBIR2NDS TR
2 x
«Ble8 d
@ &7 Layers
s@c
BY=] o orc troin.cov Events]

@ for_arc_train.csv

Saving Data

o v & & @8- &2 O &

x

| World_Borders.shp

Name: [natra.

Save astype: [shapefie

v 3
£3

.
st




Delete the events and csv entries

RADenly_map - ArcMap

File Edit View Bookmarks Insert Selection p C

D8 +HB x> & \_\;..\II-I\‘:I (g DD OEH R W .
(QAQEQ Ik« (R-EIN@ 7B MR TR

%(8]G 8|

a2 x

= £ Layers
= E5 C:\Users\Mike Denly\Google Dnve\AchIS training\Data

%) natural_resources

= E3 C:\Users\Mike Denly\Goog rcGISt ining\Data
=] for_arc_train.csv Events
: 0 e

B8 for_arc_train.csv




@l Denly_map - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DegE@& Laax o @B V] EEEE0 ey @SN 50 EHEE s |

RAME@ e -0 KO 7 BI2NHL TR
. 2 x
w«0le 8 a
=F=
88

© B natural_resources
.

Add Data x

ok [Eoee Va8 E-alace

| Ifor_arc_train.csv

Name: | World_Borders.shp. |
Show of type: | Datasets, Layers and Results V]




@ Denly_map - ArcMap

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows
DBES +ABx 90 &[0 EGEESDIRy @80
R0 x5 €% W-5IN@/BILNSSIT

2

«Qle8d

l
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El
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© B natural_resources




RUEy_tnap - Aruviap

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help

DBE@S +ABx 9 (& [0 V| EERS0I Py @00 00 EHEH @ e -

YOl T
=[Ble 813

-

Mg
RO/ BIZNADRTRy
2 x

|

3 £ Layers
e8c

Layer Properties

& B natural_resources
.

=4

General Source  Selection Display Symbology Fields Defintion Query Labels Joins & Relates Time  HTML Popup

Top: 83.62359 dd
[T 150.000000 dd} Right: 180.000000 dd




RUEy_tnap - Aruviap

File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help

DBE@S +ABx 9 (& [0 V| EERS0I Py @00 00 EHEH @ e -

YOl T
=[Ble 813

-

Mg
RO/ BIZNADRTRy
2 x

|

3 £ Layers
e8c

Layer Properties

& B natural_resources
.

=4

General Source  Selection Display Symbology Fields Defintion Query Labels Joins & Relates Time  HTML Popup

Top: 83.62359 dd
[T 150.000000 dd} Right: 180.000000 dd




Right-click on either one of the things on the left-hand pane

FID

o

1

2

3

4

S [Point 2007 [alumina russia europe 59.471046| 33.848229 [
6 |Point 2008 [alumina guinea africa 10.388911 -13.57618 36454900000000
7 |Point 2009 |alumina venezuela americas 8.351111 -62.640833 964194000000
8 |Point 1998 |alumina russia europe 51.228702| 51.386136 792849

9 [Point 1999 [alumina russia europe 50.907762| 118.584761 2.829450e-14
10 |Point 2010 |alumina americas 8.351111 -62.640833 1182600000000
11 |Point 1998 |alumina russia europe 50.907762| 118.584761 3.042560e+14
12 [Point 2011 [alumina vietnam asia 11.63333| 107.83333 14567

13 |Point 1998 |alumina americas 8.351111 -62.640833 1103880000000
14 |Point 2004 |alumina guinea africa 10.388911 -13.57618 1.547170e+14
15 [Point 2006 [alumina Ia americas 8.351111| 62640833 13282

16 | Point 2005 |alumina guinea africa 10.388911 -13.57618 51047300000000
17 | Point 2000 |alumina guyana americas 6.011491 -58.309543 25142355968
18 |Point 1998 |alumina russia europe 63.889513| 34265319 195265

19 [Point 2008 [alumina americas 8.351111| 62.640833 1331700000000
20 |Point 1994 |alumina russia europe 50.907762| 118.584761 2.752660e+14
21 |Point 2002 [alumina guinea africa 10.388911 -13.57618 1.084830e+14
22 |Point 2012 [alumina wvietnam asia 11.63333| 107.83333 1
23 |Point 2014 |alumina turkey asia 37.440359 31.841229 26749954048
24 |Point 2012 [alumina iran asia 56.41667 56.41667 28208842
25 |Point 1994 [alumina russia europe 59.91211 32.351813 50559
26 | Point 2009 |alumina russia europe 56.235558 90.490614 o
27 |Point 2001 |alumina iran asia 36.95012 56.38005 19518765056
28 |Point 2009 [alumina russia europe 59.471046| 33.848229 o
29 |Point 1995 |alumina russia europe 56.235558 90.490614 2.307590e+14
30 |Point 2013 |alumina guinea africa 10.388911 -13.57618 1.411810e+14
31 [Point 2000 [alumina russia europe 51.228702| 51.386136 802589

32| Point 1998 |alumina russia europe 59.471046| 33.848229 11038800000000
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Step 13a: Join Your Layers

Right click on the World Borders Layer - Joins and Relates - Join Fill in

everything as in the screenshot, ticking “sum”

Join Data

X
e
s

Jonlets you append aditonaldata to tislayers atirbute table so youcan,
For example, symbolze the layer's features using this data.

What do you want to join to this layer?

Join data from another layer based on spatial location

1. Choose the layer to join to this layer, or oad spatial data fram disk:

[ natural_resources
2. Youarejoining:  Points to Polygons

Select a join feature diass above, You will be given different.

options based on geometry types of the source feature cass
and the join feature dass

Each polygon wil be given a summary of the numeric atirbites of

the poins that fal inide £, and & count fied showing how many
poirts fall nside .

How do you want the attnbutes to be summarized?

[JAverage  [IMinimum [ Standard Deviation
Sum [Masimum [ Variance
() Each polygon wil be given al the attbutes ofthe paint that s

dlosestto ts boundary, and a ditance fild showing how close the
paint s nthe unts of the target layer).

Nate: A pointfaling inside a polygon s treated as being closest to
the polygon, . a ditance of

3. The result of the join wil be savedinto a new layer.
Specify output shape il or feature dass for ths new layer:

\c \Users\Hike Denly\Google Drive\ArcGiS training\Data\Join| [

Mike Denly, Daniela Herndndez, and Paul Kuhne
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Name your layer “natural_resource_join”

%
o Juin et you apperd additional dala Lo Bis layer's altibuts bl so you an,
e s
- What do you want to join to this layer?
e
%
i Opet s
. P
i
I natural_resources.shp
I World_Borders.shp
Name: [ratra_resowee_jom.aho
Saveastoe:  [shapere
o e e o
il
sl Do g Do R S B
sessecnn Ce
5 e 2 e
e ===, _ra—e=x é
|-
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Right click on “natural_resouce_join" - Properties - Quantities Graduated

Colors - Select

Bles g

“Sum ] world” - OK

= [ World Borders
O

Layer Properties

| General Source Selection Display Symbology  Fields

Defntion Query  Labels Joins & Relates Tme  HTML Popup

Show
— Draw quantities using color to show values.
Categories Fiekls Cassfication
Guortios vabe Nt Bk Gerk)
Gradusted colors
Normaisr: [rone ] | | O
Fropottonal symbols
BT conrn

Smbol  Range

[___0.000000- 3770.954004
[____]3770.954005 - 10837031606
[ [10837.031607- 17883 168414,

I 17353.168416 - 36000.716838

: I 35000.716839 - 96434.829970

Label
0.000000 - 3770.954004
3770.954005 - 10837 031606
10837031607 - 17833168414
17883168416 - 36000.716338.
36000.716839 - 96434.829970

B} [ Show class ranges using feature values




ERESRAOmOS:
Fes

18

Layers
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15a: Label Your Map According to Conventions

Remember?

Required
o Title
e North arrow
@ Scale bar
@ Legend
@ Data sources
Optional

@ Frame line

@ Neat line
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Go to "View” - “Layout View"
Use “Insert” to insert a title, legend, north arrow, and other necessary
components

View Bookmarks et Selection Geoprocessing  Customize  Windows  Help
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Natural Resources (Data as of September 1, 2018)




Delete everything, start anew, and make a map just based on the count_
atttribute



