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1-  Introduciion
Overview
= Logistics
» (Course content
= Introduction to GIS concepts

Teaching methods
- Lectures - Demos - Exercises

- Class materials ; - Exercisc book - Course CD

What is a GIS?
¢+ - Anintegration of five basic components

Analysis

" GIS functions:

- Capture - Store - Query -Analyze - Display - Output

—
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Capturing data .
Paper maps — digital data — GPS — coordinaics -...

Storing data
= Yector formals
o Use points , lines , area to model reality

» Raster formats
o Use square cells to model reality



Query
» Identifying specific features
n Tdenlifying features based on conditions

Analysis
- Preximity - Overlay - Network
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Image

flonida jpg

Florida.mxd

Components of geographic data
" Thiee veneral components to geographic information:
- Altributes — Geometry - Behaviour
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Overview of applications

o All ArcGIS products share common applications

o ArcMap, ArcCatalog, ArcToolbox
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Demenstration P
» Qbserve ArcCatalog
o Directory structure and navigation
o Documentation
e Gbseive ArcMap”
' o Adddata
o Display and query data
o Zoom and pan tools
o Save a map document
" Observe ArcToolbox
o Toolkits

’

Ixcreise overview
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= Exercisc A: Run the class database setup program

= Exercise B: Use the software to:
o Start ArcMap

Identify specific features
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Challenge step: More fun with queries

Examine some feature layers and their organization
Identify relationships between geographic features
Associate descriptive information with a layer

Select geographic features based on certain conditions



2- Displaying data

Overview

* The ArcMap interface and tools

< Data View and Layout View

* Layers, dala frames, and map elements

* Layer properties for symbols and labels

* Scale dependant display

m Spatial bookmarks
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» Primary display application
¢ Perform map-based tasks
- Displaying - Editing - Querying - Analyzing - Charting - Reporting

a Vi ¢ - View?
Data View or Layout View? e

- Data view for display, queries, editing and analysis
- Layout view for creating map layouts
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Layers, data frames, and maps
- Layer

- Represent symbolized
spatial data

- Data frame
- Organizes layers
-« Map

- Contains data
frames, layers, T S IR e |
and map elements

== —

Layers
- Reference spatial data sources
- Set symbols, labels and other propertics
- Manipulate through context menu
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Maps ~
- Hoids layers, data frames, graphics, map elements
- Stores information in a map document (.mxd) file
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Labeling features o —
€ Label features dynamically using attributc values
€ Laycr properties control appearance and position
4 Convert labels to annotation features
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Magnifier and overview windows

+ See more detail or overview

without changing display :
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Excrcise overview
- Add layers - Change layer names
- Classify and symbolize spatial data
- Label features
- Create 2 map layout
- Sct map scale
- Save map document
- Challenge: Save labels as annotation




3- Querying your database

Overview
» Tools for examining your data
- Map tips, Identify, IFind, Mcasure, Hyperlink

*  Working with the selection tools
- Why do you nced a sclection
- Available selection toois
- Selection methods and layers
- Spatial selection
- Attribute selection
- Calenlating summary statistics

Muap tips and hyperlinks /

* Display property of a layer 2
= Map tips o v .
- Pointer location displays specific attribute b 3 5 P e
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* Hyperlinks




Jderntifying
3 Popup attributes for a specific feature
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Finding
* Locate a specific feature or attribute

= Ty e —— |

RAQANTOIED IR O MK T

Fasuest | Rode Locaiorn | Adderzns |

frd |nm ‘vJ b
I lyere. [Courtnes I e New Seach
F7 Fivbleohres thet s snkabo o condan o rech sing France flashes
ScMTR 7 pfimy E @
ottty [ -]
€ Eachlye's pimary aupky field
Concel I
Fight.chck 8 10w Lo thow Conled menu ;
Vaw Lopmt [ Fed I
Tirce [RRTERT G | Corties CNTRY_NEME

Zoom lo1salurals)
Idoridy insuele)

O s Sel bond ik
T Sauleawrdd)
Uraslect (eansofs)




Measuring

. l/tﬂl lincar distances
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Query
* Jdentifying specific features
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Using spatial relationships
= The relative position of featu

|1-80 connects

res determ:ies relationships

San Francisco [C \ ne W
and New York  ho-— 1, __}—-] s 2\
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s ~dls T
X New York

San Francisco is
contained in California

Analysis
- Proximity

- Overlay

1-80 has /ength
and direction

- Network

Why do you need a selection?

- Use to sclect other features
- Focused analysis

- Creatc a new layer

- Convert to graphics

Available selection tools
n
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- Export
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Interactive, attributes, location, graphics
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.

Inleractive selection options &r
» Qptions from Selection menu I bt

- Select features partially or completely -]
within the box or graphic(s) - e

- Select features completely within the
box or graphic(s)

- Select features that the box or
graphic are completely within i T

Interactive selection methods

~  Specify selection mclhodz’e'eﬂﬂ_
Solect By A Buton
0 Sewt By Locaon.

- Cicate New Selection
- Add to Current Selection
- Remove From
- urrent Selection
- Select from
Current Selection

Seclection methods and layers
= Specifv from Selection menu Create new
- sclectlon
- Layer(s) to select from
- Selection method
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= Use api SQL-slatement to select features L.
= Save and rcload selection expressions
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Select by location (spatial query)
= Usec features in one layer to select featurcs in another
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Cities intersected by
selected counties

Location selection methods
= Select by Location offers many selection methods

- Interseets - Conlain

- Are contained by - Shares a line segment
- Shares a point - Within a distance

- Are identjcal - Others...
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Selectien by graphics

= Draw a graphic to select features
«  Works with interactive selection methods
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Calenlating summary statistics
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xercise overview

» Add map tips and identify features

* Tind a specific featurc
= Take measurements
= Make a spatial query

* Examine your selection in the tables

» Calculate statistics for your selection
* Create a sclection layer
&

Explore other selection methods
* Making attribute selections

Challenge: Export a layer to a separate file



4- Working with spatial data
Overview
n Linking features and attributes
n Data formats
= Mctadata
#  Geography Network

[ntroducing feature classes
* Collections of features with the same type of geometry
= Can create point, line, or area feature classes

Many aifferent line objects

™ ( Primary
roads

' ~h Single linear
A gHighways? Tip feature class
ke [ SPUEAN “Roads”
e ~» /Secondai
:K:Q @%

Spatial data formats:
- ArcGIS can work with spatial data in multiple formats
Data format: Shapefile

= Single feature class

= Attributcs stored in dBASE table

Data format: Coverage S

= A {older containing multiple feature classes @
= Can store point, line, polygon feature classes, and more

= Attributes stored in a separate INFO table

Data format: Geodatabase

/h . ® Stores spatial features and their attributes in the same RDBMS '

1

* Feature classes can be stand-alone or grouped in a feature dataset

" Feature datasets model spatial relationships

Data format: CAD files
" Computer Aided Design files (DXF, DWG, DGN)
* Edit after conversion to coverage or geodatabase feature class




Tabular locations
- Table to point feature class

Bl

Images and grids

Introducing metadata
*  What is metadata?
* Metadata tab: - Description - Spatial - - Attributes
" Create and edit metadata
» Display mectadata using different formats:
-FGDC -ESRI  -XML

Using Geography Network data
= Map or Data services e
»  Data clcaringhouses
®  Geoservices and solutions
r  The Geography Network Explorer

|

Exercise overview
~ Excrcise A
- Creatc a new folder connection in ArcCatalog
- Examine shapefiles, coverages, geodatabases, CAD, and raster formats
# Optional Exercise B
- Online Geography network exercise



5- Working with tables

Overview
* Table structure
= Data types
Table manipulation
= Connccting tables
Working with graphs and reports

Tahles
= Descriptive information about features
" ® LEach feature class has an associated table

= One row for each geographic feature
[RCorostaes ren
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Understanding table anatomy
= asic table properties
. - Records/rows and fields/columns
- Coluran types can store numbers, text, dates
- Unique column names
Columns
[Rowid [ ZoNE_cone [ DESCRIPTION
| _v.000 HODATA .
i zfasR Agnculture! Attribute
Rows I TR ‘Anport value
B s
. StFLD oode.
Bl {
I 7lNg
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Tabular data ficld types
= Diflerent field types store different kinds of values
» Choose the right field type for the right value
* Licld types vary according to table format
Date ol Coinet Shoemaker-Levy impact: 7/16/19% 4

Text

Date

Short

Long

BLOB

Jupiter

7/16/1994

16

142834

Table manipulation

* Open table in ArcMap or preview in Arc:Catalog

- Sort ascending or descending

- Frecze/Unfreeze columns Ti0] Shepe [ribs cHIAV] CHTe
. || 2 Poxon ABF: _ Alghemie.
- Statistics / H oo e
[ 0 Pagn a0 Argacina
" In ArcMap /A Bk . .
~ ol ~m 003245 W7
- Sclect records ﬁ gl g B 1 s, wmon2n,
- ] 243 Pobarn [ Dukne Faso ) 10154699 273IN9 168
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Assnciating tables
» ® Can store attributcs in feature table or separate table
/
/= Associate tables with common column key values
/= Must know table relationships (cardinality)
* 1 Additional
Feature attribute table attribute table
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“Joins and relates

Table relationships
= FHow many A objects are related to B objects?

* Types of cardinality
One-to-one, one-to-many or many-to-on :, and many
*  Must know cardinality before connecting 1:bles

Cne parcel
has one owner

Qne parcel Many porcels
has many owners have on«: owner

£F Layers

- Two metheds to associate tables in ArcMap .

-to-many

Many parcels
have many owners

4——-;«;» or «———> <t+—>>

X Remove

- Join appends the attributes from one onto 7] Opon Allbuts Tatls
the other based on a common field [ oms snd Fretaies >
- Relates define a relationship between two tables R Zoom ToLaye
szblaStdeHange 4
_r Selection T .A.)
—hl:;;mel L i

Coawenl L shedy
‘,-' Convert Fsﬂuesloﬁuphu
Dda »

Connecting tables with joins
= Thysical connection between two tables
»  Appends the attributes of two tables
= Assumes one-fo-one or many-to-one cardinality

n
Soil Soil_desc
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1| Pokxgon 4 41} Uuumevdpl .
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o _ R SIPnpgm 4 N;Sohoballmybuny nd
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Counccting tables with relates

® Tables remain independent

Define relationship between two tables

= Additional cardinality choices : One-to-many, many-to-many
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Summarize tabular information in a graph

= A varicely of graph formats
* Addtoamap
e South America
10600000
8000000
6000000
4000000
2005000
c

Area in square klomelers (

Relative Population by Country

Graph creation

- Graph Wizard is a high-end professional graphing and plotting utility

e A
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Reports
= QOrganizes and displays tabular data
= Group and format data
» Save and export
* Two reporting tools
- Report Writer
- Crystal Reports

The ArcMap Report Writer
* Quick, easy, prolcssional report creation

- <+«— Add borders
Add an image — &%} South American Population Statistics
. +— Title
Choose ——s| S Pacsitmn  CrawihRote  BrmiRae  DeathRdde
pseig ot e >
flelds vera eren 2en an ne
Tt nrovo PR e L)
e 1veas o1 5 o
e My 27 ne L
e aia om0 am @ «
Lomo;mon o |e—Display
S records
e e 20 - "
G arvz oe: " v
vena e~ I ™ 3
Calculate e
summary <~ [~ o
statistics Date and page
' S -
numbers

Exercise overview
= Exercise A

- Relate and join tables based on common fields
» Lxcrcise B

- Creatc a graph - Create a report

- Embed the graph in the report

- Add the report to a layout



6- Editing data
Overview
»  Navigating the Editor toolbar
»  Editing tools
= Simple editing functions
*  Working with sketches
s Updating attributes

Navigating the Editor

- All editing functions are controlled through the toolbar

Edit toal,

—— Sketch tool Shared edit tool
l_ Layer control

iy G DA A 0
S Tek EAP <]

o l
Edit session iy gl B Attribute
conmands Move dialog

Ursar

Iuemt

Managing edit sessions
= Starting a session _
o Within one data frame at a time } Editor v | > | &8

o Within one geodatabase at a time [

o Within one dircctory at a time
Edor v [[W] 2§

1
= Saving edits |_ Start Leling
I

o During the edit session . top Eclting

o At the end of the edit session

R e [save _E|
* Ending a session [*Edm L2 6 Do you want 1o save your edts?
g l Stait Efing:
pikeEskaL (] _bo | conee]
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Selecting features
» Interactive selection: Pointing, box, line, area
* Sclection menu: Attribute, by location
* Cloice of sclectable layers

[eso - [ 2] Selection anchor

| lLﬁiF

Simple editing functions

* Moving L.. —]
: L

A ]
= Rotating ___\f % .7:‘
[Res o ) ~ay—
s L
D;Ialete Cci>py U}dol\l'\;edo
X & B3| S
o el 2l '
1 1
s Others Cut Paste
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Working with sketches
» Shapcs created with the sketch tools
= Activate Sketch menu by right clicking on sketch

I Edtor ibl.o_ 1“ | IBI'C‘ICIQI«I&NF,WFEMUM -_] i
2 C®
4 \
- v‘/
Inseit Vertex
Delets Vertex
Move...
Move Io, AR .
~ "..'_-“1 t Fip
- L "»\ DelstoSketch  Cul+Deletn
., A Finith Sketch F2
o | e Finith Par
L-_ . P
Using the Sketch tool
* Left mouse button adds vertices or points
v/.

* Sketch tool options change depending on the feature class being
cdited

TR R o R e T A T e R,
o = | | 2L Ted: [Coneioweame 7] | B - [& | P Toke [pereme ]|

{EI‘.‘BI - Hey: Featine Reshape Fealure

Edit tasls
» A sketch works with the current task
o Create New Feature

Selection tasks Edlo v | h & - Task [Create New Fealus =]
Extend/Trim Features —
Mirror Features Current task

Modify Feature
Reshape Feature

Cut Polygon Features
Auto Complete Polygon

O OO0 COCO0OoOo



Create New Feature task

- Tz.‘sklt‘-eale New Feature :_I Target [Lines : Lines & Bl

Target layer

Finishod ) \ oot

Sketcl \. :
etch \\/\, l,\\

= Other operations that create new features
- Division, Buller, Copy parallel, Paste

Distance and Intersection tools
= Distance - Distance

Radiys =

» Adds a vertex at given distances from two points 401 ;
\ =) \ \ b -
\ Lot .
.\' N T
25| L
e RndMs =
A 4] 55

= Intersection
» Adds a vertex at the implied intersection
ol two segments

Trace
* Trace along selected features
» Sclect features
= Click to start and stop the trace
* Press O to specify an offset



"’:;"—I Task: T \ "‘ 1 i Tiace Oflset...
P - by \ Rhiiaud (5 000(

ohe| \ L oSee—

! ' . 'f\

[ e . ]
A . :
|

Extend/Trim Features task
* Extend feature to the sketch

\\ L

* Trim features on the right side of the sketch

Editing attribute data for selected features
* Attribute dialog allows viewing and editing of selected feature
atiributes

E QU P SN R e
pea v [N A Ta
| &

Selected leaturc —4z=
faver naime

> P
13 AT AND SF RAILRCAD

I 6

k]
Click to highlight primary “13 Attribute
selected feature attribute i values

Right-click to zoom

AT AND 5F RAILRDAD
80U
to selected fealure

* Add, or copy/cut and paste values for single or multiple selected
features
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Fditing tables using the Field Calculator
» Calculate field values for an open table
* Simple calculations or advanced functions

* Must start an edit session first

Altrbofes of 1ahoddeo are A

Lxercise overview
= [xercise A
- Start an edit session
- Edit parcels
= Execrcise B
- View and edit attributes
- Use the Field Calculator
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Storing projection information
- Many spatial data formats store the projection details along with the data

Viewing projection information
* Lxanaae the feature class’ metadata or properties

Coovmta| evmne Metalir |

siog ——p - L
landusecov G Newen | 1wl Cord | Dolosarem |
Arclnln Covoragn
O Duple Sy win Doy Doplay PR e
F e v -
Description LU Arlbutes d e L1
kel K| V) TSN 2 WA V1 1M v, 11N = -—-——]

Harlaantal coordinata syatam
ITOMELET COONAANID 8y them Aame HAD_190Y_ UTM_Zane_ |14
PN SOV Ty
Detais

Moe GO NI Anwene an 1y

o
\ Grd Cannlinate iy st Namm s s al T i Mar o Newn Tohe DT
CIN G A 1 Lomale 01 (g 1)
Leansuiesm Mereatnr Profection Lwwuthe Neter (1)
1ol Arnban: (0 999800 limvp o € oeriivnate Cpubinn
A, » 11 bbrG0 e 0% Hunt A an, ) K]}
W (vigm! 0. 000000 12 Lo vt Melwara o ndd
Fate fastng SODION 000000
Falie M fheny 1) DRONOND

I

= Use the Define Projection Wizard to assign projection
id Lapors -
==
ArcMap and projections T
. " 8 Cores lirdumsi v
*  Over 60 supported projections & tamimemaie
* Pre-defined projection files :EENII_:I.M:
* On-the-fly projection LDttt

; :

Seube Teokt Wk Nk |
=
N TN S iy s
LR ‘7"5 ““&v’ e
N BTy
e aAL Y ‘
i '?\".l\“, V{if , Lveen,
Ty . Vo
- R P el
— e a7
NI N0 M .

Changing projcctions
= Change the way features (or coordinates) are projected
*  Usc the Projeet Wizard in ArcToolbox
Ixercise overview
 Lxperiment with data at different scales
* Experiment with data in differeat projections
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7- Working with georeferenced data \L
Overview
» Georeferencing
= Coordinate systems
= Datums
* Projcctions and distortion
= Projecting your data

What is gcoreferencing?

= Data is referenced to a location on the carth’s surface
- Geographic coordinate systems
- I'rojectied coordinate systems

Coordinate systems

Distance of 60°longitude Y
at 60" latirude
e Data
/ £ X- X+
/\// 2 Y + Y +
/ Y usually here
y 5 X
L W X - X+
A Y- Y-
Distance of ¢0° Distance of 60°
Jatitr e longitude at
Equator
- Geographic coordinate system - Cartesian coordinate system
- Latitude and longitude are = Measures of length and
not uniform across the earth’s angle are uniform

surface
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Datums and datum conversion
« A frame of reference for measuring locations on the

surface of the earth

Local datum (NAD27) E:vih-centered datum (NAD83)
Spheroid CLARKE 1866 Spheroid GRS80

Iieades Ranch
Kansas

\l Earth's surface

» Mecasurements arc referenced to geodetic origin and ellip-
soid used to represent Earth’s three dimensional shape

Referencing locations
- Locations on the earth are referenced to the datum
- Different datums have different coordinate values for the same location

#-10 through
Redlands CA

UTM NAD83

UTM NAD27

Map projections

= Map projections convert curved surface (o {lat surface

30



Projection distortion

» Map projections make geographers SADD

.
|

0
0

n Shape

= Arca

GO

= Distance

rn Direction l

Types of projections
»  Generally classified by the spatial attribute they preserve
» Coriformal maintains shape
- Example - Lambert Conformal Conic
* [Equal-area maintains area
- Example - Albers Equal Area Conic
*  Equidistant maintains distance
- Example - Equidistant Conic
n  Direction or Azimuthal maintains some directions
- Example - Lambert Equal Area Azimuthal

Coordinate system components

R
e

Geographlc Projected
Coordinate Coordinate
System ; System
Datum Equations
Spheroid Parameters
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8- Presenting data

Overview
= Basic cartographic concepts
* Creating maps in ArcMap
* Printing and plotting maps

Population density m--;_-;snm
Europe 1994 .7
ol ]74-84

s 127
128184

Output

from
query/analysis m

.- : by
G W "
Map and design objectives r T saenes
= DMap objectives AR i
- Share information ‘-"":L-. ‘\?ﬁ:\"‘“‘ %
- Wighlight relationships Rl e =y
- Ilnstrate analysis results __}i{;j“ i - -
AR ¥t V.
* Dcsign objectives LR qo
- Manipulate the graphic 1 52 ;F"g] "«;ﬁ i?.%
characteristics Ly T gl [ ] :‘,
- Fulfill the intended purpose . ﬁb‘r RN i"«"g ’f‘?i 3
AT [ e

Factors controlling cartographic design /j
- Audience el
- Objective 7
- Technical limits
- Reality=
= Scale
- Mode of use
- Final design ( Need to gencralize?)
e
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Types of maps
= General maps
- Locational/Positional
- aricly of features and uses

" Thematic maps
- Structure of a distribution

,-/ /z’/f//)"i .

- Single attribute or relationship

Sails Population
~ Ll % B Aﬂ\1
; \ ‘ N
\’\, ) \ \ D A : ‘
‘.\ ! (\ / /
.\ \ . ¥ /‘
| { —
( | R | )
L e gl ) P - i
Qualitative Quantitative

= Dilfcrent objectives, different cartographic designs

Creating maps in ArcMap
= Design in Layout View
= Data frames organize layers
*  Map elements are added to
a virtual page
= Maps stored as .mxd files
- Data location
- Layer properties

Layout View
Data frame Title Neatline

1}
Legend | Scale North Data
bar arrow frame

Virtual page il
—
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£

Jdentifying map elements

Y.

Title

r{hp pody || & “r-*

.\\I

Legend —

Anwmms a2
— Qrz‘:élf;:Ti[‘f} ﬂ“

Scalevb‘ér __I_P“L_‘_JL_TH 7Uesiunml hy Makiam 1999 -~

Y

Wisconsin population
1990

¢ What is missing?

Inserting map clements

v M A ArcMap: et A

el kwabtlxm Jool Window Help
o ez ]
5 DataFrame P ‘ 7

= Eﬂ- lileri

; 0 Legend.
: & Nodh Auow... ¥
= Scale Bax... -
€3 Scals Text., :
P| 'é;:lue“

1 Otjecl...

2
A Tex B ::

\

Other fext

Map
@ Legend appears
Legend
] 766638981 - 60.2416218
ST)e02418219-134.11737
{770 134 117371 - 310.820861:

@ 310820662 - 524 929025
JEE 524929026 - 3814.97013,
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@ Dragw

y e
Per sq. km

[ 766638981 - 60.2418218

L] e02418219- 13411737

@ Modify ] 134.117371 - 310.820661

EEE 310820862 - 524 929025

JEE 524 92906 - 3814.97013,



Incorporating a reference system
= Dispiay reference positions on maps
n  Available reference systems:

-9]'00: ‘s -.92"00': L -.91'0‘)',' A B
1 |
2| | Graticule | :
=T &
, L4 ;
b o
el | | i
o -
b | & T T | '
= e
Latitude/Longitude, feet, meters, etc. ABC/123, others

= Different graticule or grid types on the same map

Graticules or button index grids

= Select grid style ] _ Twew |
e | ywormou | [FRGoper | 269 aqpom
onTLR | bewe | e oy | frumepu
= Change properties T e —
- Axes
- Index
- Labels
- Lines
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luserting textual information
= Title and author
* Data source, date, projection
= Date of map
* Disclosurcs and acknowledgements

anw’n_: IR G 0O -IA .t‘-: [Ara S ey AOLLo -
=% DataFrame
A Same
A Tex
{J Leusnd

T Noth A,
== Seve Qo

&3 Seale Test..

Layout tools
= Zoom and pan the layout page

27% 50% 100%

T e R |
REERRDDE ®E [iox:]

CroF e
o
y ‘t’i\-‘i‘:.‘

= Additional layout settings from Tools > Options

Grids and rulers
= Determine the size of map elements
»  Usc guides to arrange elements
= Usc grids to position elements at specific points
= Use snapping for precision and efficiency
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T TR NSO TERN
Guides

<1

Creating and using map templates
= Gives all maps in a series the same look

) CenvratamencaCanbban| 7 4

-
" Morth Arrow Locotion Mop S

{legn  Tie  Mop  Grophics

N\ ST NothSmeiica myt

\fngl.f°sz_!=:,1“2“/'
. ] !
S—— ﬁ! ‘ i
| !
Choose a
standard

[—D———, ; i template

}EAN ed

L
) CordistAmmicaCarbbwan

* ArcMap templates
= Crcate your own
Lxercise overview
= Open an existing map
» Add alegend
Add a scale bar
Add a north arrow
Add a title and other textual information
Add a border and a background shade
» Visual balance
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