Introduction to Spatial
Analysis and Spatial
Modeling




Benefits of raster GIS

d ArcGIS raster support

d The ArcGIS Spatial Analysis extention
* The seven interfaces
= |nstallation and licensing

1 Exercise 1
= |ntroduction to the interfaces



Benefits of raster GIS

J Location-based data model
(cells)

= Better than features for many types
of analyses

 Especially sued for
= Surface creation and analysis
« Elevation, rainfall, population
= Location models
» Best site for business, hospital
= Distance measurement
* Proximity, mobility, best path
= Modeling movement Surfaces
 Flood inundation, fire spread

Distances




ArcGIS raster support

d ArcGIS has out-of-the-box raster support

= Use with ArcMap
 Draw, query, georeference

= Manage with ArcCatalog
 Copy, rename, delete,

= Manipulate with ArcToolbox
 Convert, project, merge, clip,

= Store with a geodatabase
 Raster datasets and catalogs

d Add Spatial Analyst for analysis




Spatial Analysis tools

ArcToolbox

A Over 100 tools organized into toolsets

|23 ArcToolbox

+ % 30 Analyst Tools

+ & Analysis Toals

+- i Cartography Tools

+- i Conwersion Tools

+ & Coverage Tools

+ & Data Management Tools

+- i Geocoding Tools

+ & Geostatistical Analyst Tools

+ a Linear Referencing Tools

= & El
+-@% Conditional
+ & Density
+ & Distance
+ & Extraction
+- & Generalization
+ & Groundwater

+ % Hydraology
+- & Interpolation

+ & Local

+ & Map Algebra
-8 Math

+ % Mulkivariate

+ & Meighborhaaod
+ & COverlay

+ % Raster Creation
+- & Reclass

+ & Surface

+ % Zonal

+- {8 Spatial Statistics Tools

> =& Hydrolagy

Basin

Fill

Flaw sccurmulation
Flow Direction
Flaws Length

Sink.

Snap Pour Poink
Stream Link,
Stream Crder
Stream ko Feature
Wakershed
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Seven interfaces for Spatial Analyst

o O O O O 0 0 O

1. ArcToolbox
Dialogs for all tools
2. Command Line
Type commands
3. Model Builder
Visual modeling
4. Scripts
Write easy programs
5. Spatial Analyst Toolbar
Dialogs for common tools
6. ArcObjects
More programming power
7. Map Algebra Tools
For all interfaces
Most become Map Algebra
Evaluated by Raster Engine



The Spatial Analyst toolbar

Hillshade

PIX
Irput surface: | ctopobath j E

Spatial Analyst
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Spatial analyst = | Laper: |ctopobath j {f_‘} iy
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i [ Model shadows used tools
Density. .,
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Cell Statistics, ., Slope, .. Cutput razter: |<TBI'HDDI'6T}'> =

Meighborhood Statistics, .. Aspect... oK |

Zonal Skatistics. .. Hillshade. .,
Reclassify. .. Wiewshed. ..
CutfFil...
Raster Calculator... ) Raster Calculator
Converk » Layers Auithmetic Trigonometiic

| 1] ] o] | ofom] an] ] e
S Can compose EREN N R R e | e
v Map Algebra O S
Has its own environment expressions J 0 J j J M et Rar
Ex
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Spatial Analyst and ArcToolbox
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Extraction

Generalization

Groundwater

Hydrology * Aspect FEX

Interpolation i

Local el
& Inputraster

Map &lgebra =i [ | Aspect
Math ] “‘J g

Multivariate & Qutput raster Derives aspect from a raster
Meighbarhood [ surface.
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Raster Creation
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ArcToolbox
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Reclass

Gk (b (G VYl (VG Vvl
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A Contour
}" Conkour Lisk
}* Curvature

A CutjFil

& Hilshade
#° Cbserver Paints Hints and
A Slope | links to help

,}; Yiewshed 0K | Cancel ‘ Erviranments... <« Hide Help J
+ % Fonal

+ & Spatial Statistics Tools

Favorites | Index | Search + Uses geoprocessing environments

(right-click to set)
« Has Map Algebra tools

=




Spatial Analyst and Command Line

ommand Line

asp|

=@ Arcss7

=@ A5in
= ASinH

=@ ATan
=@ ATanz

[>

=@ ASCIIToRaster -

=@ Aspect_3d
B 1 fhspect_sa
=@ fssignDefault ToFisld
=@ AssignDomainToField

Standard X
D= E &S i) s} & |1:3100 - a8 & SO N2
Opens the
Command line
Command Interface for tools
Aspect_sa <in_raster> <out_raster>= X

Aspect_sa

£7 ctopobath

Supports code completion

Command Line

Shows
Processing

Aspect_sa ctopobath ctopoasp

Start Time: Wed Oct 06 03:45:49 Z004
Validating. ..

Executing Aspect...
Processing. ..

Completed Aspect.

Executing (Aspect_1): Aspect ctopokath ctopoasp




Spatial Analyst and Model Builder

able of Contents 3]
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- ctopobath

Drag data

Yalue
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}" Output
Aspect raster
}* Qutput
Hillshade raster (2)

&
Slope Output
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Click tools to set parameters

Set model and diagram properties

Save and run model
Edit and change
Uses geoprocessing environ

ment

EBX

Drag tools

)

ArcToolbox

+ % Interpolation
Local
Map Algebra

:EMath
+ &

132

&

Multivariate
Meighbarhood

= % Cwvetlay
}* ‘Weighted Overlay

= % Raster Creation
¢ Create Constant Raster
¢ Create Normal Raster
#* Create Random Raster

+ % Reclass
- % Surface
}“ Aspect

|

}“ Contour
}“ Contour Lisk
}“ Curvature
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A Observer Points
A dlope
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+ % Zonal
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* Add a new toolbox
* Add a new model




Spatial Analyst and scripts

O Many languages are

supported (Python
shown)

Is object-oriented
(But easy!)

Uses geoprocessor
tools, environments

May add scripts to
ArcToolbox

May use scripts in
models

Has a Map Algebra
tool

1.py - C:\Documents and Settings\Hasuser\Desktop\1. py
File Edit Windows Help

3 - - - - _— - - - -

# l.py

# Created on: Wed Oct 06 2004 09:05:44 AN

# jgenerated by ArcGI3/ModelBuilder)

# - - - - —_ - - - -

# Import system modules
import sys, string, o5, winddcom.client

# Create the Geoprocessor ohject
gp = windZcom.client.Dispatch("esriGeoprocessing., Gplispatch. 1™

# Check out any necessary licenses
gp.CheckOutExtension (Mspatial™)

# Load required toolboxes...
gp.hddToolbox ("C:/Program Files/iroGIS/ArcToolbox/ Toolboxes/3patial Analyst Tools.thx™)

# Local variables. ..

ctopobath = "ctopobath™

tutput raster = "D:/frice/lLlspect ctopol”

output_polyline features = "D:/rice/Contour ctopobal.shp”
Output_raster 2 = "D:/rice/HillSha ctopl”

# Process: hspect...
gp.Aspect_saictopobath, Output_raster)

# Process: Contour. ..
gp.Contour_saictopobath, Output_polyline features, "7, "oT, 717

# Process: Hillshade...
gp.Hill3hade saictopobath, Output raster 2, "315", "457, "NO SHADOWI™, "1T)

Ln: 1| Cal: [=




Spatial Analyst and ArcODbjects

a

a

Many languages are
supported (VBA shown)

Is object-oriented
(Powerful, but a lot of
classes to learn)

Must set your
environments

Build stand-alone
applications, or build
tools, or ...?

Has classes for Map
Algebra

Command Ling

5

ctopobath = "ctopobath™

Dutput raster 2

' Process: Aspect...

' Process: Contour...

' Process: Hillshade...

MO _SHADOWS'™, i

=@ abs A

gp.Hill53hade =a ctopobath, Cutput raster 2 ,

Output raster = "D:/rice/Aspect ctopol®
Cutput_polyline features = "D:fricefCDntDur_ctDpDhal.shp"
= "b:/rice/Hill3ha ctopl"”

gp.Aspect _sa ctopobath, Output raster

gp.Contour ss ctopobath, Output polyline features, "

"3 15";

"_|'_15";

[

=@ ACos

=@ ACosH

=@ AddCADFields

=8 AddCodedYalueToDamain
=@ AddFeatureClassToTopology
=4 AddField

=@ addInde:

=& AddItem

=& AddJain w
- —

14 2004 ([(Elapsed Time:

5.00 secs)

B =

(£




Spatial Analyst and Map Algebra

d An analysis language for raster data
» Uses math-like expressions with operators and functions:

SmoothHill = Hillshade(FocalMean([Elevation) * 0.3048))

= Can be more efficient than Spatial Analyst tools (one
expression may use many functions and operators)

 Spatial Analyst tools and Map Algebra
= Most tools implement Map Algebra functions and operators

 Tools provide dialog and command line interfaces

 Most tools implement a single function or operator (some
implement many functions)

= Tools exist for writing Map Algebra expressions



Managing the extension

Extensions

Select the extenzions you want to uze.

L A
AmcPress
AnScan
Geostatistic:al Analyst
Maplex

Publizher

Spatial Analyst
Streettdap

Survey Analyst
Tracking Analpst

O0O0ROROEOR

Description:

30 Analyst 9.0
Copyright ©1333-2004 ESRI Inc. All Rights Reserved

Provides tools for surface modeling and 2D visualization.

About Ertenzions

L ArcGIS Desktop Administrator

= ArcGlS Desktop [HAS02505)

(Z3 Softwrare Product Software Product:

[Z License Manager |Arclnfo Desklop [Floating)

Help [ ok |

e | Sovailability
Feature | E wpirez | Licenses | Available
Arcinfo Desktop 30-jul-2005 200 197
3D Analyst 30-jul-2005 200 1483
Survey Analyst 30-jul-2005 200 200
ArcScan 30-jul-2005 200 1483
Spatial Analyzt 30-jul-2005 200 199
TIFF/L2w Compressi..  30-ul-2005 200 200
ArcPress 30-jul-2005 200 200
Streethd ap 30-jul-2005 200 200
Geostatistical Analyst  30-ul-2005 200 200
Publisher 30-jul-2005 200 200
Tracking Analyst 30-jul-2005 200 200
b aplex 30-jul-2005 200 199

Cancel |

X

Tools > Extensions
* Enable or disable extensions

Start> Programs > ArcGIS> Desktop Administrator
* Select software product

* Select license manager

* Check license availability




Resources for self study

Online Help

For ArcGIS Desktop users and for developers
Documentation

ESRI Support Center
Software information
Knowledge Base
Downloads

User forums

Developer support and tools
Virtual Campus courses
Self-learning modules

COoOO0 00000000



Exercise 1 overview

Check the license in the Desktop Administrator
Enable the extension in ArcMap

Run atool with the Spatial Analyst toolbar

Run a tool with the ArcToolbox

Run a tool with the Command Line window

Build and run a model with the Model Builder
Create and run a script and view its code

Run and view a VBA program that uses ArcObjects
Write and run a Map Algebra expression

Install several ArcObjects-based utilities (you will
use them in future exercises)
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