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What is a GIS?What is a GIS?

• GIS = GI  U IS
GI = Geographically referenced information

IS = Information system

GG II SS
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Components of a GISComponents of a GIS

• People
• Procedures / Method
• Hardware
• Software
• Data
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Data CaptureData Capture

• Databases
• Digitizing paper maps
• Digitizing scanned images
• Global positioning systems
• Internet sources

– digital data clearinghouses



5http://www.geographynetwork.com/
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http://data.geocomm.com
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http://nationalatlas.gov/atlasftp.html
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http://www.pasda.psu.edu/
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Capturing dataCapturing data

480585.5, 3769234.6

483194.1, 3768432.3

485285.8, 3768391.2

484327.4, 3768565.9

483874.7, 3769823.0

480585.5, 3769234.6

483194.1, 3768432.3

485285.8, 3768391.2

484327.4, 3768565.9

483874.7, 3769823.0

Hardcopy mapsHardcopy maps

GPSGPS

GIS
DataCoordinatesCoordinates

Digital dataDigital data
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Representing features in vector dataRepresenting features in vector data

• Real-world entities are abstracted into three 
basic shapes

Points Points 

Retail storesRetail stores

LinesLines

StreetsStreets

Areas/PolygonsAreas/Polygons

Land usesLand uses
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Storing dataStoring data

• Vector formats
– Discrete representations of reality

• Raster formats
– Use square cells to model reality

Reality
(A highway)

X,Y

Rows

Columns

X,Y

X,Y X,Y X,Y



13Vector Raster
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Attribute DataAttribute Data

• Attribute or descriptive data
– Statistical information
– Numerical information
– Characteristic information

• Linked to geographic objects
• Most important in GIS
• Operations

– Joining, 
– Relating, 
– Querying
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Components of geographic dataComponents of geographic data

• Three general components to geographic information

• Each feature corresponds to a record in the attribute 
table

AttributesAttributesGeometryGeometry

Streets

BehaviorBehavior

Rules
Streets and 

highways may 
not intersect
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GIS functionsGIS functions

AnalyzeAnalyze

ManipulateManipulate

StoreStore

DisplayDisplay

AssembleAssemble

OutputOutput
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Using spatial relationshipsUsing spatial relationships

• The relative position of features determines 
relationships

I-80 connects 
San Francisco 
and New York

I-80 connects 
San Francisco 
and New York

San Francisco is 
contained by California

San Francisco is 
contained by California

I-80 has length
and direction

I-80 has length
and direction

New York is 
adjacent to the 
Atlantic Ocean

New York is 
adjacent to the 
Atlantic Ocean
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QueryQuery

• Identifying specific features

• Identifying features based 
on conditions

Florida counties with a 
population greater than 300,000

Florida counties with a 
population greater than 300,000
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ClipClip

AppendAppend

Merge two or more
data layers.

Merge two or more
data layers.

Extract parts of 
a feature

Extract parts of 
a feature

Data ManagementData Management
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Data ManagementData Management

BufferingBuffering

Zone of specified
distance.

Zone of specified
distance.
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AnalysisAnalysis

Which parcels are 
within 50 feet of the road?

Which parcels are 
within 50 feet of the road?

Vegetation type   Wheat
Building owner    Smith
Soil type               Sandy

Vegetation type   Wheat
Building owner    Smith
Soil type               Sandy

ProximityProximity

OverlayOverlay

NetworkNetwork
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DisplayDisplay

MapsMaps

ReportsReports

GraphsGraphs
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Map scaleMap scale

• Map scale determines the size and shape 
of features

city

1:5001:500 1:24,0001:24,000

Large scale
Smaller area
More detail

Large scale
Smaller area
More detail

1:250,0001:250,0001:24,0001:24,000

Small scale
Larger area
Less detail

Small scale
Larger area
Less detail

city
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OutputOutput

Florida.mxd

DocumentDocument

InternetInternetPaper mapPaper map

GIS 
Data

Florida.jpg

ImageImage
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Projection and RectificationProjection and Rectification

• 3D globe to 2D maps/displays

•• ShapeShape
•• AreaArea
•• DirectionDirection
•• DistanceDistance



29SOURCE:  Peter H. Dana, Department of Geography, University of Texas at Austin, 1995 
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Data ModelingData Modeling

• The process of abstraction from the real world 
for the purpose of representation and analysis 
in a GIS.

• Field view
• Object view
• Attribute data
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GIS ApplicationsGIS Applications

New York’s SubwayNew York’s Subway
• Network and stations
• Status and statistics
• Queries

http://www.cmap.nypirg.org/netmaps/Straps/view.asp
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GIS ApplicationsGIS Applications

US Dept of Housing and Urban DevelopmentUS Dept of Housing and Urban Development
• Interactive mapping service
• Community development
• Housing program
• Environmental data

http://egis.hud.gov/egis/
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GIS ApplicationsGIS Applications

Urban Growth SimulatorUrban Growth Simulator
• Growth scenarios
• Growth management
• Environmental impacts

http://empact.geog.kent.edu/
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GIS ApplicationsGIS Applications

VERTUS ModelVERTUS Model
• urban growth
• commuting patterns
• vehicle emissions
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GIS Spatial AnalysisGIS Spatial Analysis

• What is at …?
• What is it …?
• What has changed since …?
• What spatial patterns exist?
• What if …?

• GIS uses geography, or space, as the common 
key element between data sets.

• Information is linked only if it relates to the same 
geographic area.
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Spatial AnalysisSpatial Analysis

• Query georeferenced information
– Location?
– Proximity?
– Adjacency?
– Longevity?
– Multiple criteria evaluation?
– Clusters? Hot/cold spots?

• For example:
– How many people live within one mile of a Superfund hazardous 

waste site in the United States?
– How many counties does I-76 pass in Pennsylvania? 
– What are the neighboring land parcels of a parcel that is 

requesting change of use from residential to commercial?
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Developing a GISDeveloping a GIS

•• ObjectivesObjectives
•• Feasibility studiesFeasibility studies
•• HardwareHardware – input, processing, output

•• SoftwareSoftware – basic and tailored applications

•• Data Data – currency, accuracy, scale, versions

•• PersonnelPersonnel – training, workload

•• ProceduresProcedures - In-house/out-source

•• Pilot studyPilot study
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GIS ManagementGIS Management

•• InterInter--unit unit collaboration and intraintra--unitunit
operation

•• MaintenanceMaintenance
– Budget 

• short-term, long-term
– Data 

• acquisition, updates, sharing, dissemination
– Products 

• legal issues, cost/income
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Demonstration: GIS OverviewDemonstration: GIS Overview

A quick tour
• Data exploration
• Data manipulation
• Data display
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Commercial GISCommercial GIS

• ESRI
– ArcInfo, ArcView 3.x, ArcGIS, etc.
– AML, Avenue, MapObjects, ArcGIS VBA
– Internet Map Services

• Intergraph
– GeoMedia suite, ImageStation, etc.
– Internet Map Services

• MapInfo
– MapInfo
– MapBasics

• Others
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Free GISFree GIS

• ArcVoyager Special Edition
– http://www.esri.com/industries/k-

12/education/voyager.html
• ArcExplorer

– http://www.esri.com/software/arcexplorer/index.html
• DIVA-GIS

– http://www.diva-gis.org/
• FlowMap

– http://flowmap.geog.uu.nl/
• GMT-Generic Mapping Tools

– http://gmt.soest.hawaii.edu/
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Free GIS (cont’d)Free GIS (cont’d)

• GRASS
– http://www.geog.uni-

hannover.de/grass/index.php
• SPRING

– http://www.dpi.inpe.br/spring/english/
• TNT Lite

– http://www.microimages.com/tntlite/
• uDig

– http://udig.refractions.net/confluence/display/
UDIG/Home
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Studies of CrimeStudies of Crime

• Pre-1970: Sociology & Psychology 
(George 1978)

• Since 1970: Spatial Components
– Geographic patterns and distributions
– Contributing factors
– Program controls and assessment

• Georges, D. E. (1978) The geography of crime and violence: A spatial and ecological 
perspective, Association of American Geographers: Resource Papers for College 
Geography, 78(1).

• Jerry Ratcliffe, GIS and Crime Mapping
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Law Enforcement and GISLaw Enforcement and GIS

http://www.esri.com/industries/lawenforce/business/law_gis_enterprise.html
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GIS and Law EnforcementGIS and Law Enforcement

• Same law enforcement tasks
– + GIS = more timely

• Data Management
– integration
– analysis
– allocate resources
– policy implications
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GIS and Law EnforcementGIS and Law Enforcement

• Overlay multiple data-layers
– integrate with databases

• i.e. generate list of suspects

• Neighborhoods patrolled
– understand demographics

• Megan’s Law
– identify & notify residents
about sex offenders in their
areas
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Applications of GIS to CrimeApplications of GIS to Crime

• Santa Clara County, CA
– RCAP (Regional Crime Analysis Program)
– interagency partnership
– standardize, access, share

• internet, database, GIS

• Identify and reduce crimes
– crime data

• incident type; geographic area
• schools, parks



48
SOURCE: ArcNews



49

Where Crimes OccurWhere Crimes Occur

• Hot Spot Analysis
– # crimes/census block
– identify high crime 

intensity
• hot spots

• Drawbacks
– overall pattern
– high crime where 

expected
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Not Normalized Normalized

Red = Hot Spots (High Crime)

Blue = Cold Spots (Low Crime)

SOURCE: ArcNews
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Risk AssessmentRisk Assessment

• Implement crime prevention programs
• Example: vandalism

– divide vandalism by all crime
• vandalism as proportion of all crime

– hot spot analysis on normalized ratios
• areas where vandalism represents a larger than 

expected proportion of all crime events

• Lincoln, NE
– vandalism a suburban issue
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Megan’s LawMegan’s Law

• Notification about sex-offenders
– web-based GIS

• Query data in relation to
– neighborhoods, schools, parks, residential 

areas
– offender displayed according to seriousness
– visit local police for further info 
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SOURCE: ArcNews
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http://http://www.familywatchdog.uswww.familywatchdog.us//
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GIS Applications GIS Applications -- CrimeCrime

Automated Regional Justice Info SystemAutomated Regional Justice Info System
• San Diego Police Department

http://mapping.arjis.org/
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GIS Applications GIS Applications -- CrimeCrime

COMSTATCOMSTAT
• COMPuter or COMParative STATistics
• NYPD

http://www.nyc.gov/html/nypd/html/chfdept/compstat-process.html
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Geography of CrimeGeography of Crime

• To describe and map the spatial distribution of crime in 
greater detail and meaning than has been done before.

• To relate the spatial patterns of crime to the 
environmental, social, historical, psychological
(cognitive), and economic variables.

• To develop associational and predictive models that 
explain crime manifestation in regard to locale.

• To analyze the dynamics of crime manifestation to help
crime control and to assess better the effectiveness of 
programs they currently use.
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