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Geographic information 
system
Geographic information 
system

System to acquire, store, transform, analyze, 
display, share, archive geographic 
information
Geographic information
– information about the specific characteristics of 

places on or near the Earth’s surface
– <x,z> where x is a location in space-time and z is 

some set of general properties
– often aggregated to statements about regions 

<R,z> where R is standardized



MotivationsMotivations

Map compilation and editing
Measurement from maps
Economies of scale
– build the foundation to handle a particular 

data type, and additional functions can be 
added quickly and cheaply

– doing anything conceivable with 
geographic information



GIS data types: discrete 
objects
GIS data types: discrete 
objects

Points
– instances of a disease
– residential location

Lines
– roads, rivers, tracks of individuals

Areas
– reporting zones (counties, tracts)
– areas of risk (buffer zone around nuclear plant)

Associated attributes
Relationships to other objects



Location as attributeLocation as attribute

The data table
Tract
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3
4
5
6
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8

Pop
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4983
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3979

3786
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x,y
x,y
x,y
x,y
x,y
x,y
x,y

Shape



GIS data types: continuous 
fields
GIS data types: continuous 
fields

Variable as function of location
– z = z(x,y)
– elevation as the common metaphor
– but z may be a class (land use type)
– exactly one value at any location

Environmental risk factors
– individuals (objects) moving through 

continuously varying exposure (fields)







Spatial disconnectSpatial disconnect

Many types of data are available only in 
aggregated form
– to protect confidentiality
– for economy

Basis of aggregation is standardized
– FIPS

What if the units of aggregation don't 
match the units of analysis?
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Scale issuesScale issues

Ecological fallacy
– cannot infer individual behavior from data 

on aggregates
– model-based solutions

Modifiable Areal Unit Problem
Areal interpolation
– given attributes for source zones, estimate 

attributes for target zones



The Modifiable Areal Unit 
Problem
The Modifiable Areal Unit 
Problem

Openshaw and Taylor
– 99 counties of Iowa
– % Republican voters, % over 65

48 regions: -.548 to +.886
12 regions: -.936 to +.996
Solutions:
– manipulate to determine range
– strengthen theoretical framework



Source: Sadahiro

http://www.csis.u-tokyo.ac.jp/dp/9.pdf



Alternative basesAlternative bases

Assumptions about p(x,y), the 
underlying field of population density

1. constant within source zones
2. constant within target zones
3. constant within control zones
4. maximally smooth (Tobler)
5. known variogram (Kyriakidis)





Tracking dataTracking data

Data on the locations (and activities) of 
organisms or people through time
– diurnal (work/home)
– annual (travel)
– lifetime (migration)
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A week in Jonathan Raper’s lifeA week in Jonathan Raper’s life

Colour= day
Light = early,
dark = late





ProbesProbes

20 million US vehicles now equipped 
with GPS
– and many 3G cellphones

Inference from tracks
– potholes
– emergencies

Modeling and simulation of exposure





SimulationsSimulations

1.8 vehicles per driveway
Driver behavior influenced by:
– lane width
– slope
– view distances
– traffic control mechanisms
– information feedback
– driver aggressiveness

770 homes
– clearing times > 30 minutes

2D clip

3D clip



Analysis of tracksAnalysis of tracks

Visualization
Conflation with risk fields
Models
– random tracks
– track density



Modeling risk fieldsModeling risk fields

Interpolation from point samples
– CA ozone

Plume models
– atmospheric
– subsurface

Spatial interaction models
– negative exponential decline from source



Data sourcesData sources

Framework data
– data used for georeferencing
– to which other data can be added
– quality control by public agencies

The framework layers
– street centerlines
– topography
– geodetic control
– boundaries
– imagery
– hydrography
– cultural features



GeocodingGeocoding

Conversion of street addresses to 
coordinates
– requires a street centerline database with 

address ranges
– automatic for ~80% of addresses
– the remaining 20% pathological













Online data sourcesOnline data sources

www.geographynetwork.com
FGDC National Geospatial Data 
Clearinghouse
– www.fgdc.gov

USGS EROS Data Center
State and local data warehouses
– data or maps



Evolving trends in GIS 
software
Evolving trends in GIS 
software

The georelational model
– related tables

Object-oriented modeling
– objects as instances of general classes
– classes as specializations of more general classes 

(inheritance)
– methods associated with classes (encapsulation)
– associations between objects



Specialized GIS data modelsSpecialized GIS data models

The basic elements built into the GIS
– points, lines, areas

How these elements are specialized in 
application domains (e.g. health risk 
perception)
– track as a class of line
– disease instance as a class of point



Unified Modeling LanguageUnified Modeling Language

Visual representation of a data model
– conventional symbols
– implemented in Visio

Creation of database layout
– using CASE tools
– building tables
– populate tables with data



ESRI ArcGISESRI ArcGIS

ArcInfo version 8
Specialized data models
– water utilities (ArcFM)
– hydrology
– transportation (Unetrans)
– health data model 

http://www.ncgia.ucsb.edu/projects/health/



ObjectiveObjective

Helping users by providing a database 
framework that includes familiar 
elements
– contains the core items
– is easy to extend and specialize
– add new attributes
– add specialized classes











What are the limitations?What are the limitations?

Dominated by COTS software
– priorities defined by largest markets
– research tools often built as extensions
– limited infrastructure for sharing

• http://arcscripts.esri.com/
– ArcGIS 9.0 release
– COM integration

Weak representation of time
– cartographic legacy
– limited data, theory, models, tools



More limitationsMore limitations

Lack of lifetime-scale tracking data
– space-time life histories

Lack of comprehensive data on risk
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