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ObjectivesObjectives

•• Define spatial statisticsDefine spatial statistics

•• Introduce you to some of the core spatial statistics Introduce you to some of the core spatial statistics 
tools available in ArcGIS 9.3tools available in ArcGIS 9.3

•• Present a variety of example applicationsPresent a variety of example applications

•• Give you the opportunity for handsGive you the opportunity for hands--on practiceon practice

•• Interact with you and get feedbackInteract with you and get feedback

DEMODEMO
•• The spatial pattern of piracyThe spatial pattern of piracy
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Kindly complete an evaluation form before leaving.Kindly complete an evaluation form before leaving.



What are spatial statistics in a GIS environment?What are spatial statistics in a GIS environment?

•• SoftwareSoftware--basedbased tools, methods, and techniques developed tools, methods, and techniques developed 
specifically for specifically for use with geographic datause with geographic data.   .   

•• Spatial statistics:Spatial statistics:

D ib d d lD ib d d l ti l di t ib ti ti l ttti l di t ib ti ti l tt–– Describe and modelDescribe and model spatial distributions, spatial patterns, spatial distributions, spatial patterns, 
spatial processes, and spatial relationships.  spatial processes, and spatial relationships.  

Incorporate spaceIncorporate space (area length proximity orientation(area length proximity orientation–– Incorporate spaceIncorporate space (area, length, proximity, orientation, (area, length, proximity, orientation, 
and/or spatial relationships) and/or spatial relationships) directly into directly into their their mathematicsmathematics..

In many ways spatial statistics extend what the eyesIn many ways spatial statistics extend what the eyes
and mind do intuitively to assess spatial patterns,and mind do intuitively to assess spatial patterns,

trends and relationshipstrends and relationships
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trends and relationships.trends and relationships.



Why use spatial statistics?Why use spatial statistics?

Spatial Statistics help us assess:Spatial Statistics help us assess:
••PatternsPatterns••PatternsPatterns

••RelationshipsRelationships

••TrendsTrendsTrendsTrends

How we present our results (colors, How we present our results (colors, 
class breaks, symbols…) can eitherclass breaks, symbols…) can either
enhance or obscure communicationenhance or obscure communication Two ads for National Car Rental.  Two ads for National Car Rental.  
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enhance or obscure communication.enhance or obscure communication.
The lower map ad replaced the The lower map ad replaced the 

upper map ad a year later.upper map ad a year later.



Spatial Statistics Do a Variety of ThingsSpatial Statistics Do a Variety of Things

•• Describe and summarize spatial distributionsDescribe and summarize spatial distributions
•• Quantify ShapeQuantify Shape

M i l d d / i l l iM i l d d / i l l i•• Measure spatial dependency / spatial autocorrelationMeasure spatial dependency / spatial autocorrelation
•• Assess spatial relationshipsAssess spatial relationships
•• Model surfacesModel surfacesModel surfacesModel surfaces

•• Focus today is on Spatial Pattern Analysis:Focus today is on Spatial Pattern Analysis:
D ibi d i i i l di ib iD ibi d i i i l di ib i–– Describing and summarizing spatial distributionsDescribing and summarizing spatial distributions::

•• Mean CenterMean Center
•• Standard Deviational EllipseStandard Deviational Ellipse

Assessing Global and Local Spatial AutocorrelationAssessing Global and Local Spatial Autocorrelation::–– Assessing Global and Local Spatial AutocorrelationAssessing Global and Local Spatial Autocorrelation::
•• Average Nearest NeighborAverage Nearest Neighbor
•• Global Moran’s IGlobal Moran’s I
•• Hot Spot Analysis (Hot Spot Analysis (GetisGetis--OrdOrd GiGi*)*)Hot Spot Analysis (Hot Spot Analysis (GetisGetis OrdOrd GiGi ))
•• Cluster/Outlier Analysis (Cluster/Outlier Analysis (AnselinAnselin Local Moran’s I)Local Moran’s I)
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Spatial Statistics Toolbox in Spatial Statistics Toolbox in ArcGISArcGIS

••Core functionality with Core functionality with 
ArcGISArcGIS (not an extension).(not an extension).

•• Most tools delivered withMost tools delivered with

••Core functionality with Core functionality with 
ArcGISArcGIS (not an extension).(not an extension).

•• Most tools delivered withMost tools delivered with•• Most tools delivered with Most tools delivered with 
their source code.their source code.

•• Most tools available at all Most tools available at all 
li l lli l l

•• Most tools delivered with Most tools delivered with 
their source code.their source code.

•• Most tools available at all Most tools available at all 
li l lli l llicense levels.license levels.license levels.license levels.
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Central Feature

•• QuestionsQuestions

–– Which site is most accessible?Which site is most accessible?

Mean Center

–– Is there a directional trend to the spatial Is there a directional trend to the spatial 
distribution of the incidents?distribution of the incidents?

–– What is the primary wind direction for thisWhat is the primary wind direction for thisWhat is the primary wind direction for this What is the primary wind direction for this 
region in the winter?region in the winter?

–– Where is the population center?Where is the population center?

–– Which gang has the broadest territory?Which gang has the broadest territory?
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Mean CenterMean Center

•• Computes the average x and y coordinate, Computes the average x and y coordinate, 
based on all features in the study area.based on all features in the study area.

Mean Center Animation
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Directional Distribution Directional Distribution 
(Standard Deviational Ellipse)(Standard Deviational Ellipse)

•• Abstracting spatial trends in a distribution of featuresAbstracting spatial trends in a distribution of features
•• Comparing distributions over timeComparing distributions over time

••1  = 68% of features1  = 68% of features

••2  = 95% of features2  = 95% of features

••3  = 99% of features3  = 99% of features

99



Directional Distribution Directional Distribution 
(Standard Deviational Ellipse)(Standard Deviational Ellipse)
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•• The spatial pattern of piracyThe spatial pattern of piracy



What is a What is a zz score?  What is a score?  What is a pp--value?value?

•• The null hypothesis for The null hypothesis for 
the ArcGIS Spatial the ArcGIS Spatial 
Pattern Analysis tools is Pattern Analysis tools is yy
CSR: Complete Spatial CSR: Complete Spatial 
RandomnessRandomness

•• Reject the nullReject the null•• Reject the null Reject the null 
hypothesis if the result hypothesis if the result 
(the p(the p--value/z score) is value/z score) is 
statistically significantstatistically significantstatistically significant statistically significant 

Z Score Z Score 
(Standard (Standard 

Deviations)Deviations)

PP--Value Value 
(Probability)(Probability)

Confidence Confidence 
LevelLevel

Deviations)Deviations)

+/+/--1.65 1.65 0.100.10 90%90%

+/+/--1 961 96 0 050 05 95%95%
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+/+/ 1.961.96 0.050.05 95%95%

+/+/--2.582.58 0.010.01 99%99%



Is CSR useful?Is CSR useful?

•• Raising the bar:Raising the bar:
Normalize the analysis field to create a rateNormalize the analysis field to create a rate––Normalize the analysis field to create a rateNormalize the analysis field to create a rate

––Analyze average valuesAnalyze average values

CompareCompare zz score magnitudesscore magnitudes––Compare Compare zz score magnitudesscore magnitudes
•• Across spaceAcross space

•• Over timeOver time•• Over timeOver time

•• Among control spatial distributionsAmong control spatial distributions
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Measuring Geographic Measuring Geographic Analyzing Analyzing Mapping Mapping Modeling Spatial Modeling Spatial g g pg g p
DistributionDistribution

y gy g
PatternsPatterns ClustersClusters RelationshipsRelationships

•• Which plant species is most Which plant species is most 
t t d?t t d?

•• Is there an unexpected spike in Is there an unexpected spike in 
h ti l h ?h ti l h ?concentrated?concentrated?

•• Does the spatial pattern of the Does the spatial pattern of the 
disease mirror the spatial patterndisease mirror the spatial pattern

pharmaceutical purchases?pharmaceutical purchases?

•• Are new AIDs cases remaining Are new AIDs cases remaining 
Geographically fixed?Geographically fixed?disease mirror the spatial pattern disease mirror the spatial pattern 

of the population at risk?of the population at risk?
Geographically fixed?Geographically fixed?
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Average Nearest NeighborAverage Nearest Neighbor

•• Calculates the average Calculates the average 
distance between each distance between each 
feature feature 

–– Considers arrangement Considers arrangement 
and distance of featuresand distance of features

•• Based onBased on areaareaBased on Based on areaarea
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Spatial Autocorrelation Spatial Autocorrelation (Global Moran’s I)(Global Moran’s I)

•• This tool measures spatial clustering/dispersionThis tool measures spatial clustering/dispersion
•• Results are based on both feature locations and attributesResults are based on both feature locations and attributes

Thematic Maps showing Relative Per Capita Income for New York, 1969 to 2002Thematic Maps showing Relative Per Capita Income for New York, 1969 to 2002

20021969 1985

Are rich and poor becoming more or less spatially segregated?Are rich and poor becoming more or less spatially segregated?

1616

(It’s difficult to answer this question looking at thematic maps alone).(It’s difficult to answer this question looking at thematic maps alone).



Spatial Autocorrelation Spatial Autocorrelation (Global Moran’s I)(Global Moran’s I)

Relative Per Capita Income for New York, 1969 to 2002Relative Per Capita Income for New York, 1969 to 2002

20021969 1985

66
5.21 4.26 2.4
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Plot the Z Score from the Global Plot the Z Score from the Global 
Spatial Autocorrelation tool toSpatial Autocorrelation tool to
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Spatial Autocorrelation tool to Spatial Autocorrelation tool to 
reveals broad trends over time.reveals broad trends over time. The drop indicates a decrease The drop indicates a decrease 

in rich/poor spatial segregationin rich/poor spatial segregation



K FunctionK Function
C t b f i ithiC t b f i ithi•• Counts number of pairs within Counts number of pairs within 
distance distance dd of each feature.of each feature.
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The processes promoting hepatitis (The processes promoting hepatitis (redred line) are strongly line) are strongly 
influenced by the spatial pattern of population (influenced by the spatial pattern of population (greengreen line).line).
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The processes promoting hepatitis (The processes promoting hepatitis (redred line) are strongly line) are strongly 
influenced by the spatial pattern of population (influenced by the spatial pattern of population (greengreen line).line).



Measuring Geographic Measuring Geographic 
Di t ib tiDi t ib ti

Analyzing Analyzing 
P ttP tt

Mapping Mapping 
Cl tCl t

Modeling Spatial Modeling Spatial 
R l ti hiR l ti hiDistributionDistribution PatternsPatterns ClustersClusters RelationshipsRelationships

High PovertyHigh Poverty

High PovertyHigh PovertyHigh Poverty High Poverty 
Surrounded by Surrounded by 

Low povertyLow poverty

Low PovertyLow Poverty
Low povertyLow poverty
Surrounded Surrounded 

by High by High 
PovertyPoverty

•• Where are the 911 Call Hot Spots?Where are the 911 Call Hot Spots?
•• Where do we see unexpectedly Where do we see unexpectedly 

high rates of diabetes?high rates of diabetes?

•• Where are their sharp boundaries Where are their sharp boundaries 
between affluence and poverty in between affluence and poverty in 
Ecuador?Ecuador?
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high rates of diabetes?high rates of diabetes?Ecuador?Ecuador?
•• Where do we find anomalous Where do we find anomalous 

spending patterns in Los Angeles?spending patterns in Los Angeles?
2020



Average Age of Death Hot Spot AnalysisAverage Age of Death Hot Spot Analysis
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Measuring Geographic Measuring Geographic Analyzing Analyzing Mapping Mapping Modeling Spatial Modeling Spatial 

•• Can I model spatial relationships Can I model spatial relationships 
b d l d k?b d l d k?

g g pg g p
DistributionDistribution

y gy g
PatternsPatterns ClustersClusters RelationshipsRelationships

based on a real road network?based on a real road network?
•• Are spatial weights matrix files Are spatial weights matrix files 

editable, sharable, reeditable, sharable, re--usable?usable?
Construct spatial weights matrix filesConstruct spatial weights matrix files•• Can I create a custom spatial Can I create a custom spatial 

weights matrix file?weights matrix file?

Construct  spatial weights matrix filesConstruct  spatial weights matrix files

•• What is the relationship between What is the relationship between 
educational attainment and educational attainment and 
income?income?
I th l ti hi b tI th l ti hi b t•• Is there a relationship between Is there a relationship between 
income and public transportation income and public transportation 
usage?  Is that relationship usage?  Is that relationship 
consistent across the study area?consistent across the study area?
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consistent across the study area?  consistent across the study area?  
•• Where are real estate values likely Where are real estate values likely 

to go up?to go up?

Ordinary Least Squares  Ordinary Least Squares  
Geographically Weighted RegressionGeographically Weighted Regression



ExerciseExercise

•• Create a simple model tool to:Create a simple model tool to:
–– Aggregate 911 incident dataAggregate 911 incident datagg ggg g
–– Run Hot Spot AnalysisRun Hot Spot Analysis

•• Interpret analysis resultsInterpret analysis results

•• Modify the model to use a spatial weights matrix fileModify the model to use a spatial weights matrix file

•• Explore alternate tool parametersExplore alternate tool parameters

•• Create a 911 hot spot surface using Interpolation toolsCreate a 911 hot spot surface using Interpolation tools
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Resources for learning moreResources for learning more……
During the conferenceDuring the conferencegg

•• Technical Workshops and Demo Theater PresentationsTechnical Workshops and Demo Theater PresentationsTechnical Workshops and Demo Theater PresentationsTechnical Workshops and Demo Theater Presentations

- Using Spatial Statistics Using Spatial Statistics 

- Regression Analysis for Spatial DataRegression Analysis for Spatial DataRegression Analysis for Spatial Data  Regression Analysis for Spatial Data  

- ArcGIS Spatial Analyst ArcGIS Spatial Analyst –– Statistical ModelingStatistical Modeling

- Geostatistical AnalystGeostatistical Analyst

- Extending ArcGIS with R: Technical BriefingExtending ArcGIS with R: Technical Briefing

- Developing Python Scripts for Data Analysis Tips & TricksDeveloping Python Scripts for Data Analysis Tips & Tricks
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Resources for learning moreResources for learning more……
After the conferenceAfter the conference

•• Hot Spot and Regression Analysis Tutorials:Hot Spot and Regression Analysis Tutorials:Hot Spot and Regression Analysis Tutorials: Hot Spot and Regression Analysis Tutorials: 
http://resources.esri.com/geoprocessing/http://resources.esri.com/geoprocessing/

•• 911 emergency call analysis demo: 911 emergency call analysis demo: 
htt // i / ft / i / i f / b t/d ht lhtt // i / ft / i / i f / b t/d ht lhttp://www.esri.com/software/arcgis/arcinfo/about/demos.htmlhttp://www.esri.com/software/arcgis/arcinfo/about/demos.html

•• Virtual campus free web seminars Virtual campus free web seminars http://campus.esri.com/http://campus.esri.com/

•• Articles (keyword search: “Spatial Statistics”) Articles (keyword search: “Spatial Statistics”) 
http://www.esri.com/news/arcuser/0405/ss_crimestats1of2.htmlhttp://www.esri.com/news/arcuser/0405/ss_crimestats1of2.html

•• Online helpOnline helpOnline help  Online help  

•• The ESRI Guide to GIS AnalysisThe ESRI Guide to GIS Analysis, Volume 2 by Andy Mitchell, Volume 2 by Andy Mitchell

InstructorInstructor led ESRI trainingled ESRI training•• InstructorInstructor--led ESRI trainingled ESRI training
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QUESTIONS?QUESTIONS?
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LScott@ESRI.comLScott@ESRI.com
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