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Spatial Data Analysis

 Traditional GIS Analyses
—Spatial/temporal queries
—Buffer analysis
—Qverlay analysis

« Spatial Statistics Toolbox
—Identify, analyze and respond to incident hot/cold spots
—Summarize spatial pattern over time
—Identify anomalous spatial patterns




Objectives

e Introduce core spatial statistics tools available
In ArcGIS 9

* Provide examples for how these tools might
be used in Public Safety and Public Health

* Be sure you know where to go for additional
Information




Presentation

e Basics: What are spatial statistics and why
do we care?

 Maps can lie

e Overview of Spatial Statistics Toolbox

—Measuring Geographic Distributions
—Analyzing Spatial Patterns

—Mapping Clusters and Outliers

911 Emergency Call Analysis Demo
« SAS/ArcGIS Mortality Data Analysis

e Resources




ESRI software and Statistics

e Business Analyst

» Geostatistical Analyst

~ *SAS Bridge ESYSrEEE

' e Spatial Statistics Tools




Toolsets and tools

Ela Spatial Skatiskics Tools

» Core functionality with =& Andlyzing Patterns

fverage MNearest Neighbor

AI’CG IS 9 (n Ot ain eXtenS|On) High/Low Clusktering {Getis-Ord General &)

) ] B Spatial Autocorrelation (Morans I)
* Available with all ArcGIS -8 Mepping Clusters
licenses é

% Cluster and Outlier Analysis (Anselin Local Maorans 1)

« Source code provided

e Use ArcGIS 9.1 with
Service Pack 1 or 2

e The ESRI Guide to GIS AP
Analysis, Volume 2 B Caluate reas

Zollect Events

Zollect Events with Rendering
Zount Rendering

xport Feature Attribute bo Asci

B Z Score Rendering
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What are spatial statistics?

* A measure of what’'s going on spatially
— Not the same as traditional (a-spatial) statistics

statistics -

[ Population >

._Sample
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What are spatial statistics?

e A measure of what’s going on spatially
— Not the same as a-spatial stats

e Two categories of spatial measurements
— 1) Identifying characteristics of a distribution

UC 2006 Tech Session




What are spatial statistics?

e A measure of what’s going on spatially
— Not the same as a-spatial stats

e TWo categories of spatial measurements
— 1) Identifying characteristics of a distribution
— 2) Quantifying geographic pattern

Random Clustered Dispersed




Why use spatial statistics?

Better understand behavior Make decisions with higher
of geographic phenomena : level of confidence

Pinpoint causes of specific Summarize the distribution
geographic patterns in a single number
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Why Use Spatial Statistics?

- Mark Monmonier

How to Lie with Maps

Se umd E duwn

Spatial Statistics help
US assess:

ePatterns
*Relationships

eTrends

How we present/map our

results (colors, classbreaks)

can either enhance or il Yol
obscure communication — Wik R L B ——




Crime Analysis Demo




Measuring Geographic Distributions toolset

o Identify spatial characteristics of a distribution
— Where is the center?
— What is most central?
— How dispersed are features around the center?
— Are there any directional trends?
1. Central Feature

» Often used to: 2 Mean Center
— Compare different feature categories

— Examine changes over time Linear Directional

Mean
Standard Distance

Standard Deviational
Ellipse




Mean Center

Computes
the average
X andy
coordinate,
based on all

features In

the study
area
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Mean Center Demo




Central Feature

o |dentifies the most centrally located feature

— Feature with the lowest total distance to all other features

e Uses:

— Finding the most accessible existing feature

What is the best location for a new service center?

_Shelbyville _ Grirnshy

_ apringfield

_Baker
_ Richmand e

_shelbyville

_Richmand

Springfield

_Srimshy

_Baker
IJ \I

Shelbyville Grimshy
5000 _ 12000

=springfield
1000

Fichrmond

000

UC 2006 Tech Session




fioml

)




Measuring feature distribution

Standard Distance tool

Seasonal effects of childhood
respiratory diseases
*Measures distribution
of features around the
mean

*Result is a summary
statistic representing
distance

Winter blue
Spring green
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Interpreting results... standard distance

e Standard distance deviation is the radius of the standard distance
circle

e 1, 2, or 3 standard deviations?

% Standard Distance

 Problem distributions ’ l—_l l

Cuput Standard Distance Feature C

Circle Size

1 Standard Deviatio
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Directional Distribution (Standard Deviational Ellipse)

* Abstracting spatial trends in a distribution of features

r.o—.

< J B
=i _,_Ij -
“ Day - blue K)—/

Night - purple

e Uses:

— Comparing
distributions

— Examining different
time periods

— Showing compactness
and orientation

Standard deviation

Mormal Distribution

Logn™

95%




Directional Distribution (Standard Deviational Ellipse)

* Abstracting spatial trends in a distribution of features

= Asian
n L
= & Hispanic Segregation Index =

= W Black E1nEgnEgnEn

- 1
- White -

E;UE;UE; U... E,

2931680545.83
1- = 0.63
7994760004.92
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Another example... standard deviational ellipse




Linear Directional Mean

| Angle of a line representing mean
g direction (or orientation) based on
all lines in a dataset




Analyzing Patterns toolset

Average Nearest

* Determine the extent to which features are NElelalTel

clustered, dispersed, or random across study . High/Low Clustering
area (Getis/Ord General G)

Dispersed A ——————m=  Clustered Dispersed - ———————— C|ustered

» Global analysis
» Useful for:

— Gaining a better understanding of feature
distribution

» Degree of clustering or dispersion across study area
— Comparing different sets of features
— Tracking changes in patterns (over time)

3. Multi-Distance Spatial
Cluster Analysis
(Ripley’s K Function)

4. Spatial Autocorrelation
(Global Moran’s 1)
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Average Nearest Neighbor

» Calculates the average
distance between each

feature

— Considers arrangement
and distance of features

e Based on area

Oo
(0)6)

Nearest Neighbor
Ratio Pattern
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Spatial Autocorrelation (Global Moran’s I)

* Measures similarity of neighboring features
— Things closer are more alike than things that are not

e Based on both feature locations and attribute values

S4per 1k
[10.000000 - 0.050000
[]0.050001 - 0,100000
[0, 100001 - 0,300000
I 0.2300001 - 0,500000
I 0.500001 - 99,00000

YO3PER.1K
[10.000400 - 0.050000
[10.050001 - 0,100000
[10.100001 - 0.304000
I 0.300001 - 0.500000
I 0.500001 - 99.00000




Spatial Autocorrelation (Global Moran’s I)

* Measures similarity of neighboring features
— Things closer are more alike than things that are not

e Based on both feature locations and attribute values

r iii_!ipiltiill Autocorrelation (Global Moran... E@_ri_Spatial Autocorrelation (Global Moran... E@_

Moran's | Index = 0.04
£ Score = 2.7 standard deviationz

SR B R
o t}‘**““‘z Weg F‘ i
. |

| L b,
Disparsed [l Foroml (ST I

Significance Level: 007 0.05 0.0 RarDOM 010 005 0m
Critical Yalues:  [-2.58] [-196] [-165) (165 [136] [258]

There iz lezs than 1% likelihood that thiz clustered pattern
could be the rezult of random chance.

Cloge

Z Score = 2.7 standard deviations
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o
e IR | Clustered

Moran's | Index = 0.06
£ Score = 3.7 standard deviations

. ] ] ) - ]
Dizpersed |l Salal =7t o e 0 e | Clustered

Significance Level: 007 0.05 010 RaMDOb 010 005 0m
Critical Values:  [-2.58] [-1.96] [-165) (165) [196] [258)

There iz lezs than 1% likelihood that thiz clustered pattern
could be the rezult of random chance.

Cloge

Z Score = 3.7 standard deviations




Spatial Autocorrelation (Global Moran’s I)

Z Score = 5.4 standard deviations

Moran's | [ndex = 0.6
Z Score = 542 standard deviations

= | 5 - -
o, B H 4 = d & d b i
. "'It.& fﬁ:' | ‘ 1 [ AN PN
Dizpersed | gl il - ol el | X ) Clustered

Fignificance Level: .01 005 0710 Rar DOk 010 005 001
Critical Walusz:  [-268] [-196) [-155) (165] [136] [25%]

There iz less that 1% likelhood that this clustered pattern
could be the rezult of random chance.

toran's | [ndes = 0.61
£ Scare = 551 standard deviations 2004 HIY 2004

2ol T = e T []0-5%
v [ e PR

Dispersed [l Bt b= ‘{‘%ﬁ,;% e (R | Clustered [15-10
[110-15
[]15-20
[[mz20-25
Significanee Level: 001 005 0,10 RAMNDIOM 010 005 00 B 25 - 50
Critical Walues:  [-268] [-136] [-165] (1ES] [186) [25&) Bz0-35

M =5 - 40

There iz lezz that 1% likelhood that thiz clustered pattern
could be the result of random chance,

Z Score = 5.5 standard deviations
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K Function

e Counts number of pairs within distance d of each feature

e Interpreting results

A, B
A C
B, A
B,C
C A
C, B

= 6 pairs for A
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Mapping Clusters toolset

« Comparing clusters to locations of other features can
help to better understand why clusters occur

* Reveal clustering and/or outliers within a study area

e Local calculations
— Considers each feature

— See differences across the
study area
— Explore how patterns change

with changes in spatial scale

Hot Spot Analysis
(Getis/Ord GI7*)

Cluster/Outlier
Analysis (Anselin
Local Moran’s 1)
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Hot spot analysis

Gig000

3.36996
-1.28473

-1.1743
-0.:53801

-1 9605
0517222
120506
-2 BEEET
-0.17304
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Hot Spot Analysis (Getis-ord Gi¥)

o Identifies where clusters of high values and clusters of low
values exist in study area

e Calculates a z score for each feature

Where is
vandalism a

Where do we find LOTs of crime? proportion of all crime?
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Cluster and Outlier Analysis (Anselin Local Moran’s I)

Y of Populaien 65+
Chushen ol Dt Bmealysis £ Scoles
EF AT

» Feature location and feature attributes

 Emphasizes how feature values differ in the
study area

* Helps identify outliers and errors in data
» Calculates index value and z score
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911 Emergency Call Demo




Key Concepts

1. What is the weight field?
a) Collect Events
b) Aggregate
What is the scale of analysis?
a) Sometimes you know
b) Not too big, not too small

c) Find the distance where the underlying spatial processes
promoting clustering are strongest/most pronounced

d) Multi-scale exploratory analysis
3. What is the question?
a) Where do we have LOTS of <blap>?
b) Where do we have a higher then expected proportion of <blap> ?




Health Demographics Analysis

Goals:

* Analyze US mortality data. Are there regions where
the average age at death is persistently younger than
expected?

* Explore characteristics of these persistent early death
regions. Are there specific factors contributing to early
death?




SAS Statistical Tools o Enterprise Guide

File Edit “iew Insert Format Tools Data

O & &

al vl
~Ix

Tasks by Category | Tasks by Mame |

SAS provides traditional T T
ANDOVA

(a-spatial) statistics such v

as Cluster Analysis, orparameiric One-Way ANOVA

Linear Models

Principal Components Mixed Model

Analysis and Chi2 e
MNonlinear
Logistic

Generalized Linear Models

Multivariate
Canonical Correlation
Principal Companents
Factor Analysis
Cluster Analysis
Discriminant Function
£

For Help, press F1




Average Age at Death in 1979

= Wintteds ArellEi = Are i
File Edit Wiew Insert 3Selection Tools wWindow Help

LEzESES i) 7 + |[1:23740567
Editor ﬂ

- £ Layers
= Study Area Plus Buffer
Running Average Age at Death 1979

I -44,050000 - 57,090000
[ 57.090001 - £3.090000
[J&3.090001 - 66,020000
[CIaA.020001 - 68,470000
[ 68.470001 - 70,740000
I 70.740001 - 73, 170000
I 73.170001 - 73.040000
[1BuFfer Areas

Display | Source

+ ﬂ Linear Referencing Tools
+- & Spatial Analyst Tools
- a Spatial Skatistics Toals
+ % Analyzing Patterns
= % Mapping Clusters
2 Cluster and Outler Analysis {anselin L
:b\- Cluster/Qutlier Analysis with Renderin
& Hok Spot Analysis {Getis-Ord GiF)
S Hot Spot snakysis with Rendering
+ % Measuring Geographic Distributions

+ B Utiities

Favorites | Index | Search |
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ldentify Hot Spots

2 Hui JugE A lals 1h2ns-tlpd B

5 (=63
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Input Feature Class
|r:r‘ StudytreaPlusBuf

Input Field
|BwgDth_79

Qutput Feature Class
|HSA_130k_1979

Caonceptualization of Spatial Relationships
|Fi:-:ed Distance Band

Distance Method
|Euclidean Distance

Standardization
|Nnne

Distance Band or Threshold Distance
| 130000

Self Potential Field (optional)

Wreights Matrix File (optianal)

Cancel Ervironments. ..

<¢ Hide Help

Help
Hot Spot Analysis (Getis-Ord Gi*)

Calculates Getis-Ord Gi* statistic for hot
spot analysis,

Gi* Z SCORES




Results from ArcGIS Hot Spot Analysis

SR =] Layers
- StudyireaPlusBuf
Region99
[ significantly Short Lived
[ Mot significant
I Significantly Long Lived
[CIBuffer Areas

N

ER W
Kl AKE

Display | Source

+ & Linear Referencing Tools
+ & Spatial Analyst Tools
- & Spatial Statistics Tools
+ % Analyzing Patkerns
- % Mapping Clusters
2 Cluster and Outlier Analysis {Anselin L
:0_. Cluster/Qutlier Analysis with Renderin
2 Hok Spot Analysis (Getis-Ord Gi*)
:0_. Hot Spat Analysis with Rendering
% Measuring zeographic Distributions

& Utilities
Favorites | Index | Search
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Export Hot Spot Data to SAS

SR =] Layers

-
Ep
Region?d Sopy

I Sigrificant! 3 Remaove
[ Mat signific
Bl Significant| Open Attribute Table

[ClBuffer Are Joins and Relates

@2 Zoom To Layer
Wisible Scale Range

Use Svmbol Levels

Dizplay Selection

Label Features

+ & Linear Referencing
+- {2 Spatial Analyst To - _
= & Spatial Statistics T .=° Convert Features to Graphics. ..
+ % Analyzing Patt
- % Mapping Clusk
5 Cluster an Save &s Layer File.., Export Data. ..
o Clusker O
2 Haok Spot ¢
o Hot Spot ¢
+ % Measuring Ge: PRI,

+ & Utilities
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Cluster Analysis in SAS

dh i I B - T
| x|

Code

|ﬂ Lag
B9 Results of Ouervl For Standardized Reslks ol

Columns  Cluster |F'I0ts | Results | Titles |

Cluster method K.-means cluster options

" Awverage linkage :
d 9 M aximum number of clusters:

" Centroid method

2 : M aximurm number of iterations: 1
¢ K-means algorithm

(" wiard's minimum varance method Seed replacement: ful T

-

Select thiz option to uge existing cluster data to produce
additional tree ar plot output,

Thiz option iz available anly when you have already run
thiz tazk at leaszt once and the generated data source still
eists,

! ¥ Fun task now i
Finish

| I Preview task code
Tasks b

Add Items to Project o :
Create Code 7 Criterion Based on Final

Create Data using Data Grid
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Exploring Clusters

Cluster Analysis Cluster Analysis
Plots Tree Chart

Pseudo F Statistic
180

—

o

=
|

—y
[N}
=

T T T
10 15 20
Number of Clusters Mame ef Observaiien er Clustier

Correlation

Med

Pop| Docs per House
Density 100K Asian Urban Med Inc Inc| Farmland TMhite Black| imer Ind Latin

1| 0.22le2 0.34074| 0.3Z043 O_Z325e&| 0.212e7| -0.1EEz =0.0707E8| 0.06215( -0.02103| -0.01ZE2
=. 0001 =_0001 =. 0001 =_0001 =.000l1 0.000z 0_031E& 01041 06163 0._7707

Med Fawm| Doc per Pop
Crime Asian Incone 100K FCI| Density Latin Amer Ind| Farmland Elack
0.69104 O.5865| 0.49051| 0O.45574 0.43311( 0.32043| 0.zZ04%5 —-0.0%025| 0.054921( -0_045482
=. 0001 <. 0001 =._0001 =. 0001 =._000l1 =. 0001 =. 0001 0_031ZF 0.190& 0.Z673
Mad
House| Med Fam Fop Diocs per
Elack Income Income PCI| Farmland Laint | Amer Ind| Densitcy Beds=s 100K Trban A=ian
-0.96071| 0_412E5&( 0.37378| 0.35357|-0.F1944| 0.10Z72| -0.0%92z5| -0_.0707&| -0.06373| -0.014759| 0.01343| 0.0100%9
=. 0001 <. 0001 =._0001 =. 0001 =. 0001 00141 0.0z276& 0,091k 0.0963 0_7z24E 0.7491 0.810l1
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Chi? Analysis

Chi2 Analysis: Test Relationship between Income and Age at Death

Age At Death
Household Income Total

Low 364 236
High 206 301 507

1107
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Analysis Findings




Are there regional trends for average age at death?

* Yes, there are persistent statistically significant regions in the US
where average age of death is either younger or older than
expected
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Are there specific demographic factors for
early death “hot spots”?

e Lower Incomes
* Fewer physicians and hospital beds

Are there specific demographic factors for late
death “hot spots”?

e | OW crime rates
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Is median income significant?

Average

Above
Average
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Square
Continuity
Adj. Chi-
Square

Haenszel
Chi-Square
Phi
Coefficient
Contingency
Coefficient
Cramer's V

<. 0001




Is number of physicians significant?

Chi2 Analysis Statistic _m
Doctors per Chi-Square | 1] 3
100K m Total Likelihood
i : Ratio Chi-
Square
Continuity
Adj. Chi-

Haenszel
Chi-Square

Contingency
Coefficient
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Summary

1. Are there persistent hot/cold spots? Where are they?
(Explore data spatially)

. Do those hot/cold spots have similar characteristics?
(Explore the attribute data... a-spatial data analysis)

. ldentify a set of hypotheses

. Test those hypotheses




Resources

* 911 emergency call analysis demo:
http://www.esri.com/software/arcgis/arcinfo/about/demaos.html

e Virtual campus free seminar

http://campus.esri.com/
* Articles

http://www.esri.com/news/arcuser/0405/ss crimestatslof2.html
e Online help (“Modeling Spatial Relationships”)

e Instructor-led ESRI training
 The ESRI Guide to GIS Analysis, Volume 2 by Andy Mitchell




The ESRI Guide to GIS Analysis

Volume 2

Chapter 2: Me asuring The ESRI Guide to

Geographic Distributions ‘3& Gi S
-

[
-l'_

Chaptef 3: AﬂaIYZiIlg patterns | Bystat wessicem - ” =====
Chapter 4: Mapping clusters

Chapter 5: Analyzing
relationships




Questions?

LScott@ESRI.com




