a Spatial Skatistics Tools
- % Analyzing Patterns
ArCTOO | B OX . 2 Awerage Mearest Meighbor
- 2 HighfLaw Clustering {Getis-Ord General G)
. . . & Multi-Distance Spatial Cluster Analysis (Ripleys K Function)
S patl a | Statl Stl CS & Spatial Autocorrelation (Marans I)
= % Mapping Clusters
2 Cluster and Outlier Analysis (Anselin Local Morans I
2 Hot Spot Analysis (Getis-Ord Gi*)
= % Measuring Geographic Distributions
2 Central Feature
2 Directional Distribution {Standard Deviational Elipse)
g Linear Directional Mean
g Mean Center
2 standard Distance
= % Modeling Spatial Relationships
2 Generate Metwork Spatial Weights
2 Generate Spatial Weights Matrix
& Geographically Weighted Regression
g Crdinary Least Squares
- % Rendering
v ClusteriOutlier Analysis with Rendering
Yo Collect Events with Rendering
& Count Rendering
:a; Hot Spot Analysis with Rendering
2 7 Score Rendering
= & Utiliies
2 Calculate Areas
& Calculate Diskance Band from Meighbor Count
2 Colleck Events
‘& Convert Spatial Weights Matrix to Table
g Expart Feature Aktribute ko ASCII

Autocorrelation & Statistic Inference

Positive autocorrelation -> redundant sampling

The redundancy causes the selection of samples that
are similar and thus, underestimates the variation of the
population

A smaller variation (standard error) results in an
overestimation of z score

Z=(Xi'xmean)/SE

Which means the sample mean is further away from the
population mean and indicates the inclination to reject
null hypothesis when it actually is true (i.e., commit a
type | error)




Example

« Sample values: 0, 100 StDev = 70.71
« Sample values: 0, 100, 100, 100 StDev =50

Moran’s |

= n (zizjwij(xi_')_c)(xj_)_c)]
zizj Wi zi('xi_)—c)z

Examples of w;

w; = 1if i touches j, else 0

+1: clustering (positive spatial autocorrelation)
0: random
-1: dispersion (negative spatial autocorrelation)




Analyzing Patterns Toolset

Spatial Autocorrelation (Moran’s 1)

* Moran's | -> +1.0: clustering
* Moran’s | -> -1.0: dispersion

% Spatial Autocorrelation (Morans ) BEE]
~
Input Feature Class G
[& NB0_poins | 2 Dispersed
Tnput Field \
[route_density =l i
I Display Output Graphically (sptional) S
of Spatisl
[Inverse Distance ]
Distance Method
[Eucidean Distance ]
[Nane: =]
Distance Band or Threshold Distance C L
0
Weights Matrix File (aptional)
[ =

%@ Gipar
(o s ey | e

Conceptualization of Spatial Relationships

Specifies how spatial relationships between features are conceptualized.

® |nverse Distance—The impact of one feature on another feature decreases with distance.
o Inverse Distance Sguared—Same as Inverse Distance, but the impact decreases maore sharply over distance.

e Fixed Distance Band—Everything within a specified critical distance is included in the analysis; everything
outside the critical distance is excluded.

# Fone of Indifference—a~ combination of Inverse Distance and Fixed Distance Band. Anything up to a critical

distance has an impact on your analysis. Once that crtical distance is exceeded, the level of impact quickly
drops off

® Folygon Contiguity (First Orde)—The neighbars of each feature are only those with which the feature shares a
boundary. All other features have na influence.

® Get Spatial Weights From File—Spatial relationships are defined in a spatial weights file. The pathname to the
spatial weights file is specified in the Weights Matrix File parameter.




Moran's Index = 0.05

Variance = 4.84E-5
Z Score = 8.22

Output

Expected Index = -0.005

& Spatial Autocorrelation (Global Moran's 1)

Maran's | Index = 0.05
Z Score = 8.2 standard deviations

il |

signficncelovet 001 005 010
Critical Yalues:  [-258] [-196) [-165)

There i less than 1% likelihood that this clustered pattem
could be the result of random chance.

RANDOM 010 0.05 001

1165) 198 (258)

Close

Clustered

Analyzing Patterns Toolset

High/Low Clustering (Getis-Ord General G)

@ Input Feature Class

[

o Input field

I~ Display Output Graphically (optianal)

Distance Band or Threshald Distance
o

weights Matrix File (optional)

0K

Cancel

7 & Lows
=1\ =] ke
=
|
El
El
=
Highs
Cluster
Enviionments. << Hide Help ] 3
¥

* Positive Z value: hig

h values are clustered

* Negative Z value: low values are clustered




Output

Observed General G = 3.49E-5
Expected General G = 3.18E-5
General G Variance = 8.66E-13
Z Score = 3.44 Standard Deviations

& High/low Clustering (Getis-Ord General G)

General G Index = 0
Z Scare = 3.4 standard deviations

. e P

Cluster

Highs
Cluster

ek 001 0.05 010 RANDOM 010 005 001
= [253) [196) [-165) 1165) 198 (258)

There i less than 1% likelihood that the clustering of high
walues could be the result of random chance.

Close

Ripley’'s K — L(d)

Ripley's K function illustrates how the spatial clustering or dispersion
of events changes when the distance band changes.

Observed K
— Count # of events within distance band distance for each location
— Calculate the mean of counts

— Divide the mean by the average density (N/Area) within study area
— Repeat for all distance bands (d)

Expected K (random) Statistically
significant
clustering

E(K,)=Amd’ | A =md’ i
A=N/Area

Statistically
~significant
dispersion
atlarger
distances

Observed - Spatial Pattern
Expected - Random Spatial Pattern
~ = === Lower Confidence Envelop
----- Higher Confidence Envelop




K-Function

Study Area = 100 sq unit, N =10
Average density = 10/100 = 0.1 (point/unit area)
d=1.67

(4+3+4+3+2+2+2+2+1+1)/10= 2.4 (average points per d)
K=24/0.1=24
E(K)=3.1416 x 1.672=8.76158775

Multi-Distance Spatial Cluster Analysis: Ripley's k-function

% Multi-Distance Spatial Cluster Analysis (Ripleys K Function)

Al ) Help

Multi-Distance
Spatial Cluster
Analysis (Ripleys K
Function)

& Input Feature Class
I
& Output Table

|

Number of Distance Bands

The Multi-Distance Spatial

| 1

Compute Confidence Envelope (optional)

0 Permutations - no confidence envelope

™ Display Results Graphically

Weight Field {optional)

Beginning Distance (optional)

Distance Increment {optional)

Boundary Correction Method (optional)

| None:

Study Area Method (optional)

[ Mirimum Enclosing Rectanale

Study Area Feature Class {optional)

=]

Cancel

&

I

Enviorments | << HidsHeln_ |

Cluster Analysis (Ripley's
K-function) tool determines
whether a feature class is
clustered at multiple
differant distances The tool
outputs the result as a
table and optionally as a
pop up graphic

v
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Clustered
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Dispersed

Mapping Clusters Toolset
Cluster & Outlier Analysis
(Anselin Local Moran’s | - LISA)

£ Cluster and Outfier Analysis (Anselin Local Morai =]

@ Hels

Cluster and Outlier Analysis
{Anselin Local Morans I)

& Input Feature Class

o InputField

Given a set of weighted data poirts,
identifies those clusters of points with
values similar in magritude, and those
clusters of points with very
heterngeneous values.

4 Output Featurs Class

of Spatial Relationships

[inverse Distance =
Distance Method

|Eucldean Distance |
fNone 5|

Distance Band ar Threshold Distance

Weights Matrix File (aptional)

Outputs
. LMi e e
e LMz

— High positive Z: surrounding values are similar (either high or low)
— Very negative Z: surrounding values are dissimilar




Mapping Clusters Toolset

Hot Spot Analysis (Getis-Ord Gi*)

£ Hot Spot Analysis (Getis-Ord Gif)

o Input Feature Class fiiFT
| |
o Input field 1 a
[ | A
e B
& Qutput Feature Class bttt
] »
of Spatiel
i Dist =~
= A4
fi El
Distancs Band or Threshold Distance
0
Self Potential Field (aptional
[ El
Weights Matrix File (aptional)
[ = L
| Gi* Z SCORES
oK Concel | Enviormen is. | << Hop

Output Gi (Z score)

— Higher positive (or lower negative) G; -> stronger association of high or
low values

— G;near 0: no apparent concentration of hot or cool spots

Analyzing Patterns Toolset

Average Nearest Neighbor

S Average Nearest Neighbor

o Input Feature Class e s
= SE
* Dispersed
= * e .
™ Display Output Graphically {optional) % .
.
Area (optional) CRCR .
.
" *
°s ®
.o
.
.
St
o
o
3 Clustered
B .
K Carcel | Enviionments... | < Hide Hel
e | _ccumatn | s

» Nearest Neighbor Ratio = Observed Mean Dist / Expected Mean Dist
>> 1 (Dispersed) =1 (Random)  <<1 (Clustered)
» Expected Mean Dist is based on a hypothetical random distribution




Output

Nearest Neighbor Observed Mean Distance = 3756.9
Expected Mean Distance = 4215.6

Nearest Neighbor Ratio = 0.89

Z Score = -3.55 Standard Deviations

& Averape Nearest Meighbor Distance E@

Observed Mean Distance / Expected Mean Distance = 0.83
Z Scare = 36 standard deviations

2 ar
et

< 001 005 010 RANDOM 010 005 001
[-258) (196) [-165) [165) [158] (258)

LI Digpersed

Clustered

There i less than 1% likelihood that this dispersed pattem
could be the result of random chance.

Close

Density Functions

* Visualization and interpolation

* ArcGIS Spatial Analyst — Density Toolset
— Point Density and Line Density tools

Point location

Point count Point density
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Point Cluster Mapping

CrimeStat 11

=]

Data setup Spatial description I Spatial modeling1 Crime travel demand] Optionsl

Spatial Distribution | Distance Analysis | | Distance Analysis Il | Hot Spol’ Analysiz| "Hot Spal’ Analysis 1 ]

¥ Spatial and Temporal Analysis of Crime [STAC) Save ellipses to..
STAC Parameters Output urit: Miles L Save conver hullto. .
V¥ K-Means Clustening (KMeans} [ Lz secondan fie for init Sarve result b
Clusters: 5 Separation: [4.0 - Save elipses to..
Humberof = 184 Ed Save convex hull to.
standard deviations . i st e
for the elipses:
& ! o W e

Compute it | Help

http://www.icpsr.umich.edu/CRIMESTAT/

CrimeStat Il [9(=]

Data setup I Spatial description] Spatial modelinﬂ Crime travel demand] Optionsl

Primay Fite | Secondary File | Reference File | Measurement Parameters |

Select Files
Edit HEWDVEJ

Wariables

Mame File Colunmn Mizsing walues

X | C:\Documents and Settings\iduh\My DocumentstdownloadiC v | [LON =] [<Blanks  ~| |
3 |E:\Documents and SettingshjduhiMy Documents\downluad\[;] ‘LAT Lj |(Elank> _vJ
Z [Intensity] ]C:\Documents and Settingshjduhiby Documants\downluad\ELl m
Wiaight | C:\Documents and Settings\iduh\My DocumentstdownloadiC v | [<None>  «| [<Blanks =] |
Time [CADocumerts and Setings\iduMy DocumentssdownloadsC = | [<Mores =] [<Blark> =]

Ditectional [ 000 s and Sel d ishdownloadit =] [honss =] [<Blanks =]
Distence  [E\Deeumerts and GatingsidubMy Documents\dmarloadhE =] | Hone> ] [Blenk =]

i Type of coordinate system Data units Tirne: L it
@ Longtitude, latitude [spherical) &' Decimal Degiess 1] £ Hours © Months
" Projected (Euclidean] 2 € Kilometers &+ Days  ‘ears
" Directions [angles) € bet £ Mautical O weeks

mpute Quit | Help
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Measuring Geographic Distribution Toolset

Mean Center

% Mean Center

& InputFeature Class INPUT

& Output Feature Class
E .
[ .

Weight Field (optional) -
.

Case Field (optional) L]

Dimension Field (aptional)
I = ¥

- = ouTpuT
aK Cancel Environments... << Hide Help

Measuring Geographic Distribution Toolset

Central Feature

% Central Feature

& InputFeature Class INPUT
- |
=1 [=] .
& Output Feature Class .
E .
I .
.
Distance Method '-'
Euclidean Distance R .
[ Bl °s e
Weight Field (optional) P

Self Patential Weight Fild (optional) ’

ok Cancel Environments... | <¢ Hide Help OUTPUT |




Measuring Geographic Distribution Toolset

Standard Distance

% Standard Distance g@@

-
& InputFeature Class INPUT
| |&

J = (=] T

» Ouput Standard Distance Feature Class .
E .
| .
.
Circle Size LR
[1 Standard Devistion -] o
*s o
‘wmm Field {optional) = 0
Case Field (optional) *

[ Cancel | Emvionmnents., | < Hide Holp | ouTPUT

+ 1 stdv (68.26%)
+ 2 stdv (95.46%)
* 3 stdv (99.73%)

Measuring Geographic Distribution Toolset

Directional Distribution

% Directional Distribution (Standard Deviational Ellipse)

& InputFeature Class INPUT

| | e
& Cuput Ellipse Feature Class = .

[ .

L]

Ellipse Size '..

,—J; e = .

1 Standard Deviation J P

eight Field (optional) LK

Case Field {optional) *

OUTPUT
oK Cancel Environments.. << Hide Help
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Measuring Geographic Distribution Toolset

Linear Directional Mean

@ InputFeature Class

& Output Feature Class

I~ Orientation @nly

Cass Fisld {optional)

oK Cancel Environments...

<< Hide Help

INPUT

I
4

—

A4

7

QUTPUT

Modeling Spatial Relationships

« Input Feature dass

4 Dependsnt variable

& Explanatory variablefs)

Geographically Weighted
Regression

Performs GWR, a local form of linear
used to model spatially

« Output Feature class

N ENEN: NIRRT

Kernel type

[FreED
Bandwidth method

AlCc
Distance (optional)

L 1 (B

Mumber of neighbors {optional)

Wights {optional)

¥ Additional Parameters (Optional)

oK Cancel Enviranments. ..

L]

<< Hide Help

varying relationships. Requires an
Arcinfo, Spatial Analyst, or
Geostatistical Analyst License.

B

Income

U BD
+

By
Population

+

ﬁ :

Tool Help
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