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Agenda

Introduction to GIS
Location! The importance of choosing your projection

Spatial Statistics: An Overview

Descriptive spatial statistics
* Histograms, Standard Deviational Ellipse

Inferential spatial statistics
* Global: Analyzing broad spatial patterns
- Spatial Autocorrelation

* Local: Mapping clusters
- Hot Spot Analysis



: Turn RIGHT onto E OCEAN BLVD.

: Turn RIGHT onto S TERMINO AVE.

Estimated Time: 2.0 hours 10 minutes

B: 4000 E Olympic Plz, Long Beach, CA 90803-2828

Total Time: 2.0 hours 10 minutes

Geographic Information Systems

: End at 4000 E Olympic Pz Long Beach, CA 90803-2828

Estimated Distance: 118.62 miles

Total Distance: 118.62 miles

2.2 mi

0.1 mi

Get help on the go! MapQuest directions now by phone with 1-800-FREE411 (1-800-373-3411).
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oraphic Information Systems
1n everyday life
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http://mappler.net/gasstation/
http://hint.fm/wind/
http://google.org/crisismap/sandy-2012

Geographic Information Systems
1n everyday life

2008 Vote and Predominant Race @ .) Credit elect ! ;
reait. etcectorat-vote.com

Credit: SSSL & ESRI

Most of the nation shifted to the right in Tuesday's vote,
but not far enough to secure a win for Mitt Romney. In 2008, Barack Obama drew increased support from nearly every
demographic category, and most of the nation shifted to the left.

Credit: New York Times

Credit: NPR


http://atlas.esri.com/Atlas/VoterAtlas.html?t=1&m=2&x=-98.71&y=39.56&l=5
http://www.nytimes.com/interactive/2012/11/07/us/politics/obamas-diverse-base-of-support.html?smid=FB-nytimes&WT.mc_id=PO-E-FB-SM-LIN-HOW-110712-NYT-NA&WT.mc_ev=click
http://www.nytimes.com/interactive/2012/11/07/us/politics/obamas-diverse-base-of-support.html?smid=FB-nytimes&WT.mc_id=PO-E-FB-SM-LIN-HOW-110712-NYT-NA&WT.mc_ev=click
http://www.nytimes.com/interactive/2012/11/07/us/politics/obamas-diverse-base-of-support.html?smid=FB-nytimes&WT.mc_id=PO-E-FB-SM-LIN-HOW-110712-NYT-NA&WT.mc_ev=click
http://www.arcgis.com/home/webmap/viewer.html?webmap=87bb88214d2944bbbf1d9d9255c812ca&extent=-100.12,38.35,-60.02,38.53
http://youtu.be/oesCbG5CvMA




What 1s GIS?

A geographic information system (GIS) is a computer-based tool
that links geographic information (where things are) with
descriptive information (what things are).
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Identify (=]
Identify from:  [&% RC_Crime_June_to_Sept_2012_clipped v
(=)-RC_Crime_June_to_Sept_2012_dipped
Assault with Deadly Weapon
&M
Location: -122,218979 37.477397 Decimal Degrees »
Field Value e
OBJECTID 284 |
Shape Point |
X -122.218877
Y 37.477491
4 || Crime_Type Assault with Deadly Weapon £|
Date_Time 6/26/2012 11:29:00 PM
Address 800 Block SHASTA ST
Description  Adw Not F/Arm Or Frce:gbi
Agency Redwood City Police |
1| City_1 Redwood City
State_1  CA
Al « L »
=" | |Identified 1 feature

e

Paper map

Digital map




What 1s GIS?

A GIS is: "A system for capturing, storing, checking, integrating,
manipulating, analyzing and displaying data which are spatially
referenced to the Earth (Chorley, 1987)."

Monitoring Wells
Well ID |Date Sampled [Concentration

C-64 5158/94 300

C-8A 518/94 20|~ ] g 9 v

C13A 58194 120 MY e 7

CATA 513194 560 s s ¥
Industries

|Facility |address

Acme 3029 Convington Dr
Fox 742 West Lake St, '
TPC 90 Aspen Dr.

Population
Family Name |Occupants |Addresss
Blake 6 79 Circutt St
Hernandez 2 148 Plain St.
Joy 4 18 Wehster &1,
Smith 5 4321 Tecumseh Dr




ﬁ How GIS Works
>

A GIS stores information about the There are 2 basic spatial data types
world as a collection of thematic representing the real world:
layers that can be linked together
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Location, location, location!!
Earth Reference Systems

Geographic Coordinate Systems  Projected Coordinate Systems

_ - : 1
Lat: 53°05'30" \
Long: -60°00'00"

-
i

Latitude, Longitude: Mercator, UTM, State Plane,
Always ask for the Datum! Albers Equal Area, Equidistant



The Importance of Projections
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The Importance of Projections - cont




Which Projection?

Albers equal area
coordinate system

Transverse Mercator
coordinate system

Latitude-longitude 84
coordinate system

Always work in Projected Coordinate Systems!



Which projection to use??

v- What is the map’s purpose?

For general reference and atlas maps, you usually want to balance shape
and area distortion

* If your map has a specific purpose, you may need to preserve a certain
spatial property— shape, area—to achieve that purpose.

..........

F F’,e et l\\ _\.
[ ° / / \\ 7 "‘ii
= What shape is your area of interest? W,
* Areas that extend along a great circle: cylindrical projection =~
* Areas that extend along a small circle: conic projection /é:\
— A\

* Areas that are approximately circular: azimuthal projection (Q:.f;i\ -

= Which part of the world does your map show?
* Tropical regions: cylindrical projection
« Middle latitudes: conic projection
« Polar region: azimuthal projection
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www.crimereports.com

GIS Functions (I): Data Gathering
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)DK Collect > Dcorréncia

. Tire uma fotografia da ocorrencia
Take Picture

Choose Image

Google

Field data gathering
with mobile phones:
Surui Forest
Carbon Project



ﬁ‘ Assessing the Impact of Land and Forest Laws
Y on Forest Cover in the Brazilian Amazon

By Brenda Brito do Carmo,
Theo Gibbs-Plessl,
and Tamer Shabanl,
Stanford University

' Braz//ran/\mazon
\ Parad




GIS Functions (II): Spatial Analysis

Buffer Analysis
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Which parcels are within 80m of the road? |
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GIS Functions (I11): Visualization

i

b
Greed
Average income compared with
number of people living below
the poverty line.

a
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Sloth

Expenditures on art,
entertainment, and recreation
compared with employment.

Pride

Aggregate of the other six
offenses—because pride is the
root of all sin.

sainTLY 0

W DEVILISH

! o

E_ .
&

Envy

Total thefts (obbery, burglary,

larceny, and grand theft auto)
per capita.

Gluttony

Wrath

Number of violent crimes
(murder, assault, and rape) per
capita.

Lust

Number of fast-food restaurants Number of STD cases reported

Per capita.

per capita.




Demonstration

The Ambiguity
of Map

Symbolization
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Spatial Statistics in GIS

Spatial statistics:

“Spatial statistics is the collection of statistical

methods in which spatial locations play an explicit

role in the analysis of data (Ribeiro and Diggle,

2001)”

— Incorporate space (area, length, proximity,

orientation, and/or spatial relationships)
directly into their mathematics

— Set of exploratory techniques for describing
and modeling spatial data and spatial processes .

Spatial statistics extend what the eyes and mind
do naturally to assess spatial patterns,
trends and relationships.
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Where are gang territories Where are hot spots of foreclosures in
overlapping in our city? the U.S.?



Recognize patterns and
trends

Identify outliers and
anomalies

Visualize relationships,
proximity,
connectivity

H - Interpolate and
Credit: ESRI extrapolate

Why are people dying young in
South Dakota?



ﬁ, Why use spatial statistics?

To Assess:

Patterns
Relationships

Trends

How we present our results in a map:
Colors
Class Breaks
Symbols Style & Size
Can either enhance or obscure
communication
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First step always, Explore your data!

= * Why explore your data?

- Allows you to better select an appropriate tool to analyze
your data

* Data exploration should always be the first
step during a data analysis project

- What Factors to consider when exploring
your data?

What is the Spatial/Geographic location of your data?
What are the most common data values?
How 1s the value of the data related to its location?

Lo IO

How do I use this information to select an analysis tool?
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Exploring your data

Explore the Location of your data

* Factors to consider
 Where 1s the data?

« Spatial Distribution of the data
Explore the Values of your data =
+ Normally distributed data? -
* Frequency of your data? Distribution? | | =

- Explore Spatial Relationships in your data TIB i

* Value of the data related to 1ts location:

* Tobler’s first law of Geography: “Everything is related

to everything else, but near things are more related than distant things”

* Variation in your data, Outliers

Explore Trends in your data
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Descriptive Tools:
Measuring Geographic Distribution

easuring Geographic Analyzing Mapping Modeling Spatial
Patterns Clusters Relationships

* Questions s

* Which neighborhood is most accessible?

* Is there a directional trend or bias in
incidents?
* What i1s the primary direction of urban
growth? -

* Where i1s the crime center?

vvvvvvvv

* Which gang has the broadest territory? enrie

* Which type of crime is most A
concentrated? RaiEr Y
N.'GIHTM PACIFIC OC.'F,”A«‘_. .l:.
ey prassntt 7"..:. e kit

i
v



Measuring Geographic Distribution:
Finding the Center

The Mean Center tool computes the average x and
y coordinate, based on all features in the study area

. . . o
L]
L
- A
. - -_— = '
- . T LA A
o AR N T
e % o A Vet
A St "y ok N

T R
A

a ie . E |0 o,

,.I."?‘.. H ,!_\-I. '_;
AT TR T N T S - v
R
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Credit: ESRI




Demo: Crime events in Redwood City,
June — September 2012

Mean Center = geographic center

Median Center = location that minimizes
Euclidean distance

Weight Field: gives more importance to
some features

Case Field: groups features for separate
calculations

Attribute Field: numeric field to be calculated

Atherton &
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o
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A i
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Sreakng & Enterng
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MiEsing Ferson
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Mean by crime type




Measuring Distribution and Direction:
Standard Deviational Ellipse

Central tendency, orientation & dispersion
Abstracting spatial trends in a distribution of features
Comparing distributions over time




= Asian

- Hispanic

- Black

(=

= White

Measuring Distribution and Direction:
Standard Deviational Ellipse

Segregation Index =

EiNE.NEsN... E,

EtUEBE.UE;U... E,

2931680545.83
1- = 0.63
7994760004.92

Credit: ESRI



Directional distribution

Normal distribution

4

1-=68% of features

-a' Directional Distribution {Standard Deviational Ellipse) !El m | 2 — 95% .Of; 'fe a’tures

[ rorestrecess =

» Input Feature Class

w Output Ellipse Feature Class

Elipse Size

[

[

32

1_STANDARD_DEVIATION
Z2_STANDARD _DEVIATIONS
3_STANDARD DEVIATIONS
e

3.= 99% of features




Spatial Distribution of Piracy

Pirate attacks :
March 2007 —
August 2007

= Pirate attacks :
Sept 2007 -
> February 2008

Pirate attacks :
March 2008 —
- August 2008

Pirate attacks :
Sept 2008 -
February 2009



Start with a null hypothesis

The null hypothesis for the
ArcGIS Spatial Pattern
Analysis tools 1s CSR:

Complete Spatial
Randomness
Reject the null hypothesis
1f the result (the p-value/z-
score) 1s statistically
significant

E.g. Sudden Infant Death
Syndrome (SIDS)

Inferential Statistics

Significance  Critical Value
p-value z-score

00lmm < -258
005mm -258--1.96
0.10=3 -196--1.65
C3-165- 1.65
0.10=3 1.65- 1.96
005mm 196- 258
001mm > 258

Significant Sigrificant:

0.01 0.05 0. 10 0.1 :
2.53-1.96 -1.6 1.65 58
Dlspersed Random Clustered




Reject null hypothesis:

No random pattern

P-values are probabilities

Small p-values, like 0.01, mean

it is UNLIKELY the pattern is
random

Z-scores are standard
deviations and can be
mapped to specific p-values

Z Score P-Value Confidence
(Standard (Probability) Level
Deviations)

+/-1.65 0.10 90%
+/-1.96 0.05 95%
+/-2.58 0.01 99%

What 1s a z-score? What 1s a p-value?

Significance  Critical Yalue
p-value z-score

0.0l mm < -2.58
0.05 = -2.58--1.96
0.10=23 -1.96--1.65
== B3 =1,65=:1.65
0.10=3 1.65- 1.96
0.05mm 196- 258

Moran's I Yalue: 0.33
z-score: 5.73
p-value: 0.00

0.0l=m > 258
— (Random) —
Significant Significant
0.01 0.05 0.10 0.10 0.05 0.01
-2.58 -1.96 -1.65 1.65 1.96 2.58
‘- W w > ‘I . l: i !
U &= f
[ 8 | | A ‘ = .
b7 o - .
Dispersed Random Clustered

Given the z-score of 5.73, there is a less than 1% lkelhood that this
clustered pattern could be the result of random chance.




Inferential statistics tools: types

- Global Spatial Autocorrelation Statistics:
Analyzing broad spatial patterns

How intense is the clustering?

Spatial Autocorrelation: Moran’s I

- Local Spatial Autocorrelation Statistics:

Mapping clusters, outliers
Where is the clustering?

Hot Spot Analysis: Getis-Ord G



Global Spatial Autocorrelation Tools:
Intensity of Clustering

Measuring
Geographic
Distribution

|
Analyzing Mapping Modeling Spatial
Patterns Clusters Relationships

1969 ‘ 1985 ” 2002 '

Which crime type is most concentrated?

Is there an unexpected spike in

Does the spatial pattern of the disease mirror foreclosure rates?

the spatial pattern of the population at risk? o
Are new AIDs cases remaining

& analyzing Patterns
2 Average Nearest Neighbor
& HighfLow Clustering (Getis-Ord General G) spreading to nearby counties?
2 Multi-Distance Spatial Cluster Analysis (Ripleys K Function)
2 Spatial Autocorrelation (Morans I)

Geographically fixed or are they




Global Spatial Autocorrelation Tools:

Spatial Autocorrelation

Measuring

Spatial Statistics Toolbox

Geographic
Distribution

ey
ZScore = 4.2

=033
6 standard deviations

I
Z5core =521

1 standard deviations

sssssssssssssssssssssssssss

spiicas st 001 005 010 RANDOM 010 005 001 sl 001 005 010 RANDOM 010 005 001
Citialvins  (258] (195] (185) 165 158 (259 Ol (258) (136) (165) (155 (%) @5%)

EEEEE

EEEEE

[
.
™ _‘\!.':3%‘!

= Spatial Autocorrelation (Global Moran...@@@

uuuuuuuu

nnnnn =2.4 sardard deviations

z
d Dispersed

EEEEEEEEE

signficwee Lot 001 005 010 RANDOM 010 005 001
G Velues [268) [136) (165) (185 01%6] (258

EEEEE

& 4nalyzing Patterns
2 Average Nearest Neighbor
B High/Llow Clustering (Getis-Ord General G)
& Multi-Distance Spatial Cluster Analysis (Ripleys K Function)
B Spatial Autocorrelation (Morans I)

‘ 1969 1979 1989 1999




Q\ Exercise: Are crime locations random chance?
' Spatial Autocorrelation

Moran’s I tool measures spatial autocorrelation based on both feature
locations and feature values simultaneously.

Crimes are events that do not have feature values.

To go from events to values we used the Integrate and Collect tools.

Model Edit  Insert View Windows Help
a8 x AN kS|P

Model Builder example



=& Spatial Statistics Tools

Eﬁg Analyzing Patterns

.3:' Average MNearest Neighbor

&' High/Low Clustering (Getis-Ord General G)

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

3; Spatial Autecorrelation (Morans 1)

Spatial Autocorrelation Report

Motan's Index: -0.010737 Significance Level Critical Value
z-score: 0.101326 £ (pvalee) {z-score)
0.01 g <-2.58
p-value: 0.919292 0.05 B3 -2.58--1.96
0.10 /| -1.96--1.65
-~ [J -1.65-1.65
0.10 - 1.65-1.96
0.05 B 1.96-2.58
001 EE >258
1—' '—
Significant Significant

Given the z-score of -0.10, the pattern does not appear to be significantly different than
random.

Global Moran's I Summary

_j}' Spatial .l\utomrre-laticg[Mora‘rlsl ]}‘ -

Exercise: Are crime locations random chance?

Spatial Autocorrelation

F A -‘

Input Feature Class
|E:\SpatiaI_Statistics_EarthSciences\Data_spatiaI_statistics_Earth_Sciences\Sharks.gdb\sharks_collected ;I @

Input Field
ICOUNT -

Generate Repart (optional)
Conceptualization of Spatial Relationships

FIXED_DISTAMCE_BAMD -
Distance Method

EUCLIDEAM_DISTAMCE -
Standardization

MOME -

Distance Band or Threshold Distance {optional)

Weights Matrix File {optional)
>

Spatial Autocorrelation (Morans I) settings

Resis B S e e

BIEI Current Session

Spatial Autocerrelation (Morans I) [232538 11082012]

= Index -0.010737

= ZScore: -0.101326

= PValue: 0.919292

0

0 Inputs

[ Environments

BE] Messages

.. @ Executing: SpatialAutocorrelation Redwood_City_crimes_collected_50meters ICOUNT GENERATE_REPORT FIXED_DISTAMCE,
(1) Start Time: Thu Nov 08 23:25:37 2012

- @ Running script Spatial Autocorrelation...

../, WARNING 000853: The default neighborhood search threshold was 2163 46889177269,
@ Global Moran's I Summary

-[1) Moran's Indexe -0.010737

-.[1]) Expected Index: -0.007299

[ Variance: 0001151

- @ z-sCore -0.101326

[ pvalue 0919292

= @ Writing html report....

-.[1) E\Users\pcarb\Documents\ArcGIS\Morans]_Result2.html

- @ Completed script SpatialAutocorrelation...

.. ® Succeeded at Thu Nowv 08 23:25:38 2012 (Elapsed Time: 1.00 seconds)




Local Spatial Autocorrelation Tools:
Hot Spots & Outliers
Spatial Statilstics Toolbox

Measuring
Geographic
Distribution

Analyzing Mapping Modeling Spatial

Patterns Clusters Relationships

I& Mapping Cluskers I

& Cluster and Outlier Analysis (anselin Local Maorans I)
2 Hot Spot Analysis {Getis-Ord Gi%)
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@ HH: High values cluster
)
. HL: High value among low values 8

@ LH: Low value among high values| * *
@ LL: Low values cluster

Which houses sold for much more Where are the 911 call, crime,
than expected? arson, disease... hot spots?
Where do we find anomalous Where do we see unexpectedly

spending patterns? high rates of urban growth?



ﬁ\ Local Spatial Autocorrelation Tools:
ﬁ Hot Spot Analysis

= Hot Spot Analysis:
Spatial cluster detection method which 1dentifies statistically significant spatial
concentrations of the high and of low values associated with a set of geographic

features.

* Never accept the defaults! 3 Things to Consider:

* Conceptualization of Spatial Relationships (what constitutes to be a neighbor?)

!

I

L s S S

Inverse Distance  Fixed Distance Zone of Indifference Polygon Contiguity

— e —&

» Analysis Weight Field
 Integrate & Collect for points

* Scale of analysis or distance
» Geographic extent of the spatial process
» At least one neighbor
» Distance band that reflects maximum
spatial autocorrelation




Multi-Scale Exploratory Analysi

 Nulti-Distance Spatial Autocorrelation (Ripley's - IO

y -

Distance band that reflects maximum
spatial autocorrelation
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= B3 SupplementarySpatialStatistics
£ Documentation
£ Scripts
= “ Supplementary Spatial Statistics

AepralyaingeFlaties
&' Incremental Spatial Autocorrelation
odeling spatia
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= “ Collect_Integrate

;3“ Sharks_collect_integrate
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Spatial Autocorrelation by Distance
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Exercise: Hot Spot Analysis

Spatial Statistics Tools
% Analyzing Patterns

----- & Average MNearest Neighbor

----- " High/Low Clustering (Getis-Ord General G)

----- E Multi-Distance Spatial Cluster Analysis (Ripleys K Function)
----- & Spatial Autocorrelation (Morans )

-8 Mapping Clusters

----- &7 Cluster and Qutlier Analysis (Anselin Local MoransT)

----- & Hot Spot Analysis (Getis-Ord Gi*)

= Hot Spot Analysis (Getis-Ord Gi¥)

Input Feature Class
I Redwood_City_crimes_collected_S0meters
Input Field
ICOUNT
Output Feature Class
E:\spatial_Statistics_Law_Conference\Crime_data_Peninsula\Projected_data.gdbHot_Spot_# @

Conceptualization of Spatial Relationships

=1 g

IXED DISTAMCE BAMD -
I Distance Method
EUCLIDEAM_DISTAMCE -
Standardization
| NOMNE -
|| Distance Band or Threshold Distance (optional)
1500
Self Potential Field {optional)

Weights Matrix File (optional)




Regression Analysis:
How much is crime explained by population density?

Ordinary Least Squares

Table
A
= - - o df x ] .
\@ clfsc B dP% Ef‘t_ & =t Ordinary Least Squares [065759_11092012]

5::;5: il - o {El] Output Feature Class: OLS_pop
Palygon 15,5633 [ 78.47366 | 4641486 Coefficient Output Table: <empty>
Foboon | a7 |17 [2 e Diagnostic Output Table: <empty>
Polygon 11.14586 20.85414 | 1.233481 @ Inputs
Polygon 37.0178 17.98239 | 1.063608 a
Polygon 13.23686 16.76314 | 0.991480 {ﬁ Environments
s | et (D) Messages
Polygon 3391421 7608579 | 0450028 @ Executing: OrdinaryLeastSquares block_groups_with_Crime_projected OBJECTID EM\Spatial_Statistics_Law_Conferenceh\Crir
Fabon | & uness | arsatéa [ossrens (D) Start Time: Fri Nov 09 06:40:57 2012
ggzgg: o) s s % Running script OrdinaryLeastSquares...
Folygon 6025408 | 0.071502 | 0.004238 Summary of OLS Results
PDWSDH 7.877455 0.022545 | 0.001333 - . v _— e
Polygan SET32s | 067325 [0.039620 -.{i] Variable Coefficient StdError t-Statistic Probability Robust_SE Robust_t Robust_Pr

- (i) Intercept -1.712047 4757535 -0.359860 0.720501 3.970287 -0.431215 0668205

—— . -[i] TOTPOP_CY 0.0070830.002158 3.284786 0.001820% 0.001933 3.666909 0.000605%
OLS Crime and Population @
StdResid @ OLS Diagnostics

I < -2.5 5td. Dev. @ Input Features: block_groups_with_Crime_projected Dependent Variable: COUNT_

[ -25--1.5 5td. Dev. -.[i] Number of Observations: 51 Akaike's Information Criterion (AICc) [2]: 437630402

[1-1.5--0.5 5td. Dev. E] Multiple R-5Squared [2]: 0180462 Adjusted R-Squared [2]: 0163737

[]-0.5- 0.5 5td. Dew., @ Joint F-Statistic [3]: 10.789819 Prob(=F), (1,49) degrees of freedom: 0.001889*
[10.5-1.55td. Dev. @ Joint Wald Statistic [4]: 13.446219 Prob(>chi-squared), (1) degrees of freedom:  0.000246%
15 - 2.5 5td. Dew. @ Koenker (BP) Statistic [5]: 0145684 Prob(>chi-squared), (1) degrees of freedom:  0.702695
B > 2.5 5td. Dev. @ Jarque-Bera Statistic [6]: 223772848 Prob(>chi-squared), (2} degrees of freedom:  0.000000%

- W -{i] Motes on Interpretation
@ * Statistically significant at the 0.05 level.
@ [1] Large VIF (= 7.5, for example] indicates explanatory variable redundancy.
@ [2] Measure of model fit/performance.
@ [3] Significant p-value indicates overall model significance.
@ [4] Significant p-value indicates rebust overall medel significance.
@ [5] Significant p-value indicates biased standard errors; use robust estimates.
@ [6] Significant p-value indicates residuals deviate from a normal distribution.

{0

..... /A WARNING 000851 : Use the Spatial Autocorrelation (Meran's [} Teol to ensure residuals are not spatially autocorrelated.




ﬁ\ Gender Equity & Inheritance Reform
& | Evidence from Rural India

yWhat is gender-equalizing land inheritance reform’s impact?
Does it improve gender equity in land inheritance’s distribution?

)y A Ve T U TUT I 7S AT |
Legal Context | T s S b ‘
Hindu Successi Future Geospatial Analysis N
Daughters gain inde; e »

land, on par with

State Amendments Legal diffusion & geography
19. + Spatial patterns of litigation for

Growing women’s € gender-equal land inheritance
ins

o4 8.5
X
2
{‘t: ,‘;\) {

Legal diffusion & dissent
« Correlation between geography of
litigation & organized social dissent

Rachel Brule, PhD Candidate in Political Science, Stanford University



Spatial Statistic Software & Tutorials

* Proprietary
* ArcGIS
- Matlab

* Open Source
- R
« GRASS
* OpenGeoda

« Tutorials & Other Resources

* http://blogs.esri.com/esri/arcei1s/2010/07/13/spatial-
statistics-resources/

* http://www.ai-geostats.org/

* http://www.sal.uiuc.edu/

* http://www.spatial-statistics.com/software index.htm



http://blogs.esri.com/esri/arcgis/2010/07/13/spatial-statistics-resources/
http://blogs.esri.com/esri/arcgis/2010/07/13/spatial-statistics-resources/
http://blogs.esri.com/esri/arcgis/2010/07/13/spatial-statistics-resources/
http://blogs.esri.com/esri/arcgis/2010/07/13/spatial-statistics-resources/
http://blogs.esri.com/esri/arcgis/2010/07/13/spatial-statistics-resources/
http://blogs.esri.com/esri/arcgis/2010/07/13/spatial-statistics-resources/
http://www.ai-geostats.org/
http://www.ai-geostats.org/
http://www.ai-geostats.org/
http://www.ai-geostats.org/
http://www.ai-geostats.org/
http://www.sal.uiuc.edu/
http://www.sal.uiuc.edu/
http://www.sal.uiuc.edu/
http://www.spatial-statistics.com/software_index.htm
http://www.spatial-statistics.com/software_index.htm
http://www.spatial-statistics.com/software_index.htm
http://www.spatial-statistics.com/software_index.htm
http://www.spatial-statistics.com/software_index.htm
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	Spatial Statistics & Geographic Information Systems (GIS) 
	Patricia Carbajales, Stanford Geospatial Center 
	carbajales@stanford.edu 

	Agenda 
	• 
	• 
	• 
	Introduction to GIS 

	• 
	• 
	Location! The importance of choosing your projection 

	• 
	• 
	Spatial Statistics: An Overview 

	• 
	• 
	• 
	Descriptive spatial statistics 

	• Histograms, Standard Deviational Ellipse 

	• 
	• 
	Inferential spatial statistics 


	• Global: Analyzing broad spatial patterns 
	• Spatial Autocorrelation 
	• Local: Mapping clusters 
	• Hot Spot Analysis 
	Geographic Information Systems in everyday life 
	Geographic Information Systems in everyday life 
	Geographic Information Systems in everyday life 

	Figure
	Link
	Figure
	Credit: imsocio.org 


	Credit: google.com 
	Figure
	Credit: Hint.fm 
	Geographic Information Systems in everyday life 
	Credit: New York Times 
	Credit: New York Times 
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	NYT Infographics 
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	• 
	• 
	. ·,,~~­
	What is GIS? 
	A geographic information system (GIS) is a computer-based tool that links geographic information (where things are) with descriptive information (what things are). 
	Paper map Digital map 
	What is GIS? 
	A GIS is: "A system for capturing, storing, checking, integrating, manipulating, analyzing and displaying data which are spatially referenced to the Earth (Chorley, 1987)." 
	GIS Layers Real World 
	How GIS Works 
	A GIS stores information about the There are 2 basic spatial data types world as a collection of thematic representing the real world: layers that can be linked together by geography Raster Vector 
	Figure
	Location, location, location!! Earth Reference Systems 
	Geographic Coordinate Systems Projected Coordinate Systems 
	Figure
	Latitude, Longitude: Mercator, UTM, State Plane, Always ask for the Datum! Albers Equal Area, Equidistant 
	The Importance of Projections 
	Figure
	The Importance of Projections - cont 
	Figure
	Which Projection? 
	Always work in Projected Coordinate Systems! 
	Which projection to use?? 
	Figure
	
	
	
	
	

	What is the map’s purpose? 

	• 
	• 
	• 
	For general reference and atlas maps, you usually want to balance shape and area distortion 

	• 
	• 
	If your map has a specific purpose, you may need to preserve a certain spatial property— shape, area—to achieve that purpose. 



	
	
	
	

	What shape is your area of interest? 

	• 
	• 
	• 
	Areas that extend along a great circle: cylindrical projection 

	• 
	• 
	Areas that extend along a small circle: conic projection 

	• Areas that are approximately circular: azimuthal projection 
	Figure



	
	
	
	

	Which part of the world does your map show? 

	• 
	• 
	• 
	Tropical regions: cylindrical projection 

	• 
	• 
	Middle latitudes: conic projection 

	• Polar region: azimuthal projection 
	Figure




	P
	Figure

	Link
	Figure
	GIS Functions (I): Data Gathering 
	Credit: www.crimereports.com 

	GIS Functions (I): Data Gathering 
	Figure
	Neighbors Against Irresponsible Logging (NAIL). 
	GIS Functions (I): Data Gathering 
	Figure
	Field data gathering with mobile phones: 
	Surui Forest Carbon Project 
	Figure
	Assessing the Impact of Land and Forest Laws on Forest Cover in the Brazilian Amazon 
	By Brenda Brito do Carmo, Theo Gibbs-Plessl, and Tamer Shabani, Stanford University 
	GIS Functions (II): Spatial Analysis 
	Buffer Analysis Intersection Hot Spot Analysis Average Nearest Neighbor 
	GIS Functions (III): Visualization 
	P
	Figure

	Demonstration 
	Figure
	The Ambiguity of Map Symbolization 
	Figure
	Spatial Statistics in GIS 
	Spatial statistics: 
	“Spatial statistics is the collection of statistical methods in which spatial locations play an explicit role in the analysis of data (Ribeiro and Diggle, 
	2001)” 
	– 
	– 
	– 
	Incorporate space (area, length, proximity, orientation, and/or spatial relationships) directly into their mathematics 

	– 
	– 
	Set of exploratory techniques for describing and modeling spatial data and spatial processes . 


	Figure
	Spatial statistics extend what the eyes and mind do naturally to assess spatial patterns, trends and relationships. 
	What kind of questions can you answer? 
	Credit: ESRI 
	Where are hot spots of foreclosures in overlapping in our city? 
	Where are gang territories 
	the U.S.? 

	What kind of questions can you answer? 
	Credit: ESRI 
	Why are people dying young in South Dakota? 
	Why are people dying young in South Dakota? 


	• Recognize patterns and trends • Identify outliers and anomalies • Visualize relationships, proximity, connectivity • Interpolate and extrapolate 
	Why use spatial statistics? 
	To Assess: 
	Wind Turbines 
	Patterns Relationships Trends 
	How we present our results in a map: 
	• 
	• 
	• 
	Colors 

	• 
	• 
	Class Breaks 

	• 
	• 
	Symbols Style & Size Can either enhance or obscure communication 


	First step always, Explore your data! 
	• 
	• 
	• 
	• 
	Why explore your data? 

	• Allows you to better select an appropriate tool to analyze your data 

	• 
	• 
	Data exploration should always be the first step during a data analysis project 

	• 
	• 
	• 
	What Factors to consider when exploring your data? 

	1. 
	1. 
	1. 
	What is the Spatial/Geographic location of your data? 

	2. 
	2. 
	What are the most common data values? 

	3. 
	3. 
	How is the value of the data related to its location? 

	4. 
	4. 
	How do I use this information to select an analysis tool? 




	Exploring your data 
	• 
	• 
	• 
	• 
	Explore the Location of your data 

	• 
	• 
	• 
	Factors to consider 

	• 
	• 
	Where is the data? 

	• 
	• 
	Spatial Distribution of the data 



	• 
	• 
	• 
	Explore the Values of your data 

	• 
	• 
	• 
	Normally distributed data? 

	• 
	• 
	Frequency of your data? Distribution? 




	• Explore Spatial Relationships in your data 
	• 
	• 
	• 
	Value of the data related to its location: 

	• 
	• 
	Tobler’s first law of Geography: “Everything is related 


	to everything else, but near things are more related than distant things” 
	• Variation in your data, Outliers 
	• Explore Trends in your data 
	Figure
	Exploring Crime Data 
	Frequency 10 -2 0.1 0.51 0.92 1.33 1.74 2.15 2.56 2.97 3.38 3.79 4.2 0.85 1.06 Count Min Max Mean Std. Dev. : 138 : 1 : 42 : 4.3768 : 6.135 Skewness Kurtosis 1-st Quartile Median 3-rd Quartile : 3.5821 : 18.11 : 1 : 2 : 5 
	0.64 0.42 0.21 0 
	-1 
	Data 10 
	Figure

	• Questions • Which neighborhood is most accessible? • Is there a directional trend or bias in incidents? • What is the primary direction of urban growth? • Where is the crime center? • Which gang has the broadest territory? • Which type of crime is most concentrated? 
	Measuring Geographic Distribution: Finding the Center 
	The Mean Center tool computes the average x and y coordinate, based on all features in the study area 
	Credit: ESRI 
	Demo: Crime events in Redwood City, June – September 2012 
	Mean Center = geographic center 
	Mean and Median Center for all Crimes 
	Median Center = location that minimizes Euclidean distance 
	Weight Field: gives more importance to some features 
	Case Field: groups features for separate calculations 
	Attribute Field: numeric field to be calculated 
	Mean by crime type 
	Figure
	Measuring Distribution and Direction: Standard Deviational Ellipse 
	• 
	• 
	• 
	Central tendency, orientation & dispersion 

	• 
	• 
	Abstracting spatial trends in a distribution of features 

	• 
	• 
	Comparing distributions over time 


	Dengue Fever Outbreak 
	Measuring Distribution and Direction: Standard Deviational Ellipse 
	Figure
	Credit: ESRI 
	Directional distribution 
	99% 95% 68% Normal distribution 
	– Mean + 
	3 = 99% of features 1 = 68% of features 2 = 95% of features 
	Spatial Distribution of Piracy 
	Figure
	Pirate attacks : March 2007 – August 2007 
	Pirate attacks : Sept 2007 – February 2008 
	Pirate attacks : March 2008 – August 2008 
	Pirate attacks : Sept 2008 – February 2009 
	Inferential Statistics 
	• Start with a null hypothesis 
	• The null hypothesis for the ArcGIS Spatial Pattern Analysis tools is CSR: 
	Complete Spatial Randomness 
	• Reject the null hypothesis if the result (the p-value/zscore) is statistically significant 
	-

	• E.g. Sudden Infant Death Syndrome (SIDS) 
	Figure
	What is a z-score? What is a p-value? 
	•Reject null hypothesis: 
	No random pattern 
	•P-values are probabilities Small p-values, like 0.01, mean it is UNLIKELY the pattern is random 
	• Z-scores are standard deviations and can be mapped to specific p-values 
	Z Score (Standard Deviations) 
	Z Score (Standard Deviations) 
	Z Score (Standard Deviations) 
	P-Value (Probability) 
	Confidence Level 

	+/-1.65 
	+/-1.65 
	0.10 
	90% 

	+/-1.96 
	+/-1.96 
	0.05 
	95% 

	+/-2.58 
	+/-2.58 
	0.01 
	99% 


	Figure
	Inferential statistics tools: types 
	• Global Spatial Autocorrelation Statistics: Analyzing broad spatial patterns 
	How intense is the clustering? 
	Spatial Autocorrelation: Moran’s I 
	Spatial Autocorrelation: Moran’s I 
	• Local Spatial Autocorrelation Statistics: Mapping clusters, outliers 
	Where is the clustering? 
	Where is the clustering? 
	Hot Spot Analysis: Getis-Ord G 
	Global Spatial Autocorrelation Tools: 
	Measuring Geographic Distribution Analyzing Patterns Mapping Clusters Modeling Spatial Relationships 20021969 1985 • Which crime type is most concentrated? • Does the spatial pattern of the disease mirror the spatial pattern of the population at risk? • Is there an unexpected spike in foreclosure rates? Intensity of Clustering 
	• Are new AIDs cases remaining Geographically fixed or are they spreading to nearby counties? 
	Figure
	Measuring Geographic Distribution Analyzing Patterns Mapping Clusters Modeling Spatial Relationships 20021969 1985 6 4 2 1969 1979 1989 1999 5.21 4.26 2.4 Spatial Autocorrelation 
	Exercise: Are crime locations random chance? Spatial Autocorrelation 
	Moran’s I tool measures spatial autocorrelation based on both feature locations and feature values simultaneously. Crimes are events that do not have feature values. To go from events to values we used the Integrate and Collect tools. 
	Model Builder example 
	Exercise: Are crime locations random chance? Spatial Autocorrelation 
	Spatial Autocorrelation (Morans I) settings 
	Figure
	Measuring Geographic Distribution Analyzing Patterns Mapping Clusters Modeling Spatial Relationships • Where are the 911 call, crime, arson, disease… hot spots? • Where do we see unexpectedly high rates of urban growth? 
	Local Spatial Autocorrelation Tools: Hot Spots & Outliers 
	Figure
	Figure
	• 
	• 
	• 
	Which houses sold for much more than expected? 

	• 
	• 
	Where do we find anomalous spending patterns? 


	Local Spatial Autocorrelation Tools: Hot Spot Analysis 
	Hot Spot Analysis: Spatial cluster detection method which identifies statistically significant spatial concentrations of the high and of low values associated with a set of geographic features. 
	• Never accept the defaults! 3 Things to Consider: 
	• 
	• 
	• 
	Conceptualization of Spatial Relationships (what constitutes to be a neighbor?) 

	• 
	• 
	• 
	Analysis Weight Field 

	• Integrate & Collect for points 

	• 
	• 
	• 
	Scale of analysis or distance 

	•
	•
	•
	 Geographic extent of the spatial process 

	•
	•
	 At least one neighbor 

	• 
	• 
	Distance band that reflects maximum
	 spatial autocorrelation 





	Figure
	Figure
	Distance band that reflects maximum spatial autocorrelation 
	Figure
	Exercise: Hot Spot Analysis 
	Figure
	Regression Analysis: 
	How much is crime explained by population density? 
	Figure

	Ordinary Least Squares 
	Ordinary Least Squares 
	Gender Equity & Inheritance Reform 
	Evidence from Rural India 
	What is gender-equalizing land inheritance reform’s impact? 
	Does it improve gender equity in land inheritance’s distribution? 
	Figure
	Rachel Brulé, PhD Candidate  in Political Science, Stanford University 
	Spatial Statistic Software & Tutorials 
	• 
	• 
	• 
	• 
	Proprietary 

	• 
	• 
	• 
	ArcGIS 

	• 
	• 
	Matlab 



	• 
	• 
	• 
	Open Source 

	• 
	• 
	• 
	R 

	• 
	• 
	GRASS 

	• 
	• 
	OpenGeoda 



	• 
	• 
	Tutorials & Other Resources 


	• 
	http://blogs.esri.com/esri/arcgis/2010/07/13/spatial
	http://blogs.esri.com/esri/arcgis/2010/07/13/spatial
	-

	statistics
	-
	resources
	/ 

	• 
	• 
	• 
	http
	http
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	/ 


	• 
	• 
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	/ 


	• 
	• 
	http
	http
	://
	www.spatial
	-
	statistics.com/software_index.htm 



	Figure


	Special Thanks to… 
	Special Thanks to… 
	• All of you for your patience! 
	Sect
	P
	Figure


	• 
	• 
	• 
	Daniel E. Ho Law Professor, Stanford University 

	• 
	• 
	Rachel Brule Ph.D. Candidate, Political Science, Stanford University 

	• 
	• 
	Matt Marostica Subject Specialist in Economics and Political Science, Stanford University 

	• 
	• 
	• 
	Doug Spencer 



	Ph.D. Candidate in Jurisprudence and Social Policy, University of California, Berkeley 
	• Michael Dale Post-Doctoral Scholar, GCEP, Stanford University 
	gis.stanford.edu 
	gis.stanford.edu 






