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* Centre of Geographic Sciences

o Spatial Analysis and Geostatistics Course
e Learned skills

« Evolution of software tools used

e Student work samples

— Prediction, error and probability surface maps
Point pattern analysis
A Spatial autocorrelation
Hot spot analysis
Measuring spatial distribution
Geographically weighted regression
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Spatial Analysis and Geostatistics Course
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 The Spatial Analysis and Geostatistics course has
been offered at COGS under different names since
1991

e The course has been delivered as an elective for
students from GIS, GIS for Business, and Remote
Sensing Advanced Diploma Programs

 The number of course participants has varied from 3
: y to 12




Spatial Data Analysis Module
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e Data Analysis module is mandatory for all students
(30-45) taking the Advanced Diploma in Geographic
Sciences program in their first term

* This module includes exploratory data analysis,
geographically weighted regression, and some
fundamental multivariate statistics in a spatial
context




Necessary Basic Statistical Skills
Using descriptive statistics

Applying regression and curve fitting
Understanding normal and t distributions
e Doing cluster analysis

 Comprehending statistical decision theory
— Significance and confidence

Critical values

Testing statistical hypotheses




Using Statistical Packages with ArcGIS
. The following links were the most common for ESRI
users who wanted to add more statistical
functionality to GIS
— SAS Bridge (ArcGIS)
— S-Plus for ArcView (ver. 3.0 — 3.2)

* |n this course, IBM PASW software package
(formerly known as SPSS), was used and data were

passed to and from ArcGIS using an

A Intermediate file format (*.dbf)

Also, students learn how to perform
statistical analysis using MS Excel (low
cost solution)




Course Learning Outcomes
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 The learners completing the Spatial Analysis and
Geostatistics course demonstrate the ability to:

— Select the most appropriate tool for solving a given
problem

— Map and interpret results

— Think spatially while setting model parameters and
Interpreting results

Properly use fundamentals of statistics as a
3\ foundation for spatial analysis and geostatistics




Course Textbooks
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o Mitchell Andy, 2005 The ESRI Guide to GIS
Analysis; Volume 2: Spatial Measurements &
Statistics, ESRI

 De Smith Michael J., Michael F. Goodchild, Paul A.
Longley, 2009 (3" edition). Geospatial Analysis: A
Comprehensive Guide to Principles, Techniques
and Software Tools, Matador

« Johnston Kevin et al, 2001. Using ArcGIS
B Geostatistical Analyst, ESRI




Changes in Software Used

e Arcinfo Workstatlon 9 ArcGIS

« GS+ - Geostatistical Analyst

* IDRISI = Spatial Statistics Toolset

« AML - Python (with Tkinter)

o SpaceStat - GeoDa / Spatial Statistics Toolset

 ArcView / Avenue (Wong & Lee scripts) = ArcGIS /
Python

A Maplnfo / MapBasic = ArcGIS / Python
Hawth’s Tools
Fragstats




Main ArcGIS Tools Used in the Course
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» Geostatistical Analyst and tools

=I5 Spatial Statistics Tools

. . C =& Analyzing Patterns

Y S p atl al Statl Stl CS TO O I S ----- B Average Nearest Meighbor

----- 2 HighjLow Clustering (Getis-Ord General @)

----- 2 Multi-Distance Spatial Cluster Analysis (Ripleys K Funckion)
----- 2 Spatial Autocorrelation (Marans I)

[—]& Mapping Cluskers

----- B Cluster and Outlier Analysis (Anselin Local Morans 1)
----- 2 Hok Spot Analysis (Getis-Ord Gi*)

[—]& Measuring Geographic Diskributions

----- 2 Central Feature

----- 2 Directional Distribution {Standard Deviational Elipse)
YoronoiMap | b b i 2 Linear Directional Mean

----- 2 Mean Center

----- 2 standard Distance

[—]& Modeling Spatial Relationships

----- 2 Generate Network Spatial Weights

----- ‘B Generate Spatial Weights Makrix

----- #* Geographically Weighted Regression

----- g Ordinary Least Squares

[—]& Rendering

|Gegstatistin:al analyst = |

Explore Data
ﬂéﬁ Geoskatistical Wizard. ..

Histogram

kormal QOPlok

45 Create Subsets. .. Trend Analysis

@ Tutorial

@ aeoskatistical Analvst Help

SemivariogramCovariance Claud

General QOPlak

BEEDEEB

Crosscovariance Cloud

E& Gaeostatistical Anakvst Tools
----- A Calculate Z-value

----- }" Create Geostatistical Laver

----- }" G Laver To Conkour

----- A Gh Layer To Grid

----- }" Gh Laver To Points

----- }" Gaussian Geostatistical Simulations
----- }" Get Model Parameter

----- }" Moving Window Kriging

----- }" Meighborhood Selection

----- }" Sernivariogram Sensitiviky

----- }" Set Madel Parameter

..... o Cluster/Outlier Anakysis with Rendering
----- ::r w Collect Events with Rendering

----- 2 Count Rendering

----- o Hot Spot Analysis with Rendering

----- 2 7 Score Rendering

=& Utilities

----- 2 Calculate Areas

----- 2 Calculate Distance Band from Meighbor Count
----- 2 Colleck Events

..... 2 Convert Spatial Weights Matrix to Table

----- 5 Export Feature Attribute to ASCIT



Recent Evolution of Geostatistical Tools
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e Geostatistical Analyst ArcGlIS 8.1, April 2001

» Geostatistical Wizard enhancements, nine new
geostatistical tools: ArcGIS 9.2, September 2006

o Geostatistical Analyst supported by ArcGIS Server,
animated tutorial: ArcGIS 9.3, June 2008

e Eleven new geoprocessing tools, improvements to
the Geostatistical Analyst Wizard: ArcGIS 10.0, Fall
2010




Recent Evolution of Spatial Statistics
Tools
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« ArcToolbox Window with eighteen Spatial Statistics
tools (10.7% of all available tools: ArcGIS 9.0, May
2004

e Two more tools (including Ripley’s K Function):
ArcGIS 9.2, September 2006

 New Geographically Weighted Regression tool:
ArcGIS 9.3, June 2007/

New Ordinary Least Squares tool: ArcGIS
29.3.1, May 2009

One new and eight improved tools: ArcGIS
10.0, Fall 2010




Geostatistics: Basic Topics Taught
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 Regionalized variable

e Deterministic vs. geostatistical interpolation
techniques (algorithms, examples, advantages and
disadvantages)

* Global and local trends, neighborhood search,
anisotropy

Kriging methods, semivariance models, cokriging

A Transformations, cross-validation, bivariate
distribution, detrending, declustering

Gaussian simulations
Prediction, error, and probability maps




Basic Properties of Regionalized Variable
* Applied for continuous spatial distribution

e |ts nature Is mixed: somewhere between
deterministic and stochastic

e Used for modeling very complex processes




Major Advantages of Using Kriging
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e EXxact interpolation
e Standard error maps come as a derivative
e Allows the user to control numerous parameters




Controlling Kriging Parameters
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e There are many kriging parameters to control and
students are asked to control one parameter at time

* The optimal settings are those which minimize
standard errors (root-mean-square, average
standard error, or mean standardized)




Some Kriging Parameters to Control
e Kriging methods (7)

e Transformations (4)

e Semivariance models (7)

 Trend order (5)

* Anisotropy (individual values)

* Nugget (individual values)

Number of histogram lags and their size

Neighborhood search (number of
neighbors, minimal number, four search
shapes)
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Flow Chart of Order of Variables Considered
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Excel Tool for Teaching Kriging
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Critical Opinions About Geostatistics (1)
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- Geostatistics or voodoo science?
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Critical Opinions About Geostatistics (2)
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(Geostatistics or voodoo science?
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Student Work Samples: Prediction
Surface Maps
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* Driving time to Subways restaurants in Halifax !

e Driving time to Nova Scotia Breast Screening
Program’s clinics

e Prediction and standard error surfaces: number of
houses sold per km sqg in Halifax Regional
Municipality in 2009

Spending on unhealthy products

A Number of recorded GPS locations of
tourists in Kejimkujik National Park per one
grid cell

1 Only one item from the list of student work samples is provided with this document. However, all of
them they will be demonstrated at a time of presentation



This assignment draws on Network Analyst,
Geostatistical Analyvst and geoprocessing using

maodel bainlder o denve o distance models
for Subway locations in Halifax., Through the
Halifax street network, routes were caleulated

from every junction to the closest Subway
location within the network.

By calculating fields based on the solved network
analvst laver, appropriate ume and length values
were derived. Ordinary kriging was then

.l T L e T Bk - A

iy Knigleny AN TR
Pori-sios Mg [ g ST N

| kel [T yagm, MR SR NTR
L T e

B o used o caleulate the drive ume and length

1sochrone maps shown below.

Muoslel to bl closest Laver




Student Work Samples: Probability
Surface Maps
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e Percentage of woman aged 40-60 receliving breast
screening exceeds 20%

 Percentage of spending on unhealthy products
exceeds 17%

* House prices exceeding $150,000 in Halifax
Regional Municipality 1982-1986

e prices exceeding $150,000 in Halifax
A Regional Municipality 1997-2001




Probability that Percentage of Women Aged 40 - 69 Receiving Elraast Screening
Will Exceed 20% P

Legend
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Spatial Analysis: Basic Topics (1)

e Point pattern analysis
— Nearest neighbor analysis (Spatial Statistics tool)

— Quadrat analysis (implemented by students using
geoprocessing and scripting)

— K and L functions (Spatial Statistics tool)

o Spatial autocorrelation

— Moran (Spatial Statistics tool)
Geary (Arcinfo Grid)
Local Moran (Spatial Statistics tool)




Spatial Analysis: Basic Topics (2)
e G statistic

— General G statistic
— Hot spot analysis

« Measuring geographic distributions
— Mean center and central feature
— Standard distance and standard deviational ellipse
— Linear directional mean




Implementing Quadrat Analysis
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e Use multiple point data sets
 Determine optimal quadrat size

e Calculate lambda (average number of points per
guadrat), variance

o Use t statistic, various significance levels, determine
point pattern

Analyze relationships between quadrat size
& and point pattern




Enhancing Nearest Neighbor Analysis
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e Use multiple point data sets
* Apply various neighborhood orders (1-6)
« Apply edge effect correction factor

* Analyze relationships between neighborhood order
and z statistic

« Determine pattern for various significance levels




% Quadrat Method

Poini data sat
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Student Work Samples: Point Pattern
Analysis
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o Spatial distribution of Nova Scotia Community
College students and campuses

o Spatial distribution of GPS locations representing
location of tourists in Kejimkujik National Park
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Spatial Autocorrelation
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e Arcinfo Workstatlon Grid commands Moran and
Geary have two drawbacks:
— Work only for grid data
— Provide only values of coefficients which does not allow
the user to make conclusion about the pattern (test
statistics or significance levels are missing)
 ArcGIS does not have a tool for calculating Geary’s
ielent of spatial autocorrelation c.

A The tool for Moran coefficient | provides an
appropriate output for making conclusion
about pattern




Arcinfo Workstation Grid Commands
Moran and Geary

Availahle GRID=s

GRID1688 GRID2688 GRID2688 GRI D488
GRIDLA

rid: moran gridliBd

unning... 188

oran’s Coefficient (I>: BA.8225915%1499897
rid: geary gridiBd

unning... 188

eary’'s GCoefficient <c>»: A.1323518913329
rid: moran grid286

unning... 188

oran’s Coefficient (I>: B.6B67757217644
rid: geary grid288

unning... 188

eary’'s Coefficient <c>: A.2317885182787
rid: moran grid3fd

unning... 188

oran’s Coefficient (I>: A.5987939746177
rid: geary grid3fd

unning... 188

eqsy’s Coefficient <c>»: B.Z28Y7525626275
rid:



Spatial Autocorrelation (Global Moran’s 1)
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i, Spatial Autocorrelation (Global Moran's I} =10} =

I ici Maran's | Index = 057
PrOVIded Val ues Of a Coeﬂ:ICIent _— £ Scaore = 0.82 standard dewviations
and test statistic

Dispersed ﬁ P@W ‘ Chustered

Provided significance levels | sies o7 of g10 mawon 810 0 o0
and corresponding critical values

The pattern is neither clustered nor dizpersed.

Cloze




Student Work Samples: Spatial
Autocorrelation
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* Hurricane statistics (scale intensity, damage,
Injuries, fatalities, mean path width) for continental
USA, central USA, and Kansas

e Patterns on spending on eleven food categories
across Nova Scotia

o Patterns on fishing five species (cod, haddock,

yeIIowtall skate, lobster) in three fishing areas
(entire bank, western portions and selected
A areas of Georges Bank) near Nova Scotia




Spatial Autocorrelation of Hurricanes for
Three Study Areas and Five Variables




Student Work Samples: Mapping Spatial
Autocorrelation Clusters

L R R R N R R RN RN AR RANEY

e Clusters of Nova Scotia Community College
students by Dissemination Areas

» Clusters of GPS locations of tourists in Kejimkujik
National Park
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Hot Spot Analysis

O RNy nvnpnnperrnyypnpnnnm

e Hot spot analys.ls |s one of the most informative and
visually appealed tools

|t is avallable trough such Spatial Statistics tools as
— Hot Spot Analysis (Getis-Ord Gi*)
— Cluster/Outlier Analysis with Rendering
— Hot Spot Analysis with Rendering
— Z score Rendering

Results can be visualized using thematic
classified maps of:

Input variable

Gi* values

Z values




Student Work Samples: Hot Spot Analysis
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e Relationships between G statistic and distance threshold
e Clusters of tornado in Kansas
o Clusters of visitors in Kejimkujik National Park

e Concentration of locations where tourists stopped in
Kejimkujik Seaside Adjunct National Park

e High and low participation rates for the Nova Scotia
Breast Screening Program

High and low spending on healthy food
A categories in Nova Scotia

Clusters of high and low house prices in
Halifax Regional Municipality in 2009







Measuring Geographic Distributions
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o Set of tool relatlvely easy to use and providing
visually appealed results

o Extremely useful for such operations as:
— Determining study area
— Comparing spatial distributions and analyzing changes
— ldentifying the most accessible feature or location
— Analyzing orientation and direction of linear features




Student Work Samples: Measuring
Geographic Dlstrlbutlons
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e Determining study area based on weighted deviational
ellipse for Air Miles cardholders

e Directional distribution of GIS jobs in North America

« Mean centre and deviational ellipse: weekday vs.
weekend tourists; morning, mid-day and evening tourists
In Kejimkujik National Park

e Succession of mean center and deviational ellipses
for houses sold in Halifax Regional
A Municipality 1978-2006

Geographic distribution of students and
campuses of the Nova Scotia Community
College




Mean Centre of Activity and Standard Deviational Ellipses
for Weekdays vs. Weekends using Jakes Landing Data

Mean Centre of Activity
w Weekday
w Weekend

Ellipsoid of Points
[ ]weekday (1,2 3sD)
[ ] Weekend (1, 2,3 5D)

This map shows the mean centre of activity
sub-draded imo weekdays amnd weekends
This also shows standard deviational
ellipses The smallest of each colowr
represents 150, middle size 250 and largest

350, These ellipses are orientated based on
the distributaon of acinaty for each categody
Draytire Trasls
= = = Trails
Park Roads
—— Extamal Roads

— Fortages
Rivers
Liakes

[ Nationat Park
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Geographically Weighted Regression
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e Geographically Welghted Regression (GWR) developed
In late 1970s, was added to ArcGIS as a new tool In
2007 and it is a great extension to the multiple linear
regression added to ArcGIS two years later as the
Ordinary Least Squares (OLS) tool

« OLS is a global-scale tool providing output for the entire
study area, whereas GWR is a local-scale tool providing
Itput for each GIS feature

GWR has many input parameters and
offers a lot of opportunities for mapping
numerous output data




Comparing Results from ArcMap (OLS)
and SPSS (Multiple Linear Regression)

ArcMap

Estimated Residual | StdResid PRE 1 | RES 1 | ZRE_1
F2094.40000000000  9359.57000000000 045264500000 F2094 42766 9350.57234 0.45265
F2075.00000000000  -62075.00000000000 -3.0BE40000000 F2075.04437 E2075.04437 -3.06840
F9164.00000000000  4829.97000000000 0.23674500000 F9164.02794 4529.97205 0.23675
F3603.10000000000  7310.93000000000 0.36136300000 F3603.07 266 7310.92732 0.36138
54370.90000000000  12036.10000000000 0.55495100000 5437086642 12036.11358 0.59495

102495, 00000000000 125025.00000000000 5. 18003000000 102495 44337 1260124, 55663 £.16003
77754.10000000000  11521.90000000000 0.56953300000 7775410527 11521.89473 0.56953
56124.40000000000 20428 60000000000 1.00979000000 5612444101 2042855099 1.00979
45699.20000000000  5511.76000000000 0.27245000000 45599 22475 5511.77525 0.27245
52504 40000000000 27485.60000000000 1.356863000000 52504 36524 27485 63476 1.35863
FG351.70000000000  1396.33000000000 0.059021 40000 FG351 B67E2 139633218 0.05902
51774.40000000000  6917.64000000000 0.34194200000 5177436189 B917 63511 0.34194
B2610.20000000000  14541.80000000000 0.71880500000 B2610.20622 1454179378 0.71861
57318.20000000000  -3399.17000000000 0. 16802200000 57316.16535 -3399.16535 0.16802
73462.40000000000  21169.60000000000 1.04643000000 7346236951 21169.63049 1.04643
§3895.70000000000  31318.30000000000 154808000000 B3695 67461 31318.32539 154808
£2938.90000000000 518.13200000000 0.02561 150000 £2938.86760 518.13240 0.02561
£2991.00000000000  21640.00000000000 1.06956000000 £2990.95000 21640.02000 1.0696G
57334.00000000000  -4383.05000000000 0.21665600000 5733404623 430304623 -0.21666
71167 30000000000 2275, 74000000000 0.11248100000 71167 25526 227574474 0.11249

SSdS



Possible Problems with Using GWR
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e Relationships between predictors and target variable are
not linear

* Correlations among predictors is detected (collinearity)

o Different patterns exist across study area (non-
stationarity)

 Presence of data outliers can bias predicted values

 Model performance depends on the magnitude of the
target variable value (heteroskedasticity)

A Spatial clusters of over-estimated and under-
estimated predicted values exist (spatial
autocorrelation of residuals)

#8lals are not normally distributed




GWR Input Parameters to Control
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« Set of iIndependent variables (predictors)
e Distance or number of neighbors
e Optionally, two kernel types
— Fixed
— Adaptive
o Optionally, two bandwidth methods

Akaike Informative Criterion
Cross Validation

jonally, using other raster-related parameters




Comparison of GWR Scenarios:

An Example

Fixed
Fixed
Adaptive

Fixed

m O O @ >

Fixed
F (weighted by area Adaptive

G (weighted by population) ' Adaptive

Parameter

Parameter

Parameter

AIC

CV

Parameter

Parameter

4000 meters
2000 meters
N/A
N/A
N/A
N/A

N/A

N/A
N/A
30
N/A
N/A
30

30



Preferred Values
of GWR Input Parameters
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Low values High values
Residual squares R2 (close to 1.0)
Sigma R2 adjusted (close to 1.0)

AlICc




Finding The Best Model: An Example

A 44,594,620,522 30.95 15,120 5,012 0.760 0.723
B 8,519,128,670 49.60 11,779 2,468 0.933 0.880
C 8,519,128,670 49.60 11,779 2,468 0.933 0.880
D 100,432,304,465 16.53 17,814 7,464 0.640 0.623
E 100,432,304,465 16.53 17,814 7,464 0.640 0.623
F 814,654,793 34.21 4,128 1,649 0.949 0.898
G 3,926,076,424,856 42.81 269,158 2,763 0.903 0.827

The best model is scenario F (Adaptive kernel, 30 neighbors, weighted by area)



Possible Output Maps From GWR

1.
2.
3.
4.
S.
6.
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Observed values (column Observed)

Predicted values (column Predicted)

Raw residuals (column Residual)

Standardized residuals (column StResid)
Coefficients of determination (column Local R2)
Standard error (column StError)

Collinearity (column Cond)

A Weighted factor (column Weight)



Final Thoughts
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« Learners through practicing spatial analysis and
geostatistics with ArcGIS acquire new analytical and
research skills which can be used for
— Enhancing students assignments in other courses
— Completing major research projects and capstone projects

— Continuing their education toward the degree of Masters
In Geomatics, joined program between the Nova Scotia

Community College and Acadia University
(Wolfville, Nova Scotia)




