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Presentation Outline

• Centre of Geographic Sciences
• Spatial Analysis and Geostatistics Course
• Learned skills
• Evolution of software tools used
• Student work samples

– Prediction, error and probability surface maps
– Point pattern analysis
– Spatial autocorrelation
– Hot spot analysis
– Measuring spatial distribution
– Geographically weighted regression



Centre of Geographic Sciences

• Located in Lawrencetown, Nova Scotia, Canada
• Population: ~ 300
• Number of students: 170 – 180
• Number of COGS alumni currently working for ESRI: 50
• Number of faculty: 18
• ESRI software user since 1983
• GIS program since 1985
• New Advanced Diploma in Geographic Sciences with 

concentration in GIS, Remote Sensing or GIS for Business 
will be launched in 2010/2011



Spatial Analysis and Geostatistics Course

• The Spatial Analysis and Geostatistics course has 
been offered at COGS under different names since 
1991

• 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    
to 12



Spatial Data Analysis Module

• 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
• 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)

• In this course, IBM PASW software package 
(formerly known as SPSS), was used and data were 

passed to and from ArcGIS using an 
intermediate file format (*.dbf)

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



Course Learning Outcomes

• 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 

foundation for spatial analysis and geostatistics



Course Textbooks

• 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 (3rd edition). Geospatial Analysis: A 
Comprehensive Guide to Principles, Techniques 
and Software Tools, Matador

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



Changes in Software Used

• ArcInfo Workstation ArcGIS
• GS+ Geostatistical Analyst
• IDRISI Spatial Statistics Toolset
• AML Python (with Tkinter)
• SpaceStat GeoDa / Spatial Statistics Toolset
• ArcView / Avenue (Wong & Lee scripts) ArcGIS / 

Python
• MapInfo / MapBasic ArcGIS / Python
• Hawth’s Tools
• Fragstats



Main ArcGIS Tools Used in the Course

• Geostatistical Analyst and tools
• Spatial Statistics Tools



Recent Evolution of Geostatistical Tools

• Geostatistical Analyst: ArcGIS 8.1, April 2001
• Geostatistical Wizard enhancements, nine new 

geostatistical tools: ArcGIS 9.2, September 2006
• Geostatistical Analyst supported by ArcGIS Server, 

animated tutorial: ArcGIS 9.3, June 2008
• Eleven new geoprocessing tools, improvements to 

the Geostatistical Analyst Wizard: ArcGIS 10.0, Fall 
2010



Recent Evolution of Spatial Statistics 
Tools
• ArcToolbox Window with eighteen Spatial Statistics  

tools (10.7% of all available tools: ArcGIS 9.0, May 
2004

• 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      
9.3.1, May 2009

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



Geostatistics: Basic Topics Taught

• Regionalized variable
• Deterministic vs. geostatistical interpolation 

techniques (algorithms, examples, advantages and 
disadvantages)

• Global and local trends, neighborhood search, 
anisotropy

• Kriging methods, semivariance models, cokriging
• Transformations, cross-validation, bivariate   

distribution, detrending, declustering
• Gaussian simulations
• Prediction, error, and probability maps



Basic Properties of Regionalized Variable

• Applied for continuous spatial distribution
• Its nature is mixed: somewhere between 

deterministic and stochastic
• Used for modeling very complex processes



Major Advantages of Using Kriging 

• Exact interpolation
• Standard error maps come as a derivative
• Allows the user to control numerous parameters



Controlling Kriging Parameters

• 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

• Kriging methods (7)
• Transformations (4)
• 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)





Excel Tool for Teaching Kriging



Critical Opinions About Geostatistics (1) 



Critical Opinions About Geostatistics (2) 



Student Work Samples: Prediction 
Surface Maps
• Driving time to Subways restaurants in Halifax 1

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

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

• Spending on unhealthy products
• 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





Student Work Samples: Probability 
Surface Maps
• Percentage of woman aged 40-60 receiving breast 

screening exceeds 20%
• Percentage of spending on unhealthy products 

exceeds 17%
• House prices exceeding $150,000 in Halifax 

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

Regional Municipality 1997-2001





Spatial Analysis: Basic Topics (1)

• 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)

• Spatial autocorrelation
– Moran (Spatial Statistics tool)
– Geary (ArcInfo Grid)
– Local Moran (Spatial Statistics tool)



Spatial Analysis: Basic Topics (2)

• 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

• Use multiple point data sets
• Determine optimal quadrat size
• Calculate lambda (average number of points per 

quadrat), variance
• Use t statistic, various significance levels, determine 

point pattern
• Analyze relationships between quadrat size 

and point pattern



Enhancing Nearest Neighbor Analysis

• 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





Student Work Samples: Point Pattern 
Analysis
• Spatial distribution of Nova Scotia Community 

College students and campuses
• Spatial distribution of GPS locations representing 

location of tourists in Kejimkujik National Park



Distribution of Nova Scotia Community College Students



Spatial Autocorrelation

• ArcInfo Workstation 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 
coefficient of spatial autocorrelation c. 

• The tool for Moran coefficient I provides an    
appropriate output for making conclusion 
about pattern 



ArcInfo Workstation Grid Commands 
Moran and Geary



Spatial Autocorrelation (Global Moran’s I)

Provided values of a coefficient
and test statistic

Provided significance levels
and corresponding critical values



Student Work Samples: Spatial 
Autocorrelation
• Hurricane statistics (scale intensity, damage, 

injuries, fatalities, mean path width) for continental 
USA, central USA, and Kansas

• Patterns on spending on eleven food categories 
across Nova Scotia

• Patterns on fishing five species (cod, haddock, 
yellowtail, skate, lobster) in three fishing areas 

(entire bank, western portions and selected 
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
• Clusters of Nova Scotia Community College 

students by Dissemination Areas
• Clusters of GPS locations of tourists in Kejimkujik 

National Park





Hot Spot Analysis

• Hot spot analysis is one of the most informative and 
visually appealed tools

• It is available 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

• Relationships between G statistic and distance threshold
• Clusters of tornado in Kansas
• Clusters of visitors in Kejimkujik National Park
• Concentration of locations where tourists stopped in 

Kejimkujik Seaside Adjunct National Park
• High and low participation rates for the Nova Scotia 

Breast Screening Program
• High and low spending on healthy food 

categories in Nova Scotia
• Clusters of high and low house prices in 

Halifax Regional Municipality in 2009





Measuring Geographic Distributions

• Set of tool relatively easy to use and providing 
visually appealed results

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



Student Work Samples: Measuring 
Geographic Distributions
• Determining study area based on weighted deviational 

ellipse for Air Miles cardholders
• 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

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

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





Geographically Weighted Regression

• Geographically Weighted 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 
output 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)
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Possible Problems with Using GWR

• Relationships between predictors and target variable are 
not linear

• Correlations among predictors is detected (collinearity)
• 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)
• Spatial clusters of over-estimated and under-

estimated predicted values exist (spatial 
autocorrelation of residuals) 

• Residuals are not normally distributed



GWR Input Parameters to Control

• Set of independent variables (predictors)
• Distance or number of neighbors
• Optionally, two kernel types

– Fixed
– Adaptive

• Optionally, two bandwidth methods 
– Akaike Informative Criterion
– Cross Validation

• Optionally, using other raster-related parameters



Comparison of GWR Scenarios: 
An Example

Scenario Kernel 
type

Bandwidth 
method

Distance Number of 
neighbors

A Fixed Parameter 4000 meters N/A

B Fixed Parameter 2000 meters N/A

C Adaptive Parameter N/A 30

D Fixed AIC N/A N/A

E Fixed CV N/A N/A

F (weighted by area Adaptive Parameter N/A 30

G (weighted by population) Adaptive Parameter N/A 30



Preferred Values 
of GWR Input Parameters

Preferred values
Low values High values
Residual squares R2 (close to 1.0)
Sigma R2 adjusted (close to 1.0)
AICc



Finding The Best Model: An Example
Scenario Residual squares Effective 

number
Sigma AICc R2 R2 

adjusted

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. Observed values (column Observed)
2. Predicted values (column Predicted)
3. Raw residuals (column Residual)
4. Standardized residuals (column StResid) 
5. Coefficients of determination (column Local R2)
6. Standard error (column StError)
7. Collinearity (column Cond)
8. Weighted factor (column Weight)



Final Thoughts

• 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)


