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1. What is Special About Space Data?

Why do we do care about spatial data? Why do we do care about spatial data? 

Because...

Space is an essential component of everyday life!Space is an essential component of everyday life!

We Are Here!

� We want to know 
where we are! 
(in absolute sense)

� We want to know 
distances between 
locations!
(in relative sense)

Bing, Google Earth
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1. What is Special About Space Data?

WhatWhat do do wewe needneed to to knowknow beforebefore anyany kindkind ofof analysisanalysis??

1. A spatial reference
system!

1. A way to represent
geographic entities on
digital maps!

4
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•• GeoreferencedGeoreferenced datadata: location on Earth is

represented in a Coordinate Referenced System;

• Many coordinate systems exist, they evolve over

time as accuracy of the Earth measurements

improves;

1. What is Special About Space Data?
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1. What  is Special About Space Data?

The Earth surface is irregular 
and complex, with mountains 

and valleys

We want to simplify!

Physical Surface Geoid Ellipsoid Sphere Plane

Spatial reference system…absolute coordinatesSpatial reference system…absolute coordinates
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� Spheroid + Datum + Map projection

We need a coordinate system, which is based on:

1. a spheroid shape (parameters of the ellipsoid adopted)
2. a datum definition (local ou global datum)
3. and a map projection (Cylindrical, Conical, Azimuthal, etc...)

1. What  is Special About Space Data?

We want Earth coordinates, but how to get it? We want Earth coordinates, but how to get it? 
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1. What  is Special About Space Data?

What kind of coordinates? What kind of coordinates? 

What are the 
coordinates of this 

point here?

... Geographic 
coordinates or cartesian 

coordinates?

What coordinate 
system are you want to 

referred it?

8
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2D geographic coordinates (ΦΦΦΦ,λλλλ) 3D geographic coordinates (ΦΦΦΦ,λλλλ, h)

Geocentric coordinates (X,Y,Z) 2D Cartesian coordinates (X,Y) 

1. What  is Special About Space Data?

Images from ITC – Geometric Aspects of Mapping, R. Knippers
(http://www.kartografie.nl/geometrics/coordinate%20systems/coordsys.html)
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Geographic coordinate system Geographic coordinate system 

• geoid -> ellipsoid –> (sphere) -> latitude/longitude

• GPS, large regions, data exchange (USGS, Google)

• units are ? degree-minutes-seconds

• requires complex algorithms for distances, areas

1. What  is Special About Space Data?

From Geospatial Analysis and Modeling MEA592 – H. Mitasova

10
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Projected Reference SystemsProjected Reference Systems - cartesian coordinate systems based on projections:

• geoid – ellipsoid - developable surface – plane – x,y

• developable surfaces: ?

• type of distortion: ?

1. What  is Special About Space Data?

From Geospatial Analysis and Modeling MEA592 – H. Mitasova
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1. What  is Special About Space Data?

National/State Coordinate systems defined by:
Reference spheroid/geoid and datum?
Vertical datum ?
Projection ?

GOALGOAL: minimize distortions on maps that were used to measure
distances and areas;

HowHow to to choosechoose a a referencereference coordinatecoordinate systemsystem??

12
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1. What  is Special About Space Data?

HowHow to to dealdeal withwith differentdifferent coordinatecoordinate systemssystems??

Data often come in different coordinate 
systems:
Different sources of data;

Different agencies;

Etc…

Coordinate transformations 
TIME CONSUMING (e.g. for raster 
resampling/reinterpolation to regular grid is 
required

LOSS OF PRECISION

GIS: ON-FLY
13

1. What  is Special About Space Data?

AnotherAnother wayway to to referencereference geographicgeographic entitiesentities... ... 

relativerelative to... to... 

� System of determining the position of an event (e.g. 
pavement condition) relative to a route system (e.g. 
streets) by specifying a start position, direction and 
distance.

Main St

650 feet from 1 st Ave

Poor Pavement
ConditionStart of

Main St

14
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1. What  is Special About Space Data?

Now you know how to get absolute coordinates on the Earth surface!

NEXT STEPNEXT STEP::

We will need a model of the We will need a model of the 
world to represent it world to represent it 
computationally?  computationally?  

MAYBE WE NEED A:MAYBE WE NEED A:

(Geographic (Geographic 
Information Information 

System)System)Image Source: http://www.freewebs.com/waywardgeographics/gis1.bmp

15

““a GIS is a system of hardware, software and procedures to facilitate the a GIS is a system of hardware, software and procedures to facilitate the 
management, manipulation, analysis, management, manipulation, analysis, modellingmodelling, representation and display , representation and display 

of of georeferencedgeoreferenced data data to solve complex problems regarding to solve complex problems regarding 
planning and management of resourcesplanning and management of resources.”.”

(NCGIA - National Centre of Geographic Information and Analysis, 1990)

2. GIS and Spatial Data Analysis

Image source: http://www.bisag.gujarat.gov.in/is/gis_overview.jpg
16
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2. GIS and Spatial Data Analysis

• Mapped, georeferenced data are transformed 
into discrete GIS representations

• Two different types of objects/phenomena

– continuous fields: w=f(x,y), w=f(x,y,z)

each point in space is assigned a distinct value, 

change between two neighboring points is 

relatively small: elevation, precipitation

represented as raster layers, but meshes, TIN, 

isolines or points are also used. 

– discrete objects/features: lines, points or 

areas with attributes

represented as geometry(shape) with attribute 

table or object based (geodatabase); raster 

representation is also used : roads, streams, 

census blocks, land use, schools Vector Representation

Raster Representation

Real World

From Geospatial Analysis and Modeling MEA592 – H. Mitasova

17

2. GIS and Spatial Data Analysis

continuous: elevation, precipitation     discrete: land use, roads

5 developed

3 herbaceous

1 water

From Geospatial Analysis and Modeling MEA592 – H. Mitasova

18
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2. GIS and Spatial Data Analysis

Level 2
Digital terrain Model

Level 1
roads

Level 3
Hidrology

GeoreferencingGeoreferencing

CombiningCombining

GIS organize spatial 
information into 
diferent levels.

GISGIS offersoffers basicbasic toolstools toto representrepresent,,
managemanage andand analyzeanalyze spatialspatial data!data!

19

SpatialSpatial RepresentationRepresentation ofof GeographicGeographic InformationInformation

Spatial AttributesSpatial Attributes

2. GIS and Spatial Data Analysis

GIS layers: Parcels, Roads, etc…GIS layers: Parcels, Roads, etc…

Querying Spatial Information...Querying Spatial Information...

20
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CategoriesCategories ofof SpatialSpatial AnalysisAnalysis

2. GIS and Spatial Data Analysis

1.1. Spatial data manipulationSpatial data manipulation

� The basic functions of any GIS

2.2. Spatial data analysisSpatial data analysis

� Descriptive and exploratory functions using maps

3.3. Spatial statistical analysisSpatial statistical analysis

� Uses statistical methods to determine if spatial data 
are “typical” or “unexpected” relative to a statistical 
model.

4.4. Spatial modelingSpatial modeling

� Constructing models to predict spatial outcomes.

21

2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Classification and retrieval

22



17-01-2012

12

11.. SpatialSpatial DataData ManipulationManipulation

Classification and retrieval

2. GIS and Spatial Data Analysis

23

2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Reclassify values

24
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2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Map Calculations

e.g. find combinations of 
public/private land and high/low 
slope

25

2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

� Proximity functions measure distances between features

� Distance functions 

ִ Calculate a surface representing the distance to the nearest target (raster)

⌧ Example:  Determine the distance from archeological sites to the nearest stream

Proximity Functions

26
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2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Buffering

� Constructs polygons containing all 

areas within a certain distance of the 

target

� Targets may be points, lines, or 

polygons

� Accomplished in raster using expand 

or distance functions

ִ Example:  How much timber is lost if one 

does not harvest < 100m from streams?

� Often combined with overlay to 

tabulate areas inside the buffers

27

Which parcels are within 5 km distance from x crossroad? Which parcels are within 5 km distance from x crossroad? 

2. GIS and Spatial Data Analysis

Analize Spatial Information...Analize Spatial Information...

28

11.. SpatialSpatial DataData ManipulationManipulation
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1. INPUT
Layer A: Parcels
Layer B: Stop BUS

2. BUFFER ZONE around Stop BUS

3. SPATIAL JOIN between Buffer Zone and Parcels 
Centroids

2. GIS and Spatial Data Analysis

29

11.. SpatialSpatial DataData ManipulationManipulation

2. GIS and Spatial Data Analysis

profile curvature                       tangential curvature

slope                                                 aspect slope at 10m res., bare ground

11.. SpatialSpatial DataData ManipulationManipulation

Topographic Analysis

Topographic analysis 
from different 
DEMs and DSMs:
- 1m res. lidar DSM
- 10m res. lidar DEM
- 30m SRTM
- 500m DEM

Source: Modeling with Open Source GIS, H. 
Mitasova and M. Neteler, OSGEO

30
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2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Viewshed analysis

visibility analysis for finding a location for a webcam to 

support real-time monitoring of a watershed

• height of webcam location above the surface 1.75

and 6m

90 deg - horizontal
0 deg - under viewers feet
180 deg - above viewers head

Source: Geospatial Analysis and Modeling 
MEA592 – Helena Mitasova

31

2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Network analysis

• Finding best location 

for new fire station

• Point locations are 

constrained by 

network

• Response times also 

determined by 

network

Find shortest path between two hospitals 
based on cost (1/speed) and distance

Source: Modeling with Open Source GIS, H. 
Mitasova and M. Neteler, OSGEO

32
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Department of Geography 
and Urban Studies, Temple 
University

2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Network analysis

33

2. GIS and Spatial Data Analysis

11.. SpatialSpatial DataData ManipulationManipulation

Cost surface analysis: e.g. accident
accidentent firestationsSpeed map

- convert street speed limit data into time (use 5km /hr for off-street areas) , 
- compute cost surface to reach site of an accident from any point in the area, 
- find closest fire station, compute shortest path f rom it

Can be solved both with raster tools and vector net work analysis tools

Source: Modeling with Open Source GIS, H. 
Mitasova and M. Neteler, OSGEO

34
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Anselin and Getis (1992) divided into 4 components the analy sis

functions of GIS :

� SelectionSelection (sampling of data from the database)

� ManipulationManipulation (partitioning, aggregation, overlay,

buffering, and interpolation)

� ExplorationExploration

� ValidationValidation

Typical features of GISTypical features of GIS

Data Analysis ModuleData Analysis Module

35

22.. SpatialSpatial DataData analysisanalysis

3. The Process of Spatial Analysis

What’s about....

SPATIAL INTERACTION?

SPATIAL STRUCTURE?

SPATIAL PROCESSES?

Spatial Interaction -
Geovisualisation for 
Glasgow Migration 
of Populations

Image source: http://sites.google.com/site/flowmappingexamples/

The emphasis of SpatialSpatial AnalysisAnalysis is to measure properties and

relationships, taking into account the spatial location of the

phenomenon under study.
36

22.. SpatialSpatial DataData analysisanalysis

3. The Process of Spatial Analysis
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Objectives o f spatial analysis…

� Detect spatial patterns that cannot be detected by
visual analysis.

� Measure properties and relationships, taking into
account the spatial location of the phenomenon under
study.

� Confirm whether a spatial pattern found in visual
analysis is significant (nonrandom).

3. The Process of Spatial Analysis

37

22.. SpatialSpatial DataData analysisanalysis

Components of spatial analysis (Anselin, 2002):

�Visualization
Detecting interesting patterns on maps

�Exploratory Spatial Data Analysis (ESDA)
Finding interesting patterns;

Quantifying, with global and local indices, spatial associations

�Spatial Modeling
Explaining interesting patterns

3. The Process of Spatial Analysis

38

22.. SpatialSpatial DataData analysisanalysis
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4. Types of data in Spatial Analysis

Types of Spatial Analysis

Methods used in Spatial Analysis can be divided according to the three

main categories of data to be analyzed:

��EventsEvents oror PointsPoints PatternsPatterns

�� AreasAreas

�� ContinuosContinuos datadata oror surfacessurfaces

22.. SpatialSpatial DataData analysisanalysis

Data types in spatial analysis…Data types in spatial analysis…

Events or point patterns – phenomena expressed through occurrences identified
as points in space, denominated point processes.
Some examples are: crime spots, disease occurrences, and the localization of vegetal
species.

Areas with Counts and Aggregated Rates – means data associated to
population surveys, like census and health statistics, and that are originally referred to
individuals situated in specific points in space. For confidentiality reasons these data are
aggregated in analysis units, usually delimited by closed polygons (census tracts, postal
addressing zones, municipalities).

Continuous surfaces – estimated from a set of field samples that can be regularly
or irregularly distributed.

40

4. Types of data in Spatial Analysis

22.. SpatialSpatial DataData analysisanalysis

Methods used in Spatial Analysis can be divided according to the 3 main
categories of data to be analyzed:
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5. Events or Point Pattern

Point PatternPoint Pattern

22.. SpatialSpatial DataData analysisanalysis
� The basic interest of spatial point pattern
analysis will be to detect whether it is
distributed at random or represents a
clustered or regular pattern.

42

22.. SpatialSpatial DataData analysisanalysis

Point Pattern examples… crime data in Belo Horizonte  (Brazil)Point Pattern examples… crime data in Belo Horizonte  (Brazil)

Source: Renato Assunção (UFMG/Brasil)

Event locations Density estimation events/unit area

Taxi 
robbery
1995-2000 

5. Events or Point Pattern
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22.. SpatialSpatial DataData analysisanalysis

Point Pattern examples…Geophysics Point Pattern examples…Geophysics 
Seismic epicenters of the 1998 Faial earthquakeSeismic epicenters of the 1998 Faial earthquake

(Nuno Dias, 2004)

N165E

Faial

Pico

N253E

Faial

Pico

centímetros

N165E

Faial

Pico

N165E

Faial

Pico

N253E

Faial

Pico

N253E

Faial

Pico

centímetros

Two models for the horizontal 
deformation field, estimated by the 
inversion of geodetic data (GPS)

Kernel Density estimation. Comparison of hotspots locations with the source
faults estimated by the geodetic data inversion (Dora Roque, 2008)

5. Events or Point Pattern

22.. SpatialSpatial DataData analysisanalysis

Point Pattern examples… GeologyPoint Pattern examples… Geology
Volcanic eruptions allow the determination of geolo gic structuresVolcanic eruptions allow the determination of geolo gic structures

5. Events or Point Pattern
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22.. SpatialSpatial DataData analysisanalysis

Point Pattern examples… DemographyPoint Pattern examples… Demography

From (Santos, O., 2008)

5. Events or Point Pattern

46

22.. SpatialSpatial DataData analysisanalysis

Point Pattern examples… PaleontologyPoint Pattern examples… Paleontology

5. Events or Point Pattern

(Trace fossils for paleogeographic studies, Redweik et 
al., 2010 submitted to AGILE 2010)

Kernel density 
estimation for 
G.lapidicus

Maps of complete sets of 
extracted G.lapidicus

Ortofoto
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22.. SpatialSpatial DataData analysisanalysis

Point Pattern examples… Public HealthPoint Pattern examples… Public Health
People with lung and larynx cancer, in Lancashire (England),
between 1974-1983 (Gatrell and Lovett (1978))

Langue cancer

Larynx cancer

Population Backcloth

large incinerator, active between 
1972-1980, is located just 
upwind of this cluster of cases.

5. Events or Point Pattern

48

� Descriptors of point patterns: fast perception of the point 
distribution, (i.e. variability and spatial orientation);
� Frequency
� Intensity
� Geometric Center
� Spatial dispersion

� Detectors of point pattern: Methods to derive summary 
statistics or plots of the observed distribution to investigate 
specific hypotheses;
� Examining first order effects (large scale trends)
� Examining second order effects (local effects)

V
is

ua
liz

at
io

n
E

S
D

A

22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

VisualizationVisualization

CentrographyCentrography
� Central TendencyCentral Tendency

mean center = center of gravity  
average of x and y coordinates 

median center = location with shortest total 
distance to all points 
distance is non-linear, iterative algorithm 

�� Second Moment Second Moment 
standard deviational ellipse

variation around mean center accounting for angle

50

22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

VisualizationVisualization
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

Independent random process (IRP)
Complete spatial randomness (CSR)

1. Equal probability: any point has 
equal probability of being in any 
position or, equivalently, each 
small sub-area of the map has an 
equal chance of receiving a point.

2. Independence: the positioning of 
any point is independent of the 
positioning of any other point.
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

� The independent random process is mathematically elegant and 
forms a useful starting point for spatial analysis, but its use is 
often exceedingly naive and unrealistic.

� If real-world spatial patterns were indeed generated by 
unconstrained randomness, geography would have little meaning 
or interest, and most GIS operations would be pointless.

IRP/CSR is not realistic

ESDAESDA
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1. First-order effect

� The assumption of Equal 
probability cannot be satisfied

� The locations of disease cases tends to 
cluster in more densely populated areas

� Plants are always clustered in the areas 
with favored soils.

22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

2. Second-order effect

� The assumption of
Independence cannot be 
satisfied

� New developed residential areas tend to 
near to existing residential areas

� Stores of McDonald tend to be far away 
from each other.

ESDAESDA

22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

ESDA ESDA –– 11STST ORDER EFFECTSORDER EFFECTS
DensityDensity--based point pattern measures based point pattern measures -- QuadratQuadrat Count Methods Count Methods 

xi – frequency in each quadrat

n = n. quadrats

VTMR>1 VTMR<1 VTMR=1

cluster randomdispersed
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

ESDA ESDA –– 11STST ORDER EFFECTSORDER EFFECTS
DensityDensity--based point pattern measures based point pattern measures –– Kernel DensityKernel Density

The pattern has a density at any location in 
the study region, not just locations where 
there is an event

This density is estimated by counting the 
number of events in a region, or kernel, 
centered at the location where the estimate 
is to be made.

2

)],(.[

r

rpCSno
p π

λ ∈=
)

C(p,r) is a circle of radius r centered at the location of interest p
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

ESDA ESDA –– 11STST ORDER EFFECTSORDER EFFECTS
DensityDensity--based point pattern measures based point pattern measures –– Kernel DensityKernel Density
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

ESDA ESDA –– 22ndnd ORDER EFFECTSORDER EFFECTS
DistanceDistance--based point pattern measuresbased point pattern measures

62.21min =d

If clustered,             has a higher or 
lower value?

mind

58
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

ESDA ESDA –– 22ndnd ORDER EFFECTSORDER EFFECTS
DistanceDistance--based point pattern measuresbased point pattern measures
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22.. SpatialSpatial DataData analysisanalysis

5. Events or Point Pattern

ESDA ESDA –– 22ndnd ORDER EFFECTSORDER EFFECTS
DistanceDistance--based point pattern measures based point pattern measures 
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n=λ is the study area event 
density

K-Ripley (Ripley, 1976) – uses distances 
between all points 
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33.. SpatialSpatial StatisticalStatistical analysisanalysis

ValidationValidation

Clusters Clusters werewere detectdetect... ... ButBut HowHow
cluster cluster theythey are?are?

WeWe needneed to to givegive a a statisticalstatistical
significancesignificance to to ourour exploratoryexploratory
resultsresults!!

ButBut howhow??

5. Events or Point Pattern
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1. Equal probability: any point has equal probability of being in any 
position or, equivalently, each small sub-area of the map has an 
equal chance of receiving a point.

2. Independence: the positioning of any point is independent of the 
positioning of any other point.

Complete spatial randomness, CSR

5. Events or Point Pattern

33.. SpatialSpatial StatisticalStatistical analysisanalysis

62

33.. SpatialSpatial StatisticalStatistical analysisanalysis

5. Events or Point Pattern

Statistical Hypothesis Testing: Classical ApproachStatistical Hypothesis Testing: Classical Approach

Statistical hypothesis testing usually involves 2 values; 

• A measure(s) or index(s) derived from samples (e.g. the Nearest Neighbor Index)

• A test statistic, derived from the measure or index, whose probability distribution is known when  repeated 

samples are made, 

– this is used to test the statistical significance of the measure/index

We proceed from the null hypothesis (H
o

) that, in the population, there is “no difference” between the two sample 

statistics, or from spatial randomness* 

– If the test statistic we obtain is very unlikely to have occurred (less than 5% chance) if the null hypothesis 

was true, the null hypothesis is rejected

0-1.96

2.5%

1.96

2.5%

If the test statistic is beyond +/- 1.96 
(assuming a Normal distribution), we 
reject the null hypothesis (of no 
difference) and assume a statistically 
significant difference at at least the 0.05 
significance level. 



17-01-2012

32

63

33.. SpatialSpatial StatisticalStatistical analysisanalysis

5. Events or Point Pattern

Statistical Hypothesis Testing: Simulation ApproachStatistical Hypothesis Testing: Simulation Approach

– Because of the complexity inherent in spatial processes, it is sometime difficult to 

derive a legitimate test statistic whose probability distribution is known

– An alternative approach is to use the computer to simulate multiple random spatial 

patterns (or samples) the spatial statistic (e.g. NNI or LISA) is calculated for each, and 

then displayed as a frequency distribution.

Empirical frequency 
distribution from 499 random 
patterns (“samples”)

Under CSR hypothese, the distribution function G(w) is a Poisson process (Bailey e 
Gatrell, 1995):

01)(
2

≥−= − wewG wλπ

, i =1, 2, ..., m são funções de distribuição empíricas, estimadas a
partir de m simulações independentes dos n eventos, na hipótese
CSR (n eventos independentes e uniformemente distribuídos).

And the simulation for G(w), under CSR, is given by:

m

wG
wG

m

i
i∑

== 1

)(ˆ

)(

WhereWhere ::

33.. SpatialSpatial StatisticalStatistical analysisanalysis

{ } miwGmaxwU i ...,,1,)(ˆ)( ==

{ } miwGminwL i ...,,1,)(ˆ)( ==

5. Events or Point Pattern

)(ˆ wG

)(wG

Envelope InferiorEnvelope Inferior

Envelope SuperiorEnvelope Superior

EstimadoEstimado

)(ˆ wGi
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6. Areas

AreasAreas

22.. SpatialSpatial DataData analysisanalysis
� The basic interest of spatial analysis of
areas is to measure spatial autocorrelation

Is this data spatially

autocorrelated?

Let’s look to some examples....

sourcesource: INPE PRODES Digital, 2004.: INPE PRODES Digital, 2004.

Deforestation 2002/2003Deforestation 2002/2003

Deforestation until 2002Deforestation until 2002

AmazonAmazon DeforestationDeforestation 20032003

66
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Let’s look to some examples....

Lung Cancer for White Males in USALung Cancer for White Males in USA

67

Let’s look to some examples....

Violence data in Minas Violence data in Minas GeraisGerais (Brazil) (Brazil) –– 1986, 1991, 19971986, 1991, 1997

68
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6. Areas

22.. SpatialSpatial DataData analysisanalysis

MAUP MAUP –– Modificable Area Unit ProblemModificable Area Unit Problem

Scale effect: is the tendency, within a system of modifiable areal units, for different 
statistical results to be obtained from the same set of data when the information is grouped 
at different levels of spatial resolution(e.g., enumeration areas, census tracts, cities, 
regions).

Aggregation effect : is the variability in statistical results obtained within a set of modifiable 
units as a function of the various ways these units can be grouped at a given scale, and not 
as a result of the variation in the size of those areas

70

� Grouping

� Equal intervals

� Quantiles

� Standard deviation

� Be careful!

� Color mapas can lead to wrong

interpretation

Breast cancer in England (1985-1989)
Source: Bailey and Gattrel, 1995

6. Areas

Visualization...
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6. Areas

Spatial Proximity Matrix

� Matrix W (n x n) , where each elements wij

represents a measure of nearness between

Oi and Oj

� Criteria:

wij =1, if Oi touches Oj

wij= 1, if distance(Oi, Oj) < h

A

B
C

D
E

A  B  C  D  E

A  0  1  0  1  0

B  1  0  1  1  1

C  0  1  0  0  1

D  1  1  0  0  1

E  0  1  1  1  0
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� Local smoothing of attribute values

where:

4 Wij is the spatial weights matrix.

4 yi is the attribute value for each area.

4 n is the number of areas

ni
n

j
ij

n

j
iij

i

W

yW

...,,2,1

1

1ˆ =

∑

∑

=

==µ

6. Areas

Moving AveragesMoving Averages

Standard Standard 

DeviationsDeviations
MovingMoving

AveragesAverages

Proportion of population aged 70 or
older, São Paulo, 1991
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Regions where there is a large difference

between the original value and the local mean

Indicates places of spatial transitions

6. Areas

Moving AveragesMoving Averages

Source: INPE, Câmara
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Indicators of spatial autocorrelations

� Generic formulation:

where 

ijw : spatial proximity between i and j

ija : measured relation between
object and its neighbors

∑=Γ
n

j
ijiji aw Γ = ∑∑ w aij ij

j

n

i

n

local global

6. Areas
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6. Areas

Global Indicators of Spatial Autocorrelation

� Moran’s I:

onde:

� n number of areas,

� yi attribute value in area i,

� mean value in study region

� wij spatial weigths matrix.

� How to interpret the above equation?

Values of I go from -1 to +1.
⇒-1 negative spatial autocorrelation 
⇒ 0 no spatial autocorrelation 
⇒+1 positive spatial autocorrelation 
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Random or Clustered?

� Testing Moran’s I

� Permutate the spatial values 999 times

� Obtain a probability distribution

� Locate the “real” value in the distribution

� In this case, I = .45 (very significant!)

6. Areas

Reject null hypothesis 

(Complete Spatial 

Randomness), i.e. the 

variable doesn’t 

depend of it’s spatial 
location.
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http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=How%20Spatial%20Autocorrelation:%20Moran's%20I%20(Spa
tial%20Statistics)%20works

6. Areas

I > -1/(n-1), ou zI > 0

Cluster of high values 
or low values; Positive 
autocorrelation

I < -1/(n-1), ou zI < 0
Dispersion; negative 
autocorrelation
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6. Areas

Local Indicators of Spatial Autocorrelation (LISA)

What if we want to find out the spatial correlation of each area? 
Use a local indicator
Compares local value to that of its neighbours

� Identify Hot Spots

� significant local clusters in the absence of global autocorrelation

� significant local outliers

� Indicate Local Instability

� local deviations from global pattern of spatial autocorrelation
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Moran Scatterplot: Values x Local Means

00

00 zz

WZWZ

αα

Q3Q3QQ22QQ22

QQ11QQ11Q4Q4

Q1 (val. [+], means [+]) and Q2 (val. [-],  means [-])

Locations of positive spatial association

(“I’m similar to my neighbours”).

Q3 (val. [+], means [-]) and Q4 (val. [-],  means [+])

Locations of negative spatial association

(“I’m different from my neighbours”).

6. Areas

Source: INPE, Câmara
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Moran Scatterplot: Values x Local Means

6. Areas

00

00 zz

WZWZ

α

QQ3 = 3 = HLHLQQ3 = 3 = HLHLQQ2= 2= LLLLQQ2= 2= LLLL

QQ1= 1= HHHHQQ1= 1= HHHHQQ4 = 4 = LHLHQQ4 = 4 = LHLH

São Paulo (BRAZIL)

Old-aged population

Source: INPE, Câmara
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Densidade populacional População

LISAs em São Paulo
Source: INPE, Câmara

Histogram of LM_Z_AL (NEW.STA 14v*96c)

96 * 1 * normal (x, 0.418074, 0.93681)

LM_Z_AL
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Moran Local : house rents (%)

LM
SÉ      3.579176
LAPA     -1.555046
SANTA CECÍLIA    3.128312
REPÚBLICA      5.159141
BOM RETIRO      2.788280
BRÁS      2.360710

Source: INPE, Câmara
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Gi_qi_aluguel

Normal Probability Plot
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Histogram of NG_Z_AL (NEW.STA 11v*96c)

96 * 1 * normal (x, 0.008287, 1.521965)

NG_Z_AL
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Region       Z      PROB       
CONSOLAÇÃO  3.7602 0.0002 
SÉ   3.6893 0.0002
CAMPO LIMPO  -3.0400 0.0024 
JD. ÂNGELA -2.7608 0.0058

Gi  - house rents (%)
Source: INPE, Câmara

Histogram of Z_GI__SR (NEW.STA 10v*96c)

96 * 1 * normal (x, -0.052278, 2.04597)

Z_GI__SR
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IBGE Z          PROB          
SÉ   4.1501 0.0000 
REPÚBLICA  4.0764 0.0000
JD. SÃO LUIS  -3.2949 0.0010 
CAMPO LIMPO  -3.1093 0.0019

Gi*  - house rents (%)
Source: INPE, Câmara
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7. Continuous Surfaces

SurfacesSurfaces

22.. SpatialSpatial DataData analysisanalysis
� The basic interest now is spatial
interpolation of sample data.

Spatial interpolation requires two basic input: 
Known points and an interpolation method.

The problem of interpolation

Find a function that passes througth a set of 
points:

curve: y = f(x)
surface: z = f(x,y)

volume: w = f(x,y,z)
Dynamic volume : w = f(x,y,z,t)

The problem has no unique solution!
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7. Continuous Surfaces

ExampleExample

22.. SpatialSpatial DataData analysisanalysis
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Global Local

Deterministic Stochastic Deterministic Stochastic

Trend surface 
(inexact)*

Regression 
(inexact)

Thiessen (exact)
Density estimation 
(inexact)
Inverse distance 
weighted (exact)
Splines (exact)

Kriging
(exact)

22.. SpatialSpatial DataData analysisanalysis

7. Continuous Surfaces
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