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/ 1. What is Special About Space Data?

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

Space is an essential component of everyday life!

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

distances between
locations!
(in relative sense)

Bing, Google Earth

J

/ 1. What is Special About Space Data?

What do we need to know before any kind of analysis?

0 Map View, Massachusetis State Plans Coordinates

9135~

1. A spatial reference
system!

1. Away to represent
geographic entities on
digital maps!

Morthing {maters)
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/ 1. What is Special About Space Data?

* Georeferenced data: 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?

Spatial reference system...absolute coordinates

The Earth surface is irregular
and complex, with mountains
and valleys

L

We want to simplify!

Physical Surface  Geoid Ellipsoid Sphere Plane

17-01-2012
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/ 1. What is Special About Space Data?

We want Earth coordinates, but how to get it?

We need a coordinate system, which is based on:

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

» Spheroid + Datum + Map projection
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1. What is Special About Space Data?

that kind of coordinates?

What are the
coordinates of this
point here?

E— ... Geographic

coordinates or cartesian
coordinates?

What coordinate

Peter H.Dana SYStEM are you want to
Aname referred it?
8




/ 1. What is Special About Space Data?
2D geographic coordinates (@®,4) 3D geographic coordinates (@,4, h)
N

origin

Images from ITC — Geometric Aspects of Mapping, R. Knippers
http:/fwww.Kartografie.nligeometrics/coordinate%20systems/coordsys. htmi)

/ 1. What is Special About Space Data?

Geographic coordinate system

» geoid -> ellipsoid —> (sphere) -> latitude/longitude
e GPS, large regions, data exchange (USGS, Google)

* UNits are ? e minuesseconss

* requires complex algorithms for distances, areas

for degrey ol bngitudy =,
246D’ latiuda)

SEBlEM

{ena degres of longitude =
atthe ecuator]

1M ARM

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

Projected Reference Systems - cartesian coordinate systems based on projections:
e geoid - ellipsoid - developable surface — plane — x,y

e developable surfaces: ?

e type of distortion: ?

Geoid Simplified representation:  Projection on developable Planar map with
Ellipsoid surface coordinate system

From Geospatial Analysis and Modeling MEAS92 — H. Mitasova /

11

/ 1. What is Special About Space Data?

How to choose a reference coordinate system?

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

Projection ?

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

17-01-2012



1. What is Special About Space Data?

-

How to deal with different coordinate systems?

Data often come in different coordinate

systems: P .
; . Coordenadas R i
Different sources of data; A Geogrificas
Different agencies; = Transformacio de
__Molodenski
Etc... (Parametros de

FEgressiin)

Coordinate transformations

TIME CONSUMING (e.g. for raster . "
resampling/reinterpolation to regular grid is gt e
required == P
LOSS OF PRECISION

GIS: ON-FLY

_/

/ 1. What is Special About Space Data?
Another way to reference geographic entities...

relative to...

m 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.

.\o(\v /

X
awes
Poor Pavement
Start of

) Condition
Main St

/
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/ 1. What is Special About Space Data?

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

NEXT STEP:
We will need a model of the

world to represent it
computationally?

MAYBE WE NEED A:

GIS

(Geographic

Information
Image Source: http://www.freewebs.com/waywardgeographics/gis1.bmp SySte m)

15

/ 2. GIS and Spatial Data Analysis

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

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

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

HARDWARE ey DATA

-
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

Real World

— 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,

. . . Raster Representation
isolines or points are also used. P

— 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
From Geospatial Analysis and Modeling MEA592 — H. Mitasova /

17

/ 2. GIS and Spatial Data Analysis
continuous: elevation, precipitation discrete: land use, roads

From Geospatial Analysis and Modeling MEA592 — H. Mitasova

17-01-2012



Topographic -

Contour

Choropleth

Real world

2. GIS and Spatial Data Analysis

GIS organize spatial
information into
diferent levels.

Level 1
roads

Combining

GIS offers Wzsic twuls to reppeesent,
manage and savedyyse Speatiizl chetd!

19
2. GIS and Spatial Data Analysis
Spatial Representation of Geographic Information
i = l
|
GIS layers: Parcels, Roads, etc...

[Tom

Querying Spatial Information... R 7 e
-\-: LJJ T 2 161 404 664113 |Paved Road

- “\j P e
> b \ 5| 165 65003233 PavedDiveway
th o e [ 763 27541142 |Public Sidewalk
] 4 N 7 165 104.295646 | Paved Driveway
- 5 185 5.484622 | Paved Diveway
~ ) 165 BﬂalﬁazﬂFavedDweway
10 163 17557757‘Pub\|t5\dewa\k
e e
13 165 |BBdEEBBB\FavsdDuvsway

| Spatial Attributes

20
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2. GIS and Spatial Data Analysis

Categories of Spatial Analysis

1. Spatial data manipulation

¢+ The basic functions of any GIS
2. Spatial data analysis

+»+ Descriptive and exploratory functions using maps
3. Spatial statistical analysis

** Uses statistical methods to determine if spatial data
or “unexpected” relative to a statistical

are “typical”
model.
4. Spatial modeling

+** Constructing models to predict spatial outcomes.

S/

2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

Classification and retrieval

2 Continental United States

«] Capitab--Fopulatior
% 6247 - 57287
s 57268 1303

¢ 139740 272

] Major Rivers
FaYs

«f States--Population
[ 487142 - 200
[ 2000831 - a8
B 2530024 - 05
B =570291 - 1@
| RELEEEC

ot 55000 1030963403 309921 =
oint 20000 Der 20 4E7E10; 21092
oint | 55000 a i 1243444719 178662
oint | 04000 1050394017 15752
oint | 28000 Lin Ti76 191972 7540
oint | 67000 Sal i 425015993 gheey

; e 0690 B e
o Major Lakes = 1 ot 70500 S 63695y 20
== oy 13800 e B0s8 T S0008 20243

oint | 07200 Bis 1680 aase i8S
oint | 09700 Car sga T a0aa3 5%

SN E 050y o
aint 439600 Pier 1484 12906 EDSSﬂ
5
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2. GIS and Spatial Data Analysis
1. Spatial Data Manipulation

Classification and retrieval

ap Query 2 [_[o]]

Layers
op Quey 1] 1= -
ap Query 1 . Cor J 3508 Jo-7788
ez 7018 % 7795 - 16.69
1559 . 23,385
ez, Court] bl=)
spect of Dem?] 14031 =l == iﬁ.iﬁﬁ 2 3.1 18

I | I Undate Values

T[Slope2]» 101 j X J
= 1 Awo2
=] L]

Evaluate @ View2

o sieps gti0
[_JFase @
I Truech)
o D ata

[ O[]

23
2. GIS and Spatial Data Analysis
1. Spatial Data Manipulation
Reclassify values
2 Viewl I [=]

| Reolass of Geolgrid

1]

[ o
[
B o Dats
Reclassify Values ] Gealgrid
[ cenozoic
Classification Field: [S_vahie = [ Lower Mes ozoic
[ Lower P aleozoic
adis an Limestone
| uige | | k| recambrian
pper Masozaic
[ Upper Paleozoic
0ld Values New Value
Il NoData
Cenczsic [l =
Lower Mesoznic [ @ View2
Lower Palsozoic 0 « Reclass of Geolgrid
Madison Limestone 1 [ |
o Data
Upper Mesoznic [ o
NbrMean of Dem2
Upper Peleozoic 0 |
[1872-882
[CJaas - 1112
Al =] [ i113- 1233
et | - 259
- 1474
save | ok | Cancel - 1504
B 505 1715
[ 1716 1835

D[]

17-01-2012
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2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

Map Calculations

€ Map Calculation 1

lopgt10] T
lops ot 10 Cou
2]

Vi Couni]

em2 . Count]
spectol Deme] 2]

BN

(Siope gt 0]+ [Pi2]]

[T

& Viewl

C_JFasem

B Tuect)

I oD ata
] Pz
[ Fake (BHHF) ()
] TmePwTy (1)
I oD ata
_| Wshds2b
| Wells.shp

| Roads2 =

o Slep=gti0 -

e.g. find combinations of

public/private land and high/low

slope

] Map Caloulation 1

| Map Quer1
[ JFase(m
I Troe (1)
I oD ata

Vo2~ 2 A=

25

2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

Proximity Functions

#8 Proximity functions measure distances between features

3 Distance functions

Calculate a surface representing the distance to the nearest target (raster)
Example: Determine the distance from archeological sites to the nearest stream

o Distance to Roads2

& VYiewl

o Roads2 o
FAYS

[ Jo- 182358
[ 1823528 - z64.718
[ 284718 - 547.074
[ 547 074 - 720.432
I 7za.432-911.79
21179 - 1094.148
[ 1094.148 - 1276.506
[ 1276.506 - 1458864
[l 1453804 - 1641222

[ 1541222 - 182358 x|

26
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2. GIS and Spatial Data Analysis

Spatial Data Manipulation

Buffering

3 Constructs polygons containing all
areas within a certain distance of the
target

3 Targets may be points, lines, or
polygons

3 Accomplished in raster using expand
or distance functions

Example: How much timber is lost if one
does not harvest < 100m from streams?

3 Often combined with overlay to
tabulate areas inside the buffers

27

2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

Analize Spatial Information...

OBJECTID® ADDITIO-
[ 70020 FAGHTO0ADUB0T _|257700AO0B0T | RGYAL ADDITION 21T SBLKA 00

45447 | A274100C00301 | 057200000301 TATES 2

15763 057200C0T301 | TAEVBURN ESTATES

4904 057200001101 | TREYBURN ESTATES

50308 057200801801 | TREVBURN ESTATES

51407 241G0TION20T | CENTRAL CENTERLT 2

51344 [R236500D00601 | 045100000601 | TREYBURN ADDITION

51345 | 236500000501 | (45100000501 | TREYBUIR ADDITION

GE: 015500508101 | GREENHOLLOW ADDITION

51951 |AO20200601901 | 15500501501 | GAEENHOLLOW ADDITION

51980 GREENHOLLOW ADDITION

52091 | 236500000601 | 145100000801 | TREYBUIR ADDITION

2297 015500500801 | GREENHDLLOW ADDITION

|RZ3B500A01401 | 045100ATTATT | TREVBUIRN ADDITION

|R236500801501 | 046100401501 | TREVBUIRH ADDITION
[R30TTO001 | 227800100101
|RZ36500800601 | 04510080080
|R236500800701 | 046100400701

O1sB00E0020T
[R13B300100101 | 226200100101 _|PLAZA PAFK 2
196200400201
[Ra40z0TIO0101 | 25810010101
[RSB0TTO0Z01 | 241500100201

) onzz00300101

7[RO21000400401 002200400401 |

56018 |RO21000300901 | 002200200901 | HAGGARD. W. 0. ADDITION

Which parcelsare within 5 km distance from x crossroad?

28
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2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

o 1. INPUT
A Layer A: Parcels
Layer B: Stop BUS

.
t4s
o * "
s ¥t
Veann s eyl
o theeata
£

0 ZeE 3 Emned
TEN Il gwnal o

3. SPATIAL JOIN between Buffer Zone and Parcels
Centroids

2. BUFFER ZONE around Stop BUS

29

2. GIS and Spatial Data Analysis
1. Spatial Data Manipulation

hic Analysi odelngu
Topographic Analysis Sce gt o S 1.1

slope at 10m res., bare ground

Topographic analysis
from different

DEMs and DSMs:

- 1m res. lidar DSM
- 10m res. lidar DEM
-30m SRTM

- 500m DEM

profile curvature tangential  curvature

30

17-01-2012
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2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

Source: Geospatial Analysis and Modeling
MEA592 — Helena Mitasova

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

/

31

2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

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

Network analysis

¢ Finding best location
for new fire station

e Pointlocations are

constrained by
network

determined by
network

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

17-01-2012
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2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation

Department of Geography

Network analysis  oenSudes Tenol

dded demands to obtain the  FIGURE 3 Modeled

» specific intersection. Finally, ~response times for
ction, we allocared each node  CUrent geographical
st fire station and determined  arrangement of fire
h that node intersection from  Stations.

2. GIS and Spatial Data Analysis

1. Spatial Data Manipulation
Source: Modeling with Open Source GIS, H.
Mitasova and M. Neteler, OSGEO

Cost surface analysis: e.g. accident

Speed map @ accidentent  # firestations

AR

S

Os
[Hzs
s
O+s
==

|RES

¥

- 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 /

34
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3. The Process of Spatial Analysis

2. Spatial Data analysis

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

functions of GIS :

0 Selection (sampling of data from the database)

O Manipulation (partitioning, aggregation, overlay, Typical features of GIS
buffering, and interpolation)

O Exploration

o Data Analysis Module
U Validation

S/

35

3. The Process of Spatial Analysis

2. Spatial Data analysis Spatial Interaction -
Geovisualisation for
: Glasgow Migration
ot Migsants r of Populations

What's about....

SPATIAL INTERACTION?

SPATIAL STRUCTURE?

SPATIAL PROCESSES?

Image source: http:llsites.google.cbmlsite/ﬂowmappingexamplesl

The emphasis of Spatial AmElss is to measure properties and

relationships, taking into account the spatial location of the
phenomenon under study.

36

17-01-2012
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/ 3. The Process of Spatial Analysis
2. Spatial Data analysis

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). /

37

/ 3. The Process of Spatial Analysis
2. Spatial Data analysis

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

/

38
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4. Types of data in Spatial Analysis

2. Spatial Data analysis

Types of Spatial Analysis

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

main categories of data to be analyzed:

*Events or Feaitts FREteEns
«» Areas
«» Continuos ddéda or ssufémess

39

4. Types of data in Spatial Analysis

2. Spatial Data analysis

Data types in spatial analysis...

Methods used in Spatial Analysis can be divided according to the 3 main
categories of data to be analyzed:

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).

or irregularly distributed.

Continuous surfaces — estimated from a set of field samples that can be regulay

40

17-01-2012
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5. Events or Point Pattern

2. Spatial Data analysis
« The basic interest of spatial point pattern

Point Pattern analysis will be to detect whether it is
distributed at random or represents a
clustered or regular pattern.

paints in geographic context

pattern of points in : , =
uniform plane : e s
P r

Spatial Objects L /

41

5. Events or Point Pattern

2. Spatial Data analysis

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

Taxi
robbery
1995-2000

Source: Renato Assuncdo (UFMG/Brasil)

Event locations Density estimation events/unit arey

42

17-01-2012
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5. Events or Point Pattern

2. Spatial Data analysis

Point Pattern examples...Geophysics
Seismic epicenters of the 1998 Faial earthquake

(Nuno Dias. 20()4) Two models for the horizontal
! deformation field, estimated by the

inversion of geodetic data (GPS)

' |

| O Kernel Density estimation. Comparison of hotspots locations with the source

MMMMMMMMMMMMMMMMMMMMM faults estimated by the geodetic data inversion (Dora Roque, 2008)

43

5. Events or Point Pattern

2. Spatial Data analysis

Point Pattern examples... Geology
Volcanic eruptions allow the determination of geolo gic structures

NEWER VOLCANIC PROVINCE (NVP) AUSTRALIA

T 7 T
a ta by ey fas®

A Gertatbighands -
& o gt
* % Ma e
b

Westem Plains
sub-province

Al Maars and Tuff Rings Buried or 'Nested with Scoria Conels)

Al Lava shelds (= minor scoria deposts) ﬂ)’\\'

¢
@  sconia (Cinder) Cones. 3
l proximate coverage by the 3secDEM .

17-01-2012
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5. Events or Point Pattern

2. Spatial Data analysis

Point Pattern examples... Demography

Provincia Huilo T —

Provincia Cumene

Distribuigéio dos Quimbes

From (Santos, O., 2008)

4

Exemplo, evio Hesero, rikko Himbo Vara aéren de um Qumba
45
/ 5. Events or Point Pattern
. . (Trace fossils for paleogeographic studies, Redweik et
2. Spatial Data analysis al., 2010 submitted to AGILE 2010)

Point Pattern examples... Paleontology

Maps of complete sets of
extracted G.lapidicus

Kernel density I

estimation for
im G.lapidicus

Ortofoto

17-01-2012
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/ 5. Events or Point Pattern

2. Spatial Data analysis

Point Pattern examples... Public Health
People with lung and larynx cancer, in Lancashire (England),

Population Backcloth

large incinerator, active between
[ )

Langue cancer 1972-1980, is located just
® Larynx cancer upwind of this cluster of cases.

5. Events or Point Pattern

2. Spatial Data analysis

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

Visualization

o 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)

ESDA

e

48

17-01-2012
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5. Events or Point Pattern

2. Spatial Data analysis

Visualization

Oth Etljg dp -2 ury)
Centrography
U Central 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
4 Second Moment

standard deviational ellipse

variation around mean center accounting for angle

5. Events or Point Pattern

2. Spatial Data analysis

Visualization

Standard Daeviation Ellipses for the Crime Pattern
uis

1982

" [Ethaiciy Stdy
Los

i

s
In Southe
Calitcmis

g Uy o v e P

50
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5. Events or Point Pattern

2. Spatial Data analysis

ESDA w0

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 nY 1\ x=1\"4
equal chance of receiving a point. ~ P(K.n,X) = k%

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

positioning of any other point. /

51

5. Events or Point Pattern

2. Spatial Data analysis
ESDA

IRP/CSR is not realistic

» 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.

52
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5. Events or Point Pattern

2. Spatial Data analysis

ESDA

1. First-order effect 2.

» The assumption of Equal >
probability cannot be satisfied

o B3

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

K3

i .
%  Plants are always clustered in the areas **
with favored soils.

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.

53

5. Events or Point Pattern

2. Spatial Data analysis

ESDA — 15T ORDER EFFECTS

Density-based point pattern measures - Quadrat Count Methods

Mean=2Y0- & pis.intheregion _ 20 _ n = n. quadrats
No.of quadrants 4
lez 7@ 275t 46% 470 77(20)2
Variance= n__ - 4 _4s
n-1 4-1
x;— frequency in each quadrat
. . cluster dispersed random
Variance to Mean Ratio . g pel o
% # .
jamce 4.5
- yIMR < ariance _45 _ o e ) ] .
Mean 5 :
VTMR>1 VTMR<1

17-01-2012
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5. Events or Point Pattern

2. Spatial Data analysis

ESDA - 15T ORDER EFFECTS
Density-based point pattern measures — Kernel Density

The pattern has a density at any location in
the study region, not just locations where Grid of locations at which Kernel
there is an event density is to be estimated

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.

~ _no.[SOC(p,r)]
/]p - 772

C(p,r) is a circle of radius r centered at the location of interest p /

55

5. Events or Point Pattern

2. Spatial Data analysis

ESDA — 15T ORDER EFFECTS
Density-based point pattern measures — Kernel Density

Kornal Darsity Anabysis.
for Aftemednd Streot Robbery Crme Pattern

Cuadrat Analysis for Gun Homicide Crime Pattern
Consus Mothod

St Louis
1982

Figure 4. Kemel Density Analysis for Attempted Figure 3. Kemel Density Analysis for Gun
Street Robbery Homicide

56
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5. Events or Point Pattern

11
8 9
2. Spatial Data analysis zs
6
10
ESDA - 2™ ORDER EFFECTS 8
. . 4
Distance- st gmonttgatemmesssures E\Ez '
12H7
If clustered, d,,,, has a higher or e
lower value? PR RO s S
1 66.22 32.54 10 25.59
2 22.52 22.39 4 15.64
3 31.01 81.21 5 21.14
4 9.47 31.02 8 9.00
5 30.78 60.10 3 21.14
6 75.21 58.93 10 21.94
7 79.26 7.68 12 24.81
8 8.23 39.93 4 9.00
9 98.73 42.53 6 21.94
10 89.78 4253 6 21.94
11 65.19 92.08 6 34.63
12 54.46 8.48 7 24.81
dmin - 2162 /
57
5. Events or Point Pattern
2. Spatial Data analysis
ESDA - 2™ ORDER EFFECTS Clustered :
Distance-izessatipmoitt e term nmeses es % s+
& i S
G’ 06
@i 0.4
w
5& ° 02 -_G
—F
G(d) — |'-](:)'[dmin (S) < d] o 025 050 075
- 0 Distance, d
n Evenly spaced
1
F(d) - no'[dmin(piis) <d] ° 5 © 2
m o 4 g’ 08
° 5 ‘_E: 0.4
© T
o 0.2 — G
< © —F
o 0
[ 025 0.50 0.75,

Distance, d

58
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5. Events or Point Pattern

2. Spatial Data analysis

ESDA - 2™ ORDER EFFECTS ok e
Distance-Hzesstipmoitt e term meses ues — o
K-Ripley (Ripley, 1976) — uses distances o - -
between all points Evenly spaced . osarces

A= n is the study area event
a density

Clustered

Distance, d

> no[SOC(s, d)]
nA

K(d) =

_a 15
= nizzl:no.[SDC(s,d)] /
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5. Events or Point Pattern

3. Spatial Statistical analysis
Validation

Clusters were ddetect... BuitHow
cluster tiney are?

We need togjive a ststtidistiial

significance to@ur expkqukiatory
results!

Buithnow?

Processes Patterns
MATHEMATICAL DESCRIPTION
.
or . TR
oy
COMPUTER SIMULATION ?
.

eg.

Quadrat counts
Density surfaces.
Nearest neighbor
G, F,and K

MEASURES
of PATTERN

or

EXPECTED VALUES | STATISTICAL
ey TEST —
and/or €3 | STATISTICS

or
DISTRIBUTIONS HYPOTHESIS
TEST

MODELS ar

THEORIES or OBSERVATIONAL DATA
HYPOTHESES
. - |

e

Is the observed pattern a likely realization

of the hypothesized process? /
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5. Events or Point Pattern

3. Spatial Statistical analysis
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.

e

61

5. Events or Point Pattern
3. Spatial Statistical analysis

Statistical Hypothesis Testing: Classical Approach

Statistical hypothesis testing usually involves 2 values;
e A measure(s) or index(s) derived from samples (e.g. the Nearest Neighbor Index)
e Atest 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, ) that, in the population, there is “no difference” between the two samp|
statistics, or from spatial randomness*
— Ifthe test statistic we obtain is very unlikely to have occurred (less than 5% chance) if the null hypothes|
was true, the null hypothesis is rejected

If the test statistic is beyond +/- 1.96
(assuming a Normal distribution), we
reject the null hypothesis (of no
difference) and assume a statistically

(1]

oF

significant difference at at least the 0.05

significance level.
2.5% 2.5%
-1.96 0 1.96
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17-01-2012

31



5. Events or Point Pattern

3. Spatial Statistical analysis

Statistical 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.

pemmutation: 499
pvalue 00020

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

T 5737 BITEAN20R WMean-M 0261 S40N964 /
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5. Events or Point Pattern

3. Spatial Statistical analysis
Under CSR hypothese, the distribution function G(w) is a Poisson process (Bailey e

Gatrell, 1995):
G(w)=1-e"™ w=0

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

Where : (wy1=1,2, ..., mséo funcBes de distribuicao empiicas, estimadas a
' partir de m simulagdes independentes dos n eventos, na hipotese
CSR (n eventos independentes e uniformemente distribuidos).

L)

— Envelope Inferior

| Estimado

—— Envelope W
Gl
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6. Areas

2. Spatial Data analysis

Areas

« The basic interest of spatial analysis of
areas is to measure spatial autocorrelation

Is this data spatially
autocorrelated?

65

Let’s look to some examples....
Amazon Deffmessttztimm 2003

N i3 Ve

{ L
[ ] Defgjrestation 2002/2003F

3 RAIN = ;‘m J“.IM
‘Defprestation until 2002 DAL B Anzan

source: INPE PRODES Digital, 2004.
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Let’s look to some examples....

Lung Cancer for White Males in USA

118 Category 167

SOUCE: SO NCHE

i 461- 539 | | 0.82-006
= / iy w05 Ao [l aov_azs
i ]

ol L S

(5 rote =80}
liate pa Comparative
2eadg Moy ean

AEguaticn IR W0 UE)

F7a-1183 1.38-243
208~ 772 Lot~ La
BL5- 70.7 L0120

840- 614 | | 0.05-110

;\ DA~ 298 0a7-0.74
- — B wenaneig intscmes:
& 46 Se & 300 0
Distritwsion oi HYA ratos
par 100,000 pagation

67

Let’s look to some examples....

Violence data in Minas Geexiagis (Brazil) — NDBH, 199N, N9D7

Taxas de crimes violentos'
por 100 mil habitantes

B 130410399

91.3 10 130.4
70710 913
9810 707
g 011to 498

Dados ndo Disponiveis

Taxas de crimes violentos
por 100 mil habitantes
1997

1304 105693 (60}
913101304 (102)
76.7t0 913 {119)
43810 70.7 (152)
7Ato 49.8 (282)

Taxas de crimes violentos
por 100 mil habitantes
1991

1304 103614 (30)
91.3 10 1304 (101}
70710 91.3 (116)
49810 707 (202)
10610 498 (265)
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6. Areas
2. Spatial Data analysis

MAUP — Modificable 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

.
R Y,

Scale Aggregation

69

6. Areas

Visualization...
Grouping
O Equalintervals

0 Quantiles
[0 Standard deviation

Be carefull

0 Color mapas can lead to wrong
interpretation

Breast cancer in England (1985-1989) /
Source: Bailey and Gattrel, 1995
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/ 6. Areas

Spatial Proximity Matrix

O; and O;

Criteria:
w; =1, if O; touches O;

w; = 1, if distance(O,, O;) < h

Matrix W (n x n) , where each elements w;
represents a measure of nearness between

A
0
1
0
1
0

m O O W >

P B P O P
, O O r»r O 0O
, O O L L, O

/ 6. Areas

Moving Averages

Local smoothing of attribute values

nis the number of areas

Standard Moving
Deviations Averages

Proportion of population aged 70 or

older, S&o Paulo, 1991

Wi is the spatial weights matrix.
yiis the attribute value for each area.

/
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17-01-2012

K 6. Areas

Moving Averages

Regions where there is a large difference
between the original value and the local mean

Indicates places of spatial transitions

Source: INPE, Camara /

73

/ 6. Areas
Indicators of spatial autocorrelations

Generic formulation:

rFZWjaj FZZZWU a;
j i

where
Wj; : spatial proximity between i and j

&; :measured relation between
object and its neighbors /
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6. Areas

Gbal Indicators of Spatial Autocorrelation

Moran non
ZZ sz(yz' _J_’)(yj _J_’)
F n i=1 j=1
wij Z (yi _J_;)z
i=1 j=1 i=1
Values of | go from -1 to +1.
onde:

=-1 negative spatial autocorrelation
= 0 no spatial autocorrelation

O N number of areas, P : .
=+1 positive spatial autocorrelation

O i attribute value in area i,

O mean value in study region

O Wij spatial weigths matrix.
How to interpret the above equation?

S/
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6. Areas

Random or Clustered?

4000
2750
2600
50
00

-165] G071 (105298 s .12
155002 (071,405 (230,412]
|

Testing Moran’s |
0 Permutate the spatial values 999 times
[0 Obtain a probability distribution
O Locate the “real” value in the distribution
[0 In this case, | = .45 (very significant!)

X
JE—— _ Om |
#rds Q0
i

10578 BT AG ie 20) Ml

Values of T in the simulated Stolua g1 e
DS

B observed landscapes

Ly
__'.' =
Reject null hypothesis

(Complete Spatial
Randomness), i.e. the

variable doesn’t
depend of it’'s spatial
location.

76
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/ 6. Areas
The

e Moran's T statistic for spatial autocorrelation is given as:

noon

1 i=1=1

[ == ()

where z; is the deviation of an attribute for feature i from its mean (25 — X ), w; ; is the spatial
weight between feature ¢ and 7, n is equal to the total number of features, and So is the aggre gate I > '1/(n'1)1 ou Z| >0

of all the spatial weights:
n n .
So=Y % wi; (2 Cluster of high values
==t or low values; Positive

autocorrelation

The zy-score for the statistic is computed as:

1 - E[I] o
Z] = ———— K
i) | <-1/(n-1), ouz,< 0
e Dispersion; negative
E[f] = —1/(n—1) (4| autocorrelation
V[I] = E[I’ - E[}? (5)

tial%20Statistics)%20works

http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=How%20Spatial%20Autocorrelation:%20Moran's%201%20(Spa /
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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

-3 w59
2Urﬂ‘

n

I

i

Identify Hot Spots
O significant local clusters in the absence of global autocorrelation
O significant local outliers

Indicate Local Instability

O local deviations from global pattern of spatial autocorrelation /
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/

Source: INPE, Camara

6. Areas

Moran Scatterplot: Values x Local Means

Q1 (val. [+], means [+]) and Q2 (val. [-], means [-
Locations of positive spatial association

("I'm similar to my neighbours”).

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

Locations of negative spatial association
("I'm different from my neighbours”).

~—

/
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/ 6. Areas

+ Y%idosos
[ High-High
[ ] Low-Low
[ High-Lowi
[ ] Low-High

Moran Scatterplot: Values x Local Means

Old-aged population

Source: INPE, Camara

/

80
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Source: INPE, Camara

Densidade populacional Populacao
+ Sampa.shp ¥ Sampashp
29 8 - 5548 968 [ ]8992-56317
[ 5548.968 - 11067.976 | 56317 - 106642
[ 11067 976 - 16586 95 [_] 106642 - 156967
B 16586 984 - 22105 99 [_] 156967 - 207292
[ 22105 897 - 97R75 | [ 207282 - 257617

Source: INPE, Camara w [
©
2 20
"
s
2
H o
g e &
5o s
i 1
t 2
3
T 2w w  w b
~ 28td Dev . i
L]-2- -1 Std. Dev SE 3.579176
[_1-1-0Swd Dev LAPA -1.555046
[ Mean SANTA CECILIA 3.128312
[ ?; 33 gg:- REPUBLICA 5.159141
[ BOM RETIRO 2.788280
[ = 3 5td. Dev BRAS 2.36071
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Source: INPE, Camara

‘%
"5\“&}&@&1&

%
D &t iy
TR

S
<

Region
CONSOLAGAO
SE
CAMPO LIMPO
JD. ANGELA

z

3.7602
3.6893
-3.0400
-2.7608

Source: INPE, Camara

Histogram of Z_GI_SR (NEW.STA 10v96c)
96* 1+ normal (x, -0.052278, 2.04597)

No of obs

2GSk

Normal Probability Plot
zZG6LA

IBGE Z PROB
SE 4.1501
REPUBLICA 4.0764
JD. SAO LUIS -3.2949
CAMPO LIMPO -3.1093
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7. Continuous Surfaces

2. Spatial Data analysis

< The basic interest now

Surfaces 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!

is spatial

/

7. Continuous Surfaces

2. Spatial Data analysis

Example
Er=Jyr—m - z T 2
B oxomsls [ee—— |
.
= O Sivpin Kagergy
Prachetion Map
[ca_ozone_pt
Filed Contoun
ORS00 - 00 m [’
o | St EI
0077 - 0 v o
0007 0e .
T O gy w e
poiehient Lo oo e nee
W OIOE- 0T Gaehradue | 1ReRTRMT
manETa
VST OV A s Scuane Mao Lints -|
-0 e E :
= 0] bevverse Dintarice ' Dlept ol ATE TS
Pradiction Ma 3. ol < _ -
fiea_ocorm_cl | Dl isber Temporanrs El
Filed Contour:
4GS0 - 0L
085TT 06 LI [E
DOPEEET - 0T
D.877ER . 0087

= 0050917 - 0097329

TSR - 0103508

W O0EEE - 0187

0012807 - 025

0125970 - 0 145264

045 017600 =l
.
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/ 7. Continuous Surfaces
2. Spatial Data analysis

Global L ocal

Deterministic | Stochastic Deterministic Stochastic

Trend surface | Regression Thiessen (exact) Kriging

(inexact)* (inexact) Density estimation (exact)
(inexact)

Inverse distance
weighted (exact)
Splines (exact)

/THANK YOU VERY
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ATTENTIONI!
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F: de Ciencias da Universi de Lisboa
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