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Outline September 28

Introduction to spatial analysis

• Kernel density

• Incremental Spatial Autocorrelation

• Bundles of ecosystem services

Evaluation survey
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INTRODUCTION TO SPATIAL ANALYSIS



Analysing spatial patterns of mapped attributes

• Intensity/density: e.g. point & Kernel density surface

• Clustering: e.g. incremental spatial autocorrelation 

• Distance/proximity: e.g. from mapped attribute location and homes

• Diversity: e.g. Shannon diversity index

• Richness

Nora Fagerholm, 2014
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Analysis methods for PGIS data
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Analysing spatial relationships

• Correlation: e.g. between mapped attributes

• Overlay: e.g. of mapping attributes and land cover

Nora Fagerholm, 2014
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Analysis methods for PGIS data
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PRACTICE. Analysing spatial patterns

Density analysis



PRACTICE. Analysing spatial patterns

Density analysis

ArcGIS help
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PRACTICE. Analysing spatial patterns

Density analysis
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Points that fall within the search area are summed, 

then divided by the search area size to get each 

cell's density value.

The surface value is highest at the location of the 

point and diminishes with increasing distance from 

the point.

Point density

Kernel density
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PRACTICE. Analysing spatial patterns

Density analysis

The surface value is highest at the location of the 

point and diminishes with increasing distance from 

the point.

https://www.icpsr.umich.edu/CrimeStat/files/CrimeStatChapter.8.pdf
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PRACTICE. Analysing spatial patterns

Density analysis
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Point density

Kernel density

The kernel density has a much larger smoothing 

effect that the point density point.
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PRACTICE. Analysing spatial patterns

Density analysis

The kernel density has a much larger smoothing 

effect that the point density point.

Population field
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PRACTICE. Analysing spatial patterns

Density analysis
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Point density

Kernel density

No population With population
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PRACTICE. Analysing spatial patterns

Density analysis

The kernel density has a much larger smoothing 

effect that the point density point.

Cell size 

Search radius
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PRACTICE. Analysing spatial patterns

Density analysis

Cell size 

Search radius

Radius: 400m

Cell size: 200 m

Points mapping cultural heritage elements Points mapping nature protected areas

Radius: 800m

Cell size: 200 m
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PRACTICE. Analysing spatial patterns

Exercise. Density analysis

• Open Kernel Density tool

• Drag in the points shapefiles for one of the attributes: e.g. home_parking

• Set the processing Extent in the Environments: analysis_extent

Colmenar_beauty

PPGIS_Armenia / krnl_400_beauty

200

400 200? 1000?



PRACTICE. Analysing spatial patterns

Exercise. Density analysis

• Visualise the data in a more descriptive way:

Play with the different parameters in the Symbology
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PRACTICE. Analysing spatial patterns

Exercise. Density analysis

• Add a basemap of Yerevan and observe which are the areas with a higher and 

lower density of points
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PRACTICE. Analysing spatial patterns

Exercise. Density analysis

• What differences do you perceive when trying with different radius sizes? 

• What is the data telling you?

• Compare and discuss with the other members of your group
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PRACTICE. Analysing spatial patterns

Spatial autocorrelation



PRACTICE. Analysing spatial patterns

Spatial autocorrelation

Spatial phenomena tend to possess order and structure in space

Spatial autocorrelation is actually the same phenomenon as spatial clustering

• Positive spatial autocorrelation >> observations are spatially clustered

• Negative spatial autocorrelation >> dispersed spatial pattern

Niina Käyhkö 2014
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PRACTICE. Analysing spatial patterns

Spatial autocorrelation. Spatial cluster analysis

Detects unusual concentrations or non-randomness of events in space 

Two types of spatial cluster analysis:

• Global clustering throughout the study region (statistical parameter)

• Local clustering in specific locations (map)
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PRACTICE. Analysing spatial patterns

Spatial autocorrelation. Global spatial cluster

Statistical parameter indicating level of clustering in the whole area

Moran’s I estimates the overall degree of spatial autocorrelation of a dataset

• Index value -1 (dispersed) / +1 (clustered)

• Z score evaluates significance of index value <-1,96 / > 1,96

• P value indicates probability of rejecting complete spatial randomness (CSR)

• Distance band: neighbouring feature outside critical distance have no 

influence on the computation
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PRACTICE. Analysing spatial patterns

Spatial autocorrelation. Incremental spatial autocorrelation (ISA)

• Moran’s I for a series of increasing distances 

ArcGIS help
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PRACTICE. Analysing spatial patterns

Exercise. Incremental Spatial Autocorrelation (ISA) 

• Open the ISA tool in the toolbox

• Introduce the following parameters
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Regulating

Distance MoransI z_score p_value

100 -0,02 -0,47 0,64

200 0,04 1,16 0,25

300 0,01 0,30 0,76

400 0,01 0,53 0,59

500 0,01 0,61 0,54

600 0,01 0,49 0,62

700 0,00 0,05 0,96

800 0,02 0,75 0,45

900 0,02 1,09 0,27

1000 0,01 0,80 0,43

Social

Distance MoransI z_score p_value

100 0,23 10,27 0,00

200 0,20 9,62 0,00

300 0,17 9,34 0,00

400 0,16 9,83 0,00

500 0,15 10,24 0,00

600 0,14 10,35 0,00

700 0,13 10,11 0,00

800 0,12 9,96 0,00

900 0,11 9,45 0,00

1000 0,10 9,31 0,00

PRACTICE. Analysing spatial patterns

Exercise. Incremental Spatial Autocorrelation (ISA) 

Interpret the results:

• Is there spatial autocorrelation ? 

• At which distance are the spatial processes promoting clustering 

most pronounced?

Social Regulating
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ANALYSIS SPATIAL RELATIONSHIPS

Spatial bundles



PRACTICE. Analysing spatial relationships

Spatial bundles

Spatial coexistence of different landscape services

“Set of associated ES/landsape services that repeatedly appear 

together across time or space” 

(Raudsepp-Hearne et al., 2010:5242)

Bundles analysis to assess potential synergies and trade-offs 

(Martín-López et al 2012)

Inspiration

Beauty

Nature

Society
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PRACTICE. Analysing spatial relationships

Spatial bundles

1. Aggregate point data into polygon grid data

• Create fishnet grid

• Cells with combinations of different types of points

2. Identify recurrent combinations

• Bivariate correlation
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Spatial bundles

PRACTICE. Analysing spatial relationships
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Fishnet cell sizes!
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Spatial bundles

PRACTICE. Analysing spatial relationships

ID CELL Feelings Regulating Culture Nature Existence Products Beauty Harvest Walking Society

445 0 0 0 1 0 0 2 0 1 0

446 0 0 0 0 0 0 1 0 0 0

449 0 0 0 0 0 0 0 0 1 0

452 0 0 0 0 0 0 1 0 1 0

455 0 0 1 0 0 0 0 0 1 3

487 0 1 1 4 0 0 3 0 2 0

488 0 0 0 0 0 0 3 0 4 0

489 0 0 0 0 0 0 0 0 1 0

491 1 0 0 1 0 0 2 0 0 0

492 0 0 0 0 0 0 0 0 1 0

• Bivariate correlation
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Spatial bundles

Correlation coefficient (Spearman-Rho)

Feelings Regulating Culture Nature Existence Products Beauty Harvest Walking Society

Feelings 1,000 ,296** ,445** ,392** ,393** ,126* ,453** ,273** ,424** ,355**

Regulating 1,000 ,278** ,420** ,307** ,001 ,332** ,174** ,311** ,211**

Culture 1,000 ,272** ,321** ,196** ,350** ,325** ,263** ,416**

Nature 1,000 ,345** ,015 ,388** ,208** ,301** ,260**

Existence 1,000 ,165** ,329** ,260** ,278** ,296**

Products 1,000 -,008 ,161** ,108* ,263**

PRACTICE. Analysing spatial relationships

** p < 0,01

*  p < 0,05

• Bivariate correlation
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PRACTICE. Analysing spatial patterns

Overlay kernel density classes with land cover classes
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