Hotspot Analysis with QGIS

Demo Exercise

The following guide includes examples of the QGIS Hotspot Analysis plugin application together with
process documentation.

Plugin update: 10/03/2017
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0. System check

After the installation of both the plugin and plugin’s dependencies:
(see: https://github.com/danioxoli/HotSpotAnalysis Plugin/README.md)
Open QGIS and check if the plugin is correctly installed:
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No Python errors should appear while opening QGIS or installing the plugin. If this is not true,
please check that the installation procedure was performed correctly.

(Sometimes, due to the system Python Path or uncorrected dependencies installation some
unexpected error may occur. If these are not solved by repeating the installation procedure of both
plugin and dependencies, please report the issue to the authors)

1. Create a valid input layer

The plugin accepts as input projected points or polygons shapefile with at least a numeric attribute
assigned to any geometry of the dataset.

1.1 Points Shapefile

A demo input points shapefile is available here:
https://github.com/danioxoli/HotSpotAnalysis Plugin/tree/master/test data - > demo_data
Open the demo_data shapefile and look at its attribute table:
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As it can be seen, to any of the 4000 points of demo_data are assigned three numeric attributes.
Your dataset should look like this latter.

To properly run Hotspot Analysis your dataset should contain at least ~ 30 points (indicatively).
Another requirement is the coordinate system associated to your input shapefile. The plugin requires
your layer to be projected. Therefore, be sure about that by checking at the layer properties.
Moreover, be aware about the unit of measure in which your selected projected coordinate system
is expressed. With respect to the demo_data (see picture below), the assigned projected coordinate
system is WGS84/UTM32N which is expressed in meters. The unit of measure is of primary
importance to initialise the plugin parameters (i.e. Distance Band).

The plugin implements the Getis-Ord Gi* local statistic, which aims to detected atypical locations (i.e.
hotspots/coldspots) in the spatial arrangement of a given variable. Practically speaking, Gi* compares
local averages with global average to underline the presence of significant high-values (or low-values)
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When the User Interface is open, select the input layer from the list as well as specify which attribute
field contains the positive numerical attribute you want to use to run Hotspot Analysis. In the case of

demo_data, select one among: “attributel”, “attribute2”, *

‘attribute3”.
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(Note: demo_data is an artificial dataset, attributes as we
physical feature)

Il as point locations do not represent any



1.2 Select a proper Distance Band for the analysis

As mentioned in the previous section, in order to compute local Getis-Ord Gi* statistic it is required
to specify a spatial relation between points of the dataset. The plugin allows to modelled this relation
using a Fixed Distance Band.

This process creates a PySAL W object (i.e. an adjacency or spatial weights matrix).

The Distance Band selection is a crucial step but no fixed rules are available to perform this task.
Analysis distance depends directly on which phenomena your dataset describes as well as on the
results you are looking for (e.g: if you are looking for hotspots of crime cases per city block within a
city, your distance may be in the order of the average distance between two adjacent city blocks).
Nevertheless, you should select a distance that guarantees some neighbours to any point (~ 8 for
small datasets and ~ 30 for big datasets) in order to avoid so called “islands” and obtain reliable
results.

The default suggested value for the Fixed Distance Band is the minimum distance to guarantee at
least one neighbour to all the points of the dataset and it is derived by considering only their spatial
distribution. You can change this value according to you needs but keep in mind that you should not
select a lower distance.

In the case of demo_data, default suggested value for Fixed Distance Band is = 10423 m (according
to the spatial distribution of points and the projected coordinate system of the layer, which is
expressed in meters).
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The plugin includes also an optimization procedure in order to selected the distance band. To use
this option, activate the command Optimize Distance Band by ticking the checkbox. Then you have
to specify a distance range (by typing a minimum and maximum distance value) and a distance step

(example: Min Distance = 10000 m, Max Distance= 30000 m, Distance Step= 1000 m ->the algorithm
will test this array of distance: [10000 m, 11000 m, ..., 29000 m, 30000 m])
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The optimized distance, which will be automatically used to perform Hotspot Analysis, is the one that
maximize the Z-score of the global Moran’s | index for your dataset.

This index suggests at which analysis distance the dataset shows high cluster activity (either of high
or low values) and therefore is not only based on the points spatial distribution but also on the spatial
arrangement of the associated variable (i.e. numeric attribute) that you select for the analysis.

Be aware that the suggested distance may not agree with your analysis purposes. You should specify
a suitable range of distances to fit your analysis needs as well as you should not specify a Min Distance
lower that the minimum distance to guarantee at least one neighbour. This is to avoid “islands”
the spatial weight matrix.

Computational time for the optimization increase according to the amount of points in your dataset
but also is strongly related to the distance range and step you decide to adopt (i.e. large distance
range + little distance step = long computational time!).

1.3 Polygon Shapefile

A demo input polygons shapefile is available here:

https://github.com/danioxoli/HotSpotAnalysis Plugin/tree/master/test data - > demo_data_poly
(Note: demo_data_poly is an artificial dataset, attributes as well as polygon locations do not
represent any physical feature)

When your input layer is a polygons shapefile, the plugin will recognize it and it will deactivate the
Fixed Distance Band options. This because spatial relationship between polygons is modelled using
a first order queen’s case spatial weights matrix. Therefore, two polygons are defined as neighbour
when they share at least one vertex.

Also in this case, a valid input layer has at least a numeric attribute assigned to any geometry of the
dataset. Important is also that geometries of your dataset are representative for a continuous area
avoiding holes (i.e. “island”) in the spatial weights matrix.
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2. Plugin options and run

Once input layer, attribute and spatial relationship are defined you are ready to specify the output
file name and path, you are ready to press ok and run the Hotspot Analysis!

Options are available to customize the GI* test according to your needs.

By activating the check-box “Use row standardized spatial weights” the spatial weights matrix is
modified. Default weights are in fact binary, use row standardized weights means that any element
of the matrix rows is divided by the sum of the correspondent row. This will balance in the
computation the contributions locations characterized by high number of neighbours with location
having only few neighbours:

010 (1’ 3 8
0 1 1 )standardization | () E E

Another option available is the use of the permutation approach to compute the sampling
distribution of the test statistic when the null hypothesis is true (null hypothesis = Complete Spatial
Randomness). This can be activated through the check-box “Use random permutations”. Default
number of permutation is 999, it can be changed by typing a number in the dedicated text box. When
the random permutations are not invoked the default approximation for the sampling distribution of
the test statistic is the Standard Normal Distribution. (In the example these two option are not
activated)

At the end of the process a success message will be displayed and the output layer will be added
automatically to the QGIS map panel. The success message includes also a reminder of the Distance
Band you select. If the “Optimize Distance Band” option has been used, the distance reported is the
optimized one that the algorithm selected for you. In case you are working with polygons layers, in
the success message it will be specified that you have used a The generation of the output may take
some time depending on the parameter you set as discussed before.
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To the output layer is assign an automatic style which enable to distinguish between hotspots a
coldspots, by accounting also for their statistical significance.

3. Interpretation of the results

Let’s have a look to the attribute of the output layer.

As you it can be seen in the picture below, the output layer is a copy of the input layer with two new
fields in the attribute table. These contains Z-scores of Gi* and related p-values for any entity of the

dataset. The default style of the output layer uses combination of Z-score and p-values to distinguish
between hotspots and coldspots while displaying their statistical significance. Threshold values are



associated to the normal standard distribution as show in the following picture. Output styling can
be changed according to user’s needs.
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Hotspots represent atypical high-value location surrounded by other high-value location as well (and
coldspots vice-versa). Not significant points represent location in which local values are likely random
distributed and so no significant clusters are there located.

This process enables to describe and visualize spatial distributions by highlighting atypical locations
which can be fundamental to describe hidden patterns of your dataset.
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