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Spatial Data Science



Spatial analysis

Map by Dr. John Snow of London, 

showing clusters of cholera cases in the 1854 

Broad Street cholera outbreak. This was one of 

the first uses of map-based spatial analysis.

https://en.wikipedia.org/wiki/John_Snow_(physician)
https://en.wikipedia.org/wiki/London
https://en.wikipedia.org/wiki/Cluster_(epidemiology)
https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak


Point Pattern Analysis

Objectives of point pattern analysis are:

1. Estimate intensity of point pattern

• Expected number of events per unit area

• Enables visualisation of the events

2. Study structural characteristics of the spatial distribution

• Determine if the events are random, clustered or regular

• Indicative of a process that is underlying the occurrence of events



Point Pattern Analysis
• Is the study of the spatial arrangements of points

in space.

• Is the evaluation of the pattern, or distribution, of

a set of points on a surface.

• It can refer to the actual spatial or temporal

location of these points or also include data from

point sources.



Analysing Point Patterns

• Global and local study

• Looking for outliers & clusters

• Global – study properties for the entire dataset

Spatial statistic ->  Avg nearest neighbour, Getis Ord, 

• Local – looking at behaviour related to neighbours

– Spatial Visual -> Voroni maps (Outliers, Smoothing, Variation)

– Spatial statistic -> Local Moran’s I (Anselin)



1. Average nearest Neighbour

Calculates a nearest neighbour index based on the average 

distance from each feature to its nearest neighbouring feature.



1. Average nearest Neighbour



1. Average nearest Neighbour



1. Average nearest Neighbour



2. Getis Ord- Hot Spot Analysis

This tool identifies statistically significant spatial clusters 

of high values (hot spots) and low values (cold spots).



2. Getis Ord- Hot Spot Analysis

• This tool works by looking at each feature within the context of neighboring features.

• A feature with a high value is interesting, but may not be a statistically significant hot spot. 

• To be a statistically significant hot spot, a feature will have a high value and be surrounded by 
other features with high values as well.

• The local sum for a feature and its neighbors is compared proportionally to the sum of all 
features; 

• When the local sum is much different than the expected local sum, and that difference is too 
large to be the result of random chance, a statistically significant Z score results.



2. Getis Ord- Hot Spot Analysis



2. Getis Ord- Hot Spot Analysis

Potential Applications

Applications can be found in crime analysis, epidemiology, 

voting pattern analysis, economic geography, retail analysis, 

traffic incident analysis, and demographics



Getis Ord



Voronoi maps

Thiessen (Voronoi) polygons 

Polygons are created by joining together the sample points and drawing the

perpendicular bisectors of the joining segments. The intersections of these bisectors

determine the sides and the number of polygons, so that the perimeters of the

generated polygons are equidistant from designated points and the area of

influence.

Initially Thiessen polygons were used for meteorological data analysis (rainfall

stations), but nowadays they are also applied as GIS analytical tool in studies to

determine areas of influence (hospitals, fire stations, subway stations, shopping

malls, air traffic control, mobile, analysis of populations of plant species, etc.).



Voronoi Maps
1. Link a point to its neighbouring points by straight lines.

2. Construct the perpendicular in the middle of each line.

3. The polygons defined by the intersection of this perpendicular are

the Thiessen polygons.



Voronoi Maps



Local Morans Anselin
Given a set of weighted features, the Cluster and Outlier Analysis

tool identifies clusters of features with values similar in

magnitude. The tool also identifies spatial outliers. To do this, the

tool calculates a Local Moran's I value, a Z score, a p-value, and a

code representing the cluster type for each feature. The Z score

and p-value represent the statistical significance of the computed

index value.



Local Morans Anselin



Local Morans Anselin



Problems

• Correlation Problem

– Overlapping samples of j, similar local statistics.

– Problem if statistical significance is sought. 

• Small Sample Problem

– Statistics are based on a normal distribution, which is 

unlikely for a small sample.

• Effects of Global Autocorrelation Problem

– If there is significant overall global autocorrelation the local 

statistics will be less useful in detecting “hot spots”.



Geospatial analysis of 
Odessa agglomeration

https://ageora.maps.arcgis.com/apps/instant/exhibit/index.html?appid=ec560fa28b7a4eb68e0f596713cd4c84



Criteria for merging into an agglomeration

• mass labor, educational, household, cultural and recreational trips 
(pendulum migrations)

• 1.5-hour accessibility by transport corridors (railways, roads and 
rivers)

• availability of regular suburban electric trains, buses, and steamships 

• locating subordinate settlements within their administrative regions 
except for the most closely adjacent ones the community of the 
airport, railway hub-terminal, dense settlement along transport 
corridors

4/30/2024 36



The main factors of the formation of the Odesa 
agglomeration

37

• Historical industrial retrospective of the settlement system

• Transport and logistics support

• Seaside location

• Recreation and tourism



Component evaluations of the agglomeration effect
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• Density of mobile coverage of the territory

• Brightness of night lighting for the historical period 2014 ð2021

• Average value of population density, persons/km2

• Saturation of the territory with social service institutions: educational, medical, cultural 

institutions and provision of administrative services.

• Transport accessibility of the territory: 20, 40, 60, 80 minutes.Industrialzones



Brightness of night lighting for the historical period 2014 - 2021

4/30/2024 FOOTER GOES HERE 39



Average value of population density, persons/km2

4/30/2024 FOOTER GOES HERE 40



Typificationof communities of Odesa region

4/30/2024 FOOTER GOES HERE 41



AI in GIS
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Modification of SOM methods for 
geospatial data processing

- ͔ͤͦͣͪ ͔ͭͪ͊͜ͼ͜͝Τ
-͍͙͍͔ͨ͊͒ͦ͟ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎΦ

͔͒

навчаючий самомножинник.

Using Kohonenself-organization maps as 
neural networks for geospatial data:

Typology according to the danger of natural fires
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Clustering of administrative units according to 
parameters of sustainable land use

A set Percentages Feature Error

Study sample90 445 < 0,05

Testsample 10 50 < 0,05

Total 100 495 0,05

Classification of land cover of Ukraine

Typology of administrative units
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Convolutional neural 
network

Functionsoftmax



Recognition of solar batteries



Recognition of trees



Visual Analytic System

https://apl.loda.gov.ua/



Dashboard of social services in Lvivregion



THANK YOU


