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What are Geographic 
Automata Systems?

• Framework for modelling dynamic 
geospatial systems from the bottom-up

• Characterized by cellular automata 
and agent-based models

• Useful for representing, examining, 
and explaining patterns that emerge 
from local interactions

Geographic Cellular 
Automata

• Characterized by a grid of cells
• Each cell’s state changes according to 

neighborhood conditions and 
transition rules 

• Applied to discrete iterations 
representing real-world temporal 
intervals

Can represent phenomena such as:
• Wildfires
• Insect infestations
• Urban growth
• Glacier recession
• Deforestation
• Landslides
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Implementing GIS-Based Cellular Automata
Standalone GUI-

Based Tools

Often phenomena-specific 

E.g., FLUS, Metronamica, 
SLEUTH, DUEM

GIS Software 
Extensions

Often phenomena-specific

E.g., SimLand, iCity, GeoSOS, 
BNID-CA, WDUNE, MOLUSCE

General-Purpose 
GIS Software

Implementation is often 
disconnected from CA theory

E.g., TerrSet 2020 (Macro 
Modeler, CELLATOM, and CA-
Markov modules), Dinamica

Geoprocessing Objects (EGO)

Programmatic 
Solutions

Requires technical expertise, 
inaccessible to beginners 

E.g., custom CA models 
implemented in C++, Python, 

Java, etc.

Inflexible GUI-based modelling tools Requires technical expertise

Problem
GA modelling workflows are 
currently:
• Fragmented
• Hyper-specialized
• Programmer-centric
• Contain inflexible, 

unexplainable “black-box” 
subroutines

• Filled with technical jargon
• Disconnected from GA model 

theory

The current fragmented workflow of geographic automata modelling
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The Geographic 
Automata Add-In

• Offers general-purpose 
modelling tools in ArcGIS Pro 
3.1 and newer

• Developed in C# with the 
ArcGIS Pro SDK for .NET

• Introduces five new tools for 
parameterizing, executing, 
and evaluating CA models

• Encourages explainable 
modelling

Geographic Automata Add-In Tools

Model 
Parameterization
Defining 
neighborhood 
functions and 
transition rules
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Geographic Automata Add-In Tools

Model Execution
Configuring and 
running Basic CA 
(binary) and Advanced 
CA (multi-class) 
models

Geographic Automata Add-In Tools

Model Evaluation
Running raster-based 
map comparisons
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Geographic Automata Add-In Tools

Documentation
Check for Add-In 
updates (About) and 
access online help 
guides

Model Parameterization

5x5Circular.nb

3x3Moore.nb

Neighbourhood Definition ToolNeighbourhood Definition Tool

• Used to specify which relative locations surrounding 
each raster cell should influence its state

• Used to specify one or more transition rules from five 
generic rule types capable of generating or limiting cell 
state transitions

Transition Rule Specification ToolTransition Rule Specification Tool
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Model Execution

Basic Cellular AutomataBasic Cellular Automata Advanced Cellular AutomataAdvanced Cellular Automata

• Supports rapid 
implementation of 
binary models with 
simple built-in 
transition rules 
settings available in 
the dock pane UI

• Supports implementation of simple to complex binary or
multi-class models

• Executes custom rule lists defined in a Transition Rule file

Model Building Workflow

Model Parameterization Model Execution Tool OutputsData Pre-Processing

Basic Cellular AutomataBasic Cellular Automata
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Model Building Workflow

Model Parameterization Model Execution Tool OutputsData Pre-Processing

Advanced Cellular AutomataAdvanced Cellular Automata

Tool Outputs
• Simulation maps
• Model Parameter Reports 
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Tool Outputs
• Simulation maps
• Model Parameter Reports 

Model Evaluation

• Raster-based map comparison tool
• Implements two-map (e.g., Kappa) and three-map (e.g., 

Figure of Merit) comparison methods 
• Selected measures are outputted to an HTML file

Simulated and actual raster 
data layers

Run evaluation View measures in 
generated HTML file
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Model Evaluation

Examples of sections 
generated in the 
Model Evaluation 
Report

Values can be copied into research papers, used to create 
graphs, and for other types of scientific communications 

van Duynhoven, Alysha, and Suzana 
Dragićević. "The Geographic 
Automata Tool: A New General-
Purpose Geosimulation Extension for 
ArcGIS Pro." Applied Sciences 14, no. 
15 (2024): 6530.

Combining ArcGIS Pro 
geoprocessing tools and the 
Geographic Automata add-in 
functions to model dynamic 
geospatial systems 

Combining ArcGIS Pro 
geoprocessing tools and the 
Geographic Automata add-in 
functions to model dynamic 
geospatial systems 

Demonstrations

Demonstration 1: 
• Urban Growth Modelling
Demonstration 2: 
• Mountain Pine Beetle 

Infestation Modelling

Step 1: Data Pre-
Processing and 

Preparing 
Auxiliary Maps

Step 2: Model 
Parameterization

Step 3: Model 
Execution

Step 4: Evaluating 
Model Outcomes
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Demonstration 1: Urban Growth Modelling

Goals
• To demonstrate and compare the 

Basic and Advanced Cellular 
Automata tools for modelling 
urban growth in the City of 
Chilliwack, British Columbia

• To show how a popular machine 
learning-cellular automata (ML-
CA) approach can be 
implemented efficiently and 
without programming Land use of the City of Chilliwack in 2000. Land use data is derived from the AAFC Land Use Time 

Series and the municipal boundary was obtained from the City of Chilliwack Open Data Catalog

Step 1: Data Pre-Processing
Real-world developed areas
• 2000 (initialization)
• 2010 (calibration)
• 2020 (validation)

Areal restrictions
• Roads
• Water bodies and rivers
• Conservation areas

Development suitability map
• Driving factors of urban 

growth are provided as input 
to ArcGIS Pro’s AutoML tools

Dataset details can be found at: https://arcg.is/Cq1L5
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Step 2: Specifying Model Parameters
Basic CA (Model A)Basic CA (Model A)

Rules encoded:
1. Urban expansion
2. Refining new urban 
areas
3. Areal restrictions

Rules encoded:
1. Urban expansion
2. Refining new urban 
areas
3. Areal restrictions

Create neighbourhood
definition files
Create neighbourhood
definition files

Experimental Rule Mechanisms:
1. Urban expansion: a non-urban cell 
will become urban if 1 or more 
immediate cell neighbours are urban.
2. Refining new urban areas: allow 
the 15,000 most suitable sites to 
transition at each iteration. 
3. Areal restrictions: cells in restricted 
areas cannot be developed.
4. Urban infilling: cells with 9 or more 
urban neighbours within a 5 × 5 
Circular configuration have an 80% 
chance of developing.
5. Discontinuous development: cells 
within 90 to 300 metres of the edge 
of a contiguous urban area have an 
80% chance of developing.

Experimental Rule Mechanisms:
1. Urban expansion: a non-urban cell 
will become urban if 1 or more 
immediate cell neighbours are urban.
2. Refining new urban areas: allow 
the 15,000 most suitable sites to 
transition at each iteration. 
3. Areal restrictions: cells in restricted 
areas cannot be developed.
4. Urban infilling: cells with 9 or more 
urban neighbours within a 5 × 5 
Circular configuration have an 80% 
chance of developing.
5. Discontinuous development: cells 
within 90 to 300 metres of the edge 
of a contiguous urban area have an 
80% chance of developing.

Advanced CA (Model B)Advanced CA (Model B)

Neighbourhood 
Definition

Transition Rule 
Specification

Step 3: Model Execution Basic CA (Model A)Basic CA (Model A)
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Step 3: Model Execution Advanced CA (Model B)Advanced CA (Model B)

Step 3: Model 
Execution
Run time:
• Basic CA (Model A): 19s 
• Advanced CA (Model B): 57s

Outputs from each tool: 
• 1 raster for each 

iteration 
(5 timesteps = 5 maps)

• Model parameter 
report
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Step 4: Model Evaluation

Results

Model B         
(Advanced CA)

Model A              
(Basic CA)

Metric

10,39410,338Hits
Calibration        

(2000 – 2010)
14,83914,895Misses
4,6064,662False Alarms

20,15819,707Hits
Validation          

(2010 – 2020)
11,58312,034Misses
9,84210,293False Alarms

Model B              
(Advanced CA)

Model A                 
(Basic CA)

Metric

94.0394.00Overall Accuracy (%)
Calibration                 

(2000 – 2010) 
79.7979.71Urban Accuracy (%)
0.8200.819Kappa
0.3480.346Figure of Merit (FOM)
93.4293.14Overall Accuracy (%)

Validation                  
(2010 – 2020)

85.5184.94Urban Accuracy (%)
0.8210.814Kappa
0.4840.469Figure of Merit (FOM)

• Model A and Model B
showed similar calibration 
measures

• Model performance 
deviates in the validation 
period

Values copied from the Model Evaluation Reports

• Model B forecasted urban 
developments to more 
realistic locations in the 
validation period and fewer 
"false alarms" (i.e., 
incorrectly simulated new 
developments) in 
calibration and validation 
periods.

Quality of a model's forecasted changes via FOM components 
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Results

More details can be found at: https://arcg.is/Cq1L5

Results

More details can be found at: 
https://arcg.is/Cq1L5
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Demonstration 2: 
Mountain Pine Beetle Infestation Scenarios
Goals
• To implement hypothetical 

Mountain Pine Beetle (MPB) 
infestation scenarios around 
Lightning Lake in Manning 
Provincial Park, British Columbia, 
with real-world data

• To demonstrate the effects of 
layering transition rules and rule 
types to implement simple to 
complex model behaviours

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

https://www2.gov.bc.ca/assets/gov/farming-natural-
resources-and-industry/forestry/forest-
health/beetles/beetle_forests_british_columbia.jpg 

https://www2.gov.bc.ca/gov/content/industry/forestry/ma
naging-our-forest-resources/forest-health/forest-
pests/bark-beetles/mountain-pine-beetle

Step 1: Data Pre-Processing
• Real-world geospatial datasets obtained from the BC Data Catalog

Raster datasets displaying 
(a) Initial MPB infestation 

extent (2004)
(b) MPB infestation 

susceptibility values 
(c) Constraint map with 

water features

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.
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Scenario 
Application

Transition Rule DescriptionPurposeRule TypeRule ID

All Scenarios

IF 15 to 122 infested cells are within a 11 × 11 circular 

neighborhood of an uninfested cell, THEN the central cell has 

an 80% chance of transitioning to light-moderate infestation.

Propagating the hypothetical 

insect infestation to nearby areas.Neighborhood-BasedA

Scenarios 2, 3, 

4, and 5

IF a cell is currently undergoing light-moderate infestation, 

THEN the cell has a 20% chance of becoming severely infested.

Randomly increase infestation 

severity.
Cell-LevelB

IF 4 to 25 cells are undergoing severe infestation within the 5 ×

5 circular neighborhood of a light-moderate infested location, 

THEN the central cell has a 100% chance of becoming severely 

infested.

Hypothetical “infilling” behavior, 

where new infestation occurs 

within gaps between existing 

patches.

Neighborhood-BasedC

Scenarios 3, 4, 

and 5

IF an uninfested cell is located within 1 and 9 cells (up to 270 

m) THEN the uninfested cell has a 10% chance of becoming a 

light-moderate infestation.

Short-distance dispersal behavior, 

where MPB flights can occur 

randomly up to a specified 

distance.

Stochastic DisturbanceD

Scenarios 4 and 

5

IF a potential new infestation location is among the 10,000 

most susceptible locations, THEN the cell is permitted to 

transition; ELSE, the cell maintains its previous state.

Imposing an arbitrary quantity 

limit on infestation spread.Allocation and QuantityE

IF a potential new location for severe infestation corresponds 

with a susceptibility value of 0.1 or higher, THEN the cell is 

permitted to transition; ELSE, the cell maintains its previous 

state.

Imposing an arbitrary minimum 

susceptibility value required for a 

location to host severe 

infestations.

Allocation and QuantityF

Scenario 5

IF a potential new infestation location is not located within a 

restricted area, THEN the cell is permitted to transition; ELSE, 

the cell maintains its previous state.

Infestation locations are prevented 

from propagating to water bodies 

and rivers.

ConstraintG

Step 2: Model Parameterization
Defining behaviours to explore from the literature

Encoding behaviours via transition rules

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Neighborhood 
function definitions

Constraint map5 × 5 circular neighbourhood

Susceptibility map

Auxiliary 
Maps

Step 3: Model Execution

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Advanced Cellular Automata 
Tool Inputs:
• Initial MPB infestation 

conditions based on 2004 
raster map

• Output file name information
• Number of iterations or 

timesteps to model
• Transition rule (*.tr) file with 

encoded behaviours

Initial Infestation Map

Transition rule definition file
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Step 3: Model Execution
Modelling tool outputs:
• Simulated maps
• Model parameter report

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Verify model 
parameters and run the 
modelling tool

Step 3: Model Execution
Modelling tool outputs:
• Raster data layers
• Model parameter report

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Verify model 
parameters and run the 
modelling tool
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Scenario Outcomes
• Modelling tool execution time ranged from 31 to 36 seconds
• Increasingly complex spatial patterns can be simulated with general-purpose 

transition rules

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Increasing model complexity via layered transition rulesIncreasing model complexity via layered transition rules

Simulated outcomes for each scenario, where each frame displays one iteration or timestep forecasted by the model.

Scenario Outcomes

• Simulated outcomes 
for Scenarios 4 and 5 
show that the 
Geographic Automata 
add-in can incorporate 
real-world auxiliary 
datasets to enhance 
model realism

• E.g., expert-derived 
MPB hazard maps and 
available water feature 
datasets

Scenario 1

Scenario 4 Scenario 5

Scenario 2 Scenario 3

van Duynhoven, Alysha, and Suzana Dragićević. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Maps display the last iteration 
outcomes for a subarea centered on 
the Lightning Lake recreation area
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Other Use 
Cases for the 
Geographic 
Automata 
Add-In

• E.g., implementing experiments, 
baselines, and rapid comparisons 
without programming expertise

Research settings

• E.g., teaching spatial model building in 
undergraduate or graduate courses

Educational settings

• E.g., exploring different “what-if” 
scenarios for municipal decision-
making

Decision making

Key Contributions
The Geographic Automata add-in currently…

Implements general-purpose tools to support CA modelling a 
variety of dynamic geospatial systems

Facilitates end-to-end model-building activities that can be 
integrated with ArcGIS Pro functionality

Encourages explainable, transparent model building 
practices

Is free to download and use with ArcGIS Pro 3.1 and newer
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Thank you!
Questions?

Download the Add-In from:

https://alyshav.com/ga-addin/

Contact Information:

alyshav@sfu.ca
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