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Problem

*What are Geographic Automata Systems?
*How are they implemented? - e Geographic
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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

GA={G, S, N, R, At}

Where:

G =locationalinformation of the automata

S = possible statesrepresented by the automata

N = relationships or neighbouring influences of each automata
R = set of transition rule functions

At =temporal increment of the GA simulation model

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

Neighbourhood Function
3 x 3 Moore Neighbourhood

Cell States

M Existing developments
| Undeveloped

Grid of
Cells

Transition Rules

IF a central cell has X
neighbours of state Y,
THEN transition to
state Z...

Each model iteration = 1 timestep

Can represent phenomena such as:
o Wildfires

* Insect infestations
e Urban growth

* Glacier recession
* Deforestation

¢ Landslides
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Implementing GIS-Based Cellular Automata

Standalone GUI-
Based Tools

Often phenomena-specific

GIS Software
Extensions

General-Purpose
GIS Software

Programmatic
Solutions

Implementation is often

Often phenomena-specific disconnected from CA theory

Requires technical expertise,
inaccessible to beginners

E.g., TerrSet 2020 (Macro

E.g., custom CA models

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

Modeler, CELLATOM, and CA-
Markov modules), Dinamica
Geoprocessing Objects (EGO)

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

implemented in C++, Python,
Java, etc.

Inflexible GUI-based modelling tools

Problem

__Iterative process for model calibration_
>

GA modelling workflows are
currently:

Calibration and
Validation

Automata Model

Data Pre-Processing

Program data preparation routine |

Visualizing Simulated
Maps

| Program simulation output routine

Program model behaviours and
‘execution loop, o run openly available
code provided by previous studies

Program any necessary metrics or
configure code to execute functions -
from available libraries

* Fragmented

A simple cellular automata can be
implemented with a sequence of
| raster algebra tools (i.e., the Focal |+
Analysis, Reclassification, and Raster
t . Calculator tools in ArcGIS Pro) A
o P g - WL/ T
rogrammer-centric Standalone tooss (ie, FLUs |/ |
| specialized for land change modelling | |
and encoded with immutable
behaviours/ML subroutines)

| Map visualization and layout tools
| inherent to modern GIS software
(i.e., ArcGIS Pro)

Raster-based tools available in GIS
software (i.e., ArcGIS Pro Raster |

* Hyper-specialized

Using GIS software built-in functions
(i.e., ArcGIS Pro Geoprocessing tools) |

Use limited metrics available in
‘standalone or integrated tools

* Contain inflexible,
unexplainable “black-box”
subroutines

Integrated modelling tools (i.e.,
| CellAtom or CA-Markov in Terrset or |
MOLUSCE in QGIS)

| Use standalone GUI-based evaluation
1 tools (i.e., the Map Comparison Kit or |
FragStats)

. . . i The current fragmented workflow of geographic automata modelling
* Filled with technical jargon

* Disconnected from GA model
theory
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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
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Geographic Automata Add-In Tools
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Transition rule probability:
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= v v % GeographicAutamataAddinDemo v
Project  Map Insert  Analysis  View Edit  Imagery

Documentation B @]
Check for Add-In "
updates (About) and

access online help
guides
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Add-In
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~ Basic Cellular Automata

% Initial Raster Layer
+ Output GDB Name
* Model Output Prefix

& Number of herstions (Timesteps)
5
Meighborhood Definition
® Neighborhood Type and Size
Tpe | Moore v
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Specify from Neighborhood Definition File
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Model Parameterization

Neighbourhood Definition Tool

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

A —

Heighboood Definiton

T ot

3x3Moore.nb C

5x5Circular.nb

Project Map Insert Analysis  View Edt Imagery Share Geographic Automata  Help
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Transition Rule Specification Tool
* Used to specify one or more transition rules from five
generic rule types capable of generating or limiting cell
state transitions
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Model Execution

Basic Cellular Automata

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

Basic Cellular Automata

+ il Rt Lyr
« Outpur GOB Nme
+ Mo Ouspu Petn

+ Mumbes of ersicns Timesteps)
B
Heightorosd Defniion
® Nesghborhood Trpe and Soe
Tpe [Moore .
sm )
Specit from Nighbobood Deftion Fle
Neighbehoza ) Foe

Tamiion Bules
Meighserhosd comportion e {0 runtors
1w W
Transtion e probabity
W %

Optiona) Sussbiey Wi
® tore
e sabiny Map
Sutiusiy Map Farne i

Speaty vt forsne o4 Bath ot it B

B v v T GeographicAutomatahddinDemo v

Project  Map Insert

Analysis  View  Edit

Share  Geographic Automata  Help

Image;
a @m (O] [ ] ® @
Meighborhood  Transition | Basic Cellular  Advanced Cellular Model About  Help
Definition Rules Automat Automata Evaluation Guide
Model Parametesization Model Extcution odel Evalustion  Documentation

Advanced Cellular Automata

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

Executes custom rule lists defined in a Transition Rule file

1

Advanced Cellular Automata TR X

« Iniial Rostes Layer

[
« Output GDB Name
|

» Model Output Prefix

# Number of terations (Timesteps)

*  Advanced Transition Rule ("4r) File

Vesfy Model Parameters

Catslog Geoprocetsiog Symbelegy Miery  Eusic Cedar Autsenats
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Model Building Workflow

Data Pre-Processing

Driving
Factors or
Constraints

Model Parameterization

Model Execution

ArcGIS Pro
Geoprocessing Tools

Initial Map
(Binary)

(Optional)
Neighbourhood
Definition File

Suitability Map

Constraint Map

Tool Outputs

Add-in Tool Simulated

Maps
Basic CA

Model Parameter
Report
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Data Pre-Processing

Add-in Tool

Neighbourhood
Definition Tool

Neighbourhood

Definition file(s)

Suitability Maps

Driving
Factors or
Constraints

315 Pro
sing Tools

Constraint Maps

Model Building Workflow

Model Parameterization

Add-in Teol

Transition Rule
Specification Tool

Transition
File

Advanced Cellular Automata

Model Execution  Tool Outputs

— P Simulated Maps

Advanced CA

Rule Model Param
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Tool Outputs

Model execution
startand end times

Medel execution teol
type and inputs

Explanation of each

2 CellLevel Ruie |+ IF the cell's current state is 1, THEN the cell will transition to 2 with a probabilty of 10%
rule and the order of
application. Higher
s i Rule Conditions.
priority rules override
* IFmera ate 11025 col win i f 1 i 1 Specied n8atbomood o a calwin a stateof
e ety ruls . 0, THEN the ceniral cell wil ransition to 1 with a probabiliy of 100°
behaviours. 1 RUiS « Neighborhood type:
+ Noafibarhood size 53
fil path (if provided): | m
Rule Conditions
« Cells transitioning to the new state of 1 must be in a location where suitabilty is at least 0.25
ke [ + Sutabiity/susceptibilty values are provided by the suitabiity map available at
oy | Queatiyful \Demos'suabilty i,

* Simulation maps
* Model Parameter Reports

Model Parameter Report

Model start time: Thursday, 18 January 2024 20.50 56 PM
Model end time: Thursday, 18 January 2024 20,5121 PM

Model Inputs
ra Model in
Model Type Advanced Cellular Aulomala
il Raster Layar "Demount i
[Culput GDB Name Smoore.adb
[Model Oulput Prefix Smoore
Number of erations 5
[Transition Rule File Paih feps it

Transition Rules

Note: Transition rules are appited in descending order based on rule prionty. This means that changes stemming from rufes at the top of the
table may be overndden by higher priority rules.

P:::;y Rule Type Description
Rule Conditions.
A Stochastic « IF a cellwilh state 0 (the affected state) s localed within 5 1o 10 cells of a cell of stale 1 (the
Disturbance Rute emitter state), THEN the cell will transition 1o 1 with a probability of 5%

Rule Conditions
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Model Evaluation

+ Actual Raster Layer

The actual and simulsted
[ Matictass w2020

raster layer inputs (required
for two-map comparisons) * Simulated Raster Layer
i ‘Simulated_LU2020.tif

(@ptional) Actual Previous Raster Layer

The ok previcus mshes s
| Mutticiass Lu2000.it

layer (i.e., the layer used to
(Optional) Exclusion Mask Raster Layer

[ BxclusionMasicsit

initialize your CA model)

* Report Name (".htmi)
ValidationReport htmi|
Two-Map Comparizon Metrics
) Accuracy Measures
(9] Class-Level Accuracy Measures

| Kappa Statistics

Model Parametesization Model Extcution

v i ox

* Raster-based map comparison tool

Figure of Merit) comparison methods

Simulated and actual raster
data layers

Run evaluation

Output file name for the
Model Evaluation Report

Three-Map Comparison Metrics
(] Change Aceuracy Measures.

(%] Change Emor Measures

Select the report
sections to be
generated

[ Figure of Merit

Verify Input Parameters

Catalog | Model Evaluation

Model
Evaluation Tool

Share  Geographic Automata

[ ]

Model

Evaluation

B v v T GeographicAutomatahddinDemo v
Project Map Insert  Analysis  View Edit  Imagery
L3
Model Evaluation .
Meighborhood  Tamsition | Bosic Cellular  Advanced Cellular
Definition Rules Automata Automata

Model Evaluation

* Selected measures are outputted to an HTML file

View measures in

@ M

About  Help
Guide

Documentation

* Implements two-map (e.g., Kappa) and three-map (e.g.,

Help

generated HTML file

Evaluation Repaort
HTML File

18
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Model Evaluation

Cross Tabulation

Change Accuracy Assessment Examples of sections

generated in the

Name Metric vaiue|
[Overall Accuracy 0.9348 Model Evaluation
[Change Forecasting Accuracy 0.8516
[Persistence Forecasting Accuracy |0.941 REP ort
Change Error Assessment Figure of Merit
Name Metric Value Name Metric Value|
Total Number of Celis Compared (606390 Figure of Merit (FOM) 0.5643
Hits (H) 55584 [Producer's Accuracy (PA) |0 8816 1
Misses (M) 7468 [Users Accuracy (UA) [0.6341 |
Faise Alarms (FA) 32072
ICorrect Rejections (CR) 511266
Total Error (TE) 39540
[Error due to Quantity (EQ) 24604
[Error due to Allecation (EA) 14936

[Simulated Class 4/Simulated Class Class 3[Simulated Class 2
Real Class 4 |440833 0 0 31781
Real Class 1 |0 17010 0 0
Real Class 3|0 0 3143 291
Real Class 2_|6362 0 1106 105664 |

Model Name

B SVeY T Cemiuamakidiey

Project Map Insert  Analysis  View Edit Imagery Share Geographic Automata  Help
C [ ] (] ] ]

MNeighberhood  Transition Basic Cellular  Advanced Cellular Model About  Help

Definition Rules Evaluation

Model Parametesization Model Extcution Model Evalustion | Documentation

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

Table 6. The CA model calibration and validation metrics calculated for the four model types using
the Model Evaluation tool.

Metrie LR-CA RF-CA AutoML-CA, AutoML-CA,
Callbration Overall Accuracy (%) 8131 86.64 86,80 89.41
s Kappa 0.61 0.71 072 077
2000-2010 FOM 024 033 034 035
P _— Overall Accuracy (%) 7572 8558 86,05 87.66
’ Kappa 052 071 071 074
2102020 FOM 032 0.44 045 046
Parcantage of Comparsd Cells
o s 20 0% e 0% o o
van Duynhoven, Alysha, and Suzana
-+ [ Dragicevi¢. "The Geographic
Automata Tool: A New General-
ey | Purpose Geosimulation Extension for
ArcGIS Pro." Applied Sciences 14, no.
e —— 19(2024):6530.

WHIS(H)  SMsses(M)  WFaisa Alarns (FA Carmact cRy

Figure 14. Error companents of simulated urban areas for 2020 obtained from the Mol Evaluation
ool report,
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Demonstrations

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

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

20
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Demonstration 1: Urban Growth

Modelling

Goals .

* To demonstrate and compare the .E?;:: - ’* -
Basic and Advanced Cellular - e : 3
Automata tools for modelling = o B
urban growth in the City of 22 R O
Chilliwack, British Columbia amp o O N 5

i .‘_.‘J % _4”: G

* To show how a popular machine
learning-cellular automata (ML-

CA) approach can be N - —
implemented efficiently and A i 8553 Ebn, WS, USoA, NACan o Canac
Wlt h o Ut p rog ra m m I ng 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

21

Step 1: Data Pre-Processing

Real-world developed areas  Development suitability map

* 2000 (initialization) « Driving factors of urban
* 2010 (calibration) growth are provided as input
« 2020 (validation) to ArcGIS Pro’s AutoML tools

| Real Developed Areas in 2020 Development Suitability
| e —

Areal restrictions

* Roads

* Water bodies and rivers
* Conservation areas

Suitability
0.01-0.1

| Real Developed Areas in 2010

0.11-0.31

Real Developed Areas in 2000

1032-0.56

M o057-08
Wosi-1

Wim

Roads —

Dataset details can be found at: https://arcg.is/Cq1lL5

22
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Step 2: Specifying Model Parameters

Basic CA (Model A)

Advanced CA (Model B)

+ Model Output Prefx Rules encoded:

proc 1. Urban expansion
2. Refining new urban

N GE Real Developed Arcas in 2000

— Neighbourhood AEEERD
Experimental Rule Mechanisms: Definition i B2 (o Ko
1. Urban expansion: a non-urban cell L
will become urban if 1 or more Create neighbourhood : .
immediate cell neighbours are urban. definition files

2. Refining new urban areas: allow
the 15,000 most suitable sites to

Neghborhesd Defintizn areas

@ Niahbiiood Yie wd S 3. Areal restrictions
Tpe [Moore -
s | 323

Speciy from Neighberheod Definitien Fie

Mesghberhaad Cnt) Fie

Transition Rules
Neighbathood comperition required fos tansition
| w s [cem

Transation nde probabiity:

transition at each iteration.

3. Areal restrictions: cells in restricted
areas cannot be developed.

4. Urban infilling: cells with 9 or more o
urban neighbours within a5 x5
Circular configuration have an 80%
chance of developing.

5. Discontinuous development: cells

Transition Rule
Specification

1.0 x

100)

(Optional) Suabilty Msp.
Nre
@) Use Scitabitty Map.
Sk

ity Map Raster Fle

AEVSIProcessedData\Sutabiity\sutom_sutsbiity b

1 for oo orbokh of the fieds below

s o o ations with suiability values over (value between 0 and 1)

Wode Evalustion

within 90 to 300 metres of the edge e
of a contiguous urban area have an s, ... -

80% chance of developing. Moo gm
 ModeOutpa Pt
iedes

+ Numbe
i

oas mesteps)

RrT— e (21 File

VS Proc eviadOutn Modeiharameters. Mode Efuies o

e W T
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Step 3: Model Execution

Real Developed Areas in 2000

Basic Cellular Automata Py x

Raster Layer

P (7S ProcessedData Binany Datasets\urbanZOo0 ¢
+ Outpun G0B Neme
Modeligeb

: ":“‘”“‘*“""’" Number of iterations =5
Miodela. Sl
s (1 iteration = 10-year s " T
¢ Mt st nciorl__o® temporalresolution) Specitying the Basio CAtiLt-ih
5 Neighbourhood-Based rule:

Neightiorhood Definition

Urban expansion rule - /[F 1 or more locations
® Neighborhood Type and Size W
. [l = =1\ within a non-urban cell’s 3 x 3 Moore
. . neighbourhood are urban, THEN the cell has a
100% chance of becoming urbanized.

-

Specilyfrom Neighbarhood Defintion File

Heighborhood (") File

S -
Constraint Layer
Mpiormot compesston e fr tandaion

1 w s [cew

Transtion rul probabity:

100

(Gptionsh Sutabiity Mop.
Hene
® Use Sutabity Map

Suitabiity Map Raster File

FIEVS)ProceszedData\ Suksbilayautom_rutabilty i
55

e forarc o both ofthe fieids

Bllow tansitone for focations with st

b values aver (vaue betureen O and

Catalog | Baiic Celoh

sts [ Model Evalustion

Suitability of new developments layer
produced by the AutoML analysis

Used to specify Constraint rule displayed
further down in the dock pane Ul options

24
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Step 3: Model Execution

{fies,

maps, and

Advanced CA (Model B)

maps

Urban

[” expansion rule

L. urbaninfilling

Implement rules: rule
*  Urban expansion rule with 3x3Moore.nb
«  Urban infilling rule with 5x5Circular.nb
*  Discontinuous development rule
= +  Refiningnew development locations with suitability map
*  Areal restrictions with constraintmap
Pt (i
Saved the.tr file asModelBRules.tr
Specify Advanced CA tool input parameters
Ady ed Cellular Automata ?2-0 X Open Transition Ri 1
ot Rt Lo ~ B ~ Procescdbuis © ModePaaneies = 0]
2 | Organize w New hem v
et fme o Sieemeiy
Mot g L
+ Modt Ovun e Number of iterations=5
R (1 iteration = 10-yeartemporal
Hmberof Reations (Tenesteps) resolution
i bue! odu / ) reeTer Browse for the Model B
vanced Vondsion A 1 Fle ||| === Transition Rule (.tr)file
TAEYEBrpcsssedOns Mase Perameters ModlERues 1 ~Ta | Mot WY
ty Model Parames Fun, ced CA Model Fransition Rule Fie " 47 b
o I
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Step 3: Model
Execution

Run time:

* Basic CA (Model A): 19s Lo
* Advanced CA (Model B): 57s

Model Parameter Report
Mogel star s Mondar, 1 iarch 2024 154705 P
Mogel ana tre: Mond 18 March 2024 154125 Pl

Model Inputs

Wodel Input
ods! Type [B35ic Coliar Auamats

[l Rasier Layer

Output GDB Name
ioceis_
b

[Fuomber ot iarabons

[Madei a0

Transition Rules

ot are appied in
maj o overnidden by highar priory rues.

prionty | RuleType

Rute Conaitions.

« IFthereare 1109 cells
THEN the central cal wil
Moo

[EYS ProcessedDataBan Dafesels iEang000 1

ol Raster Cavar |
[Outout G Name

Rule Model Inputs

Model Parameter Report

Madol start ime: Wanday, 18 Match 2024 15 47,52 PM
el end time: Manday, 18 Marn 2024 15449 P

Highest | Constraints (Area
Pronty |  Restrctons)

I

- Constramed sreas are i

% | [Miodel Dutput Prefs
Rule « Neighbarhood size: 3 x 3 [Timbe of ierabons
o0d fée path ({
Transition Rules
oty Tha mddnd i
a2 ‘overmaen oy nignar pnorty rues.
- IFa call marked as wrans|
e cel s peavanted from [~ Rl
A Des

1EYSiProcesseamC

" Stocnasse

Rule Conditions

Rute Conaitions

= IF & ceb i state 0 (Ihe affected siale) s Jocated wiEhin 3 1o 10 cefs o 3 cel of state 1 (e omiler
stata), THEN the.

Highest | Allocation and
Priodty

Comtiyfde | * Sutabsiyisusceotndt o

IEVS\ProcessedDatats|

Based Rule

Fule Conaons

 IF Mars s 1210 35 caks it 3 s13te of 1 WIIN 18 specetad nBABOMO0Y of 3 call N 3 512t Of O,
‘THEN the centra ool wil bansition 10  wi a prababsty of 30%.

Resgbarmon type: Crouar

uignborhood sae 5 5.5
gt [

Outputs from each tool:

* 1lraster for each
iteration

s Naignbomoss-
Basad Ruls

Fiie Canditions

 IF imereae 1 to% cots weh.a stato of 1 wihin the spocsied neighbarmood of a cell wih a state of 0,
‘cantrai call vl PGSO 10 1 Wih 3 prababéty of 100%,

Heignoorhacd tpe: Mooe

Neigoormosd sz 3x 3

eghborhood [

(5 timesteps = 5 maps) i

Rule Conamans

- 2 state of THEN
1

Restncsons)

 Canstrained arsas are indicated by the map svaladle at
EYSProcessedData!Constraint Constrantiayar

* Model parameter
report

Anocation ana

Prioety | Cuantity Rule

Rule Conatians

- cals to ol 1 15000
« Sutabiity/suzcaptoity vaes are provided by the sutsoikty mep avaiable &
TIEYS ProcasseaDatal SIstabay Bulom_sudabity
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Step 4: Model Evaluation

Real Developed Areas in 2020

g | F\EVS\ProcessedData) BinaryDatasets\urban2020 4
+ Simulsted Raster Layer
ArcGIS|Projects\EVS Project CAOutputiModelB, gabiModels 2|

(Optional) Actual Previaus Raster Loy

Theee-Map Comparison Metrics
) Change Accuracy Messures

&) Change Error Measures

¥ Figure of Merit

Cataiog Bvic Collar Atomata.Advanced Cellular Antammats | Model Evtustion

Model B Simulated 2020 Developments

27

Results

Model A and Model B
showed similar calibration
measures

Values copied from the Model Evaluation Reports

Model performance
deviates in the validation
period

) Model A Model B
Metric (Basic CA) (Advanced CA)

Overall Accuracy (%) 94.00 94.03

Calibration Urban Accuracy (%) 79.71 79.79
(2000 - 2010) Kappa 0.819 0.820
Figure of Merit (FOM) 0.346 0.348

Overall Accuracy (%) 93.14 93.42

Validation Urban Accuracy (%) 84.94 85.51
(2010 - 2020) Kappa 0.814 0.821
Figure of Merit (FOM) 0.469 0.484

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

Quality of a model's forecasted changes via FOM components

developments) in
calibration and validation
periods.

— Model A Model B
(Basic CA) (Advanced CA)
Calibration H|Fs 10,338 10,394
(2000 - 2010) Misses 14,895 14,839
False Alarms 4,662 4,606
Validation H|Fs 19,707 20,158
2010 = 2020 Misses 12,034 11,583
( ) False Alarms 10,293 9,842

28
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Results

Model A (Basic CA) Model B (Advanced CA)
Forecasts for: 7y WY
nd f L
2010 ) P g e
B iagee
Land Use Type ol 2 7 U I i & LA
M urban b i i ~uy
W water ! - - X - .
M Forests ) 4 Yy b 0
Croplands - - "
Grasslands S S04 me
Wetlands a. < ) w, i 7
I Other Land 5 s
M Roads
4 01 2 4 6 0 AN2 4 6
[ s L)) T <M
N N
Esri Canada, Esri, TomTom, Garmin, SafeGraph, METI/NASA, Esri Canada, Esri, TomTom, Garmin, SafeGraph, METI/NASA,
USGS, EPA, NPS, USDA. NRCan, Parks Canada USGS, EPA, NPS, USDA, NRCan, Parks Canada
More details can be found at: https://arcq.is/Cq1L5

Results

Model A (Basic CA)

At

Model B (Advan
B gt -

ced CA)

AT

Forecasts for:

Land Use Type

B urban

W water

M Forests
Croplands
Grasslands
Wetlands

[ Cther Land

M Roads

2010

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

e e

Goals

* To implement hypothetical
Mountain Pine Beetle (MPB
infestation scenarios aroun
Lightning Lake in Mannin
Provincial Park, British Columbia,
with real-world data

=t

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

https://www2.gov.bc.ca/gov/content/industry/forestry/ma https: 12.gov.be.c: ing-natural-
ging- t- [forest-health/fc - resources-and-industry/forestry/forest-
pests/bark-beetles/mountain-pine-beetle health/beetles/beetle_forests_british_columbia.jpg

van Duynhoven, Alysha, and Suzana Dragi¢evi¢. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.
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Step 1: Data Pre-Processing

* Real-world geospatial datasets obtained from the BC Data Catalog

(a) o™ ‘“%

Raster datasets displaying

(a) Initial MPB infestation
extent (2004)

(b) MPB infestation S
susceptibility values

(c) Constraint map with e -
water features N -
Cell State MPB Susceptibility | = = [ Water Body Constraint
[ No Infestation % 1 2 4 Il Restricted
|:| Light-moderate infestation Low High I:| Unrestricted

van Duynhoven, Alysha, and Suzana Dragi¢evi¢. "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
licatiol

Allocationand Quantity limit on it

Allocation and Quantity

Constraint

Rule ID Rule Type Purpose Transition Rule Description A

Propagating the hypothetical IF 15 to 122 infested cells are withina 11 x 11 circular

A Based insectil ion to nearby areas. neighborhood of an uninfested cell, THEN the central cell has

an 80% chance of itioning to light-moderate i i

Randomly increase infestation IF a cell is currently undergoing light-moderate infestation,

8 Cell-Level severity. THEN the cell has a 20% chance of becoming severely infested.
Hypothetical “infilling” behavior, IF 4 to 25 cells are undergoing severe infestation withinthe 5 x Scenarios 2, 3,

@ Neighborhood-Based where new infestation occurs 5 circular of a light-mod infested location,
within gaps between existing  THEN the central cell has a 100% chance of becoming severely
patches. infested.
Short-distance dispersal behavior, IF an uninfested cell is located within 1 and 9 cells (up to 270
where MPB flights can occur m) THEN the uninfested cell has a 10% chance of becoming a

D Stochastic Disturbance

randomly up to a specified
distance.
Imposing an arbitrary quantity

All Scenarios

4,and5

Scenarios 3, 4,

light-moderate infestation. and 5

IF a potential new infestation location is among the 10,000
most ible locations, THEN the cell is permitted to

Imposing an arbitrary minimum
susceptibility value required for a
location to host severe
infestations.

locations are

transition; ELSE, the cell maintainsits previous state.

from propagating to water bodies

and rivers.

IF a potential new location for severe infestation corresponds Sesnaopand
with a susceptibility value of 0.1 or higher, THEN the cell is &
permitted to transition; ELSE, the cell maintains its previous
state.

a potential new i locationis not located within a
restricted area, THEN the cell is permitted to transition; ELSE, ~ Scenario 5

the cell maintains its previous state.

5 x 5 circular neighbourhood

Step 2: Model Parameterization .

Defining behaviours to explore from the literature

Neighborhood

function definitions

Constraint map

Susceptibility map

’ ) )'{ PP S A
W
o w5 3 i:;». 3
G TN
"
Water Body Constraint v ’l‘a”:i}\\*
- L AR
P A « W
Auxiliary 'ﬂ*\ )
Maps A
WP Suscopiily | momCmm—

Tow High

Encoding behaviours via transition rules

—

[

O P Sty b

St e i e o e o g 54

van Duynhoven, Alysha, and Suzana Dragicevi¢. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.
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Step 3: Model Execution

Advanced Cellular Automata

Tool Inputs:

Initial MPB infestation

Advanced Cellular Automata

*

Initial Raster Layer

I\NCADocumentationDemos\AdvancedCA-Demo\2004mpb.tif

*

Output GDB Name

scenariod.gdb

conditions based on 2004 vE———
raster map

Output file name information

Number of iterations or
timesteps to model

scenario3
% Number of Iterations (Timesteps)
5

Transition rule (*.tr) file with

encoded behaviours

% Advanced Transition Rule (*.tr) File

IACADocumentationDemos\AdvancedCA-Demo\scenarioS.tr

?2v B X

Initial Infestation Map

[ j N
’,‘

r=|
—~—

’ ; '
LI Ll

4

Col State
[ No infestation
[0 it moderste ifestaton

van Duynhoven, Alysha, and Suzana Dragi¢evi¢. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.
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Modelling tool outputs:
Step 3: Model Execution " Simulated maps

* Model parameter report

Advanced Cellular Automata 7w 10X g e VA - i e

»

Initial Raster Layer
I\NCADocumentationDemos\Advanced CA-Demo\2004mphb.tif

% Output GDB Name
scenarios.gdb

% Model Qutput Prefix
scenario

= Number of lterations (Timesteps)
5

% Advanced Transition Rule (*.tr) File

I\CADocumentationDemos\Advanced CA-Deme\scenario5 tr

Verify Model Parameters CA Model Iteration:1/5

Verify model tochastic disturbance transition rule.
parameters and run the [ concel |

modelling tool

van Duynhoven, Alysha, and Suzana Dragicevi¢. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.
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Modelling tool outputs:
Step 3: Model Execution * Raster data layers

* Model parameter report

Model Parameter Report
Advanced Cellular Automata i R P
Mo st e Mo 1 o 2634156330 P
o s iy, 15 v 2415 08
frles

»

Initial Raster Layer
I\NCADocumentationDemos\Advanced CA-Demo\2004mphb.tif

Modslinputs.

% Output GDB Name

scenarios.gdb

Transition Rules.

«  Model Qutput Prefix o
e Py e e Bescripien
e Concssons
scenario5 N o e—
= Number of lterations (Timesteps) e ComBices.
s Coatemuis . '
5
e Concitons
% Advanced Transition Rule (*.tr) File e

I\CADocumentationDemos\Advanced CA-Deme\scenario5 tr

Ry
Verify Model Parameters % 1t - /€ Hoighbochood 5 fpschan e chchar
E CA Model Iteration: 1/ 5 ' S E——

Verify model tochastic disturbance transition rule.

e
parameters and run the Cancel e ) : R
modelling tool ) ——

- ot anstirin o 115 S e st o 2 it be 11 ocaton whase sotanaey s ot east 0 1
e Prce docaton and Cuesty e |+ 528 ooy

van Duynhoven, Alysha, and Suzana Dragi¢evi¢. "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 Outcomes

* Modelling tool execution time ranged from 31 to 36 seconds

* Increasingly complex spatial patterns can be simulated with general-purpose
transition rules

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

T = v T,
< 2 %

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Cell State

[ No infestation

|:] Light-moderate infestation
I severe infestation
van Duynhoven, Alysha, and Suzana Dragicevi¢. "The Geographic Automata Tool: A New General-Purpose Geosimulation Extension for ArcGIS Pro." Applied Sciences 14, no. 15 (2024): 6530.

Increasing model complexity via layered transition rules

37

Scenario Outcomes

Scenario 1 Scenario 2 Scenario 3

¢ 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 Scenario 4

MPB hazard maps and

available water feature

datasets

Cell State
[ No infestation

[ Light-moderate infestation
I severe infestation

Maps display the last iteration
outcomes for a subarea centered on
the Lightning Lake recreation area

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

e E.g., implementing experiments,
baselines, and rapid comparisons

Other Use without programming expertise
Cases for the
Geographic e E.g., teaching spatial model building in

undergraduate or graduate courses

Educational settings

Automata
Add-In

Decision making

e E.g., exploring different “what-if”
scenarios for municipal 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

40
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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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Geographic
Automata Add-In

Overview
Getting Started
Parameterization
Model Exacution
Evaluation
Example Gallery
Release Histary

Contact

Q) Search Geographic Automata Add-In Download

The Geographic Automata Add-In

A geosimulation modeling extension for ArcGIS Pro 3.1+

Getting Started

The Geographic Automata Add-In supports end-to-end geosimulation modeling projects in ArcGIS Pra.
The add-in was developed as part of a Spatial Analysis and Modeling Laboratory research project and
was fully funded through the Natural Sciences and Engineering Research Council of Canada (NSERC)

Discavery Grant program.

The extension was created for researchers, students, decision-makers, and others looking to explore the

geographic automata To learn more about the tool and underlying cellular
automata theory, you can check out the research paper: van Duynhoven & Dragicevi¢ (2024). You can

download the add-in for free from ArcGIS Online.
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Key Features

Supporting End-to-End Cellular Automata Workflows
Currently, the Geographic Automata Add-In supports end-to-end geographic cellular automata
modeling workflows. Coupled with Geoprocessing Functions available in ArcGIS Pro, users are provided
essential Model Parameterization, Medel Execution, and Model Evaluation functionality.
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