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Abstract

This thesis presents the Australian Animal DISease (AADIS) model - a new disease

modelling  approach  to  support  emergency  livestock  disease  preparedness  and

planning in Australia. AADIS expands the livestock disease modelling capabilities of

the  Australian  Government  Department  of  Agriculture  and  Water  Resources  from

regional to national-scale. The test case disease for AADIS is foot-and-mouth disease

(FMD),  which  is  well-known for  its  contagiousness  and economic  importance.  A

recent study found that a multi-state incursion of FMD has the potential to impact the

Australian economy by up to $52 billion AUD. Modelling the spread and control of

FMD  is  complex  as  the  virus  has  multiple  serotypes,  and  spreads  via  multiple

pathways to multiple host species. The environment of a potential outbreak is also

complex  as  there  is  considerable  heterogeneity  in  Australian  livestock  production

systems,  market  systems,  geography  and  climate,  and  over  107  million  FMD-

susceptible commercial animals across approximately 7.7 million km2. Further, the

responsibility for control and eradication of FMD is spread across seven state/territory

jurisdictions.

AADIS addresses the complexities and computational demands of modelling FMD on

a national scale with an innovative hybrid model architecture that combines equation-

based modelling  with  agent-based modelling.  Implementation  highlights  include  a

novel concurrent software architecture, a  grid-based spatial-indexing system, an in-

memory  database,  and  dynamic  outbreak  visualisation.  Computational  efficiencies

achieved by  AADIS allow complex national-scale stochastic simulations of disease

spread and control to be conducted on a standard desktop computer. Benchmark tests

against  the  Australian  regional  FMD  model  AusSpread  show  that  AADIS  is  on

average over 400 times faster at regional-scale simulations. For example, AusSpread

completes 100 runs of a 21-day disease spread scenario in Victoria in approximately 3

hours. AADIS completes 100 runs of the same scenario in about 30 seconds.

The  AADIS  hybrid  model  architecture  comprises  a  deterministic  equation-based

model  (EBM) of  disease  spread within  a  herd,  and a  stochastic,  spatially-explicit
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agent-based model (ABM) of disease spread between herds, and of disease control.

Each herd agent has a customised EBM that provides concise and computationally

efficient predictions of the herd infected prevalence and clinical prevalence over time.

The  ABM  consists  of  lightweight  herd  agents  and  a  novel  active  concurrent

environment  that  captures  the  complex,  heterogeneous  and  irregular  nature  of  an

FMD outbreak. The AADIS grid-based spatial-indexing system provides an eight-fold

increase in mean spatial query response time over the standard PostgreSQL/PostGIS

'R-Tree-over-GiST'  spatial-indexing.  This  in  turn  yields  a  two  to  three-fold

improvement in the overall  time taken to run a typical disease spread and control

simulation.  AADIS  provides  dynamic  graphical  visualisation  of  an  outbreak  that

contrasts  a  disease  manager's  limited  perception  of  an  outbreak with  the  physical

reality of infected herds in the population. AADIS thus has potential as not only a

predictive tool that informs emergency livestock disease preparedness and planning,

but also as a vivid training tool for disease managers.

A comprehensive verification and validation program was undertaken to ensure that

AADIS is fit for the purpose of supporting FMD policy and response. This included

unit  and  module  testing,  comparisons  with  the  well-tested  and  characterised

AusSpread and New Zealand InterSpread Plus models, a sensitivity analysis, and an

independent review of model features and outputs.

AADIS  significantly  advances  the  epidemiological  modelling  capabilities  of  the

Australian  Government  Department  of  Agriculture  and  Water  Resources.  It  has

already been used as a training tool in a United Nations FMD modelling workshop in

Rome,  and  is  currently  being  used  in  a  joint  Australia-New  Zealand  study  on

improving decision-making in emergency animal disease outbreaks, funded by the

Australian Centre of Excellence for Biosecurity Risk Analysis.

ii



Declaration 

I certify that the substance of this thesis has not already been submitted for any degree

and is not currently being submitted for other degree or qualification. 

I certify that any help received in preparing this thesis and all sources used have been

acknowledged in this thesis. 

5 June 2015

Richard Bradhurst

Canberra, ACT, Australia

iii



Acknowledgements 

The  AADIS  project  would  not  have  been  possible  without  the  support  of  the

Australian  Government  Department  of  Agriculture  and  Water  Resources,  and  in

particular,  Dr  Graeme  Garner,  Dr  Sharon  Roche  and  Dr  Iain  East  from  the

Epidemiology and One Health Program, Animal Health Policy Branch. They were all

a constant and generous source of expertise, support and encouragement. It has been a

privilege  to  have  had  Dr  Graeme Garner  AM, a  respected  expert  in  the  field  of

veterinary epidemiology, as co-supervisor. His enthusiasm and clarity of vision for the

project  was remarkable and invaluable.  Many thanks to  Dr Sharon Roche for the

production of the national datasets used in the AADIS model. Her contributions were

key to the success of the project.

Thank you to supervisor Associate Professor Paul Kwan of the University of New

England  (UNE)  and  former  supervisor  Professor  A.S.M.  Sajeev,  who  were  both

longtime  supporters  of  the  collaboration  between  UNE  and  the  Department  of

Agriculture and Water Resources. Their unwavering support and guidance during the

project was greatly appreciated.

Thank you to Mr Tim Chapman, First Assistant Secretary of the Biosecurity Division

in  the  Department  of  Agriculture  and  Water  Resources,  and  Dr  Robyn  Martin,

Assistant Secretary of the Biosecurity Division in the Department of Agriculture and

Water  Resources,  for  their  support  of  the  AADIS  project.  It  was  an  enormous

advantage to be embedded in the department during the final year of the project.

The PhD project was funded under the Australian Government’s Animal Biosecurity

Response and Reform Program in the form of an industry scholarship awarded to the

University of New England.

iv



Contributions 

The AADIS model architecture, software architecture and implementation comprising

over 28,000 lines of Java code, are all original work.

The  epidemiological  aspects  of  AADIS  evolved  collaboratively  with  Dr  Graeme

Garner,  Dr Sharon Roche and Dr Iain East  of the Department  of  Agriculture and

Water  Resources,  through  numerous  phone/Skype™ discussions  and  workshops

between 2012 and 2014.

Dr Sharon Roche and Dr Graeme Garner provided the test herd population dataset and

test model parameterisation.

Dr  Graeme  Garner  and  Dr  Sharon  Roche  ran  the  AusSpread  simulations  for  the

Section 5.2 comparison with AADIS. 

Dr Robert  Sanson of AsureQuality Limited New Zealand ran the InterSpread Plus

simulations for the Section 5.3 comparison with AADIS (as part of CEBRA, 2014). 

Dr Iain East of the Department of Agriculture and Water Resources assisted with the

statistical  analysis  of  model  outputs  in  the  Section  5.1  verification  of  grid-based

spatial-indexing (as part  of Bradhurst  et  al.,  2015b), and the statistical  analysis  of

model outputs in the Section 6.1 case study on control strategies (as part of Bradhurst

et al., 2015a).

Associate  Professor  Paul  Kwan  of  the  University  of  New  England  and  former

supervisor  Professor  ASM Sajeev provided strategic  guidance  for  the  project  and

overall supervision of the PhD candidature.

v



Professor Mark Stevenson of the University of Melbourne conducted the independent

assessment of AADIS described in Section 5.6.

Peer-reviewed publications 

• Bradhurst R.A., Roche S.E., Garner M.G., Sajeev A.S.M. and Kwan P. (2013).

Modelling the spread of livestock disease on a national scale: the case for a 

hybrid approach. Proceedings of the 20th International Congress on 

Modelling and Simulation (MODSIM2013), Modelling and Simulation Society

of Australia and New Zealand, Adelaide, Australia, December 2013, 345–351. 

www.mssanz.org.au/modsim2013/A6/bradhurst.pdf

• Bradhurst R.A., Roche S.E., East I.J., Kwan P. and Garner M.G. (2015a). A 

hybrid modelling approach to simulating foot-and-mouth disease outbreaks in 

Australian livestock. Frontiers in Environmental Science, 3(17).

doi:10.3389/fenvs.2015.00017

• Bradhurst R.A., Roche S.E., East I.J., Kwan P. and Garner M.G. (2015b). 

Improving the computational efficiency of an agent-based spatiotemporal 

model of livestock disease spread and control. Journal of Environmental 

Modelling and Software, 77, 1-12. doi:10.1016/j.envsoft.2015.11.015

Related articles, presentations and press releases

• Bradhurst R.A., Roche S.E. and Garner M.G. (2013). Simulating the spread of 

animal diseases in Australia using a hybrid modelling approach. Proceedings 

of the 2013 Australian and New Zealand College of Veterinary Scientists 

Science Week Scientific Conference, Epidemiology Chapter, Gold Coast, 

Australia, 11-13 July 2013. 

• Roche S.E., Bradhurst R.A. and Garner M.G. (2014). Modelling the spread of 

foot-and-mouth disease across Australia: the case for a hybrid approach. 

Proceedings of the 2014 Australian and New Zealand College of Veterinary 

vi

http://www.mssanz.org.au/modsim2013/A6/bradhurst.pdf
http://dx.doi.org/10.1016/j.envsoft.2015.11.015
http://dx.doi.org/%2010.3389/fenvs.2015.00017


Scientists Science Week Scientific Conference, Epidemiology Chapter, Gold 

Coast, Australia, 10-12 July 2014.

• Roche S.E., Bradhurst R.A. and Garner M.G. (2014). Overview of the AADIS 

epidemiological model. Centre of Excellence for Biosecurity Risk Analysis 

(CEBRA) workshop: Decision support tools for animal disease preparedness, 

Crawford School of Public Policy, Australian National University, Canberra, 

Australia, 3–5 September 2014.

• Roche S.E. and Bradhurst R.A. (2014). To vaccinate or not to vaccinate: using 

modelling to evaluate FMD control options. European Commission for the 

Control of Foot-and-Mouth Disease (EuFMD), Modelling workshop, Frascati, 

Italy, 29 Sept – 3 Oct 2014.

• Vallis R. (2014). Australian livestock disease modelling upgrades to 'multi-

lane highway'. Australian Veterinary Journal, 92(7), 10. 

http://www.ava.com.au/13237

• Department of Agriculture and Water Resources (2015). Foot and Mouth 

Disease Modelling Projects – National models. Australian Government, 

Department of Agriculture and Water Resources, Canberra, ACT, Australia. 

http://www.agriculture.gov.au/animal/health/modelling/fmd

• University of New England (2015). Livestock disease model to revolutionise 

response. University of New England, Armidale, NSW, Australia. 

http://blog.une.edu.au/news/2015/02/27/livestock-disease-model-to-

revolutionise-response/

• Garner M.G. (2015). Decision making during each phase of an FMD outbreak 

response. D.C. Blood Oration and Foot-and-Mouth Disease Workshop, 

Faculty of Veterinary and Agricultural Sciences, University of Melbourne, 

VIC, Australia, 5 February 2015.

vii

http://blog.une.edu.au/news/2015/02/27/livestock-disease-model-to-revolutionise-response/
http://blog.une.edu.au/news/2015/02/27/livestock-disease-model-to-revolutionise-response/
http://www.agriculture.gov.au/animal/health/modelling/fmd
http://www.ava.com.au/13237


Table of Contents

1 INTRODUCTION............................................................................................1

1.1 The importance of emergency disease in livestock.....................................................1

1.2 Modelling to inform animal health policy and disease planning...................................5

1.3 Modelling FMD in Australia..........................................................................................6

1.4 Aims of the PhD project...............................................................................................7

1.5 Thesis outline............................................................................................................10

2 REVIEW OF FMD EPIDEMIOLOGY AND MODELLING APPROACHES...12

2.1 Aetiology and epidemiology of FMD..........................................................................12

2.2 Australian livestock production systems....................................................................15

2.3 Management of emergency animal disease in Australia...........................................17

2.4 Approaches to modelling the spread and control of disease.....................................19

2.4.1 Population-based modelling........................................................................20

2.4.1.1 ODE-based mass-action models..................................................21

2.4.1.2 Reed-Frost chain-binomial model.................................................23

2.4.1.3 Population-based models of FMD................................................24

2.4.2 Individual-based modelling.........................................................................27

2.4.2.1 Emergence...................................................................................28

2.4.2.2 Microsimulations...........................................................................29

2.4.2.3 Spatial-kernel models...................................................................32

2.4.2.4 Cellular and geographic automata................................................33

2.4.2.5 Agent-based models.....................................................................35

2.4.2.6 Massive Agent-based models.......................................................38

viii



2.4.2.7 Network-based models.................................................................39

2.4.3 Hybrid models.............................................................................................40

2.4.3.1 Stage-based.................................................................................41

2.4.3.2 Embedded....................................................................................41

2.4.4 Summary....................................................................................................44

3 MODEL ARCHITECTURE AND DESCRIPTION..........................................46

3.1 Epidemiological unit of interest..................................................................................46

3.2 Livestock population..................................................................................................48

3.3 The AADIS hybrid modelling approach......................................................................50

3.4 Within-herd disease spread.......................................................................................52

3.5 Between-herd disease spread...................................................................................57

3.5.1 Direct contact spread..................................................................................57

3.5.2 Indirect contact spread...............................................................................60

3.5.3 Local spread...............................................................................................64

3.5.4 Airborne spread..........................................................................................66

3.5.5 Saleyard spread..........................................................................................69

3.6 Disease control and eradication................................................................................72

3.6.1 First IP detection.........................................................................................72

3.6.1.1 Fixed detection.............................................................................73

3.6.1.2 Passive Detection.........................................................................74

3.6.2 Movement restrictions.................................................................................75

3.6.3 Surveillance................................................................................................78

3.6.4 Tracing........................................................................................................81

ix



3.6.5 SP reporting................................................................................................83

3.6.6 IP operations...............................................................................................84

3.6.7 Vaccination.................................................................................................87

3.6.8 Resources...................................................................................................89

3.7 Summary...................................................................................................................91

4 SOFTWARE DESIGN AND IMPLEMENTATION..........................................93

4.1 Agent-based model...................................................................................................94

4.1.1 Active ABM environment.............................................................................94

4.1.2 Component coordination via the blackboard pattern...................................95

4.1.3 Lightweight agents......................................................................................97

4.1.4 Advantages of concurrent processing.........................................................97

4.2 Subsystems.............................................................................................................100

4.2.1 Database subsystem................................................................................101

4.2.1.1 Database creation......................................................................101

4.2.1.2 Database classes.......................................................................102

4.2.1.3 In-memory database..................................................................103

4.2.2 Configuration subsystem..........................................................................103

4.2.3 Model subsystem......................................................................................104

4.2.4 Herds subsystem......................................................................................105

4.2.5 Grid subsystem.........................................................................................107

4.2.5.1 The need for spatial-indexing.....................................................107

4.2.5.2 Implementation...........................................................................110

4.2.6 Spread subsystem....................................................................................113

x



4.2.7 Control subsystem....................................................................................114

4.2.8 Graphical User Interface / Visualisation subsystem..................................115

4.2.9 Reports subsystem...................................................................................116

4.2.10 Logging subsystem.................................................................................116

4.3 Dynamic architecture..............................................................................................117

4.3.1 Threads, events and mailboxes................................................................117

4.3.2 Simulation flow..........................................................................................118

4.4 Configuration...........................................................................................................120

4.5 Model Outputs.........................................................................................................120

4.6 User interface and visualisation..............................................................................121

4.6.1 Browsing the herd population...................................................................123

4.6.2 Browsing weather stations........................................................................126

4.6.3 Browsing saleyards...................................................................................126

4.6.4 Running a scenario...................................................................................127

4.6.5 Visualisation..............................................................................................129

4.6.6 Adjusting control measures.......................................................................133

5 MODEL VERIFICATION AND VALIDATION...............................................140

5.1 Verification of grid-based spatial-indexing...............................................................142

5.1.1 Method......................................................................................................142

5.1.2 Results......................................................................................................144

5.1.3 Discussion................................................................................................147

5.2 Comparative study with AusSpread........................................................................148

5.2.1 Silent spread.............................................................................................148

xi



5.2.1.1 Method.......................................................................................148

5.2.1.2 Results.......................................................................................149

5.2.2 Control measures.....................................................................................152

5.2.2.1 Method.......................................................................................152

5.2.2.2 Results.......................................................................................154

5.2.3 Discussion................................................................................................160

5.3 Comparative study with InterSpread Plus...............................................................163

5.3.1 Method......................................................................................................164

5.3.2 Results......................................................................................................164

5.3.3 Discussion................................................................................................168

5.4 Sensitivity Analysis..................................................................................................169

5.4.1 FMD transmission.....................................................................................170

5.4.1.1 Method.......................................................................................170

5.4.1.2 Results.......................................................................................171

5.4.1.3 Discussion..................................................................................172

5.4.2 FMD control and eradication.....................................................................174

5.4.2.1 Method.......................................................................................174

5.4.2.2 Results.......................................................................................174

5.4.2.3 Discussion..................................................................................176

5.4.3 The impact of resource constraints on FMD control and eradication........177

5.4.3.1 Method.......................................................................................177

5.4.3.2 Results.......................................................................................177

5.4.3.3 Discussion..................................................................................180

xii



5.4.4 Conclusions..............................................................................................181

5.5 EuFMD modelling workshop...................................................................................182

5.6 Independent review by the University of Melbourne................................................183

6 CASE STUDIES..........................................................................................185

6.1 Control strategy comparison...................................................................................185

6.1.1 Outbreak scenario....................................................................................185

6.1.2 Method......................................................................................................187

6.1.3 Results......................................................................................................188

6.1.4 Discussion................................................................................................194

6.2 Convergence...........................................................................................................194

6.2.1 Method......................................................................................................195

6.2.2 Results......................................................................................................195

6.2.3 Discussion................................................................................................197

6.3 National and regional scenario runtime performance..............................................198

6.3.1 Method......................................................................................................198

6.3.2 Results......................................................................................................199

6.3.3 Discussion................................................................................................200

7 DISCUSSION..............................................................................................201

7.1 Epidemiological unit of interest................................................................................201

7.2 FMD spread............................................................................................................202

7.3 FMD control and eradication...................................................................................205

7.4 Flexibility................................................................................................................. 206

7.5 Extensibility.............................................................................................................207

xiii



7.6 Target platform and performance............................................................................208

7.7 Fitness for purpose.................................................................................................209

7.8 Innovation................................................................................................................211

7.9 Limitations...............................................................................................................213

7.10 Caveats on the use of epidemiological models.....................................................214

7.11 Future work...........................................................................................................217

8 CONCLUSIONS..........................................................................................218

9 REFERENCES...........................................................................................220

Appendix A Glossary of acronyms.................................................................254

Appendix B Database schema......................................................................257

Appendix C Database files............................................................................261

Appendix D Configuration files......................................................................264

Appendix E Output files.................................................................................271

Appendix F University of Melbourne report...................................................277

xiv



List of Figures

Figure 1.1. Funeral pyres during the 2001 UK FMD outbreak (MacLeod, 2001).........3

Figure  1.2.  Quarantined premises  during  the  2001 UK FMD outbreak (MacLeod,

2001)...............................................................................................................................4

Figure 2.1. Conjectured world status of FMD (Kitching, 2011)..................................14

Figure 2.2. Australian beef regions (Department of Agriculture and Water Resources,

2015).............................................................................................................................16

Figure 2.3. Modelling approaches for the spread of disease........................................20

Figure 2.4. Epidemic curves for bubonic plague and measles (Earn, 2008)................21

Figure 2.5. Simple SIR ODE-system...........................................................................22

Figure 2.6. Web utility for solving an SEIR ODE system (Nesse, 2012)....................23

Figure 2.7. Reed-Frost model (Abbey, 1952; Bates et al., 2003a)...............................24

Figure 2.8. Tropical cyclone Ingrid off the Queensland coast (Descloitres, 2005)......28

Figure 2.9. Termite mound in Litchfield National Park, Australia (Bradhurst, 2008). 28

Figure 2.10. Blue jack mackerel bait ball.....................................................................29

Figure 2.11. Simulated flocking of starlings in Rome (Feder, 2007)...........................29

Figure 2.12. Feral pigs interacting with domestic cattle in Australia (Wishart, 2011).34

Figure 3.1. Herd agent with embedded EBM...............................................................51

Figure 3.2. Network of herd agents..............................................................................51

Figure 3.3. The AADIS EBM ODE system.................................................................53

Figure 3.4. EBM infected prevalence per herd type.....................................................55

Figure 3.5. EBM clinical prevalence per herd type......................................................55

 Figure 3.6. Pre-vaccination prevalence curves............................................................56

 Figure 3.7. Post-vaccination prevalence curves..........................................................56

Figure 3.8. Daily processing for the direct spread pathway.........................................60

Figure 3.9. Daily processing for the indirect spread pathway......................................63

Figure 3.10. Daily processing for the local spread pathway........................................64

Figure 3.11. Airborne spread sector.............................................................................67

Figure 3.12. Daily processing for the airborne spread pathway...................................69

Figure 3.13. Daily processing for the saleyard spread pathway...................................71

Figure 3.14. Daily processing for fixed first IP detection............................................74

Figure 3.15. Daily processing for passive first IP detection.........................................75
xv



Figure 3.16. Controlled areas enclosing IPs.................................................................76

Figure 3.17. Spread pathway throttling........................................................................77

Figure 3.18. Daily processing for movement restrictions............................................78

Figure 3.19. Daily processing for surveillance.............................................................80

Figure 3.20. Daily processing for tracing.....................................................................82

Figure 3.21. Daily processing for SP reporting............................................................84

Figure 3.22. Daily processing for IP operations...........................................................86

Figure 3.23. Herd attaining immunity over time..........................................................88

Figure 3.24. Daily processing for vaccination.............................................................89

Figure 3.25. Dynamic allocation of resources..............................................................90

Figure 3.26. Daily processing for resources.................................................................91

Figure 4.1. NASA scientists and a 'shared blackboard' (Eyerman, 1961)....................96

Figure 4.2. Main AADIS subsystems.........................................................................100

Figure 4.3. AADIS database creation.........................................................................101

Figure 4.4. Classes in the Database subsystem..........................................................102

Figure 4.5. Classes in the Configuration subsystem..................................................104

Figure 4.6. Classes in the Model subsystem..............................................................105

Figure 4.7. Classes in the Herds subsystem...............................................................106

Figure 4.8. Classes in the Grid subsystem..................................................................110

Figure 4.9. Visualisation of the Moore neighbourhood for a cell...............................110

Figure 4.10. The grid lookup table maps grid cell IDs to lists of herd IDs................111

Figure 4.11. Primitives for deriving the Moore neighbourhood of a grid cell...........111

Figure 4.12. Deriving the extended Moore neighbourhood of a grid cell..................112

Figure 4.13. Moore neighbourhood enclosing a spatial query search radius.............112

Figure 4.14. Classes in the Spread subsystem............................................................113

Figure 4.15. Classes in the Control subsystem...........................................................114

Figure 4.16. Classes in the GUI subsystem................................................................115

Figure 4.17. Classes in the Reports subsystem...........................................................116

Figure 4.18. The AADIS mailbox mechanism...........................................................117

Figure 4.19. The model finite-state machine..............................................................118

Figure 4.20. Intra-day coordination of spread and control.........................................119

Figure 4.21. Visualisation refresh...............................................................................120

xvi



Figure 4.22. Run Panel...............................................................................................121

Figure 4.23. AADIS dynamic outbreak visualisation.................................................122

Figure 4.24. Find Dialog............................................................................................123

Figure 4.25. Herd Type Locator Dialog.....................................................................123

Figure 4.26. Pig herds located via the Herd Type Locator Dialog.............................124

Figure 4.27. Herd Popup............................................................................................125

Figure 4.28. Farm Popup............................................................................................125

Figure 4.29. Weather Station Locator Dialog.............................................................126

Figure 4.30. Weather Station Popup...........................................................................126

Figure 4.31. Saleyard Locator Dialog........................................................................126

Figure 4.32. Saleyard Popup......................................................................................126

Figure 4.33. Scenario Dialog......................................................................................127

Figure 4.34. Model Status Panel................................................................................128

Figure 4.35. Herd infectivity visualisation key..........................................................129

Figure 4.36. Spread pathway visualisation key..........................................................129

Figure 4.37. Declared farms visualisation key...........................................................129

Figure 4.38. Infection network visualisation..............................................................130

Figure 4.39. Epidemic Curve Popup..........................................................................131

Figure 4.40. Distance measuring tool.........................................................................131

Figure 4.41. Location/distance display.......................................................................132

Figure 4.42. First IP Detection Dialog.......................................................................133

Figure 4.43. Movement Restrictions Dialog..............................................................134

Figure 4.44. Surveillance Monitor.............................................................................134

Figure 4.45. Surveillance Dialog................................................................................135

Figure 4.46. Tracing Dialog.......................................................................................135

Figure 4.47. Optional display of trace routes.............................................................136

Figure 4.48. SP Reporting Dialog..............................................................................136

Figure 4.49. IP Operations Monitor...........................................................................137

Figure 4.50. IP Operations Dialog..............................................................................137

Figure 4.51. Vaccination Dialog.................................................................................138

Figure 4.52. Vaccination Monitor...............................................................................138

Figure 4.53. Resources Monitor.................................................................................139

xvii



Figure 4.54. Resources Dialog...................................................................................139

Figure 5.1. Output snippet from the HerdManager unit test......................................141

Figure 5.2. Spatial-indexing vs. no spatial-indexing..................................................144

Figure 5.3. R-Tree vs. grid-based spatial-indexing....................................................144

Figure 5.4. Scenario run times for R-Tree-over-GiST vs. grid-based spatial-indexing

....................................................................................................................................145

Figure 5.5. Effect of spatial-indexing method on disease spread mechanism...........146

Figure 5.6. Effect of spatial-indexing method on the number of infected premises.. 146

Figure 5.7. Effect of spatial-indexing method on the area of infection......................147

Figure 5.8. AADIS vs. AusSpread: number of infected herds after silent spread......151

Figure 5.9. AADIS (left) vs AusSpread (right): spatial distribution comparison.......151

Figure 5.10. AADIS vs. AusSpread: outbreak duration with stamping out...............156

Figure 5.11. AADIS vs. AusSpread: number of IPs with stamping out.....................156

Figure 5.12. AADIS vs. AusSpread: outbreak duration with vaccination..................158

Figure 5.13. AADIS vs. AusSpread: number of IPs with vaccination.......................158

Figure 5.14. AADIS vs. AusSpread: outbreak duration with contiguous cull............159

Figure 5.15. AADIS vs. AusSpread: number of IPs with contiguous cull.................160

Figure 5.16. AADIS vs. AusSpread: probability of transmission over time..............161

Figure 5.17. AADIS vs. AusSpread: normalised infectious prevalence.....................161

Figure 5.18. AADIS vs. AusSpread: infectious prevalence of pig herds...................162

Figure 5.19. AADIS vs. InterSpread Plus: number of infected herds after silent spread

....................................................................................................................................166

Figure 5.20. AADIS running a disease spread and control scenario for New Zealand

....................................................................................................................................167

Figure 5.21. Scenario outcome sensitivity to FMD spread parameters......................172

Figure 5.22. Sensitivity of number of IPs to control parameters...............................175

Figure 5.23. Sensitivity of outbreak duration to control parameters..........................176

Figure 5.24. Sensitivity of number of IPs to resourcing levels..................................178

Figure 5.25. Sensitivity of outbreak duration to resourcing levels............................179

Figure 5.26. Sensitivity of control program duration to resourcing levels.................179

Figure 5.27. AADIS in use at a UN FMD modelling workshop (EuFMD, 2014).....182

Figure 6.1. Visualisation of within-herd infected prevalence as heat-colours...........189

xviii



Figure 6.2. Visualisation of between-herd spread as an infection network................190

Figure 6.3. Visualisation of controlled premises........................................................191

Figure 6.4. Effect of control strategy on outbreak duration, outbreak size, and number

of culled animals........................................................................................................192

Figure 6.5. Convergence of the cumulative sample mean number of infected herds

over time.....................................................................................................................197

Figure B.1. Relational database schema (north-west quadrant).................................257

Figure B.2. Relational database schema (north-east quadrant)..................................258

Figure B.3. Relational database schema (south-west quadrant).................................259

Figure B.4. Relational database schema (south-east quadrant)..................................260

Figure D.1. Example model configuration file...........................................................270

xix



List of Tables

Table 3.1. AADIS farm and herd types........................................................................49

Table 3.2. Sample EBM parameterisation....................................................................54

Table 4.1. Average daily runtimes of the ABM components........................................99

Table 4.2. AADIS output files....................................................................................121

Table 5.1. AADIS vs AusSpread: silent spread..........................................................150

Table 5.2. AADIS vs AusSpread: selected control parameter settings.......................153

Table 5.3. AADIS vs AusSpread: stamping out.........................................................155

Table 5.4. AADIS vs AusSpread: stamping out plus suppressive ring vaccination...157

Table 5.5. AADIS vs AusSpread: stamping out plus contiguous culling...................159

Table 5.6. AADIS vs. InterSpread Plus: silent spread................................................165

Table 5.7. Sensitivity analysis of selected spread parameters....................................171

Table 5.8. Sensitivity analysis of selected control parameters...................................175

Table 5.9. Sensitivity analysis of selected resourcing parameters.............................178

Table 6.1. Selected control program parameter settings............................................186

Table 6.2. Control strategy comparison case study results.........................................193

Table 6.3. AADIS vs. AusSpread: convergence analysis...........................................196

Table 6.4. Regional-scale vs national-scale scenario comparison..............................199

Table A.1. Glossary of Acronyms..............................................................................254

Table C.1. Summary of database input files...............................................................261

Table D.1. Summary of configuration files................................................................264

Table E.1. Structure of the Startup report file............................................................271

Table E.2. Structure of the Herd report file................................................................271

Table E.3. Structure of the Farm Summary report file...............................................272

Table E.4. Structure of the Farm Daily report file......................................................274

Table E.5. Structure of the Saleyard report file..........................................................275

Table E.6. Structure of the Control report file............................................................275

Table E.7. Structure of the Spread report file.............................................................276

Table E.8. Structure of the Resources report file.......................................................276

xx




