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Agent-based Modeling 
(also called Individual-based Modeling)

Attempts to recreate and predict the 
appearance of complex phenomena.

Computer-based model for simulating actions 
and interactions of autonomous agents.

Process of “emergence” – how do changes in 
individual behaviors impact the behavior or 
outcomes for the full system?
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Agent-based Modeling 
(also called Individual-based Modeling)

Attempts to recreate and predict the 
appearance of complex phenomena.

Computer-based model for simulating actions 
and interactions of autonomous agents.

Process of “emergence” – how do changes in 
individual behaviors impact the behavior or 
outcomes for the full system?

Deer behaviors, 
movement, and 
social dynamics

Deer population & 
CWD establishment 

and spread

ABM



Agent-based Modeling 

Landscape Individuals
(Agents)

Decision-making Rules
(Procedures)

Aging
Reproduction

Dispersal
Natural mortality
Hunter harvest

Disease transmission
Etc.



Agent-based Modeling: 
2020 OvCWD Framework

MIOvPOP
(VERSION 1.1.0)

Simulate white-
tailed deer 
population 

dynamics

MIOvCWD
(VERSION 1.0.0)

Simulate spread 
of CWD in 
population of 
white-tailed deer Aniruddha Belsare

Michigan State University



Updated Deer-CWD 
Agent-based Model

Simulate deer 
population dynamics

Optional switch to 
introduce CWD

Integrate new data 
and understanding of 
deer-CWD dynamics 
for Michigan

Amplify understanding 
and usability of the 
model for DNR staff



What does it mean to 
“run” an ABM? 

Stochasticity

Run 
Replicates



What does it mean to 
“run” an ABM? 

Scenario A 
harvest levels

vs. 

Scenario B
harvest levels

Run 
Replicates

Run 
Replicates



ABM Model Interface
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ABM Model Updates
Remove redundancies
Simplified workflow 
reduces possible bugs

New decision-rules:
Environmental transmission

All potential deer 
interactions that could lead 
to disease transmission



Agent-based Modeling

Landscape Individuals
(Agents)

Decision-making Rules
(Procedures)

Aging
Reproduction
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Disease transmission
Etc.



Landscape

● 2016 National Land Cover 
Database (NLCD) Tree Canopy

● 1 pixel (patch) = 1 sq mile
● Habitat suitability 

○ Ideal habitat = 25-100% forest cover

○ Darker squares = Higher % forest 
cover



Adding Individual Agents

Deer added to habitat 
patches based on: 

1. Percent forest 
cover

2. User-defined 
deer density



Decision 
Making 
Rules 
(Procedures)

Specified in 
Interface

• County/Region of interest
• Starting population

• Deer density
• Sex ratio (females:male)
• Adult proportion
• Sub-adult proportion

• Dispersal rates
• Hunting mortality (sex-age specific)
• CWD introduction

• Number of deer initially infected
• Sex-age of deer introducing CWD

• CWD testing rates

Specified in 
Code

• Non-hunting mortality (sex-age specific)
• Doe and bachelor group dynamics
• Pregnancy rates (age specific)
• CWD transmission probability
• Clinical disease progression
• Matrix the describes interactions between individuals (age-sex-

group disease transmission)



Decision-Rule Parameters

● Each parameter has a default, 
starting value 

● Can adjust parameters 
○ Reflect a landscape of interest
○ Explore how the system responds 

to different parameter levels

○ Test ecological expectations of 
the system



Decision-Rule Parameters: Deer Ecology
Variable Default value

Post harvest density 25 per sqmi

Sex ratio (females to males) 0.63

Adult percentage 60%

Subadult-ratio (yearlings to fawns) 0.3

Spring yearling male dispersal rate 60%

Spring yearling female dispersal rate 22%

Fall yearling male dispersal rate 20%

Fawn, 0-6 mo 0.025

Fawn, 7-12 mo 0.02

Yearling, 12-24 mo 0.01

Adult male, >24 mo 0.01

Adult female, >24 mo 0.01



Decision-Rule Parameters: CWD

Variable Default value

Transmission probability 0.0128 per 
interactions

Infectious stage maximum start 10 mo

Clinical stage minimum start 15 mo

Clinical stage maximum start 26 mo

Clinical phase length 2 mo

Male adult testing probability 41%

Female adult testing probability 37%



Decision-Rules Parameters: Harvest rates

Variable
Default harvest rates
(% population 
harvested annually)

Male fawn, 1-12 mo 9%

Male yearling, 13-24 mo 42%

Male adult, >24 mo 35%

Female fawn, 1-12 mo 7%

Female yearling, 13-24 mo 22%

Female adult, >24 mo 18%



Model Scenarios

• Parameters
• Adult male harvest – 25%, 30%, 35%

• Yearling male harvest – 35%, 40%, 45%

• Introduced CWD – Yes, No

• 18 Scenarios – every combination 
of parameter values

• Opportunities for future scenarios and 
parameter levels to incorporate data from 
ongoing studies (e.g., APR)

Harvest Examples

Adult 
harvest

Yearling 
harvest

CWD 
introduced SCENARIO

A-25% Y-35% CWD-True A25-Y35-cwdTRUE
A-25% Y-35% CWD-False A25-Y35-cwdFALSE
A-25% Y-40% CWD-True A25-Y40-cwdTRUE
A-25% Y-40% CWD-False A25-Y40-cwdFALSE
A-25% Y-45% CWD-True A25-Y45-cwdTRUE
A-25% Y-45% CWD-False A25-Y45-cwdFALSE
A-30% Y-35% CWD-True A30-Y35-cwdTRUE
A-30% Y-35% CWD-False A30-Y35-cwdFALSE
A-30% Y-40% CWD-True A30-Y40-cwdTRUE
A-30% Y-40% CWD-False A30-Y40-cwdFALSE
A-30% Y-45% CWD-True A30-Y45-cwdTRUE
A-30% Y-45% CWD-False A30-Y45-cwdFALSE
A-35% Y-35% CWD-True A35-Y35-cwdTRUE
A-35% Y-35% CWD-False A35-Y35-cwdFALSE
A-35% Y-40% CWD-True A35-Y40-cwdTRUE
A-35% Y-40% CWD-False A35-Y40-cwdFALSE
A-35% Y-45% CWD-True A35-Y45-cwdTRUE
A-35% Y-45% CWD-False A35-Y45-cwdFALSE



Model Runs

• Replicates = 10 per scenario
(NOTE: Need to increase the number 
of replicates given the complexity of 
this model)

• Model run for 15 years per replicate
• Population simulated for 10 years 

before CWD introduced

• Model population with CWD for 5 years 

Harvest Examples

Adult 
harvest

Yearling 
harvest

CWD 
introduced SCENARIO

A-25% Y-35% CWD-True A25-Y35-cwdTRUE
A-25% Y-35% CWD-False A25-Y35-cwdFALSE
A-25% Y-40% CWD-True A25-Y40-cwdTRUE
A-25% Y-40% CWD-False A25-Y40-cwdFALSE
A-25% Y-45% CWD-True A25-Y45-cwdTRUE
A-25% Y-45% CWD-False A25-Y45-cwdFALSE
A-30% Y-35% CWD-True A30-Y35-cwdTRUE
A-30% Y-35% CWD-False A30-Y35-cwdFALSE
A-30% Y-40% CWD-True A30-Y40-cwdTRUE
A-30% Y-40% CWD-False A30-Y40-cwdFALSE
A-30% Y-45% CWD-True A30-Y45-cwdTRUE
A-30% Y-45% CWD-False A30-Y45-cwdFALSE
A-35% Y-35% CWD-True A35-Y35-cwdTRUE
A-35% Y-35% CWD-False A35-Y35-cwdFALSE
A-35% Y-40% CWD-True A35-Y40-cwdTRUE
A-35% Y-40% CWD-False A35-Y40-cwdFALSE
A-35% Y-45% CWD-True A35-Y45-cwdTRUE
A-35% Y-45% CWD-False A35-Y45-cwdFALSE



Preliminary Simulations: Deer population

All Scenarios

Total deer 
population

Year

Scenario



Preliminary Simulations: Deer population

All Scenarios

Total deer 
population

Year

Adult male 
harvest (%)



Preliminary Simulations: Deer population

All Scenarios

Total deer 
population

Year

CWD Introduced



Preliminary Simulations: CWD cases

Scenarios with 
CWD Introduced

Total 
CWD 
cases

Year

Scenario



Preliminary Simulations: CWD cases

Scenarios with 
CWD Introduced

Scenario
(CWD introduced)

Min 
CWD+
cases

Max 
CWD+
cases

Median 
CWD+
cases

Adult 25%, Yearling 35% 0 19 3

Adult 25%, Yearling 40% 0 12 1

Adult 25%, Yearling 45% 0 20 3.5

Adult 30%, Yearling 35% 0 26 2.5

Adult 30%, Yearling 40% 0 39 0

Adult 30%, Yearling 45% 0 22 5

Adult 35%, Yearling 35% 0 45 3

Adult 35%, Yearling 40% 0 21 6.5

Adult 35%, Yearling 45% 0 28 2.5



Preliminary Simulations: CWD area

Scenarios with 
CWD Introduced

CWD 
area

Year

Scenario



Preliminary Simulations: CWD area

Scenarios with 
CWD Introduced

Scenario
(CWD introduced)

Min 
area

Max 
area

Median 
area

Adult 25%, Yearling 35% 0 65 9

Adult 25%, Yearling 40% 0 36 2

Adult 25%, Yearling 45% 0 81 6.5

Adult 30%, Yearling 35% 0 100 4

Adult 30%, Yearling 40% 0 169 0

Adult 30%, Yearling 45% 0 64 4

Adult 35%, Yearling 35% 0 144 1

Adult 35%, Yearling 40% 0 64 9

Adult 35%, Yearling 45% 0 81 2.5



Model Scenario Opportunities

● Adjust parameters 
○ Reflect a landscape of interest

○ Explore how the system responds to 
different parameter levels

○ Test ecological expectations of the 
system

Integrate data and 
understanding gained 
from ongoing projects 
(e.g., APR study)

Test expectations under 
different harvest and deer 
management strategies
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