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The basics of Agent-Based Modelling (ABM)
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Real world Agent-based model
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What is an agent-based model
according to you?

A) Method to explore complex systems

B) A way to simulate human-
environmental interactions

C) Method to simulate the behavior of
individual agents (e.g. humans) to
explore the impact on the system as
awhole
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- Use the chat to answer!
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What is a simulation? simulations
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* The process of using a model to study the
behaviour and performance of an actual
or theoretical system

* Model aims to be true to the system it
represents

» Explore states that would not be possible
in the original system

The Model The Optimized Model
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What is agent-based modelling?
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« Tool to simulate complex (adaptive)
systems

* These are composed of many interacting
arts that adapt and evolve over time
environment, economy and social system)

* From this interaction, without any global
lans, organized behaviour emerges
I(Dcollectlve behaviours, extensive spatial
patterns, etc.)

» We model the individual agents, of which the
system is the result of their (inter)actions
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What is an agent?
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An agent.. ..interacts with ..which interacts with ..making
Jees other agents.. its environment.. autonomous decisions.
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Agents have their own (heterogenous) behaviour, memory, actions and interactions.
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Interconnectedness and interactions
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* Individuals are connected and affect each other’s decision
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https://medium.com/better-programming/boids-simulating-birds-flock-behavior-in-python-9fff99375118
https://medium.com/better-programming/boids-simulating-birds-flock-behavior-in-python-9fff99375118

Key characteristics ABM
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Heterogeneity: Considers heterogeneity IS ol G eiladll pae ey 1uiladl) ane
among agents (and their behavior) (aeﬁalwa)
Complex but local interactions: Set-up (o Allad) e Yl radad) (81 g 3akaal) CDle i)
mostly bottom-up, non-linearity in 9 e L) b bl e g Sel ) Jad

interactions

Rich environments: Social networks or ) gl Adail) 5l dpelaia¥) QS rdped) Sl
geographical systems

Gl g e bl gha 1 gl

Time: Development of behavior over time
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Use of ABM
2l 233 ABM

Description

ABM is a (simplified) description of a real-
world system

Explanation

ABM provides an explanation of potential
underlying phenomena that control a system

Exploration (of measures)

ABMs can be run repeatedly under different
conditions to observe the bandwidth of
Impacts

Education

ABMs help to communicate results to others
and collect knowledge
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Use of ABM

a‘dﬁu‘ABM
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Usage in our field (some examples)
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« Adaptation of people to droughts,
salt water intrusion, peak rainfall,
floods

* migration decisions
* impact of policy instruments

* Responses of governments to
contamination of rivers

« Immediate responses to flooding (e.g.

evacuation routes)
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ABM vs System dynamics
ABM ol cilbsialing Jilda

GIS environmental data
Temperature
Crops

Precipitation

GIS social data

L] [ |
W Village location

(] n 7/ | Population size
I

|
1 .....H. |
1 .....7' :
I I
Cellular automaton : ! Agents
PS5 + 6ps) | : .u. 77 Fanners_—t;::s:] control knowledge
Pest dispersal (density) [ [/ AN T/ - infestation state
Pest fecundity (T) | .|. AAY. W Y.,
| 1 A |
4 /¥

i {//

= Agent-Based Model

16

Innovators (Early

adopters)
Saturatmn
Potential
ity
AU0ptEEs Mew adopters

(3

Saturation

' Ka)

Waord of mouth

Imitators (Adoption
from word-ofrmoyth)

Frobability that
caontact has naot yet
adapted

+

Adopters

'\:

't \\Wps



Benefits & Drawbacks of ABM
<= 9 LI -ABM

Benefits Drawbacks

Better understanding the relationship between the Local social system knowledge is required. Not always

environment, social and economic system. possible to collect this knowledge according to the safety
situation or budget.

Quantifying and visualizing impacts of different drivers, As in every model: Rubbish in is rubbish out.

pressures and policies on the social and economic system.

Good communication tool, which can be used in workshop Not all behavior is well-understood and can be captured in

settings. modelling rules.

Potential to assess long-term impacts of policies. Calibration is an iterative process taking time.

Allows spatial analyses and can therefore also easily be Running a complex ABM requires substantial computing

coupled to e.g. hydrological models. power.

Potential to assess different socio-economic scenarios and Data for validation is limited, which results in needing expert

potential social tipping points. validation.

Considering non-rational behavior of people, providing more
realistic results than standard economic models.

Allows assessment of the effectiveness of policy instruments,
such as subsidies and water pricing.
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Benefits & Drawbacks of ABM
<= 9 W WABM

Better understanding the Very time-consuming, and
relationship between the not all behavior is well-

environment, social and understood and can be
economic system and captured in modelling
ability to test measures. rules.
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ABMin WPS Iraq
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Why?

* To support the analysis of the links
between the water and the societal
system

* Focus on migration as one of the key-
factors in water-related conflict
analysis

What?

* Representation of the mechanism of
how factors influence water-related
migration
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the dashboard

Understanding water-

society dynamics
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Visualizing current situation
Future scenarios
Impacts of action

i3
V!

WpS



Questions?
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