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Lack of standards

* The only complete representation of most
ABMs is their implementation

* Programs are usually not available, too
specific (language, platform, operation
system), and won't run on any computer after a
few years

* No standard format for documenting and
communicating ABMs

* Limited replicability is the major
limitation of ABM as scientific tool



Requirements for a standard
format
* Support written formulation

* Easy to use, simple structure, simple logics

* Direct benefits to those using the standard
(never count on altruism in science)

* Make writing and reading model descriptions
easier

* Support complete descriptions and replicability

* Cover simple and complex models from
different domains
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The ODD protocol

Elements of the original ODD
protocol (Grimm et al. 2006)

Elements of the updated ODD
protocol

1. Purpose 1. Purpose
_E 2. State variables and scales 2( Entities,state variables, and
E scale
3 3. Process overview and 3. Process overview and
scheduling scheduling
4. Design concepts 4. Design concepts
¢ Emergence * Emergence
¢ Adaptation o Adaptation/Adaptive traits?
*E e Fithess ¢ Objectives
o e Prediction e Prediction
.;T e Sensing e Sensing
A e Interaction e Interaction
¢ Stochasticity e Stochasticity
e Collectives e Collectives
e Observation e Observation
« 5. Initilization 5. Initialization
£ 6. Input 6. Inp@ata >
= 7. Submodels 7. Submodels




Purpose

Question:

What is the purpose of the model?



2. Entities, state variables, and
scales
Questions:

What kinds of entities are in the model?

Agents, collectives, spatial units, global environment

By what state variables, or behavioural
attributes, are these entities characterized?

Age, sex, wealth, opinion, strategy; soil type, land costs;
rainfall, market price, disturbance frequency

What are the temporal and spatial resolutions
and extents of the model?



3. Process overview and scheduling

Questions:

Who (i.e., what entity) does what, and in what
order?

When are state variables updated?

How is time modeled, as discrete steps or as
a continuum over which both continuous
processes and discrete events can occur?

Except for very simple schedules, one should use pseudo-code
to describe the schedule in every detail, so that the model can
be re-implemented from this code. ldeally, the pseudo-code
corresponds fully to the actual code used in the program
implementing the ABM.



4. Design concepts

Questions:

There are 10 design concepts. Most of
these were discussed extensively by
Railsback (2001), Grimm and Railsback
(2005; Ch. 5), and in Railsback and Grimm
(2012) and are summarized in the
following questions:



Emergence
What emerges from the model (rather than being imposed)?
Adaptation
How do the agents adapt to improve their fithess? (Directly and
indirectly)
Fitness
What are the goals of the agents? What determines their survival?
Prediction
How do agents predict the consequences of their decisions?
Use of learning, memory, environmental cues, embedded assumptions
Sensing
What are agents assumed to know or perceive when making
decisions?
Is the sensing process itself explicitly modelled?
Interaction
What forms of interaction among agents are there?
Stochasticity
Justification for any stochasticity in the model
Collectives
Grouping of individuals
Observation
How are data collected from the model for analysis?



5. Initialization

Question:

What is the initial state of the model world, i.e.,
at time t = 0 of a simulation run?

In detail, how many entities of what type are there
initially, and what are the exact values of their state
variables (or how were they set stochastically)?

Is initialization always the same, or is it allowed to vary
among simulations? Are the initial values chosen
arbitrarily or based on data”? References to those data
should be provided.



6. Input data

Question:

Does the model use input from external
sources such as data files or other models to
represent processes that change over time?



7. Submodels

Questions:

What, in detail, are the submodels that
represent the processes listed in “Process
overview and scheduling”?

What are the model parameters, their dimensions,
and reference values?

How were submodels designed or chosen, and
how were they parameterized and then tested?



Example

2.2.1. Purpose

The model was designed to predict the probability of small re-
introduced populations of wild dogs establishing themselves and

persisting in the release area under various scenarios, including
regular translocation of disperser groups.

Gusset et al. 2009



Example

2.2.2. State variables and scales

The three entities included in the model were individuals, packs
and disperser groups. Individuals were characterized by their state
variables sex, age, social status and pack or disperser group mem-
bership. A pack was defined as a reproductive unit (either newly
formed or established, see below) that contained a dominant pair,
potentially also including pups as well as subordinate yearlings
and adults of both sexes. Pups were less than one, yearlings be-
tween one and two, and adults more than 2 yvears of age. A dis-
perser group consisted of one or more same-sexed individuals
originating from the same pack. Time proceeded in discrete steps
of 1 year. The model was not spatially explicit to make it more gen-
erally applicable and because disperser groups are highly mobile;
however, space was indirectly included in the model by consider-
ing the ecological capacity for wild dogs in HiP (see below).

Gusset et al. 2009



Example

2.2.3. Process overview and scheduling

The fate of each individual in the population was traced from
birth to death. Within each vear, the following processes were sim-
ulated in the given (biologically meaningful and computationally
practical) order for each of the given entities: ageing (individuals),
reproduction (packs), dispersal (individuals), pack formation (dis-
perser groups), mortality (individuals), catastrophes (individuals),
management interventions (packs and disperser groups) and dom-
inance (packs). Individuals, packs and disperser groups were pro-
cessed in a randomized sequence every year. The rules defining
the above processes are described in Section 2.2.7 below.

2.2.4. Design concepts

2241 Emergence. Wild dog population and pack dynamics
emerged from the behaviour of individuals, but individual behav-
iour was entirely imposed by probabilistic empirical rules. No Allee
effects at the pack level were imposed onto the model, as no such
effects were observed in the population modelled here (Somers
et al.,, 2008). However, possible Allee effects were allowed to
emerge from the model.

2242 Interaction. Four types of interaction were modelled
implicitly: (i) within each pack, dispersing individuals of the same
spx formed a disnerser eroun. (i) formation of a new nack was




Example

2.2.5. Initialization

Simulations started with a specified number of packs and indi-
viduals per pack, but no disperser groups. One male and female per
pack were randomly selected as dominants. Sex and age of individ-
uals in initial packs was random: the probability of being male was
0.50 and age was uniformly distributed from 1 to 6 years.

2.2.6. Input

The model did not include any environmental variables as driv-
ing the population, as competitor density, amount of rainfall and
prey availability did not significantly influence the population
modelled here (Somers et al., 2008). Environmental variation was

represented by environmental stochasticity and random cata-
strophic events.




Example

2.2.7. Submodels
2.2.7.1. Ageing. The age of all individuals increased by 1 year. All

individuals that reached their observed maximum age of 9 years
died (Somers et al., 2008).

2.2.7.2. Reproduction. Both males and females could theoretically
become dominant and reproduce from 1 to 8 years of age, with
only packs that contained a dominant pair potentially reproducing
(Somers et al., 2008). The probability of a pack reproducing in a gi-
ven year was piecewise density-dependent, which best matched
the observed linear negative density dependence in population
growth rate (Somers et al., 2008 ). HiP’s ecological capacity for wild
dogs, based on the availability of the most important prey species,
was estimated to be at N=62 (Lindsey et al., 2004), with N being
the total number of all adults and yearlings plus half the number
of pups. If N was smaller than half of the ecological capacity, a litter
was added annually with an observed probability 0.33 to newly
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Summary

ODD is a standard format for describing
(and formulating) IBMs/ABMs:

1. Overview first, details later
2. Design concepts

3. Easy to write, easy to read
4. Facilitate replication

5. Independent from discipline, complexity,
operation system, programming
language



From ODD to methodology

Example: Urban land use and transportation

me'rmm"m‘ ecomomic soclal  science  behavioral design oot
Appwoaches  interaction svilems
Pl approgach approaches approgch apprmach olier
theory of social classical wrban Chicago school; theornes of  taditional Complexity
Theories physics MICTO-EO0N0MmIC time-geography decision and new-  theory
theories making Traditional
theories
(social physics;  (microeconomic,  (transporiation (individual (hierarchy; {disequilibrium;
MNEWlOnEan concept of wility  technology; choice morphology,  adaptive
concepl of  maximizaton; social  fillering  decisions; layers; SVSIEms;
gravity; market process between  behavioml architecture)  nonlinear,
entropy equilibrium) different income  foundanons self-organizing,
maximization ) Eroups:; Time of synergetic:
Concepis geography: mathematic fractal geometry;
effects of ICTs models or chaos)
on actvity and computer
travel patierns;  simulation
space-time modiels;
accessibility) threshold

rule)



Methodology

| —

Choose a theory (type)

2. Choose the “relevant” aspects of the situation based
on that theory

Step 1 and 2 are dependent on the purpose of the research.
e Develop theory

e Explain phenomena

e Explore parameters

e Explore influence relations

Design a model (using the ODD structure?)
Create simulation

Experiment (test hypotheses)

Go to step 2 or 3 and adjust

Report “interesting” results

N U AW



Develop a model 1

abstract

concrete

Data based

1 IR

“real” Situations 24



Develop a model 11

abstract

concrete

Data based

1 _

“real” Situations 23



More realistic methodology
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Start with a research question

Which concepts play a role when you want to answer
this question?

e Often just use common sense here!

Especially: what is “social” about this question?

How do the concepts relate and how do interactions
influence them?

Given the concepts and interactions, which theory
fits best to describe these concepts and interactions?
e Ecological theory for connections to resources

e Game theory for strategic behavior

e Psychological theories for emotions/motivations/...

Start with a simple model based on this theory or
with the most obvious behavior rules

Extend this model step by step
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