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The ODD protocol: a standard  
format for describing individual-
based and agent-based models



Lack of standards
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• 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
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• 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



ODD protocol in 2006

2005
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The ODD protocol
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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?
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3. Process overview and scheduling
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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. Ideally, 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 fitness? (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

Gusset et al. 2009



Example
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Example



Summary
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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
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Example: Urban land use and transportation



Methodology

1. 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.
• Develop theory
• Explain phenomena
• Explore parameters
• Explore influence relations
• …

3. Design a model (using the ODD structure?)
4. Create simulation
5. Experiment (test hypotheses)
6. Go to step 2 or 3 and adjust
7. Report “interesting” results



Develop a model I
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abstract

concrete

Data based

“real” Situations



Develop a model II
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abstract

concrete

Data based

“real” Situations



More realistic methodology

1. Start with a research question
2. Which concepts play a role when you want to answer 

this question?
• Often just use common sense here!

3. Especially: what is “social” about this question?
4. How do the concepts relate and how do interactions 

influence them?
5. Given the concepts and interactions, which theory 

fits best to describe these concepts and interactions?
• Ecological theory for connections to resources
• Game theory for strategic behavior
• Psychological theories for emotions/motivations/…
• …

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

7. Extend this model step by step
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