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Agent-based models are helpful to investigate complex dynamics in coupled human—natural systems.
However, model assessment, model comparison and replication are hampered to a large extent by a lack
of transparency and comprehensibility in model descriptions. In this article we address the question of
whether an ideal standard for describing models exists. We first suggest a classification for structuring
types of model descriptions. Secondly, we differentiate purposes for which model descriptions are
important. Thirdly, we review the types of model descriptions and evaluate each on their utility for the
purposes. Our evaluation finds that the choice of the appropriate model description type is purpose-
dependent and that no single description type alone can fulfil all requirements simultaneously. How-
ever, we suggest a minimum standard of model description for good modelling practice, namely the
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provision of source code and an accessible natural language description, and argue for the development
of a common standard.
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1. Introduction

Agent-based models are argued to be helpful to investigate
complex dynamics in coupled human—natural systems (Hare and
Deadman, 2004; Liu et al., 2007; Balbi and Giupponi, 2010;
Filatova et al., 2013). However, the production of research using
agent-based modelling has not been as efficient as it could be up to
now. Reasons include that model assessment, replication, and
comparison are hampered to a large extent by a lack of
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transparency in model descriptions. Further, code developed for
one project is rarely reused for other projects, even for closely
related research. To overcome these problems, standardised model
description protocols, ontologies and graphical representations
have been created. The various model description types have been
developed to achieve different purposes, including facilitation of
in-depth model comprehension, assessment, replication, design
and communication.

In this contribution we address the question of whether an ideal
standard for describing agent-based models exists. We first present
a classification of the prevalent types of model descriptions and
give an overview of their different purposes. We then review
available model description types, evaluating each on its utility for
the different purposes. Finally, we discuss advantages of combining
these different types, suggest a minimum standard of model
description for good modelling practice and discuss future chal-
lenges. Note that we set the focus on providing an adequate
description of the model itself and not on the description of model
results. Appropriate documentation of the model results is beyond
the scope of this paper (but see “Transparent and comprehensive
ecological modeling (TRACE) documentation” in Schmolke et al.
(2010), pp. 482 which suggests a standard for all parts of the
modelling process).

The idea for this article came about at a workshop at the 6th
International Congress on Environmental Modelling and Software
(iEMSs) 2012 in Leipzig, Germany, and the article reflects the per-
spectives of the participants, who are members of the integrated
social and environmental modelling communities.

2. Current state of the art: different types of model
descriptions in use

We classify the prevalent types of model descriptions in three
categories: natural language descriptions, formal language de-
scriptions and graphics (cf. Fig. 1 for an overview). In the following
paragraphs the different description types are briefly outlined:

Natural language descriptions present models in everyday
language with or without a prescriptive structure. The prescriptive
approach divides the model description into categories, each
explaining a particular part of the model. One example of such an
approach is the ODD protocol (cf. Grimm et al, 2010 and its
extension to include a description of human decisions in ABMs,
ODD + D in Miiller et al., 2013). ODD describes the model in a hi-
erarchical way using three main categories: Overview, Design con-
cepts and Details that are themselves subdivided into several
subcategories such as (in the case of design concepts) sensing or
interaction. ODD is being widely used for the description of ABMs
(for examples see Balbi et al., 2013; Caillault et al., 2013; Marohn
et al, 2013; Smajgl and Bohensky, 2013). In contrast, a non-
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prescriptive natural language description puts no constraints
regarding content and form of the model description on the
author (see exemplary model descriptions in Becu et al., 2003;
Deadman et al, 2004). Furthermore, non-prescriptive de-
scriptions can also be used to present the source code in a more
intuitive way. Examples are literate programming (cf. Knuth, 1984),
documentation generators such as Doxygen or Javadoc that
assemble source code comments into a structured document, or, in
principle, any form of source code documentation that uses natural
language.

Formal languages describe models in an abstract and self-
consistent way with formal syntax and semantics that avoid am-
biguity. Model descriptions written in formal languages may
therefore be used to describe important aspects of a model spe-
cifically. Formal languages that we consider here include ontol-
ogies, source code, pseudo code and mathematical descriptions.

An ontology can be defined as “an explicit specification of a
conceptualization” (Gruber, 1993, p. 199) that describes entities and
their structural interrelationships, often using a hierarchical cate-
gorisation. They specifically allow logical inferences to be drawn.
Various formal languages are available for writing ontologies —
OWL (Web Ontology Language) being currently the most popularly
used (Horrocks et al., 2003; Grau et al., 2008). OWL has been argued
to improve the transparency of formal descriptions of model
structure in comparison with source code, since the latter is focused
on programmer and compilation convenience rather than using
logics to reflect common-sense perceptions (Polhill and Gotts,
2009). One example of ontologies applied to agent-based model-
ling is that of Christley et al. (2004). A second example is the MR
POTATOHEAD ontology developed by Parker et al. (2008), which
describes the components that appear in agent-based models of
land use/cover change. It identifies key model elements and their
alternative instantiations, based on a broad review of models. MR
POTATOHEAD has an OWL implementation which facilitates eval-
uating conceptual completeness.

Providing source code is another formal way to communicate
models. The following subcategories are listed according to their
readability, from cryptic to simple-to-read. Low-level program-
ming languages (e.g. assembly language) are characterized by their
strong linkage to the computer’s hardware and are often platform-
dependent. Though unlikely to be used for an entire ABM imple-
mentation, these can be useful for computationally intensive
functions where bespoke code improves on compiler optimisation.
Assembly language is necessary where higher-level programming
language libraries are not available for specialised hardware oper-
ations. For example, it is common in Linux distributions not to
provide C libraries for accessing floating point arithmetic utilities
stipulated by the IEEE 754 (1985) standard (IEEE, 1985). Polhill and
[zquierdo (2005, footnote 2) note that implementation of these
utilities using assembly language is necessary in a Cygwin
environment.'

High-level programming languages in their basic form are
platform-independent (especially where governed by standards)
and improve the readability for the user by providing algorithmic
constructs such as loops or conditional statements. Popular ex-
amples of high-level programming languages are Java and C++. In
addition, program-level tools extend the functionality of high-
level programming languages by “providing useful software li-
braries for building specific classes of models” (de Sousa and da
Silva, 2011, p. 170) and can further improve the readability of the
source code. Usually they are tailored to specific fields of modelling.

Fig. 1. Classification for structuring the prevalent types of model descriptions.

! The utilities they implemented for this purpose are now available at https://
github.com/garypolhill/ieeefp.
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