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Guiding questions
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(Purpose) Bun

RGOSR WL FE-R TN

What is the purpose of the study?
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Entities, state

variables, and scales
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What kind of entities are in the model? Do they represent managers, voters,
landowners, firms, or something else? By what state variables or attributes are
these entities characterised? What are the temporal and spatial resolutions an

extents of the model?
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Process overview
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(Design concepts)

and scheduling | What entity does what, in what order? Is the order imposed or dynamic? When
are state variables updated? How is time modelled: as discrete steps or as a con-
tinuum over which both continuous processes and discrete events can occur?

Basic principles

QW &bﬂ »Lwus 443;)1:» 2 duey) Gb"")b l.ﬂ SWloads 4.29;
Which general concepts, theories, or hypotheses approaches are included in the
model’s design? How were they taken into account? Are they used at the level of

submodels or at the system level?
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What key results are emerging from the adaptive traits or behaviours of in-
dividuals? What results vary in complex/unpredictable ways when particular
characteristics change? Are there other results that are more tightly imposed by

model rules and hence less dependent on what individuals do?

Adaptation (ys39
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What adaptive traits do the individuals have? What rules do they have for mak-
ing decisions or changing behaviour in response to changes in themselves or

their environment? Do agents seek to increase some measure of success, or do

they reproduce observed behaviours that they perceive as successful?
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(Design concepts)

Objectives Glual
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If agents (or groups) are explicitly programmed to meet some objective, what
exactly is that, and how is it measured? When individuals make decisions by
ranking alternatives, what criteria do they use? Note that the objective of such

agents as group members may not refer to themselves but the group.
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May individuals change their adaptive traits over time as a consequence of their
experience? If so, how
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Prediction can be part of decisionmaking; if an agent’s learning procedures
are based on estimating future consequences of decisions, how they do this?
What internal models do agents use to estimate future conditions or conse-
quences? What ‘tacit’ predictions are implied in these internal model’s as-

sumptions?
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Sensing
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What aspects are individuals assumed to sense and consider? What aspects
of which other entities can an individual perceive (e.g. displayed ‘signals’)? Is
sensing local, through networks or global? Is the structure of networks im-
posed or emergent? Are the mechanisms by which agents obtain information

modelled explicitly in a process, or is it simply ‘known’?

Interaction Julss
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What kinds of interactions among agents are assumed? Are there direct in-
teractions where individuals encounter and affect others, or are interactions

indirect, e.g. via competition for a mediating resource? If the interactions

involve communication, how are such communications represented?
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(Design concepts)
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What processes are modelled by assuming they are random or partly random? Is
stochasticity used, for example, to reproduce variability in processes for which it is
unimportant to model the actual causes of the variability, or to cause model events

or behaviours to occur with a specified frequency?
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Collectives
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Do the individuals form or belong to aggregations that affect, and are affected by,
the individuals? Such collectives can be an important intermediate level of organi-
sation. How are collectives represented—as emergent properties of the individuals

or as a separate kind of entity with its own state variables and traits?
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What data are collected from the ABM for testing, understanding, and analysing
it, and how are they collected? Are all output data freely used, or are only certain

data sampled and used, to imitate what can be observed in an empirical study?
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What is the initial state of the model world, i.e. at time t=0? How many entities
of what type are there initially, and what are the values of their state variables
(or how were they set)? Is initialisation always the same, or is it varied? Are the

initial values chosen arbitrarily or based on available data?
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Does the model use input from external sources such as data files or other mod-
els to represent processes that change over time?
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What 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, tested, and parameterised?
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What is the purpose of the study?
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Research question incl. test of hypothesis, system un-
derstanding, theory development, quantitative pre-
dictions, management or decision support, commu-

nication and learning (participatory modeling)
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For whom is the model designed?
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Scientists, students/teachers, decision makers, stakeholders
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What kinds of entities are in the model?
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Agents / individuals (humans, institutions): types and
subtypes, spatial units (grid cells), environment, collec-

tives (groups of agents)
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By what attributes (i.e. state variables and
parameters) are these entities character-

ized
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Of Agents: identity number, age, sex, maximum age,
memory, location, level of resources, ownership of land,
(political) opinion, occupation, decision model (only
mention the name of the strategy, which is explained lat-
er on), one agent represents one individual / one house-
hold / one farm / all individuals of one specific type,
of spatial units: location, a list of agents in a cell, land
owned by farmer, descriptor of environmental condi-
tions (elevation, vegetation cover, soil type), current land
use
of collectives: list of agents, specific actions

Units of measurement
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What are the exogenous factors / drivers | Disease, climate, lake water level, land cover change,

of the model? tectonic disturbances, invasive species, legislation
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If applicable, how is space included in | Not included, spatial implicit, spatial explicit, georef-
the model? erenced (GIS)
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What are the temporal and spatial reso- | One time step represents one year and the simulations
lutions and extents of the model? were run for 100 years, one grid cell represents 1 ha and

the model landscape comprises 1000 x 1000 ha
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What entity does what, and in what order? | Self-explanatory names of the model’s processes, in-
cluding decision making processes, pseudo-code of

the schedule, synchronous / asynchronous update
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Which general concepts, theories or
hypotheses are underlying the models
design at the system level or at the level(s)
of the submodel(s) (apart from the decision
model)? What is the link to complexity and

the purpose of the model?
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Why is a/are certain decision model(s) | Data (non-) availability, pattern-oriented modeling,

chosen? reference to other studies, theoretical considerations
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If the model / a submodel (e.g. the deci- | Participatory approaches (role playing games), house-

sion model) is based on empirical data, | hold surveys, interviews, direct observations, statisti-

where does the data come from? cal census, archives, GIS, field or lab experiments
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Theoretical and Empirical Background
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On what assumptions is/are the agents’

decision model(s) based?
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Established theories (micro-economic models: homo
oeconomicus, full / bounded rationality; cognitive
models: social psychology, mental models; space-the-
ory based models)
real-world observations (mechanistic explanations /
process-based understanding available; black-box, use
of heuristics, statistical regression methods)
ad-hoc rules (dummy rules, e.g. constancy assumption)

combinations of theory and observations
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At which level of aggregation were the

data available?
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Household / individual level, group level
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Individual Decision Making
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What are the subjects and objects of
decision-making? On which level of ag-
gregation is decision-making modeled?
Are multiple levels of decision making

included?
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Name subjects (individuals agents / households, on
communal level, top down decision maker) and ob-
jects of decisions, e.g.: Form of land use, distribu-

tion of labor, choices of buying and selling
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What is the basic rationality behind agents’
decision-making in the model? Do agents
pursue an explicit objective or have other

success criteria?
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Rational choice (classical optimization approach,
utility maximization), bounded rationality (satis-
ficing approach), no objectives (routine based, trial

and error)
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How do agents make their decisions?
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Decision tree, utility function, random choice
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Do the agents adapt their behavior to | Adaption of resource extraction level in depend-
changing endogenous and exogenous | ence of ecological state of resource

state variables? And if yes, how?

Sayd glagy)l b peleiz) slaylos LT sloel (Sam)d slayluia
105,590 (G S eseual Wgy ys | Cultural norms, trust
Do social norms or cultural values play

a role in the decision-making process?

ExSpuedl W9y y» S glaaus L Ae-s8 aby sladus
$.3,390 | Space-theory based models
Do spatial aspects play a role in the de-

cision process?
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§.,390 | Discounting, memory
Do temporal aspects play a role in the

decision process?
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To which extent and how is uncertainty | Not at all / stochastic elements mimic uncertainties
included in the agents’ decision rules? | in agents’ behavior / agents explicitly consider un-

certain situations or risk
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SuS | periences

Is individual learning included in the

decision process? How do individuals

change their decision rules over time as

consequence of their experience?
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Is collective learning implemented in | Evolution, genetic algorithms
the model?
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What endogenous and exogenous state
variables are individuals assumed to
sense and consider in their decisions?

Is the sensing process erroneous?
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What state variables of which other in- | resources (Multiple) (including working power,
dividuals can an individual perceive? Is | monetary resources, other income resources) and

the sensing process erroneous? behavior of other agents

$Canir (Gl 035 o (S0 olidio (Juo 5Lsd pl8) laz 14Sd olone
What is the spatial scale of sensing? Local, network, global (whole model space)
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Are the mechanisms by which agents | Sensing is often assumed to be local, but can hap-
obtain information modeled explicitly, | pen through networks or can even be assumed to
or are individuals simply assumed to | be global.

know these variables?
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Are costs for cognition and costs for
gathering information included in the

model?
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Are interactions among agents and en- | Direct interactions, indirect interactions (mediated

tities assumed as direct or indirect? by the environment / the market, auction)
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Which data uses the agent to predict

future conditions?
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Extrapolation from experience, from spatial obser-

vations
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What internal models are agents as-
sumed to use to estimate future con-
ditions or consequences of their deci-

sions?
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Might agents be erroneous in the pre-
diction process, and how is it imple-

mented?
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uncertainty (External), capability of the agent (in-
ternal)
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On what do the interactions depend?
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Spatial distances (neighborhood), networks, type of

agent
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If the interactions involve communi-
cation, how are such communications

represented?

o glaply

Explicit messages
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If a coordination network exists, how
does it affect the agent behaviour? Is
the structure of the network imposed

or emergent?
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Centralized vs. decentralized, group based tasks
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What processes (including initialization)
are modeled by assuming they are ran-

dom or partly random?
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Do the individuals form or belong to ag-
gregations that affect, and are affected by,
the individuals? Are these aggregations im-
posed by the modeller or do they emerge

during the simulation?
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Social groups, human networks and organizations
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How are collectives represented?
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Collective as emergent property vs. as a definition by
the modeler (separate kind of entity with its own state

variables and traits)
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Are the agents heterogeneous? If yes,
which state variables and/or processes
differ between the agents?
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Would an exchange of one agent with another at the

beginning have an effect on the simulation?
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Are the agents heterogeneous in their
decision-making? If yes, which deci-
sion models or decision objects differ

between the agents?
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What data are collected from the ABM
for testing, understanding, and analyzing

it, and how and when are they collected
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What key results, outputs or characteris-
tics of the model are emerging from the

individuals? (Emergence)
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How has the model been implemented? | Computer system, programming language / simulation

platform, simulation runtime, development time
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Is the model accessible and if so where? Homepage?(link)
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What is the initial state of the model world, | Types and numbers of entities including the agents
i.e. at time t=0 of a simulation run? themselves, values / random distribution of their

state variables
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Is initialization always the same, or is it

allowed to vary among simulations?
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Are the initial values chosen arbitrarily | References to data if any, stakeholder choice

or based on data?
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Does the model use input from external | Observed time series e.g. annual rainfall, time series
sources such as data files or other models to | generated by other models,

represent processes that change over time? | not: parameter values, initial values of state variables
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What, in detail, are the submodels that rep-
resent the processes listed in ‘Process over-
view and scheduling’?
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What are the model parameters, their di-

mensions and reference values?
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How were submodels designed or cho- | Justifications, references to literature, independent
sen, and how were they parameterized | implementation, testing, calibration, analysis of

and then tested? submodels
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