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1. Online data collection

In order to characterize temporal trends and disciplinary composition of agent-based modeling
(ABM) papers, we performed an online bibliographic search. The dataset supporting this analysis was
built upon Scopus records, which extensively cover the scientific literature. Queries were sent on 17
February 2020 to retrieve the entire ABM corpus by selecting all papers from 1980 to 17 February 2020,
including “agent-based model*” and “individual based model*”, respectively, in title, abstract, or
keywords. For the purpose of comparison, we also searched all papers for “differential equations” for the
same time span. Scopus supports native lemmatization, allowing for consideration of inflected forms of
words. We enhanced this feature by using a basic regular expression (the wildcard in the search pattern),
which ensured the inclusion of all derived terms (e.g., "individual-based modelling", “agent-based
model”).

The Diderot package [26] was then used to merge the datasets, remove duplicates, and produce
annual publication and author counts based on 32,145 unique publication records. Data about sciences in
which ABM is used are based on the classification of publications in research domains as provided by
Scopus. Scopus research domains were further grouped into the main scientific branches, namely social
sciences, life sciences, physical sciences, medical sciences, engineering, and formal sciences. The term
“formal science” represents disciplines concerned with formal systems, such as logic, mathematics,
statistics, theoretical computer science, information theory, game theory, systems theory, decision theory,
and portions of linguistics (http://en.wikipedia.org/wiki/Formal_science; last accessed February 12,
2021).

2. Guidelines for modelers and reviewers

A common issue with agent-based complex systems (ACS) science, including ABMs, is that their
complexity makes them difficult to document and communicate to others. Adopting a standard and
widely used set of guidelines for developing, presenting, and evaluating ABMs will help the ABM field
adhere to standards for scientific rigor and improve the scientific review and publication process. For
modelers, we recommend practicing the following: 1) use a protocol to guide model development and
description; 2) engage with and share the model validation process; and 3) take steps to increase model
transparency and reproducibility.

1.1 Use a protocol to guide model development and description

For modelers, an important guideline is to use a standard protocol to develop and describe an ABM.
By having a standard protocol, ABMs become more reproducible and rigorous. Employing a protocol
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forces the model developer to systematically confront the model’s purpose, its features, and how these are
justified and communicated. While following a protocol, the developer is forced to grapple with
challenging or ambiguous concepts and make sure they add value to the model and can be clearly
explained. Having an organized protocol subsequently helps reviewers of scientific ABM articles evaluate
the rigor, replicability, and relevance of ABMs. Thus, by engaging with a set of standard ABM
development and modeling guidelines, ABM developers simultaneously improve model quality and aid
reviewers.

We recommend using an established protocol with modifications as needed to develop and describe
an ABM, especially within a scientific publication. Many people in the ABM field have adopted
variations of the ODD protocol [1] (see An et al. [2] for modifications for coupled natural and human
systems). The ODD is a prescriptive protocol, dividing a model’s description into categories (Overview,
Design concepts, and Details). While the ODD categorization scheme cannot fit the needs of developing
and describing every ABM [3], the protocol has proven flexible and useful for characterizing and
presenting a wide diversity of ABMs [1]. Mller et al. provided detailed discussion on the standardization
and transparency of ABMs based on three types of model description, including natural language
description (represented by ODD), graphics, and formal language descriptions (e.g., source code and
ontologies) [3].

In addition to using a protocol to produce a detailed model description, developers should consider
using techniques like pattern-oriented modeling (POM) [4] and TRAnsparent and Comprehensive model
Evaluation (TRACE) [5]. TRACE protocol, generically applicable to other models, warrants the
appropriate design, implementation, testing, and use of ABMs. Of course, other modeling evaluation
guidelines exist. For example, a policy-oriented evaluation framework was proposed in the book by
Wallace et al. [6]. It is important that modelers follow these guidelines to rigorously evaluate their ABMs.
Compiling TRACE documentations is facilitated by keeping “modelling notebooks”, which correspond to
“lab notebooks/journals”, and using TRACE terminology to tag the notebook entries [7].

The above techniques help ensure ABMs are thoughtfully designed, considered, implemented, and
evaluated from initial stages of model development. POM is a set of strategies that assist a developer in
reducing complexity in an ABM (e.g., by exploring which variables to include or remove and by outlining
strategies for testing hypotheses in an ABM). TRACE is a tool for comprehensively documenting the
entire process of designing an ABM, from initial brainstorming about model concepts to its
implementation in a programming language to analyzing and communicating results. ODD can be used as
a complement to both POM and TRACE (e.g., one part of the TRACE technique is writing a model
description, which the ODD protocol can be used for).

1.2 Engage with model validation and share the process

Model validation is a notoriously difficult issue [8] with no single standard or method within the
ABM community [9]. Validation is especially critical for ABMs that are intended to be used for decision-
making purposes [10]. To improve the applicability and acceptance of ABM as a scientific method, it is
important that researchers consider how they will validate their ABM as part of the model development
process. The model developer should consider the following issues: are there empirical data that can be
used or for specific components or submodels? Are there multiple datasets or years of data such that a
portion of the data can be reserved for validation purposes? If quantitative data are unavailable, can
qualitative data be accessed and used to validate model patterns? If the ABM is used to inform a specific
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decision-making process, can the researcher use creative validation methods such as games [11]? See
Windrum et al.’s work for more discussion of validation methods for ABMs [12]. In addition to actually
conducting validation, ABM developers should be explicit and transparent about the methods they have
used, especially in scientific publications.

1.3 Take steps to increase model reproducibility

Another common issue identified within the ABM community, including the ABM *17 symposium
participants, is that ABMs are often opaque and difficult to reproduce. One of the most important ways,
and perhaps a golden standard, to improve the reproducibility of an ABM is to make well-commented
model code readily available. There are a variety of platforms or public repositories to enable this process,
including Github (https://github.com/) and the model library of CoOMSES (https://www.comses.net/). The
documentation and sharing of the code of ABMs has been highly recommended by academic journals
such as Environmental Modeling and Software, Journal of Artificial Societies and Social Simulation,
Ecological Modeling, and International Journal of Geographical Information Science. If the model
developer cannot share their code, they should both justify their reasoning and be particularly thorough in
providing pseudo code and details that would help others reproduce their model. Even if parts of a dataset
cannot be provided (e.g., due to human subjects and/or institutional review board constraints), modelers
should make every effort to provide simulated datasets or the portions of code that are permissible. For
more information on ABM code sharing, please refer to Tang et al [13] in which code transparency and
reusability of ABMs are discussed from a cyberinfrastructure perspective.

Reviewers of ABMs can also follow a set of guidelines to ensure they are effectively and consistently
evaluating the most important conceptual and methodological issues tied to any given ABM. We
recommend that reviewers ask themselves the following essential questions about any ABM:

1) Does the research lend itself to using an ABM? Why or why not?

2) Could someone outside the ABM field (e.g., someone unfamiliar with ABMs) describe the
model’s purpose and results? Do the authors include conceptual diagrams to help with this where
appropriate?

3) Isthe model clearly described with a standard protocol like the ODD?

4) Is the model code made available? Does it run? Is it commented to aid with reproducibility?

5) Is model validation conducted and discussed? This is especially important to consider if the
authors make any claims about using the model for applied or decision-making purposes.

6) Do the authors’ broader claims about model implications seem reasonable given their results?

A series of guidelines have been developed for the presentation and evaluation of agent-based modeling
to achieve scientific rigor and for acceptance for publication. For more details and publications related to
these guidelines, see this site: Presentation and Evaluation Guidelines for Agent-Based Models
(http://www?2.econ.iastate.edu/tesfatsi/amodguide.htm).

3. Guidelines for ACS/ABM novices

Anyone interested in modeling ACS or learning ABM could focus on the representation of agents,
environments, and interactions at the initial stage. The representational power of ABMs allows us to
explore and understand complex dynamic phenomena that often emerge from bottom-up processes.


https://github.com/
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Entering the world of ABM development and evaluation can be an intimidating endeavor. The ABM
novice may face many potential challenges, from developing methodological skills (e.g., programming) to
knowing the best practices and understanding what types of questions are most suitable for being
addressed with ABMs.

We first provide a list of introductory books. In the book by Epstein and Axtell [14], the authors used
Sugarscape as a generic ABM in which the concept of sugar was introduced to represent resources in the
environment that agents interact with. The Sugarscape model allows for the simulation of alternative
complex phenomena in our societies, which emerge from bottom-up processes. These phenomena
include, but are not limited to, social networking, migration, disease spread, culture, and markets.
Sugarscape has been implemented in a series of ABM software platforms.

The book by Railsback and Grimm introduced the design, development, and use of ABM from a
practical perspective [15]. This book guides readers to learn ABM by combining modeling cycle and
NetLogo implementations. The ODD protocol was introduced at the beginning of the book, which
provides a standard template for the documentation and sharing of ABMs. Fundamental topics related to
modeling design are covered, including emergence, sensing, interaction, and stochasticity. This book also
covers pattern-oriented modeling and model evaluation (including sensitivity analysis, uncertainty
analysis, and robustness analysis). The use of Netlogo in this book makes the learning of ABMs easier
(and perhaps fun).

To establish good modeling practices from the beginning, we recommend that new agent-based
modelers build (or sharpen) a foundational understanding of what models are and engage with ABM-
specific guidelines. We recommend:

1) Develop or refresh an understanding of what a model is, explore the theoretical foundations of
agent-based modeling, and critically evaluate the types of questions that are suited to being
addressed with an ABM.

2) Itis essential to communicate the model as clearly and precisely as possible, which represents
best practices for modelers. Whenever possible adhere to the available protocols for model
description [1,16,17]. If the word limit does not allow inclusion of the complete protocol in a
publication, it can always be provided as Supplementary Information and a short model
description can be given in the main text. The use of such protocols is advantageous for both
modelers and reviewers. For modelers the use of ODD will ensure that no important details were
forgotten when describing the model and for the reviewer such ODD use will speed up the
review process by allowing the reviewer to quickly examine specific areas where they have
further questions [5].

3) Modelers should take care to note all their decisions and actions made throughout the modeling
cycle, by keeping notebooks and documenting every important step (from the formulation of the
conceptual model, to the choices and tests made during model implementation, verification, and
validation [6,8,19]). Such notebooks are useful not only for a book-keeping of what has been
done so far but are also of great help later when describing the model and may save time both for
the modeler and for the peers who would like to re-implement the model later on. Especially for
novices it is important to realize that a large amount of time within a modeling project is spent
on model testing and analysis. Therefore, it is essential to not spend the majority of time on
implementation but rather plan carefully to have enough time to properly verify and validate the

4



4)

model. Additionally, the model’s robustness should be tested (i.e., finding out under what
conditions the observed behavior is changing [19]). Consider going beyond developing a
protocol and maintaining a lab notebook as you develop your model using a process like
TRACE[6].

Practice implementing and understanding ABM outcomes with established platforms such as
NetLogo (see Table S2). There are several textbooks that incorporate plentiful examples and are
accessible to beginners. For example, these four books use the opensource platform NetLogo: 1)
An Introduction to Agent-Based Modeling: Modeling Natural, Social, and Engineered Complex
Systems with NetLogo[21], 2) Agent-Based and Individual-Based Modeling: A Practical
Introduction[16], 3) Spatial simulation: exploring pattern and process[22], and 4) Agent-based

models of geographical systems [22].
5) Modelers should make their source code publicly available whenever possible. This way the
model code will be scrutinized by peers, which may result in spotting and correcting unwanted
bugs. This will facilitate establishing a culture of transparency and build trust in agent-based
models. Moreover, sharing the code will promote its reuse in other projects, advancing the field
of agent-based modeling as a whole.

4. Toolkits and software packages

Below we have compiled common toolkits and packages that modelers of ACS, especially novices,

can rely on. However, it is worth noting that this is a subset of available toolkits and packages. For a more

comprehensive list, see Abar et al. [23].

Table S2: A selection of open-source ABM toolkits for creating geographically explicit models. The table

is adapted and extended from Parker et al. and Castle and Crooks [24,25].
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Note: Modified from the paper by [27].

For all the platforms identified in Table S2, we identify their strengths and weaknesses (Table S3). In
addition, we add Ascape for its relative popularity.

Table S3. Strengths and weaknesses of major existing ABM platforms

Name Strengths Weaknesses Note
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For more information about ABM software platforms, we recommend the review article by
Railsback et al. [27]. The authors compared five agent-based simulation platforms via the use of an ABM
template, StupidModel. The comparison covers general aspects of simulation (including model structure,
scheduling, and random number generation), programming experience, and execution speed. For a recent
review on ABM software platforms, readers may check out the work by Kravari and Bassiliades [28] and
by Abar et al. [24]. If readers are interested in learning how to write their own agent-based simulation
platform, we refer to the paper by Tang [29].

Also, a series of online guides are available for beginners of ABM. One of them is the “On-Line
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Guide for Newcomers to Agent-Based Modeling in the Social Sciences” by Robert Axelrod and Leigh
Tesfatsion, including a detailed collection of readings and software packages for ABM novices
(http://www?2.econ.iastate.edu/tesfatsi/abmread.htm), for a variety of resources for beginners in specific
topical areas of agent-based modeling, like economics, evolution, and methodological issues. While these
suggestions have a focus on social science, they provide ABM newcomers comprehensive training on
agent-based modeling. For more information on ABM in terms of books, courses, and tutorials, please
refer to the Educational Materials section on CoMSES (https://www.comses.net/resources/education/).

5. ACS education and communication

Education is an essential element in ACS science. As agent-based modeling courses are increasingly
taught in different universities, ABM scholars may coordinate efforts to develop (and share if possible)
ABM curricula at various educational levels (e.g., beginning with the undergraduate level). This effort
will facilitate sharing teaching resources and materials and ensure the next generation of agent-based
modelers will have a similar “core” training. For example, ABM development could follow the ODD
protocols for documentation [1,16] and the modeler could evaluate ABM performance following the four
aspects summarized by Tesfatsion [30]. These can partly address the transparency and reusability of
ABM at least for the next generation of ABM modelers in different subjects. Such core training may
provide the next generation of ABM developers with a better opportunity to understand and reuse each
other’s models.

This can be a step-by-step process. We suggest the first step is to share syllabi and recommend
common textbooks to synchronize teaching plans among universities. The second step is to ensure each
ABM course covers the essential and common knowledge in model development by co-developing course
materials like lecture presentations and homework assignments. The third step is to allow students to have
hands-on experiences in ABM building by, for example, creating a “joint” project between different
universities where students from each school can represent one or more agents on a web-based platform.
For annotated pointers to ABM-related information, see the following site: ACE/ABM Course and
Program Information at http://www?2.econ.iastate.edu/tesfatsi/teachsyl.htm. At the same time, academic
researchers and practitioners should begin communicating with industry professionals, leveraging
engineers in computer games.

Communicating models within and across disciplines is often difficult [31]. Although ODD (+D) is
helpful for the end product [32], an easier communication strategy is often warranted throughout the
modeling process, and to show how the model responds to different assumptions and changes in
parameters. Notebooks of different styles (Jupyter, Rmarkdown, etc.) allow for communicating model
progress throughout the model development process [7]. A solution to communicate the model “in action”
could be to use the interactive notebook Jupyter (https://jupyter.org/) as a platform for collaboration and
communication between developers of different backgrounds. It serves as a dynamically changing
notebook that integrates text, code, data, and figures related to a project. Throughout a project, Jupyter
may be used to serve as a platform for sharing and creating a joint understanding of the project in its
different development phases. Besides collaborations between scholars and other actors, it is highly
suitable for teaching and learning because of its abilities to run code through the Jupyter interface,
changing input data and parameters, re-creating figures, and adding blocks of code or text.
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We have engaged subfield experts to identify a set of impending challenges in several topical
subareas so as to unify the relatively fragmented ABM endeavors through communication, coordination,
and collaboration (http://complexities.org/ABM17/). This will help prioritize specific resources and
activities in relation to ABM advances, leading to coordinated efforts and initiatives to advance the
science and technology behind ABMs. There exist a large number of ABM applications worldwide, but
many fall short of convincing others of the usefulness (e.g., offering unique insights) of ABM. Though
we do not intend to find a one-size-fits-all solution in one paper, it is time to engage people power and
resources, with higher priority, to address the challenges we have identified, and this paper is a precursor
in this regard. We call to assemble greater efforts and resources, including engaging the broader ABM
community (developers/software engineers, users, domain knowledge experts), to not only ABM
development and application, but also to education.

In terms of collaboration, we need coordinated efforts, leveraging existing resources (e.g.,
http://chans-net.org/, https://www.comses.net/), reducing redundant investment of time, efforts, and
funds. In the technical and theoretical aspects, efforts should be devoted to lower the threshold of ABM.
ABM still has a sharp learning curve, which requires substantial skills and knowledge in computer
programming and mathematics. If ABM “Lego” or “Mr. Potatohead” pieces can be crafted and made
readily available (as open source or commercial products), more people, including those with less
programming or mathematics background, can “develop” and use ABM.

From a documentary perspective, we need to set up standards that are commonly accepted by ABM
developers and users. As the Overview, Design concepts, and Details (ODD) protocol is increasingly
adopted, other protocols, languages, and/or morals may need to be established about sharing modules and
code, documenting models, and dealing with related authorship and data confidentiality issues (e.g.,
sensitive human subjects data protected by institutional review boards). From a communication aspect,
we need to facilitate relatively easier, more frequent communication between domain knowledge (e.qg., for
human decision making), experts, and ABM developers. Ideally, these experts themselves understand
ABM (if the threshold mentioned above is lowered enough) and its pros and cons. Achieving these aims
hinges upon the previous recommendation about education.

One of the key and arguably most difficult tasks of modeling is to decide the level of details and
complexity that are necessary to depict the system and answer the question(s) of interest [33]. Therefore,
novices—experienced modelers also at the beginning of a new modeling project—must make sure to
search for the models that were developed previously for the same or similar purpose/system. If such
models are available then re-implementing the existing model and whenever necessary extending or
modifying it is often a better solution rather than developing a model anew [34].

6. Review of COVID-19 agent-based models

Agent-based models are well-suited to investigate epidemics because they are able to represent
dynamic interaction and contact networks and the effects of behavior and environmental heterogeneity.
They have been successfully used to model human [35] and wildlife [36] epidemics. Accordingly,
ABMs have been quickly developed to cope with COVID-19. Below we search the papers using ABM to
deal with COVID-19 and look into their strengths and weaknesses.

In Web of Science, we searched "COVID-19" AND "Agent-based model" for “topics” and found 15

9


http://complexities.org/ABM17/
http://chans-net.org/
https://www.comses.net/

peer-reviewed publications that vary in model objectives, geographical location, spatial extents, and
temporal ranges. Most studies focused on simulating spread of the disease under different non-
pharmaceutical interventions within certain spatial extents, whereas others modeled the potential
socioeconomic impacts induced by the pandemic as well as the social-distancing policies. Most models
in these studies were conceptual, either totally dependent on social networks or situated in hypothetical
facilities. A few cases incorporated extensive real-world demographic and socioeconomic records, being
spatial-explicit and connected to detailed geographical information.

Worthy of mention are a subset of representative papers thus found. ABM has been used to explore
how various combinations of aisle social distance, luggage volume, and number of boarding groups may
reduce COVID-19 risks during any airplane boarding process [37]. In an agent-based model of disease
transmission among connected families, workplaces, and social groups, various mitigation strategies
(e.g., targeted quarantine measures) are tested [38]. To help residential colleges and universities handle
unique challenges during the COVID-19 pandemic, an agent-based model is developed to determine
whether in-person instruction could safely continue and evaluate the necessity of various interventions
[39]. In terms of parameterizing ABM, data mining approaches can be leveraged to analyze a trove of
potential qualitative datasets collected from publicly available social media postings about COVID-19
[40]. We summarize all these ABMs as follows (Table S1).

Table S1a Summary of ABMs that handle COVID-19

Author(s) Manuscript Title Journal Purpose of ABM
imulating the effect of
Abdollahi fcihmoti)? tcllr:) gs:r: gur?gt ° The effect of school closure on
g . BMC Medicine | COVID infection rate and need for
etal COVID-19 outbreaks in critical care
Ontario, Canada
Modelling the impact of Quantitatively analyze the
testing, contact tracing, and Nature Human | evolution of the epidemic and the
Aleta et al. . . ) . :
household quarantine on Behavior effectiveness of social-distancing
second waves of COVID-19 interventions
Modeling the spread of
Araya 2021 COVID-19 on construction Safety Science Spread of_ COVID-19 among
workers: An agent-based construction workers
approach
Modelling transmission and Evaluate and compare several
Nature . .
Chang et al. control of the COVID-19 o mitigation and suppression
. . Communications
pandemic in Australia measures
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Evaluating Classical
Airplane Boarding Methods

Airplane boarding methods, jet

tfas et al. S mmetr . i
Cotfas et a Considering COVID-19 Symmetry bridges and one-door boarding
Flying Restrictions
Cremonini & The Unlfnown of the Evaluate the risk associated with
Maghool Pandemic: An Agent-Based IASSS lifting social restrictions
g Model of Final Phase Risks g
An agent-based model to Computers in
evaluate the COVID-19 . P Evaluate transmission risks in
Cuevas R Biology and s
transmission risks in " facilities
. Medicine
facilities
; —benefit of limi . . -
Eilersen & Cost-benefit of limited Scientific Cost-benefit of limited lockdown
isolation and testing in ReDorts and testin
Sneppen COVID-19 mitigation P g
Whether in-person instruction
Gressman Simulating COVID-19 in a Mathematical | could safely continue during the
& Peck university environment Biosciences pandemic; necessity of various
interventions
Hernandez-
Meija & When is SARS-CoV-2 in Mathematical | COVID-19 spread in a small size
Hernandez- your shopping list? Biosciences supermarket
Bargas
. Potential i f -lock
A st s e e
Hoertel et al. model of the SARS-CoV-2 Nature Medicine | . . .
L incidence, mortality, and 1CU-bed
epidemic in France
occupancy
The propagation of
economic impacts through
supply chains: The case of a uantify the economic effect of a
Inoue & Todo PP y_ Plos One Q . fy
megacity lockdown to possible lockdown of Tokyo
prevent the spread of
COVID19
Evaluation of Boarding
Milne et al. Methods Adapted for Social IEEE Access Airplane boarding methods, when

Distancing when using
Apron Buses

using apron buses
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Network interventions for
managing the COVID-19

Investigate two network
intervention strategies for

transmission in Shenzhen

Environment

infection

Nishi et al. . . PNA e .
Ishieta pandemic and sustaining S mitigation the spread while
economy maintaining economic activities
Impact of intervention Building and Efficiency of various intervention
Zhang et al. methods on COVID-19 g strategies to prevent COVID-19

Table S1b Summary of ABMs that handles COVID-19 (Continued)

Time range/ Spatial
Author(s) Agents Space resolution extent/resolution
Abdollahi P_erson (10000 in total, Social network Feb 14, 2020 ~ .
five age groups, . Hypothetical /
e . based, not spatial | Oct 10, 2020 /
et al. stratified according to . . N/A
. explicit Daily
demographics)
Boston
Aleta et al Person (64000 adults Boston Feb 16 ~ Dec metropolitan area
' and 21000 children) metropolitan area | 20 / Daily / Census block
group
three working
Araya 2021 Cons'Fructlon workers | A hypoth_etlca_I months Hypothetical /
(200 in total) construction site | (1440h) / N/A
Hourly
The whole
Feb 3 ~ Aug 21 | Australia/ Census
Person (one for each . .
. . . / 12 hours | collection districts
Chang et al. people in Australia, 24 | Australia o L
million in total) ("day" and (avg. 225) within
"night™) 1422 statistical
local areas
Whenever Airplane space /
Cotfas et al Patch (aisles and seats) | A hypothetical boarding was Patch size (in
' / Person (passengers) plane finished / NetLogo): 0.4 m
Seconds by 0.4 m
- . N k : . .
Cremonini & Person (population n;t\;voartiall)ased Time steps: Hypothetical /
Maghool size: 1000) _p_ 150 N/A
explicit
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Cuevas Person (susceptible or ?);E(;tgssgi: od Time steps: Hypothetical /

infected) *P PEE 1 500 N/A
in NetLogo

Eilersen & Networ|_< based, 300 days /0.5 | Hypothetical /
Person not spatial d N/A

Sneppen explicit v

Gressman . A large university
Person (22500 in total) A hyp('Jthet!caI 109 days / (hypothetical) /

& Peck big university Daily N/A

Hernandez-

.. . Hypothetical (a
Meija & Person A hypothetical N/A supermarket, 30 m
Hernandez- supermarket *16m) / N/A
Bargas

Person (500000 France; networ_k 360 days / France /
Hoertel et al. o based, not spatial .
individuals) . Daily N/A
explicit
Supply chain firms
(966627 in total, Networl'< based, 100 days / Tokyo, Japan /
Inoue & Todo . not spatial .
number of links exolicit daily N/A
3544343) P
. A large university
Milne et al. Person (22500 in total) A hypgthet!cal 10(.) days / (hypothetical) /
big university Daily
N/A
. Hypothetical (a
Nishi et al. Person gmﬁﬁg al N/A supermarket, 30 m
*16 m) / N/A
Zhand et al Person (500000 E;iggeiwzfngg; 360 days / France /
getal individuals) ¢, NOLSp Daily N/A
explicit
Supply chain firms Network based,
Plos One (966627 in total, # of not spatial E(;(i)ldays / L7£yo, Japan
links 3544343) explicit y

Table S1c¢c Summary of ABMs that handles COVID-19 (Continued)

Author(s)

Strengths of the ABM

Weaknesses of the ABM
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1. Findings are based on early estimations of

- arameterized with demographics . ,
Abdollahi param grap and may be subject to uncertainty. 2. The
stratified by age and latest . .
et al. NN - effect of other social distancing measures
epidemiologic characteristics
were not addressed.
1. Very large uncertainties around the
transmission of the disease; 2. Estimates of
age-specific severity are informed by data
explore with different strategies; from China and other countries, and subject
agents representative of different to change as more US data become available;
Aleta et al. o . e s
census areas; can model individual | 3. Do not include specific co-morbidities or
transactions pre-existing conditions of specific
population; 4. Did not consider potential
changes to virus transmissibility due to
environmental factors.
C 1. Oversimpl ivities into classifications:
model behavior individually, Overs . Py a_ct t es Into classifications
. low / medium high risk; 2. Lack of actual
Araya 2021 analyze emergent behavior, and . .
. . data from a real project to simulate
model different scenarios . i .
construction workers' behaviors
1. Need finer-grained implementation of
nature history of the disease; 2. Need to
reduce the uncertainty around the
can trace fine-grained effect of transmissibility and infectivity in young
Chang et al. heterogeneous intervention people; 3. Can incorporate more recent
policies in diverse settings Australian Bureau of Statistics data from
2020; 4. Account for hospitalizations and in-
hospital transmissions; 5. Trace specific
spatial pathways and patterns of epidemics
provide the needed basis for
imitating the details of a
mechanism or a real process
Cotfas et al. . . . P N/A
without involving too much
statistical or mathematical
modeling
can address uncertainty by
Cremonini & considering a range of possible
. S N/A
Maghool values in a scenario-oriented
approach
Model individuals with distinct 1. Does not implement the behavior of the
Cuevas characteristics and provide more complete disease, thus impossible to assess

realistic results

the way in which the risk decreases when
recovered individuals are not able to
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transmit; 2. Rules are simple, thus complex
interactions among agents are not modeled.

can address different infection

Eilersen &
parameters and case specific N/A
Snheppen strategies
uniquely well-suited to the
situation because behavior in an 1. Did not include seasonal effects in
academic environment is highly transmission patterns or the arrival of off-
Gressman structured spatially and campus infections; 2. Have accounted for the
& Peck temporally, which can lead to fact that compliance with mask-wearing

consistent overestimations of
disease incidence when other tools
are used

policies will likely be diminished in
residential settings and social settings

Hernandez-Meija
& Hernandez-

can model desired characteristics
and behaviors of individuals and

N/A

Bargas test different strategies
1. Rely on existing knowledge and current
assumptions; 2. Model was calibrated on
Hoertel et al. N/A diagnosis and morality rates available, may
be underestimated due to asymptomatic
undiagnosed patients
1. Suppose firms cannot find any new
Inoue & Todo can model the complex network suppliers; 2. Only considers the dynamics of
characteristics of supply chains production and ignores possible changes in
prices and wages
. can easily incorporate variabilit
Milne et al. y _p y N/A
of agent behavior
s 1. Onl I nt- imulati
can model individual-level .O y e>_<p ored agent-based simy at_lons
I . . with specific parameter spaces and with
Nishi et al. behavior and test different . .
. . . specific assumptions, 2. May not account for
strategies under various scenarios e .
people's irrational in the real world.
can model micro-patterns such as
personal decisions and ) _
Zhang et al. of population and distributions of | close contact;

buildings, and the dynamic links
between social and environmental
processes

2. Ignored exposure in public transportation
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In simulating COVID-19 related issues, ABMs can parameterize agents and attributes with empirical
information, while also incorporating emergent characteristics throughout the simulations. ABMs can
also address uncertainty by incorporating a range of possible values through a scenario-based approach.
However, like any other modeling approaches, ABMs might inevitably over-simplify complex
socioeconomic issues. ABMs rely on and calibrate with existing knowledge and current assumptions,
which may be falsified as more information emerges.
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