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Abstract: This paper explores the topic of model credibility of Agent-based Models and how they should be
evaluated prior to application in policy-making. Specifically, this involves analyzing bordering literature from
different fields to: (1) establish a definition of model credibility - a measure of confidence in the model’s infer-
ential capability - and to (2) assess how model credibility can be strengthened through Verification, Validation,
and Accreditation (VV&A) prior to application, as well as through post-application evaluation. Several studies
have highlighted severe shortcomings in how V&V of Agent-based Models is performed and documented, and
few public administrations have an established process for model accreditation. To address the first issue, we
examine the literature on model V&V and, based on this review, introduce and outline the usage of a V&V plan.
To address the second issue, we take inspiration from a practical use case of model accreditation applied by
a government institution to propose a framework for the accreditation of ABMs for policy-making. The paper
concludes with a discussion of the risks associated with improper assessments of model credibility.
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Introduction

1.1 Agent-based Models (ABMs) are increasingly considered a useful tool for policy-making (Cairney|[2016; Gilbert
et al.2018;|Calder et al.2018;|Nespeca et al.2023;[Belfrage et al.|2024). When utilizing ABMs to underpin policy
prescriptions, ensuring the model’s validity and credibility becomes crucial. This dual assurance guarantees
the alignment between the model and the target system while instilling confidence in their alignment. Model
credibility could be understood to be drawn from the perception that the model has been sufficiently validated
for a specific application (Fossett et al.[1991). Therefore, if a model is not perceived to be credible, it is unlikely
to be used by policy actors, and rightfully so, since they are ultimately accountable for the outcome (Onggo
et al.[2019). It is possible that a sufficiently validated model lacks credibility or that an invalid model are per-
ceived to be credible (Law|2022). This makes it critical to ensure that credibility assessments are conducted
using rigorous procedures and appropriate information to guarantee model accuracy and suitability prior to
application. Since inaccurate credibility assessments could lead to harmful outcomes or missed opportunities
this evaluation could be conceptualized as a type-I and type-Il error problem (Schruben|1980;|Balci|1994).

1.2 The white cells in Figure[l] pose no application-related concerns, as the models are accurately identified as
either suitable or unsuitable for policy-making. In the worst case scenario, models are erroneously perceived
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as credible and are used as decision support (type-Il error), also known as the model user’s risk (Balci[1994).
|Edmonds & ni Aodha|(2019) draw attention to an applied fishery model that was erroneously deemed credible,
which produced inflated predictions of the cod stock’s reproductive rate. This ultimately resulted in over-fishing
and the near-collapse of the cod population in the North Atlantic. On the other hand, there is a possibility that
sufficiently credible models, which are capable of effectively addressing problems, are erroneously perceived
to lack credibility (type-l errors), also referred to as the model builder’s risk (Balci[1994). Type-l errors represents
a missed opportunity, something the ABM community should actively strive to prevent. Many publications that
present ABMs motivate the importance of their contribution by stating that their models can be used as decision
support. However, it is less common that articles report that their models are applied in practice
let al.2024). Assuming that these models are indeed sufficiently credible for use, the Agent-based Modelling
community should put forth meaningful efforts to minimize type-l errors, enabling valuable societal innovation.

The model is The model is
accurately identified as [FEsdoila B VAT SIS
not sufficiently credible | ERbiilalg i AVTE i

True Negatives Model User’s Risk
(True accept: 1-a) (Type-II error: §)

The model is
erroneously identified
as not sufficiently

The model is
accurately identified as

. sufficiently credible
credible Y
. . True Positives
Model Builder’s Risk
(Power: 1-8)

(Type-I error: )

Figure 1: The confusion-matrix of model credibility.

From a terminological perspective, while parts of the literature raise concerns about lacking credibility in some
simulation studies (Fossett et al.[1991} [Pawlikowski et al/2002) or entire simulation approaches
Wijermans|2013), there remains a lack of common understanding on how credibility at the model level is deter-
mined (Onggo et al[2019). What further compounds this issue is that the literature on the credibility of ABMs
also overlaps with the literature on trust and ABMs (Harper et al.[2021}|Yilmaz & Liu[2022). Trust is often consid-
ered as an all-encompassing attribute given to the modelitself, the stakeholders, and the modellers to describe
a wide variety of phenomena. Thus, trust is used to describe a range of different factors, from something that
is perceived and attained through the demonstration of sufficient verification and validation (V&V), to the com-
petence and intentions of modellers and stakeholders, as well as the interpersonal relationships among the
involved parties (Harper et al.[2021). Accordingly, trust is occasionally used interchangeably with credibility, as
well as other aspects related to simulation projects, which are influenced by a multitude of different processes.
This lack of clarity is not only an impediment to effective communication but also poses a potential hindrance
to future research and the application of ABMs.

From an applied perspective, recent challenges in using ABMs for policy-making highlight a lack of established
procedures. Shortly after the outbreak of COVID-19,|Squazzoni et al. (2020) issued a call to action, concerned
about the poorrigorand transparency of ABMs and their potential to mislead policy actors. Subsequent reviews
of COVID-19 models confirmed low levels of model documentation and validation (Lorig et al.|2021). Another
critique of many epidemiological models used to guide COVID-19 interventions is the lack of effort in evaluating
these policies after application (Winsberg et al./22020). Other challenges of using ABMs in policy-making include
collaborative issues between modellers and policy actors. Beyond the issue of credibility, these involve the un-
derstandability of technical solutions, model/project scope, project management, and political considerations
(Belfrage et al.]2022). Furthermore, a review analyzing the application of ABMs in policy-making dating back to
the year 2000 further reported low levels of model transparency, validation, and formal communication of find-
ings to policy actors prior to their application. It also noted a complete absence of mentions regarding formal
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quality assessment procedures conducted by public administrations before model application (Belfrage et al.
2024).

With this background, two key challenges can be understood as impeding the use of ABMs as a tool for policy-
making. Thefirst challenge is terminological: defining what constitutes model credibility. The second challenge
is procedural and evaluative: determining strategies for accurately assessing the credibility of models before
application and evaluating their accuracy after application. Accordingly, the first part of this paper reviews
literature from modelling and simulation (M&S) to delineate model credibility from related concepts. Buildingon
these insights, the second part of the paper focuses on research and applied practices in verification, validation,
and accreditation (VV&A), as well as policy and model evaluation, to design an accreditation framework. For
clarity, this work does not call for a one-to-one correspondence between the model and the target system, nor
does it suggest that simulated results should be applied uncritically and unequivocally in the real world. On
the contrary, by institutionalizing accreditation and evaluation procedures in public administrations, our hope
is that policy actors will gain a better understanding of how these insights were generated and how ABMs could
applied in practice.

This paper seeks to address the following research questions:

« How can the application and evaluation of credible agent-based models for policy-making be facilitated?

- How can the concept of model credibility be understood in the context of simulation models?

- What measures can be taken in an attempt to mitigate the model builder’s risk for Agent-based Mod-
els?

- What measures can be taken in an attempt to mitigate the model user’s risk for Agent-based Models?

The next section provides an overview of verification, validation, and accreditation, clarifying the goals of re-
lated activities. It presents work from the M&S literature on credibility and provides a definition of model cred-
ibility. The third section outlines how modellers could improve documentation of Agent-based Models to miti-
gate risks for model builders. In the fourth section, we delve into how accreditation is applied by the US Coast
Guard in practice and what insights can be elucidated from this procedure. Building on the insights attained
from this procedure and the M&S literature, we propose an accreditation framework for ABMs intended to re-
ducetherisk formodel users. Thisis followed by a reflective discussion in section five, concerning the risks asso-
ciated with applying ABMs as decision-support tools in the absence of VV&A. Lastly, we conclude by recounting
some key aspects useful for modellers to consider when engaging with policy actors and provide suggestions
for future work.

A Conceptual Overview of VV&A

M&S research indicates that model credibility is tightly linked to VV&A practices: verification, validation, and ac-
creditation. Verification, validation, and accreditation are explained separately, but they are tightly interlinked;
well-documented V&V processes are essential for accreditation. While V&V are commonly applied in most ABMs
projects, accreditation is less established in the literatureE] Verification refers to the process of ensuring that
the model is specified as intended and does not include any bugs or misspecifications. More practically this
involves employing preemptive practices such as effective data management (Wickham|2016) and modular
programming, but also intermediate model output testing, utilizing animation techniques and stress testing
(Sargent|2010). Validity, on the other hand, can be understood as a property of inference (Cook et al.|2002).
Accordingly, model validation constitute tests of varying formality that are employed to ensure that the model
behaves consistently with the target system (Balci|1994).

Accreditation refers to an institutionalized process for model assessment, performed by accreditors on the be-
hest of an organization, to ensure that a simulation model is sufficiently credible to be applied as a decision-
support tool. This process assigns responsibility within the organization for how the model is applied to a given
problem setting (Law|2022). In the realm of M&S, accreditation has a long history in military applications, aiding
weapons acquisition, military training, and army deployment. As a result, the primary organizational focus for
accreditation of computer simulations has been on military institutions such as the US Department of Defense
(Fossett et al.|[1991). The US Department of the Navy defines accreditation as "The official certification that a
model or simulation and its associated data are acceptable to be used for a specific purpose" (DON|2019).

1A Scopus search including the terms "Agent-based Model" and "accreditation" yielded only three results.
This search was conducted on 27/4-2023
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The relationship between the different elements of VV&A is depicted in Figure[2] Verification relates to appro-
priately formalizing a logical representation of the target system from a conceptual model. Since the model is
not constructed directly from the target system itself but rather from interpretations of the target system and
partial evidence, it must be validated to ensure alignment with the target system, thus allowing for inference
(Sargent|2010). This is done by taking comparison measurements of the model and target systems to minimize
the differences between the input, transformations and outputs (Balci[1994). Accreditation is then performed
by accreditors who evaluate whether the model, in part or as a whole, can be generalized to the application
context. Accordingly, accreditation ensures that the model can effectively guide new policy implementations
within the target system (Law|2022).

Target system

Validation

Conceptual
Model

Verification Accreditation . .
_— Model ————— | Application

Figure 2: An overview of VV&A. Verification, validation and accreditation is performed by evaluating the imple-
mented model in regards to the conceptual model, the target system and its intended application respectively.

VV&A — Model Credibility

The M&S literature indicates that there are several different factors related to VV&A which may influence model
credibility. Being able to identify and evaluate these factors is essential for model assessment. However, model
assessment is an expensive and time-consuming procedure. Accordingly, not all models need to be accredited,
as not all models are employed in decision support. Nevertheless, if model developers anticipate their models
undergoing comprehensive accreditation, it may serve as a motivating factor to implement meticulous V&V
practices and maintain rigorous documentation (Fossett et al.[1991). Proper model documentation containing
information about the model’s inner workings and its assumptions alongside V&V tests is often stressed to be
a prerequisite for model assessment (Law|2022;|Balci|1994).

Model assessment is often performed by independent actors to guarantee impartiality and increase objectiv-
ity. These actors often work at the behest of the organization seeking to employ the model for a specific pur-
pose. This is also sometimes referred to as independent verification and validation, and is recommended for
large-scale models involving multiple teams. Independent V&V can be conducted continuously during model
development or once after the model is complete (Fossett et al.[1991). In the continuous approach, model de-
velopment only progresses after the independent team is satisfied with the V&V at each pre-defined step (Sar-
gent2010). However, other post-implementation suggestions, such as|Schruben|(1980)’s experiment, has been
proposed to increase objectivity of the evaluation. Inspired by the Turing test, the experiment tests whether
domain experts can distinguish between shuffled reports derived from the target system and the simulated
system.

Balci| (1994) developed the framework "The Life Cycle of a Simulation”, which entails continuous credibility
evaluation using different verification, validation & testing techniques during participatory approaches. Testing
refers to the process of revealing model inaccuracies to be ameliorated. Balci|(1994) also states that "Credibility
of simulation results not only depends on model correctness, but also is significantly influenced by accurate formu-
lation of the problem". The work outlines a taxonomy for six different categories of testing techniques ranging
from informal testing, relying heavily on human reasoning e.g., Schruben’s experiment and face validation, to
formal testing and providing mathematical proof of correctness. One-time testing of models is described to
be a poor strategy by analogously underscoring that one final examination applied to teaching would not help
students ameliorate their academic shortcomings. Rather, continuous testing facilitates back-and-forth com-
munication to improve model deficiencies rather than making it a pass-or-fail test at the end of the project.
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This step-wise testing procedure should be planned by a group referred to as the Simulation Quality Assurance
within the organization to ensure the model’s quality (Balci|1994).

NASA’s chapter on simulation credibility leads with a quote by Emanuel James "Jim" Rohn, stating that: "Ac-
curacy builds credibility” (Mehta et al.|2016). According to NASA, simulation credibility is evaluated using both
quantitative and qualitative methods. The qualitative evidence constitutes circumstantial aspects whereas the
quantitative aspect is aimed at measuring the errors of the input, the model, and the parameters to achieve
quantified simulation credibility. The acceptability of this error estimate as compared to the referent deter-
mines the overall acceptability of the model. This is linked to simulation validation and quantifying the uncer-
tainty of the simulation and is achieved with simulation verification. This entails calculating the uncertainty of
the input and the model, the referent uncertainty, and the aggregation of all uncertainties (Mehta et al.[2016).!

There is one article on the subject of accreditation and ABMs by |Duong| (2010). This article emphasizes that
credibility of ABMs is attained through accreditation and highlights that the VV&A practices employed by the
military are not entirely suitable for social systems. One reason for this is that many subject matter experts are
unfamiliar with computational social science concepts, which could affect informal validation criteria such as
face validation. Another issue lies in the difference that models applied for military training tend to entail a
priori known processes, while many ABM aim to generate insights into unforeseen events. Additionally, ABMs
are subject to high levels of uncertainty compared to physics applications due to the inherent uncertainty in
social systems (Duong|2010; Martin et al.[2016; Edmonds|2017). This makes high-level resolution predictions
difficult, where good social theory can often, at best, inform us about what patterns we might expect to observe.
This work argues that developing better-suited criteria for social simulation applications are needed and pro-
poses performing a train-test split procedure of data to ensure that social simulation models are not over-fitted
(Duong/2010).

The M&S literature also indicates the potential for positive externalities as improving V&V on the modeller side
greatly benefits VV&A on the decision-making side, and vice versa. This is because expectations of rigorous
model assessment could incentivize modellers to provide more thorough V&V documentation (Fossett et al.
1991), while better V&V documentation, in turn, facilitates model assessment for organizations seeking to apply
models (Law|2022). Finally, there are also challenges related to uncertainties in social systems applications e.g.,
stemming from bounded rationality. These uncertainties need to be taken into account when accrediting ABMs
to minimize the model user’s risk. However, if policy actors are aware of the sources behind these uncertainties,
this can allow for more informed decision-making (Duong|2010).

The definitions of model credibility presented in Table[l]indicate a shared understanding of this concept. Model
credibility tends to be characterized according to two general patterns. Firstly, model credibility refers to the
level of confidence in the accuracy of the model in relation to the target system. If stakeholders are willing to
apply the model to inform a decision, the model is perceived to be credible. However, this misses a set of mod-
els, as models which are not applied as decision-support can also be perceived to be (un)credible. Secondly,
NASA’s definition of model credibility is described as a quantified measure of the error and uncertainty asso-
ciated with the model’s accuracy in relation to the target system. Thus, whether the definition is based on a
quantitative measure or a more subjective interpretation, such as a stakeholder’s confidence, it pertains to the
model’s ability to generate insights that are generalizable to the target system.

Table 1: Different credibility definitions from the M&S literature.
Definition Reference
A simulation model and its results have credibility if the decision-maker and other  (Law;2022)
key project personnel accept them as ‘correct’.
Model credibility is reflected by the willingness of persons to base decisions onin-  (Schruben|1980)
formation obtained from the model.
Model credibility is concerned with developing [...] the confidence [stakeholders]  (Sargent2010)
require in order to use a model and in the information derived from that model.
Model or simulation credibility is the user or decision maker’s confidence in the (Liu et al.2005)
model or simulation, and verification, validation, and accreditation (VV&A) is the
necessary way to build up model or simulation credibility.
Credibility is the level of confidence in [a simulation’s] results. (Fossett et al.11991)
The credibility of a simulation is quantified by its accuracy in terms of uncertainty. (Mehta et al.|2016)

Fossett et al.|(1991) cuts to the core of the issue by stating: “To say that simulation results are credible implies
evidence that the correspondence between the real world and simulation is reasonably satisfactory for the
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intended use” (Fossett et al.|[1991). Accordingly, the credibility of a model is dependent upon its perceived
inferential capability. This implies that the credibility of a model is closely linked to causal inference, where
causal processes can be generalized across UTOS - units (agents to people), treatments (digital interventions
to physical interventions), outcomes (simulated outcomes to real outcomes) and settings (in-silico to in-situ
setting) - so that insights from the model can be inferred to the target system (Cook et al.[2002). This means
that a sufficiently validated model implies credibility, but that this direction cannot be reversed. Accordingly,
model credibility cannot exist in the absence of validity without there being insufficient information about the
model.

With this in mind, we define model credibility as: a measure of confidence in the model’s inferential capability.
Thus, while model validation procedures seek to maximize the alignment between the model and the target
system, credibility assessment focuses on determining whether the model possesses the inferential capacity
needed for a specific application. Thoroughly testing models and keeping well-documented records are crucial
to establish the inferential capability and limitations of a model. Accordingly, precise credibility assessments
of models hinge on thorough V&V documentation related to their usage, while ensuring accuracy to reduce the
model user’s risk. Consequently, confirming that a model’s credibility is not overestimated, and preventing that
the model receives any ill-gotten gains that could mislead policy actors, is of equal importance. Overconfidence
in a model’s credibility effectively overestimates the model’s inferential capability, potentially leading to type-I|
errors and harmful outcomes. Therefore, we argue that developing VV&A practices for Agent-based Modelling
is essential to advance its role as a decision-support tool.

Next, we turn to the second challenge of the paper: introducing strategies for assessing the credibility of models
before application and evaluating their accuracy after application. We start by introducing the ‘V&V plan’ aimed
at reducing the model builder’s risk, before moving on to motivate and explain the use of accreditation and
model evaluation to reduce the model user’s risk.

The Verification and Validation Plan

This section introduces and argues for the usage of a Verification and Validation (V&V) Plan during the course
of any larger modelling project, in particular those aiming to support policy-making. Similar in purpose to the
type of quality assurance plan often used in software testing (Lewis & Veerapillai|2004), this document details
the planned and performed V&V over the entire project. It is intended not only as an aid for modellers, but also
as awindow into the V&V process for the stakeholder and accreditation unit. The V&V planis a living document
thatis continuously updated throughout the project to include any tests, their outcomes, and potential changes
that the model undergoes.

As model validation and verification are complex processes, the creation and maintenance of the V&V plan will
likely require a considerable amount of effort from the modellers. Nevertheless, there are several reasons why
a project might benefit from its existence. Firstly, it requires the modellers to address the question of V&V early
on in the project, rather than saving it for the end. Itis crucial that verification and validation is performed con-
tinuously during the modelling process, lest major issues within the model could pass by undetected until it is
too late to solve them (Balci1994). Keeping a detailed, updated plan for the process can help ensure that all
parts of the model are tested as the project progresses. Planning ahead also means that parts of the V&V pro-
cess which might be time-consuming, e.g., acquiring data or getting in contact with domain experts for expert
validation, will be started in time.

Secondly, the V&V plan can double as documentation of the process. Itis a well-known issue that V&V documen-
tation in ABM models is often lacking (see for instance, |Balbi & Giupponi|2009;|Lorig et al.[2021};/Schulze et al.
2017; Belfrage et al.[2024), with many papers either skimming through vital aspects of the process or not men-
tioning them whatsoever. An updated V&V plan contains all relevant information and could easily be included
as an appendix at publication. In this regard the plan has a similar function to the TRACE framework (Grimm
et al.|2014), a standardised format for documentation and note-keeping during a modelling project, though it
is concerned with the entire modelling process and not just V&V. Similar to TRACE documentation, the V&V plan
could also help encourage good V&V practise, seeing as how it lays the entire process open for scrutiny.

Lastly, this document can greatly contribute to transparency and insight into the project and its V&V process for
stakeholders and the accreditation unit and thus, assuming the process holds sufficient quality, increase the
model’s credibility. Even if a stakeholder might not understand the technical details, it serves as evidence that
the matter of evaluating and increasing the model’s validity is taken seriously. Establishing and communicating
the V&V plan early also means that any questions or requests from the stakeholders can be addressed in time.

JASSS, 27(4) 4, 2024 http://jasss.soc.surrey.ac.uk/27/4/4.html Doi: 10.18564/jasss.5505



3.5 Creating a universal V&V plan that can be applied to any modelling project would be impossible. The diverse
application areas of Agent-based modelling give raise to widely different models and modelling processes, and
the V&V process needs to be adapted to these. Still, some general components which need to be included or
addressed in the document can be identified. Though not all of these might be relevant for all Agent-based
simulation studies, modellers need to be able to properly argue for a component’s irrelevancy for its exclusion
to be justified. The identified components are as follows:

.

Usage and adaptation of existing protocols or frameworks. Progress has been made towards developing
protocols or frameworks to coverall or part of the V&V process, both with regard to Agent-based modelling
in general (Troost et al.[2023} Klugl|2008; |Barde & van Der Hoog2017) and to specific application areas
(Ronchi et al.|2016;/Azar & Menassa|[2012;|Drchal et al.[2016). The establishment and usage of standard
V&V protocols in different domains could help structure the process; either way, their usage needs to be
documented.

Conceptual model validation. This refers to the process of ensuring that the conceptual model adequately
reflects the real-world system studied (Sargent|2010). Validation of the conceptual model is ideally per-
formed before the model is implemented, though it might have to be revisited in case the conceptual
model is changed during the course of the project. In the cases where it is possible, this validation could
take the form of assumptions being statistically tested or mathematically derived. It is not uncommon,
however, that assumptions made during the development of ABMs cannot be quantitatively tested; in this
case, qualitative approaches might be necessary to evaluate the conceptual model’s validity. |Law|(2022)
suggest a thorough documentation and systematic walk-through of model assumptions, algorithms and
data together with stakeholders and subject matter experts.

Implemented model verification. There exists a large number of established verification techniques (Whit-
ner & Balci|1989), as well as methods and approaches from "traditional” software testing (Basili & Selby
1987;|Hutcheson|2003) that can be applied here. As noted above, verification needs to happen during the
entire course of the model’s implementation, not merely at the end.

Robustness analysis. Similar to yet distinct from conceptual model validation, robustness analysis is the
investigation of to what extent results of the model stem from the model’s assumptions and implemen-
tation (Weisberg2006). Despite being an important part of understanding a model, there exist no formal-
ized methods for performing this analysis (Railsback & Grimm|[2019), though some general approaches
have been suggested (see for instance|Grimm & Berger|2016; Pignotti et al.[2013). Understanding the ef-
fects of the choices and assumptions made on the model’s results is crucial in showing that the model
actually reflects the studied system.

Statistical validation. This refers to validating the model through validating its output data, using statis-
tical methods. One of the most common way of doing this is by comparing data generated by the model
with empirical data (see for instance (Windrum et al.[[2007) for methods for this). It is not uncommon,
however, that such an approach is not possible for an Agent-based model, be it because of the lack or
inaccessibility of empirical data or a level of model abstraction which does not lend itself to real-world
comparisons. Uncertainty and sensitivity analyses (Railsback & Grimm|[2019; ten Broeke et al.[2016) of
model results might then be more feasible.

Model dynamics validation. There are several reasons as to why statistical validation of a model is usually
insufficient. For one, as mentioned above, a shortage of empirical data often makes fit-to-data valida-
tion impossible in the first place. Secondly, levels of high uncertainty and path dependencies in models
mean that output data might be insufficient in order to evaluate the model. In addition, the white-box
nature and (generally) high level of descriptiveness in ABMs mean that conclusions often can be drawn
not only from model outputs but its internal dynamics as well. This is especially true in models created
for educational purposes or highly conceptual models where understanding the dynamics of a system is
the main point of the simulation and any potentially generated data files are borderlineirrelevant. It then
becomes crucial to ensure that the inner workings of the model sufficiently well capture the dynamics of
the simulated system and that conclusions drawn from these are valid (David et al.|[2017). This typically
calls for more qualitative methods than statistical validation.

Expert involvement. Involving subject matter experts in the V&V process can be highly useful for both
conceptual modelvalidation and model dynamics validation (David et al.2017). In order for the validation
process to be transparent and rigorous, it becomes important for this collaboration to be structured and
well-documented. Examples of this type of documentation could be detailed information on involved

JASSS, 27(4) 4, 2024 http://jasss.soc.surrey.ac.uk/27/4/4.html Doi: 10.18564/jasss.5505



4.2

4.3

4.4

experts, interview questions or transcripts, or detailed records of what parts of the model and its results
have been "approved”.

« Update logs. This refers to a record of all major revisions of the V&V plan as the project progresses. As
explained above, the plan is intended to be a living document; changes are to be expected as the model
is being developed and used, with new tests being called for and previously planned ones being deemed
as unfeasible or irrelevant. Still, these changes need to be documented, not the least for the sake of the
accreditation unit and involved stakeholders.

The Function of Accreditation in Public Administrations

Accreditation provides public administrations with procedures to ensure the credibility of models used in pol-
icy decisions, thereby enhancing accountability, transparency, and reliability in the decision-making process.
The purpose of accreditation is to ensure that the model attains sufficient credibility for its application by the
organization looking to use it (Liu et al.[2005). Through model assessment and the completion of the accred-
itation process, due diligence is carried out by the organization, enabling it to investigate how to best apply
insights generated from the model and take responsibility for the outcome (Law|2022). Accordingly, accredita-
tion can be understood as a’peer-review’ process for models prior to application. This means that accreditation
should not be carried out by the model developers themselves but by independent evaluators, better aligning
the ‘application process’ with scientific principles.

This process also enables public administrations to work more collaboratively with developers in an open and
systematic manner. Democratically, the absence of institutional procedures that clearly specify how decisions
are reached i.e., how models are evaluated, risks eroding accountability and transparency in the decision-
making process (Schmidt{2013). Applicatively, the absence of an a priori specified process for model evaluation
in public administrations could lead to less reliable evaluations and increase the model user’s risk. Providing
formal reports and model documentation to public administrations enables them to independently justify the
appropriateness of their decisions when applying the model. In the absence of sufficient model documenta-
tion, accountability becomes difficult for public administrations and risks putting modellers in an undesirable
position, as they might be the only party capable of demonstrating the model’s credibility and justifying the
appropriateness of its application (Belfrage et al[2024). Such situations should be avoided, as accountability
must remain with elected officials and the public administrations tasked with this responsibility (Knill & Tosun
2020). Additionally, prior research indicates a lack of clarity regarding the goals of collaborative simulation-
based policy projects and the responsibilities of stakeholders, leading to challenges in collaboration between
modellers and policy actors. Clear accreditation routines, aligning expectations between parties, could prevent
these challenges (Belfrage et al.[2022).

Recognizing the importance of credible models in policy-making, public administrations are increasingly es-
tablishing routines for their application. In 2015, the UK government introduced the Aqua Book: Guidance on
Producing Quality Analysis for Government to Ensure Quality Assurance. Similar to accreditation, the goal of qual-
ity assurance is to establish the credibility of models before their utilization in decision-making (HM Treasury
2015).2 Recently, the European Commission also formulated a set of questions for policy actors to consider be-
fore using a simulation model to inform policy-making (European Commission and Joint Research Centre|2023).
However, military institutions, such as the US Department of Defense and its various branches, have been using
computer simulation models to support decision-making since at least the 1950s (Fossett et al.[1991). Conse-
quently, the Department of Defense has developed rigorous protocols for VW&A and has institutionalized several
functions to accredit models (DON|1999). To illustrate how accreditation can be implemented in practice, we
provide an overview of the US Coast Guard’s accreditation process.

The US Coast Guard’s accreditation process

The US Department of the Navy describes that VV&A is an integral part throughout a simulation project and
a model’s life cycle. VV&A is used to define requirements while encompassing the model’s conceptualization,
design, implementation, application, modification, and maintenance. The accreditation process is aimed at
facilitating collaborative research, standardization, interoperability, acquisition, and the reuse of models (DON
2019). Older documents from the US Coast Guard (U.S. Coast Guard|2006), which draw on many of the best
practices from the DOD, describe that confidence in a simulation is justified based on three criteria:

1. Model assumptions are well documented and accurate;
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2. The M&S results are consistent, stable, and repeatable;

3. That the correspondence between the model behaviour and target system is well understood.

The efforts putinto the VV&A process and the implementation of M&S results should be commensurate with the
importance and risk associated with a specific use-case. To ensure that these standards are met, the US Coast
Guard has tasked its Chief of Staff with establishing and maintaining VV&A policies, standards, procedures, and
guidelines for M&S applications. However, the accreditation process itself is described as highly flexible and is
determined and approved by the Accreditation Authority based on the application’s intended use.® The model
can be accredited as a whole or with limitations. The Accreditation Authority is composed of an individual or a
group within the organization, whose positions reflect the importance, risk, and impact of the application. The
Chief of the Office of Performance Management and Decision Support is responsible for developing a plan to
train personnel in accreditation and providing advice to the M&S Program Manager (M&S PM) and accreditation
authority on the VV&A process. Additionally, there is a group of experts known as the M&S Advisory Council,
which can provide recommendations to the Accreditation Authority (U.S. Coast Guard|2006).

The US Coast Guard’s accreditation process is depicted in Figure First the appropriateness for applying a sim-
ulation model to the specific problem is evaluated (Identify: Problem). After this, the use for the specific simu-
lation model is determined and documented (Design: Conceptual Model). In step 3 the acceptability criteria for
accreditation is specified with its intended use in regard. Also, guidelines for future V&V activities are outlined
(Specify: Requirements & Guidelines). When requirements and guidelines have been defined, the accreditor is
selected - this actor is tasked with formulating an accreditation plan (Select: accreditor). The accreditation plan
is then approved by the accreditation authority (Approving: Accreditation Plan). Step 6 entails receiving the fi-
nal accreditation decision which is a written document describing how the simulation model can be applied
(Receiving: Accreditation). The final step only applies to the continuous use of models, which requires that the
amodel’s maintenance is assured during the time of its deployment. This is done by defining and providing the
M&S PM with modification threshold values. If these threshold values are exceeded, this will prompt the M&S
PM to notify the Accreditation Authority with any potential modifications, which then initiates the process to
attain new accreditation (Maintaining: Accreditation Thresholds) (U.S. Coast Guard|20086).

Specify:
Requiremets &
Guildlines

Design:
Conceptual Model

Maintain:
Accreditation
Thresholds

Approve: Accredit:
Accreditation Plan Implemented Madel

Select: Accreditor

Figure 3: Based on the US Coast Guard’s accreditation process (U.S. Coast Guard|2006).

If consensus cannot be reached within this process, the issue is flagged, and the final verdict is given by the chief
of staff. The VV&A process should be initiated as early as possible during the project and requires standardized
documentation (DON|1999). Naturally, this also depends on whether an already existing model is used or if it
is designed from scratch. The M&S PM is the principal, responsible for planning and managing the resources
for the project and V&V aspects tied to maintaining model configurations of specific M&S capacities. The M&S
PM retains the VV&A plans, artifacts, reports and the final accreditation decision. The M&S PM also appoints
the developer and the Verification and Validation responsible (V&V responsible) and later approves the V&V
Plan developed by the V&V responsible. The V&V responsible’s main task is to provide evidence demonstrating
the model’s fitness and to ensure that V&V is carried out appropriately (U.S. Coast Guard|2006). The accreditor
conducts accreditation assessments and is responsible for creating an accreditation plan, specifying how the
model is accredited, which is then approved by the accreditation authority. The accreditor also ensures that a
V&V responsible is provided with the necessary guidance about the testing required to certify the model
[Coast Guard|20086).
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Accreditation for agent-based models

In this section, we synthesize insights from the previous sections with specific knowledge in the field of ABMs
and public administration to propose a general accreditation framework. We underscore that this framework
offers a stylized depiction that can facilitate in understanding and establishing accreditation routines, but that
it should not be seen as a finalized prescription in itself. In fact, the policy cycle, which is used to inform the pol-
icy actor activities in this framework, has received much criticism for over-simplifying the actual policy-making
process. However, the policy-cycleis stillcommonly used theoretical framework for understanding and explain-
ing policy-making in the political sciences (Cairney|2016;|Jann & Wegrich|2017). Accordingly, decision-making
processes may vary across organizations due to differences in governance structures or applied procedures
(Cairney|2016;|Colebatch|2018), and should, therefore, be tailored to the specific needs of each setting.

In the context societal outcomes generated from human interactions ABMs are among the few viable modelling
options that allow users to explore counterfactual scenarios. Consequently, it is not surprising that ABMs have
been frequently employed to assess potential policy interventions through in-silico analysis of COVID-19 poli-
cies. However, existing model assessment procedures appear to be tailored toward predictable systems, partic-
ularly physical ones (Duong/2010; Edmonds|2016). Social systems, on the other hand, which involve higher lev-
els of uncertainty - partly due to bounded rationality and incomplete data - are notoriously difficult to predict
outcomes for (Martin et al.|2016; Edmonds2017). While it may not be possible to eliminate these uncertainties,
which negatively affect external validity, computer simulations provide full control of inputs and environment
offering stronger internal validity. This allows for the internal ranking of policies through counterfactual analy-
sis, identifying the most to least effective policy intervention in the system under the specific set of assumptions
made. However, it is the modeller’s responsibility to clearly communicate the various reasons why this ‘simu-
lated policy ranking’ may not be valid for the target system.

To support public administrations in establishing accreditation routines, we present a general collaboration
framework for accrediting ABMs, distinct from a modelling framework, illustrated in Figure[4} Given that policy
evaluation serves as a prerequisite for model evaluation, this framework facilitates the dual assessment of both
the implemented policy and the model. Each swim-lane represents a series of discrete actions, denoted by solid
lines, carried out by three distinct actors: the modellers, the policy actors, and the accreditation unit. These
actors interact with one another throughout the duration of a simulation-based policy project, as illustrated
by the dashed lines connecting the swim-lanes. The different actions were defined by applying insights from
the previously cited literature and the stages of the policy cycle (Cairney et al.[2019). Similarly to the US Coast
Guard’s accreditation process, we assume that each stage is successfully completed. Therefore, in reality, there
is more feedback between the different discrete stages than the diagram reflects.

The conceptualization phase

The accreditation unit’s primary responsibility is to assess existing model information and determine what
tests are necessary to establish the model’s credibility for addressing a specific problem. This is accomplished
through the creation of an accreditation plan that outlines the prerequisite tests and their corresponding ac-
ceptance criteria. Upon formulating the accreditation plan, modellers can proceed to establish the V&V plan
which should incorporate, at minimum, the tests mandated to achieve accreditation. While the team of mod-
ellers can propose suitable tests to the accreditation unit, the unititself should be comprised of individuals who
can judge the appropriateness of various tests based on the conceptual model. Accordingly, it is important that
the personnel included in the accreditation unit have a set of competencies that not only cover expertise in
ABMs, but also the application area and all other relevant aspects to the model. To increase objectivity, it is
advisable that members of the accreditation unit should be distinct from the developers of the model and pol-
icy actors involved in the project. The use of independent accreditors more accurately mirrors the scientific
process, which otherwise risk being bypassed prior to application, as many articles report after the fact (Bel-
frage et al.|2024). Accordingly, by establishing accreditation routines, independent evaluation is still carried out
before application, which could serve to mitigate the model user’s risk.

The implementation phase
After the V&V plan has been established the model is implemented using domain expertise and available data

for calibration. The implementation may also uncover necessary deviations from the conceptual model, which
might impact the accreditation plan. Consequently, any changes made to the model should undergo review to
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determine if alternative or additional tests are required. Accordingly, continuous testing and frequent meetings
with the collaboration parties can be useful to gather valuable feedback during the stage of model development
(Balci|1994). Once the model has undergone analysis and test results have been obtained, any relevant model
documentation should be submitted to the accreditation unit. Risk assessment can benefit from documenting
unquantifiable sources of uncertainties as circumstantial considerations. After which, the accreditation unit
can review the accumulated material and accredit a specific part of the model or as a whole. Upon obtaining
results, policy actors may need to legitimize the policy prescription. While evidence-based policy-making does
confer legitimacy (Cairney|2016), this may not always suffice e.g., certain solutions can be politically unfeasible
(Belfrage et al.|2022).

If the ABM has already been developed and published, providing a V&V document including all model testing
could facilitate the accreditation unit’s work. While this makes the accreditation unit’s work asynchronous to
the modellers - impeding feedback between the two - this enables the organization to review several models
comparatively which might provide additional insights (Page2008). The testing and documentation of the V&V
document should ideally be comprehensive including relevant and sufficient testing so that it in-of-itself is sat-
isfactory to demonstrate the model’s credibility. This could allow the accreditation unit to evaluate the model’s
credibility post-hoc. However, if the accreditation unit were to decide that additional tests are required, the
modellers should be contacted for further testing. This process also present a valuable opportunity to evaluate
models in an applied setting. The reason for this is that the model forecast is known a-priori and can be evalu-
ated against the observed outcome of the target system (Edmonds|2017). Accordingly, applying ABMs and this
routine in practice serves as an opportunity to evaluate both the policy prescription and the model itself.

The subsequent phase involves the actual implementation of the policy prescription, a purpose for which the
application of ABMs holds promising potential but remains seemingly limited. Policy implementation is some-
times referred to as the missing link between policy-making and policy evaluation in the policy literature (Knill
& Tosun|2020). This step is of importance since even a well-defined policy prescription in terms of content can
still perform poorly if implemented improperly in practice. The implementation structure can involve numer-
ous actors across different administrative levels, all of whom directly affect the delivery of the policy (Turnbull
2018; |Howlett & Lejano|2013; |Cairney|2016). This could result in differences between the simulated and ob-
served outcomes during model evaluation. Therefore, observed differences might not be isolated to errors of
the model but may also arise due to errors in the target system. Thus, data collection during policy implemen-
tation becomes valuable, and also allows policy actors to monitor the implementation process and detect any
adverse effects.

The evaluation phase

The evaluation phase seeks to asses whether the pre-specified policy objectives were met after policy imple-
mentation (Knill & Tosun|2020). The COVID-19 pandemic highlighted the need for increasing evaluation of sim-
ulation informed policy interventions (Winsberg et al.2020). One of the challenges associated with the evalua-
tion of policy-modelling and ABS is that the evaluation must adopt a two-sided approach to be effective. This
involves evaluating both the policy intervention/implementation and the policy model to identify potential
sources of error and gain insights for future improvements. For example, if the policy implementation does not
proceed as planned, this may result in unexpected deviations arising from within the target system. This means
that it is essential to assess both model and the target system to determine where any deviations arise from.
Evaluation also impacts the type of model used, as models intended for continuous use must be maintained to
ensure consistent system performance (U.S. Coast Guard|2006).

The evaluation of public policy is crucial to establish whether tax-payer money is spent effectively (Knill & To-
sun(2020). Naturally, this means that the organization must have completed the policy implementation step
and sent all data to the modellers as this is used for model evaluation. However, evaluating applied models
in different policy areas and learning from past experiences is likely crucial to the future success of ABMs as
a decision-support tool (Belfrage et al.|2024). Accordingly, evaluation is not solely about measuring "how in-
accurate the model was," but rather about assessing how effectively the insights gained from the model were
utilized. While there are many qualitative assessments of ABMs, there are two general types of statistical valida-
tion techniques that can be performed on the outcome variables to establish the alignment between the model
and the target system. These techniques are aimed at measuring the accuracy of the data generating process
or the outcome (Windrum et al.|2007).

Policy evaluation of the implemented policy is subsequently conducted by calculating the policy effectiveness
(PE) through the subtraction of the empirically observed outcome from the policy objective (Py;), (PE =
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P,,; — Ce,). If the calculated policy effectiveness is equal to or greater than the policy objective (PE > Py;)
the policy is considered suitable for continuation. Conversely, if the calculated policy effectiveness is less than
the policy objective (PE < P,,;) it suggests the possibility of discontinuation or reformulation of the imple-
mented policy (Knill & Tosun2020). Upon receiving the final report, encompassing all essential documentation,
the public administration assumes ownership of the solution. This enables the organization to attach the final
report and other relevant information to their decision guidance documents. In the event of inquiries regarding
the model or its application, the organization can autonomously provide evidence justifying its decision.

Accreditation: An Example

This section provides a step-by-step example of how the accreditation framework presented in Figure[dcould be
applied in a policy-making situation. We choose the COVID-19 pandemic and the question of whether schools
should remain openin a city as the decision being contemplated. The reason we choose this scenario is twofold.
First, during the pandemic, there were many models built with this question in mind and several were used for
designing interventions, yet, the type of accreditation argued for in this paper was rarely (if ever) performed
(Lorig et al.2021). Second, the entire process of modelling for aiding policy actors find the best response to
the pandemic turned out to be highly challenging, largely due to the urgency for answers and lack of informa-
tion about the disease. By demonstrating that the presented framework can be adapted and use even in this
situation, we thus hope to prove that accreditation is both feasible and useful in most policymaking scenarios,
not only textbook ones. We save validating the framework through applying it in a real-world study for future
works.

1. The COVID-19 pandemic hits. Policy actors in a city are faced with the question of how the city’s schools
should operate during the pandemic: should they close all schools entirely, leave them open at limited
capacity, at full capacity or is there some other solution? A number of potential strategies are identified.

2. Aspart of their gathering of policy support, the policy actors contact a group of modellers to simulate how
the different suggested interventions would affect the spread of the disease. Notably this requires that
the policy actors and modellers have already formed a connection beforehand (Johansson et al.|2023).

3. Themodellers begin to work on a conceptual model. Upon request, they receive data on the city’s schools
and students, as well as more information from the policy actors about what interventions they would or
would not consider.

4. The modellers propose a conceptual model to the policy actors. What is suggested is a agent-based
model, where agents can jump between different networks, each network corresponding to a different
social context (family, work/school, friends and so on). Furthermore, each agent has a "social satisfac-
tion” which depletes according to some rules if they do not receive sufficient social stimulation. If an
agent is too lonely, they might choose not to comply with current interventions.

5. The policy actors confirm that the suggested model would fill their needs. The scope and assumptions of
the models are made clear. For instance, children’s learning curves are not considered, the estimates of
transmission risk are still very uncertain and so on.

6. The competences required for the accreditation unit are identified. It is decided that in order to be able
to properly accredit the model, the unit needs to possess competence in both epidemiology, sociology
or psychology, as well as modelling and simulation in general.

7. An accreditation unit is formed. The policy actors reach out to one epidemiologist, one sociologist and
one expert in agent-based modelling, neither of which have a close connection to the modellers. These
have a meeting with both the policy actors and the modellers and are briefed on the model and its in-
tended use.

8. The unit creates the accreditation plan. This document lists the tests and information the accreditation
unit needs in order to be able to evaluate the model. This includes: some proof of alignment between the
model and the real world (at least logical, not necessarily numerical); uncertainty, sensitivity and robust-
ness analysis of the model; as well as information about all assumptions made, both epidemiological and
behavioral, as to be able to ensure face validity.
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9. After receiving the accreditation plan, the modellers form the V&V plan, outlining how the model will be
verified and validated over the course of the development process. This plan includes all the required
tests from the accreditation plan, information on when and how it will be performed as well as results
once they have been performed. It also contains additional tests, such as common verification methods,
which were not explicitly requested in the accreditation plan but still aims to assure the quality of the
model.

10. The model is implemented. Some simplifications need to be made in how the epidemic spread works,
for computational reasons. This is communicated to the accreditation unit and the V&V plan is updated.

11. The accreditation unit accredits the model. To their help, they have the V&V plan provided by the mod-
ellers. Of course, the accreditation unit cannot conclusively say that all conclusions drawn from the model
will be true; this would not be possible even for the best of models given the many unknowns of the pan-
demic and large simplifications. However, as long as these shortcomings are communicated, the model
should still be able to aid more than mislead.

12. The results from the model are analyzed. From running the model, it seems that while the closure of
schools would decrease the spread somewhat, it will have grave effect on the happiness of the children. If
this loneliness would drive children to meet others more often in other social contexts, this would negate
the benéefits of closing schools. This is demonstrated to and discussed with the policy actors.

13. Apartfromthe simulation, the policy actors have received additional decision support from other sources.
After taking all available material into account, they still decide to close the city’s schools early on during
the pandemic, but with plans to open them again gradually.

14. The outcome of the intervention is monitored. Of course, it is near impossible to know what would have
happened had a different policy been implemented instead, but it should still be possible to gain some
insights in whether the chosen policy was the correct one and whether the conclusions drawn from the
model were accurate.

5.2 Some details are worth extra attention in the example above. First, the accreditation unit is not trying to ascer-

6.1

6.2

tain that the model is correct. Apart from the larger epistemological discussion of whether correctness or even
accuracy can exist or be proven in a model (many argue otherwise (Ahrweiler & Gilbert2005)), the limitations in
time and data makes such a goal unfeasible. Instead, what the accreditation unit is aiming to do is to compare
the model with the current state of knowledge, with state-of-the-art models and theories within epidemiology,
as well as to evaluate whether the model is suited for its intended use. Second, the step of identifying what
competences are needed from the accreditation unit is crucial for the model accreditation to be exhaustive.
In general, the knowledge required for accrediting agent-based models can be expected to include modelling
and simulation in general, the system being modelled, and human behavior within said system. Third, the pur-
pose of the model is not to decide the best intervention, but to guide policy actors in finding it. In this case
(asin most), it is reasonable to assume that there exists plenty of expertise and decision support beyond what
the model provides, which will inform the final decision. Any model which does more good than harm in this
guiding is a good model.

Discussion

It is often underscored that models are but abstractions of real systems and that the parameters that are in-
cluded or omitted in the model can have a large influence on its results. Model credibility can be said to depend
on the perceived appropriateness and correctness of these design choices in relation to a referent. This puts
high demands on the model’s validation process to ensure that the model possesses the inferential capability
to accurately portray the target system and its processes, thereby yielding valuable insights. However, as high
system complexity tend to translate into more complicated models, these can be difficult to comprehend. This
might tempt individuals to search for heuristics to infer a model’s credibility, thereby reducing cognitive work-
load and avoiding information overload. Accordingly, it is not a stretch to imagine that this situation could be
particularly pronounced during times of crisis, such as the COVID-19 pandemic, when policy actors were under
considerable pressure to act quickly.

In situations like these, established accreditation routines can provide public administrations with procedu-
ral support and help determine a model’s credibility before application, while transparently allowing them to
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communicate their evaluation process. Without the ability to independently assess the credibility of simulation
models, one could argue that the organization lacks the institutional capability to apply models in practice. If
public administrations are unable to identify insufficiently credible models, it raises the question of whether it
is safe for them to apply simulation models. This consideration should certainly be recognized as fundamental
for all organizations looking to use any type of software system to inform their decision-making. Furthermore,
itis also crucial that scientific work adheres to established standards and undergoes independent peer-review,
ensuring that modellers do not review their own work before application. Accordingly, institutionalizing ac-
creditation routines within public administrations would help to better align the use of ABMs in policy-making
with scientific principles.

The Agent-based Modelling community could play a crucial role in assisting public administrations in estab-
lishing accreditation routines, enabling them to independently make more reliable assessments of a model’s
credibility before application. While establishing accreditation routines could be understood as the responsibil-
ity of public administrations, itis in the interest of both modellers and policy actors alike that they are adopted.
Apart from the societal risk, there is also a risk for both parties involved when collaborations are conducted
outside of predetermined procedures, as this can erode legitimacy and displace responsibility. The hard lesson
learned from events like the L'Aquila earthquake is that communicating scientific evidence and uncertainty in
a nuanced manner is difficult, especially in presence of strong political interests. This was demonstrated in the
most unfortunate way possible in the now infamous L'Aquila trial where scientists were sentenced to prison for
their involvement in crises management (Cocco et al.[2015). To avoid similar outcomes in the future, collabo-
rations between policy actors and scientists require a shared understanding of the rules of the game, and that
public administrations are able to independently and capably evaluate insights produced by models prior to
their application.

Conclusions

In this paper, our motivation has been to safely facilitate the growing momentum behind the use of ABMs to help
policy actors understand social systems and address societal challenges. By assisting public administrations in
establishing accreditation processes for ABMs in policy-making, the ABM community could help increase soci-
etal preparedness for future crises. Towards this end, we have gathered related knowledge spanning different
domains, including modelling and simulation, experimental methodology, agent-based modelling and simu-
lation, as well as public administration and policy analysis.

These insights contributed towards shaping our understanding of model credibility as: a measure of confidence
in the model’s inferential capability. Therefore, it is crucial to assess model credibility before application to un-
derstand the model’s capabilities and limitations. This means that assessments of model credibility must be
based on information pertaining to the model itself, rather than that of the modellers, to avoid missing the
target. The relationship between V&V and accreditation also suggests significant potential for positive exter-
nalities: improving V&V documentation greatly benefits accreditation, and the prospect of accreditation could
incentivize rigorous V&V practices. By improving V&V documentation, the Agent-based Modelling community
could also make a meaningful effort to reduce the model builder’s risk and occurrence of type-I errors, where
models are mistakenly perceived as lacking credibility. Additionally, besides facilitating more accurate credi-
bility assessments of Agent-based Models and increasing their practical applicability, improving V&V documen-
tation standards could also serve to indirectly propel the advancement of V&V practices for ABMs.

Type-ll errors in model credibility occur when models are erroneously perceived as sufficiently credible (model
user ‘s risk). Historically, such errors have had disastrous effects, something which could continue in the future
if meaningful actions are not taken. We conclude that this may indicate that some public administrations do not
possess the technical capability to independently discriminate between insufficiently and sufficiently credible
models. Beyond technical considerations, the absence of clearly specified procedures for model assessment
may lead to arbitrary model evaluations and reduce the transparency of the decision-making process (Schmidt
2013). Moreover, if public administrations fail to acquire the necessary model documentation, they will likely
struggle to independently justify their decisions, thus undermining accountability. Based on the current study
we recommend considering the following key points when engaging with policy actors to maximize the likeli-
hood of positive project outcomes:

« Clarify the goals of the project and explicate the responsibilities of the involved parties beforehand, so to
align the expectations between Agent-based modellers and policy actors.

+ Provide examples of accreditation and support public administrations in developing their own accredi-
tation processes.
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+ Provide rigorous V&V testing and comprehensive model documentation that permit public administra-
tions to independently perform credibility assessments.

« Communicate uncertainties that cannot be measured in quantifiable terms through the presentation of
qualitative evidence in a contextual manner.

« Communicate model results, forecasts, and uncertainties in a nuanced way to ensure that the model’s
inferential capabilities and limitations are well understood.

« Evaluate the model’s performance after application to identify explanations for any potential deviations
and learn from past experiences.

7.4 While this work has relied on existing procedures, such as the accreditation procedures of the US Coast Guard,

future efforts should include a use case or an evaluation to validate this accreditation framework. Accordingly,
future work could involve direct engagement with policy actors to assess the feasibility of incorporating ac-
creditation routines into policy-making processes. However, going forward, we firmly believe that establishing
quality assurance practices and accrediting ABMs is preferable to continuing without them. Our hope is that in-
creasing V&V documentation and establishing accreditation will advance methodological discussions on using
ABMs as a decision-support tool.
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Notes

INASA uses the term coding verification to refer to the standard definition of verification.
2For an explanation of the relationship between the Aqua Book and ABMs, see[Edmonds|(2016).

3This text has adapted two of the terms used for two of the functions in this process. While the original text
refers to the accreditor as an ’accreditation agent’ and the V&V responsible as the 'V&V agent,’ this literature has
already reserved the term 'agent’.
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