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ARTICLE INFO ABSTRACT
Keywords: Current modeling practices for social-ecological systems (SES) are often qualitative and use causal loop diagrams
Validation protocol (CLDs), as these models promote an evaluation of the systems loops and variable connectivity. Our literature

Causal loop diagram
Quality of models
Verification
Socio-ecological modeling

review demonstrated that quality assurance of these models often lacks a consistent validation procedure.
Therefore, a guide to improving the validation of qualitative models is presented. The presumed utility protocol
is a multi-dimensional protocol with 26 criteria, organized into four dimensions, designed to assess specific parts
of the modeling process and provide recommendations for improvement. This protocol was applied to three
demonstration cases, located in the Arctic Northeast Atlantic Ocean, Macaronesia, and the Tuscan archipelago.
The “Specific Model Tests” dimension, which focuses on the structure of the model, revealed positive evaluations
of its structure, boundaries, and capacity to be scaled up. “Guidelines and Processes”, which focuses on the
meaning and representativeness of the process, showed positive results regarding purpose, usefulness, presen-
tation, and meaningfulness. “Policy Insights and Spillovers”, a dimension focused on the policy recommenda-
tions, revealed a high number of “not apply”, indicating that several criteria are too advanced for the status of the
models tested. The “Administrative, Review, and Overview” dimension, which focused on the managerial
overview, showed the models needed improvement in the documentation and replicability, while time and cost
constraints were positively evaluated. The presumed utility protocol has shown to be a useful tool providing
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quantitative and qualitative evaluations for an intermediate evaluation of the model-building process, helping to
substantiate confidence, with recommendations for improvements and applications elsewhere.

1. Introduction

The negative impacts of societal activities and pressures on ecosys-
tems have been increasing in magnitude and complexity during the last
two centuries (Rockstrom et al., 2009). Managing these pressures in
such a way that promotes both the well-being of humankind and a
healthy natural world, is one of the main challenges of the current
century (Borja et al., 2024; Steffen et al., 2015; Whitmee et al., 2015).
Addressing these interconnections from humankind to the natural world
by understanding the causes and effects of human-nature relations is
better supported through integrative research, such as the social-
ecological systems (SES) analysis (Berkes and Folke, 1998; Liu et al.,
2007; Ostrom, 2009). However, integrative research reveals many
challenges of complex adaptive systems, including the plurality of social
needs and cultures (Kinzig et al., 2013); the uncertainties regarding the
interconnectivity of SESs (Walker et al., 2023); and the nonlinear
behavior of its variables (Rahmandad et al., 2021). In addition, there is
an urgency for science-based decision-making (Ripple et al., 2019) and
in integrating different knowledge systems in management and decision-
making (Funtowicz and Ravetz, 1997). In summary, ensuring the con-
servation of nature's structures and functions, namely the biodiversity
and the flow of ecosystem services underpinning the biosphere and
humankind, is crucial to the promotion of well-being, equity, and justice
(Abson et al., 2014; Folke et al., 2021; Oliver et al., 2021).

The ocean has a special role in this context (Nash et al., 2017). With a
crucial relevance to the health of the whole biosphere, the challenges
oceans face are pervasive and multiscale, such as biodiversity loss, and
the impacts of global change, among others (Borja et al., 2017, 2024). In
addition, the multi-level impacts on the ocean, from the genetic struc-
ture of populations to species, habitats, and ecosystem integrity,
including food webs and complex bio-physical interrelationships within
the system (Borja et al., 2017), will be worsened by climate change, with
consequences in terms of ecosystem services flows, vulnerabilities, and
resilience (Borja et al., 2022; Oliveira et al., 2022a, 2022b). Finally,
models can assist us when facing challenges of this level of complexity
(Sterman, 2000) globally, particularly in marine and coastal realms.

Declaring assumptions and transcribing them into models are
powerful means to assist informed decisions (Sterman, 2000). One of the
main tools used to model system dynamics is the qualitative causal-loop
diagrams (CLDs) (Levins, 1974; Sterman, 2000). CLDs are built to
represent the ‘big picture’ of complex systems, by organizing their
general structure, where feedback and interconnections between ele-
ments are the key components (Barbrook-Johnson and Penn, 2022a).

Due to their relatively reduced level of complexity, CLDs are broadly
used in systems modeling in academia and among practitioners
(Sterman, 2000). Furthermore, there is some uncertainty about how
many systems thinkers submit their models for peer review and a
consistent validation process. While in academia, validation is usually a
requirement of the publication process, to the extent of our knowledge,
this is not consistently required from practitioners, and it is often
overlooked or simplified. Our literature review shows that some authors
do not use a consistent process for validation of their CLDs, or usually go
through a simplistic process of validation that does not enable the nu-
ances of the modeling process to show up. As the system dynamics field
has shown, the relevance of bias, the crucial importance of the boundary
definition (not only geographical, but including worldviews, values, and
beliefs), and administrative steps such as documentation and repro-
ducibility are challenges for the modeling process (e.g., Sterman, 2000),
and consequently are also challenges for validation. Therefore, a thor-
ough protocol to provide confidence at intermediate stages and guid-
ance along the modeling process is required.

In this context, this study provides a validation protocol (the pre-
sumed utility protocol) to help scientists, modelers, and practitioners
increase the quality of their qualitative models, with a focus on CLDs.
This protocol contributes to the current literature in the field as it em-
braces the most relevant criteria for validation of qualitative models,
previously diffused in many sources, and complements these criteria
where appropriate. In addition, our literature review will show how
much the CLDs use has grown, and as this is one of the main tools for
system thinking (Barbrook-Johnson and Penn, 2022b; Sterman, 2000),
thereby showcasing the importance of promoting consistency of the
validation practices. First, we introduce the topic and relevance of SES.
Second, a short review of the nomenclature behind validation methods
is presented along with the methods for construction of the protocol and
its use. Third, we present the proposed protocol, and the results from the
demonstration of its use in practice. Finally, by using the presumed
utility protocol, we show how a nuanced perspective of the modeling
process, often overlooked, can be done, which is timely and positive for
the meaningfulness of the modeling process and the further use of its
results.

2. Methods
2.1. Review of the use of validation practices

To verify a possible mismatch between the use of CLDs and the
validation practices we consulted the Web of Science (WoS) and the
Google Scholar webpages on the 9th of July of 2024 using the entry topic
“causal loop diagram” in all fields and all topics. We chose these data-
bases as they complement each other in terms of coverage (Falagas et al.,
2008; Harzing and Alakangas, 2016), with the benefit of Google Scholar
being free, whilst WoS is paid and was provided to the first author by
FECYT (Fundacion Espanola para la Ciencia y la Tecnologia). The same
research was done a second time, complemented by the entry topics
“quality”, “OR” “verification”, “OR” “utility” “OR” “validation” in all
fields and all topics to count those papers also dedicated to validation.

2.2. Notes on the semantics

Discussions regarding the quality of system dynamics models usually
revolve around the terms validation and verification, which according to
Lane (1995), started with the seminal work of Ackoff (1956). The
foundational book Industrial Dynamics (Forrester, 1961), has a full
chapter named “testing model validity”, showing that validity, verifi-
cation, and how to achieve them, are central to the discussions in the
field. A historical perspective of system dynamics models validation
(Appendix A) reveals diverse approaches for quantitative and qualita-
tive models that, after the claims of soft systems methodologies
(Checkland, 1989; Checkland and Poulter, 2020), should include
different worldviews and values assumptions in model construction and
validation.

Forrester (1961) claims that “the validity (or significance) of a model
should be judged by its suitability for a particular purpose.” The major issue
then regards the purpose of the modeling process, which the author
defines as to “aid in the design of improved industrial and economic sys-
tems”, consequently defining the ultimate test of validity is in the
“whether or not better [management] systems result from investigations
based on model experimentation”. The problem is this ultimate validation
test might be far from the modeling process, which calls for an inter-
mediate step of evaluation, closer to the model-building process, that
helps to substantiate some confidence in it. As recommended by
Churchman et al. (1957): model construction and testing should go on
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simultaneously.

Oreskes et al. (1994) claim that verifying or validating numerical
models of natural systems is impossible. That happens for two reasons:
first, these systems are open, which implies that there are variabilities in
the system that necessarily were not captured by the model; second,
some results, the more verisimilar they appear can be replicated by
different models, and therefore it is not possible to know for sure which
one represents the reality. This characteristic of models, known as
indetermination (Oreskes et al., 1994) does not allow a choice between
two different, but equally verisimilar, models using only as criteria the
data and structure of the model; it is necessary in this case to adopt some
arbitrary criteria to adopt one model or the other. Usually, these criteria
are simplicity, symmetry, elegance, or even personal or political trust.
But these choices per se state that it was not possible to determine which
model was the truest. Verifying, thus, can only happen in closed systems
when all data are known and known to be correct.

Furthermore, it is a common practice among modelers to divide data
into two parts, using the first part to calibrate the model and then
certifying the results of the model are coherent with that time series, and
posteriorly comparing the other results with the second part of the data,
from which is usually inferred that if the results and the data were
congruent, the model is valid, otherwise not. This practice is misleading
(Oreskes et al., 1994; Sterman, 2000) and does not ensure the validity of
the model because being an open system, the congruence of data and
results are occasional. In addition, it requires a numerical simulation of
the results, to be compared with real data, which is not suitable for
qualitative CLD models.

A common quote in the modeling field is that “all models are wrong”
(Box, 1979; Sterman, 2002), usually complemented by “but some might
be useful”. We echo that phrase and assume it is one of the reasons why
Meadows (1980) avoided the “validity or veracity” dilemma and used
the term “utility” to describe the quality of system dynamics simulation,
such as in Sterman (2000). Barlas (1989, 1996) also identified the lim-
itations of the term “validity” understanding that “quality” would suit
better the aim of the term. Lane (1995) also drifted from the austerity of
the formal mathematical validation toward the notion of “usefulness”.

Forrester (1961) still apply, that the final test of utility happens when
the model unfolds into a better management system, but as it can only be
determined with time, the present protocol adopts a terminology to
name it as an incomplete task, as it is dedicated to evaluating something
that is not fully deployed, still provisional. Echoing Meadows (1980)
that the term “utility” is better for an indicator of the quality of a model,
we adopt the term “presumed utility” as the indicator of the quality
proposed here. The foundations below this understanding of validation
are presented in Appendix A. We did not change the terms used by other
authors, so validity is still present in the paper, but when we present and
discuss our contribution to the topic, we will refer to the presumed
utility. In summary, presumed utility is an attribute of a model,
considered from the model-building process to the final use, which
provides a consistent statement of confidence and quality to an ongoing
management or study process.

2.3. Creation of the presumed utility protocol

To create the protocol for evaluating the presumed utility of CLDs
(Table 1), we selected the contributions that were considered relevant
for qualitative-like models from those available in the literature (Ap-
pendix B). The literature review started with some reference works
regarding system dynamics (e.g., Sterman, 2000) and was followed by a
snowball literature review. The relevance of this literature is described
in Appendix A. During the review, a selection of papers that have sig-
nificant contributions to validation was made. From the many indicators
used for validation in the literature (Appendix B), we used a SWOT-like
analysis to delimitate our sample on those indicators relevant for a
qualitative model, in other words, the criterion of inclusion was that the
candidate indicator could be used for assessing a qualitative modeling
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process (from the preparation phase of the modeling to the end use of
results). The criterion of exclusion was that indicators that required
quantitative information from the models to be tested (i.e., those from a
numerical model) should be rejected. Finally, the list was complemented
with questions to facilitate the self-assessment grading and included
some tests considered relevant for us and from the literature (e.g.,
Meadows, 1980; Sterman, 2000), but that has not been appropriately
explored so far in the literature (e.g., learning). We understand modeling
broadly, as a process of discussion, learning, and formalization (in a
qualitative or quantitative form) of an understanding of a system and or
issue of interest, made by stakeholders during a period (see Appendix A).
Therefore, validation is more than a Boolean statement of valid/invalid.
To that end, these criteria (Table 1) are dedicated to learning, improving
the quality, and increasing the confidence in the whole process, not only
in the model, achieving in the end, the “presumed utility”, the aim of the
present research.

To demonstrate its usefulness, the model creation and the applica-
tion of the presumed utility protocol were made in the three Demon-
stration Areas (DAs) of the EU-funded Horizon Europe Marine SABRES
project, namely the Arctic Northeast Atlantic Ocean, Macaronesia, and
the Tuscan archipelagos. The model creation process happened through
a series of two-day workshops. The workshops were held online, be-
tween May and June of 2024, one for each DA. We had 10 participants
from the Arctic, 4 from Tuscany, and 12 from Macaronesia, including
facilitators and observers. These persons were chosen by their in-
stitutions and the project consortium as the scientist group from each
DA. Most of them come from a natural sciences background, which
could be a limitation of the project (discussed in section 4.2). The CLDs
were built using VENSIM PLE (version 10.1) and following the guide-
lines from Sterman (2000) and Van den Belt (2004).

As the future analysis of these CLDs brings with it the challenges of
understanding the complexity of the system, some heuristics will be used
to facilitate the process. One of them is the selection of variables in the
system that are perceived by the authors as more important than others.
Therefore, the CLDs (Figs. 1, 2, and 3) have some variables categorized
as Political, Economic, Social, Technological, Legal, and Environmental
(PESTLE) (Pinnegar et al., 2021), which represent the most important
variables, seen by the modelers. The content of each CLD, its PESTLE
elements, scenarios, and other results will be explored elsewhere. After
the model creation, the modelers (i.e., workshop participants) were
invited to fill out the 26 tests (Table 1) one by one and to provide their
comments. In the end, modelers attributed a grade of trust to each of the
tests, using a self-report Likert scale (Jebb et al., 2021) (Appendix C) that
was distributed and collected via email.

The tests (i.e., criteria) were divided into four groups or dimensions,
each one dedicated to specific steps or attributes of the modeling pro-
cess: (i) “Broad guidelines and processes”, (ii) “Specific model tests”, (iii)
“Policy insights and spillovers”, and (iv) “Administrative, review, and
overview”, organizing the type of tests contain accordingly. The first two
dimensions are present in virtually any model as they represent orga-
nizational aspects, boundary discussions, and the structure produced
during the modeling exercise. The third dimension is more related to the
capacity of the model to create some management options and recom-
mendations and therefore might be more suitable for the late-stage
model. The last dimension focuses on the documentation, replicability,
and review from a third-party perspective. In summary, dimension 1
focuses on the boundaries and meaning of the model; dimension 2 fo-
cuses on the specific structure of the CLDs; dimension 3 is dedicated to
understanding the policy insights that the model has produced and
finally dimension 4 encompasses the administrative, replicability, and
documentation efforts.

Interpreting the results of the presumed utility criteria requires the
sensibility of the evaluator of the modeling process to match the content
revealed in these criteria with the issues and limitations of each model.
The numerical evaluations show an overall metric (average and mode)
of each criterion, but the meaning of this numerical evaluation might be
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Tests for presumed utility in qualitative models such as Causal Loop Diagrams (CLDs).

Dimension

N

Criteria

Description Grade  Comments

Guidelines and processes

Specific model tests

Policy insights and
spillovers

Administrative, review,
and overview

1

10

11

12

14

15

16

17

18

19

20

Purpose

Usefulness

Presentation

Perspectives in Boundary-
adequacy

Norms/values in boundary
adequacy

Trustworthiness or Guru status
of the modeling team

Meaningfulness of the process

Structure-verification

Loop Polarity

Boundary adequacy (as
structure)

Family-member

Extreme conditions

Insight generation capacity

Relevance and Fertility of PIoR

Congruence of PIoR with
culture

Boundary adequacy (as policy)

Learning

Engagement

Ease of Enrichment

Time & Cost of the Intervention

The idea is to state clearly beforehand to which purpose the model will be built. Do you
have a clear statement about the purpose of this model?

Embraces the idea of the adequacy of communication of the ideas represented in the
model. Who will operate the model, the modelers or third parties? Is it available in an
adequate and clear format for the user? Are they able to understand and use the model
and the results? Is the model compatible with the users' capacities?

Refers to the adequacy of the presentation of the model to the relevant audience,
considering their level of scientific understanding, language, or others. Are the model
and the materials used along the modeling process (such as data, tables, maps,
pictures, etc.) appropriately formatted accordingly to the audience? Are the loops
represented individually or in one big CLD? Is the diagram organized to reduce the
number of crossed lines?

Refers to different perspectives of issues and policies. Does the modeling process
support debate on different perspectives while discussing the system and its issues
concerning: a) choice of model used; b) System Dynamics issue addressed; c) goals to
be achieved; and d) Policies for doing so?

Refers to different perspectives of values and acceptability. Do the models support
debate concerning and representing the behavior of the relevant actors: a) goals (are
the desired states acceptable?); b) Policies (are the actions based on discrepancies
between goal and actual conditions acceptable within their culture?)

An affinity with the modeler can enhance positively the modeling process and the
Policy Insights or Recommendations (PIoR) implementation. Is it possible to report a
positive relationship or atmosphere between the stakeholders and the modeling team?
Relates to the experience of stakeholders. Is it easy and fun to explore the models and
search for results? How much did the relevant actors participate in the model
building? How much did the relevant actors participate in the discussions regarding
the model?

By comparing the structure of the model with the [presumed] structure of the real
system the model represents (considering previous questions regarding worldview and
culture). Does the model represent satisfactorily the system and its issues? Are the
variables stated unambiguously? Are connections representing causation instead of
correlation? Are the important delays represented?

The loop polarity test compares the loops in the model with the modeler's or client's
assumption about which are the relevant feedback loops in the real system. Did
stakeholders identify the relevant loops? Is the polarity of the loops properly
determined? Are there loops with different polarities converging in a variable of
interest? Are the goals for balancing loops explicit? Are the loops named?

Looks for the adequacy of the aggregation level and at the same time tries to
understand if the model is capturing the relevant structures of the system. Are relevant
variables explicitly represented or they are aggregated (masked) with others?

It is relative to the degree of generalization the model might have. The
recommendation is that, by adjusting a few parameters, the model can reproduce a
family-level behavior, instead of a case-specific behavior. Is it possible to apply this
model to a similar system with minor adequations? Would it still be meaningful and
useful for the creation of policy insight or recommendations?

Despite this being relative to the numerical model, it is brought here because the
structure of the model can allow some inferences for plausible extreme combinations
of state variables. Would the model presumably behave properly if variables assume
extreme conditions? Is it possible to infer this from the present model?

Whether a model does lead to any PIoR. Did the model lead to any policy insight or
recommendation?

Whether the policy insight or recommendation is innovative and important. Does the
policy insight or recommendation represent an innovation to managing the system? Is
the PIoR relevant?

This test verifies the social implementability of any policy insight or recommendation.
The point is that makes no sense to propose actions/policies that involve actions
considered unacceptable or unbearable for a potential observer. Is the PIoR acceptable
to all involved in the modeling process?

Concerns testing how the change in the boundaries of the model would affect the
policy recommendations created by the simulation. In addition, the same policy can be
tested for its adequacy if implemented outside the original boundaries set in the
model. Would the PIoR require change if applied to a different location? How would
the PIoR behave if applied to a larger system?

Do participants state that they learned about the system, other stakeholders (the
community), or the policy-making process during this modeling process? Are they
satisfied with that? If they want to learn more, did they receive support on how to do
that?

Did stakeholders engage in any group/action related to the issues dealt with in the
modeling, during/after the modeling exercise?

Concerns about the ability of any model to be updated with new data, or used to test
the effects of new policies. How easily can this model be complemented by new
information or complementary issues in the system?

Should be measured against a target and inform the level of satisfaction with the
results against the target investment. Was the modeling process concluded within the

(continued on next page)
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Grade

Comments

expectations of time and costs? Are there recommendations to improve the efficiency
of the modeling exercise for the next team or exercise?

Refers to the adequacy of the process of making every step in the modeling process
replicable by taking a formal process or writing assumptions, discussions, updates, or a
change in previous steps regarding the modeling process. Is the model satisfactorily

Refers to the capacity of a third party to reproduce the model based on documentation.
Are you sure that independent third parties can reproduce the model and all the results
only using the written documentation?

Measure how adequately a model study is conducted concerning established
standards, practices, guidelines, or experience. Preferably done by someone not
involved in the modeling process. Consider differences in culture before applying this.
Does the model and PIoR make sense? Are they contradicting any physical law or
rigorous social norms that turn the model/PIoR invalid? Are they contradictory with
experience beyond an acceptable level?

A higher management level test of the model's appropriateness to the systems
definition and study objectives, adequacy of underlying assumptions, adherence to
standards, modeling methodology used, model representation quality, structure,
completeness, consistency, and documentation. Preferably answered by someone at a
higher level than the modeler team. Does the model fulfill the expectations of the
proposed modeling exercise?

Represent group exercises dedicated to testing the overall documentation for any
errors. Does not test performance. Preferably answered by a small group different than
the modeler team. Does the model seem correct? Does the documentation allow the
reproducibility of the model? Are the main issues represented satisfactorily? Does the
PIoR make sense, if applied?

Dimension N Criteria Description
21 Documentation
documented?
22 Replicability
23 Audit or cross-validation
24  Higher-level Model review
25  Walkthroughs
26  System-improvement

Considers whether the behavior of a system improved after the implementation of the
policies tested in silico. It is recommended to verify this with some indicators of the
desired state of the system. Is it possible to connect some changes in the system to the

modeling exercise? Are these changes congruent with the desired state modeled?

complemented by the comments for each criterion provided by the
participants. In the present case, we analyzed the metrics, com-
plemented them with an evaluation of the comments made to each
criterion, and finally created a “recommendation for improvement” that
reflects the main improvement required by the modelers.

2.4. Context about the sites (demonstration areas)

This protocol was tested in three diverse SESs in Europe. These areas
were chosen by the authors of the research with the rationale they
represent the relatively simple SES in Europe (in terms of the number of
human activities, pressures, and interactions) and were considered
suitable to be explored scientifically under the SES lens. The first site,
Macaronesia, includes the archipelagos of the Azores, Madeira, and
Canary Islands, hotspots for tourism and biodiversity (Parretti et al.,
2020; Sambolino et al., 2022). The challenge here is to balance marine
conservation with tourism and maritime recreation, by possibly pro-
moting the creation of an ecological corridor connecting these archi-
pelagos. Current conflicts of economic use and conservation are also
reflected in the economic necessities regarding supporting marine pro-
tected areas. The model embraces these aspects and combines them with
the presence of local and migratory species and the spill-over effects of
marine conservation.

The second site, the Arctic Northeast Atlantic, is represented by the
Exclusive Economic Zone EEZs and shared regulatory areas formed by
East Greenland, Iceland, and the Faroe Islands (Rigét et al., 2019). The
marine ecosystem plays a significant role in these countries’ economies
due to the high level of commercial fishing activities, Distribution of
commercially important and widely distributed pelagic stocks is often
dynamic. Changes in stock presence within a country's EEZ have a direct
impact on the fishing industry. Therefore, the model was dedicated to
delineating a set of social and environmental challenges related to
pelagic fisheries, the challenges of international political consensus
regarding fish quota sharing agreements, and the complications that
climate change impacts can bring to the system (Predragovic et al.,
2024), among others.

The third site is the Tuscan archipelago, a large marine park in

Europe and a UNESCO site (Renzi et al., 2010). The Tuscan archipelago
is composed of seven islands managed differently according to society's
needs. Tourism is the most important issue here (with about 500 thou-
sand visitors per year), with which some ecological impacts are known
to be associated, such as nutrient discharge, seabed disturbance due to
anchoring, pollution, and invasive species. The model constructed here
focused on the conservation/restoration of the seagrass meadows (Pos-
idonia oceanica (L.) Delile) and associated ecosystem services, such as
coastal protection, carbon storage, habitat provisioning, and others.

3. Results
3.1. Review of the use of validation practices

Our consultation on the Web of Science (WoS), returned 995 articles,
in more than 100 fields. Environmental sciences was the most relevant,
with many of the articles dedicated to the marine/coastal environment
(e.g., Kapsalis, 2022; Mousavi et al., 2023; Oliveira et al., 2022b; Payo
et al., 2016; Sano et al., 2014). The use of CLDs as a research topic
increased almost 30-fold from 2001 to 2005 (16 papers) to 2020-2024
(448 papers). A Google Scholar search with the same entry revealed a
greater number of references (195,000) with a similar pattern, revealing
a 6.5-fold increase in publications (from 995 to 6450 references) and a
20-fold higher absolute number when compared to WoS. Nonetheless,
the WoS literature database search revealed that less than 13 % (129
articles) used words related to CLD's quality, utility, or validation in
their topic, which called attention to an asymmetry between the use of
these models and ideas of quality and confidence in their results. We
speculate that this asymmetry is not due to inconsistency in their
methods but to the rarity of a consistent practice of assuring the validity
of the CLDs, using a systematic approach. The numbers suggest that the
concerns regarding CLDs  quality assessments have not evolved at the
same pace as their use, which makes the present study, and the protocol
it presents, timely.
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3.2. Causal loop diagrams for each demonstration area

Whilst an in-depth analysis of these models will be done elsewhere, a
short description is provided here to make clearer the content of each
model validated.

3.2.1. CLD model for Macaronesia

The Macaronesia region model integrates two countries (Portugal
and Spain) and three archipelagos (Azores, Madeira, and the Canary
Islands). It contemplates the two most pressing issues identified by the
DA for the region: tourism and its impacts, and the creation of a pro-
tected ecological corridor connecting the three archipelagos (Fig. 1).

In this CLD, human pressures negatively affect the habitat quality
(main environmental variable), which in turn can affect others, such as
marine birds, mammals and turtles, migratory fish, tourism, and wel-
fare. Marine birds, mammals, and turtles are relevant for tourism ac-
tivity, but also to the cultural heritage of the archipelagos (along with
fisheries). Tourism and fisheries are relevant for economic development
(main economic variable) and welfare (main social variable). Welfare is
related to consumption, and depending on the human population den-
sity, would influence the pressures on the environment. Consumption is
influencing marine traffic, as most of the goods reach these archipelagos
by boat. Marine traffic can have environmental influences such as
collision with mammals, noise and other forms of pollution, facilitating
invasive species colonization, etc., also having a negative influence on
the consensus for the creation of the protected corridor (the main po-
litical variable), as these vessels could have increased their traveling
costs under the possibility of the creation of an ecological corridor with
restrictive access for these vessels. Geopolitics is relevant for its influ-
ence in this consensus, but also on the level of protection (the main legal
variable) of the protected areas in the region, which would include the
corridor. Geopolitics, the level of protection, and the technological ad-
vances from nautical and navigation technology variables are perceived
as exogenous variables, i.e., they are not influenced or controlled by
other variables within the model. The creation of this protected corridor
is seen as positively influencing ecological connectivity, which would, in
turn, promote the abundance of marine birds, mammals, and turtles.
Nautical and navigation technology (the main technological variable)
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was seen as facilitating the political consensus for the corridor and
preventing and reducing the negative impact of collisions, pollution, and
invasive species.

3.2.2. CLD model for the Arctic Northeast Atlantic

The Arctic DA produced a CLD that integrated the pelagic fisheries
issues in the Northeast Atlantic Ocean which is a shared area for the
three countries present in this study (Fig. 2).

The model represents an agreement on fish quota allocation as the
main political variable, and after the workshops' discussions, this is one
of the main topics this DA wants to explore in future analysis and further
development of the study. This agreement is influenced by political
consensus, influenced by high-level government decision-making (the
main legal variable), other countries' goals, the discrepancies between
the expected and real decisions taken in the past regarding allocation,
and the power of the fishery sector. The agreement is also influenced by
the variability of fish distribution, and the predictability of productivity,
environmental variables which are highly uncertain and influenced by
climate variability (main environmental variable). As a rational agree-
ment on quota sharing is provided, it influences positively the stock of
fish due to the rational and efficient exploitation of the resource,
reducing the fishing effort, which is related to the landings (fish on
land). Landings (the main economic variable) can negatively influence
the stock of fish in the long term (note the delay mark #) if overfishing
occurs, but also directly support exports and local development (which
are both the most important social variables). Landings also influence
jobs, and exports, which along with profit, are the main drivers of taxes
and then enhance the national economy. Other jobs are also relevant for
the economy, and they are related to fisheries gear companies, which in
turn promote the fishery technology sector (the main technological
variable), with feedback in job creation.

3.2.3. CLD model for Tuscan Archipelago

The Tuscan Archipelago DA produced a model addressing tourism
and other pressures on the seagrass Posidonia oceanica (Fig. 3).

The story in the model starts with the tourism activity. Tourism is
negatively influenced by limitations on human activities within Marine
Protected Areas (the main legal variable). Tourism is central in the
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model, as it influences plastic pollution, boat traffic, and nutrient
discharge, but also the local economy, diving centers' income, boat
renters' income, and the generation of inflation (represented by the
variable prices). Boat traffic leads to anchoring in the coastal zones,
which is one of the causes of the regression of seagrass meadows (the
main environmental variable) and influences negatively the efforts of
restoration of the seagrass. Seagrass meadows influence positively car-
bon sequestration (mitigating, with delays, climate change, and extreme
events), and provide other benefits such as erosion control, public ser-
vices, fauna and flora biodiversity, health, control of invasive species,
and promote nutrient cycling. Health is important to the well-being of
locals (the main social variable) which is also influenced by public
services, prices, jobs (the main economic variable), and tourists. Jobs
influence taxes (the main economic variable), which play a crucial role
in funding public services. An app organizing tourism activities (the
main technological variable) would be relevant to reducing the
anchoring in coastal zones and its negative effects on the seagrass
meadows. Health is also negatively influenced by pathogens that come
from nutrient discharges in the water and from the impacts of climate
change. The nutrient discharges that come from tourism activity and
boat traffic, are controlled by the sewage treatment plants, regulated by
land-distance norms for discharging, and influence the water quality
which inspired the blue-flag program (a quality label for beaches and
other coastal areas that can promote tourism activity) for safe tourism.
Nutrient discharge and anchoring can reduce the chances of success for
P. oceanica restoration activities, and therefore all the benefits these
meadows produce would be diminished.

3.3. Presumed utility protocol results

Of the 26 workshop participants, 16 completed the tests in the utility
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protocol. When some criterion was blank, it was considered as “not
apply” (<3 %). Answers provided more than 400 numerical evaluations
(Table 2 and Appendix C) and around 300 comments. The number of
responses was considered satisfactory for an appreciation (its validation)
of the proposed method. We encourage future users to reflect on the
meaning and relevance of the comments to evaluate which number of
answers is suitable for each application. All comments are integrally
available for consultation (Appendix D).

The overview balance of the evaluations considered the modeling
process positive with a low number of evaluations (7 %) being of “very
dissatisfied” and “moderately dissatisfied”, against an overall satisfac-
tion (37 %) composed of “moderately satisfied” (27 %) and “very
satisfied” (10 %). Answers that considered the criterion “do not apply”
were (32 %), and 24 % were neutral (“neither satisfied nor dissatisfied”).

The four dimensions categories of indicators (“Guidelines and Pro-
cesses”, “Specific Model Tests”, “Policy Insights and Spillovers”, and
“Administrative, Review, and Overview”) presented different levels of
satisfaction that point to different aspects and stages of the modeling
process (Fig. 4). The first dimension had many more positive evaluations
(50 %) when compared to negative ones (6 %). The average results
varied from 3.3 (boundary adequacy) to 4.1 (Meaningfulness of the
process). The second dimension had more positive results (55 %) than
the sum of all other categories of answers. The average results varied
from 3 (extreme conditions) to 4.1 (boundary adequacy). In the third
dimension, the average result varied from 2.9 (insight generation ca-
pacity) to 3.8 (learning). Here the number of “not apply” was larger than
other dimensions (48 %). Lastly, in the fourth dimension, the average
values vary from 2.5 (Replicability) to 3.9 (time and cost of interven-
tion). In this dimension the NA was large (43 %) but smaller than the
previous one, followed by the positive evaluations (26 %).

In general, the number of “not apply” (NA) starts with a high level in
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dimensions 1 and 2 (19 %) that come mainly from criterion 6 (status of
the modeling team), 9 (Loop polarity), and 12 (extreme conditions)
which were not explored in depth in the present modeling process. For
the last two dimensions the number of “not apply” increases possibly
indicating that some criteria are premature to the status of the modeling
exercise used here. The numerical evaluation of each criterion (Table 2)
is an average from those obtained by the protocol. From the comments
(Appendix D) we elaborate on the main recommendation for each
criterion.

4. Discussion
4.1. General topics

The necessity of coordinating efforts in creating models that are
meaningful and somehow endeavor a validation process is present in
many fields outside the system dynamics or causal loop diagrams
practice and forms an important standardization of practices. An
example of these protocols, such as the ODD (Overview, Design con-
cepts, and Details) (Grimm et al., 2006, 2020), was focused on pro-
moting the replicability of Agent-Based models (ABM), considered a
relevant scientific practice, especially in quantitative models. We build
on this idea of standardization of validation practices to propose the
presumed utility protocol.

The presumed utility protocol was designed to be epistemically
broad, including the descriptions and analyses of model replicability (e.
g., Criterion 21, Documentation; Criterion 22, Replicability) as the ODD,
but not as the most relevant features of the process. As the main
objective is to promote learning, it builds on facilitating that the users
have elements to reflect upon the process they are taking part in. As a
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reflective process, modeling becomes a process of learning (Forrester
and Senge, 1980; Sterman, 2000), and therefore the outcomes of this
process are not only the model per se but the cognitive transformation it
invites on those involved in it.

The mode was also presented as it can be an easy proxy to test how
informative is the average in representing the evaluations. In our case,
the low value of mode in indicators 23-26 makes sense regarding the
model status. In addition, on criteria 9 (loop polarity), 12 (extreme
conditions), 14, and 15 (dependents on policy insights), and 18
(dependent on public engagement) the mode is congruent with the
premature status regarding these topics, and that some practices that
will be done in future analysis of the model (i.e., loop analysis).

4.2. Multidimensional utility protocol

The first two dimensions had more positive results compared to the
last two. The first reflects their satisfaction with the meaningfulness of
the process and the boundaries of the model, which were well explored
during the workshops. The second dimension refers to the structure of
the model, which they are also satisfied with, where the main exception
was the loop polarity, intentionally left for further analysis of the
modeling results (not in the scope of this paper). The third dimension
might require a higher status (i.e., a later stage in development) of the
management process where policy recommendations were already
produced and applied. Finally, the administrative dimension will be
expected to show higher satisfaction from those models that are in a
stage of maturity where even the application of its policy recommen-
dations was already made, and the documentation was made available
after a structured reproducibility assurance process. Both dimensions 3
and 4 have criteria that were revealed to be a bit premature for the case
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Table 2
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Results from quantitative evaluations on each presumed utility's criteria. Dim: dimension, N: number of the criteria; Avg: average value; M: maximum value, CLD:

Causal Loop Diagram; PIoR: Policy Insights or Recommendations.

Dim. N Criteria Avg M  Recommendation
Guidelines and processes 1 Purpose 3.9 4 More time discussing the purpose of the model.
2 Usefulness 3.6 4 Introduce previously the problems, definitions, delimitations, and how to navigate
a CLD.
3 Presentation 3.5 3 Simplify the presentation to individual loops and associate it with maps, graphs,
pictures, or others.
4 Perspectives in Boundary-adequacy 3.3 3 Include more people with different perspectives in the modeling exercise.
5 Norms/values in boundary adequacy 3.8 4 Include people with different perspectives in the exercise.
6 Trustworthiness or Guru status of the 4.0 0 Increase the connections with stakeholders to promote a better understanding.
modeling team
7 Meaningfulness of the process 4.1 0 Show the model to stakeholders and other relevant actors.
Specific model tests 8 Structure-verification 3.8 4 Clarify the difference between causation and correlation and why using causation
for structuring the model.
9 Loop Polarity 3.6 0 Create a group understanding of the loops.
10  Boundary adequacy (as structure) 4.1 4 Discuss aggregation and disaggregation with the group.
11  Family-member 3.9 4 Build the model in groups to increase its level of generality (promoting its
usefulness to a general case).
12 Extreme conditions 3.0 0 At future users' discretion, remove this criterion to reduce confusion.
Policy insights and spillovers 13  Insight generation capacity 2.9 3 Ask the modelers what the main messages the model is passing are and what it
implies for policymaking.
14  Relevance and Fertility of PIoR 3.1 0 If any policy recommendation was provided, ask the modelers to evaluate its
relevance.
15  Congruence of PIoR with culture 3.6 0 Start a consultation process exposing the recommendations (considering the
variations of people's views, and culture).
16  Boundary adequacy (as policy) 3.0 3 Explore the spectrum of policy insights concerning the user's culture and with
broader goals of equality, and justice.
17  Learning 3.8 0 Better declare who are the foci of this indicator and help the modelers provide
feedback on what they learned.
18  Engagement 3.5 0 Extrapolations of the knowledge in the modeling process can increase the reach of
the policy recommendations.
Administrative, review, and 19  Ease of Enrichment 3.4 4 Use tools with low technological requirements.
overview 20  Time & Cost of the Intervention 3.9 4 Use more interactive tools during workshops.
21  Documentation 3.4 3 Recording the workshops might help with documentation. Caution as it can be
coercive to people with different views.
22 Replicability 2.6 3 Having a manual for documenting the experience or a facilitator writing every step
in the exercise.
23 Audit or cross-validation 3.4 0 Guide the reviewer to be strict about physical laws but flexible about social norms,
culture, or views.
24  Higher-level Model review 3.6 0 Offer this protocol to the higher-level reviewer or coordinator of the project.
25  Walkthroughs 4.0 0 Open to any people who want to provide feedback on the model to make a
walkthrough.
26  System-improvement 0.0 0 Open to the possibility of having some practical results, even in early-stage models.

study the present validation was dedicated. This has not been shown as a
problem for the validation protocol, as its structure showed versatility in
capturing this information.

The spirit behind the first dimension (“Guidelines and process™)
was to first make clear to the modelers that they understood the purpose
of the exercise and that it is meaningful, as it is an old premise in the
field (e.g., Meadows, 1980), but sometimes overlooked due to other
pressing tasks in the modeling. Secondly, it opens to plural worldviews,
values, and perspectives about the system, which has a long history in
the field as exemplified by soft system methodologies (Checkland, 1989;
Checkland and Poulter, 2020), and are currently gaining attention in
more recent research such as in the social-ecological systems (Bennett
et al., 2021; Berthet et al., 2022; Oliveira et al., 2024).

The main recommendations in the first dimension (Table 2) reiterate
the relevance of a clear purpose (echoing Schwaninger and Groesser,
2020; Sterman, 2000), and initial “training” of the users about navi-
gating CLDs and using them for decision-making. Simplifying the pre-
sentation was also pointed out as relevant here, and resonant with the
literature (e.g., Balci, 1994; Sterman, 2000). An important aspect of our
results pointed to the necessity of broadening participation in the
modeling exercise (Criteria 4-7). These criteria were important firstly
because the modelers identified the lack of variety within their group
(their own bias). As the groups in each area are mostly formed by natural
scientists somehow connected to the marine topic, this identification is
relevant and coherent. As extensively described and explored in models
(Checkland, 1989; Checkland and Poulter, 2020), plurality should be

explored as they provide complementary views of the system. The result
in this dimension is positive as raising awareness of the limitations of the
group toward the whole decision-making process, diminishing what
Ravetz (1993) called ignorance of ignorance (i.e., the leap one siloed
group of scientists makes by assuming their rationality is universal).

The recognition by the participants of a necessary plurality is also
related to concepts of plural peer community (Funtowicz and Ravetz,
1997) and is timely for the marine social-ecological systems governance.
As highlighted by current research in the field (e.g., Schadeberg et al.,
2024), the legitimacy provided by plural participation in the governance
process is crucial to complement scientific knowledge to acquire social
licensing for using marine areas.

The second dimension (“Specific model tests”) converges with the
most critical recommendations in the modeling field (Barlas, 1996;
Forrester and Senge, 1980; Sterman, 2000) regarding the structure of the
model and the polarity of loops. Additionally, it questions the possibility
of this structure to represent a generalized property, extrapolating the
ideas revealed by each case study.

Structure-verification is one of the main indicators that the model
under scrutiny makes sense, as it implies the users double-checked its
structure and it is both intelligible and reflects the issues they perceive
relevant in the system (e.g., Barlas, 1989, 1996; Cassidy et al., 2021;
Crielaard et al., 2022; Forrester and Senge, 1980; Lane, 1995; Schwa-
ninger and Groesser, 2020; Sterman, 2000). Additionally, the questions
regarding the difference between causality and correlation and aggre-
gation/disaggregation in the structure provided recommendations
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about the necessity of better discussions on these topics with the group.
Models using causation are different from those using correlation
(Overmars et al., 2007), and using correlation for the creation of CLDs is
misleading and should be avoided (Sterman, 2000). As the loop polarity
will be explored in the applications of this model, it was superficially
explored here. Extreme conditions were revealed to be confusing as
people were expecting a numerical model to use it, and therefore it can
be removed from the protocol in future uses. The capacity of the present
models to represent a general case (Forrester and Senge, 1980; Schwa-
ninger and Groesser, 2020; Sterman, 2000) was considered positive with
some adjustments and here the comments pointed that more participa-
tion would increase its capacity for generalization.

The third dimension (“Policy insights and spillovers”) evaluates the
outputs that came from the modeling exercise and its adequacy to the
boundaries of the system under scrutiny (i.e., the culture of the people in
the system it is dedicated to investigating). In addition, it iterates on the
meaningfulness of the process by checking for learning and the possi-
bility that the people in the system are promoting some sort of collective
actions (Ostrom, 2000), or social learning (Reed et al., 2010) promoted
by the modeling process.

The recommendations on this dimension were limited due to the
premature status of the model to generate insights, yet two-thirds of the
DAs did produce insights (Appendix E, question B). This is positive as
these insights represent one of the main final uses of the model
(Forrester and Senge, 1980; Lane, 1995). The congruence of these in-
sights, though, can be tested in the future with other representatives of
these regions, as recommended (Table 2). Comments about learning
indicate the users of the protocol need clarification about the foci of this
question (some of them considered the people in the system and not the
modelers as the foci), but overall indicators revealed people learned
during the process, which is important taken modeling as a learning
practice (Sterman, 2000).

The fourth dimension (“Administrative, review, and overview”) is
dedicated to documentation, replicability, cost evaluations, and other
relevant elements to the process (Schwaninger and Groesser, 2020;
Sterman, 2000). It also embraces a criterion for system improvement,
which can be meaningful to advanced modeling processes.

The recommendations pointed to the use of more interactive tools
during the workshops, and for the necessary simplicity of the modeling
tool to certify the model can be reproduced and enriched with minimum
costs and effort, as recommended by Lane (1995). Enrichment is
important as a learning step (Sterman, 2000) as it brings different
knowledge that should be embraced by the model. Regarding docu-
mentation and replicability, the recommendations focused on the

10

possibility of recording the workshops, but we caution that this must be
done carefully due to potentially sensitive information and always must
consider data protection plans. Recommendations of auditing, third-
party walkthrough, and other reviews were taken positively by the
groups but should consider the safeguards of sensitive information and
respect different worldviews (Checkland and Poulter, 2020). Finally, the
status of the model was considered premature to look for improvements
in the real world. It was acknowledged the a low probability of having
such results in early-stage models (Sterman, 2000), but as the perfor-
mance in this indicator can improve in a later-stage model, this criterion
should be kept in future uses of the protocol. Lastly, a one-by-one dis-
cussion of all criteria is available in the supplementary material (Ap-
pendix F).

4.3. Limits and caveats of the methodology

The presumed utility of models starts from a place of curiosity and
learning, it is not an authoritative over-reaching statement and cannot
ensure the future success of modeling and management. The first limit
we point out here is that the content of the present study refers to the
realm of qualitative models of system dynamics. Models that are quali-
tative and come from different backgrounds (not necessarily CLDs, but
also the theory of change models, fuzzy cognitive maps, or others) might
profit from this protocol as well but its usefulness for quantitative
models is limited. For methods in statistical validation, consult the
literature cited (e.g., Barlas, 1996; Schwaninger and Groesser, 2020).
For a criticism of qualitative models visit Richardson (1986, 1997).
Regarding archetypes critique see Forrester (1994), Lane and Smart
(1994), and Richmond (1994). Criticism about the Soft Systems Meth-
odologies (SSM) can be found in Forrester (1994), which claims SSM to
be a part of the system dynamics process. This reinforces the statement
that hard systems and soft systems are compatible (Reisman and Oral,
2005). Nonetheless, it is recommended to those interested in broadening
the worldviews adopted by the models, namely, to embrace conflicting
worldviews, to go through the SSM literature due to the specific role
these perspectives have in a modeling approach (e.g., Checkland and
Poulter, 2020).

Another limitation of the present research is the state of the maturity
of the models. As time constraints limited our capacity to refine these
models, what we present is the result of a first iteration of a modeling
exercise, and the validation process after this one round of modeling.
With more iterations, the model would increase its quality, and the re-
sults declared in the presumed utility protocol would evolve accord-
ingly. Finally, as the group of stakeholders that created the model and
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used the present protocol to validate both process and results come
mostly from the natural sciences, there are epistemological limitations
and some biases that are not under the control of the present study. The
stakeholders are aware of this limitation and discussed it in section 4.2.

5. Conclusions

This paper provides a tool for evaluating the quality of CLDs. We
applied the presumed utility protocol in three demonstration areas of the
EU-funded Marine SABRES project, namely the Arctic Northeast Atlantic
Ocean, Macaronesia, and the Tuscan archipelago. Most positive evalu-
ations were shown for the first two dimensions “Specific Model Tests”
and “Guidelines and Processes”, revealing the criteria in these di-
mensions were most suitable to the status of the model tested. The third
“Policy Insights and Spillovers” and the fourth dimension “Administra-
tive, Review, and Overview” revealed a high number of “not apply”
indicating that several criteria are too advanced for the status of the
tested models.

All criteria provided invaluable insights into the modeling process
toward reaching the final goal: improving the quality of the system
under scrutiny. Presumed utility protocol has shown to be a useful tool
to provide quantitative and qualitative evaluations for an intermediate
step of the model-building process, helping to substantiate some confi-
dence in it, with recommendations for improvement. As this protocol is
broad and includes the most relevant aspects found in the literature
related to qualitative models, it can potentially be useful to other types
of qualitative models beyond causal loop diagrams and guide the
modeling process toward clearer and better models.
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